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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



The information and data contained in this report 
are the result of an economic evaluation and a 
preliminary design effort and because of the 
nature of this work no guarantees or warranties 
of performance, workmanship, or otherwise are 
made, either expressed or by implication. 
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REPORT 'XI 

VOLUMES 4 AND 5 

INTRODUCTION 

Report X I ,  Technical  Aud i t ,  i s  a  compendium o f  research ma te r i a l  used 

du r i ng  the  I n i t i a l  E f f o r t  i n  making engineer ing comparisons and decis ions.  

Volumes 4 and 5 o f  Report X I  present 'those s tud ies  which prov ide a 

C r i t i c a l  ' ~ e v i e w  o f  t he  Design Basis. The C r i t i c a l  Review Report, pre-  

pared by I n t e r c o n t i n e n t a l  Econergy Associates, Inc . ,  summarizes f i n d i n g s  

from an extensive rev iew o f  t he  data base f o r  t he  H-Coal process design. 

Volume 4 presents t h i s  rev iew and assessment, and inc ludes  suppor t ing 

mater ials;  s p e c i f i c a l l y ,  Design Data Tabu la t ion  (Appendix A), Process 

Flow Sheets (Appendix B ) ,  and References (Appendix C). 

Volume 5 i s  a con t i nua t i on  o f  t he  references o f  Appendix C. 

Studies o f  a  p r o p r i e t a r y  na ture  a re  noted and referenced, bu t  a re  

n o t  inc luded i n  these volumes. They are inc luded i n  t h e  L im i ted  

Access vers ions o f  these r e p o r t s  and may.be reviewed by p rope r l y  

c leared  personnel i n  t h e  o f f i c e s .  o f  Ash1 and ~ y n t h e ' t i  c  Fuels , Inc.  
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(1)  ABSTRACT 

Estimates f o r  product yields  and ca ta lys t  s tab i l  i t y  for  hydrotreati ng 
and P l  atforming H-coal derived naphtha had been made e a r l i e r  based on a 
1-gallon sample provided by Ashland. T h i s  report covers the p i lo t  plant 
work tha t  was car r ied  out t o  c o n f i p  these estimates. 

Analyses revealed s ignif icant  differences between the properties of 
the original sample and those of a sample drawn from the 1 iquid made 
avai lable  f o r  the  p i lo t -  plant  work. ..... These .feedstock..di.f.ferences..made..a. , 

higher s ~ v ~ r i t y  hydrotreating necessary than tha t  expected based on the  
or iginal  sample. .The catalysts  used for  both hydrotreati ng and PI atform-.  
ing demonstrqed good s t a b i l i t y  a t  the processing conditions selected,. 

Revised pro.duct yield estimates, u t i l  i t y  requirements and capi tal  c o s t  
estimates were made t o  incorporate the p i lo t  plant data made available.  - 



(2) DESCRIPTION OF PROCESS1 NG SEQUENCE -. 

This sec t ion  provides a brief,overview of the processing sequence 
used. Each s t e p  i s  dea l t  with in grea te i  detai l  i n  the subsequent 
sections.  

The as-recei ved coal -1 iqufd sampl e had an end-point of around 5 7 6 ' ~  
and was therefore  fract ionated t o  obtain a naphtha cut.  The overhead 
product co l lec ted  from the fract ionator  had an end-point of around 380°F, 
This material (which was t o  be hydrotreated), was observed t o  have a 
d i s t i n c t  black bottom phase tha t  contained some sol id  matter. The black 
phase was removed by several decantations. The sol id pa r t i c l e s  were. 
removed by f i l t r a t i o n .  . . I 

The hydrotreating of the decanted and f i l t e r e d  material was done i n  
two stages: t h e  f i r s t  was co(%cted a t  conditions t o  sa tu ra t e  the dienes . 
(potent ial  gum-formers a t  the operating conditions of the second stage) 
and the second a t  conditions t o  desulfurize and den i t r i fy  the naphtha t o  
meet Platformer feedstock specifications.  

The hydrotreating s tep revealed tha t  a higher sever i ty  level was 
needed to  meet t h e  product specifications than envisioned. The analyt ical  
r e s u l t s  received up t o  t h i s  point indicated s igni f icant  differences in  the 
propert ies  of the  naphtha ,as compared t o  those expected based on the 
1-gallon sample, After a reassessment o f  the properties of the hydro- 
t r e a t e d  naphtha as  a potential Platformer feedstock, i t  was f e l t  t ha t  the 
high end-point of  -380°F might lead t o  poor Platformer ca t a lys t  s t a b i l i t y  
and might c r e a t e  d i f f i c u l t i e s  i n  comparing the e a r l i e r  estimates of pro- 
duct y ie lds ,  The hydrotreated naphtha was therefore rerun with the inten- 
t i o n  of col l  e c t i  ng a -355OF end-point overhead material, 

The Pl atforming work conducted on t h i s  rerun naphtha included a yield 
octane study t o  confirm yields  a t  103 and 185 octane and an accelerated 
c a t a l y s t  s t a b i l i t y  t e s t  t o  confirm predicted ca ta lys t  l i f e  and regenera- 
t i  on requirements . 

A schematic overview of the confirmatory p i lo t  plant work undertaken 
i s  shown in  Figure 1, 



(3 )  FRACTIONAT I ON OF AS-RECE IVED SAMPLE 

Ten drums of  coal  1 iqu id  were obtained--from Ashland i n  drums marked 
"Ashland Coal and O i l  Mixture P l a n t ,  South Point ,  Ohio".' The t o t a l  amount 
of coal l i q u i d  conta ined i n  them was approximately 443 gal lons .  

On checking with Ashland, it was determined t h a t  t h e  coal  l i q u i d ' h a d  
been s tored  f o r  a "long" time i n  t h e  drums without an i n e r t  gas blanket .  
The l i q u i d  appeared t o  be black i n  c o l o r  and opaque. No suspended s o l i d s  
were r e a d i l y  v i s i b l e .  The l i q u i d  had an extremely s t rong ,  phenolic  odor  
t h a t  made it d i f f i c u l t  t o  handle without the  use of gas-masks. 

Pr ior  t o  f r a c t i o n a t i o n  the  as-received material  was analyzed t o  
c h a r a c t e r i z e  it. The r e s u l t s  of t h e  analyses  a r e  sl,~uwr~ i n  Col urnn 1 o f  
Table 1. Of i n t e r e s t  a r e  t h e  high values  f o r  t h q  oxygen- con ten t  (1.57 
wt-%) , n i t rogen  con ten t  (5000 ppm) and the  d i e n t  ,value (.8.43). 

During t h e  f r a c t i o n a t i o n ,  a heavy dark phase separa ted  out  i n  t h e  
overhead product r e c e i v e r  and in  the  overhead product samples t h a t  were 
drawn. An S.O.P. was imp1 emented t o  d r a i n  t h e  undes i rable  lower -phase 
from the  product  r ece ive r ,  while a s e r i e s  of two f u l f l o  f i l t e r s  were 
i n s t a l l e d  on t h e  product  t o  remove p a r t i c u l a t e s .  The malodorous na tu re  o f  
t h e  l i q u i d  was a s e r i o u s  problem and fans  had t o  be i n s t a l l e d  t o  permit 
sampling of  l i q u i d  streams. Frequent samples were taken t o  monitor t h e  
f r a c t i o n a t i o n .  There was excessive -foaming during the d i s t i l l  a t i o n  o f  t h e  
l a s t  20% l i q u i d  dur ing t h e  ASTM d i s t i l l a t i o n  o f  one o f  t h e  samples. There 
was evidence of  cracking a t  37g°F i n  a s i m i l a r  d i s t i l l a t i o n  of  another  
sample. While t h e s e  observat ions  a r e  not conclusive,  they i n d i c a t e  t h e  
need f o r  f u r t h e r  i n v e s t i g a t i o n s  t o  determine and reso lve  p o t e n t i a l  pro- 
blems during f r a c t i o n a t i o n .  

During subse uent  inspect ion  of t h e  overhead "c lea r"  product co l -  
l e c t e d ,  a black p 5 a s e  was noticed a t  t h e  bottom of t h e  s to rage- t ank .  I t  
was removed by decan ta t ion  but  with t ime a f r e s h  l a y e r  seemed t o  form. 
Since t h e  b lack phase contained suspended s o l i d s ,  the  overhead product was 
f i l t e r e d .  A t  t h e  p resen t  time, t h e  source and/or the-  cause  o f  t h e  b lack 
phate formation is not  c l e a r .  The H-coal l i q u > d  had been exposed t o  a i r  
du t jng  s t o r a g e  even before  it  was s e n t  t o  UOP,;,ind gum formation as a 
r e s u l t  of  o x i d a t i o n  of phenols and o t h e r  gum-pi-ecursors is a d i s t i n c t  
p o s s i b i l i t y .  I t  is poss ib le  t h a t  some heavy products may have been formed 
due t o  thermal r e a c t i o n s  during f r a c t i o n a t i o n .  A1 though reasonable  care 
was taken i n  hand1 ing ,  it is a l s o  poss ib le  t h a t  the  coal  l i q u i d  may have 
picked up contamination from the: equipment and piping it was i n  c o n t a c t  
wi th  as a r e s u l t  o f  i t s  super ior  so lvent  proper t ies .  

The results of  analyses  conducted on the  overhead product  from t h e  
f r a c t i o n a t o r  a r e  sumnarized i n  Column 2 o f  Table 1. For t h e  sake  o f  
comparison, t h i s  t a b l e  a l s o  shows i n  Column 3 the  r e s u l t s  of s i m i l a r  
analyses conducted on a naphtha sample sent  e a r l i e r  by Ashland, t h a t  was 
supposed t o  be representative,,These e a r l i e r  r e s u l t s  had formed t h e  b a s i s  
f o r  the  i n i t i a l  product  y i e l d  es t imates  and c o s t  p red ic t ions .  A compari - 
son between Columns 2 and 3 of Tab1 e 1 shows t h a t  the  naphtha cut-  from t h e  
10-drum shipment had a s l i g h t l y  higher b o f l i n g  range a s  compared t o  t h e  
e a r l  i e r  " rep resen ta t ive '  sample. However, it had a s i g n i f i c a n t l y  



higher (almost double) nitrogen and phenol fc content t h a n  the earl i e r  
representative sample. Moreover, i t  contained a lower percentage of 
aromatics (15.8 vol-% by U.S. as against 22.1% i n  the ear l ier  sample) but 
a s ignif icant ly  higher percentage of di-,  bi- and brf  cyclo paraffins 
(12.44 vol-% as  against 0.61 vol-% i n  the ea r l i e r  sample). The n a p h t h a  i n  
uestion a lso  contained significantly higher levels of metals notably Fe 

724 ppn versus 0.34 ppm) and Pb (13 ppm versus <0.05 ppn) t h a n  the 'repre- 
sentative" sample. The 1 arge difference i n  the metal concentrati ons 
ra ises  the possibil i t y  of contamination from the storage containers. 



(4) HYDROTREATING OF NAPHTHA CUT 

As mentioned before, the hydrotreating was done i n  two stages. The 
objective of the f i r s t  stage was to  hydrogenate polymer and gum-forming 
diolefins present. The objective of the second stage was to reduce sulfur  
and nitrogen contents below 1 ppm. No- unexpected operational problems. 
were encountered during the hydrotreat i ng work. Analyses of the hydro- 
t rea t ing feedstock (the decanted, f i l t e red  naphtha) and product are shown 
4n Columns 4 and 5 of Table 1, respectively. The appreciable differences 
between the properties of the naphtha used for  the pi lot  p l a n t  work and 
tha t  sent ea r l i e r  as a "representative" sample were probably responsible - . -  
fo r  the higher .severity.'level . t h a t  w a s  found t o  be. necessary.- 

Operation of the hydrotreating plant for  over a month a t  operating 
conditions necessary for  meeting product sulfur and nitrogen specif ica t .  - . 

t ions  showed no abnormal catalyst deactivation. O~?rating conditions and 
product properties such as Bromine Index and,sulfur and nitrogen-concentra- 
t ions were monitored regularly over the 35-day operating period. 

A composite analysis of the hydrotreater product showed approximately 
0.8 ppm sulfur,  0.22 ppm nitrogen and 32.1 ppm oxygen - significant reduc- 
t ions from the .I evel s . in.  the feed. . The oxygen 1 evel , however, is re1 at iv-  
e ly  high compared to  values expected for  petroleum derived feedstocks. 
The higher sulfur  level i n  the product than the nitrogen level i s  an 
indicator of complex sulfur bearing compounds which defy desulfuriiation 
a t  the process conditions deployed. A comparison of the M.S. analyses 
results  for  the naphtha before and a f te r  hydrotreating shows that  the 
hydrotreating converted a l l  of the tricycl o-paraffins into 1 ighter compon- 
ents. Some of the aromatics were saturated too. 

Based on the new information generated, the product yield estimates 
made earl i e r  were revised and are shown i n  Table 2. The change i n  the 
severity level -natuf-al.ly imp1 ies a change i n .  .the-, u.ti1 i t y  and curved cap- 
i t a l  cost estimates. Revised values for these estimates are shown i n  
Table 3(A) and 3(B). The essential features of the revisions include an 
increase in the estimated capital cost from $16 million (4th quarter 1980) 
t o  $19.5 m i l  , , \on  (April 1981 dollars) and an increase i n  the catalyst 
ir>'entory frbp $1,451,000 (4th quarter 1980) t o  $2,472,QM (Apri 1 ; 1981 
dollars)  reflecting the higher processing severity requ!';'ed, The catalyst  
inventory estimate includes a recent increase i n  the u n i t  cost of the 
catalyst  t o  be employed i n  the proposed u n i t ,  



(5) PLATFORllI NG OF NAPHTHA 

Platforrner Feed: Upon reflecting on the analytical results  obtdned 
f o r  the second stage hydrotreated product, i t  was f e l t  that  the appre- 
c iab le  levels  of sulfur  and oxygen s t i l l  present (0.8 and over 30 ppm 
respectively) and the higher t h a n  targeted d i s t i l l a t i on  end-point together 
could pose .problems. The product yield estimates (and capital cost and 
u t i l i t y  estimates) made ear l ier  were based on a 35S0F end-point naphtha. 
I t  was suspected that  a disproportionately high fraction of the sulfur and 
oxygen contaminating species m i g h t  be concentrated i n  the 355-380°F boil- 
ing range. The detrimental effect of these species on process performance - 
and catalyst  s t a b i l i t y  could conceivably make a confirmation of the ield 
estimates d i f f i c u l t  i f . a  380eF end point...napht_ha was used. I t  was t f ere- 
fore 'decided. t o  rerun the hydrotreated naphtha to'*;35!i0F -end-poi n t  . - The 
overhead product collected was analyzed and the results  are shown i n  
Col umn 6 of Tab1 e 1 , 

This overhead product was used as the feedtsock f o r  the Platforming . ,  
work. In some respects, i t s  properties were significantly different from 
those expected based on analytical results of the ea r l i e r  1-gallon sample, 
I n  particular,  the aromatics content was only two-thirds t h a t  i n  the 
ea r l  i e r  sample, while the naphthene content was signif icantly higher (see 
Columns 2 and 3 of Table 1 for  a.comparison).. - T h i s  helps t o  explain the - ... 

higher hydrogen yie ld  observed as compared t o  'the earl i e r  estimate. The 
higher naphthene content of the feedstock and the endothermic nature of 
t he  naphthene-to-aromatics reaction a1 so made it necessary to specify a 
four-reactor system rather than a three-reactor system to  eff iciently 
provide the necessary heat of reaction. The revised estimated product 
y ie lds  and properties are, however, not significantly different  from those 
specified ea r l i e r .  Estimated product properties are shown i n  Table 4 
while revised product yields are shown i n  Table 5A and 5B. 

The cata lys t  i n  the Platforrner section showed relat ively good stabil-  
i t y  i n  processing tfie coal -1 iquid ..- In fact , .  the deactiv.ation (primarily 
due to  coke laydown on the catalyst) was lower than that anticipated based 
on the earl i e r  analyses. Th i s  imp1 ies t h a t  a smaller sized regenerator 
would suffice f o r  the Platformer ip question, 

The effect  of th+e factors &, the capital cost for  the.$roposed Plat- 
former is not expected to be sizeable. The fourth reactor Giould add t o  
t he  cost while the smaller regenerator size would help mitigate this 
increase. A t  t h i s  stage, the cumulative effect  of these is not expected 
t o  change the curved-cost estimates supplied earl ier ,  The estimated 
cata lys t  inventory investment i s  the same as that  indicated earl ier .  

The P l  atformer u t i l i t y  requirements are sl ightly different  from those 
anticipated e a r l i e r  due to the changes i n  the number of reactors and the 
s i z e  of the regenerators. The revised u t i l i t y  estimates are shown i n  
Tables 6A and 6B. 



(6 )  SURMARY AND CONCLUSIONS 

The H-coal naphtha used i n  the p i lo t  $ant hydrotreating and Platform- 
ing operations f o r  t h i s  project had appreciably d i f fe rent  properties from 
tha t  used f o r  making i n i t i a l  product yield estimates. There was some 
d i f f f u l t y  i n  f ract ionat ing the as-received l iquid t o  obtain the desired 
end-point. A heavy black phase repeatedly appeared in the overhead pro- 
duct and had t o  be separated. 

The c a t a l y s t s  employed for  the hydrotreating and Platforming showed 
no signs of abnormally high deact;vation. The Platforming ca ta lys t ,  i n  
f a c t ,  showed an even be t t e r  s t a b i l i t y  than expected. .. 

A h i g h e r  sever l ty  level was r-rquir.ed f o r  the hydrotreating than 
anticipated mainly because of the feedstock- propei-ky differences,  Revised 
curve-cost estimates f o r  the commercial hydro t rea tp  u n i t  indicate  a t o t a l  
cos t  of ~$19 .5  mill ion (April 1981 dol la rs )  as against $16 mill ion (4th 
quarter  /i72:5 do l l a r s )  or iginal ly  anticipated. The u t i l  i t y  requirements 
f o r  the hydrotreater a re  also higher and the e a r l i e r  estimates were 
revised accordjngly. 

The p i l o t  Platforming work i n d i ~ a t e d  a need for  a fourth reactor t o  
handle the higher naphthene content. Catalyst s tab i l  i t y  was demonstrated. 
t o  be be t t e r  than anticipated a t  the se t  of processing conditions used. 
No net change i n  the curve cost .es t imate fo r  the.Platforming section i s  - 
projected. Revised u t i l i t y  estimates were, however, made t o  incorporate 
the data generated from the p i lo t  plant work. 
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TABLE 1 

Col umn Number 
Li  qui d 

Descri p td  on 

ANALYSES OF H-COAL LIQUID FOR THE BRECKINRIDGE PROJECT 

1 ' 2 3 4 5 
Naphtha ' C u t  

Naphtha C u t  of After  Decantati on 
Analysis H-Coal L i  quf  d and F i l t e r i ng  Rerun 

As-Received Current "Earl i e rn  (Hydrot reater Hydrotreater Hydrot r ea t e r  
H-Coal Li qui d Sampl e Sampl e Feed) Product Product 

UOP Numbep 70-2623 70-2623A 50-2019 70-2623 ' 3794-61 70-2623D 

API Gravity a t  60°F 32.6 , 47 .9 44.1 48.3 50.3 51.2 
Speci f i.c 'Gravi t y  a t  60°F 0.8623 0.7886 0.8058 0.7870 0.7783 0,7742 
ASTM D-86 D l s t i l l a t l o n  ' 

IBP, O F  135 108 174 126 16 5 162 

10% 216 188 210 It) 195 : 198 

9 5% - 
E P ,  "F 

% Recovered 
% Bottoms 

Carbon, wt-% 

Hydrogen, wt-% 



TABLE 1 -Grit .l 
ANALYSES OF H-COAL LIQUID FOR THE BRECKINRIDGE PROJEC- 

1 2 3 4 5 6 Column Number ..A .. 
L i qu id  Naphtha Cut 

Descr ip t ion  Naphtha Cut o f  A f t e r  Dzcantatlon 
Analysl s H-Coal L iqu id  and F91 t e r i  ng ' Rerun 

As-Received Current "Earl i e r <  ( H y d n t r e a t e r .  Hydrotreater  Hydrotreater 
H-Coal L iqu id  Sampl e Sampl e Feed) Product Product 

UOP Number 70-2623 70-2623A 50-2019 70-2523 3794-61 70-26230 
a 

Sul fu r ,  ppn 3,120 2,510 2,260 2,5110 0 .8 0.4 . . 

dl t rogen , ppm 5,000 3,500 1,600 2,mO 0.22 0 .2 
I 

Oxygen, P P  15,700 ' 6,500 10,400 7.,243 ' 32.1 
Chlorides, ppm 3 14 5 

Phenol s, wt-X 3.13 -' 4.68 2.68 
Thlophenol s , ppm 225 410 1,900 

Metals by Emission, ppm 

Broml ne Number 

Diene Value 

F l a  Test, LWC 
. ' Saturates 

Aromatics 

Oxygenates 



ANALYSES OF H-COAL PROJECT 

Column Number 1. 2 3 4 5 6 
L i q u l d  Naphtha Cut 

Descri  p t f  on Naphtha Cut of A f t e r  Decantation 
Anal ysi s H-Coal L i  quid and F i  1 t e r i  ng Rerun 

As-Received Current "Earl  i e r "  (Hydratreater  Hydrotreater  Hydrotreater  
H-Coal L i  quid Sampl e Sampl e Feed) Product Product 

UOP Number 70-2623 70-2623A 50-2019 70-2623 ' 3794-61 70-2623D 

Octane Number 

Motor 

Research 

BONA Analysis 
Para f f i ns ,  vol-% . . 

Naphthenes, vol-% 

AromatScs,vol-% . 

N i t rogen J e t  Gum 

M.S, Analysis 

(For De ta l l  s. See ~ p p e n d i x  A) 

Pa ra f f  i ns 

Naphthenes 

Monocycl spara f f l  ns 

B i  , D l  cyc l  oparabf i  ns 

T r i  cyc l  o p a r a f f i  ns 

Aromat i cs 
- O le f ins  



TABLE 2 

Charge 

Revised Hydrotrcating Product Yield and Property Estimate 

Bas is :  Rerun CG - 355°F H-Coal Naphtha 

Raw Oil 100 .OO 100 .OO 20,000 0.7874 
Hydrogen (Chemical ) 0 -97 (500) 

Products 

H2S 

Hz0 

NH3 
c1 
c 2 
c3 
c4 

c5 

c6+ 

Product Properties 

API 

P, wt-% 
N, wt-% 

As  wt-% 

Dist i l la t ion ,  (D-86), OF 

I B P  

50% 
EP 

Sulfur, w t - p p  
Total Nitrogen, wt-ppm 



~reckinridqe H-Coal Project - tlaphtha Hydrotreater 

TABLE 3 ( A )  

Estima'ted Investment Requt'rements 

Basis: Apr.11, 198% 
U.S. Gulf Coast Erectyon to  UOP Standards and Specifications 

Exclusive of  Offsiteo 
Catalyst Inventory Allowance Reflect Current Price FOB 

Point of Manufacture 

Estimated Erected Cost 
Material and Labor 

Design Engineering and Contractor 
Expenses 

Total Estimated Erected Cost 

Catalyst Inventory A1 lotlance 



i 
m 
UI ~ r o k e s s  Div i s i on .  ESTIMATED NORMAL UTI L ~ T Y  REQUIREMENTS 

LOAD - C 4 ~ ; ~ ~ .  STEAM EGUIP. 
BHP POWER THOUSANO POUNDS PER HOUR OYTV COOL. WATER 

ITEM 

NORM, KW 600+ + ,n 
:oa 

SBZ;.F. ,*F . F  
BFW COND. LOSS BTU I GPM BTU I *F 

RISE HR 

--- - -- . .-- 
, Q W ~ P S  8-10 703. - -....- -- -"a. 

2424 \891 REWCLE 6(ts &MPR. ----- 
A\ R ,COOL\ NG 

, h k E R  W U N G  . 2-91 30 160 

~~ H EkTlN.\Ol - \4 05 I+ \C"Y - .--. 10.56 

F \ R E ~  H E A T I ~ G  44 .8q 
-8-8 8.8(1 

- 
N ATER ~NSECTION ---- 

- ----.-- . . 
...- ..- .-.- 

TOTALS . 2801-\4*5 $5-7 8-8 
- --- 

- 

NOTES: GAS TO FUEL AND FUEL FIRED BASED ON.NET HEATING VALUES. DESIGN AIRTEMP. OF 8C *F 
ANNUALIZED AVG LOAO O F %  OF DESIGN LOAO ASSUME0 FOR AIR COOLING. AIR.WATERCOOLING BREAK TEMP. 

- - . ) .  --I .. . - - .- 



TABLE 4 

H-Coal Platforming - Product Properties 

Research Octane (clear) 

Weight % Recovery 
Product Yields 

Hz, SCFB 

C1,  wt-x 

c2 
c3 

C4 
c59p ev-% 

API . 

0-86 Distillation 
I BP 

L 50% 

E P 

~romatics:, wt,-% 
$ 

Benzene 14-8 

To1 uene 25,4 

Xyl we 25,O 
899 I9 ,I 
Total 84 -3  

NOTE: See Table I .  Col umn 6 for. Platformer feedstock properties. 



TABLE 5 A  .- 

Estimated Pl atforming Yields and Product Properties 

Basis: Continuous Platforning U n i t ,  103 RON 

Charge . 
Hydrotreated Rerun H-Coal 

Naphtha 

Products 
H9 

n-C4 
i -cg 
n-Cg 

: C6+ 
Total 

Product Properties 

AP I 
RVP 
RON-0 ' 

MON-O 
ASTM D-86 Distillation 

IBP, O F  

10% 
30 % 

, 50% 
70% 
90% 
EP, O F  

( SCFD) 
BPS0 

Debut, 
Bottoms 

37 -9 
3.13 

103 .O 
91 .O 



TABLE 58 

Estimated Platforming Yields and Product Properties 

Basls: Continuous Platforminq Unit, '105 RON 

Charge 
Hydrotreated Rerun H-Coal 

Naphtha 

-oduct 
'42 
=I 
=2 
=3 
1 -C4 
fl-Cq 
i -C5 
w-Cg 
c6' 
Total 

Product Properties 
API 
RVP 
RON-0 
MON-0 
ASTM D-86 Disti l lation 

IBPs O F  
10%. 
30 % 
50% 
70% 
90% 
EPs O F  

( SCFD) 
MoI -% BPSD 
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- --. .-. . . - .-. 9\*1 -7.6 -6-1 
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-. F r* 
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APPENDIX A 

DETAILS OF GLC AND M,S. ANALYSES 



Naphtha Cut of "Ran" H-coal L iqu id  

Carbon Number Distribution by M.S., Vol -X  

Carbon 
Number Paraffins 

Tot a1 20.06 

Cycl opentanes 
Cycl ohexanes 
Total Monocycl oparaffi ns 

Bi , Dicycl oparaffins 
~ r i c y c i  oparaffi  ns 
Total Naphthenes 

Monocycl o 
Paraffins 

Aromatics 
J=6 - J=8 - J=12 



Hydrot rea ted  Naphtha  

(Second Staqe Product) 

C-C$ 
MCP 

:;=i 
C 8  ti 
=9 r4 
C10 r4 
C 1 1  N 

Total  P+N 

Benzene 1 ,1 
To1 uene 4,6 
C 8  Arom. 6.7 
Cg+ Arom. 3 -7 

MS Analysis, LV-X 

Paraf f ins  20.75 

m a r a f f i n s  . 
B i  , Dicyc l  oparaf f ins 
TrSeycloparaff ins 

Aromat Oes 14.62 
31 ky l benzenes 13 ,a5 
Xndans, Tetra1 i n s  0 A7 
Naphtha1 enes 0 .€I8 

Carbon Number Dis t r ibu t ion ,  LV-% 

6 
7 
8 
9 

10 
11 

' 12 
13 

Total 

MCP - 

Cycl opentanes 18 -79 
Cycl o hexaneo 38.78 

' To ta l  Arom. 16.1 ' 



ReruneHydrotreated H-Coal Naphtha 

Carbon Number Diktribution by M.S., Vo1 - X  

Carbon Monocycl o Aromatics 
Number Paraffins Paraffins - J=6 J=8 - J=12 - 

6 4.2 

7 .  - 5 3 4  
8 4 -63 

9 4,31 
10 2.37 

11 

12 

13 

Total 21 -45 

Cycl opentanes 
Cycl ohexanes 
Total Monocycl oparaffins 

B i  , Di cycl oparaff i ns 
Tsi cy cl oparaf f i ns 
Total Naphthenes 



UOP 
. . 

Process Division 
20 UOP Plaze-Algonquln 6 Mt. Prnsped Roads . Des Plaines. Illinois 60016 
relcphone 312.391 -2000 Telcx 25-3285 -TW 910.233-3501 

Mr. 3. R. Bruner  
P r o j e c t  Manager 
Bechte l  Petroleum, Inc.. 
P. 0. Box 2166 
Houston, Texas.' 77001 -2163 

Apri l  30, 1981 

Job  142?2 - Breckinr'idge .Q-oject . 
Del iverab l  es Under, S u b a g r e e ~ ~ ~ e n t  Between 

Bechtel and UOP . 

Dear Jack:  

T h i s  le t ter  s e r v e s  t o  c o r r e c t  inadver ten t  e r rbrs /omiss fons  fn  the 
r e p o r t  on t h e  p i 1  o t  p l a n t  work done by UOP da t ed  23rd Apri 1, 1981. 

1. Page 7, 3 rd  paragraph, 3rd t o  l a s t  1 ine .  Should read "4th 
q u a r t e r  1980 d o l l a r s m  ' instead of 4 th  q u a r t e r  1981 dollars ' .  

2. f a b l e  6(A) Load 
BHP 

Boos te r  Gas Compressor 3395 

E l e c t r i c  Power 
KW 

2648 

3. Table  6(B) 
Boos te r  Gas Compressor 3654 2850 

Should you have any quest lons,  p lease  do no t  h e s i t a t e  t o  le t  me know. 

Since re ly ,  

Avinash Hanudhane 
P r o j e c t  Coordinator  



ua? 
Process Division 
20 UOP Plaza-Algonquin 6 Mt. Pro:pccl Roads. Dcs Plainer. Illinois 60016 
Telephone 312.391 -2000. Telex 25-3285 -TVdX 910-233-3501 

April 23, 1981 

Bechtel and UOP 

Bear Mr. Bruner,  

Mr. J. R. Bruner 
P r o j e c t  Manager 
Bechtel 'Petroleum, Inc. 
P, 0. Box 2166 . '  

Houston, Texas 77001-2166 

Subject:  Job 14222.- Breckinridge P ro j ec t  

Enclosed p l ea se  f i nd  two copies  of  a report  on p i l o t  p lan t  work ca r -  
r i e d  ou t  by UOP under t he  above subagreement, -The work included: 

1 A S ~ I  A BtcnrtL 
X I BtCHTEL O M I T  

I 

- L CONIPACT COPRf S?. 
I ctm COQP15P. 
( CON#. trOrtS - 
( C ~ O J .  Ecnfoilit 
1 CROJ. FROG. RiPGK15 
i>C C A I *  

&KN qfi>wZk 

( i  ) Frac t i ona t i on  of t he  .as-received coal  -1 iquSd t o  genera te  a 
naphtha c u t  - 

Del iverabl  e s  Under Subagreemcnt l3etween FIJ. I '01  * 

(ii) Hydrotreat ing of t he  naphtha 

( i i i )  C a t a l y t i c  reforming ( P l a t f o m i n g )  of t h e  naphtha 

The o b j e c t i v e s  of  t he  p i l o t  p lan t  work were t o  confirm pred ic ted  
product y i e l d s  and c a t a l y s t  s t a b i l i t y  t h a t  had e a r l i e r  been used t o  e s t i -  
mate c a p i t a l  c o s t  .and u t i l i t y  -requirements. 

The r e p o r t  enclosed: (a) descr ibes  t he  processing sequence u t i l  lzed,  
(b) provides a n a l y t i c a l  r e s u l t s  cha rac t e r i z ing  t h e  main product from each 
process ing  s t e p ,  (c) COT-ents on t he  s i qq i f i c ance  of  t h e  p i l o t  p l a n t  
resu l t ,  and (d )  summarii.5 revised p r o d ~ ' t  y i e l d  es t imates  and c o s t  
f i g u r e s .  

With t h i s  r e p o r t ,  t he  submission of del i ve r ab l e s  under t he  subagree- 
ment is conpl e ted .  Should you have any quest ions,  p lease  do not  h e s i t a t e  
t o  c a l l  me. 

Sincere ly  

Pam 
Attachments 

p ro j ec t  Coordinator 



PROPERTIES OF MATERIAL 

TO BE TESTED BY U. 0. P. 

MOORE (APC) TO KREUDING (UOP) 

5/23/80 

REF. 46 



r 1 - - - b  

Ashland 

Ashland Petroleum Cornpan4 
OlVlSlON OF ASHLAND OIL INC 

p. 0. BOX 391 . ASHLAND. KENTUCKV 41101 (606) 739-4166 

May 23, 1980 

Mr. Arthur P. Kreuding 
UOP Process. Division 
20 UOP Plaza ' 

Des Plaines, Illinois 6001 6 

Dear Art: 

In accordance with our meeting of April 17, 1980, 'and 
subsequent telephone conversations, we have completed screening 
of drum materials se.lected.for your use under Phase Zero of 
the Breckinridge Project. Attached are the measured properties 
of.twelve drums of material produced from Kentucky #I1 coal via 
the H-Coal process in the syncrude mode by Hydrocarbon Research, 
Incorporated, at their Tre.nton, NJ facility, during run number 
130-89. These drums were selected from material produced-:after 
at least 20 days of operation. 

Also appended',' as Table 11, are properties for nominal 
IBP-35S°F (ASTM) naphthas produced by laboratory batch fraction- 
ation of samples from three of these drums. These properties . 

are, in my judgement, both reasonably' consistent between samples 
and within the range of expected results. Further, these data, 
arekernarkably similar to our data base for Illinois #6 coal 
prodbcts. 

Based on these results, I have concluded that the drums 
selected are appropriate for your .use, and that the naphtha 
to be processed will be an adequate representation of both 
Kentucky #11 and Illinois #6 coal products. .We are prepared 



M r .  Arthur P. Kreuding 
Page Two 
May 23,  1980 

t o  sh ip  t en  of these drums for  your use; please no t i fy  me when 
shipment i s  desired.  We w i l l  r e t a i n  two of the  selected drums 
a t  t h i s  l oca t ion  a s  spare material.  

P lease  do not  h e s i t a t e  t o  contact m e  i f  I may be of 
f u r t h e r  a s s i s t ance ,  o r  i f  addit ional  information i s  required. 

Howard F. Moore 

bcc: E. M.' Hobbs 
W. P. Hett inger,  Jr. 
C. D.  Hoertz 
D. K. Chapman 
W. Lyons 
D. A. Fabryq- 



TABLE I 

SAMPLE 
NUMBER 

PROPERTIES OF SELECTED DRUMS 

API GRAVITY, 
OAP I 

TOTAL 
NITROGEN 

WT% 

.TOTAL 
PHENOLS, 

WT% 

None 

None 
. . 

None 

None 

None 

None 

None 

Trace 

None 

None 

None 

None 



TABLE I1 

SOURCE DRUM NO, 

Yield, m 
'AX 

FIA: Saturates 

Ole fins 

IBP-355'~ (ASTM) Naphtha Properties 

Aromatics 
/ 

Total Phenols, WTS, 

Total Nitrogen, WTS, 

Potal Sulfur. no 
ASTM D-86 Distillation, VolX 

I BP 

5 

10 

30 

50 

7Q 

9Q 

95 

EP 
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TOPICAL REP.ORT T-8 

COAL RUN NO. 6 WITH ILLINOIS COAL 

I N  SYNCRUDE MODE 

ASFI 

MAY 20, 1981 

REF. 47 



The memoranda and reports i n  

Reference 47 are included only 

i n  the limited access version 

he.r.aiis~ they oontacn P r i r l J L  lrLary ' 

information. 



SUPPORTING DATA FROM PDU RUN a5 

AND OTHER PDU RUNS 

HRI  

JUNE 1981 

REF.. 48 



The memoranda and r e p o r t s  i n  

Reference 48 a r e  included only 

i n  rhe limieed access versloii 

because they con ta in  p rop r i e t a ry  

information. 





DESTGW ISA'XA FOR P M - T  4 
PRIMARY SEPARATION DECANTERS 

HICKS TO DISTRIBUTION 

(ASFI) 

5/15/81 

REF. 34 



The memoranda and reports i n  
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H-COALm PROGRAM NOTES 

In 1961, a group o f  HRI s c i e n t i s t s  wondered what would happen 
i f  they used powdered coal and o i l  a s  feed in a hydrogenation 
r e a c t o r  ins t ead  of conventional pe t ro l  eum feedstock.  This  
r e sea rch  c u r i o s i t y ,  wh ich  s t a r t e d  w i t h  a t ruckload of coal 
pulverized by a sledgehame!', nar become a technbldglcal  g i a n t  
i n  t he  s y n t h e t i c  f u e l s  indus t ry .  HRI's H-Coal" Process i s  
being used i n  a coal l i q u e f a c t i o n  P i l o t  P l a n t  i n  C a t l e t t s b u r g ,  
Kentucky. More than 1,500 ba r re l  s a day .of c l ean  1 iqu id  -pro- 
d u c t  can emerge ready f o r  upgrading to  gas01 i n e  and o t h e r  fuel s 
i n  conventional  r e f i n e r i e s .  The success  of  this venture  
assumes c r i t i c a l  importance in view of the energy crunch facing 
the United S t a t e s .  

A1 1 of  the  experimental rmrk t o  b r ing  H-Coal t o  commercial 
r e a l i t y  has .  been p e r f o n e d  a t  the HRI R & O Center  in  Lawrence 
Township, New J e r s e y .  . In t h e  1 a s t  - e igh teen  y e a r s ,  a f u l l  range 
of  c o a l s  has been evaluated  i n  experimental equipment w i t h  
c a p a c i t i e s  from a few pounds t o  tons  of  coal pet day. 
Special  i zed hardware has been designed and t e s t e d ,  and much of 
i t  has been sca led  up f o r  use in  the P i l o t  PI  a n t  and,  
ul t ima te ly  , i n  commercial H-Coal f a c i l  i ties. 

The v e r s a t i l  i t y  of H-Coal i s  ind ica ted  by the fol lowing 1 i s t  of 
t e s t e d  c o a l s :  

I l l i n o i s  No. 6 
Kentucky 
Wyodak Subb i t u m i  nous 
Black k s a  
Kaiparowi t s  
P i t t sburgh  Seam 
Utah D 
Col orado 
North Dakota L i g n i t e  
Texas L i g n i t e  
Big Horn 
Austral i an (Gel 1 iondal e)  Brown Coal 
German Lignite-Type 
United Kingdom B i  tuminous 
H i  gh-Ash , Southern Hemi sphere Coal 



The e b u l l  a ted  bed r e a c t o r  i s  an i nhe ren t  component o f  several 
HRI processes i n c l u d i n g ,  of course, the  H-Coal Process. The 
ebul l a t e d  bed r e a c t o r  system was patented by H R I  i n  1961. Feed 
and hydrogen are i n  i n t i m a t e  con tac t  w i t h  c a t a l y s t  p a r t i c l e s  
kep t  i n  a s t a t e  o f  constant ,  random motion. The c a t a l y s t  bed 
expands b u t  -s tays w i t h i n  the con f ines  o f  the  r e a c t o ~ .  The 
expanded bed a l l ows  p a r t i c u l a t e s  such as ash and unreacted coal 
t o  pass f r e e l y  through the  r e a c t o r  and avoids p lugg ing problems 
associated w i t h  more conventional r e a c t o r  designs. One o f  i t s  
most i n t e r e s t i n g  fea tures  i s  t h a t  the c a t a l y s t  can be added and 
withdrawn t a n t l n u o u s l y  , avo id ing  expensive down t ime to rep l  ace 
spent c a t a l y s t .  

Ebu l l a t i ng -bed  bench u n i t s  have been used f o r  much o f  the 
H-Coal experimentat ion. These un i  t s  , having diameters o f  l / 2  
t o  1 inch ,  a r e  used to eval uate new coal s, new c a t a l y s t s  and to 
d e f i n e  the  chemis t ry  o f  t he  process. 

The Process Devel opment U n i t ,  which has been used f o r  H-Coal 
t e s t i n g  s ince 1966, has been en1 arged and mod i f i ed  almost con- 
t i n u o u s l y  t o  para1 l e l  t he  growth o f  t he  H-Coal p r o j e c t .  The 
PDU r e a c t o r  has a diameter o f  8 - l i 2  i nches and perml ts  eva- 
l u a t i o n  o f  t h e  mechanical o p e r a b i l i t y  o f  the  r e a c t o r  and asso- 
c i a  t e d  components . 
As men ti oned , equipment i s designed ,. cons t ruc ted and operated 
t o  meet p a r t i c u l a r  demands o f  t he  experimental program. One 
example i s  a c o l d  f low model o f  the P i l o t  P l a n t  reac to r .  H R I  
b u i l t  and operated t h i s  system to con f i rm  the f n t e r n a l  design 
o f  t h e  p l l o t  p l a n t  reac tor .  The model i s  f u l l  scale:  twcnty-  
f ou r  f e e t  h i g h  w i t h  a f i v e - f o o t  diameter. 

H R I  has made economic s tud ies  c o r r e l a t i v e  to the experimental 
s tud ies  almost s ince the i n c e p t i o n  o f  the  program. These stu- 
d ies  i n c l u d e  economic comparisons between eastern and western 
U.S. coa ls ,  t h e  impact o f  low pressure opera t i on  i n  the fue l  
oP'1 mode, and maximum b o i l e r  f ue l  and d i s t i l  1 a te  product ion.  

Several bench-scale runs were chosen as the  design bas is  fo r  
P i l o t  P l a n t  operat ions.  Three o f  the  four  base cases used 
I l l i n o i s  No. 6 b i tuminous coal a t  low, in termedia te  and h igh  
space vel  o c i  t i e s  and the f o u r t h  case used Wyodak subb i tumi nous 
coal . The f i n a l  design f o r  the  P i l o t  P l a n t  i s  based on PDU Run 
5 which r e p l  i c a t e d  a n t i c i p a t e d  operat ions. 



H-COAL BACKGROUND 

H-Coal was invented by HRI i n  1963 and development has been 
cont inuous s ince t h a t  time. Dynal ec t ron  Corporat ion encouraged 
t h i  s devel opment w i  t h  f i nanc ia l  support t o t a l  1 i n g  several 
m i l l  i ons  o f  do i l a rs .  I n  1965, advancement of the process was 
s t imu la ted  by a mu1 t i - m i l  1 i o n  do1 l a r  c o n t r a c t  from the O f f i c e  
o f  Coal Research (now DOE). Since then, i n  a d d i t i o n  t o  DOE 
funding, the .program has been funded by var ious i n d u s t r i a l  
p a r t i  clpanrs , Inc l  uding rtiarly 1 ead'i ng o i l  companies and eoal 
producers i n  the Un i ted  States. I n  1974 DOE and an i n d u s t r i a l  
consort ium committed themselves t o  the design, cons t ruc t i on  and 
operati.on o f  the  do0 ton/day H-Coal P i l o t  P l a n t  a t  
Cat1 e t tsburg ,  Kentucky. This  p l a n t ,  which i s  now i n  operat ion,  
i s  an important  step toward la rge-sca le  operat ions. 

The H-Coal Process conver ts  coal t o  1 i -qu id and gaseous 
products. The process i s  unique because i t  u t i l  i zes  HRI's 
patented ebul 1 ated-bed reac tor ,  I n t ima te  con tac t '  between 
c a t a l y s t  p a r t i c l  es , hydrogen and the s l  urry-coal  feed are 
achieved by t h i  s ' . reac tor  t o  pe.rmi t super io r  r e a c t i o n  cond i t i ons  
and process c o n t r o l  . Because t h i s  process u t i l  i zes  re1 a t i v e l y  
low r e a c t o r  pressure (2000-3000 p s i g )  i t s  investment and 
opera t ing  cos ts  are minimized. 

THE H-COAL DEVELOPFENT PROGRAM 

 he purpose o f  the recent  H-Coal Development program has been' 
. the  demonstrat ion. of the H-Coal Process i n  the H-Coal . P i1  o t  

Plant .  I n  Phase I o f  t h i s  program, M I  conf irmed key design 
features and completed the d e t a i l e d  engineering design of the 
P i l o t  Palant. The P i l o t  P l a n t  was constructed dur ing Phase I 1  
of t h i s  program. Concurrent w i t h  the cons t ruc t i on ,  the HRI 
1 aboratory support program a1 so provided add i t i ona l  c o n f i  r- 
mation o f  p l a n t  design as we1 I as development o f  the technical  
management plan. The o b j e c t i v e  of the c u r r e n t  Phase I11  
Program i s  a two-year demonstration o f  the H-Coal Process on a 
P i1  ot-Pl an t  scale. This  demonstration u t i l  i z e s  the operat ing 
con f i gu ra t i ons  designed i n t o  the p l a n t ,  which encampass 
syncrude and b o i l  e r - f ue l  mode operat ions usfng th ree  d i f f e r e n t  
coal  s. A 1 aboratory program i s  being performed i n  con junc t ion  
w i t h  the P i l o t  P l a n t  to  support. t h i s  Phase I 1 1  ob jec t i ve .  



ADVANTAGES OF THE H-COAL PROCESS o 

The #-Coal Process  o f f e r s  many advantages over  o t h e r  coal 
1 i q u e f a c t i o n  techno1 ogies .  High y i e l d s  o'f low-sul f u r  
d i s t i l l a t e  l i q u i d s  have been produced from a wide v a r i e t y  of  
bituminous and subbi tuminous coal s and 1 i g n i t e s .  Typical l y ,  
2.8 to 3.5 b a r r e l  s of C3/97S°F 1 i q u i d s  a r e  produced per ton of  
d ry  coal feed to 1 ique fac t ion .  The presencg of  the c a t a l y s t  in 
the H-Coal 1 i q u e f a c t i o n  r e a c t o r  s i g n i f i c a n t l y  improves the 
convers ion  o f  heavy coal 1 i q u i d s  to d i s t i l l a t e  products.  The 
H-Coal r e a c t o r  combines coal  1 i q u e f a c t i ~ n ,  s s l v c n t  
nydroge.nati on and product upgrading , t h u s  reduc ing the number 
o f  p rocess ing  steps compared t o  o t h e r  coal 1 i que fac t ion  
techno1 ogies .  Thi's 'simp1 i f i  ed fl ow scheme reduces . p l  a n t  c o s t s ,  
i n c r e a s e s  process  e f f i c i e n c y  and improves pl a n t  serv.ice 
f a c t o r s .  

The key t o  the advantages o f  the H-Coal Process  i s  the H-Coal 
r e a c t o r .  The ebul 1 ated-bed r e a c t o r  a1 1 ows i n t i m a t e  c o n t a c t  
between c a t a l y s t  p a r t i c l  es , hydrogen and the coal -o i l  sl ur ry  , 
achiev ing  e s s e n t i a l  1y isothermal r e a c t o r  c o n d i t i o n s ,  w i t h  low 
and c o n s t a n t  - r e a c t o r  p r e s su re  df f fe ren t ia .1  . The ebul l  a t ed  bed 
r e a c t o r  system has over 28-uni t  y e a r s  of  commercial opera t ion  
i n  H R f  ' s Hail petro.1 eum-residuum, hydroconv.ersion process.  
Other major advantages o f  the H-Coal r e a c t o r  a r e :  

e High 1 i qu id  y i e l d s  and qual i t i e s  a r e  achieved in  the 
presence  o f  a s y n t h e t i c  c a t a l y s t  and a r e  no t  dependent 
on the  c a t a l y t i c  e f f e c t  of coal ash. 

On-stream c a t a l y s t  rep1 acement con t ro l  s d e a c t i v a t i o n ,  
p rovides  c o n s t a n t  product  qual i t y  , a1 1 ows the poss ib i -  
l i t y  o f  on-stream c a t a l y s t  r egene ra t i on ,  and provides  
f o r  h i  gh-uni t s e r v i c e  f a c t o r s .  

Operat ing cond i t i ons  can be va r i ed  to meet f l e x i b l e  
product  sl a t e  requi  remen ts. 

Direct c a t a l y t i c  hydrogenation o f  coal o f f e r s  the po- 
t e n t i a l  f o r  use of  d i f f e r e n t  and improved c a t a l y s t s  in  
the f u t u r e  a s  product  requirements  change. 

e The e b u l l a t e d  bed a s su re s  good temperature  con t ro l  
throughout  the r e a c t o r ,  lasing the  energy ,of the r e a c t i o n  
t o  h e a t  the feed s l u r r y  to r eac t ion  temperatures .  



INTRODUCTION 

From a reading of the program notes, one can see t h a t  H-Coal 
deve1opmen.t has been intense, t h a t  commercial feasibi i ty i s  
cstabairhed, and that. commercial H-Coal plants can become a 
real i ty within this decade. 

The devel opment p a t h  fol 1 owed for commercial ization of H-Coal 
i s  similar to t h a t  used by HRI  for scale-up of the commercial 
H-Oilm residuum and heavy crude hydroconversion process. The 
H-Oi  1 reactor system was successful ly scal ed-up from the bench, 
through the P D U ,  followed by a large pilot plant demonstration 
unit and finally t o  a commercial scale plant. The reactor 
diameters are shown be1 ow. 

H-Oil ' H-Coal 
Reactor Diameter Reactor Diameter 

Bench Unit 3/4" 3/4" 
Development Unit. 8-2/1". 6 & 8-1/2" 
Pi 1 o t  Pl ant 4'6" 5 ' 
Commerc i a.1 Pl a n t  13 ' 10-13' 

The H-Coal commercial i za t i  on steps fol 1 ow the same reactor 
scal e-up cri teria.  The five-foot-diameter H-Coal reactor i s  
currently in use a t  Cat1 ettsburg , whil e commerci a1 -scal e reac- 
tors are being designed as part of the Breckinridge H-Coal 
commercial pl ant project. An H-Coal commercial pi a n t  woul d 
have several reactors in para1 lel , depending on the ecoriomy of 
scale desired by the operator and the avail abil i ty  of capital . 
In terms of the individual reactor t ra in ,  the commercial-scale 
reactor would have about ten tinies the throughput as the 
Catlettsburg Pilot  Plant with a diameter scale-up of two to 
three times. 

The focus of th is  report i s  a discussion of H-Coal technology 
devel opment ' in the HRI  Process Devel opment Unit. The 
discussion i s  limited to  those operations which used either 
I l l inois  or Kentucky bituminous coals. For infonation 
purposes, we have appended a l i s t  of all significant PDU coal 
operations since 1966, which includes a l l  of the coal types 
processed in the system. 



The report centers on several subjects: 

Part . I ,  includes a mechanical description of the Process 
Development Unit with a process flow scheme. The PDU 
operations on 11 1 inois and Kentucky coal o are a1 so ineluclecl. 
Each run i s  described briefly, and the description i s  
followed by the coal analysis, whepe available, and 
comprehensive tabu1 ations o f  operating conditions and 
p~odluct yields. Pilot Plant data for the recent 45-day run 
are a1 so included in this  section. 

8 Part 2 i s  a disctission of HRI's program t o  develop an eff i-  
cient solids separation technique. 

o Pa r t  3 focuses on HRI ' s  development of a hydroe'l one system. 
A discussion of hydroclone operation i n  the Pilot Planf i s  
also included. 



PROCESS DEVELOPMENT U N I T  

OPERATIONS 1966 THROUGH JST81 

AND 

P I  LOT PLANT PERFORMANCE DATA 



PROCESS DEVELOPENT UNIT 

The H-Coal P r ~ c e s s  Development Unit  uses  the e b u l l a t e d  bed 
r e a c t o r  system to  conve r t  coal to l i q u i d  f u e l s  a t  p r e s su re s  up 
t o  3000 p s i g  .and temperatures  t o  86S°F. Feed capac i ty  i s  3 - 5  
t o n s  pe r  day. 

Coal -o-il s l u r r y  f eed  and make-up p lus  r ecyc l e  hydrogen a r e  fed 
a t  high p r e s s u r e s  through p rehea t e r s  then introduced t o  the 
ebul l  a t e d  bed r e a c t o r .  Ebull argon i s  maintained by i n t e r n a l  
r e c i r c u l a t i o n  o f  the r e a c t o r  1 iqu id .  Ebul l a t i o n  o f .  - the 
r e a c t i o n  mass permi ts  temperature  con t ro l  w i t h i ' n  a narrow range 
by removing exothermic h e a t  as s e n s i b l e  hea t  t o  the coal -sl.urry 
feed stream. Unconverted coal and ash a r e  removed w i t h  the 
1 iquid-gaseous r e a c t o r  products  w h i l  e t he  1 a r g e r  , heavier  
e a t a l y s t  pel 1 ets  remain i n  suspension a t  a l eve l  eseabl ished by 
d e n s i t y  d i f f e r e n c e  and interr ia l  flow r a t e s .  A t  c o n s t a n t  gas 
v e l o c i t y ,  d e n s i t y  and feed r a t e ,  c a t a l ' y s t  bed expansion is  
maintained by varying the speed of  the ebul l  a t i n g  r ecyc l e  pump 
and con t ro l  va lve  s e t t i n g .  The c a t a l y s t  bed l eve l  is  monitored 
by a gamma ray  i n d i c a t o r .  Spent  c a t a l y s t  i s  withdrawn and 
f r e s h  c a t a l y s t  added to t h e  r e a c t o r  a t  r egu la r  i n t e rva l  s during 
o p e r a t i o n s  i n  o r d e r  to  maintain c a t a l y s t  age. 

The coal -de r ived ,  1 iquid-gas-sol i d  r e a c t o r  e f f l  uen t  i s  removed 
overhead from the r e a c t o r .  The g a s ,  1 iqu id  and sol id  products  
a r e  s epa ra t ed  in another  vessel. The r e a c t o r  products  a r e  l e t  
down i n  p re s su re  in a two-stage ope ra t i on  and cool'ed. The 
sol  i d s - f r e e  condensate  i s s e n t  t o  atmospheric p re s su re  
f r a c t i o n a t i o n .  The non-condensibl e gaseous products  a r e  
s epa ra t ed  w i t h  the hydrogen-rich stream used' f o r  recyc le .  The 
remaining gaseous products  a r e  fl ared.  The so'l ids -conta i  ning 
l i q u i d  product  i s  .passed through a hydroclone sepa ra t i on  system 
and the r e s u l t i n g  hydroclone overflow s t ream,  w i t h  a lower 
sol i d s  c o n t e n t ,  i s  recycl ed. The hydrocl one underfl  ow s t ream,  
which has a h igher  s o l i d s  con ten t ,  i s  used a s  vacuum column 
feed. 



COAL HANDLING SYSTEM 

Coal i s  received in  r a i l  road c a r s ,  drums o r  shipping 
c o n t a i n e r s ,  gene ra l l y  a s  lumps w h i c h  a r e  1-1/2" o r  smal le r .  

The coal i s  t r a n f e r r e d  through be1 t conveyors to a c rushe r  and 
reduced to l e s s  than 1/2 inch a t  a r a t e  o f  5000 pounds per 
hour. The crushed coal i s  then s e n t ,  i f  necessary ,  t o  a d rye r  
i n  o rde r  to reduce the sur face  moisture .  A bucket  e l e v a t o r  
sends the Cbdl t o  one of t h e  Uir.ee GO-ton-capacity storage 
hoppers. The coal i s  g r a v i t y  fed from a s t o r a g e  hopper to a 
hammer m i l  1 which  produces approximately 1300 pounds per hour 
o f  95% -60 mesh coal powder. The powdered coal is  k e p t  i n  a 
3000-pound s to rage  .hopper loca ted  above the r o t a r y  t r a y  dryer .  
The powdered coal i s  fed from the s to rage  hopper through a s t a r  
feeder i n t o  the dryer .  

In the d r y e r ,  the coal f a l l s  t o  t he  t d p  t r a y  of  t h e  e igh teen  
t r a y  un i t .  Af t e r  one r o t a t i o n  the  coal i s  wiped o f f  t o  fa1 1 to 
the next  t r a y .  The dryer  u n i t  normally o p e r a t e s  w i t h  a 
r e s idence  time of  t h i r t y - f i v e  minutes ,  a 95% ni t rogen  
atmosphere and a temperature  o f '  210-22O0F, ' These cond i t i ons  
reduce the mois ture  c o n t e n t  from 10% t o  2% a t  a r a t e  of  500 
pounds of  coal per hour. Af t e r  i t s  1 a r t  pass  i n  the d r y e r ,  the 
h o t ,  dry coal f a l l s  ' i n t o  a c o o l e r ,  which i s  a water-cooled 
screw conveyor. Under a n i t rogen  atmosphere, t he  d ry ,  room- 
temperature  coal i s  s e n t  through a shaker screen t o  the 
10,000-pound s t o r a g e  tank v i a  two screw conveyors and a bucket 
e l e v a t o r .  The coal powder i s  t r a n s f e r r e d  upon demand from th is  
s t o r a g e  tank t o '  the feed metering hopper l oca t ed  above the 
s l u r r y  mix tank. The next e x h i b i t  i s  a con f igu ra t i on  o f  the 
coal handling system. 





FEED SLURRY PREPARATION 

Pulverized coal i s  fed continuously from a weigh tank into the 
slurry mixing tank using a screw feeder. The coal i s  mixed 
with clean oil and hydroclone overflow using a mixer and 
rec ircul at1 ng pumps. These rec ircul a t i  ng pumps are a1 so used . 
t o  maintain positive, high-veloci ty  suction t o  the high 
pressure feed pumps. The cl ean oil i s  fed by penumatic 'pump to  
the slurry t a n k  from the clean oil tank a t  a controlled 
vbliimetric rate. Inventdry in the slurry mix tank i s  held 
constant by control 1 ing the clean ail  , hydroclone overflow and 
coal rates, and adjusting the high pressure feed pumps. 

The coal-oil slurry i s  taken from the high pressure feed pumps - .. 
and mixed with preheated, compressed make-up hydrogen. 
(Compressi.on perfonhed by 'either one or both of the fresh t a 

hydrogen compressors.) The slurry-hydrogen mixture i s  then 
sent t o  the fresh feed ' heater which i s  a dual , natural gas/fuel 
oil fired he1 ical coil heater with semi-automatic combustion 
controls and automatic safeguards. From the fresh feed heater 
the slurry-hydrogen mixture i s  fed into the reactor through a 
side flange located below the. bottom head. Scrubbed recycle 
gas i s  compressed by either the primary recycle gas compressor 
or the secondary recycle gas compressor. The recycle gas i s  
then sent t o  the recycle gas heater which i s  the same kind of 
heater as the one used for fresh feed. From here the recycle 
gas i s  fed into the reactor through a. side fl ailge -located below 
the bottom head and below the fresh feed in le t  flange. The 
outlet temperatures of both heaters are manually controlled a t  
the main panel board. The recycle gas heater outlet temperatupe 
i s  controlled above reaction temperature and the fresh feed 
heater out1 e t  temperature i s  control 1 ed be1 ow the reaction 
temperature. These control points are used to he1 p bal  ance the 
hydrogenation exotherm. 



REACTOR SECTION 

The r e a c t o r  i s  a p re s su re  vessel  w i t h  an i n t e rna l  diameter o f  
about  8.5 inches.  The vesse l  i s  22 fee t  long from f lange  face  
t o  f l  ange face .  

CATALYST ADDITION ANDw WITHDRAWAL . SYSTEErUG 

The r e a c t o r  i s  equipped f o r  c a t a l y s t  a d d i t i o n  and withdrawal . 
C a t a l y s t  i s  maintained in t he  r e a e t o r  a t  c o n s t a n t  a c t i v i t y  by 
r e g u l a r  withdrawal of a por t ion  o f  t h e  c a t a l y s t  and replacement . . 

by an equal amount of  f r e s h  e a t a l y s t .  

The c a t a l y s t  a d d i t i o n  and withdrawal system has a number of 
spec i a l  f e a t u r e s .  The bal anced p re s su re  design peni  ts 
ope ra t i on  w i t h  a lmost  no p re s su re  drop ac ros s  the block valves .  
Thi s des ign  evol ved. pr imari  l y  to minimize val ve  wear; however, 
9't a l  so  minimizes e a t a l y s t  a t t r i t i o n  during a d d i t i o n  and 
withdrawal , 

The system des ign  which  a l lows the c a t a l y s t  t o  set t le ou t  
through the withdrawal tube  under almost no p re s su re  drop 
r e q u i r e s  t h a t  the time needed to withdraw a designated amount 
o f  c a t a l y s t  be determined by t r i a l  and e r r o r .  The r e a c t o r  
hydrodynamics, however, a r e  such ' t h a t  t he  f i  ne-quanti t y  
re1 a t i o n s h i  p cannot  be exact. The procedure f o r  c a t a l y s t  
a d d i t i o n  is: 

1. Withdrawn mater ia l  i s  drained of o i l  and welghed. 

2. An e s t i m a t e  i s  made o f  the spen t  c a t a l y s t  i n  the withdrawn 
ma te r i a l  and t h a t  amount o f  f r e s h  c a t a l y s t  i s  added to the 
r e a c t o r .  

3. C a t a l y s t  c o n t e n t  i n  the withdrawn mater ia l  i s  determined 
a n a l y t i c a l  l y  and a molybdenum bal ance . is  made. The actual  
amount o f  c a t a l y s t  t o  be added is  ca l  eul a t ed .  . 

4. Any discrepancy between the es t imated  m o u n t  of c a t a l y s t  
t h a t  was added to the r e a c t o r  i n  S tep  2 and the actual  
amount of  c a t a l y s t  t o  be added from S tep  3 i s  accounted f o r  
i n  subsequent  addi t i o n s o  



TWO-STAGE LETDOWN 

~ e a c t o i  eff l  uent 1 eaves the reactor through a. d i p  tube and 
travels to the high pressure vapor-liquid separator. The level 
i n  the high pressure vapor-liquid separator may be sensed by 
two. independent systems. The primary system ut i l  izes a 
different ial  pressure sensor. (Both the high and low pressure 
1 egs are purged w i t h  recycle gas.) The secondary level sensing 
systcm uses a nuclear level Indicator. Both systems may be 
used for . l  eve1 control . 
The liquid stream from the high pressure vapor-liquid separator 
, ex i t s  the bottom .of the separator and passes through a one-ha1 f 
inch schedule 160 pipe t o  the f i r s t  stage pressure letdown 
stat ion.  Here the liquid stream i s  l e t  down f rom reactor 
pressure to approximately 1200 psi.  The action. of the f i r s t  
stage pressure letdown valves i s  controlled by the h i g h  
pressure vapor-1 i q u i d  separator level sensing system. The 
f i r s t  stage letdown valves are angle body control valves w i t h  
tungsten carbide trim. The mixed stream ,after the f i r s t  stage 
pressure 1 etdown enters  'the f i r s t .  stage. pressure 1 etdown 
vessel . Here the stream i s  separated into'  a 1 iquid stream and 
a vapor stream. The vapor stream i s  l e t  down i n  pressure from 
1200 psi to about 50. psi .  The jnternal pressure of the f i r s t  
stage pressure letdown vessel serves as the control setpoint 
for the vapor stream pressure letdown. The reduced pressure 
vapor stream i s  sent to the atmospheric flash vessel. The 
1 iquid stream. from the f i r s t  stage pressure 1 etdown vessel i s  
sent to the second stage pressure letdown station. Here the 
1 iquid stream i s  l e t  down in pressure from 1200 psi to about 50 
psi. The liquid level of the f i r s t  stage pressure letdown 
vessel serves as the control setpoint for the second stage 
pressure 1 etdown valves. The mixed stream from the .  second 
stage letdown i s  sent to the atmopsheric flash vessel. 

The liquid and vapor streams from the f i r s t  and second stage 
pressure letdown stat ions are combined and then separated into 
a vapor stream and a liquid stream in the atmospheric flash 
vessel. 

The internal recycle oil  flow i s  used to expand and control the 
ebullation of the ca ta lys t  bed within the reactor. The recycle 
oi l  flow i s  maintained by recycle pump. Recycle oil flow i s  
control led manually by adjusting the pump motor speed and the 
recycl e o i l  control val ve sett ing . 



The ca ta lys t  bed i s  monitored by a gamma ray density system 
which has a gamma ray source, detectorltransmitter and an 
amp1 i f ie r / indica tor .  The source and detectorltransmitter are 
mounted on a reactor traverse system. The traverse position 
a1 ong the 1 ength of the reaction i s  manually control led a t  the . 

main panel board. Both the position of the traverse and the 
density reading a t  that  level are reco.rded.- Suction fop the. 
recycl e pump . i s  taken through an internal resycl e cup located 
above the expanded catalyst  bed. The internal recycle .oil flow 
i s  measured by a flow meter. The density of the recycle oil  i 5  
menitored by a gamma ray nucleaf density system w i t h  fin output 
indicator. located on the main panel board, Both recycle oil 
flow. and recycl e pump d i  f ferent i  a1 pressure are recorded on the 
main panel board. flushing oil i s  pumped into the motor end of 
the recycle pump i n  order to keep the rotor bearing areas free.  
of sol idso  . Purge oil  i s  also used to flush the recycle oil  
'fl ow meter d i  fferen t i  a1 pressure taps. 

Reaction temperatures are  monitored by a ten-point internal 
thermoeoupl e assembly t e n i  nati ng a t  c r i t i ca l  distances a1 ong 
the reactor length,. The reactor.  skin i s  wound w i t h  resistance 
w i r e  heaters and then insul ated to minimize heat loss. Heater= 
controls a re  loeated opposite the main panel board i n  the 
control room. 

LOW-PRESSURE VAPOR-LIQUID PRODUCT HANDLING 

The vapor stream from the atmospheric flash vessel i s  cooled 
and par t ia l ly  condensed by a water cooler. This mixed stream 
i s  sent to the flashed 1 i q u i d  overhead product drum. The vapor 
stream from the flashed liquid overhead product drum i s  metered 
by the reactor l iquid flash gas meter and sent to the f lare .  
The 1 i q u i d  stream from the fl ashed 1 i q u i d  overhead product drum 
i s  pumped to the bottoms heatero The flow i s  metered. Flow i s  
control 1 ed by the fl ashed P i qu id  overhead product drum l iquid 
level control system, From the bottoms heater the 1 i q u i d  flows 
to the atmospheric s t i l l  . 
The 1 iquid s t r e m  from the atmospheric flash vessel i s  sent t o  
the hydroclone section where the material i s  pumped through the 
hydroclone preheater and sent to the hydroclone. Here the 
l iquid stream i s  s p l i t  - into a relatively low ash hydroclone 



- 
overflow stream and a re1 atively high ash hydrocl one underfl ow 
stream. The overflow stream is  sent to the hydroclone overflow 
surge drum. From the drum the relatively low ash liquid i s  
metered and recycled to the slurry mix tank. Level in the 
hydroclone overflow surge drum is maintained by liquid level 
control. The hydroclone underflow stream is  sent t o  the 
hydrocl one underflow surge drum and then to the vacuum s t i l l .  

The 1 iquid 'stream from the vacuum disti'llation tower i s  
cirllected in drums and sent to storage. The vapor ctream from 
the vacuum distil lation tower i s  sent to the vacuum s t i l l  
condenser. The new 1 iquid stream is  sent to the vacuum s t i l l  
overhead ' receiver. This 1 iquitf stream i s  then pumped and 
metered t o  the clean oil tank. The vapor stream from the high 
pressure vapor-liquid separator exits a t  the top of the 
separator. Water i s  injected t o  prevent the . formation of' 
ammonium salts when the vapor stream cools. The vapor stream 
then passes into an extended-surface, hairpin heat exchanger 
which acts as a partial condenser. The mixed stream then 
enters the reactor overhead separator. 

The vapor stream from the reacto'r overhead separator passes to 
the scrubber where i t  i s  scrubbed by a countercurrent No. 2 
fuel oil stream. The scrubbed vapor s t r e q  i s  sent to the 
scrubber overhead knockout drum' and then to the recycle gas 
compressor. The oil stream from the scrubber i s  sent to the 
scrubber oil flash drum. Any vapors t h a t  flash are metered by 

. the scrubber flash gas meter. The l i q u i d  from the scrubber oil 
flash drum is  recycled to the scrubber. 

The 1 iquid stream from the reactor overhead separator is sent 
t o  an extended-surface, hairpin heat exchanger for steam 
heating. The mixed stream exiting the heat exchanger then 
passes t o  the water separator. 

The vapor stream from the water separator i s  sent to the 
product oil flash drum. The 1 iquid stream from the water 
separator i s  sent to the atmospheric s t i l l  preheaters and then 
t o  the amospheric s t i l l  where the disti l late products are 
spl i t  into overhead and bottoms products. The bottoms product 
i s  cooled and pumped to the atmospheric bottoms storage drum. 
From storage, the atmospheric s t i l l  bottoms are pumped and 
metered to the clean oil tank as recycle o i l  . Any atmospheric 
s t i l l  bottoms in excess o f  recycle requirements are drummed and 
sent t o  field storage. 

- 



The overhead  p r o d u c t  from t h e  a tmospher ic  s t i l l  i s  coo led  and 
s e n t  t o  the naphtha  s t a b i l i z i n g  column. The l i q u i d  s t ream 
( s t a b i l i z e d  naph tha )  i s  weighed and pumped to s t o r a g e .  The 
vapor  s t r eam is  s e n t  to the p r o d u c t  o i l  f l a s h  drum. 

In  t h e  p r o d u c t  o i l  f l a s h  drum t h e  e n t e r i n g  s t r e a m s  s e p a r a t e  
i n t o  a vapor  s t r e a m ,  an aqueous s t r eam and a hydrocarbon 
s t r eam.  The vapor  p r o d u c t s  a r e  metered and s e n t  to  the f l a r e .  
The aqueous phase  is s e n t  t o  the w a t e r  ho ld ing  drum. The 
m a t e r i a l  i s  weighed and t h e n  pumped to t h e  s o u r  water tank. 
The hydrocarbon s t ream i s  s e n t  t o  the a tmospher ic  s t i l l  
overhead ho ld ing  drum, weighed and then  pumped to  s t o r a g e .  





PROJECT H-COAL - 1966/1967 

The PDU operated on coal f o r  the f i r s t  time i n  1966 under the 
sponsorship o f  the Office ' o f  Coal Research, Contract No. 
14-01-001-477. The operations, f ive i n  a1 1 , were very suc- 
cessful providing solutions t o  mechanical problems which ine- 
v i t ab l y  ar ise i n  new operating technfques, and i n  providing 
ins igh t  i n t o  the nature o f  coal 1 iquefaction technology, The 
PDU program a1 so enabled HRI t o  gain valuable scale-up 
experfence, moving successfully from 25 1 bs/day bench-scale 
un i t s  t o  the 3.5 tons/day Process Development Unit. 

A l l  the PDU operations used Ill ino is  No. 6 coal and 
5/64 "-diameter cobal t molybdate catalyst. The data reported 
here are f o r  Run 130-57, the f i n a l  and most s ign i f i can t  opera- 
t i o n  o f  the program. Operating resul ts  are given, as we1 1 as a 
sumnary o f  the pr inc ipal  operating and y i e l d  factors. A 
comparison i s  a1 so ' provided of the normal i r e d  resul t s  wi th  
those o f  bench-scale operations with the River King Mine coal, 
both wi th  f i l t e r e d  heavy s lu r ry  o i l  recycle and d i s t i l l a t e  
s lu r ry  o i l  recycle. 

The operation consisted o f  in jec t ing  dried I l l i n o i s  No. 6 coal 
wi th  recycled coal -derived d i s t i l  1 ed s l  ur ry  o i l  and hydrogen 
i n t o  an ebul la t lng cata lyst  bed a t  2700 psig and 800-850°F. 
The gross H-Coal products were d i s t i l l e d  continuously by 
atmospheric and vacuum d i s t i l  1 at ion f nto net products and 
recycled s lu r ry  streams. Analyses of the feed coal are given. 
Cobal t mol ybdate hydrodesul f u r i  zation cata lyst  was used i n  
these H-Coal operations. 

The pr inc ipal  run object ive was to demonstrate sustained H-Coal 
operation w i th  sat is factory control o f  cata lyst  bed expansion, 
combined wi th  proper operation of the d i s t i l l a t i o n  equipment to 
obtain enough recycled o i l  f o r  feed coal s lur ry  without 
requi r ing any extraneous o i l  t o  maintain the s lu r ry  o i l *  
inventory. This object ive was achi eved. Make-up o i l  was added 
only during startup procedures. No additional makeup o i l  was 
required u n t i l  166 hours o f  the run, and again a t  272 hours o f  
the run. Operation was then sustained on coal feed without o i l  
additions u n t i l  348 hours. 



P r o x l m a t e .  D r y  B a s l s  
% A s h  
% V o l a t l l e  H a t t e r  
% F l x e d  C a r b o n  

I U l l l m a t e ,  D r y  B a s l s  
C a r b o n  
l l y d r o g e n  
N l t r o g e n  

I-' 
u3 S u l f u r  

A s h  
O x y g e n  (By D l  f f e r c n c e )  

S l z e  A n a l y s l s  
a n 3 0  Mesh 
3 0 / 1 0 0  H e s h  
100 /200  Mesh 
200 /125  H e s h  
325 /Pen 

S u l f u r  Forms, D r y  
P y r l t l c  
S u l f a t e  
O r g a o l c  

H l n e r a l  A n a l y s l s  
5 1 0  

~ 1 2 4 1  
F e z 0 1  
C a 0  

503 
K2O 
HgO . 
T102 
Na2O ' . 
p205 
Undetermined 

COAL ANPLVSES 

RIVER KING I:!!!!. I L L I N O I S  NO. 6 COAL 

FOR PROCESS OEVELOPHENT-ENIT H-COAL 0PERATI:lNS 

T h r o u q h 2 9 x . - k u r r  

As  R e c e l v e d  , G r o u n d .  O r l e d  

7.42 3.63 . 

A f t e r  295 l i o u r s  - 
A s  l e c e l v e d  G r o u n d .  D r l e d  

7.21 ' 3.89 



a-COAL PROCESS OEvELOPtIENT UNIT OPERATING RESULTS 

RIVER K I N G  MINE. ILLINOIS NO. 6 COAL 

COBPCT MOLYBOATE CATALYST - 5/64" DIAMETER EXTRUOATES 

C a t a ~ v r c  .Aga. 
L b i  CoalAb Catalyst 

Reactor Pressure. ps i?  
Reactor Taaomrarure. F 

Dry Coal Race 
Lbs/nour 
~ b s / n o u r / ~ t 3  Rea;tor 

feed Coal . . 
no is tu ra  Y % 
Ash. Y Z (Dry Basis) 

Wdroqm Reacted. YI of Dry Coal 

Gross Product Propert i as 
Atumsoheric S t i  l l Over- 

head. V % a t  U0.F 
Slurry  O i l  (Recicled). 

v % a t  65p'F 
Vacuma Bottarn Slurry .  

A*, U T .  

Coke-Ash-Frea: V = ' 

R e i d u r n  O i l .  975.F. V :. 
0 l s t  i la te  (975-F-) . V Z 
IBP. F 

Gross Product Wi(hdr.rwls. 
v T. of  Dy Coal 

C 1 x 3  Gases 
C02 and CO 
Ck-Cg Gases 
Collected W0.F EP Naohtha 
W0.F' O i s t ~ l l a t e s  
Residuum O i  l (975'F+) 
Unreactad Coal (Ash-Pree) 
Ash 
uater  (Net Chan~cal 

Aooearance) l nc ludes Nn3 
Hz5 Forced Sulfur Balance 

Normalized Results 
CMI Conversion. X M.A.F. Coal 

(Sol ids bv Asn Balance) 
Net Cb* L i a u i d  Pr?duction 

Y T. of Dry Coal 
I a r r e l s n a n  Ow Coal 
8arrelsITon M.A.F. Coal 

41- 
53 

51- 
72 

n o o  
829 

202 
29.3 

5.7 
12.1 

5.0 

58 

86 

. 22.4 . 
12.0 

7.1 
0.4 
3.5 

20.7 

;so.!; 
5.9 

11.1 

7.8 
3.1 

93.0 . 
67.3 
4. 17 
4.72 



Paqe 2 of 3 

(continued) 

nours of 0o;rat ion 
Beginninq/End 

Catalyst Age. 202- 
Lbs Coal/Lh Catalyst 215 

Reactor Pressure, ~ s i q  2700 
Beactor Tmoerature. * f  817 

2700 n o o  
82k 823 

D y  C m l  Rate 
L b r h o u r  126 
~ b s / n o u r / ~ t 3  Reactor 18.3 

Feed Coal 
nois ture.  V % 5.7 
Ask.  W X (Dry ~ i i i i )  11.5 

h n b . !  
11.4 11,s 

Cross Producr Prorrert les 
Atmosoharic S t i l l  0v.r- 

head. v % a t  M0.F 65 
Slurry O i l  (Recycled). 

V = a t  650'F 90 
V u u u m  Bottoas Slurry. 

Ash. Y % 19.7 
Coke. Ash-frm. V X 18.5 
Residuum O i l .  975.f. V X 
Oisti!late(975'F-), V X 
IBP. F 

Gross Produst V i t h d r . w l r :  
V Z o f  D y  Coal 

C -C) Cases 
cb2 and CO 
Ck-C6 Gases 

. COlleCXtd b40.f EP naphtha 
UO*F+ O i s t i l l a t e  
Reiiduum 01 l (97S0f+) 
Unreacted Coal ( ~ s h - f r e e )  
Ash 
Water (net Chemical . 

~opearmce)  Includes nn3 
n2S. Forced Sul fur  Balance 

rtofwul ixed Results 
Coal bnverrion.% R.A.F. Coal 

(Sol ids by Ash Balance) 
Mat U* Liauid Product ion 

v : of o y  Coal 
3arrsls/Ton O y  Coal 
B.rrels/Ton n.b.F. Coal 



Paqe 3 of I 

Hours of Operation 
Bagi nni nq/End 

Catalyst Age. 
Lbs Coal/Lb CatalySt 

Anactor Pressure. ps i? 
R u c t o r  largerature. F 

O y  Corl Rate 
LbsMour 
~bs&r /Fe)  Llautor 

212 14 192 Irl 131 206 
30.8 2.0 27.9 6.0 l9;O 29.9 

F a d  Coal 
PIoisture. W % 
Ash, W % ( D y  Basis) 

Gross Product Prooerties 
.ACnas~heric S t i l l  Ovsr- 

haad. V % at  U0.F 
S l u r y  O i l  (Recycled), 

V I at  650'F 
Vecuum B o c t w  S l u r y .  

Ash. U I 
Coke, Ash-Fra. W % 

Gross Product W i  C h d r a ~ I  I. 
W % of Dry Coal 

C I - C ~  Cases 
. CO2 and CO 

CL,-C5 Gases 
Collected @O'F EP Naphtha 
WOOF+ D i s t i l l a t e  
Residuum O i  I. (975*F*) 
Unreacred Coal (~sh-Free) 
Ash 
Water (Net Chemical 
Apoearmce) Includes MI4 

HtS. Forced Sul fur  ~ a l a n i a  

N o r I ~ l  ixer l  Results 
Coal Con~arrion.% I4.A.F. Coal 

(Sol ids by Ash Balance) 
Net C(. Liauid Production 

w % of O y  Coal 
BarrelsRon O y  Coal 
Barrels/Ton R.A.F. Coal 



OPERATING RESULTS - PROCESS DEVELOPMENT U N I T  
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RIVER KING MINE, ILLINOIS NO.6 COAL - COMPARISON WITH BENCH-SCALE RESULTS 

Bench-Sca 1 e U n l  t s 
I T / - ]  2 I 77- 6 Process Development U n l  t Run 

Hours on  Stream 

~ a t a l i s t  Age, Lbs C>aI,'Lb C a t a l y s t  

Cca l Feed, Lbs/Hour/Ft 3 

Reactor  Temperature, O F  

N 
P CI -CJ  Cases 

~ 4 - 4 0 0 " ~  
400-650°F H i d - D i s t i  l l a t e  
650-975°F Heavy O i s t i l l a t e  
.97S°F+ Residuum 01 l 
Unreac ted  Coal (t4.A.F;) 
Ash 
H20/Nl13/C02 
H2S 

T ~ t a  l ( IOOtH2 Reacted) 

Cqt L i q u i d s ,  Net  P r o d u c t i o n  
W % o f  Dry Coal 
Ba r re l s /Ton  Dry Coal 
Ba r re l s /Ton  N.A.F. Coal 

"Conceptual Des ign  y i e l d s  based on bench-sca le  Run 72-168 and u s l n g  f I !  t e r e d  r e c y c l e  s l u r r y  0 1  I. Runs 177-12 and 
177-17 used d i s t i l  l a t e  r e c y c l e  s l u r r y  0 1  I. 



JOINT PARTICIPATION PROGRAM 
(19/3 - 19/41 

During th i s  interim, in which H-Coal development was sponsored 
_.-- _ by &n- indultrial-  consortium, HSl.cmpl eted three successful P D U  

operations using I l l  i n i s  No. 6 coal. The operating resul ts  of - - 
- - -, 

the three runs are given here. 



RUN 130-60, ILLINOIS NO. 6 COAL . . 

This run was conducted to form a more comprehensive basis for 
comparison between bench-scale and PDU operations on coal. The 
run lasted for  318 hours and provided more complete data vis-a- 
vis temperature/conversion re1 ationships than any of the 
ea r l i e r  PDU H-Coal studies. A coal analysis and operating 
resul ts are  incl uded here. 



COAL. ANALYS I S  

. . 

Run Number 

Coal Source 

Hours o f  Run 

Gr ind Desc r i p t i on  

HRl Number 

Moisture.  W % 

Proximate Ana lys is ,  Dry Basis 
Ash, W % 
. V o l a t i l e  Mat ter ,  w % 
Fixed Carbon, W % 

U l t ima te  Analysis,  Dry Basis 
L l r D O R ,  W Z 
Hydrogen, w % 
Ni t rogen,  W % 
Su l fu r .  w % 
Ash. W X 
Oxygen (D i f fe rence) ,  w % ' 

Screen Size (u.s.s.), w % 
+50 

Btu 

Minera! Ana lys is ,  W % 
Phosphorous Pentox ide, P205 

' S i l i c a ,  Si02 
F e r r i c  oxide; Fez03 
Alumina, A1203 
T i t a n i a ,  T i02 

.Lime, CaO 
-Magnesia. Hg0 
Su l f u r  T r i ox ide ,  SO3 
Potassium Oxide, K2O . , 

Sodium Oxide. Na2O 
Undetermined 

P y r i t i c  S u l f u r ,  W % 
Su l fa te  Su l f u r ,  w % 
Organic S u l f u r ,  w % 

Su l fu r  i n  Ash, w % 

. R iver  King R ive r  K ing 

100- 160 160-280 

Coal Feed Schedule Run - nours 

130-59 0-35 
130-60 , 1 0-7 

7-82 
82-91 
91 -347 

13042  0-169 
, 169-252 

252-262 
262-276 
276-286 
286-299 
299-30 1 



RUN 130-60 - +COAL OPERATIONS ON ILLlNOlZ ~ 0 . 6  C3AL 

Catalyst - l l 0  Pounds HOS-ZA. 1/16" fxcrudater ( M I  No.3397A. 33988. 3b19) 
Reactor Liquid Phase Depth - 19 Feec (7 .S  cuDiC f e t ~ )  

Wrr o f  Run - Baginning - End 

Catalyst Age. Lbs CoaI/Lb Catalyst - h g i n n i n g  - C d  . 
Caal k e d  Race. Lbs Oy 'Caa l l  

1 t r /~ t3  Reactor L iquid Phase 

F a d  C M i  
MRI wb.r 
ltaisture. U X 
Ash, !4 (OW Bar i s )  

R w c l e  Flows. Lbs/Lb Coal 
Amuspiur ic  S t i l l  Bottom, 
Vacuun St i 1.1 Overhead 
Hydra lo rn  Owrf low 
l oca l  

f-racurei. 'F 
Coal Preheater OutIat 
Reactor Liqu i d  Phase ~ v e r i g e  
Vacum Flash Zone 

Pressure i n  Vacuua Flash. Torr 

Pmssure. ps ig 
Unit Back Pressure ' 

NydP0g.n Mab-Up 
Hydrogen Part i a l  Pressure 

(Reactor Out l e t )  

b c y c  la' Gar. MSCF/Ton Coal 
Vent Gar. MSCF/Ton Coal 
Hydrogen Purt ty  o f  

Recycle Gas Vent Gar. % 
Vapor Phase Hydrogen. 

rrSCF/Ton C M ~  (Reaccor Ouclec) 

Make-up Hydrogen 
+ Racycle Hydrogen 

MSCF/Ton Coal 
V X of Mb-Up + Recyc l e  Car 
Par t ia l  Pressure of Hydrogen. 

w i g  

Hydrogen Consunpt ion 
(Metered Gas Rater. Analla i s )  

mSCF/Ton O y  Coal 
U % of  0~ c-1 

O i l  Additions 
make-Up-Anchracene O i l  

Lbs/Lb 0 Coal 
Lbs/HrlF3 Reactor 

Flush O i  I. Lbs/Lb Ory Coal 



RUN 130-60 - H-COAL OPERATIONS ON ILLINOIS ~ 0 . 6  COAL Page 2 o f  : 

Ca ta lys t  - 110 Pounds HOS-2A. 1 / 1 6 ~ '  Extrudates (HRI No.339 A. 33988. ]b19) 3 Reactor L i q u i d  Phase Depth - 19 Feet (7 .5 .F t  ) 

Period 

Hours of Run - Beginning - End 

Cata lyst  Age. Lbs CoaI/Lb Cata lyst  . Reginnine - End 

Coal Feed Rate. Lbs Dry Coal/ 
nr/Ft3 Reactor L i q u i d  Phase 

Faad Coal 
HRI Nunber 
Moisture, W % 
Ash. % (Dry Basis) 

Rmcycle F l a s .  Lbs/Lb Coal 
Atmospheric St  il l B o t t a s  
Vacurhn S t i l l  Overhead 
Hydroclone Overflow 
Toga l 

Tmperatures. * F  
Coal Preheater Ou t le t  
Reactor L i q u i d  Phase Average 
V a w m  Flash Zone 

Pressure i n  Vacuum Flash, T o i r  

Pressure, ps i g  
Un i t  Back Pressure 
Hydrogen make-Up 
Hydrogen P a r t i a l  Pressure 

(Reactor Out l e t )  

Recycle Gas, mSCF/Ton Coal 
Vent Gas, HSCF/Ton Coal 

Hydrogen P u r i t y  o f  Recycle Gas 
+ Vent Gas, % 

Vapor Phase Hydrogen, 
MCF/Ton Coal (Reactor O u t l e t )  

Make-up Hydrogen + Recycle Hydrogen 
MSCF/Ton Coal 
V X of Make-up + Recycle Gas 
P a r t i a l  Pressure o f  Hydrogen, p r i g  

Hydrogen Consrmpt ion 
(metered Gas Rates, Analys is)  

MSCF/Ton Dry Coal 
W = of Dry Coal . 

011 Addi t ions 
Make-up Anthracene O i l  

Lbs/Lb O r  Coal 
Lbs/Hr /Ft j  Reactor 

Flush O i  I. Lbs/Lb Ory Coal 

9A 98 IOA 108 II 12 13A 138 1bA 148 ISA I50 

q l u r r y  O i l  from Period 108 



- 
RUN 130-60 - OPERATlHt RESULTS 

bl 1eCt.d Product Quant i t i es .  . 
u z OW Coal 

Awnosphar i c  S t  i 1 1 Overbad 
Atmospheric S t i l l  Bottans (1) 
Vacuun S t  i l l Overbad ( 1 ) 
Vaeuun S t i l l  Bottnns 
0-1 3 t o  F i  l tar  (Product) 
n20 (2) 
c 1 3 3  
OI-c7 F? ;;dG;;- 
toca l  

_ I-c Quantit ies, W X O y  Coal 
O y  Coal 100.3 --------I---------------------------- 
moisture i n  Feed Coal . 4.2 4.2 4.3 4.0 4.9 4.3 4.3 4.3 4.4 4.1 
0 i l Additions (Make-Up) 0 22 .7 ,  0 0 0 0 0 0 0 0- 
Hydrogen Reactad . . 

(Gas Analysis. F l a )  5.8 5.5 5.4 4.9 8 5.0 5.2 5.2 
Flush O i l  1.9 1.9 1.7 1.2 1.1 0.9 0.9 0.9 0.9 1.0 
Total Used for N o m i  izacion 111.8 110.7 111.5 109.8 110.1 110.3 110.5 110.4 

l o m a l i z e d  Nmt Product 
Oir t r ibur ion.  .U Z O y  Coal (3)  
a. co2 
C I  4 3  Hydrocarbons i n  Gases 
Q-Cg. Wdrourbons i n  Gases. . 
' lBP400.F naphtha 
lr00-650.F Oist i I latas 
650-975'F O i s t i l  laces 
97SaF+ Residual O i l  

Benz-ne-Soluble 
Benzene- I nsol ub Is .  

Unreutad Ash-Free Coal 
Ash 
-0 (Net) 
N M j  (Forced Nitrogen) 
Hz5 (Forced Sulfur) 
Total (100 9 ttydroqen Reacted) 

. . 
Nacomul i red Net Q+. 
Liquid Recovery 
u X of O y  Coal 

Benzene-Solutle 
' 8anzane-Insoluble 

Barrels per Ton o f  O y  Coal 
Barrels per Ton M.A.F. Coal 
mr rmls  Ci, to 975.F- D i s t i l l a f a  

p.r Ton M.A.F. b . 1  

r Benzene-soluble o i l  i n  vacuum s t i l l  bottomi + 650°F+ in aCmospheric s t i l l  bottoms plus vacuum s f i l l  overhead 

(1) Nagative quant i t ies of a m s p h e r i c  s r i l l  overhead vacuun overhead are decreases o f  inventory o f  s lurry  
o i l  holding tank I 

(2) Includes dissolved NH3 + HzS 

(3) ASTM d i s t i l l r t i o n  cut points 



- 
RUN 130-60 - OPERAT IN6 RESULTS Page 4 o' 

collected Product Quantities, 
V :: Dry Coal 

A w s p h e r i c  Still Overhead 
A m s p h e r i c  Still Bottons (1)  
Vacuun St i l l Overhead (1 ) 
V a C U M  S t i 1 1 BOttUll~ 
Hz0 Product (2) ' 

Cl43 
h 4 7  
HzS in Cases 
C Q  and CO 
Total 

Input Quantities, V % Dry Coal 
Dry Coal 
noiscure in Feed Coal 
011 Additions 
Hydrogen Reacted 

(Bda h ~ ~ o l  ~ a e a .  PI-) 
Flush Oil 
Total Used for Normal ization . 

Nenmllzed Net Product 
Dlrtribution. w % Dry Coal (3) 

CO. cot 
C l 4 3  Hydrocarbons in Gases , 

t 4 4 6  Hydrocarbons in Cases 
lBP-MO0F Naphtha 
400-650'F Dist i 1 laces (Net) 
650-975.F Distil laces (Net) 
975'F+ Res i dua I 0 i I 

Benzene-Soluble 
Benzene-Insoluble 

Unreacted Ash-Free Coal 
. Ash 
b0 (Net) 
HH3 ForCed N i troqen 
Hz5 Forced Sulfur 
Total (100 + Hydrogen Reacted) 

bnnel ized Net Cq+ 
Liquid Rebvery 

V % of Dry Coal 
Benzene-Soluble 
Benzene-{nsoluble 

brrels per Ton o f  Ory Coal 
Barrels per Ton M.A.F. Coal 
Barrels Cq to 975'F- Distillate 

per Ton M.A. F. Coal 

9A 90 IOA IOB I 12 13A 130 14A 148 I ~ A  I58 

A m s p h e r i c  overhead f r a  Period 9 8  added to atmospheric still 

( 1 )  Negative quantities o f  atmospheric overhead and v a c u m  overhead are decreases of inventory o f  slurry oil holdinq :an: 

(2) Includes dissolved NHj +'HzS 

(3) ASTM distillation cut points 

(4) A1 ~ W S  for cunolere desulfurirarion of make-uo oil and 75% denitroqenat ion 

31 



RUN 110-60 - AWLVSES 

Ataoloh.ric.Sti 1 l O w t h u d  
Crav~tv .  Act 37.6 U.8 35.7 38.9 U .9  
IIP. F 1 66 IR 170 19 
EP. OF 512 
v.L(PW0.t 

az w a2 
65 56 70 n 

l IP440 ' t  Cravitv. 'API u- 3 40.3 5 7  49.7 
4 0 ' F - t ~  Orwlry. 'AP! 26. b 25.5 25.7 26.41 
c a m .  Y 2 
w m n .  Y 2 
Ni t regen ,  u 2 
Sulfur. Y 2 
-1s. 

v 2 loca l  
v 2 1 s ? 4 0 0 * ~  

V 2 63 650. F 08 
lIF650.F Grev ln .  'API 19.0 
W*F.r Gravity. 'API . k.5 . 

Gr8v i !v. 'A? I 11.1 I .  11.4 12.k 11.7 13.2 11.5 12.8 12.8 12.2 
IIP. F 4 0  k m  ucw ~ 6 0  ( 3 ~ 5 )  k50 
EP. *F 

b66 4 0  

V 'L @ 650'F 78 
(818) n 82 68 I .  ss 

l I ~ 4 5 0 ' F  G m i  ?, *Apt Ik.9 lk.7 15.9 16.7 6 16.9 
65 

6.2 19.5 
650.F- Gravity. API 5 - 2  3.9 7.1 7.8 7.7 8.0 6.6 5.9 
Carbon.. U 2 89. I3 88 en 
w r o p m ,  'L 
N i t r o q a .  u Z '  
Sulfur, u Z 

U s e r  Producr 
N i t roga .  u 2 
'Sulfur. Y 2 

-. .- 
9. n 
0. 19 

co. 02 

0 Period 5 Awml~her iC 0vartU.d Frmceims 

Carbon wdrogan Ni t roqm Sulfur 
18~440.F 86.83 13.20 .070 O.aZ 
u o * f e p  88.23 11.30 .077 0.02 

D is t i l I a t i ona  - A l l  Am( 0-86, axcart braslurad v a l w r .  ASTIl 0-1160 (mdi . .ad)  



RUN 130-60 - ANALYSES 

Period 

Armoapheric S c i l  l overhead 
Gravi t y ,  'API 
IBP. 'F 
i P ,  
.v X C 440.F 
I 0 ~ 4 0 0 ' F  Grav i t y  . *AP I 
400.F-EP Gravi t y ,  *APl 
Carbon. W X 
Hydrogen. Y % 
Nitrogen. W % 
Sul,fur. W % 
Phenol r 

C X Tota l  
v 2 IBP~OO'F 

Armos~her ic .St i l  l Bottnna 
Grav i ty .  API 
IBP, 'F 
EP, * f  
V % 0 400'F 
V X C 65O'F 
IBP-650'F Grav i t!. 'API 
6SO0F+ Grav i ty ,  Apt 
Carbon. W 5. 
Hydmgen. Y X 
Nitrogen. V % 
Su l fur ,  W % 

Vacuum S t i l l  Overhead 
Grav i ty .  *API 
IBP, *F 
EP, *F 
V 9: C 65O'F 
IBP-650'F Gravi t!. 'API 
650°F+ Grav i ty ,  AP I 
Carbon. W % 
Hydrogen, W X 

. H i t rogen. W % 
Su l f u r .  W X 

9A 98 IOA 108 11 12 13A I30 I U . 1 4 8  1% I50 

11.8 11.6 11.7 5.7 8.6 10.3 11.6 2 2  12.7 10.0 3.9 2.3 
480 I*n 506 (411) 454 416 4 9  

(850) 
65 58 60 (76.1) 76 71 50 

14.6 9.4 11.9 13.5 15.4 14.8 8.5 
5.7 0.5 4.1 4.3 .4.2 -0.7 

8 9 . U  
9.42 
0.26 

co. 02 

Wi ter  Product 
N i t r a g m ,  W Z 3.57 
Su l fur .  w % 2-99 

O i s t i l l a t i a n s  .- A l l  ASTM 0-86 - except bracketed va luer  f r a  ASTtl 0-1160 (hod i f i ed )  



RUM I30-60 - MLYSES ICWTlNIJEOL 

v- SCIII mttDI 
W 2 of C I m  f- U- S t i l l  
hnxmm-Soldla. Y  Z 61.61 68.78 
b a u r r l m o l u ~ 1 8 .  v z 12.91 14.96 
Ash. Y  2 25.05 16.56 

. UIre8cUd cnml .w x (tee iuql!) 
~ i m i l d l a .  mi&, 

u  I ( l . t 1s td )  
ca-. Y . 2  
mdrsom. Y.'Z 
M l t - i  Y  
Sulfur. W Z 
9mm. u  Z ts* Olff.rmC8) 

c . r a a , - w  t 
w m .  Y  t 
M1trsp.n. Y  r 
Sulfur. W t 

1 1.t Ub 
w t o t  F w d  to v l u  S t i l l  ' 

c4mmx.rr-solubla. w t 
ku.rr-lmoiubl.. u  2 
Ask. w 2 
-em-lnsolubla Rnidum. W 2 
(.lmnt.d Coal. W 2 (Ll t immtd) 
h r l d i ncSo lub la .  w 2 
W r i d i n c l n o l u b l a .  

W 'Z (Orpn ic)  ' 

Sulfur. W 2 

F1lt.r Llauid 
F- Frd t? V a u a r  S t i l l  

Crwi?. &?I 
I .  F 
1 sr-sso'? v 'Z 
6os75' t :  v z 
97SaF+, U  'Z 
975'?* Aultm 
ca-. w 2 
wm9am. w 5 
MIS-n. W . 
SJlfur. w Z 
*.h. W  2 
~ l m o l u b l a .  W 2 



VJCUM st1 1 1  0 0 t t m ~  
u .L of F l w s  fran V a c u m  Still 
Bmnzene-Soluble, W X 
Ranzans-lnrnlubla. W X 
Ash. W X 
Unreacted Coal. Y X (Estimated) 
Benzene-Insoluble Residuum. 

W X (Est im8ted) 
Carbon. Y % 
Wdrogen. 

Sulfur, V X 
Oxygen. W X (By Difference) 
Pyridine-Soluble Y Z 
kridine-lnsolubie. 

W X (Organic) 
B.nzene:Soluble Oil 

IBP, F 
IBP-650.F. cc/ I00 Grams 
650-975'P. cc/100 Grms 
975*F+. W.X 

l8P-975.F. AP I 
Carbon. W 'L 
Wdrogen. W X 
Nitrogen. Y % 
Sulfur. W % 

Fi.lter Cake 
W Z of Feed to V a c u m  St i 1 I . 
Benzene-Sol uble, W % 
Benzene-Insoluble, Y % 
Ash. Y Z 
Benzene- lnsol ub le Res iduum. W % 
Unreacted Coal . W % (Est imatad) 
Fyridine-Soluble, W X 
Pyridine-Insoluble. , 

W % (Organ icJ 

Filter Liquid 
From Feed t: Vacuun Still 

Gravity. API 
IBP, *F 
IBP-~~O'F, V X 
650-975.F. V X 
97S°F+, Y X 
975*F+ Analyses 

Carbon. Y X 
Hydrogen. W X 
Nitrogen. Y % 
Sulfur. Y X 
Ash, W X 
Benzene-Insoluble, w X 

RUN 130-60 - ANALYSES (CONTINUED) Page 8 of 8 

9A 98 IOA 108 I I  I2 I3A I38 IkA 148 ISA 150 



RUN 130-62 - ILLINOIS NO. 6 COAL 
This  run was also'  a p a r t  of the  comparison study mentioned 
above. I t  provided . addi t iona l  da ta  r e l a t i n g  t o  t h e  
temperature-sensi  t i v i  t y  of conversion and desul f u r i z a t i  on in 
H-Coal opera t ions .  . The run a l s o  demonstrated the  b e t t e r  pro- 
duc t  d i s t r i b u t i o n  a t t a i n a b l e  by using a residuum-containing 
stream (hydroclone overhead) a s  a p a r t  of the feed coal s l u r r y  
o i l .  . The coal a n a l y s i s  and opera t ion  resu'l ts  a r e  included 
here. 



COAL ANALYSIS 

- 

Run Number 

Coal Source 
River  King 

River  King t Monterey 

Hours of  Run 

Gr ind O e s c r i ~ t i o n  

HRI Number 

Moisture.  W % 

Proximate Analysis.  Dry Basis 
Ash. w % 
V o l a t i l e  Mat ter .  W % 
Fixed Carbon. U % 

U l t ima te  Ana lys is ,  Dry Basi; 
C~I,~UII, W % 
Hydrogen, W % 
Nitrogen, W % 
Sul fur ,  W % 
Ash, w % 
Oxygen ( D l f  fercnce) , W % 

Screen Size (U.S.S.), W % 
+so 
50/70 . 
70/ 1 00 
.100/140 
140/200 
200/325 
325/Pan 

Btu 

Minera l  Analysis.  W % 
Phosphorous Pentox ide, P205 
S i l i c a ,  SiO2 
F e r r i c  Oxide, Fez03 
Alumina. A1203 
T i t a n i a ,  T i02 
Lime. CaO 
nagnes la,  Mg0 
Su l fu r  T r i ox ide ,  SO3 
P o t a s s i w  Oxide. Kt0  
Sodium Oxide. Na2O 
Undetermined 

P y r i t i c  Su l f u r ,  W % 
S u l f a t e  Su l f u r .  w % 

Organic Su l fu r ,  W % 

S u l f u r  i n  ~ s h ,  w f 

Coal Feed Schedule HRI No- - 
3386 
3 386 
3429 
3415 
3429 
3b29 
3395 
3429 
3395 
3429 
3395 
3429 

Source 

nonrerey 
nonterey 
R iver  King 
nonterey 
R iver  King 
River  King 
nonterey 
R iver  King 
nonterey 
R iver  King 
nonterey 
R i ve r  Kin9 



RUN 110-62 - H-COAL OPERATIONS ON ILLINOIS NO.6 COAL (HRI 1194 AND 1429) 

C a l a l y s t  - 100 Pounds 110s-2A, 1/16" E x t r u d a t e r  (HRI 1191A. 11910 and 1419) 

Page I o f  5 

lou rs  o f  Run - Beg inn lng  
. - End 

: a l a l y s t  Aqc. Lbs Coal/Lb C a l a l y s t  
- Beq inn lng  
- End 

:oal  f e e d  Ralc.  Lbs Dry Coal/Hour/ 
FI) Reactor  L l q u i d  phase ' 

eed Coal 
IIR I n w ~ ~ b e r  
n u i s l u r e .  V X 
Ash. X (Dry B d s ~ s )  

.ecycle f lows.  Lb%/Lb Coal  
Almospher ic  S t  i b l  Bottoms 
Vacuum S t i l l  Overhead 
I l vd roc lonc  Ovcr f low 
T o l d )  

reaperalure. 'f 
Coal preheacer O u t l e t  
Reaclor  L i q u i d  Phase Average 
Vacuum f l a s h  Zone 
Pressure I n  Vacuum F lash ,  T o r r  
l lydroc lone 

' ressure.  p r i g  
U n i t  Back Pressure  
1lydruqe11 hake-Up 
l lydrogen P a r t i a l  p ressure  

(Reactor  Out l e t )  
l e c f c l e  Gar, HSCf/ lon Copl 
l c n l  Gas. nSCf / lon  Coal 
lydrogcn P u r i l y  o f  Recycle Car 

t Vent. 
l apor  Phase Ilydroyen. 

HSCf/ lun Coal (Reactor  O u l l e l )  
take-Up l lydroyen r Recycle Hydrogen 

MSCf l lon  Coal 
V '1. o f  Make-up t Recycle Gas 
I l y d ~ o y e ~ ~  P a r t i a l  Pressure, p s l g  

l lydroyen Consumption 
( n e t c r c d  Gas Rales. Analyses) 

HSCF/lun Dry Coal 
I4 X Ory Coal 

O i l  A d d i l  lons 
H ~ k e - U p  An l l~ racene  O i l .  

Lbs/LD Or Cudl 
Lb, / l l r / f t f  Reaclor  

f l u s h  O i l .  LDs/ lb Ory Coal 
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period 
c o l l e c ~ c d  Product Q u a n l l c l e r  
J % Dry C o i l  

A l n u r p l ~ c r l c  St ll l Overhead 
A tnarp l~er  l c  St 11 l B o l l c m ~  (1) 
Vacuum St111 Overhead (1) 
0 -6  o ra ln lngs  
0 -11  Ora ln lngr  
I lydroc lone Overhead 
l l y d r u c l o ~ ~ e  Bot tmls 
1120 (2) 

C1-C) I 
.. Ctl-C) 

112s 
t o 2  and LO 
l o l a l  

I18pul Qu&at i t  l e r .  V X Dry Coal 
Ory, Coal 
Ho is lu re  I n  Feed Coal 
O i l  Addi t  ions . 
l lydruycn Reacted (Gas A n a l y r e r , F l w )  
Flush O i l  
l u t a l  Used fo r  'normal I r a 1  I o n  

Nornoal He1 Product ~ l r t r l b u t l o n ~ ~ )  
J Y, 01 Dry Coal 

LO. c01 
: (1 -C j  l lydrocarbonr i n  t a r e s  

Cq-C6 I l~d rocarbons  i n  Cases 
IBP-~,OO*F naphtha 
1100-65O'F O l r t  ll l a t e r  
650-915.F O i r l i l l a ~ e r  
915 '~ '  Residual 011 

Bcr~iene-Soluble 
0e11tc11r- I ~ ~ s o l u b l e  (Non-f II te rab le )  

U ~ ~ r e a c l u d  Coal . 
As41 
1120 (Net) 
tIII1 (Forced n i t  royen) 
112s ( fo rced  S u l f u r )  
I o t a 1  ( l o o ' +  l lydrogen Reacted) 

1) Hegat i ve  quanl l t les of atmorpher lc  r t l l  1 o v e r l ~ a d  and vacuum overhead t hydroclone overhead a r e  decreases 01 .Inventory o f  S l u r r y  t i o ld lng  l a n k  

2) l ~ i c l u d c s  d l s r o l v e d  HI11 + H2S 

I) ASlH d l r t I l ) a t l o n  cu t  p o l n t s  

'I) 0-5 r a ~ ~ p l c  
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P e r i o d  

f ) t n ~ , s ~ h e r i c  S t i l l  O v e r h e a d  
G r a v i t y .  "API 
IBP. OF 
EP. 'f 
V 'X  63 400'f  
IBP-400"f G r a v i t y .  'API 
hOO'F-CP G r a v i t y .  'API 
Ca rbon .  U YX. 
I l y d r u g e n ,  U % 
N i t r o g e n .  U % 
S u l f u r .  U Z 
P h c m l s .  V % T o t a l  

V % IBP-400'f 
A t t ~ o r ~ h r r i c  S t i l l  B o t t a n s  

G r a v i t y .  'API 
IBP.  'F 
EP. 'F 
U I 6  4 0 0 ~ ~  
V % ,2 6 5 0 ' ~  
IBP-65O'F G r a v i t y .  'API 
6 5 0 ' F t . ~ r a v i t y ,  'API ' 

Ca rbon .  U X 
ILydroyen.  U % 
N i t r o g e n .  U % 
S u l l u r .  V X 

d a c u u m  S t  i l l Overhead  
G r a v i t y .  *API ; 
IBP. OF 
EP. 'F 
U % .& 650'F 
1Bp-650 ' f  G r a v i t y .  'API 
65O'Ft G r a v i t y .  A P I  
Ca rbon .  U % 
l l y d r o g r n .  U % 
Ili t r o g e n .  U % 
S u l f u r .  u % 

~ a t e c  
G r a v i t y ,  'API 
N i t r o g e n .  V % 
S u l l u r .  U % 

i r t i l l d t i o n s  - A l l  ASTH 0 - 8 6  e x c e p t  b r a c k e t e d  v a l u e s  f r o m  AS IH  0-1,160 ( H o d l f i e d )  . . L  

C . I . ~  * l i .  I i I I r l  i 8 . 0 ,  051 l i I t , . r * . d  Ir,.,l I r ,  I,.>I.IOI,III < t i l l -  



d a c u t m  St 11 1 Bo t toms 
u % o f  Flows f r o m  Vacuun S t  Ill , 66.1 62.9 

. . Benzene-Soluble.  U % 65.35 64.34 
. Benzene-insoluble. V % 1'1.55' 12.40 

ASII. v % . 20.10 21.26 
U ~ t r e a c t c d  Coal .  U % (Es  t lmated) 11.49 11.26 
B e n z e n e - I n s o l u b l e  Residuum, U $ 

( € s t  i n ~ f t e d )  1.06 1.16 
Carbon, V % 
I lydrogen.  U % 
Il I 1 rogea .  U % 
S111fur. V % 
S u l f u r  i~i Ash. U % 
Oxygen. V % (By D i f f e r e n c e )  
P y r i d i n e - S o l u b l e ,  U % 
P y r i d i n e - I n s o l u b l e ,  V % 
Oenzene-Soluble O i l  

IBP. 'F 
IBP-65O0F, c c / 1 0 0  Grams 
650-975.F. cc /100  Grams 
9?5'F+, V % 

f i l l e r  Cake 
V % o f  Feed t o  Vacuum St111  
Bcnzrne-So lub le ,  W % 
Benzene- Inso lub le ,  U X 
Astt. U Z 
B e ~ t z e ~ t e -  I n s o l u b l e  Res lduum. U % 
Unreac ted  Coal, V % ( E s l i ~ a t e d )  
P y r i d i n e - S o l u b l e ,  U % 
P y r i d i n e - I n s o l u b l e ,  U % (Organic) 

F i l t e r  L l g u l d  
frwn Feed 1: Vacuun S t  il 1 

G r a v i t y .  API 
IOP. 'F 
iBP-650.F. V % 
650-975.F. V % 
9?5'F*. U % 
Carbon.  U % 
I lydroyen.  V % 
5 u l f u r .  V % 
N i  l r o g e n ,  V % 

19.7 
ig. 44 
19.98 
40.58 

0.17 
19.61 
44.52 
16.11 
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P e r l o d  I 

0-13 B o l t a n s  (Chargo t o  ~ y d r o c l o n o )  
Ash, U % 

l l yd roc lone  Overhead 
Ash, U % . 

l lydroc lone  B o l  toms 
Ash. U 96 

A t o w s p l ~ e r i c  St  Ill Overhead 
~BP-1100 .~  

Carbon 
l lydrogen 
S u l f u r  
N i t r o g e n  

4 0 0 ' ~ t  
. Carbon 

Ilydrogen . 
S u l f u r  
N i l rogen 

At~mospher ic  S t l l l  Bottoms 
I BP-650'F 

G r a v i t y .  'API 
Carbon 
l lydrogen 
S u l f u r  
Ii i I rogen 

650°F t 
G r a v i t y .  'API 
Carbon 
l lydrogen 
S u l f u r  
N i l rogen 

F i l t e r e d  L i q u i d " '  ' 

I BP-65O'F (650-975.F) 
G r a v i t y .  'API 
Carbon 
Ilydrogen 
S u l f u r  
N i t  rogen 

9 1 5 ' ~  + 
G r a v i t y .  *AP! 
Carbon 
l lydroc~en 
S u l f u r  
N i  t r o g r n  

Grav i I y. *API 
Carbon 
l lydroljen 
S u l f u r  
H i  I rogen 
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R U N  130-63 - ILLINOIS NO. 6 COAL 

This 385-hour r u n  was completed in the Process Development Unit 
during the second quarter of 1973. 

In Run 130-63, be t t e r  control of the expansion of .  the ca t a lys t  
bed in the reactor was at ta ined by using a larger-diameter 
c a t a l y s t ,  1/8" diameter, in place of the 1/16" diameter cata- 
l y s t  used in the earl  i e r  PDU runs. A coal analysis arid the 
upei -a t i  ng resul ts are  inc! uded here. 



RUN 130-63 FEED COAL ANALYS I S  

Coal Source 
Hours o f  Run 
G r i n d  D e s c r i p t i o n  
HR I. Number 

. . Mo is ture ,  W % 

Proxima-te Anal'ys i s ,  Dry Bas i s  
Ash, '.W % 
. V o l a t i l e  Ma t te r ,  W % 
F i x e d  Carbon, W % 

U l t i m a t e  .Ana lys i s ,  Dry Basis 
Carbon, W % 
Hydrogen, W % 
N i t rogen ,  W % . 
S u l f u r ,  W % - 
'Ash, W % .  
Oxygen (D i f f e rence.) , W % 

Monterey Coal Company 
123-1 37  286-3 10 

Penn R i l l t o n  
3395 338613493 
6.46 "I. 75 , , 

Screen S ize  (U.S.S.), W % 
+5 0 3.38 0.84 
50/70 4-93 0.87 
70/ 100 7.85 3.20 
1 00/ 1 40 11.97 26.23 
140/200 13.65 20.47 
200/325 27.23 9.52 
325/Pan 31-05 . 38.87 

s u l f u r  i n  Ash, W % 0.96 1.39 

Coal Feed Schedule 

0-27 Hours HRI ~ 0 . 3 4 2 9  (R ive r  King Mine Coal) 
20-173 Hours 32,700 Pounds HR I 3395, 1500 Pounds HR I 3493 
173-214 'Hours HRI No. 3493 
214-3 10 Hours 12,900 Pounds HR I 3386, 10,700 Pounds HR I 3493 
3 10-386 Hours HR I No. 3493 

- . . 



RUN 130-63 - "-COAL OPERATIONS ON ILLINOIS NO.6 COPL (HRI 3386. 3393, 3395) 

CATALYST -   ERICA AN CYANAHID nos-2. 1/811 E X T R U D A ~  - l I 0  POUNOS ( M I  3473) 

USCTW LIQUID PWSE DEPTn - 19 FEET 

Period 

Hours o f  Run - Beg i nn i ng - End 
Ca ta l ys t  Age. ~ b s  Coal/Lb Ca ta l ys t  - Beginning - End - .  

Coal Feed Rate. Lbs Dry Coal/Hour/ 
~ 1 3  Reacf.nr Liauid P ~ P S C  

Feed Coal - u % Muis ture  - % Ash (Dry Bas is )  

Recycle Flows, Lbs/Lb Coal 
Atmospheric S t i l l  BOttOmS 
Vacuum St i l l Overhead 
nydroclone Overf la* 

Tota l  

Temperatures. OF 
Coal Preheater O u t l e t  
Reactor L i q u i d  Phase (4verage ) 
vacuum F lash Zone 
Pressure i n  vacuum Flash. T o r r  
nydroclone 

Pressure, ps i g  
U n i t  Back Pressure 
Hydrogen nake-Up 
nydrogen P a r t i a l  PreSSurC 

( R e a c t o r o u t l e t )  . 

Recycle Gas. nSCF/Ton Coal 
Vent Gas. nSCF/Ton Coal 
Hydrogen P u r i t y  o f  Recycle Gas 

+ Vent. X 
vapor Phase Hydrogen, 

ttSCFITon Coal (Reactor O u t l e t )  

make-up nyorogen + ~ e c y c l  b' Hydmgen 
nSCF/T on Coal 
v '6 o f  Make-up + Recycle Gas 
Hydrogen Part  i a l  Pressure, pS i g  

nydrogen Consumption 
(netarea Gas Rates, Anal y ~ e S )  

nSCF/Ton Ory Coal 
w % Ory Coal 

O i l  A d a i t ~ o n s  
make-UD Anthrrcana 01 1. 

Lar/Lb Or Coal 
L,s/nr/Ftr Aeacror 

F lusn O i  I ,  Lbs/Lb Ory Coal 



Period 

Co l lec ted  Product Quan t i t i es .  
w OL Orv Coal 

Atmospheric S t i l l  Overhead 
Atmospheric S t i l l  8 o t t a s ( l )  
Vacuum St i l l ~ v e r h e a d ( l )  
Vacuum St i l l Bottoms 
nzo c 7 )  
C l  -c3 
Cb -c7 
Hz5 . 
C O ~  and CO , 

.To ta l  

' RUN 130-63 - OPERATING RESULTS 

ZA 28 3A 38 4 SA 58 6A 68 7 8~ 88 

lnout Q u a n t i t i e s .  W % Dry Coal . . 
Dry Coal 100.0 100'.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
moisture i n  Feed Coal 9.4 4.7 12.0 9.2 7.9 5.8 6.1 8.8 5.3 
O i l  Addi t ions 41.1 0 18.6 3.8 16.3 0 3.8 38.8 0 
n2 Reacted (Gas Analyses. F I m )  5.2 6.1 5.8 6.6 
F lush O i l  1.5 1.3, 1 .4  0.9 0.9 0.9 0.8 1.0 0.9 

Tota l  used, f o r  Normal i z a t  ion . . 119.1 131 .2 .  116.5 112.8 

' Normal ized Net Product 
0 is : r ibut io?(3; ,  V 7 Ory Coal 

CO. co2 
CI-C3 nydrocaroons i n  Gases 
C4-C6 Hydrocarbons i n  Gases 
I~P-~OO'F Naphtha 
400-650°F D i s t i l  laces 
650-975'F O i s t i l l a t e s  
97SaF+ Residual O i l  

Benzene-Soluble 
Benzene- lnsol  ub le 

Unreacted Coal 
Ash 
n20 ( ~ e t )  
NH3 (Forced Ni,trogen) 
H2S (Forced Su l fu r )  

Tota l  (100 + Hz Reacted) 

( I )  Negative ouan t i t i es .o f  a t m s ~ n e r i c  s t i l l  overhead and vacuum overhead are decreases o f  inventory 

(2)  Includes dissolved NH3 + kl2S 

o f  s l u r r y  holding tank 

(3) ASTM d i s t i l l a t i o n  cu t  po in ts  unless ind icated by an as te r i sk  



RUN 130-63 - ANALYSES 

Per iod a. 28 . 3 ~  38 4 SA 50 6~ 60 7 0A 80 

A t m s p h e r i c . S t i l l  Overhead 
Grav i t y .  API 
IBP. *F 
EP. 'F 
V 2 LC 400:F 
Grav i t y .  API - 1 0 ~ 4 0 0 ~ F  - 40O0F-EP 
Carbon. V X 
Hydrogen. V t 
~ ~ L I U ~ E I ~ .  w 
S u l f u r ,  V O;, 
Phenols. V % To ta l  

V % 1 0 ~ 4 0 0 . F  

A t m ~ s p h e r i c ~ S t  i! l B o t t a s  
Grav i t y .  API 
IBP. * F  
EP. 'F 
V t L 400'F 
v f .9 650:F 
Grav i t y .  API - IBP-650.F - 6SOaF+ 
Carbon, V f 
Hydrogen. W % 
Nitregen. V % 
S u l f u r .  W ", 

Vacuum S t i l l  Overhead 
Grav i t y .  API 
IBP. 'F 
EP. 'F 
V % @ 6 5 0 : ~  
Gyav i ty ,  API - 10~ -650*F  

650*F+ . 
Carbon. V % 
Hydrogen. V % 
Ni t rogen,  V % 
Su l f u r .  W % '  

water 
G rav i t y .  'API 
N i t rpgeo.  W % 
S u l f u r ,  V % 
Carbon. V % 

Vacuum S t i l l  Bottoms 
w X o f  Flows from Vacuum S t i l l  65.9 
Benzene-Soluble, W % 
B e n z i ~ - ~ n s o l  ub le .  V % 
Ash, V % 
unreacted Coal. V % (Est imated) 
Benzene-insoluble Residuum. V % (Es t )  
Carbon, V % 
Hydrogen. V % 
Ni t rogen.  W % 
S u l f u r ,  V % 
Oxygen, v % (BY Oi f fe rence)  
Pyr id ine-Solub le ,  V X 
Pyr i d i ne - Inso lub le .  V.% (Organic) 
0enzene;Sol ub le  0 i l . API 

IBP. F 
I B~-656*F,  cc/100 grams 
650-97S0F, cc/100 grams 
975'F-, W % 

i i  l t e r  Cake 
V % o f  Feed r o  Vacuum S t i l l  
Benzene-Soluble, V % 
Benzene-Insoluble. V O, 
Ash, v % 
Benzene-Insoluble Residuum, V Z - 
Unreacted Coal, '4 % (Est  imated) 
Pyr id ine-Solub le ,  W % 
Py r i d i ne - Inso lub le ,  W % 



RUN 130-63 - ANALYSES (CONTINUEDL 

. .  , - 
Period 2A 28 3A 38 4 SA 

F i l t e r  L iqu id  from Feed t o  Vacuum S t i l l  
t r a w i ! ~ .  *API 
IOP. F 
IBP-65O'F. V % 
650-97SoF, V % 
97SaF+, W % 
Carbon. W % 
Hydrogen. W % 
Nitrogen, W % 
Su l fu r .  W O/; 

97SbF+ L iou id  
Carbon. W X 
nyerogen. W % 
Su l fu r .  W % 
Nitrogen. W % 
Ash, U ", 
Benzene-insoluble. W % . 

0-13 Bottoms (Charge t o  Hydroclone) . 
Ash,, W % 10.29 

Hldroc l  one Overhead (Rccye led) 
Ash, u ", 5.49 

nydrocl one Bottoms 
Ash. w % 

Atnuspheric. S t  i l I Overhead 
I B P ~ O O ~ F  

Carbon. W % 
Hydrogen. W % 
Sul fur ,  W % 
Nitrogen, W % . 

UO.F+ 
Carbon, W % 
Hydrogen. W % 
Su l fu r .  W f 
Nitrogen. W Z 

Atnuspheric S t i l l  B o t t m r  
I BP-650'F 

Carbon. W % 
Hydrogen. W % 
Sul fur ,  W % 
N ~ t r o g s n ,  w % 

650?F+ 
Carbon. W % 
Hydrogen. W % 
Sul fur ,  W % 
Nitrogen, W % 

F i l t e r e d  L iqu id  
18P-650"F , 

Gravi t y .  'API 
Caroon. W % 
Hydrogen. W % 
Sul fur .  W % 
Nitrogen. W % 

650-975" F 
Gravi t v .  'API . . 
Carbon. V % 
Hydrogen. W % 
Sul fur ,  W % 
Nitrogen, W % 

Vacuum Bottoms. Benzene-Soluble 
0; 1 .  l8P-975°F . 

Gravi t y  ,' 'API 
Carbon. W X 
hydrogen. V % 
Sul fur .  w % 
Nitrogen. 'd % 



. . - 
PHASE I  - DOE/PARTICIPANTS PROGRAM 

T h i s  program was conducted to confirm the P i l o t  P l a n t  des ign  
b a s i s  us ing  t h e  th ree- ton-per -day  PDU. The r e a c t o r  g i v e s  flow 
p a t t e r n s  which more c l o s e l y  approximate the P i l o t  Pl 'ant  than 
t h ~  bench u n i t ,  and the r e c y c l e  str.enms Can be  con t inuous ly  

' produced. Because t h e  b o i l e r  fuel  mode o f  o p e r a t i o n  had never 
been demonstrated on the PDU s c a l e ,  th is  was the primary 
o b j e c t i v e  and r equ i r ed  e x t e n s i v e  u n i t  m o d i f i c a t i o n s .  A1 s o ,  the 
cont inuous  - use of. hydrocl ones  t o  produce a  res iduum-conta in ing  
r e c y c l e  had n o t  been demons t ra ted ,  s o  th is  a1 so  was an - 
impor t an t  o b j e c t i v e ,  P r i o r  work had i n d i c a t e d  t h a t  residuum 
r e c y c l e  a ided  conversio'n and this was inc luded  i n  t h e  P i l o t  
P l a n t  des ign .  Other run c o n d i t i o n s  were chosen to approach ,  a s  
c l o s e l y  a s  p o s s i b l e ,  t h e  P i l o t  P l a n t  de s ign .  

DEKINSTRATION RUNS . 

Following e x t e n s i v e  m o d i f i c a t i o n s  and improvements t o  the PDU 
sys tem,  HRI conducted shakedown o p e r a t i o n s  t o  demons t ra te  both 
the fue l  o i l  mode and syncrude mode of  o p e r a t i o n .  Both runs  
repo,r ted h e r e  used 1 l l i n o . i ~  No. 6 coal  and c o b a l t  molybdate 
c a t a l s t .  Run 1 3 0 6 5  ope ra t ed  in  the fue l  o i l  mode to produce 
low-sul f u r  fue l  o i l  p roduc t ,  and Run 130-69 ope ra t ed  in  the 
syncrude mode t o  demons t ra te  o p e r a t i o n  over  a .  r-ange of space  
v e l o c i t i e s .  



ANALYSES OF. BURNING STAR MINE ILLINOIS NO. 6 COAL. 

USED IN RUN '130-65 

D r i e d  For 

. . 
As Received U n i t  130 

H R I  Number 3 663 3663 

Mois tu re ,  W % 

Prox imate  Dry Bas is  
Ash, w C1, 
V o l a t i l e  M a t t e r ,  W flo 
F ixed  Carbon, W % 

U l t i m a t e  A n a l y s i s ,  Dry Bas is  
Ca rbon 
Hydrogen 
N i t rogen 
S u l f u r  
Ask 
Oxygen ( 8  i f f erence) 

8 t u  (Dry  Bas is )  12,522 

S u l f u r  Types 
P y r i t i c  S u l f u r  
s u l f a t e  S u l f u r  
Organ ic  S u l f u r  
T o t a l  S u l f u r  

M i n e r a l  A n a l y s i s  
W % 1 gn i t e d  Bases 

Phosphorous Pentox i de, 
S i . 1  i c a  
F e r r i c  Oxide 
Alumina 
T i  t a n i a  
L i'rrte 
Magnes i a 
Su9 f u r  f r i o x i d e  
Potassium Oxide 
Sodium Oxide 
Undetermined 

9 0 5  
S i 0 2  
Fe20 3 
Ab203 
T i 0 2  
CaO 
H9O 
so3 
K20 
Na20 



I1 I1 
zcs el s 
lrfe ire 
001 969 

ZOO' 000- 
e6.t 

ooc 1 
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Per i o d  

C o l l e c t e d  P r o d u c t  Q u a n t i t i e s ,  W % Coal  
A tmosphe r i c  S t i l l  Overhead  l 12.7 
A tmosphe r i c  S t i l l  Bot toms"  
Vacuum S t i l l  Overhead" 1 -86.9 

Vacuum s t  i l l ~ o t t o m s  70.3 
Water:?" ( w i t h  NH3,H2S ~ i s s o l v e d )  46.5 
C I - C J  t l yd rocarbons  
C4-C6 Hydrocarbons  
H2S (Gas ~ n a l y s e s )  
C02 and CO 

T o t a l  

I n p u t  F lows ,  W % Coal  
D ry  Coal  
O i l  A d d i t i o n s  
flo i s  t u r e  i n  Feed Coal  
Hydrogen Reac ted  

T o t a l  (Used f o r  Normal i z a t  i o n  Bas i s )  

No r~na l  i z e d  Ne t  P r o d u c t  Distribution:::-:: 
U % D r y  Coal  

co2 
C j - C j  Hydrocarbons  in  Cases 
C4-C6 Hydrocarbons  i n  Cases 
1 B P - ~ ~ O O " F  Naphtha. 
4 0 0 - 6 5 0 " ~  D i s t  i l l aaes  
650-975°F D i s t i l l a t e s  
9 ' 7 5 " ~ +  Res i d u a l  O i  l - Benzene-Sol u b l e  

B e n z e n e - I n s o l u b l e  
U n r e a c t e d  Coal  ( t d o n - F i l t e r a b l e )  
Ash 
Water  ( w i t h  NHJ, some H ~ S )  
t12S 

' . T o t a l  (100  + H2 Reac ted)  

: N e g a t i v e  q u a n t i t i e s  o f  A.S.B. and  VSOH i n d i c a t e  d e c r e a s e ' i n  i n v e n t o r y  o f  s l u r r y  o i l  
: :  c o l  l e c  t e d  q u a n t i t i e s  l e s s  H2O a d d i t i o n s  t o  r e a c t o r  o u t b e t  c o o l e r  
_.._._._ ...... ASTM c u t  p o i n t s  n o  a d j u s t m e n t  t o  TBP t e m p e r a t u r e  
.._._...... ........ N G ~  4 0 0 ~ ~ i .  a t m o s p h e r i c  s t i l l  p r o d u c t s  l e s s  o j l  a d d i t i o n s  
_.._ I..-_..._._ ..,..... .. D t s t ~ l l a t e  Cn vacuum bo t t oms  p r o d u c t  



ANALYSES 

P e r i o d  . 6A 6 0 7A 

A t m o s p h e r i c . S t i l l  Overhead  
U a v i t y .  API 2 2 . 9  29.5 33.0 
IBP. *F 212 1  8 2  185 
EP. 'f 6 0 8  556  547 
v % @ 4 0 0 ' ~  3  3  5  5  6 7  
S u l f u r ,  U % ( 4 0 0 ' ~  t F r a c t  I o n )  0 .04  

A t m o s p h e r i c  S t i l l  Bo t toms  
G r a v i t y .  'API 0 .4  1.0 -2.9/-4.5 
IBP. 'f ,411 
EP. 'F 8 7 5  
V  t C 400 ' f  
v %'@ 6 5 0 ' ~  6 5  
R e s l d u e  @ End  P o i n t  20.5 
Ash, U % 3 . 1  
S u l f u r ,  U X 

Vacuum S t i l l  Overhead  
G r a u I t y .  'API 8.1  
IBP. .OF 
CP. f ( A t m o s p h e r i c  O l s t i l  l a t i o n )  
V  % @ 6 5 0 ' f  
S u l f u r .  U % 0.06 

Vacuum S t i l l  Bo t toms  
U % Benzene-So lub le  '68,17 
U % B e n z e n e - ~ n s o l u b l e  16.13 
W X Ash  16.11 15.10 
U % U n r e a c t e d  C o a l , , C s t i m a t e d  
U %  B e n z e n e - I n s o l u b l e  R e s i d u u n  ' 

( € 5  t ima ted )  
U  % D i s t i l l a t e  O i l  
W % R e s i d u a l  O i l  
U X S u l f u r  i n  Sample 1.53 
U % S u l f u r  i n  O i s t i l l a t e  O i l  
U % S u l f u r  i n  R e s i d u a l  O i l  . . 
U % S u l f u r  in  T o t a l  O i l  

( C a l c u l a t e d )  

F i l t e r  Cakc 
V % o f  f e e d  t o  f i l t e r  
U %. Benzene-So lub le  
U % Benzene-insoluble 
U % Ash 
U % B e n z e n e - I n s o l u b l e  

( ~ e s i d u u m  ( E s t i m a t e d )  
U % U n r c a c t e d  Coa l  ( E s t i m a t e d )  



ANALYSES OF COAL FEED TO RUN 130-69 

Burn ing  S t a r  Mine, I I I i n d i s  ~ o . - 6  Coal 

Hours of Run 
#R I Number 
ne iseure ,  W % 

As-Rece i ved  
As Fed t o  Uni t 

0-162 162-450 450-986 986-814 As Received 
3 663 3 663 3689 3663/3689 3689 

Proximate Ana l ys i s ,  W % Dry Bas is  
V o l a t  i l e  Ma t t e r  
F'ixed Carbon 
Ash 

U l t i m a t e  Ana l ys i s ,  W.% Dry Bas is  
Carbon 
Hydrogen 
M i t rogen 
S u l f u r  . 

Ash  
Oxygen (0 i f f erence) 

SO. 19 69.15 
4.87 5.12 
1.34 . . I .30 
3.57 3.46 

10.87 11.66 

I ron, W 7: 
S u l f i d e  S u l f u r  Equ i va len t  t o  l ron  
Screen S i ze  (u.S.S.) 

+50 
50/70 
70/ I 00  
100/140 

' 140/200 
200/325 
325/ Pan ' . 

S u l f u r  Forms. W % Dry Coal 
P y r i t i c  
S u l f a t e  

Minera l  Ana l ys i s  o f  I g n i t e d  Sample 
Phosphorus Pentox ide  
S i l i c a  
F e r r i c  Oxide 
Alumina 
T i  t a n i a  
Lime 
Magnes i a 
S u l f u r  T r i o x i d e  
Potassium Oxide 
Sodium Oxide 
Undetermined 

Heat ing  Value. 8 t u  (Dry Basis)  - 12.;522 

Hardgrove Gr indab i  1 i t y  Index 



RUN 1'10-69 - H-COAL OPCRAIIONS ON. BURWIHC SIAR H l N f .  I L t l N O l S  NO.& COAL (IcRl NO. 3 6 6 ) l  

C r ~ a l v r l  - k n c r l c a n  C y a n m l d  HOS-14LlA. 1 /16"  t n t r u d a t a s ,  HRl  N o . 1 5 9 .  4 6 . 1  Pounds (Orv )  

l c a c l o r  L l p u i d  p h a t c  Ocpth.  I 9 1  - Vo lune  J . 1  flf 

r c r  i o d  I 0  

Hours  o f  Run - O e g l n n i n g  
f n d  

C a t a l y s t  Age. Lbs  C o a I / ~ b  C a t a l y s c  - l c g l n n l n g  I 1 
i n d  18 

C o a l  I c e d  Rate .  
Lbs  Orv  ~ o a l / l l r / f t )  R a a c l o r  L i q u l d  -Phase . 25 .6  

f e e d  C o a l  
c c o i r t u r a .  U X 
Ash, X (Ory  O a s i s )  

~ c c ~ c i e  f l o ~ s .  l b s / ~ b  C o a l  
A l m o s p h c r l c  S l I I I  B o t l a n s  
V a c u w  S t l l l  Overhead  
I o t a l  

l c m p a r r % u r a s ,  O F  . 
C o a l  ? r c h * a t a r  O u t l a t  6 9 0  
R e a c t o r  L l q u i d  P h a r c  A v a r a s a  , 8 1  1 
vacuum f l a s h  l o n e  5 5 0  
t r e r s u r a  In Vatu-  F l a s h .  l o r r  4  8 

r r t s s u r c .  p s l g  
U n i a  8 a c L  P r c s s u r a  2100  
Hyd l  o g c n  ~ a h c - u p  1 105 
H y d r o g c n  P a r l i r l  P r c s s u r *  ( R e a c t o r  d u t l a l )  

R c t y c b e  Gas. nSCF/ Ion  C o a l  
V c n l  Gas. t t S C f / l o n  C o a l  
H y d r c s c n  P u r i t y  o f  I c c y c l e  4 Vent  Gas. X 

I o t r l  Hydrogcn ,  H S C f / I o n  C o a l  (Rcrc?or  O u t l * t )  
Mahc-Up n l d r o g c n  t R c c y c l a  H y d r o g e n  

n S C T / I o n  C o a l  
v IL o t  n a h a - u p  r ~ c v c l a  Gas 
P ~ r l i a l  P r c r s u r c  01 nydrogcn .  p s i 9  

H ~ J r o g c n  C o n r m p l  I o n  
n l c I / I o  Orv  C o a l  
U X O r y  C o a l  

0 1 1  A d d i l i o n t  
Hake-Up O i l .  L b r / L b  Or C o a l  

t b s / H r / f l j  I a a c l o r  
VJcuun  O ~ c r h c a d  B l e n d  

f l u s h  O i l .  L b s / L b  D r y  C o a l  
V e n t u r i  O i l .  L b s / L b  O r y  C o a l  



Per l o d  

C o l 1 c c t c d  P roduc t  Q u a n t l t l c s ,  W %  D r y  Coal 
A tmorphc r l c  S l l l l  Ovcrhcad 
Atmorphcr l c  I t  Ill Bot anrtl) 
Vacuun St Ill Ovc rhca l l l )  ' 

Vacuum S t i l l  B o l l a r  . 
H z O ( ~ )  

C1-c) 
ck-C6 
"1s 
CO) and CO 

10l.l 

I n p u t  Q u a n t l l l c s .  W f Dry  Coal 
D ry  C o r l  
n o i r t u r c  In t c c d  Coal 
O i l  A d d i t l o n r  
Hydrogcn Rcac l cd  (Hyd~.ogcn Or11  lea. 

Gar Ana ly rcs .  F l w )  
F l u r h  o i l  
V c n l u r i  011 (Vacuun Orc rhead  B land)  

l o l r l  Used t o r  N o r m r l l z e t l o n  B a s l s  

Normal Cct  P roduc t  o i r t r i b u t  ion( ) )  
U X 01 D ry  Coal 

(0. (0) 
CI-C) Hydrocarbons i n  Carer. 
Cb-C Hvdcocsrbonr In Garcr  
19P- t00* f  Naphtha 
500-650'F D i r t  i l l a t c o  
650-915.f D i r t i l l a t c r  
9 1 5 . f ~  R c r i d u a l  O i l -  Bcn rcne -So lub la  

B c n r c n c - l n r o l u b l a  
Un tonwc r t cd  Coa l  
Ash 
Hz0 ( h c l )  
NU) (Fo rccd  ~ l l  r o p r n )  
Hz$ ( f o r c e d  s u l f u r )  

l o c a l  (100 Hydrogen Reacted) 

ID. b n  
,% 

1.9- 
104.5 BOG. 2 

( I )  ~ c g a t l v c  q u a n t l t i c r  o f  a lmosphc r l c  r t l l l  ovc rhcod  a r c  dec rca rcs  o f  l n v c n t o r l a r  of s l u r r y  011 h o l d l n g  t a n k  

( I )  l n c l u d c r  d l r r o l v c d  NH) + Has 

()) ASrH D l r l i l l a t i o n  c u t  p o l n l s  

* B a r l r  d i s t i l l a t e s  i n  P c r i o d  6 bcnzcne -so lub l c  o l l  In vacuun bot tom8 p r o d u c t  

:fi V a t c r  p r o d u c t  c o n c a l n r  r anc  Nll], H2S 
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f ll l e r  Cake 
U X 01 f e e d  t o  l a c u m  S t l l E  
Benrenr-So8ub8e. U X 
Benacne-~nso lub le ,  U X 
A s h .  V Z 
Benrcne- Inso lub le  (lasldurn. bl )L 
Unreat ted-Coal ,  U % [1891ueed) 
1Hf-Soluble. U X 
1 t 1 f - ~ n r o l u b l o .  W ' X  ( ~ r g o n l c )  
Carbon. U f 
nvdrogen. U I 
S u l f u r .  U X 

68.1 
58.91 
as. l o  
21.99 

1 - 0 1  
21.0) 

0-1) ~ o l t r m i  ( r eed  90 Vacurn S l I I I )  
A s h .  U X 

I n t e r n a l  R e c l c l c  S l u r r y  
A s h .  U I 

,Atmospheric I t I I l  Overhead 
L0O.f 4 

Su l fu r .  U X 

Vacuun l o t t o n 8  I s n i e n e r f r t r o c 8 a 8  011 
l l ~ - ? l 5 . f  

C r a v l t y .  OA)) 
Carbon. U X 
Hvdrogen. U X 
Srl I fur.  U X 
Hl t rogcn ,  U f 

I H F - [ m l r a c ~ e d  f i l t e r  Cake 
A s h .  u X 
Carbon, W X 
H v d r o ~ c n .  V 1( 
S u l f u r .  U I, 
Ni t ro :  n. U X 

n f 111cred one p a r t  va tuu .  overhead and 16 p a r t 8  0 -11  b o l t o n 6  ( f eed  K D  vacu ln  s l I I 1 )  
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r u r  0)o-69 - H-COAL OP(RAIIOH$ OH BURNING SlAa n I N f .  ILLINOIS ~ 0 . 6  COAL (P~RIOO 11-19, nR8 no. I661 - err100 lo-?). ms n0.)6n91 
Page 1 o f  5 

Cdtalyst - Amcrlcan Cydnamld HOI-1442A. 1/16" tn l rudalcs.  HRI ~0.9556. 46.1 pounds (0ry) 

hear tor  L lpu ld  phase Depth. 191 - volunc 1.1 11) 

per lod 11 01 . I 4  I 5  16 . 11 18 I 9  20 I I 11 11 

Nours o t  Run - Beginning 158 102 106 1 10 155 118 402 416 450 b)C 511 
t n d  281 106 110 155 ' 118 401 416 450 416 498 511 5 U  

~ a t a l y s t  Age. ~ b s  ~ o e 0 / ~ b  C e l e l y ~ e  - Beglnnlng 565 610 616 115 191 85 1 91) 986 1068 l I L 9  1241 1115 
t nd 620 616 114 191 85 I 91) 906 1068. 1149. 1141 1 l s l l  

Coal Fced Rate. 
Lbs Ory C O ~ I / H ~ / F I )  Reactor l l q u l d  th8se 28.9 18.a 19.1 10.4 10.1 11.9 11.6 19.8 0 41.5 48.6 49.6 

feed Coal 
n o i s i  re, u X 
Ash, . l o r y  8asla) 

Recycle F l w s .  l b ~ / L b  Coal 
Atmosphcrlc S t i l l  8ot8oks 
Vacuum p t l l 1  Overhead 

m l o t e l  
0 

Iemperetures. *F 
Coal Pr.eherl tr  Out le t  
R e a c ~ o r ' L l g u l d  Whasr Areregs 
va tu rn  f l a s h  Bone 
Prc$sure In Vbcvum Flash. lor !  

pressur*, p s i 9  
Unl t  Back !ressure 2 6 ~ 0  2 6 ~  1100 2lOO 1100 2100 2695 2100 1100 1695 !llOO 
Hydrogen Hahe-UP 1180 1165 118s '1115 1185 1180 1 2110 2180 l o  )165 
~ " d r ~ g .  . pa r t  la1 preseura (Reactor 0 u t 4 * 0  1920 1- 1885 1910 18)s 1910 I365 191s 1955 1900 1e90 l8I0 

R C ~ ~ C I U  cam. bSCF/lon Coal 28.5 aa.5 11.6 28.0 28.8 19.1 8 . 1  86.5 11.6 82.4 10.5 l o .#  
vent car. HICf / Ion Coal 1.8 1.8 9.6 . 9.6 ' 1.1 1.4 1.0 1 . 9 '  B.6 1.1 2.4 1.1 
Hydrogen p u r i t y  o f  Rccycla 4 went Gas. X 91,1 91.9 91.1 91.8 98.1' 91.8 91.8 ' 9 6 . 6  91.0 91.9 9S.B 94.0 

~ o t r l  Hydrogen. n $ t r / l o n  Coal [Reactor o u t l e t )  6 . 6  J6.P 1 5  15.) 96.0 8 . 6  11.1 ' 16.1 19.0 9 29.9 10.1 
Hake-Up Hydrogen 4 Recycle Hydrogen 

h$CF/lon Coal 51.8 51.6 49.8 51.8 51.5 54.5 SO.) 50.0 50.) 41.4 b0.b 40.9 
v % o f  make-up 4 Recycle Gas 96.1 95.9 95.) 95.9 85.9 96.1 96.1 99.'0 91.6 91.0 91.1 91.1 
p a r s i a l  pressure o f  Hydrogen. p s l g  1655 2650 2655 2655 2610 2690 1615' 2690 1105 1615 1645 1685 

Hydrogen Consunpllon - HSCi/Ion Ory Coal I .  : 15.1 14.9 6 45.8 16.1 15.1 #%.I IU.6 10.1 11.9 10.5 
Y I Dry t o r 1  1 . 0  4. B 4.0 . C . g  4 . 2 .  4.8 8 . 1  P. 8 1.1 1.2 1.8 

018 Addlcions 
mahc-Up 011. bba/Lb O r  Coal 

Lb*/Hr/Fcj Reactor 
F lush 011. L b s l l b  Ory Coal 
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O i s 6 i # # a c i o n  o f  f f 0 d l r s c e  d r o a  f f l d t r r t l o n  0 p 8 f r i i l o n  
Vacuum O i e 8 l D I o t  i o n  

f :  . e l  ~ a g o o  l m p c r a t u r e .  *f  608 
Pa :*sure. Boru  0.6 
Residue - Y .l. o f  f l l l r 8 t e  a5.5 

v % o f  vacuur  Botaomc S l u r r p  4 0 . 0  
A n b l v s i e  Carbon, b' % 

nrd ropen .  U 
N i t r o p e n .  U X 
S u l f u r ,  w x 1.00 
Ash. W X 1.01 

B a t c h  O l r l i l l a l i o n  
o f  V a c u w  B o ~ l o m s  S l l v r l  b r o d u r t  

Vacuum O i r t l l l a ~ i o n  
f i n a l  Vapor ! rmpr ra tu re .  'f 560 
Prcssure .  Oorr 2.0 
O i t t i l l a t e ,  W X 01 V ~ C U M  8061oaa S l u r r v  90.0 
A n 4 l ~ f . I ~  C r a v l l y .  'API 1.5 
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POU RUM 1 - ILLINOIS NO. 6 COAL - FUEL OIL M3DE 
The ob jec t ive  of this run was t o  demonstrate sustained fuel o i l  . 

mode opera t ion  w i t h  residuum recyc le  from the hydrocl one. 

The u n i t  fed coal continuously f o r  a period of 534 hours t o  a 
c a t a l y s t  age of 3060 l b s  c o a l l l b  c a t a l y s t .  The hydroclone 
system was in  operat ion from the s t a r t  of  the fourth day unt i l  
shutdown. Hydrocl one overf l  ow recycl e was i n i t i a t e d  a t  about 
0.9 l b l l b  coal and held a t  t h a t  level  f o r  about 300 hours. I t  
was brought up t o  about 1.2 tlbs/lb f o r  the l a s t  200 hours. The 
40Q°F+ fuel o i l  product had a s u l f u r  level  of about 0.6 W % a t  
the s t a r t  o'f t he  run and this slowly increased t o  1.0 W % a s  
the c a t a l y s t  deaceivated. The t a r g e t  value of  0,7 W % was 
achieved a t  a c a t a l y s t  age of about 1000 l b s  c o a l l l b  c a t a l y s t .  
Conversion held a t  the 91-92% level throughout. Total - 
400°F+ fuel o i l  y i e l d  was r e l a t i v e l y  cons tan t  a t  about 55 W % 
of  dry coa l .  
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RUH 110-71 - OPCAAIIHC l fSU lKS  

r  l o d  

l l e c l e d  Product Q u a n l l  t l a r  
& Dry  (0.1 
L t a ~ o r p l ~ e r l c  I t l l l  Ovc r l ~ea  
~I.,,~I~.~~~C s t 1  1, 9.8 ,,BI 
u a c u w  SI l l l OverhcadI1) 
Uacuwn Illll Bol lunS 

1120 (21 
cl-C. 

t o2  r t o  
. . lu1.l 

p u ~  Q u a n ~ l r l e s .  U  X Dry  Coal 
Ory Coal 
& l s t u r c  I n  f e e d  Coal 
Hake-Up 01 1  A d d l t l o n r  
FlusI1 O l l  4 

#I2 Reac led (111 Gas A n a l y r l s  
f l w )  

l u t a l  Used f u r  ~ o r n ~ a ! l a a l l o n  
d l  Conve r r l oc~  (by  l l l b  f l l t r a l l u n )  
~ t m a l l z e d  N c l  Product  ~ l s l r l b u l l o n . ( ] )  
I % 01y Coal 

CO.CO2 
Cl-C] I l y ~ l ~ o c a r b o ~ ~ s  111 Carer 
CI,-C II ~ l r o c a ~ b n o r  In Gases P r IOP- 100 f N a l ~ l ~ l l l a  
400-650'f O l r t l  l l a t e r  
650-915" f  O l s ~ l  l l a t e r  
9 / 5 * l r R e ~ l d u a I  01  1 

0c11re11e Sul111~ l e  
Oectzene I ~ ~ s o l ~ ~ b l a  

U ~ ~ c u ~ ~ v c r l t ~ l  Coal . 
As11 
I1 0  ( N r t )  
Nh ( f o r c e d  N l l r o y e n )  
1 1 ~ 2  ( f u r c e d  S u l f u r )  . 

l o l a l  ( I U U O I I ~  Reacted) 

( I )  Nega l l ve  Q u a n l l l l e a  o f  A t s w r y h c r l c  51111 Overhead and Vacuum Ove r l~ead  ;> U a l e r  P roduc t  ~ o n t a l n s  Hill. H2S 
a r e  dec rea rcs  o f  I n v e l ~ l o r y  o f  S l u r r y  011 I l o l d l n g  1a11h 

** Hydrogan Conaunp l lon  b y  Coal f e e d  P roduc t  Hydrogen Ana lyses 
(2)  I nc l udes  O l s r o l v e d  Nll) C l lzS 



P c r l o d  

A l n o r p l ~ c r l c  S t  I I I Overhead 
t r r v l t y .  'API , 

CP.'f 
v r crdoo'r 

. . .  v t P 650'1 
Crawl  t v .  IBP-400.S *API 

400.f-EP, 'API 
Carbon, U X 
I lydrogcn, U X 
N l t r o g c n .  U % 
S u l f u r ,  U X 

. P l l cno ls ,  V l I o l a l  
V X I r l P - ~ l O o * f  

A t m o r y ~ ~ e r l c  S l l l l  B o l l a s  
t r a v l l y .  'API 
IBP. * f  
tP, 'f 

. V I P 4 0 0 ' f  ' 
V X 6SO'f 

. G r a v l t y .  IBP-6So*f ,  *API 
65O0f4 ;API 

Carbon, U X 
I l y r l r o g t n ,  U % 
N l  t r u g c n .  U X 
S u l l u r .  U % 

Vacuwn St  l l l O v c r l ~ e a d  
t r a ~ l t y ,  *API 
IBP. 'r 
tP,  'f 
V 1.16, 650 ' f  
t r a v l  t y .  lop-650.f 'API 

650 ' f+  * A p t  
Carbun, U l, 
I lydrogen. U X 
N l  l r o q c n .  U % 
S ~ ~ l f u r .  U X 

U a t c r  
N l l r o g c n .  U % 
S u l l u r .  U X 
Carbon. U X 
Pl lc l lo l  r , U X 

i?  L r ~ h l a g  v a l v a  k y  p i .  ircl a l m o r y h e r l c  r t l l l  f e e d  t o  r t n m p l ~ c r l c  r t l  ll o v e r h e a d  r c c u a u l r t o r  
12.1 U 'L y l c l d  o f  28.5 * A l b l  p r o d u c t ,  1.1 U X o f  32.6' p r o d u c t  



page IO.ob I 2  

Per  111d I 1 a 2  I1 I 4  I 5  I6  17 l 8  I 9  a0 a 1  2  2  13 

Wacuua S t l  1 1  B o l l a ~ t r  
U X o f  f l w s  f r u n  Vdcuun $11 1 1  
L)cnre l~e  - S u l u b l e .  U % . 
t lenrene - I n s o l u b l e .  U X 
A s l ~ .  U X 
U n r c ~ c l e J  Coal .  U % dls1.b 
Be~t rer ,c - Inso lub le  Rcsldues. U % ( ~ 8 8 . )  
Carbon. U X 
I l yJ roycn.  U 1 
H I  l roye l l .  U % 
S u l f u r .  U X 
OM~IJ~II, V '1. (Oy O l f f e r e n c c )  
A s r n  Aslt. u '6 

Cohe/Asl~ Rat l o  ( l l l f  L a t r a c l  I o n  by 
hl l ~ r a t l o n )  

P v r l d l n e - S o l u b l e .  U X 
P v r l d l n e - l n s o l u b l c ,  V % (Organic) 

Ash. U % 
\ B c n r e ~ ~ e  S u l u b l e  O t I .  IBP 'f 

le r -915- f .  u x 
975.f *. u 1 

f l l l c r  CaLc 
U 2 0 1  f e e d  l o  V.tcutm St l 1 l 
Bcnrcnc-So l~ob le ,  U 2 . 
B e n r c ~ ~ c - I n s o l u b l e .  U X 
Ash. U I 
B e n r e ~ ~ e - I n s o l u b l e ,  b lcsldue, U Y 
U n r r a c t r d  Coal, U 'L (1s t . )  
Carbolt, U 2 
Ily6ltoge11, U 9L 
H l t r u g c n ,  U 9L 
S111lur. u Z 
lllf - S o l u b l e ,  U 1( 

I ~ ~ s u l u L l e . ~ Y  Z (0) , 

Ash, U X 

92.5 19.9 
24.65 28.72 
31.65 12.71 
b' l .10 18.57 

4 .61  4.19 
29.02 28.12 

( l O . 9 l )  
(1.52) 
(0. 19)., 

4.09 i s .  74) ' 
15.15 
211.41 
40. 10 

S l u r r y  H l x l ~ ~ g  I a o L  
Ash. U l 

I n t e r n a l  R e c y c l e  01 0 ( f  l a r l t c d )  
A s l ~ .  U 2. 

f l  l t r a t l u n  a t  191 l l o u r r  ( P e r l o d  141) 

::.:. A n a l y s i s  o f  P o l I d a  s f l e r  lllf t x l r a c l l o ~ a  



Ilydrocbone f ecd 
Ash. u Z 
ASIB. U X ( t a l c u l a l e d ) ~  
Ash,  u 2 . ( c ~ I c U I ~ I C ~ ) ' "  

l lydroclonc O v c r f l w  
Ash. U Z 

' I lydruclune Undc r l l uu  
A s h .  U % 

A11nusl1l8crlc S t  l l l Overhead 
1 0 ~ - ~ * 0 0 * f  

Sulfur. y I ,  

Cat lon ,  U 
I lydroqen, U X 
Sulfur, U X 
N l  lsoqen, V Z '  

A l m o s p l ~ c r l c  S l l l l  0o I ta1~r  
~ ~ ~ - 6 5 0 ' f .  C r r v l l y .  * A P l  

Sulfur. U X 

)ul fur U 71 
650 I*, t ; a v l ~ y .  * A P I  

Sul fur ,  U r. 
Vacuun~ 3 1  l l l 001 l w n s  

I B P - ~ ~ s ' ~  
G I ~ W ~ I ~ .  *AYI 
Carbolt, U Z 
~I lydroycn.  U % 
N l l r oqen ,  U X 
Sulfur. U X 

915.f I R r s  l Jutme 01 I*"+" 
C a l l o n ,  V % 
I l yd~oycn ,  U X 
Hlaroqcn.  U 2 
Sulfur, U 'L 
As11, V X 

;. Ca lcu la l cd  from O v e r f l o u  and B o l t a r  a n a l y s l r ,  f lour. 

.. .. .. - C a l c ~ ~ l a l e d  faom O v e r f l u u  and Vacuum S l l l l  B o l l a s  a n a l v r l s .  f l ou r .  

.. .,.. 
-1.4 Ner l duu~n  011 from f l l l r a t e  ob la lned fras Vacuum I l l 1 1  Iced.  
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PRELIMINARY OPERATIONS - ILLINOIS NO. 6 COAL - FUEL OIL MDDE 

Immediately prior to PDU 2 (130-77) a 20-day run was conducted . 
which demonstrated' stable operation a t  the highest gas veloci- 
t i e s  used to that  time. Velocities of 0.11 fps were maintained 
through much of the run. After in i t ia t ing  residuum recycle via 
the hydrocl one and fine tuning the control 1 ers..on the internal 
recycle pump and recycle gas compressor, a velocity of 0.13 fps 
was achieved. The -experierice, gained I'n t h i 3  pun led to the 
decision t o  reposition the net product take-off an9 - to the * 

seleetion of conditions for Run 130-77, the successful P D U  2. 
The run provided useful data a t  intermediate operating 
conditions. I 

The experience of  Run 130-76 1 cd to the higher gas ra te ,  higher 
coal r a t e ,  higher reactor temperature and the increased 
proportion of hydroclone overhead in the recycle stream which 
also contributed to the success of Coal feed inspections were 
the same as tha t  for the coal used in P D U  Run 2. 



LOO'D LDD:G VOO'O LDo'o LOD'O tD0.0 900'0 cOO.0 c00.0 cOD.0 900-0 cOO.0 - 1-2 *rO ql/Wl 'l!G USnij 
?'[ L'C 8'C 0 L'f 8'1 C'C 9.f 1.1 9.C 8.C 9.C a AIJMISU~ 
5~o.D 090'0 1~0.0 D 850'0 090'0 190.0 9Sb.0 650.0 650.0 (90.0 wo-o lwa L o qvsql .I!D on-msru 

.UOIaodPAu 
9'11 6'21 9'11 L'z! h'u1 8 I 91 5-91 c.51 '9'51 <I JJOL 'IIWlj ->.A U! OJnSSeJd 
925 0415 915 555 9t5 995 ZL9 (55 155 595 995 1C5 8-z usrlj **A 
981 BLL 9 981 OOB 008 (81 SO8 LO8 80B 008 66L wbe~~rv ' ~0ae~n)D~ 
It8 (28 028 028 928 528 218 228 928 228 220 818 wbr~wrv 'esmw P!nb!l roara).1 
6IL LOL 90L 811 OOL LO1 901 SK PCL 6CL LU ptl rwlano JWS.WUB~~ 1-3 

do 'nrnarr-i 

10-9 if's LL-t 62-c LO'[ 60.1 cc-z 01-c 99.1 98'~ c8-1 88'2 .I~SOA 
a0t)JWAO *UOI¶O~PAW 

10.0 t0.0 LO'O ~0.0- 60'0 CO'O 21-o 10.0 ED-o to-o 60'0 ~0-0 dwqa &oasurul 
62'0 21'0 OS'O 8C.O 19'0 61'0 C8.0.. 19'0 89'0 99.0 M'O 19'0 . P-IIJ*AD lllrt -*A 
89'1 I 2 98'2 69'2 L9'2' 5L:l 92'C Ot'C 8!'[ t9'C 52'2 . u0aaog I I 13s ~!roudso#av 

I*O> bo evsm 'w~j e~dru 

(s!s.s bo). usv a 
.wrnas!ar n 

I-¶ -3 

9Cl 821 211 001 (6 I8 69 09 IS 6C LZ Sl 
$21 211 101 (6 LB 69 09 LS 61 'Lt SI C 

ttn IZIZ IZIZ LIR LIR 911z sin ZII~ zrlt iln Irn oln 

faj 1-1 -IOA *a-A 61 - uasyl wsrqd P!~DII roa=u 

bo 6P-d 1-59 '($+s51 IYH) s*a*w)~) ,8111 .VZIOI-SOII PI-A~ WIJW - asA~ra.a 

(L~LC IMHJ ivoa g-ow LIONI~~I awlw UVAS 'lSwluane we swouauwo ivoa-w - 9~4~1 wnv 



WnJO I!O "J~IS 50 *Joauarul U! DSPaJS03 3uDsaJODe 7Pa-Jar5 Yon3PI. CUP >P.-JD'; 11!25 >!JOUOSO~>? j0 Sa!>!lUPn3 D~!atSa~ (I) 

69'61 95'51 -0'51 11'51 TS'5i 11'91 C?'tl 11'91 [?'!I 25'51' 1C.51 5i.5: 
IZ'Z 9.2 91'2 61'1 SI'Z Il'i 16': 91.2 11'; IC'Z CJ'2 66'1 - 
! 11 90' I I 1i.z; 66'1 I:'F! I;'?. ,>a: 
9?'91 ZE'L I Ct'El TI.:: Cf '. i !;'L; 
9z"Il 9Z':I 9:'s: I:'.,, q;'-! --. 

.; ..; :. 5 
IS'SI 9E.62 L:'3C St's1 
CZ ' 0s 98'95 L7'CS 19';: i5'Ct C;.ii 
6'9s 6'15 1'91 1.85 z't~ 6 I I 0':s 6.1s [.st 

90'0 C0'0 St'^ t0'C CC'C c-.- -- . 5:': 
61 es LI c- cs 11 -- 90; 205 OCS LtS CS: ?!5 : . .- -: 
Z'S 9'5 1'1 6'1 E'C Z'r; 5'. 2'5 1'5 ;'4 -'f C.6 

11 91 91 :. :i 55 bf . - OC5 BZS C:S :f! ; !$ :;I :F$ -. -. . . 
19 I 091 c91 921 I ??I $:I _- .L. 

9.11 C'61 1'11 6'11 9 1 0'5r i.51 5.9: 1'91 

L 16 Z'CG ~I'UOI 7.111 1.06 6'411 I.!~I n.n11 <-[:I i.511 
9'0 1'0 1.0 C'O I'D ('0 ?'O 9'E 7't 5.C 

9' 1 8'0 R'O 6'0 0'1 1'0 6'0 0'1 1'1 S': . 
9'[ 1'1 8'1. 9'1 1'1 F'i L'I 6'1 5'1 6'1 
6'1 6'1 i'l 0': 1'2 6'1 1-2 0.2 1.2 1'1 

e$ VF el rq a5 rS or vl 62 a2 61 ?I PO! rad 



Page 3 Of 3 - 

Period A 18 U 28 3A 

ANALYSES (CONTINUED) 

F i l t e r  cake 
Y  t o f  Feed to  Vacuum S t l l l  30.9 31.1 
Benzene-Soluble. W t 24.07 38.54 17-45 
8enxanrlnsoluble. Y  t ' 37.86 34.95 35.88 
~ s h .  Y t 37.17 26.51 . 26.67 

AOR, W 8 
0-13 8nctc-s 
S lu r r y  Mlxina Tank 

Aoslesohe~ic S t i  l l Overhud 
4000fs - Sulfur. u t 0.03 0.02 0.03 

CHA~CTERIUTIO~ OF SOLIOS-FREE 
OIL PRODUCTS 

O i s t i  l l a c i o n  o f  F i l t r a t e  
fpon Pi l t r a t i o n  Operation 
Vacuum O i r t i I I a c i o n  

F ina l  Vamr Tearprature. OF . 545 
Prassure.. Torr . 1.0 
Residue. W \ of F i l t r a t e  33.0 . 
Bmzem-lnsaluble. W t 14.0 32.11 
Sulfur.  u t 1.12 
Ash. W 0 0.01, 0.07 

Batch Distillation o f  
Vacuum B o t t a n  S lur ry  Product 

Vuuum O l s t i l l a t i o n  
F ina l  Vamr Tanperature, Of 489 485 
Pmrsure. Torr 2.5 2.9 
O i s t i ~ ~ a t e .  Y t Vacuum i o t t o a ,  s l u r r y  11.6 11.4 
Grav i tr . OAP l -1.2 -1.6 
Sulfur.  W t . 0.65 0.21 

Calculaied C w s i t i o n  o f  S o l i d s - F r n  O i l  
i n  Vacuua Bottoms S lur ry  Product 

Conscitutlon. W t 
BPech S t i l l  O l s t i  l l a t e  

fmrs S lur ry  Product 
Batch S t i l l  Residue frani F i l t r a t e  

C m p o s i t i a .  W t (C.I:ulatedl 
Sulfur.  Y  t 
Ash. W t 

26.5 . 11.9 
71.5 ae. I - 

Calculated Canposi t i on  
o f  4000F- L iou  i d Product 

Const i tut ion. U t 
Atmospheric S t i l l  Overhead. k0O0f+ 
Atmospheric 511 11 Bottcrrn 
Vacum S t i l l  Overhead* 
Vacuum S t i l l  Boctosn O i l  

Comosi t i o n  
Su l fur .  Y ' t  
Ash. u t 

* Less hke-Up O i l  

- 

FIG 
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RUN 130-76 - M-COAL OPERATIONS OH BURNING STAR MINE ~LLIHOIS no.6 COAL ( ~ R I  3767) 

Catalyst - Aimrican Cyanmid NOS-144ZA. 1/16" Extrudates (MA1 3556). 45.2 Pounds O y  

Raactor L iqu id  Phase Oepth - 19 Feat. Voluna 3.7 F C ~  

Oat* (End of Period).  1976 2/22 2/23 2/24 2/25 2/25 2/26 2/26 2/27 2/28 2129 311 312 

Hours o f  Run - Eaqinning 
End 

Catalvst Aqc. Lbs O y  Coal/Lb'Catalysc 
Beginning , 672 732 791 910 1023 1059 1075 I l l 5  1197 1319 lb4 l  IS62 
End 732 791 910 1023 1 0 5 9 ,  1075 1135 1197 1319 1401 1562 1687 

. . 
Coal Feed Rate. Lbs Ory Coal/Hwr/ 

F C ~  Reactor L iqu id  Phase 

Feed Coal. 
W % m i s t u r e  
'. Ash (00 Basis) 

Racycle Flrms. LbslLb Ory Coal 
Atmosoheric S t i  l 1 Boccoun 
Vacurua St i l l Owarhead . 
Inwan tory Chmga 
Hydroclone Ovar f lo ,  

local* 

Tanparacuras. OF 
Coal Preheatar Ourlec 
Reactor L iqu id  Phasa. Avaraqa 
Seoarator. Aweraqe 
Vacuum Flash Zone 
Pressure i n  Vacum Flash. Torr 
nvdroclone 

Prmrrur8. p r i g  
Unic Back Pressure 
Mydroqen make-up 
Mydroqen P a r t i a l  Pressure 

(Reactor Out le t )  

Recycle Gas. nSCF/Ton O y  Coal 
Vent Cas. mSCF/Ton Ory Coal 
Mydroqan Puri  t y  o f  Recycle Vent Gas. 2 
loca l  Hydregm. mSCFITon Ory C&I 

(Reactor Out lac) 

Mka-Up Racycle Mydroqm 
MSCFllon Ory Coal 45.8 52.6 35.9 a 30.1 C0.9 44.4 43.2 41.1 38.4 
v ; o f  make-up Resysle Gas 94.6 93.8 93.8 93.4 93.5 92.1 92.2 93.0 92.0 
nydroqen P a r t i a l  Pressure. ps ig  23bS 2360 2325 2340 2360 2305 2315 2325 2300 

Hydrogen Conrwnpc ion 
.YSCF/Ton Ory Coal 
'4 t Orv Coal 

O i l  Additions 
mke-Uo Oi I. Lbs/Lb Ory Coal 0.059 9.059 0 0.060 0.058 0.073 0.946 0 0 0 0 0.022 

~bs/Hr /F t3  3.6 3.5 0 3.5 3.6 3 . 7  2.9 0 0 0 0 1.4 
Flush O i l .  Lbs/Lb O y  Coal 0.003 0.003 0.004 0.004 0.003 0.004 0.003 0.003 0.c-4 0.003 0.003 0.003 

Total to reactor,  includes make-uo o i l  
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~ d r i o d  

OPERATING RESULTS 

C01lecc.d Product Quant l t les .  
w a o r ,  coal 

J ~ s p h e r i c  St111 Oworher 
. ~ C a R s ~ e r i c  St111 b t t - 7 1 )  . 
Vacua S t  1 1 1 overhead( 1 ) 
vac urn St111 Bottans 

, n2oy2) 
c1-CI 
c4-cQ 
H2S 
C02 and CO 

ro ta  1 

Input Quant i t ies. W t O y  Coal 
0- Coal 
m i s t u r e  i n  f e d  Coal 
m k ~ U 0  O i l  AddICIQnS 
f l u r n  o i l  
nydr&jen Recccd 

Total  Usad fo r  M r m a l i x a t i a n  

.uormal I r ed  Net Produce Otstrlbutlora. 
w t om C w l  

CO. co, 
Cl-Cj Hydrocarbons i n  b s e s  
C&-C6 Uydrour lons i n  Uses  
IBP-M00f Naohtha 
boo-6500f O l r t l l l a t e s  
650-9750f O l a t l l l a t m ~  
9 7 p f -  Residual 011 - Benzen~So lub le  

Benzae lnsa lub le  
Unreactod c&I 
Ash 
n,o (net )  
NliZ ( forced Ni troqen) 
n2S (Forcud Su l fur )  

Total (100 nydraqem Reactod) 

ANALYSES - 
Atnas0heric S t i l l  Overheed 

Crav i t y  . OAP 1 
IBP, OF 
EP. Of 
v z a M O ~ F  
Gravi ty .  OAPI. IBP-(100of 

4000f-EP 
Carbon. W t 
Nvdraqen. W t 
Hitroqen. m Z 
Sul fur .  W f 
Phenols. V t Total 

J tmsone r i c  S t i  l 1 Eo t t~ l r t .  
C r w i  Cy . OAPl 
IBP. OF 
EP. 
V I B UOOf 
v t 9 65oof 
Cravi tv.  aAPl, IBP-65OoC 

6500f+ 
Carbon. U 2 
Nydroqen. W 1 
nitrogen. u Z 
Sul fur .  W t 

16.5 I S .  I 16.4 

5.9 
as. 3s 
10.19 

Vacuum S t i l l  Overhead 
' Gravi ty.  OAPl 

IBP. O f  

EP. Of 
V 2 a 6500f 
Carbon. w 1 
Mvaroqen. W 2 
*i rrogen. u 2 
Sul fur ,  w 2 

( I )  ueqative ~ ~ m t i c i e s  o f  At~roroneric S t i l t  Over8e.d and Vacuum O**rRedd Reoresent Jecraaae i n  Inventory o f  Slurry O i l  Orurn 

(11 Includes Oissolved W ]  m a  MzS O l S t l l  lac ion - A1 1 ASTM 0 86 Exceoc dracketea values by ASTR 0 1160 
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Period 

nnrLrsES (COnrlnuEO) 

water 
Ni troqen 
Sul fur .  W t 
Carbon. W t 

0-12 L i q u i d  
Gravi ty.  OAPl 
M20. u 0, 

0-5 L i a u i d  
Gravi ty.  OAPl 
Ash. w ; 
n20. Y t 

vacuuat S t l l l  n o t t a n  
W : of F l o n  f ram Vacuum S t  l l l 
Benzene-Solubla. W t 
Benzanclnsolub la.  W 2 
Ash, W t 
Unreacted Coal. W t (Estimated) 
Banzens lnso lub le  Reslduun. W t 
Carbon, W t 
Nydrogen. Y t 
N i t m u m .  W t 
s u l f u i .  u t 
ASTM Ash. Y t 
B m z e n r S o l u b l e  O i l .  IBP. OF 

F i  l t a r  Cake 
b' t of  Feed t o  Vacuum S t l l l  33.3 32.0 35.3 25.6 27.6 28.8 33.8 25.0 
Benzene-Soluble. V t 40.04 36.74 28.63 29.23 34.49 24.37 26.98 40.39 
Banzanclnsolublo.  W Z 35.33 34.53 38. I 6  41.64 34.95 36.61 43.42 34.15 
Ash. W : 24.63 28.73 33.21 29.13 30.56 39.02 29.60 25.46 
~enzene- lnso lub la  au iduum.  w f (Eat.) 7.24 5.41 4.71 5.36 4.06 3.47 3.36 4.32 
Unraacted Coal. W t (Esc.1 28.09 29.12 33.45 36.28 30.89 33 .1440.06  29.83 

Ash Contanc. W t 
0-13 lot tams 
S l u r r y  A i x i n g  Tank 
I n t a r n a l  Recycle O i l  (Flashed) 

Atmospheric S t i l l  Overhead - 4000Fs 
Sul fur .  W t 0.03 0.02 0.07 0.05 0.02 0.03 0.01 .0.03 0.03 0.02 0.05 0.03 

Vacuum S t i l l  B o c t a  
IBP-97fJF Grav i ty  .. OIPl 

Su l fu r .  W I 
37S°F* Su l fu r .  w t 
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RUN 130-76 - )I-COAL OPERATIONS ON BURNING STAR MINE ICLlNOlS ~ 0 . 6  COAL (HRl 3767) 

Catalyst - American Cyensaid HOf-1442A. 1/16'' Eatrudates (HRI 3556). 45.2 Pounds Or). 

Reactor L iqu id  Phase Oepth - 19 Feet. Volurns 3.7 Ft3 

Pariod 

, Oats (End of Period). 1976) 

nours of Run - Beginning 
End 

Catalvst Ag*. Lbs Ory Coal/Lb Catalyst 
Bqqinninq - . 

1687 1812 1873 1935 2058 2119 2181 2306 2430 
End 1812 1873 I935 2058 2119 2181 2306 2430 2151 

Coal Feed Rete. Lbs Dry Coel/Hwr/ 
Ft3 Reactor L iqu id  Phase 64.2 62.8 62.9 62.5 62.3 62.5 63.9 62.8 63.9 

Feed Coal 
W X m i s t u r e  
: Ash (Dry Basis) 

Recycle Flors.  Lbs/Lb Ory Coal 
Atmmoheric S t i l l  Bot tom 
Vacuum S t i l l  Overheao 
I nventory Chenga 
nydroclone O v e r f l a  

Total ' 
Tenmeraturea . OF 

Coal Preheater Out let  
Raactor L i qu id  Phase. ~ v e r a &  
S e ~ r a t o r .  Averaqe 
Vacuum Flash Zone 
Pressure i n  Vacuw~ Flash. Torr 
nydroc lone 

Pressure. os iq  . 
Unit  Back Pressure 
Hydrogen MakrUo 
Nydrogen P a r t i a l  Pressure (Reactor Out let)  

Recycle Gas. mcF/Ton Dry Coal 
Venc Gas. rcSCF/Ton Ory Coal 
Hvdrqen Puri  r v  of Recycle * Vent Gas. t 
ro ta  l Mydmg*n. rcSCF/Ton Ory Coal 

(Reactor Out le t )  

mke-Uo Recycle Hydrogen 
rrSCF/Ton Drv Coi l  
v : o f  mke-Up Recycle Cas 
Hydrogen P a r t i a l  Pressure. p l i g  

Hydrogen Con3umot i on 
RSCFITon Ory Coal 
W t Or). Coal 

O i l  Additions 
Nke-Uo Oi 1. Lbs/Lb Dry Coal 

~ b s / n r / F t 3  
Flush O i  1. Lbs/Lb Ory Coal 

" Total to reactor.  includes make-up o i l  - 



Per i ad 

OPERATING RESULTS 

Col lected Product Quanti t i e r .  W O Ory Coal 
Atmosgheric S t i  l l Overhsa 

Vacuum S t i l l ~vs rhead  ( ) 
Vacuum S t i l  l Bottomr 
NZ0(2) 

cl-c3 
/ 

cb'c6 ::: and CO 
Total  

Input Quant l t le r .  W t O y  Coal 
ily Coal 
m i s c u r a  I n  Feed Coal 

. MmkrUp 011 Add l c imr  
Flush 011 
Hvdrogm Reaetad . 

ToCa! U a d  f a r  Naraul i r r q i ~  

WNI i tad Mae Produce O l s c r i b u t i m  
w t OW Coal 

eo. coz 
C I-C j Hvdrourbons i n  hs.9 
Cb-C Hvdmurbons i n  b r a s  
1 ~P-Lo~F uapk tm 
400-650eF O i r t i  l lacar 
650-975oF O l s t l l l a t e s  
97S°F+ Residual O i l  - 8 a n z s n c ~ o l u b l e  

Baszanclnrolublm 
Unreacted Coal 
Ash 
n2O ( ~ e t )  
NH2 (Forcad Ni  t r ogm)  
N2S (Forced Su l fur )  

Total (100o)( ldra)anRucted)  . 

ANALYSES - 
Atmospheric S t i  I l Overhead 

Grav i t y  . OAP l 
IBP. OF 
EP. OF 
r t 8 looor 
Gravi l y ,  OW1 . IBP-W0F 

MOOG-EP . 
Carbon. u 2 
Wdrogm.  Y 8 
Nicrogqn, W ; 
Sulfur .  W 2 
Phenols. V t 

A o r o h e r i c  S t i l l  Botconr 
Gravi t y  . OAP I 
IBP. OF 

EP. OF 
V 2 3 400OF 
v t e 6 5 0 0 ~  
G r r r i  cv. 0AP1 , IOP-650oF 

6500k  
Carbon. W t 
n v d r q m .  w : 
Nitrogan. W 2 . 
Sulfur.  W t 

Page 2 O f  4 
. . - 

18 I9A 191 20 Z ~ A  211 22 23 Z ~ A  

Vacuum St i l l Overhead 
Gravi ty. ~AP I  
I8P. OF 
EP. OF 
v t @ 6500F 
Grrv i  tv,  ~AP I  . IBP-SSOOF 

650OFo 
Carbon. W f 
Nydrogen. U : 
Nicroqen, u 2 
Sulfur.  W t 

* Hydrogen Consumption frota Feed Product Analyses 

(1) Negativa Quantities o f  Atmospheric S t i l l  Overhead and Vacuum Overhead Reoresencr Oecrease i n  lnveotory o f  S lur ry  O l l  

(2) Includes Oissolved tin3 and N2S Orum 

O l s t l l l a c l o n  - 1\11 *STM 0 86 Except Bracketed Values by ASTn 0 1160 
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CO'O ZO'O 10'0 . 

OC '0 
SI'I 
IL'I 
EL '5 
C9'SB 

(8'0 
BL'O 
C5.L 
8'1.88 

01 '0 

~ . 0'1.L 

' 29'9 

ZO'L 
CO'L 
CC'L 

9S'L LZ'L 
LL'6 W'L 
51'6 l0.6 

96'8 vL.6 L9'L 
1SC'OI /L0'6 L9'6 96'9 IL6.L 95'8 92'8 18'1 

6C.9 
18'5 /W'S 01'9 S9'c 9S.C SO'[ 

62'6 29'9 SC'L 85 '1 

10'51 88'ZZ C2'6Z . 91'(5 9C'VC OL'8C , 

91'2 16's LS'C . 98'1 OZ'C . $5'2 
99'82 OS'SZ Z8'CC CS'OC 08'82 CZ.62 
29'9c K'BZ OB'ZC ZO'SO 9S.Lc S2.1'1 
OL'TC IL'S5 BC'CC 55'92 99'CC 25-62 
2-22 5'6 ~'1'82 9-22 8'ZC 1'82 

901 ' ' SCS 
85'91 98'91 56-91 6s'ql LO'hl 

90'2 60'2 CI'Z 91'2 LO'Z 11.2 
8c'I . 9c.1 

. 90's IZ'S 
08'11 9L'CL 
L8'Cl 26'12 06'81 ZO'Cl 
~8'81 IO'SI ~S'VI 22-61 

C6'S I 
/29'91 CL'91 OS'91 09'Cl 

11'1 
95C0'0 LZOO'O LZOO'O 8000'0 L100'0 0100'0 (100'0 CZOO'O 8000'0 
6.21 Z'ZI 9'11 5-01 1'11 6'11 I 0'sI 1'Sl 

99'0 
('6 8.Cl S'CI 

6'1 
11'1 
65.2 
CC'C 

voz 12 ZL BIZ VIZ 02 861 v61 81 PO! rod 
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PDU RUN 2 - ILLINOIS NO. 6 COAL - FUEL OIL MODE 

A1 though the fue l  o i l  mode had been demonstrated i n  terms o f  
coal  feed space vel  o c i  ty , hydrogen p a r t i  a1 pressure and hydro- 
gen r a t i o n ,  P i l o t  P l a n t  gas v e l o c i t i e s  were n o t  s imultaneously 
a t t a i ned  due t o  the lower L/D o f  the PDU reac to r .  As previous 
work had shown t h a t  1 inear  gas v e l o c i t y  was an impor tant  f a c t o r  
i n  cntr3inmen.t and e b u l l a t i n g  f low con t ro l  .. as we l l  as a 
p o t e n t i a l  f a c t o r  i n  c a t a l y s t  a t t r i t i o n  and carryover ,  t h i  s run 
was designed to demonstrate the fue l  o i l  mode a t  the P i l o t  
P I  an t  design gas v e l o c i t y .  

The t a r g e t  was a - seven-day opera t ion  a t  a gas v e l o c i t y  i n  the 
0.17 t o  0.18 fps  range to prove o p e r a b i l i t y  and to determine i f  
c a t a l y s t  l o s s  through a t t r i t i o n  and/or carryover  occurred under . . 
these condi t ions.  The run l a s t e d  f o r  272 hours  (1509 I b s  
c o a l / l b  c a t a l y s t )  w i t h  the l a s t  seven days achiev ing the 
' targeted gas v e l o c i t y  w i t h  s tab le  e b u l l a t i n g  flow. The coal 
feed r a t e  was 78 1 bs /h r / f t 3  o f  r eac to r  and reac to r  s l u r r y  com- 
p o s i t i o n  was c lose to t h a t  achieved dur ing PDU Run 1. Coal 
conversion was about 91% throughout w i t h  the 400°F+ f u e l  o i l  
y i e l d  ho ld ing  a t  about 54%. 

The coal  feed f o r  t h t s  run was t h a t  used i n  a l l  previous PDU 
runs i n  t h i s  program, Burning S ta r  Mine, I l l i n o i s  No. 6 coa l .  



ANALYSIS OF BURNING STAR MINE, ILLINOIS N0.6 COAL 

USED I N  RUN 130-77 - 

Hours o f  Run 
As 

Reee i ved 8-272 

HRI  umber 375 1 3751 13767 

Moisture, W % 12.21 2.13 

proximate, Dry Basis, W % 
Ash 
V o l a t i l e  Mat ter  
Fixed Carbon 

Uleirnate Analysis,  Dry Basis, W % 
Carbon 

I - . 71.59 68.88 
~ y d  rogen 4.51 4.54 
N i erogen 1.24 1.06 
Su l fu r  3 -47  3 53 
 AS^ 9.87 11.09 
Ch l o r  i ne 0 -08 0.03 
Oxygen (D i f ference) 9.29 10.87 

8 t u  (Dry   as is), Gross . 12,529 

S u l f u r  Types 
P y r i t i c  l e 5 6  . 
Su l fa te  0.1.1 
Organic 1.80 

Tota 1 3.47 

Mineral Analysis,  W %. I g n i t e d  Basis 
Phosphordus Pentoxide, P2O5 
S i  1 iea S i O 2  
f e r r i c  Oxide 
Alumina 

Fe203 

T l t a n i a  
A1203 
f iO2 

Lime CaO 
Magnes i a n90 
S u l f u r  Yr iox ide  
Potass i um Oxide soil K 2 
Sodium Oxide Na20 
Undetermined 

A l k a l i ,  W % o f  Dry Coal 
I ron, W % o f  Dry ' ~ o a  1 

Screen Size ( u . S . S . )  
95s 
Sol70 
70/ 100 
1 00/ 140 
1407200 
200/325 
325/Pan 
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RUN I10-7V - OPERATIHE RESULII 

Col lected Yroducl Q u a n t l t l e r  
U \ Dry Coal 

Atmospheric St111 Overhead 
Atmosphcrlc St I l l  ~ o l l o m ~ ( l )  
Vacuum S t l l l  Overhead (I) 
Vacu m S t l l l  Bottoms 
H20 12) 

c ~ - C 1  

'4-'6 
H S 
~6~ and CO 

I o t a 1  

Input  Q u a n t l t l e r .  U \ Ory Coal 
Orp Coal 
n o l r l u r e  Ip Fced Coal 
Hake Up 011 Addl t lons 
Flush O l l  
Hydrogen Reacted 

Total  U r ~ d  f o r  Normd l l z r l l on  
Coal Converrlon 

Yorrnallzcd He1 Product O l s l r l b u t l o n  

C -C 
I 1 

'4"6 
I B P - ~ O O ~ ~  Naphtha 
400-650~r . l r t l l l a t e s  
650-915O~ O l r t i l l a t e r  
915~Fo RerlUual O i l  

Benzene Soluble 
Benzene Inso lub le  

Unconverted Coal 
Ash 
n20 (Net) 

NH3 (Forced N l  trogen) 

HIS (Forced 'Sul fur)  
2 . 1  , a.11 

l o l a l  ( I 0 0  t Hydrogen Reacted ) 101.94 101.91 

( I )  Hegal l re Q u a n t l t l e s  o f  Atmorphrrlc Still Overhead ard Vacuwn Overhead Represent Loss In Inventory of  Fced Coal S l u r r y , O l l  l ank  

(2) ,Includes Ols50lued NH, and H2S 



01s 969 
S'Z 1'1 I'Z t.9 5.1 

a- s 
. a-9 

m.0 
BI '0 
4-11 
M'98 
! 'OZ 
! '09 

09 29 09 08 (1 69 IS 
115 SOL 01s SOS U(5 01s 

8s 89 (1 89 89 
09s OZS 81s OZS 19s 912 

8[1 I 9Zl 9ZI l'9l 9fl 01 1 OCI 051 911 091 991 
6'zC S'Zf l'CC Z'9C ;"Sf ttt 9'tC 6'8Z l'ez Z'Zt 1'CC Im9f O'SC 6'91 

vzl 11 01 .6 0 1 92 6 89 vb of VC 91 81 91 VI 



Page 4 Qf 6 

Perlod 

Vacuum St1 l l Bottoms 
V \ o f  Flows from Vacuum S t l l l  
Benzene--Soluble, U t 
Benzene-Insoluble. U \ 
Ash, Y \ 
Unreacted Coal, U .\ (Est lnuted) 
Benzene-Insoluble Reslduum 

Carbon. Y \ 
Hydrogen. Y 8 
Nitrogen, U O 1.41 1-41 
Syltur. o 1.55 1-86 . 1.93 2.00 . 2.01 2.i6 2.10 2.09 2.1b 2.11 .Z.DI a.08 1.00 1.93 2.14 8.12 
Oxygen, Y 8 (By Difference) 
ASTM Ash. Id 8 12.65 16.56 17.42 16.69 16:66. 19.18 19.56 18.91 19.05 18.77 18.54 18.21 17.34 15.73 '17.67 17.29 
CohelAsh Rat lo (OMF Extraction) 0.700 0.693 0.573 0.6b1 0.660 0.636 0.690 0.108 0.711 0.685 0.152 
Vo la t l l e  Matter. Y t (0-3175) 37.35 39..)6 43.98 50.77 94.81 40.99 . 
Benzene Soluble 011. IBP OF 118 210 

F l  l te r  Cake 
Y \ o f  Feed t o  Vacuum St 11 1 
Benzene-Soluble. U t 
Benzene-lnsolubls, Y \ 
Ash. Y \ 
Benzene-Insoluble Reslduum, W O 

I Unreacted Coal. Y \ (Estlmaled) 
Carbon. U 8 
Hydrogen, U 8 
Nltrogen. U \ 
Sulfur, U 8 . 

0-13 Bottoms 
Ash, Y \ 

Slurry Mlxlng Tank ' 
Ash. W 8 

In terna l  Recycle 011 (Flashed) 
Ash. U \ 

F l l t r a t l o n  o f  Perlod I 1  Hydroelon. Overflon Saqile, Regular F l l t r a t l o n  o f  Hydroc1onc Bottoms epporently h l l e d  (18.9 't Ash I n  975°~o Recoveied) 



Hydroc lonc f eed  
Ash. U 8 
Ash. Y a. 
Ash. Y 8.. 

Hydroc lone O v e r f l w  
Ash. Y a 

Hydroclone. U n d e r f l o *  
Ash. u a 

Almosphcr lc  St111 Ovarhcdd 
~ e ~ - c o o ~ f  

S u l f u r .  Y \ 
Hl l r ogen .  Y t 

400°r , 

S u l f u r .  U t 
Nl l r ogen .  Y 8 
I + 

0 A~rmspherJc S l l l l  B o l c m r  
c 18P-650 f. Gravity. 'API 

S u l f u r .  Y t 
Nl l r ogen .  Y \ 

6 5 0 ~ f t .  G r a v l ~ y .  OAPI 
S u l f u r .  U a 
Nl l r ogen .  U 8 

Vacuum S t I I I  Owerhcag 
IBP-650. G rav l t y .  API 

S u l f u r .  Y \ 
N l l r ogcn .  U t 

650°ft, G rav l r y .  OAPI 
S u l f u r .  Y t 
N l l r o g e n .  Y t 

Vacuum St111 B o t l m s .  IBP-915'~ . OAPI 
Carbon. Y t 
Hyd gcn. Y 8 
S u l f u r .  Y t 
N l l r o g e n .  8 

RUN 110-11 - ANALVSfS (CONTIHU~O~ 

IA  I B  2A 28 3A 3B 4A 48 5A 58 6 1 8 9 10 11 I l A  

0.02 0 .01  0 . 0 1  0 .01  0.02 .O.Ol 0.03 0.0) 0.01 0.04 O D )  0.04 0.05 0.06 
0.29 

C a l u c l a t c d  f r a n  Ove r f l ow  b Under f low a n a l y r l s .  f l w r  

a:: C ' c u l d ~ e d  f r m  O v c r f l u u  L Vacuum Bottoms r n a l y r c r .  f l w s  



O i s t l l l a t l o n  of  F l l t r a r e  
From f l l t r a t l o n  Oporatlon 

Vscuw D i s l l l l a l l o n  
F ina l  Vapor Icmperature. Of 
Pressure. Vorr 
Residuum. U \ o f  F l l l r a t e  

Analysls 
Vo la t l  l o  Ha t te r  (0-1l15) 
Carbon.' U 1 
Hydrogen 
Hl t rogen 
Sul fur  
Ash 
I B P - S ~ S ~ ~  
915Oft 

Barch O i s r l l l a t l o n  o f  Vacuum B o r t m r  
S l u r r r  Product 

~ac;um 01s t l  l l a t l o n  
final Vapor vempera~ure. O f  489 415 490 ' 

Pressure. l o r r  1.5 2. I 1.3 ' 

O l s t l l l a t e .  U 8 of V a ~ u w  B o t t m s  S l u r r l  18.9 85.1 12.1 
Analrs ls .  t r a v l t v .  API -4.1 -2 .1  -6.0 

iG tP. o f -  
Resldua. Y 8 
Sulfur .  U t 0.14 0.20 

~alcul ; tcd Composltlon o f  l o l l d r - f r a a  011 
' 

I n  Vacuum Bottoms S l u r r l  Product 

Cons t l tu i l on ,  U t 
Batch S t I I I  O l s t l l l a t e  from 

S l u r i y  Product 7 . 1  25.0 
Batch S t l l l  Rerlduum From r l l l r a t o  2 . 1  71.0 

' Cmposl t ion.  U t ( ~ a l c u l a r e ~ )  
Carbon. W 8 
Hy* Jgen. U 8 
Hltrogen. W 8 
Sulfur .  Y \ 0.65 0.19 
Ash, U 8 0.00 0.20 

Cslculated Composltlon o f  400Of1 L l p u l d  
C o n s c l ~ u ~ l o n .  Y 8 

Atmospheric S t l l l  Overhead. hOOOf* 8.6 10.2 
Atrmsphcrlc S t l l l  8ol:oms -4.5 -2.9 
Vacuum S t l l l  Overhead -23. 1 -0.5 
Vacuum St111 Bottoms. So l lds - f ree  011 . 119.0 93.2 

Compos l I Ion 
Carbon. Y 8 
Hydrogen. W 8 
Nitrogen. Y 8 
Sulfur .  U 8 0 . 1  0.13 
Ash. U \ 0.00 0.19 

* knalyses o f  91S°Ft; 915ofahad 19.SB.volat l le  matter  
01s ' I l a c l o n  o f  F l l t r a ~ a  from f l l t r o t l o n  o l  I lydroclons Ovorhoad 

1.0 
91.0 

l .04 
O.3Q 

15.5 
. - h . l  
-0.8 
go. I 

0.94 
0.21 



POU RUN 3 - ILLINOIS NO. 6 COAL - FUEL OIL M3DE 

POU 3 (Run 130-78) was undertaken to demonstrate the fue l  o i l  
mode of opera t ion  a t  the remaining P i l o t  P l a n t  design 
cond i t ions :  coal  space v e l o c i t y ,  hydrogen to coal r a t i o  and 
recyc le  s l u r r y  o i l  composition. Compared to the previous fue l  
o i l  mode demonstration run, POU 1, t h i s  represented a 50% . 
i n c r e ~ s e  i n  the amount of excess hydrogen, a 10% decrease i n  
t o t a l  s l u r r y  ' o i l  , a 50% increase In the s l  urmr.y o i l  residuum 
concentrat ion and a 12% increase i n  r eac to r  volume space ve lo-  
c i t y ,  which was compensated f o r  by an equ iva len t  increase i n  

. c a t a l y s t  loading. 

The run l a s t e d  f o r  12 days t o  a c a t a l l s t  age o f  1500 l b s  
c u a l / l b  c a t a l y s t  w i th  an average 400°F . fuel o i l  y i e l d  o f  
51 W % of dry  coal .  The fue l  o i l  was about 36% d i s t i l  l a t e  and - . 

had a su l f u r  con ten t  of 0.6 W % a t  1500 I b s / l b  c a t a l y s t  l i f e  
and 0.5 W % a t  1000. Th is  sul f u r  l eve l  was lower than had been 
predicted. Coal conversion ranged from 9 3 h f  m.a.f. coal a t  
the s t a r t  of  t he  run to 91% near the end of the  run. The spent 
c a t a l y s t  flowed f r ee l y  from the reac to r  and contained 5.5 W % 
carbon ( o i l  - f r e e )  and s l  i g h t l y  over 4% metals. . 

The . ~ r o d u c t i o n  o f  400°F-material , which had been expected to 
decrease from t h a t  o f  POU 1 because of the reduced con- 
c e n t r a t i o n  of 400-97S°F mater ia l  i n  the recyc le ,  a c t u a l l y  
increased, poss ib l y  because of incresed hydrogen p a r t i a l  
pressure and s l  i g h t l  y increased reac to r  temperature. 



ANALYSES OF BURNING .STAR M I N E  ILL.INOIS-N0.6 COAL 

USED I N  PDU RUN 3 

Hours o f  Run 

HRI Number 

Moisture, W % 

Proximate, Dry Basis, W % 
Ash ' 
Volat i l e  Ha t te r  
Flxed Carbon 

U l t imate  Analysis,  Dry Basis, W % 
. .  

Carbon 
Hyd rogen 
N i t rogen 
Su l fu r  
Chlor ine 
Ash 
Oxygen ( D i  fference) 

B tu  ( ~ r y  Basis) 

Su 1 f u r  Types 
P y r i t i c  
Su l fa te  
Organ i c  

Pota 1 

Mineral  Analysis,  W % I g n i t e d  Basis 
Phosphorous Pen t6x.i de, P205 
S i  1 i ca  Si02 
F e r r i c  Oxide Fe203 
A1 umi na 
P i  tan ia  

A 1  2O3 
f iO2 

Lime CaO 
Magnes i a 4 0  
Su l fu r  T r i ox ide  
Potassium Oxide 
Sodium Oxide 

=O i l  K2 
Na20 

Undetermined 

I ron,  W % o f  Dry Coal 

Screen Size (u.S.S.) 
958 
50170 
70/100 
100/140 
l40/%00 
200/325 
325/Pan 

As- 
Rece i ved 

3790 

12.39 



Paga 1 of 6 

IUN 110-78 - H-COAL OPERATIONS ON BURNING S I A I  H lNt .  ILLlNOlS N0.6 COAL (HRI 1190L 

Lata lys !  - American Cyqnamld HDS-Ib42A, 1/16" Ext rudates  (HRI 1556). 50.6 Pounds Ory 

. Reactor L l q u l d  Phase Oeprh - 19 f ee t ,  Volunc 1.7 f11 

P e r l o d  IA  

o i t e  (End o f  Per iod) .  1976 4/15 

Hours o f  Run - Beglnn lng 4 
End 16 

C r l a l y s t  Age. l b s  Dry  Coal/Lb C a t a l y s t  
Bcg lnn lng  1 1 
End 58 

Coal Feed Rate, Lbs Ory C o a ~ / H o u r / f i l  
Reactor L l q u l d  Phase . 52.9 

f eed  Coal 
n u l s t u r c .  u t 2.26 
Ash f o r y  Basls),  U 8 11.40 

I Recycle f l o u r .  Lbs/Lb S o l l d r  
A t m s p h c r l c  St111 Bottoms 1.45 
Vacuum S t l l l  Overhead 0.61 

from Inven tn rv  -0.05 
H~J.#~C~OII~ Overt  l o . + e i ~ i  11 L 

I o t a 1  2.38 
temperatures, OF 

Coal Preheater  O u t l e t  577 
Reactor l l q u l d  Phase. Average 812 
Separator  771 
Vacuum F l a s h  Zone 465 
Pressure In Vacuum Flash. l o r r  11.6 
l l y d r q l o n e  

Pressure. p r i g  
U n i t  Back Pressure 2 700 
Hydrogen Hake-Up 2690 
Hydrogen P a r l l a l  Pressure 

(Reactor o u t l e t )  I 8sb 
Recycle Gas. HSCF/ron Dry Coal 16.1 
Vent t a r .  nSCt/ron Dry Coal 4.7 
Hydrogen P u r l t y  o f  Recycle Gar 

t Vent. t 93.8 
l o t a l  Hydrogen, HiCf/Ton Dry Coal 

(Reactor O u t l e t )  21.2 
Hake-Up Hydrogen t Recycle Hydrogen 

n S c F / r ~  Ory Coal 41.2 
V \ o f  Hake-Up t Recycle Gas 97.7 
Hydrogen P a r t i a l  Pressure, p r l g  2625 

Hydrogen Consumpt l u n  
HSCF/lon Dry  Coal 18.0 
U Dry c o a l  4.8 

O i l  A J d l t l o n s  
Hake-Up 011, Lbs/Lb Or Coal 0.360 

Lbs / l l r l F  I! 19.0 
f l u s h  O i l .  L b r / l b  Dry Coal 0.001 

15.1 I S . )  I S .  14.9 
4. l 4.1 d.0 4.0 



flue1 6ulpl0q 110 ~JJO(% 40 ~JO~UJAU~ 10 SJSQaJYJp aJQ 
pQaqJano wnnyea pue peaqjaao 1 I 91s ¶t~aqdraur@ lo sal999u~nb an!le6?~ (1) 

rs'ror rr-vol 
95'2 29'2 
,+.[ 89.0 

69'1 
8r.11 SZ'OI 
fI.9 LS'S 
80.01 11'6 
IE'OZ 59-11 

(PDIIPaU UJ~OJPAH 4 001) 1P101 
(~"41"s PJJJO~) en 

(u'J60~1,~ pJJJOj) 
(I,N) oeu 

qrw 
IPOJ PJlJJAUOJUn 

a(qnlosu1-auazuag 
alqnlos. auaruag 

I!O IQ"P!rJU 430SL6 
5J1@ll!1slO 30516-059 
sa1Plt!irlo 300~9-009 

P'~Iu~PN 90005-dB1 
soreg ul SUO~JPYOJ~AU 93-93 
~JSP~ UI suoq~t~o~p~u (3.13 

'03 '03 
IQOJ 1130 \ n 

'uollnq!J1~90 9JnPOJd 9aN PDI1IPIVJON 

UOllP?!lPWJON P'3lYQJu JO) pasn ua60JpAl( (P101 

I!O V-"'4 
%uolllPpw 110 dn-~lru 
(PO) PSZ~ u( aJn.ns!ow 

lQO3 1~0 
IQoJ ~JO t n 'rall9lu~nb wdu( 

1.~01 '1.601 1.~11 V'UOI S-I~I 
1.0 9'0 5'0 S'O 5'0 
O't 0'2 9.1 5'1 1'2 
1.8 . 1.t 5-1 9-e 0.2 
1'9 ' 6'9 2'9 6'1 1'5 
1'6 1'11 0'91 1'6 0'01 0.5 
9 5.05 6'85 9'55 t'S9 2'06 
9'0 5'2 5'8 6'0 1-0 1'1 
I-el I 1.1 t s 8.r 
0'91 I ('61 8'91 6.81 8.61 



RUN 110-78 - ANALYSES 

Pe r i od  

A l m r p h r r l c  S t l l l  Overhead 
Gravl8y. OAPl 
IBP. OF 
EP, OF 
v a e + o o O ~  
Grav i t y .  OAPl - IBP-4OOOF 

1 0 0 0 ~ - r ~  
Carbon. U 8 
Hydrogen. U t 
Ni t rogen ,  U t 
S u l f u r .  U 8 
Phenols. V 8 T o t a l  

V t IBP-400°F 

A t m r p h e r l c  St111 Bottoms 
Crav l t y .  OAPl 
IBP. OF . . 
EP. OF 
v a e , 4 0 0 0 ~  
v a e 6 5 0 0 ~  
Grav l t y .  OAPl - IBP-65bOF 

650°F-EP 
Carbon. U 8 
Hydrogen, U t 
Nl t rogen .  U t 
Su l fu r .  U t 

Vacuum S t l l l  Overhead 
G r a v l t y ,  OAPl 
IBP. OF 
EP, OF 
v a e 6 5 0 0 ~  
Grav l t y .  OAPl - IBP-6500F 

6500Ft 
Carbon. u 8 
Hydrogen, U 
N l  trogen. V a 
S u l f u r .  U t 

Water 
N i t rogen.  U f 
S u l f u r .  U \ 
Carbon, V 8 

0-12 L l q u l d  - C r a v l t y .  OAPl 11.3 14.9 12.3 11.5 10.3 11.0 113.2 9.4 1 I .T  11.1 11.4 11.4 

0 -5  L l q u l d  
Grav i t y ,  OAPl 
Ash. U 8 

O l s t  l l l a t l o n r  - A l l  ASIH 0-86 Except Bracketed Va luer  From ASlH 0-1  160 m d l f  l e d  I 



' 
RUM 110-18 - ANAlrStS (CON~INU~OL 

Vacuum S l l l l  Bottoms 
U 8 o f  f I c l s  f rom Vacuum St111 55.1 
Benrene-Soluble, U 8 . 
Ien rene- Inso lub le ,  U \ 
Ash. U \ 
Unreacted Coal. U \ ( I t s t l nu ted )  
Benzene-Insoluble Ieslduum. U \ 

( I s l l m d l e d )  
Carbon. U \ 
Hvdrogen. U 1 
N. .rogen. U 8 
S u l f u r .  !d 8 1.58 
nsrn  AS^. u a 11.80 
Coke/Ash l a l l o  
Benzene-Soluble 01  1, 18P. "6 

IBP-6500f, V S 
650-915°F, U t 
915orv. u a 

d l  h e r  Cake 
U a o l  Feed l o  Vacuum S t l  l l 
Bcnaene-Soluble, U t 
Benrene-Insoluble.  U t 
Ash. U 8 
Benzene-insoluble Residuum. W 8 
Unreac led  Coal. W \ ( t s t l m a l e d )  
Carbon. W 8 
Hydrogen. U 8 
Nl l rogen .  U ! 
S u l f u r .  U 

0 - 1 1  Bottoms - Ash. U t 

S l u r r y  H i r i n g  rank  - Ash. U 8 

I n t e r n a l  Recycle 011 ( f l ashed)  - Ash. U 8 

Hydroclone Feed 
Ash. V 8 
Ash. U 8 1  
Ash. U \ * k t  

Hvdroc lone Overf  la ' 

G r a v i t y .  OAPl 
ASOn O l r t l  l l + r  I o n  (Vacwm) - I8P.OF 

10. V 5 
10 

w a ~ ~ S O F *  ( o i l  o S o l l d r )  44.6 s a : i  58.5 S,;B 
Ash. U t 4.12 5 .  5 . 2 5  6.91 6.80. 1.00 

n C a l c u l a t e d  f rom o w e r l l a  dnd u n d e r f l o w  analyses.  f l c l s  

n a  C a l c u l a l e d  f rom o v e r f l a ,  and vacuur s t l l l l  bot toms analyses.  firms 
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O i s t i l l a 6 l o n  o f  f i l t r a t e  
f rom f l l t r a t l o n  Operation 

Vacuun~ O l r t l l l a t i o n  
f i n a l  Vapor lemprrature,  O f  

Pressure. Tor r  
Reslduc. U b o f  F l l t r a t e  
A n a l y r i r  

Benzene-Insoluble 
Onf - Inso lub le  
Carbon. U bfi 
Hydrogen. U bb 
N l t rogrn .  U 8.1 
Su l fu r ,  u t 
Ash. M b 
IBP-97jof .  W 8 
9150Fb. w 8 

l a t c h  O i r t l l l a t l o n  
o f  Vacuum Bottoms S l u r r y  Proouct  

Vacuum O i r t l l l a t l o n  
C l n a l  Vapor I e n p e r a t u r ~ .  OF 
P r r r r u r c ,  l o r r  

D i r t i l l a t e .  U b o f  Vacuum 
Bottomr S l u r r y  
A n a ~ v s l r  

C a v i t y .  OAPl 
S u l f u r .  U 8 

t d l c u i a 6 e d  C o n p o r l t l o n  o f  S o l i d s - f r e e  
O i l  i n  Vacuum Bottoms S l u r r y  Product  

Cons t l ru t lon ,  U b 
Batch S t l l l  O i r l l l l a t e  

f rom S l u r r y  Produc t1  
B ~ t c h  S t l l l  Residue f rom f l l t r a t e  

Conposit ion.  U b (Ca lcu la ted)  
Carbon. U b 
Hydrogen. U 
Nitrogen.  U b 
S u l f u r .  u t 
Ash, U t 

C ~ l c u l a t e d  Cornposit ion 
o f  COOOf o L i q u i d  Product  

C o n r t i  t u t l o n .  U 8 
Atnuspher lc  St111 Overl,cdd , 1400°f* 16.0 8.8 7.6 6 .1  5.2 1.6 6 . 1  
Atnospher ic  S t1  11 l o t  toms 2.0 11.0 26.1 2 .  26.5 20.2 21.0 
Wet Vacuum 51 l l 1 Overllead:.::, 0.5 1.9 1.8 0.5 1.2 -0 .1  -0.3 

Vacuum S t i l l  BOI toms, s01ids f r e e  O i l  87.5 71.2 62.5 70.1 ' 67.0 16.5 71.1 
Compos I t  i o n  (Ca lcu la ted)  

Carbon. U 8 88-25 . . 
ttydrogon. b~ b 7.25 . 
Nitr0.g.n. U 8 1 .65 
S u l f u r .  U . 8  , ' 0 . 5 1  0.48 0.18 0.45 0.40 0.49 0.18 
Ash, U 8 0.11 0.2) 0.26 0.2) 0 .21  0.01 0 . 2 1  

A n a l r s l s  o f  915°F* I Ier ldue ;'a V a c u v ~  S t l b l  Overhead Lars  Hake-Up and t l u r h  011 



PDU RUN 4 - ILLINOIS NO. 6 COAL - SYNCRUDE M)DE 

PDU Run 4 (Run 130-79) .was undertaken to simulate P i l o t  P l a n t  
syncrude mode operat ion on I l l i n o i s  No. 6 coal w i t h  maximum 
poss ib le  residuum recycle. The run matched the design coal 
r a t e  per u n i t  reac tor  volume, excess hydrogen f low and hydrogen 
p a r t i a l  pressure. ' 

Coal was fed f o r  a . t o t a l  o f  603 I ior i i . .~  w i  tR 3hutdewpr occu&ing 
a t  a c a t a l y s t  age of 1464 l b s  coa l / l b  ca ta l ys t .  Total  
d i s t i l l a t e  y i e l d  was about 52% a t  a c a t a l y s t  age o f  300-500 
I b s / l b  (.the P i l o t  P l a n t  design y i e l d ) ,  g radua l ly  f a l l i n g  o f f  t o  
about 46% a t  1000 l b s / l b  and' y i e l d i n g  about 43% a t  1500 I b s / l b  
was approached. 



ANALYSIS OF ILLINOIS N0.6 BURNIdG STAR MINE COAL USED IN RUN 130-79 

HRI Number 

Hours of Run As-Received 0-403 403-603 

Moisture, W % 12.39 2 . 3 9  1.75 

Proximate, Dry Basis, W % 
Ash 
Volatile Hztter 
Fixed Carbon 

Ultimate, Dry Basis, W % 
:a rbon 
Hydrogen 
N i t regen 
Oul fur 
Ask 
Chlorine 
Oxygen (Di fference) 

'Btu (Dry Basi s)  , Gross ' . 12924 I262 l 

Sulfur Forms, W  % ( ~ r y )  . 
Pyritic 
Sulfate . 
Organ i c 

Tota 1 

Mineral, W . %  Ignited Basis: 
Phosphorous Pentoxide, P205 
Si l ica Si02 
Ferric Oxide 
Alumina 

Fe203 A1 0 
Ti tacia ~i aZ3 
Lime CaO 
Magnes i a M90 
Sulfur Trioxide SO 
Potassium Oxide 
Sodium Oxide 
Undetermined 

Screen S i z e  (u.s.S.) 
950 
58/70 
70/ 100 
lOS/l4S 
140/200 
.200/325 
325/Pan 
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Per iod  

C o l l e c ~ c d  Product Q u a n t l t l e s  , 
u i Ory Coal 

A l m r p h c r l c  St118 Ovcrhcad 
A t m r p h c r l c  I t 118  ~ o l r o m r  (1) 
Vacuum St I I I Overhead(lJ 
Vacuum S t l  11 Boltoms 
n o (2) . 
c?-c.  

cb2 and CO 
l o l a 1  

Input uuant l t i e r .  U 8 Bry Coal 
Dry Coal 
n o i s l u r a  I n  f c c d  Coal 
nahc-Up 011 Add l t l on r  
f l u s h  O i l  
Hydrogen Aeacted (Gas f lows)  

l o c a l  Used f o r  No rma l l z r t l on  
Coal Convcrrlon. U 8 o f  A.A.F. coa l  

Nornu l lacd Net Product O l r t r l b u t b o n  
U \ Dry Coal . 

to. CO 
Cl-Cl Aydrocarbons I n  t a res  
Cq-C H~drocarbons I n  Gases 
1BP-&OOOf Mdphtha 
400-650°f O l r t l l l r t e r  

, 650-91S0f 01 s t  I l laces 
91S0fr Aer ldua l  011 

Benzene Soluble 
Benrenc I nso lub le  

Unconverted Coal 
Ash 
n20  (NCI) 

( f o r ced  Ni t rogen)  
( fo rced Su( lur )  

Votal  (100ttl2 Reacted) 

To. i 
0.5 
4 .1  

. 1.5 
0.5 

98.3 
100.0 
2.1 
0 

0.7 
6.0 

109.0 
95.2 

ANALVSt S 

Alnlorphcric SI i I I Overhead 
Grav i ty .  OAPI 
IBP/ 10°f 
)0/50 
70/90 
fBP 
V h i! 4OO0f 
Carbon. u a 
Hydro .n. W 8 
N i l r '  %en. U \ 
S u l l ~ r .  U 8 
Phenols. V 8 t o t a l  

v a I B P - ~ O O O ~  

(1) Negal lve Quant l  t l c s  o f  Atnnspherlc S t i l l  Overhead 6 Vacuum Overheed Aro Occrearer o f  I nven to ry  S l u r r y  011 )(o!dlng Tank. 
(2) Inc lude O i r r o l v e d  Nn & n2S 11) Asrn O l r t l l l a t l c n  Cut Polnar 

Ha Conrumptlon Calcu la ted Using feed, Product Analyses 



SI'9Z 
SO'S I 
08'89 
9'12 



Ber lod  

AHALWSES [cont l n u e d l  

Vacuum S t l  II Bottoms (continued) 
Coke/Ash Ra t l o  

(DHF En t rac t l on  by f l l t r a t l o n )  
Benzene Soluble 011 

IBP. O f  

I B P - ~ ~ ~ ~ P .  Y t 
97S0f4. u t 

f l l t c r  Cake 
U 8 o f  Peed 60 Vacuum S t l l b  
Benzene-Soluble, U 8 
Be~~zene- Inso lub le ,  U t 
 AS^. u a 
Benzene-lnsolubla Residuum. b 8 
Unrcacted Coal. U 8 (Estlmated) 
Carbon. U O 
Hydrogen. U 8 
Yltrogen. U 8 
Sul fur ,  U 8 . 

0-11 Bottoms 
Ash: u 8 

S l u r r y  n l x l n g  rank 
Ash. U 8 

I n t e r n a l  Recycle 01 1 ( f lashed) 
Ash. W \ 

Hydroclone feed 
Ash. U 8 
Ash. U 
Ash. U 8'. 

Hydroclone Overf low 
Gravl8 . OAPl 

ASTH D l s t l l l a t l o n  
IBPo OF 

10 
10 
50 
10 
90 

V 8 Q 650°F/V 8 e 975'6 
U 8 91S0f6 ( Inc ludes S o l l d r )  
Ash. W 8 

Hrdroc lone Underl low 
Ash. U 8 

a Calcu la ted from Over f low and Underglow Analyses, #lows 
Calcu la ted from Overf low and Vacuum Bo6aoms Analyses. f lows 

95s06 end p o l n t  
0n.a 96S°F end p o l n t  



P e r  l o d  

A t r r o s p h e r i c  O v e r h e a d  
IBP-400°F G r a v i t y .  OAPl  

. C a r b o n .  U $ 
H y d r o g e n .  U 1 
S u l f u r .  U 8 
N i t r o g e n .  U k 

400°f * G r a v i  t y .  OAPI 
S u l f u r .  u 

A t m o s p h e r i c  S t i l l  B o t t o m s  
IBP-650°F G r a v i t y .  OAPl  
650°F G r a v l t y .  OAPl  

Vacuum S t i l l  O v e r h e a d  
I B P - 6 5 0 o F  G r a v l  t y .  OAP l  
650°Ft  G r a v ~ i  t y .  OAPl  

Vacuum S t i l l  B o t t o m s  
1 6 ~ - 9 7 ~ ~ f  G r a v i t y .  OAP l  

C a r b o n .  U 8 
H y d r o y e n .  U 
S u l f u r .  U $ 
t l i t r o g e n .  U $ 

5 7 5 ' ~  O i l  G r a v l t y .  OAPI 
C a r b o n ,  U % , 

H y d r o g e n .  U b . 

I-' 
S u l f u r .  U 8 

w N i t r o g e n .  U b 
\! 

CHARACTERIZAIION OF SOLIOS-FREE O I L  PRODUCTS 

D i s t i l l a t i o n  o f  F i l t r a t e  
f r o m  f l l t r a t l o  O p e r a t i o n  

Vacuum O i s t l l l a t i o n  
F i n a l  V a p o r  T e m p e r a t u r e .  OF 
P r e s s u r e ,  l o r r  
R e s i d u e .  U b o f  F i l t r a t e  

S u l f u r ,  U $ 
Ash ,  U 0 
B e n z c n e  I n s o l u b l e .  U t 

B d ' t c h  O i s t l  l l a t i o n  o f  
Vacuum B o t t o m s  S l u r r y  P r o d u c t  

Vacuum O i s t i l l a t i o n  
F i n a l  V a p o r  T e m p e r a t u r e ,  O f  
P r e s s u r e .  T o r r  
D i s t i l l a a e .  U % Vacuum B o t t o m s  S l u r r y  
G r a v i t y .  OAPl  
S u l f u r  



CHARACTERIZATION OF SOLIDS-FREE 
OIL PRODUCTS {continued) 

C a l c u l a t e d  Compos l t lon  o f  So l i ds -F ree  011 
I n  Vacuum Bot tomr  S l u r r y  Product  

C o n r t l t u t l o n ,  U O 
Ba tch  S t l l l  D l s t l l l a t e  

f r om  S l u r r y  Product  
Ba t ch  S t i l l  Resldue f r om F l l t r a t e  

Compos l t Ion ,  U O (Ca l cu la ted )  
Carbon, U % 
Hydrogen, W O 
Nl t r ogen .  U 
S u l f u r ,  U f 
Ash, w h 

C a l c u l a t e d  Compor l t l on  of 
400OFa L l q u l d  Product  

C o n i t l t u t l o n ,  U O 
Atmospher lc  St  l l I Overhead. 400°F+ 
Atmospher lc  S t i l l  Bottoms 
Vac.uum S t l l l  Overhead 
Vacuum St111 Bottoms S o l l d s  F ree  011 

Compor l t i on ,  U S 
SU' dr. U O 
Ash, U O 
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Per l o d  

6. tRAIING RESULIS 

tlydrogen Consumptlon (Gas FOowr, Anlyser) 
' nSCF/Kon Dry Coal 

u 8 ory  Caal 

011 A d d i t l o n r  
Make-Up 011. Lbs / lb  0 y  Coal 

Lb/Hr/f t I 
Flu!h 011. Lbr/Lb Dry Coal 

Co l lec ted  Product Q u a n t l t l e s  
W 8 Dry Coal 

?'mospheslc S t i l l  Overhead 
, .cmrpher lc  Ssl II Bol toms( l )  
Vacuum St111 Overhead (I) 
Vacuum S t l l l  Bottoms 
Hz0 (2) 0 

C l - C a  
I S .  I 
10.5 
4.3 
2.0 

1 

to, and CO 
I o t a  l 

anput Quant 1.1 ies. W b Ory Coal 
Dry Coal 
Molsture i n  Feed Coal 
Make-up O1I  Add l l l ons  

. F lush  01 1 
' Hydrogen Reacted (Gas Flows) 

l o t a l  Used f o r  Norma l l za t lon  
Coal Conversion, W ' o f  H.A.P. coa l  

Normalized Net Product O i s t r i b u t i o n ( 3 )  
CO. co2 
C l - C ]  Hydrocarbons i n  Gases 
C4-C Hydrocarbons i n  Gases 
I BP-kOO°F Naphtha 
400-65o0F D i s t l  l l a t e s  
650-97S°F O l s t l  l l a t e r  
91S°Fr Residual 01 1 

Benzene Soluble 
Benzene Inso lub le  

Unconverted Coal 
Ash 
H 0 (Net) 
NA (Forced N l  ~ r o g e n )  
~~4 (Forced S u l f u r )  

To ta l  (100 4 Hydrogen Reacted) 

(1) nega t i ve  Q u a n t l l l e s  of Atmospheric S t i l l  Overhead and Vacuum Overhead a re  Oecreases o f  Inven to ry  o f  S l u r r y  011 Ho ld lng  Tank 
(2) Inc ludes O l rso lved  NHI and H2S 
(1) ASOM Oisa i  D l a t l o n  Cut P o i n t s  

Hldrogen Conrumptlon by Feed.Produc1 Analyses 



P c r l o d  

AHALISES 

A tmorphe r l c  St111 Ovcrhcad 
G r a v i t y .  OAPI 

IBP/10 O f  

30/50 
70190 
,f BP 
V a 400°f 
Carbdn, U f 
Hydrogen. U \ 
H i t r ogen .  U 8 
S u l f u r .  U \ 
Phenols.  V  \ To ld1  

V t IBP-400C'F 

Atmospher ic  St111 Bot loms 
G r a v i t y ,  OAPl 
IBP O f  

l0 /30  
50/70 
90 / f  BP 
V b E 400CF 
v % P 6500F 
Carbon, U % 
Hydrogen. U !& 

H i t r o g e n .  U 8 
S u l f u r .  U % 

Vacuum S t i l l  Overhead 
G r a v i t y ,  OAPI 

IBP/IO 
30/50 
?0/90 
FBP 
v b E 650°F 
Carbon, U b 
i tydrogen, U \ 
N i t r o g e n ,  U O 
S u l f u r .  U % 

Water 
Anatronia. U % 
S u l f u r .  U % 
Carbon. U % 

0-12 L i q u l d ,  G r a v i t y .  "APl 
H20, U $ 

0 -5  L i q u i d ,  G r a v i t y .  OAPI 

Ash. u a 
H20, U 8 

o i s t i ~ ~ a t i d n s  - A l l  ASTH 0-86 - Except B racke ted  Values f r c m  ASTH 0-1160 ( H o d l f i e d )  



Vacuum S t l l l  Bot8omr 
u t I f l w s  f r o m  Vacuum St111 
Benzene-Soluble,  U 8 . 
Benzene - l n ro l ub le ,  U t 
Ash. U 8 
Unreacted Coal.  U 8 ( f s t  lmz lcd)  
Benzene- Inso lub le  Resldurm, U t ( f s t l m a t e d )  
Carbon. U 8 
Hydrogen. U 8 
N l l r o g e n .  U % 
S u l f u r ,  b l  8 
AST" Ash. U % 
Cok, /Ash R a l  l o  

(Onf Extraction by F l l t r a t l o n )  
Benzene S o l u b l e  011 

IBP. OF 
I B P - ~ ~ S O ~ ,  u a 
975Of0. u a 

f l l t c r  Cake 
U 8 o f  f e e d  t o  Vacuum S t l l l  
Benzene-Soluble,  V 8 
Benzene- Inso lub le ,  Y 8 
Ash. u a 
Benzene- Inso lub le  Residuum. U % 
Unreacted Coal,  U % ( f s t l m r t c d )  
Carbon, U 8 
Hydrogen. U % 
N i t r ogen .  U O 
S u l f u r .  U O 

S l u r r y  n l x l n g  Tank 
Ash, U O 

I n t e r n a l  Recyc le  O i  I ( f l a s h e d )  
Ash. u % 

Hyd roc lone  Feed 
 AS^, u a 
Ash, U 8 
Ash, W 8 a * &  

Hydroc lone Ove r f l ow  
G r a v l t y .  OAPl -12.2 -9.8 
ASTH O l s t i l l a l l o n  

I B P ~  OF 431 GOO 
10 52 7  516 
30 633 62 3  
50 711 768 

420 4.1 1 418 423 415 
516 516 5  39 541 556 
631 674 684 722 702 
185 740 815 826  820  

14/69 2?/68.5 19/66 2b. 5/64 26/66 
39.7 41.4 42.7 46.1 4b.g 
6.55 6.99 6.71 7.65 8.11 5.81 

A n a l y r l s  o f  P e r l o d  17 f l l t e r  Cake w l t h  011 removed by  d lmc thy l f o rmamld .  

V  8 @650°F/V 8 e9;s0f 34/11 36.5/70.5 . 
U 8 975OFe ( ~ n c l u d i n ~  S o l l d s )  38.4 38.4 
Ash, U % 6.21 7.12 

b C a l c u l a t e d  f r o m  O v e r f l o w  and Unde r f l ow  A n a l y s l r ,  f l o w s  

C a l c u l a t e d  f r om O v e r f l o w  and  Vacuum Bot toms A n a l y r l t ,  f l o w s  



Per  l o 1  

ANALISfs ( c o n t l n u c d )  

H y d r o c l o n e  U n d e r f l o w  
Ash, U \ 

A t a n s p h e r l c  Overhead 
IBP-$0O0f t r a v l t y ,  OAPI 

Carbon, U \ 
Hydrogen. U \ 
S u l f u r , ' U  \ 
N l t r o g e n ,  U \ 

400°f+ G r a v i  t y ,  OAPI 
S u l f u r ,  U \ 

A t m s p h c r A c  S t 1 1 1  Bot toms 
IBP-650 f, G r a v i t y  OAPl 

65OOft  C r a v l t y .  'API 

Vacuum S t i l l  Overhead 
IBP-650°f  C r a v l t y .  OAPl 

6 "?Of+  C r a v l t y .  OAPl 

Vacuum St  1 l l B o l t o m s  
IBP-975Of G r a v l t y .  OAPl 

Carbon. U 
Hydrogen. U 
S'ulfur, U k 
N i t r o g e n ,  U \ 

c. 
N 

9 7 5 0 ~ 1  OII G r a v i t y .  OAPI 

W Carbon. U O 
l i yd rogen.  U 8 
S u l f u r ,  U O 
N i t r o g e n ,  U 8 

CHARACTtRIZATlON Of SOLIDS-fRfE OIL  PRODUCTS 

O i s t i l l a t l o n  o f  F i l t r a t e  
f r o m  f i l c r a t l o n  O p e r a t i o n  

Vacuum O i s t l  l l a t l o n  
f i n a l  Vapor reonperature,  O f  
P r e s s u r e ,  l o r r  
R r s l d u e .  U 8 o f  f i l t r a t e  

S u l l u r ,  U '4 . 
Ash, U 8 
B e n z e n e - I n s o l u b l e ,  U t 

B a t c h  D i > t i l l a t i o n . o f  
Vacuum Bot to ins  S l u r r y  P r o d u c t  

Vacuum O l s t l l l a t l o n  
f i n a l  Vapor Distillation, O f  
P r e s s u r e .  l o r r  
D i s t i l l a t e .  U % Vacuum B o t t o m s  S l u r r y  
C r a v l t y ,  OAPI 

S u l f u r ,  U O 



CHARACTERIZAIIOM Of SOLIDS-fICL OIL P100UCll 
(cont lnued) 

Ca lsu la ted  Cmposl t l lon sf Sol ldr-Prea 011 
I n  Vacuum Bottoms. S l u r r y  Product 

Consalautlon, W $ 
Batch St118 O l r t l l l a t c  
from S l u r r y  Product 
Batch S t l  l B Resldue from d l  l t r a t e  

Composltlon. U 8 (Calculated) 
.Sulfur. U a 
Ash, U 8 

Calcu la ted  Compostlon o f  10OoF6 
L l q u l d  Product 

C o n r t i t u t l o n ,  W 8 
Atmorpher l c  St 11 1 Overhead, 100°$t 
A t m r p h e r l c  S t l l l  Bottoms 
U ;uum St119 Overhead 

w Vacuum St111 Bottoms S o l l d s - f r e e  011 
h) Compor I t Ion. U 8 
..b Sul fu r .  U B 

prh, U 8 



nun 110-19 - H-COAL O P ~ ~ A I I O ~ S  on BU~YIYG SIA~ m ~ n t  ILLIYOIS no. 6 cora (nna 3 7 9 0 ~  

c.t.lyat - h c r l c a n  Cyanamld HDS-I4$2A, 1/16" f n c r u d r t a s  (Ha l  3556),  49.2 Bounds Dry  

R e a c t o r  L l g u l d  P h a r e  Oepth  - 19 F e e t .  Volume 3 . 1  f t 3  

P e r i o d  

Oate (End o f  P e r l o d )  1976 

Hours  o f  R u n - B e g i n n i n g  
End 

C a t a l y s t  Age. L b  D r y  C o a l / L b  C a t a l y s t  
B e g i n n i n g  
End 

C o a l  f e e d  R a t e .  Lbs  O r y  C o a l / n o u r /  
f t 3  R e a c t o r  L i q u i d  P h a r e  

f e e d  C o a l  
U :! M o i s t u r e  
c Ash ( D r y  B a s i s )  

R e c y c l e  F l o w s .  L b s / L b  S o l i d s  
A t m o s p h e r i c  S t 1 1 1  Bo t toms 
Vacuum S t i l l  Overhead  
From I n v e n t o r y  
H y d r o c  l o n e  O v e r f l o w  (O i  I )  
T o t d l  . 

l e a p e r a t u r e .  O f  
C o a l  P r e h e a c e r  ( O u t l e t )  
R e a c t o r  L i q u i d  Phase. A v e r a g e  
S e p a r a t o r .  Average  
Vacuum F l a s h  Zone 
P r e s s u r e  i n  Vacuum F l a s h .  T o r r  
H y d r o r  ' one  

P r e s s u r e ,  p s i g  
U n i t  Back P r e s s u r e  
Hydrogen  Make-Up 
Hydrogen  P a r t i a l  P r e s s u r e  ( R e a c t o r  O u t l e t )  

R e c y c l e  Gas, nSCF/ lon  Ory  C o a l  
Vent  Gar.  nSCF/Ton Ory  C o a l  
Hydrogen  P u r i t y  o f  R e c y c l e  Gas + . V e n t .  1, 

T o t a l  Hydrogen.  MSCF/Ion O r l  C o a l  
( R e a c t o r  Out l e t )  

Hahe-Up Hydrogen  * R e c y c l e  Hydrogen  
nSCF/Ton D r y  C o a l  
V '6 o f  Make-Up + R e c y c l e  Gas 
Hydrogen  P a r t i a l  P r e s s u r e ,  p s i g  

Hydrogen  Consuinpt i o n  (Gas f l o w s .  A n a l  y s e s )  
nSCF/Ton O r y  C o a l  
U 'b D r y  C o a l  

O i l  Additions 
Make-up O i l ,  L b s / L b  Or C o a l  

L b s / H r / F t  1 
F l u s h  O i l .  L b s / L b  D r y  C o a l  
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AKALVSIS (con t lnued) 

A t m s p h e r l c  St ill Overhead (cont  lnued) 
v a e 4o0°f 83 
Carbon. U & 
Hydrogen, U t 
Nitrogen. U t 
Sul fu r .  U \ 
Phenols, V \ To ta l  

V t IBP-4OO0f 

Atmosphrrlc S t l l l  Bottoms 
Grav i t y ,  OAPI 

4BP O f  

10/30 
50/.70 
90 / f  BP 
V \ 2 400°f 
v 8 e 6 5 0 0 ~  
Carbon, U f 
Hydrocarbon. U f 
Hi trogen, U t 
S u l f u r ,  U f 

Vacuum S t i l l  Overhead 
t r a v ~ t y , ~ ~ ~ ~  

fi) I ~ P / I O  
4 W 5 0  

70190 . 
fBP ' 

V L 3 650°f 
Carbon, U 8 
Hydrogen. U t 
Hi trogen. U 8 
S u l f u r ,  U O 

U a l r r  
A m n i a .  U O 
S u l f u r ,  U f 
Carbon, U 8 

0-12  l i q u i d  b r a v l t y ,  OAPI 13.2 

0-5  quid G r a v i t y ,  OAPI 

Ash, U 1, 

Vacuum S t i l l  Bottoms 
V k o f  F l o u r  from Vacuum St111 51.5 
Benzene-Soluble, U \ 60.88 
Benzene- lnru luble,  U t 26.47 
Ash, U O 92.45 
Unreacred Coal, U 8 ( E s t i m t e d )  

O i s t i  l l a t l o n r  - A l l  ASlH 0-86 - Except Bracketed Valuer  From ASTH 0- 1 160 (Mod1 f l e d )  



Per loQ 

ANALISfS (CMI lnued) 

Vacuum St 11 1 801 loma (cont inued)  
Benzene- Insoluble Rerlduum, W 8 ( f s t l m a t e d )  
Carbon. U t 
Hydrogen. U. 8 
Ni t rogen ,  U 8 
S u l f u r .  U \ 
ASrH Ash. 'U t 
Coke/Ash R a t l o  
lDnF f a t r a c t i o n  by f i l t r a t i o n )  
Benzene So lub le  011 

IBP, OF 

IBP-~ IS~F.  u t 
91s0f*, u 0 

f i l t e r  Cake 
U 8 o f  f e e d  l o  Vacuum S t l l l  
Benzene-Soluble, U t 
Benzene- Insoluble,  U t 
Ash. u a 
Brnlene-insoluble Residuum, W t 
Unreacted Coal, U k (€s t lma ted)  
Carbon. U 8 
Hydrogen, U t 

w Witrogeh. U $ 
IU S u l f u r ,  U t 
X) 

S l u r r y  n i x i n g  Tank 
Ash, U 8 

I n t e r n a l  k e c y c l e  O i l  ( f l ashed)  
Ash, I & 

Hydroclone Feed 
Ash, U . . 
 AS^, u t a 
Ash, W \ 

Hydroclone Over l l ow  
G r a v i t y ,  OAPI 

ASTn D i s t i l l a t i o n  
I BP 
10 
I 0  
50 
70 
V & e 6 5 o o ~ / ~  $ @ 97S0f 

U t 975OFe ( I n c l u d e s  Sol.lds) 
Ash. U t . 

Hydroc lone Under f l ow 
Ash, u a 

2 C a l c u l a t e d  f rom Over f l ow and Under f l ow Analyse.. f l ows  
6:: C a l c u l a t e d  f rom Over f l ow and Vacuum Bottoms Analyses, f l ows  



P a r l o d  

AHALISfS (con1 lnued)  

A t m r p h e r l c  Overhead 
IBP-~OO~F G r a v l t y .  API 

Carbon, U 8 
Hydrogen. U 8 
S u l f u r .  U t 
Ni t rogen ,  U 8 

400°Ft t r a v l t y .  OAPl 
S u l f u r .  U 8 

A t n o r p l ~ e r l c  St111 Bottoms 
I B P - ~ ~ O ~ F  G r a v l t y .  OAPI 

650°F+ G r a v l t y .  OAPl 

Vacuum S t i l l  Overhead 
I B P - ~ ~ O ~ F  G r a v i t y .  OAPI 

6 5 0 ~ ~ 4  G r a v i  t y .  OAPI 

Vacuum St II Bottoms A IBP-975 F G r a v l t y .  OAPI 
Carbon. Y t 
Hydrogen. U 8 
S u l f u r ,  U t 
l l l t r o c ~ e n .  U 2 

9 7 ~ ~ F +  01  1 G r a v i t y .  OAPI 
' Carbon. U % 

Hydrogen. Y 8 
i S u l f u r ,  U ' (  

N i t r o g e n .  U O 

CHARACTtRIZATION OF SOLIDS-FREE 
OIL PRODUCTS 

O i s t i l l a t i o n  o f  F i l t r a t e  
f rom F i l t r a t i o n  O p e r a t i o n  

Vacuum O i s t i l l a t i o n  
F i n a l  Vapor Temperature. Of  
Pressure.  T o r r  
nes ldue.  U P o f  F i l t r a t e  

S u i f u r ,  U h 
Ash. U b 
Benzene I n s o l u b l e .  U t 
IBP-9750~ 
9 1 ~ ~ F +  

Ba tch  D i r r i l l a t i o n  o f  
Vacuun~ Bot toms S l u r r y  P roduc t  , 

Vacuum O i s t l l l a t i o n  
F i n a l  Vapor Temperature. OF 
Pressu re ,  T o r r  

D i s t i  l l a ~ r . Y  O Vacuum Bottoms S l u r r y  
Grav i  t y ,  OAPI 
S u l f u r .  U $ 



PHASE I1 - OOE/PARTICIPANTS PROGRAM 

The o v e r a l l  ob jec t i ve  o f  the Phase I I  program was t o  achieve 
rnaximum assurance o f  successful operations i n  the H-Coal P i l o t  
Plant. The s p e c i f i c  ob jec t i ves  were: 

1. Msdify the PDU t o  simulate as c l ose l y  as poss ib le  the P i l o t  
B l  a n t  and increase the re1 i a b i l  i t y  and produc'tivity o f '  
PBU ope ra t i  on. 

2; Oupl i e a t e  on the PDU, as c l ose l y  as pessib l  e, the operat ing 
cond i t i ons  f o r  the H-Coal P i l o t  P lan t  as s ta ted i n  the- 
Technical Management P I  an. 

3 ,  Devel op P i l o t  P I  an t  emergency operat ing procedures by 
exp lo r ing  po ten t i a l  f a i l u r e  modes and responses on the POU. 

4. Provide t r a i n i n g  ' f o r  Pi1 o t  P l  an t  operat ing personnel . 
5,  I d e n t i  f y  . improved h igh density. and high a c t i v i t y  ca ta l ys t s  

f o r  use i n  the H-Coal P i l o t  Plant. 

6. Confirm the design o f  the reac to r  ebu l l a t i ng  cup fop the 
H-Coal P i l o t  P I  ant. 

7 Conduct c e r t a i n  process engineering studies 1 eading to 
op t im i za t i on  of the H-C0a1 Pracets and improvmcnt ef the 
design data base. 



PDU R U N  5 - ILLINOIS NO. 6 COAL - SYNCRUDE MODE 

Run 5 was undertaken to s imu la t e  a s  c l o s e l y  a s  p o s s i b l e  
syncrude.  mode o p e r a t i o n s  i n  the H-Coal P i l o t  P l a n t  when using 
I l l i n o i s  No. 6 coal w i t h  cont inuous  c a t a l y s t  a d d i t i o n  and 
withdrawal .  The p roces s  c o n d i t i o n s  were the same a s  t hose  
s p e c i f i e d  f o r  the P i l o t  P l a n t  f o r  this  type  o f  ope ra t i on .  In 
every s i g n i f i c a n t  r e s p e c t  th is  PDU run  met each of the t a r g e t e d  
s p e c i f i c a t i o n s .  

The run l a s t e d  f o r  t h i r t y  days. Opera t ion  was smooth, and 
there were no s i g n i f i c a n t  o p e r a t i n g  problems even though this 
was the f i r s t  demons t ra t ion  o f  the c a t a l y s t  addi t ion-withdrawal  
system in  an ac tua-1 .PDU o p e r a t i o n .  The p r i n c i p a l  achievements 
o f  PDU Run 5 were: 

e c a t a l y s t  rep1 acement a t  a r a t e  of one pound per ton o f  coal  
wi thout  i n t e r r u p t i o n  in  o p e r a t i o n s  o f  the PDU 

t h i r t y  days o f  s u s t a i n e d  o p e r a t i o n  w i t h  e x c e l l e n t  s t a b i l  i t y  

success fu l  demons t ra t ion  o f  the o p e r a t i n g  parameters  f o r  
P i l o t  P l a n t  syncrude o p e r a t i o n  w i t h  I l l i n o i s  blo. 6 coal 

d a t a  f o r  comparison w i t h  p rev ious  p r o j e c t i o n s  o f  s t eady  
s t a t e  y i e l d s  based on runs  w i thou t  c a t a l y s t  a d d i t i o n  ' 

d a t a  on the v i s c o s i t y  of  f r e s h  vacuum s t i l l  bottoms 

One o f  the most s i g n i f i c a n t  achievements o f  PDU Run 5 was a 
demons t ra t ion  o f  the c a t a l y s t  addi tion-wi thdrawal system which 
.was designed , and bui l  t by HRI and i n s t a l  1 ed - a s  an i n t e g r a l  
component of the Process  Devel opment Unit .  I t s  use in P D U  Run 
5 provided ope ra t i ng  expe r i ence  a p p l i c a b l e  to a s i m i l a r  system 
i n  the 600 T/D H-Coal P i l o t  P l a n t  under c o n s t r u c t i o n  a t  
Cat1 e t t s b u r g  , Kentucky. The dis t i l  1 a t e  y i e l d s  of  th is  opera-  
t i o n  w i  t h  c a t a l y s t  a d d i t i o n  and w i  thdrawal reached c a t a l y s t  
s teady  s t a t e  i n  ten  days and e s s e n t i a l  l y  confirmed p r e d i c t i o n s  
based on prev ious  runs  in  which the d e a c t i v a t i o n  o f  a s i n g l e  
ba t ch  o f  c a t a l y s t  was monitored. 



DATA CORRELATION 

0 

PDU Cer$elation PDU Observed 
Bench. Un i t W i  shout I With 

Catalyst Addition Catalyst Addition - 

e , - c 3 ?  w t 8 e 3  9 6 1 1  -2. 

Differences in source of Illinois eoal. catalyst and operating conditions 

m y  prevent exact conspasisan 



ANALYSIS OF ILLINOIS NO. 6 BURNING STAR, M I N E  32 COAL 

FOR POU RUN 5 (RUN 130-82) 

HRI No. 

Feed t o  Per iod  

Hours on Run 

39 18 3944 3918 
As Received 1-9 

0-21 2 

Proximate, Dry Basis,  .U % 
Ash 
V o l a t i l e  Ha t t e r  
F ixed Carbon 

U l t imate ,  Dry Basis,  U % 
Carbon 
Hydrogen 
N i t rogen 
S u l f u r  (LECO) 
Ash 
Ch lo r ine  
Oxygen (Di f ference) 

Su l f u r  i n  Ash, U % 

S u l f u r  ( ~ s c h k a ) ,  U % 

S u l f u r  Forms. Dry Basis, U % 
F y r i  t i c  
Su l f a t e  

Heat ing Value, Btu/Lb 

Sieve Analys is ,  Screen Size (u . s . s . )  
+50 

Sol70 
70/ 100 

1 OO/ 1 40 
140/MO 
200/325 

-325 

B inera \  Analys is ,  U % i g n i t e d  
S i l i c a ,  SiO2 
Alunina. A1203 
T i  tan ia ,  Ti02 
F e r r i c  Oxide, Fez03 
Lime. CsO 
Magnesia, HgO 
Potassium Oxide. K20 
Sodium Oxide, Ma20 
S u l f u r  T r iox ide ,  SO3 
Phos. Pcnc., P ~ O S  
Undetercii ncd 

To ta l  



PW RUN 5 (130-82) - M-COAL OPERATIONS ON UURNING STAR RIME. ILLINOIS NO. 6 COAL (HRI 3918) 

CATALYST - PJsERlCW CIANARIO wOS-lbb2~. 1/16" EnRUBAYES (HRI 1830) 96.9 CDS DRY ' INITIAL CHARGE 

REACPOU LIQUIB PWASE DEPTH 19 FEET. woiune 7.49 173 

Per lod  I A  18 2A 2s 3 4 5 6 7 8  

Oat*. End o f  Parlod (1977) 914 9/5 9/5 9/6 9/7 g/8 9/9 9/10 9/11 9/12 

m u m  o f  Run - Beginning 
End 

b c a l y s t  Inventory. 8 a g i ~ i n g .  Lbs. 96.7 96.7 96.0 96.8 101.8 101.6 100.6 180.5 100.0 100.0 
CatalystAddmd - 0.00 0.00 0.00 0.08 5.eo 3.33 1.51 4.17 6.04 0.00 
Catalyst W l t M r . m ,  0.00 O.QO 0.70 0.00 0.08 3.b9 5.66 4.24 4.25 0.M 
Catalyst Age (Cn-3). Lbs Or). Coal/Lb Catalyst 

~werapee I 38 66 95 149 202 253 300 340 398 
Or ig ina l  charge- I 4  38 66 95 I54 213 272 330 389 447 

Catalyst Addad. C~~ss la t i ve .  Us/Ton'Qfy 60sl 0.00 0.00 0.00 0.QQ 0.77 0.87 1.02 1.09 1-24 1.08 

Coal Feud (Oy) .  ~ b e / # r / ~ c ~  Reactor Wol- 21.2 26.0 29.5 3 .7  33.2 3 3.4 32.5 32.6 32.3 
m i s t u ~ e .  ld b b.60 1-39 2.86 3.59 3.50 3.b5 2.44 2.70 
Ash. (Dry 8asis) 10.34 10.84 10.83 10.49 11.17 11.09 10.81 11.03 

Renc le  fl-s. Lbs/Lb' Solids 
Atnusuheric S t I I I  Bot tom 
vacum s t1  l l Overhead 
l n r r n o o y  Change 
Hydroclone Overflow (01 1) 
Hake-Uo 011 

1-ratures. OF 
b . 1  P~ehmaemr Outlet 620 723 722 716 710 706 711 717 723 n 8  
Rccetor L iquid Phase - A 4 ~ a q a  811 0) 848 850 .a49 809 8b8 849 849 849 

)U=ilas 816 846 856 858 858 858 857 857 857 856 
Seoaracor 749 787 298 801 979 797 795 796 795 - 
Hydroclone 460 488 sol 510 501 509 555 555 554 551 
vacuuu S t i l l  f l ask  Zone 428 491 487 510 501 549 555 555 535 538 

Pressure i n  Vacuum Flash. Torr 4.0 8.2 6.8 3.3 3.0 2.8 2.9 2.5 2.3 2.4 

Nydroqan Partla1 Pressure 
(Rrsctor Outler) 

R a n c l r  Gas. HSCf/Ton 0- Corl 
Vane a s ,  H S C f h  O y  Coal 
Wdroqen Purl ty  o f  Pacycle Gas 

L Vent. \ 
Total Mydra)m. RSCF/Ton D y  Coal 

(Rcactor Out l a t )  

&kcup  Hydrogen + Recycle Hydroqen 
HSCF/Ton 0 y  Coal 
V t o f  Bake-Uo C Recycle Gas 
Hydrogen Part ia l  Prosrure. p r i g  

Hydrogen Cons~~tion*.. 
HSCF/Ton Dry Coal 
w t O y  coal 

011 Additions 
Make-Uo O i l  - Lbs/Lb O r *  Coal 

~bs /Mr / f r  3 Reaceor 
f lush 01 1. Lbs/Lb Ory C m l  

Average age weighed by p r o w r t  Ions o f  cacaly j t  o f  v; . 'ous ages I n  bed 

+. Age o f  ~ r t l 0 n  of o r ig ina l  catalyst  remaining I n  bed 

Or l f l ce  for fresh hydrogen. neeer for  product gases u l t h  analysl r  



POU RUN 5 (130-82) - OPERATING RESULTS page 2 of 5 

Perlod 

Co 1 I acted Product puan t i t ias. 
u t o f  o y  Coal 

Atmospheric Stk11 Ovehea 
Arh.srphcr i C I  11 1 0 8 8 t m s  91 I 
Vacuwn S t  i 1 1 overhead( l )  
v a c u a  $ t i  11 Boeteam 
n20(2) 

ci -3 
c4-c6 
H2S i n  Gases 
C02 6 co 

Tots 1 

Input Quantities. V t o f  O y  Coal 
O y  Coal 
Moisture i n  Fead Coal 
Bake-Up O i  1 Add i t lonr  
Flush O i l  
Hydrogen .Reacted (7) 
Total Used fo r  Nonnalfzat ion 
Coal Converrion. U t o f  N.A.F. Coal(6) 

Normal i r e d  Net Producr ~ l s t r i b u t i o n ( ~ )  
u 2 o f  O r y  Coal 

CO. co t  
CI-C3 Hydrocarbons i n  Gases 
Cb-C Hydrocarbons i n  Cases 
I 87-tOO°F Naph cha 

' 400-650°F O i s t i l l a c e s  
650-975°F O i s t i l l a t  
97S01+ Residual Oil!') 

Toluene Soluble 
Toluene insoluble 

Unconverted Coal 
Ash 
Hz0 (Hat) 

(Foread N 1 rrogen) 
(Forced Sul fur )  

(100 + Hydrogen Reacted) 

100.0 100.o 100.0 100.0 100.0 100.0 100.0 100.0 100.0 roo., 
4.82 (4.16) 3.51 2.80 3.70 3.63 3.57 2.50 2.7 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ,o.oo 0.0 
0.51 0.39 0.30 0.30 0.30 0.30 0.30 0.32 0.31 0.3 

5.84 5.72 5.80 5.61 5.52 4 .  5.44 5.1 
lOO.jO 109.45 108.90 (5 )  109.45 96.4 96. 

' 96.0 ' ' '94.5 94.7 95.2 94.6 . 96.4 96. 

(1) Negative quan t i t i es  o f  a t m s ~ h e r i c  s t i l l  overhead and vacuun overhead arc decreases o f  i n v e n t o y  o f  
s l u r r y  o i l  ho ld ing  tank 

(2) Includes dissolved NH3 and HzS 

(3) ASTM d i s t i l l a t i o n  cut po in ts  

(4) Per iod 4 based on vacuum . f i s t i l l a t i o n  o f  toluene so lub le  o i l  i n  vacuum bottoms. Other pcr iods based 
on bacch d i s t i l l a t i o n  assay O F  vacuum bottoms. es t imat ing 1 8 r - 9 7 p F  i n  vacuum bottoms as 1.24 times 
amunc o f  d i s t i l l a c e  obtained (average o f  Periods 4. l j .  23. and 29 assays). 

( 5 )  Hydrosen consumption by coal Feed and product hydrogen analyses. a m n i a  Format ion 'by n i  trogen 
ba l ance. 

(6) Eased on f i l t r a t i o n  o f  croducc s l u r r y  Fed t o  vacuum s t i l l .  unless o the r r i se  $*aced. 

(7) O r i  r i c e ,  For. f resh hydroqen, meter For product gases w i t h  analysis. 

135 
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Atms0hOr16 st111 OllOfhUad ' 

Crar i  ty. "APl 
10 v % 
30 
50 
70 
90 

:"'r e 40* 
carbon. w 8 
Wdrogon. Y 8 
n i  e r w n .  W Oo 
Sulfur. W % 
i n u m l r .  W t 

A t m s p h e ~ I ~  $111 1 8ott- 
Grcri  ey. OAPI 
I I P .  O f  

10 v 00 
30 
50 
m 
90 
FBP 
V t ? 4 0 0 -  
v t ? 65OoF 
Carbon. W 8 
ngdregen. W 8 
Mitroqon. W : 

.Sulfur. W t 

vacurs S t i l l  Overhead 
Grari&v. "API . 
IBP. F 

10 v t 
30 
50 
70 
90 

FBP 
V 0 2 65WC 
Carbon. u 8 
Wdroqan. W % . 
M i  tmqan. W I 
Sulfur, W I 

water 
witroqon. U t 
Sulfur. W I 
Carbon. W % 

0-5 L lou id 
Gravity. OAPl 
Ash. W t 
Vrcuun O is t l l l a t l om 

I I P .  OF 
10 V I 
30 
50 
70 
90 
FBP 

v I a 4Co"f 
V : 9 650°F 
Residue. U I 

0-12 L iqu id  
Gravi ty. OAPl 
Vacuum O i s t i l l a t l a n  

IBP. OF 
10 V : 
10 
i o  
70 
90 
FEZ 

V 2 3 l~OOof 
V : ? 650°F 
W 1 Rar idw 

O l s t i l  l.rcion% - ALL ASTM 0-66 enceot brScLeteJ values from ASTM 0-1 160 (mod1 fled) 

9 36 
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Period 

vaculal S t l l l  Bottona 
W t of  f l a n  f r m  Vacuua St111 
l o l u e m  Soluble. Y : 
l o l u e m  Inwluble. W : 
Ash. V t 
Unreactid Coal. W t (Estimated) 
Toluem Insoluble Resld. W t (EstlautcC) 
Carbon. w : 
Hydrogen. t 
Mltrogm. W t 
Sulfur. W t 

.ASTM Ash, W t 
LukmiAsh hilu. 

W E a t r u t i o n  bv P l l t r a r l m '  
OW Soluble. V t 
To lunc fa t rac ted  01 1 

Is?. of 
O l r t i l l a t a  t o  9 7 9 f .  W t ; 

F l  l t e r  Cake 1 '  
W t of Feed t o  Vacuua St11 1 
TolumcSoiublo. W : 
Toluenclnsoluble. U f 
Ash. w 1 
Tolume-Insoluble Residues. U t 
Unreacted Coal. W t (Escinuted) 
Carbon. W : 
hdroqm. w t 
Sulfur. W 8 
Nltroqm. W : 

Catalvst W l t h d r u l r  
W i t h d r w l r .  O i l  Laden Pands 
011. w t 

. 161vManu (01 l-Frra) . U t 
Estinuted Catalvst Cmtmt. pa.. 

Mvdroclme F e d  
Ash. w : 

Wdroclam Owrf lor 
. . Cravltv. OA?l 

Olr t ' i l la t ion (0-1160) 
IB?. OF 
10 v \ 
30 
50 
m 
E? 
v t e 6500~ 
V t Q 9750c 
v : 97S0f+ (Includes Solids) 
Ash. w t 

!dvdroclons Underf lor 
Ash, w : 

Atmsoheric Overhead 
I BC-lqPF 

Cravitv. OAPI 
Sulfur. W : 
Mltroqm. u t 
Ph.nols. v t 

COOOF* 
Cravi tv. OAPI 
Sulfur. W t 
Nlcraqm. V : 

Atmroheric S t l l l  Boctona 
l UP-6StoF 

Cravity. OAPI 

Sulfur. W : 
Nltroqan. U 2 
Phenols. V : 

6500F* 
Cravi tv. OAPI 

Sulfur. W : 
' N i t rogcn .Ut  

Vacuum st i 11 O~erhe.4 
. IBP-6SOOf 

Cravlty. OAPl 
Sulfur. U : 
Microyen. W : 



Period 

Vacuum Se l l l Ororh*ad 
6500- 

Cravley. OAPl 
Sulfur. W 8 
#Itpopcn. Y 0 

vacuwn St1 I 1  8attosr 
Toluene-fxtracted 011. IBP-9750C 

Grarlty, OAPI 
Carbar. V t 
Wdr0q.n. W t 
SUI~UP. w : 
M l t r o q m .  Y 2 

O I A R A ~ ~ ~ I Z A Y I O N  O f  SOL1 0s-FREE OIL PROWCT 

Batch Dlse11lation o f  Pi l t raee lr& 
F l l t r a t l o n  o f  Vacuum S t i l l  fead 

f lna l  Vapor tcmwrature. OF 
Pressure. Torr . 
Rorldaa. Y : of Ft l t raec 

M a I v s i s  of Reridw 
. s u l f u ~ .  w t 

IIP. OF 
O i s t l l l a t o  t o  97*, W X 

Analysis o f  9750- 
PJTR Ash. w t 
carbon. w 2 
Wdropen. V t 
Sulfur. W 2 
Nitrogen. W I 

lo lunrExcrace1on o f  h i d m  
I n m l u b l w  (Eauot  Ash). W O 
Ash. Y x 

OW Extracrion of Rasidw 
Insolublos (Eaceot Ash) .  W t 
Ash. w t 

Batch O l s e l l l a t l m  
of Vacuum Bottom Slurry Product 

F icu l  Vawr Temarature. OF 
Prwsura. l o r r  
Olot i l la to.  W O of Vaccars Bottoms S l u r ~  
V.cum O l r t i l l a t e  

G ~ a v l e y . ~ A P l  . 
IIP. OF 
10 V t 
33 
so 
to 
98 
n p  
v 8 e 65& 
v 2 e 97PP. 
Residu. W . 
Sulfur. W t 

Calculat.d - i t ion of Solldr-free 011 
I n  V a c w  Bottaus Slurry Product 

' h s P 1 t u t i a . W :  
8acch S t i l l  Oistil!ate frtrs Slurry Product 
BaCch S t i l l  Residue from F i l t race  

Cola~osicim. W t (Calculated) 
Carbon. W : 
Hvdregen. Y P 
Mltrogen. W f 
Sulfur. W : 
Ash. W O, 

Calculated C-sition of 4000Fa Liquid Product, 
Cas t i tu r ion .  W : 

Atmsoheric S t i l l  Overhead. LOWF 
APR)sohcric S t i l l  Sottoms 

- 
Vacuum S t i l l  'Jvemead 
Vacuvs S t i l l  Sottmn. Sollds-free O i l  

Co~oosit ion. W t 
Car-. W t 
Wvdroqen, W t 
Mltrogan. W : 
Swl fur  
Ash. w % 
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POU RUN 5 (130-82) - n-COAL OI'~'P.,ITIOHS otc nunrctrr, MINE. ILLrNots 110. 6 COAL 

(HRI 3918 394k -PERIOD 17 AN0 THEREATrER) 

CATALYST - AMERICAN CYANAMID HOS-l44ZA. 1/16" EXIRUOATES (NRI '3830) 96.7 LBS DRY I t I I i IAL  CHARGE 

REACTOR L lou lo  PHASE oEPTn 19 F E ~ .  VOLUME 7.49 nj 

Perlod 

Date. End o f  Per iod (1977) 

Hours o f  Run - Beginning 
L I~J  

Caralyst Inventory. Beginning. Lbs. 
Cata lys t  Added 
Cata lys t  W i thd rwn  
Cata lys t  Age (End!. Lbs Dry Coal/Lb Catalyst 

Average* 
Or i g i na l  Chars+** 

Cata lys t  Added. Cumulative. Lbs/Ton 0ry.Coal 

Coal Feed (OW) .  ~ b s / ~ r l ~ t I  Reactor Volume 
m i s t u r e ,  W % 
Ash. t (Dry Basis) 

Recycle F l u d .  Lbs/Lb Sol ids 
Atamspheric S t i l l  Bottoms 
Vacuum S t i l l  Overhead 
Inventory  Change 
Hydroclone O v e r f l a  ( O i l )  
mke-Up O i l  

Tota l  

Temperature. OF 
Coal Prehsater Out l e t  
Reactor L i q u i d  Phase - Average 

M a  ih 
Separaiar 
Hydroc lone 
Vacuun St i l l Flash Zone 

Pressure I n  Vacuum Flash. Tor r  

Pressure. p s i 9  
U n i t  Back Pressure' 
Hydrogen mke-UP 
Hydrogen P a r t i a l  Pressure 

(Reactor Ou t l e t )  

Recycle fias. MSCF/lon Dry Coal 
v e i t  Gas. MSCF/lon O r y  Coal 
Hydrogen P u r i t y  o f  Recycle Gas . r Vent. % 

Tota l  Hydroqen. rrSCFlTon Dry Coal 
(Reactor Out l e t )  

Rake-Up Hydrogen + Recycle Hydrogen 
nSCF/Ton Dry Coal 
V t o f  Make-up C Recycle Gas 
Hydrogen P a r t i a l  Pressure, Ps ig  

Hyd rqen  Consungtion*+* . 
RSCFITon Dry Coal 
U l Ory Coal 

011 Addi t ions 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Make-up O i l  - Lbs/Lb O r  Coal 0.0 0.0 0.0 0.0 0.0 ,O.O 0.0 0.0 0.0 0.0 

Lbs/Hr/FtJ Rcactor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Flush O i l .  Lbs/Lb Dry Coal . 0.0031 0.0031 0.0031 0.0031 0.0032 0.0032 0.0033 0.0034 0.0032 0.0033 

Average Jge weighed by p r o p ~ r t i o n s  o f  ca ta l ys t  o f v a r i o u s ' i g c s  i n  bed 

** Agc o f  p o r t i o n  o f  o r i g i n a l  caLalyst r c w i n i n 9  i n  bcd 

*** O r i f i c e  f o r  f r csh  hydrogen, meter f o r  product gascs u l t h  analysls 
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- 
POU RUN 5 (130-82) - OI'CRATING RCSULTS 

Per lad 

Collected Product Quantleies 
W t Dry Cool 

Atmsphcric Still Overhead 
Atmospheric Still B o t t w  (I) 
Vacuum St i 1 l Overhead (I) 
VacLm St I l l Bottcns (2) 

"20 
C ~ - C 3  
cq-C 
H2s 9. cases 
C02 b co 

Tot. 1 

Input Quantitles. U : of Ory Coal 
3py c0.1 .ioo.o 100.0 100.0 100.0 100.0 180.0 100.0 1on.o 100.0 100.0 
mcoiscure in Feed Coal 2.57 3.01 2.56 2.65 3.30 3.00 3 3 2.68 4.40 
Make-up 011 Additinns 
Flush Oil 0.31 0.31 0.31 0.31 0 0.32 0.33 0.34 0.32 0.33 
Hydrogen Reacted (7) 5.01 5.12 5.03 5.07 5.33 5.38 S.bO 5.41 4.95 4.76 
Total Used for Normalization 107.97 108.44 107.90 108.03 108.95 108.70 (5) Il0.lS 107.95 l0g.bg 
coal Conversion. v t of I$.A.F. Co-1 (6) 93-9 96.b 95.5 95.0 94.9 95.6 95.2 95.0 95.4 94.5 

Uoraulized Nct Product Oistrlbuiion (j) 
W t of Dry Coal 

CO. C02 
CI-C] Hydrocarbons in Cases 
Ci,-C6 Hydrocarbons In Gasas. 
l8P-bOOoF Naphtha 
400-BSOoF Distillates 
650-97S°F Oisti l late 
9750F+ Residual Oi I i4) 
Toluene Soluble 
Toluene Insoluble 

Unconverted Coal 
Ash 
"20 
UH (Forced Nltrogen) 

. Hz1 (Forced Sulfur) 
Total (100 nyiiroqen Reacted) 

(I) Negative quantlt ies of atmospheric sti I 1  overhead and vacuum overhead are decreases of inventory of slurv ol 1 
holding tank 

(2) Includes dissolved NH3 and H2S 

(3)' ASTM distillation cut point 

(4) Period 15 based on vacuum disttttation of toluene soluble oil In vacuum bottas. Other periods based on batch 
dlstlllation assay of vacuum bottoms. estimating IBP-97S°F in vacum hottons as 1.24 times ursunc of distillate 
obkined (~verage of Periods 4, IS. 23 t 28 Assays) 

(5) Hydrogen consumpt ion by coal feed and product hydrogen analyses. Amonir fornution by nitrogen balance 

( 6 )  Based on filtration of product slurry fed to vacuum stlll. unless otherrise noted 

(7) Orifice for fresh hydrogen. meter for product gases with analysis 



Period 

Atmosoherlc St111 Overhead 
Gravl ty.  OAPl 
IBP. OF 
l o  v t 
30 
50 
70 
90 
FBP 
v : e 4000F 
Carbon. W t 
nydrogen. W t 
Nitroqen. W : 
f u l f u r .  U : 
Phenols. V t 

Atmospheric S t i l l  Bot tmn 
Crar i  ry. OAPl 
IBP. OF 

10 V t 
30 
50 
70 
90 
FBP 
v z e 4o0°~  
v t e 6 5 0 0 ~  
Carbon. W t 
Nydro9m. W 2 
Nitrogen. W 2 - 
Sulfur. W t 

Vacuum S t i l l  Overhead 
Cravi ry, OAPl 
I ep. OF 

10 V t 
30 
SO. 
70 
90 
FBP 
v t e 6soo~  
Carbon. Y t 
Hydrogen. W t 
Nitrogen. W I 
Sulfur. W 1 

water 
Nitrogen. W t . 
Sulfur.  W t 
Carbon. W t 

0-5 L iqu id  
Gravity. OAPl 
Ash. W I 
Vacuum O ia t i  l l r c l c n  

Iep. OF 

10 V t 
30 
SO 
70 
00 
FBP 

v t e booor 
V : ? 65GOF 
Roidue. W t 

0-12 L iau id  
Cr-wi cy. OAPI 
Vacuum Jisrillarion 

IBP. OF 
l o  v t 
30 
50 
70 
90 
FBP 

V : ? 400'~ 
V : 3 5 5 0 ~ ~  
Residue. W : 

O i s r l ~ ~ a c i o n a  - A l l  ISTM 0-86 caccrc bracketed values f r m  ASTM 0-IILO (modified) 
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Vdcuua S t l l l  B o t t a s  
W t o f  Flows f r m  Vacuua S t i l l  
Toluene Soluble. Y : 
Toluene Insoluble. U t 
Ash. W 2 
Unraactcd Coal. U t (Estimated) 
Toluene-Insoluble Resid. U 1 (Est iareed) 
Carbon. W : 
Hydrogen. U 2 . 
Nitrogen. 'd \ 
Sul fur .  U : 
Asm  AS^. u z 
Coke/Ash Ratio. 

DRF Ext rac t ion by F l t t r o t i o n  
OHF Soluble. W : 
Toluene-Extracted O i l  

IBP OF 
b ls ; l l la te  t o  975°F. V 2, 

F l l t e r  Cake 
W I of Femd t o  Vocuua S t i l l  
Toluene-Soluble, U Z 
Toluene-lns6luble. U t 
Ash. W 8 
Toluene-Insoluble Residues. U I 
Unreacted Coal. U t (Estimated) 

Catalyst .Wi thdrawls  
W i thd raw l r .  Oil-Ladan Pounds 
Oi l .  U t 
holytdenun (Oi l  Free). ;I t 
Es t i a r t e  Catalyst Contene. Lbs.5 

Hydroclone Feed 
Ash. U 2 

nydroeiana Ouerf IOU 
Gravity. OA?l 
O l s t i l l a t i o n  

IBP. OF 
10 v 2 
30 
so 
70 . - 
EP 

V 2 @ 6 5 0 ~ ~  
v L @ 92s0r 
W t 975 F+ ( includes So l ids)  
Ash. U L ' 

Hydroclone Underflow 
Ash. W t 

Atmspher ic  Overhead 
I BP-booor 

Gravl ty .  OAPI 

Sulfur.  W 7 
Nitrogen. U : 
Phenols. V I 

~ w O F *  

Gravl ty.  OAFI 

Sulfur, U 
Nitrogen. U t 

Atmospheric S t i l l  Bottons 
I BP-650°F 

Gravity.  OAPl 
Sulfur,  W 2 
Nitrogen. U I 
Phenols, V I 

65OoF* 
Gravi ty.  OAP1 
Sulfur.  W : . 
Nitrogen. W t 

Vacuum St111 Ovcrhead 
I BP-650°F 

Gravity, OAPI 

Sulfur.  u : 
nltrogcn. W I 

Basls. 9.00% Mlrbdenvm I n  Frcsh Catalyst 

142 
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Per lod 
Vacuua S t l l l  Overhead 

650°f+ 
craw I t y  , OAP I 
Sulfur. W 2 
Nitrogen. W 2 

Vacurp S t i l l  Bottoms 
Toluene-Extracted 01 1. IBP-97PF 

Cravl ty.  OAPI 

Carbon. W 2 
nydr*qan, u : 
Sulfur. w L ' 

Nitrogen. W t 

CMARACTERIZAllOH OF SOLIOSIFREE OIL PRODUCT 

Batch O i s t t l l a t i o n  o f  F i l t r a t e  i r a n  
Filtration o f  Vacuun S t i l l  Feed 

Final Vaoor Temperacure. OF 

Pressure. Torr 
Residua. W : o f  F i l c r r t a  

Pru lys ls  o t  Re i i d i i i  
Sulfur.  W 2 
IBP. O f  

O l s t i l l a t e  t o  97S°F. W 2 
h l y s i s  of 975'~- 

ASTM Ash. W 2 
Carbon. W : 
Mydrogen. W t 
Sulfur,  W 2 
Hltrogen, W t 

Toluene-Extraction o l  Rasldue 
lnsolublas (Exccpt Ash) . W 2 
Ash. w \ 

Batch O i s l i l l a t i o n  
of Vacuua Bottcnr S lu r r y  Product . Final Vapor 1-arature. OF 

Pressure. Torr 
O l r c i l l a t e .  W 2 of Vacuua Bottoas S lu r r y  
Vacuw Distillate 

Cravity.  O w l  

IBP. OF 

I 0  V 2 
30 
50 
70 
90 
FBP 
V t e 6 5 0 0 ~  
V t ! 97S°F 
Residue. W : 
Sulfur. w 2 

C a l c u l a t d  Ccnposition o f  Solids-Free 011 
I n  V ~ C M  8ottans SIur rv  Product 

Const i tut ion. W : 
Batch S t i l l  O i s t i l l a t a  f r an  S lu r r y  Product 
Batch S t i l l  Residua f r w  F i l t r a t e  

Canposition. W 2 (Calculated) 
Carbon. W : 
nydrogcn. u 2 . 
Nitrogen. W : 
Sulfur.  W 2 
Ash. Y 2 

Calculated Canposition of COOOF+ l i q u i d  Product 
Consri tut ion. W % 

Atmsphcric St i l l Overhaad. Cooof 
, 

Atnospheric S t i l l  eottans 
Vacuum St1 11 Overhead 
V ~ C U M  S t i l l  Bqttons. Sollds-Frea O i l  

C~mposlt ion. W : 
Carbon. W 2 
Mrdrogcn. W 2 
Nitrogen, W 2 
Sulfur. W : 
Ash. W : 
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PW RUN 5 (l3C-82) - H-COAL OPERATlOllS 011 BURNING STAR MINE. ILLIHOIS HO. 6 COAL (HRI 3944) 

CATALYST - AMERICAt; CYAtIMIO HOS-1442A. 1/16" ERRUOATES (HRI 3830) 96.7 LBS ORV INITIAL CHARGE 

REACTOR LIQUI o PHASE O E P T ~  19 FEET. VOLUHE 7..49 n 3  

Perlod I 9  2 0 .  21 29 23 24 25 26 27 

Date. End o f  Perlod (1977) 9/23 9/24 9/25 9/26 9/27 9/28 9/29 9/30 10/1 

Hours o f  Run - Beginning 
End 

Catalyst Inwantor).. Beginning. Lbs. 98.8 98.8 98.9 98.9 99.6 103.0 101.9 101.6 101.3 
Cacalyst Added 3.57 4.09 3.75 0.00 4.53 3.38 3.38 1.88 3.92 
Catalyst Withdram 3.92 4,09 3.67 0.00 3.85 0.00 b.43 0.00 4.22 
Catalyst Age (End). Lbs Dry C o ~ l / L b  Cacalyst 

Avwaqn* i 837 857, 881 938 953 978 la81 1010 logn 
Or ig i na l  Charge** I088 1143 I200 1257 1315 1370 I626 lb8O 1534 

Ceralyst Added. Cumulative. Lbr/Ton Dry ' I 1  1.05 1.07 1.08 1.03 0 6  1.06 1.09 1.08 1.09 

Coal Feed (Or).)., l b s / ~ r / ~ t ~  Reaczar Volume 30.58 30.17 31.28 31.54 32.03 31-79 31.66 30.33 30.35 
mlreure. W : 2.26 3.99 2.30 3.11 3 .  5.20 1.63 3.26 6.21 
Ash. t (Ow Basis) 10.73 10.92 10.79 10.82 10.85 10.85 10.81 10.69 10.68 

Recycle F l o n .  Lbs/Lb Sol ids 
Atnospheri'c S t i l l  Bottom, 
W ~ C U M  S t  i l l Overhead 
Inventory Change 
Hydroclone Overflow (O i l )  
hho-Up O i l  

Tota l  

Teatperatures. OF 
Coal Prehealcr Out l e t  
fteactor L iqu id  Phase - Average 

Raximus 
Sewra to r  
Hydroclone 
Wacuwn 5 t ;  11 Flash Zone 

PPessure I n  Vacuum Flash. Torr 
Pressure. p r i g  

b n l t  back Pressure 
Hydrogen Mhe-Up 
Hydrogen Pa r t i a l  Pressure 

(Reactor Outlec) 

Recycle Gas. HSCFmon 0ry b a l  
W e n t  Gas. mSCF/Ton O r y  COJI 
Hydrogen Pu r i t y  o f  Rccycla Gas 

6 Vent. t 
Tota l  Hydrogen. MSCFlTon Dry C w l  

(Reactor Out l e t )  

Mke-Up Hydrogen + Recycle Hydrogen 
w c r n o n  ory coal 51.0 55.3 58.1 62.0 58.7 60.2 60.1 61.5 61.9 
W 3 of Make-UD C Recycle Gas 83.8 86.0 87.2 89.7 87.9 90.9 91.0 92.0 90.6 
Hydrogen Pa r t i a l  Pressure. p r i g  2370 2430 2530 2610 2620 2650 2660 2670 2630 

i4ydroqen Consunv t i on~*  
flSCF/Ton Ory Coal 
u 1 ory coal 

011 Addit ions 
rulke-up O i l  - Lbs/Lb O r  Coal 

L b s / n r / ~ t J  Reactor 
Flush O i l .  Lbs/Lb Dry Coal 

* Average age ~ s i q h t e d  by proport ions o f  ca ta l ys t  o f  various ages I n  bed 

** Age o f  por t ion  o f  o r i p i n a l  ca ta l ys t  remaining in bed 

**a O r i f i c e  for f resh hydrogen, m t e r  f o r  product gases w i t h  analysls 



POU RUN 5 (130-82) - OPERATltlC RESULTS 

Collected Product Quant l t les  
U ? o f  Dry Coal 

Atmospheric S t i  1 1  Overlread . 
A tmosphe r i cS t i l l  Bott  
Vacuum St i 1 l Overhead rf 
Vacuum S t  i I 1  Bottoms 
HZ0 (2) 

c l - c 3  
C4-c6 
H2S i n  Cases. 
C02 r CO 

Tota l 

lnput Quantit ies. W % o f  Dry Coal 
Dry Coal 
Moisture i n  Feed Coal 
Sake-up O i l  Addit ions 
Flush O i l  
Hydrogen heacted . (7) 

Total  Used f o r  t l o n a l i z a t i o n  
Coal Conversion. W % o f  M.A.F. 

Normal ired Net Product o i s t r i b u t  ion(3) 
W S o f  Dry Coal 

CO. co t  
Cl-C3 Hydrocarbons i n  Cases 
c;-C6 Hydrocarbons i n  Cases 
102-400°F Naphtha 
400-650°F Oist  i l laces 
650-9750F D i s t i l l a t e  
97S°F+ Residual O i l  14) 

Toluene Soluble 
Toluene Insoluble 

Unconverted Coal 
Ash 
H20 (Net) 
NH3 (Forced Nitrogen) 
H2S (Forccd Su l fu r )  

Tota l (100 + Hydrogen Reacted) . 

(1) Negative quan t i t i es  o f  atmospheric s t i l l  overhead and vacuum overhead are decreases o f  inventory o f  s l u r r y  
o i l  holding tank 

(2) Includes dissolved tIH3 and H2S 

(j)  ASTH d i s t i l l a t i o n  cut  po in ts  

(4) Period 23 based on vacuum d i s t i l l a t i o n  of  toluene soluble 0 1 1  i n  vacuum b o c t a s  

(5) Hydrogen consumption by coal feed and product hydrogen analyses 

(6) Based on f i  l c rac ion o f  product s l u r r y  fed t o  vacuum s t i l l ,  unless otherwise noted 

(7) O r i f i c e  fo r  f resh hydrogen, meter f o r  product gases w i t h  ana lys is  



POU Rut8 5 (130-87) - ANALYSES - 

Atmosoher l c  S t  I 1 1 Overhead 
Grav l ty .  OAPl 
IEP.OF 
10 V t 
30 
SO 
70 
90 
FBP 
V % Q 4 0 0 ~ ~  
Carbon. W t , 

Hydrogen. W t 
Nitrogen. W Z 
Sul fu r .  U : 
Phenols. V 8 

Atmospheric S t i l l  B O C t a  
G r a v i p ,  oAPl 
IEP. F 
10 V 2 
30 
SO 
70 
90 
FEP 
v t ? 400Of 
v : ?l 650°F 
Carbon. Y % 
n y d r o g ~ n .  w t 
I4itrogen. U t 
Sul fu r .  W t 

Vacuum S t i l l  Overhead 
Gravi ty. OAPI 

IBP. OF 
l o  v t 
10 
50 
70 
90 
FEP 
V t @ 650 '~  
Carbon. W t 
Hydroqen. U t 
Nicroqen. W t 
Sul fu r .  W t 

water 
Ni t rogen. W t 
Sul fu r .  U % 
Carbon. W t 

0-5 C iqu ld  
Gravi ty.  OAPI 

Ash. M % 
Vacuum O i s t i l l a t i o n  

IBP. OF 
10 v x 
30 
SO 
70 
90 
pap 

V t '2 400 '~  
V % 0 6 5 0 ~ ~  
Residue. U t 

0-12 L i o u i d  
Gravi ty.  OAPl 
V.lCuum O i s t i l  l a t l o n  

IEP. OF 
10 v t 
30 
so 
70 
90 
FBP 

'J : a ~ O O O F  

'I : 6 j 0 ' ~  
lesldue. U I 

i s t i  l lac ion - A l l  4S7n 0-86 except bracketed v ~ l u e s  f r a n  ASTM 0-1160 (modifled) 
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POU RUN (130-82) - ANALYSES (COWTINUEO) 

Per lod 

vacuum st111 l o t t o a  
V 1 o f  F lo r r  from Vacuca St111 
Toluene Soluble. V T. 
Toluene Insolubla. V 
Ash. V 8 
Unreacted Coal. V 8 fEstinuted) 
Toluene-insoluble Resld. V 2 IEs t iw ted)  
Carbon, V t 
Hydrogen. V t 
Nitropen. V % 
Sulfur. V t 
ASTI! Ash. V t 
C O ~ M / A S ~  b r i o .  

MF Eatractian bv F i l t r a t i o n  
our SVIVCI~. w t 
Toluene-Ertractd 011 

F l  l t e r  Cake 
V t o f  F e d ' t o  Vacura S t l l l  
Toluane-Soluble. V % 
Toluene-insoluble, V 1 
Ash. V 1 
Toluene-insoluble Residu~s. V 
Unreacted Coal. V 1 ( E s t i a u t d )  
carbon, v t - 
W r w e n .  v 8 
Sulfur. V t 
Nlcropan. W t 

Caca l~s t  V l t h d r a u l r  
V l t h d z w l s .  011-Lcden Pounds 
011. V t 
MolvMenrs (01 1-Free), V 1 
L s t l m r e d  Catalvst Content. Lbs.* 

Hydroclone Overflow 
Gravity. OAPl 
O I s t l l l a t i m  (0-1160) 

I lP. OF 

10 V t 
30 
50 
70 

v t e 650°F 
V t P 975'~ 
V t 975OF* (Includes Sol Ids) 
A . h . V t  . 

nvdroclone Underf la 
Arb. V t 

Atpmoherlc Overhead 
l or-4009 

Gravity. 0191 
Sulfur, V O 
nitrogen, V t 
Phenols. V t 

bOQOF* 
craricv. OAPI 

sulfur; v t 
Nitrogen. V t 

Attmsohcric S t l l l  Bottoms 
l 8 ~ - 6 5 0 ~ ~  

Cravitv. OAPl 
Sulfur. V t 
nitrogen. v t 
Phcnols. V t 

650% 
Cravitv. OAPl 
Sulfur. V 2 

' Nitrogen. V 1 
Vacuua St111 Overhead 

1 8 ~ - 6 5 0 ~ F  
t r a v l  ty. OAPI 

Sulfur. V 5 
N i t rqen .  V t 

BJSIS. 3.00% 6o1vbdcnum I n  fresh t a t a l v s t  
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POU RUN 5 !130-82) - It-COAL 0PERATIO:l: 011 BUPJIING STAR MItIE. ILLINOIS 110. 6 COAL (HRI 3944) 

CATALYST - AMERICAN CYAtlAMIO MOS-14421. 1/16" EXTRUOATES (HRI 1810) 96.7 LBS DAY INITIAL CHARGE B 

REACTOR LIQUID PHASE DEPTH 19 FEET. VOLUME 7.49 m3 

Date. End o f  Per iod (1977) 10/2 lo / ]  10/4 10/4 10/5 10/5 

Hours o f  Run - Beginning 
End 

Catalyst  Inventory.  Beginning. Lbs. 
CataIysc Added 
Catalyst  V i t h d r a m  
Catalyst  Age (End). Lbs Dry CoaIILb Cata lys t  

AVS rage* 
O r i g i n a l  Charge*. 

Catalyst.Addcd. Cumulative. Lbs/Ton Dry Coal 

Coal Feed (Ory). ~ b s / H r / F t 3  Reactor Volume 
m i s t u r e .  V t . . 
Ash. I (Pry Basis) 

Recycle F l w s .  Lbe/Lb Sol ids  
Atnuspheric S t i l l  Bottcms 
Vacuum St11 1 Overhead 
Inventory Change 
Hydroclone Ovcrf la (Oi I )  
Hake-Uo O i l  

Tots l 

T*npera;ures. OF 

Coal Preheater Out le t  . 
Reactor L i q u i d  Phase - Average 

Maximum 
.Scp.rstor 
Hydroc lone 
Vacuum S t i l l  F lash Zone 

Pressure i n  Vacum Flash. 1o;r 

Pressure. ps i g  
Unl t Back Prcssure 
Hydrogen Make-Up 
Hydrogen P a r t i a l  Pressure 

(Reactor O u t l e t )  

Recycle Gas. HSCFITon Ow Coal 40.9 39.9 40.1 51.0 62.0 18.2 
Vent Gas. HSCF/Ton Dry Coal 8.06 7.85 7.38 6.32 4.24 23.5 
Hydrogen P u r i t y  o f  Recycle Gas 

c Vent. t 86.4- 85.7 85.1 89.6 89.9 97.5 , 

To ta l  Hydrogen. MSCF/Ton 0- Coal 
(Reactor O u t l e t )  44.1 42.4 41.9 53.5 62.3 208 

Make-Up Hydrogen + Recycle Hydrogen 
MSCF/Ton Dry Coal 
V t o f  Hake-bp 6 Recycle Gas 
Hydrogen P a r t i a l  Pressure. p s i g  

Hydrogen Consumption*** 
MSCF/Ton Ory Coal 
W t Dry Coal 

011 Addi t ions 
bke-UP O i l  - LbblLb 0 Coal 

Lbs/Hr/F? Reactor 
Flush 011. Lbs/Lb Dry Coal 

Average age w l g h e d  by propor t ions  o f  c a t a l y s t  o f  var ious ages I n  bed 

i ** Age o f  p o r t i o n  o f  o r i g i n a l  c a t a l y s t  remaining in bed 

*** O r l f i c e  f o r  f resh hydrogen, r t e r  f o r  product gases w l t h  ana lys is  
- 



Col lcc ted Product Quant l t les  
V t of Dry Coal 

Atnospheric S t i l l  Overhea 
Atatospherlc St l 1 l BottansP1) 
V~CUM S t i l 1 overhead ( l )  
Vac~ f l  St11 1 B o t t a s  

"20 
CI-C3 
c4-C6 
H2S I n  Cases 
COI r .CO 

Tqq?l 

- 

POU RUN 5 (130-82) - OPERATING RCSULTS 

Input Quantities. U I o f  Dry Coal 
0- Coal 
Roisture i n  Feed Coal 
Make-up Oi l Addit ions 
Flush 011 
Hydrogen Reacted 
Tota l  Used for Normal izat ion 
coal C ~ v & l l i o n .  u t of  H.A.F. ~ o a 1 ( 6 )  

Noravl ized Net Product 0 i s t r i b u t i o n 0 )  
W t o f  Cry Coal . 

CO. to2 
CI-C3 Hydrocarbons i n  Gases ' 

Cq-C Hydrocarbons i n  Gases 
I 8P-f 000F Naohtha 
400-650oF O i s t l l l a t ~ s  
650-9750f D i s t i l l a t  
975OF* Residual Oi IT t )  

To lums Soluble 
toluene Inso lub le  

Unconverted Coal 
Ash 
Hz0 (Net) 
NH3 (Forced Ni trogen) 
N2S (Fotccg su l f u r )  

Tota l  (100 + Hydrogen Reacted) 

. 
page 2 o f  5 

Negative q t u n t i t i c s  of a tmspher lc  s t i l l  overhead and vacum overhead are  decreases of Inventory of s l u r r y  
o i l  holding tank 

ASTM O l s t i l l a c i o n  Cur Points 

Using. vacuum s t1  11 b o c t a s  batch d i s t i l l a t e  resu l t s  b e l a  app rox iw tc  cue po in t  92P f  

Hydrcqen consunpcion by coal feed and product hydrogen analyses 

Oased an filtration o f  product s l u r r y  fed t o  vacuum s t i l l .  unless otherwise s ta led 

8ased on dimethylfornumid ex t rac t i on  o f  vacuun bottons product. Normalized vacuum bottuns f l o e  f r m  ash 
balance 

O r i f i c e  for f resh hydrogen, meter f o r  product gases w i t h  analysis 



page 3 of 5 

. . - 
Pcr lod 28 29 30 3IA 316 3 a  

Atmospheric S t i l l  Overhead 
Grav i ty .  OAPl 
IBP. OF 
10 V t 
30 
SO 
70 
90 
FBP 
V t e 4o0°F 
Carbon. W t 
nydrogcn. W t 
Nitrogen. W t 
Su l fu r ,  W I 
Phenols. V t 

Aemospheric S t i l l  Bottoms 
Gravity. OAPl 
IBP. OF 
10 V t 
30 
50 
70 
90 
FBP 
v : e 4a0°F 
v t e  SOO OF 
Carbon. W O 
Mydragon. W t 
Nitrogen. W t 
Su l fu r .  W O 

Vacuum S t i l l  Overhead 
Grav i ty .  OA?l 
l6P. OF 

10 V t 
30 
SO 
70 
90 
FBP 
v t e 6soO~ 
Carbon. W t 
nydrogcn. W t 
Nitrogcn. W t 
Su l fu r .  W t 

Water 
Nitrogcn. W t 
Su l fu r .  W t 
Carbon. W t 

0-5 L i q u i d  
Gravity. OAPI 

Ash. U O 
Vacuum O i s t i l l a t l o n  

IBP. OF 

10 v 0 
30 
SO 
70 
90 . 
FBP 

V 'c 4 0 0 ~ ~  
V Z 9 650°F 
Residue. W t 

0-12 L iqu id  
Cravi ty .  OAPI 

Vacuum O i s t i l l a t l o n  
IBP. OF 
10 v t 
30 
SO 
70 
90 
FBP ' 

V 8 J 400°F 
V t b 550°F 
Residuc. W 'c 

25.8 
149 
241 
356 
433 
495 
sas 
659 

42 

0ls;i l l.ations - AI I AS73 0-86 srceot  b r ~ c k r t c d  values from ASTH 0-1 160 (omdl f icd)  
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POU RUN 5 (130-82) - ANALYSES ~ C O ~ ~ T ~ N U E O )  

Vacuum Stlll Bottas 
W 2 of Flows fran Vacuum St111 
Tolucnc Soluble. W t 
Toluene Insoluble. W t 
Ash. W 8 
Unreacted Coal. W 8 (Est imatcd) 
Toluene Insoluble Resid. W 2 (Estimated) 
Carbon. W b 
Hydrogen. V t 
Ni trogen. V 8 
Sulfur. W \ 
m n   AS^. v t 
Coke/Ash Ratio. 

OHF Extraction by Filtration 
OMF Soluble. U t 
Toluene-Extracted Oil 

IBP. OF 
Olstlllate to 9 7 ~ ~ ~ .  W t 

r!!tw C3ke 
V I of Feed to Vacuum Stlll 
Toluene-Soluble. W t 
Toluene-lnsoluble. W 2 
Ash. W I 
Toluone-Insoluble Residues. W 8 
Unreacned Coal. U.% (Estimated) 
Carbon. W t 
Hydrogen. W t 
Sulfur. W O 
Nitrogen. W 2 

Catalyst Withdrauals 
Withdrawals. Oil-Laden Pounds 
011. w t 
Molybdenum (Oi I-Free). U t 
€st lmsted Catalyst Content. Lbs* . 

Hydroclone Feed 
Ash. W t 

Hydroclone Overflw 
Gravity. OAPI 
Olstl llation (0-1160) 

1BP.Of 
lo v t 
30 
50 
70 . 
EP 

. . 
V t e 650°F 
v t e 9 7 5 0 ~  
W t 97S°F+ (Includes Solids) 
Ash. W t 

Hydroclone Undcrflw 
Ash. w 1 

Amospherlc Overhead 
IBP-4000F 
Gravi cy, OAPI 
Sulfur. V t 
Nitrogen. W '2 
Phenols. V t 

400°F+ 
Gravity. OAPI 
Sulfur. W % 
Nitrogen. W 2 

Atmospheric Still Bottans 
I BP-650°F 
Gravity. OAPI 
Sulfur. W 8 
Nitrogen, W : 
Phenols. V t 

650°f+ 
Grav i ty . OAP l 
Sulfur. V 8 
Nltrogcn. W t 

Vacuum St i 1 1  Overhead 
I BP-650°F 
. Gr~vlty. O A P ~  

Sulfur. V 2 
Nltrogcn. W 2 

* Basls, 9.00"Volybdcnum In Frcsh Catalyst 



POU RUN 5 (130.82) - ANALYSES (CONTINUEO) 

Pcrlod 
Vacum Still Overhead 

650°F+ 
Gravl ty. OAPl 
Sulfur. W \ 
Nitrogen. W t 

Vacuum Stlll B o t t a  . 
Toluenc-Extracted 01 1 ,  I BP-9750F 

Gravl ty. OAPI 
Carbon. W t 
Hydrogen. W t 
Sulfur. W t 
Nitrogen. W t 

CHARACTERlZATlOll OF. SOLiOS-FREE OIL PRODUCT 

B P ~ S ~  Bid: i l I*! ion of F i 1 (race fron 
Filtration of Vacuun Still Fged 

Final Vapor Tmperature. F 
Pressure. Torr 
Residue. W t of filtrate 

. Analysls of Residue 
Sulfur. W t 
IBP. OF 
0ist.illate to 975'~. w t 

Analysis of 97S°F+ 
P5TM Ash. U % 
Carbon. W : 
Hydrogen. W 2 
Sulfur. W t 
Mitrogan. W t 

Toluene-Extraction of Residue 
lnsolublcs (Except Ash). W t 
Ash. W t 

OMF Extraction of Residue 
Insolubles (Except Ash). W t ' 

Ash. W t 
Batch Distillation 
of Vacuum Bottons Slurry Product , 

Flnal Vapor Temperature. OF 
Pressure. Torr , 
Olstillate. W \ o f  Vacuum Bottons Slurry 
Vacuun Distillate 

Gravi ty. O A ~ I  
IBP. OF 
10 v t 
30 
SO . 
70 
90 
FBP 
v t e 6 s o O ~  
v t e 97soc 
Residue. W b 
Sulfur. W t 

Calculated Canposition of Solids-Free 011 
In Vacuum Bottons Slurry Product 

Conslltutlon. W t 
Batch Still Distillate fron Slurry Product 
Batch Still Residue fron Filtrate 

C~lposition. W t (Calculated) 
Carbon. W \ 
Hydrogen. W t 
Nltrqen. W : 
Sulfur. w t 0.35 
Ash. W t 0.21 

Calculated Canposi t ion of 400°f+ Llquid Product 
Constitution. S t 
Atmospheric St i 1 l Overhead. 400°~*, 5.02 46.0 35.7 
Atmospheric Still Bocrons -3.8 1.5 17.6 . 
Vacuum StIII Gverhead -1 - 0  1.5 -3.5 
Vacuum Still Bottons. Solids-Free Oil 54.6 . 51.0 50.3 

Cmvosltion. W t 
Carbon. W t 89.6 
Hydrogen. W t - 

7.83 
Nltrogcn. W % 1.12 
Sulfur, W '; 0.22 
Ash. U t ' 0.11 

' Laboratory &rav to 97S°F end point. Residue Percentage b a e d  on Vacuum bottcms Slurry Quonlty 

153 



PDU RUM 7 - ILLINOIS COAL - FUEL OIL M3DE - 

PDU Run 7 was designed to c r e a t e  emergency s i t u a t i o n s  under 
con t ro l l ed  condi t ions  and develop the  proper responses t o  re- 
eseabl i s h  opera t ions  w i t h  a  m i n i m u m  of d i s rup t ion .  In 
add i t i on ,  the study served to t r a i n  operat ing personnel to 
handle emergencies i n  the  H-Coal P i l o t  P l an t  and to s t a r t  up 
t he  new equiment which had been i n s t a l l e d  s ince  the l a s e  PDU 
operat ions.  

The run a l so  generated process opt imizat ion data  f o r  o ~ e r a t i o n s  - 
i n  t he  fuel o i l  mode using I l l i n o i s  No. 6 coal .  



COAL FEED ANALYSIS 

HRI No. 
Feed t o  Period 
Hours of Run 
Moisture, W % 

proximate Analysis, Dry Basis, W % 
Ash 
Vol at i  1 e Matter 
F i xed CarbOrl 

Ultimate Analysis, Dry Basis, W % 
Carbon 
Hydrogen (organic) 
N i trogen 
Sulfur ( L E C O )  . 

Ash 
Chlorine 
Oxygen ( ~ i  fference') 

Screen Size (U.S.S.), W % 
+ 50 
50/70 

- 70/100 
100/140 

3944 
As-Uesei . . ved 



. mu nn.7 
- 

' 
M-CW* OPBATIOWS on OURIIIPIG nna UIRC l L r l m t s  m, 6 c a u  ( m i  l w )  

U T U l S T  - M ~ M L  51-0. 1116' ClTUlDATfS l a 1  D. 1OO) SB.72 1.8. Dllv I l I T l U  OURa 
? 

scrcma L~WIO PIUS[ O C P ~  20.8 n. IOL. 4.17 n 3  

P w l a  
Date a t  E n d  of P e r l a  (19181 
M R .  Of Pull - BeqtRIItRq 

r e  
~ -.- 

Catalyst In-.. 8wvmlnq. U s  
C d c r l p t  -. U S .  
Catalyst Ultlldr. (est.belm). Us. 
Catslyat ap. (CnalLos.Orl. b .11 

Lb. Catalyst A..rrqt. 
LDs.09 b r l / Lb .C l t r l y l t  OIIPIM~ 

c;hama 
c a t a ~ y s t  MIL h i a t t v e .  

LbsllOM -1 F.d 0.00 
coal r ~ r o w ~ ~ o s / y r / r c J n e a c .  .rot. 58.6 

w a m 1 s t U r t  
a ash ( 0 9  e.asts) 

Rn-ycIe Fl-. LbalLD Sohas 
A t u s h e r t c  St111 8 o t t m  0.985 
V . C w D  s t  l l l o..rO.aa 0 . w  
l n . . m q  Chaw* - 0 . 0 2  
l l j d i x l -  O..#-flk ( e l l )  0.30) 
n a k u a  O i l  0.000 
t o u l  - (Ot l I  1.721 

l a e r a t u m s .  V 
coal s m u r t e r  ( ~ u t ~ e i ~  
RedeCBT LIOvlO Phase. bvu rqe  

R 4 s l U  
Sewrator.(O~'hal(QlatIetl 
Myuroclane o w e l m  
r a c u u  st111 ~1.m ZORP 

9100a.m IA vac.Flesn. TOW 
PPOSSU~~. -19 

. UnI t  Blcb PIPIIUR 
Wyuropm b h ~ . u o  ( I n l e t1  
~ y a r o p m  P a n a l l  P. ( ~ e u t o r  Outle! 

Recycle b 8 .  ISCflTon Ow Cor l (1n le t )  
V m t  Cas. ISCFlTon J r y  Coal 
M? Psrcty of n u s  l e  basluenr .a(vmc 1 
Total m. l lYT/ lon Ow Coal 

( a & c t ~  ou t l e t ) -  
nahcuo n p l u y c 1 t  g 

U%f/Ton Jr). Cob1 I l n l e t l  ' 
V a of NRCUD b R u s l e  Car 
Per t la1 Pwssuw of * ~ . ~ s l q l l n l e t l  - " C m t ~ t a t t o n  (Orrf i c e  f o r  F r u n  
"2 m e w  fo r  P r w u c t s U m l y s ~ s j  

nwnm 0 9  -I 
u a of 0 9  -1 

011 m t t * O o  
HLru0 0 t1  LbsAb 0 C-1 

L 8 5 l U r l F ~  I.actor 
f lush Ot l .  M l L b  Dry -1 

Co1l.n.d P rwuc t  Ouant..n Or). Coal 
~ t a p r i c  s t  i t :  a,-,:+. 
A- I cs t l l l 8o t  (11 
V K I I I s  S t t l l  Ol)-.dlR' 

C i - 6  
M S IR blur 
ca, ' t o  

co. co, 
c 1 - C ~  WOmcamms I n  Cases h-4dqymmr i n  c 4 u s  

48 
9/13 

84 
% 

so. n 
0.00 
0.00 

402 

a2 
0.00 
n . 4  
L a 2  

lI.U 

I.om 
0.127 
0.om 
U-WJ 
0.- 
1.971 

7% 
BY) 
854 
769 

539 
1 2  

2165 
2E5a 
1953 

20.22 
9.37 
a7.3 

14.8 

la. 1 
93.7 
268) 

13.30 
1.U 

O h ~ ~ c l P e  OW. * tqhtm 4 PPDOORlOn Of VOPlOYI O p n  I R  boa. 
of Boaron of or lq lna l  catalyst r e a l n t n p  an m. 

(1)  WqeprtI.e O u a n t I t ~ n  of UOI L rac On'a (3) Ul?l 0 1 r t I l l r c t o n  Cut Potnt l  
r n  o . c n r m  of ~n.mtor). of Slurr).  011 
M O l O I l r p  Ta l l  - *  . 

5 
9/14 

% 
120 

so. n 
2.65 
3. 58 

6m 

6u 

0.17 
75.0 
1-54 

1I.Y) 

0.953 
0.126 
0.062 
(I. YZ3 
0.020 
1 . w  

)51 
%lo 
BSd 
761 
Vb 
YO 
142 

2 M  
2 BUl 
1917 

19.S 
6.39 
87.1 

23.8 

36. b 
91.6 
2670 

12.95 
3.44 

(21 Uater s e ~ ~ r t l o n  f o r  A t m r o h t r ~ c  S t l l l  (4)  8as.d m r c t v r l  l eo r r r t l on  of u t e r  
Overnear ~ m f f  tct1.e. Actual qmr r  UP- f m a  Atmsmertc  S t l l l  Ov.rr*aa 
o l u n t l t y  1% l r c l ~ o n  tn 4tmsoherlc st111 omduct a m .  
O.&tad oua*t l ty. tsCsOt jt.toas I r 4  88 
n- on t n l r  Innt r r o r n t n t  urn .act. (5) 8ar.d m f ~ l t r r t ~ o n  of m O u c t  s lur ry  
1rUeCt.d In to  Vaoor 1Ine -%:ream of mrctor .  f W  $0 .uw,a l t l l l .  



POU nun 7 - m r s l s  

Period 

Atmspherlc Stf 11 Overhead 
Gravity. 'API 
18P. *F 

10 V I 
30 
50 
70 
90 
FBP 

V 1 9 4007 
V 2 P 6SO.f 
Carbon. Y : 
Hrdmqen. ,: : 
Nitrogen. k Z 
Sulfur. U : (H S f ree)  

Atmospheric S t i l l  i o t t a m  
Gravity. 'API 
IBP. *F 

10 v 2 .- - 
30 
50 
70 
90 
F w 

v I e a o o * ~  
V I P 650.F 
Carbon. Y : 
Hydrogen. .U 1 
Nitrogen. U I 
Sulfur. Y : 

Vacuurn S t i  l l Overhead 
Gravity. *API 
IBP. 'F 

10 v I 
30 
50 
70 . 
90 
F8P 

V 2 b 6507  
Carbon. Y 2 
Hydrogen. Y f 
nitrogen. u . 

. Sulfur, u I 
0-5 L iau id 

Gr;vitY. *API - 
0-12 L lqu ld 

Gravity. *API 
Catalyst Uithdrawals 

Uithdrawdls. Oil-laden Pounds 
011. Y I 
Uolybdenm (o i l - f ree ) .  Y : . 
Estimate Catalyst Content. LbsO 

Hydroclone Fc'ed a 

Ash. Y I 
Hydrocl one Overfl w 

Gravity. 'API 
Vac O i s t l l l a t i o n  

IBP. *F 
10 V I 
30 . 
50 
FOP. 

V I C 650.F 
V I e 975.f 
Y 2 97S0F* ( inc l .  sol ids) 
Ash. Y 2 

Hydmci one Underflow 
Ash. U Z 

Ois t l l l a t i ons  - A l l  ASTI4 0-86 Except Bracketed Values from ASTM 0-1160 (Modified) 
*Basis 9.57 :Molybdenum i n  Fresh Catalyst 



PUU RUN 7 ANNISIS 

CMRACTtRlZATlOM O f  SOLIOS-FREE OIL PROOUC? - 

Batch Olsten o f  f i l t r a t e  f ~ m  
~ t l t r d t l o n  Of VdCuum S t l l l  Feed 

Findl  Vapor Ta~werature. 'F 
Pressure. Par 
Residue. Y S o f  F i l t r a t e  

Toluene Extraction 
Insolubles. Y 2 . 
Ash. W 2 

Batch Olst 'n o f  Vacuum 8ottoan 

wi IiimPpatiaN. 'F 
Pressure. Tow 
Residue, Y J o f  Vac Btn8. Slu- 

eiu UP 
1.6 2.0 

87.92 92.09 

Vacuum O i s t i 1 1 ~ e e  
Gravity. 'APL 

vacuum st111 8 o t t m  
u r as Frous from Vfcuum S t i l l  
Tolueno Soluble. Y . 
Toluene ~nsoluaie. Y X 
Ash. Y J 
Unreacted Coal. Y 2 (ESt.1 
Toluene Insoluble Rerid.= (€st. . . 
Carbon. Y % 
Hydrogen. Y 2 
n i t r o g ~ n ,  Y '. 
Sulfur. W % 
ASlM k h .  Y '. 
CokdBsh Ratio (OW Extraction 

by F l l t r r t i o n )  
O f f  Soluble. Y J 

f f l t e r  Cake 
u x o t  Feed t o  Vacuum S t l l l  

Toluene Extraction of Cake 
Soluble. ki 2 
Insoluble. Y X 
Ash. W X 
Insoluble Residues. Y J (Est.) 
Unreacted Coal. U S (Est.) 

water 
n n l d .  u 

Sulfur, Y ) 
Carbon. u . 

AMLYSIS OF PROOVtT FRACTIONS 

Atmspherfc Overhead 
1aP;mF 

Grav icy. OAPI 

4 0 0 9  
m T 1  ty, * M I  

Vacuum St111 Ovcrhead 
1 e r - G 5 6 7  
Gravlcl, OXPI 
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Period 

Atarospherle S t l l l  Overhead 
Gravity. 'API 
18P. *F 

10 V s 
30 

V S P 4007  
V S P 650.F 
Carbon. Y S 
Hydrogen, U : 
Nitropen. U % 
Sulfur. Y I . 

AMospher i~  St1 11 80ttWS 
Gravity. OAPI 
IBP. OF 

10 v X 
a0 - 

50 
70 
90 
FBP 
V a e 40O0F 
V S P 650°F 
Carbon. Y % 
Hydrogen. U 
Nitrogen. U . 
Sulfur. Y Z 

Vacuum set11 Overhead 
Gravity. OAPI 
I8P. 7 

10 v z 
30 
50 
70 
90 
FBP 
V S e 6 5 0 5  
Cafbn. Y % 
HYdmgtA. Y '. 
Nitrogen. u % 
Sulfup. u % 

0-5 L iqu id 
Gravity. OAPl 

0-12 L iqu id 
6ravity. *API 

Catalyst Yitndrrwrls 
Yithdrdwrls. Oil-laden Pounds 
011. u x 
l lo lybdmm (011-free). Y L 
Estlmate.Catalyst Content. Lbs* 

Hyetoclonc Feed 
Ash. W % 

~ ~ d r o c l o n e  Overf l  w 
Gravity, *API O i s t t l l a t l o n  
I8P. OF 
10 V s 
30 
50 
FBP 
v x P 6505 
V '1 P 97S°F 
Y X 97S°F9 (Incl.  so l ids)  
Ash. Y I 



POU RUN 7 - ANALYSIS (COHTIHUEOL 
Hydroclone Underfla 

Ash. Y t 
VICUUIE Still B 0 t t ~  

Y Z of Flows from Vacuum St111 
'Toluene Soluble. U 2 
Toluene Insoluble. Y X 
Ash Y : 
UntcdCted Coal, U X (ESt.) 
Cli'Bbll. Y a 
Hydrogen. Y I 
Nitrogen. U Z 
Sulfur, Y Z 
A S W  &h. Y % 
Cokelkh ,Ratio (OHF Extraction by 

Filtration 
Off Soluble. Y X 

Filter Cake 
Y Z of Feed to Vacuum St111 
Tuluc~~e EALI dction o f  b k r  

Soluble. Y : 
Insoluble. Y X 
Ash. Y Z 
Insoluble Residues. Y : 
Unreactcd Coal. LY : ( ~ s i .  I 

YdttI 
w n i a .  Y.X 
Sulfur. Y . 
Carbon. Y X 

Atmspher4C Overhead 
IBPe-400.F Gravity. *API 

Ataosoharic Still Bottoms 
IBP-6507 Gravity. .API 
6507+ Gravity. 'API 

Batch Olst'n of Filtrate from 
Filtration of Vacuum Still Feed 

Final Vapor Temperature. 'F 
Pressure. T o w  
Residue. Y X of Filtrate 
Vicuum Bottm 01 1 

Sulfur. Y I . 
Toluene E~traction 

Insolubles. Y I 
Ash. Y 2 

Batch Oist'n of Vacuum Bottom 
Slurry Product 

Final Vapor Temperature. OF 
Pressure. T o w  
Residue. Y X Yac. Btau. Slurry 

Vacuum Oistillate 
Gravlty. *API 



PDU RUN 8 - ILLINOIS COAL - DUAL mDE OPERATION 

PDU 8 successfu l ly  operated i n  two modes w i t h  no i n t e r r u p t i o n  
dur ing t rans i t i on .  The f i r s t .  phase o f  the run ope~a ted  i n  a 
fuel  o i l  mode to produce hydroclone under flow^ For ty  drums o f  
t h i s  mater ia l  were manufactured f o r  f u r the r  t e s t s  designed to ' 
establ i sh the most favorable Pi1 o t  P l  an t  operat ing condi t ions 
f o r  the sol vent  p r e c i p i t a t i o n  system. 

In the second 'phase o f  the run, dur ing operations i n  an i n t e r -  
medjate mode, a new solvent  p r e c i p i t a t i o n  s ~ f t e r n  was placed on- 
l i n e  i n  p e  PDU and operated s a t i s f a c t o r i l y  w i th  0.01% ash i n  
the o v e r f l  ow product. 

The reac tor  and separator were f ree  o f  deposits when they werq 
inspected f o l  1 owing the run, thus ve r i f y i ng  t h a t  the PDU design - . 

can handle so l i ds  wi thout  any bui ldup i n  the system. 

The achievements o f  t h i s  run were: 

e Operation o f  the PDU f i r s t  i n  a fuel  o i l  mode and then 
gradual ly  changing over to an intermediate mode was 
accompl i shed. 

For ty  drums o f  hydroclone' underflow were produced f o r  
f u r t h e r  t e s t i  ng by Lummus . 
The solvent  p r e c i p i t a t i o n  system achieved a 0.01 ash i n  
the over f low product showing the f e a s i b i l i t y  o f  the 

. operation. 

Cata lys t  replacement was maintained f o r  the durat ion of 
the run. 



ANALYSIS OF ILLINOIS NO. 6 BURNING STAR MINE COAL 
FOR PDU R U N  8 (RUN 130-88) 

HRI No. 

Feed t o  Per iod 

Hours on Stream 

Mois ture ,  W % 

Ash 
Vol a t i  1 e Mat ter  
Fixed Carbon + 

Ult imate ,  Dry Basis., W % 

Carbon 
Hydrogen 
Nitrogen 
Sul f u r  (LECO) 
Ash 
Oxygen ( D i f f e r e n c e )  

S u l f u r  i n  Ash, W % 

Heating Val ue, BtuILb 

S i e v e  Analys i s ,  Screen S i z e  
(U.S.S.) 

+50 



~ I B  130 - MXOAL ~ F I O N S  w IUI~BS i 6' 6m1 4004) 
CATAL'dST'r M R I C A M  G Y M I D  MBS-1442A. 1/46' WRUDAfES (?HI 3830) 
REACTOR W E  a 4.117 W B I C  FEET fi 

RUW W B E R  130- 68 
PERIOD 4 6  . 4 B  5 6  

DATE (EHD OF E f ? I O D  ) , 1979 7/ 6 ?/ 5 71 6 
WJRS OF R ~ N  - BECIMIW e.00 6r.m 76.80 

END 64.00 76.00 88.00 

C A T A L W  I M M F W ,  W, US 60.45 ,60.45 60.20 
C A T W S T  ADDED, b0S 4.36 8.00 4.28 
CATLVST WITHDRAWN, LBS X 4.92 6.00 4.53  
C A T W S T  GrCE {END), LB DRY CWb9-B 

AVERACE (BASIS) 323.4 399 .4  437 .9  
ORIGINAL CHARGE #BASIS) 364.8 - 440 .0  517.3 

CflTALYSF ADDED, U t l L A T I V E t f  
LBS/TON DRY COAL .Q0 .75 .96 

CATfLYST W I MCRALWLS 
WITHDRAW, O I L  LADEN, LBS . 
OIL ,  U H 
MOLYDEELM ( O I L  FREE). Ls Y X 

as. 8P 
6.65 

COAL FEED (DRY) 
LBS/HR/CU F F  RESTW VCU&E 
MOISTURE W f( (C06Y SMHX) 
ASH. W k  (?RV COAL) 

RECYCLE FLOWS. L B S U  SCLIBS' . 
ATMOSPHERIC S T I L L  BOaTCPE 
VACUUM S T I L L  O V E M A D  
IWENTQRV CWNCE 
 ROCL LONE OVERFLO(d (O IL )  
kWE-UP O I L  

TOTAL 

TEPPERATURE. T 
COAL BREHEA'IER CUTST' 
REACTOR L IQUID  PHAGE, AVG. 

MEaX. 
SEPARATOR-2" t @ 12' S I N )  
H V D R O C b ~  WERFLOU 
V A C U  * S T X U  FLASH 20NE 

PRESSURE 
W I T  BACK PRESSURE. PSIG 
WDROCEM PlAKE-UP, PSIG 
HYDRWH P M T I A L  PRESSURE, PSBG 

(REACTOR B U T U T  - S E P M T W O  
VACUY7 Fm*. TORR 



DATE OF fIW REPORTI 11/12/79 
PACE 2a= 7 

m IOD 

RECVCbE CAS, MSC6n06( DRV CXWL 
VENT GAS, nscF/T02d DRY COAL 
HVDROCEN mIn 

OF RECYCLE GAS AND VMT, X 
TOTAL Hi?, MSCF/TON DRY COfL 

(REACTW W L E T )  

HYDROGEN, MAKE-UP + RECYCLE 
MSCF/TON DRY COAL 
PARTIAL PRESSURE, PSIC(IFI-ET) 

HYDROCEN CONSUTlPTION ( 1 ) 
MSCF/TON DRY COAL 
W % DRY COAL 

O I L  A D D I T I W  
MAKE-UP OIL ,  L B S L B  DRY COAL 

LBS&U?/CU F T  REACTW 
FLUSH OIL,LBS/LB DRY COAL 

COUTCTED PRODUCT ~ I W ,  W X DRV C€M- 
ATi'IOSPHER I C  ST ILL OVERHEAD 
ATMOSPHERIC SILL BOTTOMS (2) 
VACUW S T I L L  OVERHEAD (2) 
V A C U  S T I L L  BOTTOMS 
HYDROCLONE UNDERFLOW 
H2O 
C1-C3. 
C4-C7 
H2S I N  CASES 
C02 a CO 

IW QUANTITIES, W Y DRY COAL 
DRV COAL 
MOISTURE IN  FEED COAL 
MAKE-UP O I L  ADDITIONS 
FLUSH O I L  
HYDROGEN REACTED (1) 
TOTAL 

COAL CONVERSION, W X 61.A.F. C W L  
TOLUENE CONVUiSION (3) 
DMF CONVERSIrn ( 4 )  

(1) BASED ON ORIFICE FLOWS FW WDRoGEH, EZTERm FLOWS FOR OTHER CASES AND 6WLYSES. 
(2) NEGATIVE VALUES INDICATE DECREASES IN  IPfv'ENTW (X SLclRRY O I L  HOLDING TAM<. 
(3) BASED ON FILTRATION OF PROUCT SLURRY FED TO VACUM S T I U .  
( 4 )  BASED ON EXTRACTION OF VACUm BOTTOMS PROWCT. 



aATE CF F I N  KERW~TI 11/12/69 
PACE 3 1pF 7 

PERIOD . 4 A  4 8 6 A 6 8 6 / )  ? A  

CO. co2 
&ll-63 ~~~~ I N  GASES 
Cb-C7 bCdQROCfVZW I N  CASES 
188-400 *F .- 
%W-656 F DISTILOATES 
656-975 'F DISVIUTES 
97s rt l?ESIMYIL OIL 

T U N E  SOUleLE 
TOUYE1E INSOLUBLE 

WONVERTED COAL 
Asn 
Ha0 (&TI 
W3 (FORCED NITROCW) 
H i 3  (FWCED SLLFLIRI 

TOTAL ( 100 t MDROMj RW2TEDI 
I 

FILTERED L IWJD$t  
d;RAVIaY, O W 1  

IW, '6 ( A S I M  D-1166 G1ODIFIED) 
18 V % 
30 V % 
66  V % 
76 V 96 
96 V I 
68P 
V M 18 406 *F 
V % e, 656 .s 
V Y AT 976 'T 
SUdm Ld Y 
ad r. 975 rt 

H\dmW WMRFLW PER OrT WEIGHT QF ~ l l l W 3 - k ~ ~ ~  ST ILL  -~018~61~) .- DISTIM?IOG~-~V~B 
6 i E  FOR DILUED SOCIDS-FREE CIOUIID. GRf3VIlV. SUFLR. AND 97S.Ft DATA M Fa? 
INDILUTED 5OLIDS-FREE L I W I D  W ti'fDf?- LNERFLW. 

1 PERIODS 3AB,llB.l7B,EW) 19B WCRKU? BERlOW WJD WV& WWXJZEQ VIELff i  
BASED Old dX)GIPbbTE ELEtENTfY. WJD DISGIUTHOIJ M V S E S .  FOR CFY.CUAT10M 
W fW?W&BED YIELD DISTRIWI'IW 4F O M R  FERIOW, INTERPOCbSTEB ELBMMTtX. (AWD DISVJUTl0sd 
VfLUES FRW W U P  PERIODS WERE WED. 

(I IQEG1FICM. V U S  FOR A by.lb B PERIODS lW)ICCYTE M T  THE DATA 
WERE AC'llkULV FOR THE UXIBINED WB PEEIOD. 



PERIOD 

ATMOSPtERIC !STILL 
C R A V I N ,  *&'I 
IBP, *F ( ASTfl D-86) 
10 V H 
30 V H' 
60 V H 
70 V Y 
90 V H 
FBP 
V H 41 400  *F ,  
V H @ 650 T 
CARBON, W K 
WDROCEN, 6J % 
NITROGEN, W Y 
SCLFW (Has FREE).. W Y 

1BP-400 O F  

GRAVITY, **I  
S U F W  (W FREE), W Y 

4 0 0  O F +  

GRAVITY, *API 
S U F W  t t e S  FREE), . W Y 

ATMOSPERIC S T I L L  ElOTlUS 
GRc\VlW, *API 
IBP, O F  (ASTH D-86) 
10 v Y 
30 V t 
50 V % 
70 V Y 
90 V X 
FBP 
V Y B 4 0 0 ' F  
v Y  (3 650 *F 
CARBOIJ, W H 
HYDROGEN, W H 
NITROGEN, W K 
SU-FW, W H 

IBP-650 O F  

GRAVITV, *MI 
I 

MTE ff FINAL FEPOf3To 9 1 / 1 m  
PACE 4 a =  7 

4 A 4 8  . 6 f 3  6 B 6 A 7 A 

t IDENTICAL V A U E S  FOR f3 AND B PERIOQS INDICATE TWlT M DATA 
WERE ACTLIAI-LV FOR TtE COMBINED A/B PERIOD. 



(XJEfW OIL TAM( 
GRAVBTV, Ofup1 

SLLRRY UIXIMG TAN< 
VISCOSITY, CP 8 150 

38 V % 
50 V % 
763 v % 
98 V X 
FBP 
V % t?.! 4 0 0  4 
V % 8 658 T 
cmm,  PJ % 
ggyalR0Crn. Id W 
NBTROCEN, W M 
SC~FLR, LS pb 

1W-650 T 
GRAVIITV, 'WI 

6% O F +  

GRAVITY, 'WI[ 



DAE OF 6'ItOY. R U W f l a  11/12/79 
PACE 6 (Y 7 

PERIOD 

VA(XU? STILL WTTOIlS 
U % C f  VACUYl S T I U  FEED 
TOUYEf SOUIm€. u % 
NON-ASH T U N E  INSOCUBE, W Y 
AVI, u I 
UNREACTED COAL, W # (EST.) . 
TOLUWE INSOL. RESID. W % (EST.) 
CARBON, u ): 
HYDROCRJ, u X 
NITROCEN, U X 
SULFUR. u)i 
ASTO 6% IJ W 
COKE/ASH'RATIO (DCT m. 
DIE-SOLUBLE. W Y 
VISCOSITY. CP 500 T % 

W D R O C L W  OVERFLOW 
CRAVITV. 'API 
I W .  OF (ASTH D-1160 HODIFIR)) 
10  v rr 
30 V tr 
58 V % 
70 V V, 
END POINT 
V H 8 650 'F 
V % 0 END POINT 
AVI. W V, 
RESIDUE APID SOLIDS, W Y 

~ O C L ~  FEED, AS1 W W 

FILTER CAKE 
W H OF FEED M F I L E R  

ASH, W %  
INSOLUBLE RESID., W X 
UNREACTED COAL. W # (EST.) 

CWF - EXTRACTED CAKE 
6% (OIL FREE). W % 

0 - 6 LIOUID 
GRAVITY. *API 



BATCH B I S T I U A T W  ff V M  
WTT061S SLPWW PROWCT 

V A C U  D I S T I U T I W 4  
FEW VfPOf? TEMP. T 
PRESSLIRE. T0RR 

CALCULBITED'COI7POSITIOIJ CF SOCIBS-WZIEIE O I L  
IN VACUA B O a T W  SkWR\B PROWCT, LB % 

BATCH SFIU. D I S T I U A E  FROM 
w 
v SLURRY BROWCTS 
o 'BATCH STILL  E S X D .  F M  FILTRATE , 

CFYLCULATED GOMPOSITIOIJ, W % 
SULFUR, W % 

CtYALLATED COWCGITIOIJ (K t 
400 'IF+ LIQUID PROWCT, W H 

ATMOSB~ERIC saxhe OVERHEAD 
ATldOSPKRIC ST ILL  BOFTm 
NET VACLlllM STILL  OVE!?H!3D 
VACUUM STILL  BOTTOMS, 
SOLIDS FREE OIL1 11W-975 T 

975 *k=+ 
W-CUATED COELPOSITION, W % 

SUFUR. W X 
SULFUR-~ACWI Id % 
VISCOSITY (~~ndL1,s~lJ 0 2!% % 

t THIS COMPOSITIW I S  BASED 06% THE PGI'BERIF~~. &WJW& FQR THE RERHO0 AND Mi ASShbED 
RATIO OF 1.6 PARTS OIL PER PART SOLID Id .89/6I1ChLlbd BOTTOGBS, W I T H  a)E O I L  
CWSISTING QF 4 PARTS RESID WJD 1 PART DBSTIUTE .  W L R  C ~ F  IIM 408 O F +  BRXTBW 
OF ATb@SPbERIC ST ILL  BOTTOMS I S  ASSUED TO BE 8.96 WY FOR CASES HE EilAXLR m Y S H S  
IS NOT AVAILABCE. 



# 
SUIW (# NCWH.IZED YIEUDS .;%g$z 

ZDLnr-cu) 
L 

04-0 

+3Y0° RlNNMBER 130-88 e l s - ~ j  COAL I L L I N O I S  S6 (HRI 4004). 

E & ~ - ,  CATALYST PERIOD 4 A AMERICAN W M I D  HDS 1442A. 1/16' EXIRUDATES ( k R I  3830) 

5zqb7 5 A  . 
5 8 

&Gs WERATING CONDITIONS 
-82- HOURS ff - BECINJING 62.00 64.86 76.00 .88.00 
F+om END 64.00 76.00 88.00 100.00 ."'q CATALYST ACE (END AMRACE), LB DRY COIAL/LB 33 .4  399.4 437.9 514.0 
0x1 CATALYST ADDED, C U I U A T I V E  slcna LIBS/TON DRY CGAL -90 '. 75 .96 .84 

COAL FEED (DRY), LB/W/CU.FT. REACTOR VOCeM 76.08 76.63 77.24 .76.35 
AVERAGE REACTOR TEMPERATURE, 'F 845. 846. 845. 845. 
W I T  BACKPRESSURE (UNIT BPI,  PSIG ,2662. 2645. 2631. 2617. 

' I42 PARTIAL PRESSURE, PS IC  1789. 1772. 1755. 1843. 
OIL/SOLID RATIO  SLURRY TANO, LB/LB sa r f f i  1.89 1.82 1.75 1.84 
ti2 INLET RATE, MSCF/TOI'( DRV COfL 36.77 37.20 36.58 37.53 
RECYCLE GAS, MSCFflOIJ W COAL ' 21.45 22.61 22.30 21.90 

YIELDS, WTY OF DRY COH. 
CO , C02 0.00 .82 ' .76 .75 
C1-C3 WDROCARBOIJS I N  CASES 0.00 6.49 6.03 6.03 
C4-C7 HYDROCARBONS I N  CASES 0.00 3 .  2.67 2.67 
IBP-400 "F WPIiTW 0.00 '13 .S  11.44 ' 11.44 
400-650 "F DISTILLATES "0.08 ' 10.97 10.47 10.47 
650-975 O F  DISTILLATES O . N  18.25 9.19 9.19 
975 O F +  RES IWAL  O I L  

TOLUENE SOLUBLE 0,m 23.85 27.40 27.40 
TCLUEME INSCLUBLE 0.83 11.02 8.82 8.82 

I-IWONVERTED COAL 0.00 6.26 7.61 7.61 
ASH 0.00 12.49 11.71 11.71 
W O  (NET) 0.00 4.29 6.47 6.47 

$4 M 3  (FORCR) NITRGGW) 0.00 .26 .24 .24 
H2S (FORCED SULFUR) . . 0.08 2.02 1.97 1.97 

3 TOTAL 0.00 303.97 103.78 103.78 
0 CHEMICAL WDROGW CONSJPTIOIJ 

5;,'og 
tISCF/TON DRY COAL 0.00 0.00 0.00 0.00 

R2? CGWOSITION OF 400 O F +  W L  OIL ,  WMcr 
ATMOSPHERIC STILL. OVERHEAD 0.00 42.40 0.00 34.90 
ATMOSPHERIC S T I L L  B O T T W  0.W 19.50 0.00 10.60 
NET VACWM S T I L L  OVERHEAD 0.00 -9.80 0.00 .60 

s i  1 VACUUl S T I L L  BOTTOMS, 
SOLID FREE OIL1 IW-975 *F . ' 0.00 3.68 0.00 5.40 %a 975 *F+ . 0.00 44.30 0.00 48.53 

SLLFUR, WTN 8.00 0.00 0.00 0.00 
(-1 VISCOSITV, SSU Q 250 O F  0.80 0.00 0.00 0.08 
m w  
GS 



a-FIMBER-i .3B- 88 

PERIOD 

DATE (END ff PERIOD), A979 
t1OLRS QF R W  - EECIMINQ 

END 

CATALYST BMvENJWY, END, LBS 
CATALYST AQDED, bBS 
CATLVST WITMDRALIJ. LBS 1: ' 

CATWSB M E  (END), l-8 DW C # 4 A A  
AVERAGE (BASIS) 
ORICIMAL CHARCE (BASIS) 

CATALYST ADDED, C t M l A T H V E ~  . 
LBSITW DRY COAL 

CATAbVST UITHDRWALS 
. WITHQRiUYIL. O I L  LADEN, LBS 

OIL,  W N 
~ Y D ~  (OIL FREE), W 'Y t' 

COAL FEED (DRV) 
LBS/HR/CLd FF REACTOR V0U.M 

MOISTURE U % (COAL WIPLE) ' 

, ASH,WA (DRY COAL) 

V A C W  STILL OVERHEAD 
INVENaYlRV CMANCE 
W\/DROZLW OVERFLOW (OIL). 
EWE-UP O I L  

TOTAL 

m e R A m .  PF 
C O X  PREkEfITER OUTLET ' 7 8 7 .  ?83. . 2'92. 795. 
REACTOR LIOUID WSE, Am. $46. $58. 849. 847. 786. 

MU. 6156. '159. 658. 856. 790. 
SEPARATW-2' ( 12. SKIN) , 828. 827. 82%. 828. 763. 
HYDRXLONE OVERFLOW 499. - 495. 498. 496. 488. 
V A W  STILL FLASH 2- 607. 630. 519. 611, ,468. 

PRESSIRE 
I N I T  BR€X PRESSURE. PSIG ' 2684. SS0. 2Si8. 2592. 2700. 2600. 
MDROGEM ME-UP. PSIG . 2762. . 2812. 2743. 7 2775. 2705. 
HYDROGEN BPRTIFY. PRESSUZE, BSIG 

(REACTm OLlTLET - 'SEPARATOR) 1719. 1633. 1651, 1661. 4 2099. 
~m FUSH, T ~ R R  a. a. 3. 3. 0. 3. 



PERIOD 7 B. 8 A 8 8 9 A  10A 10B 

RECYCLE GAS, Pl%F/TOld E~?'Y' C X M -  
VENT GAS, MSCFlTON DRV 
HYDROGEN PLR I n 

OF RECYCLE CAS AND VENT, % 
TOTAL M. MSCF/TW DRY CO& 

(REACTOR OUTLET) 

WDROCEN, MAKE-UP + RECYCLE 
MSCF/TW DRY COAL 37.15 36.23 35.46 38.47 x.62 46.65 
PARTIAL P R E S W E ,  P S I G ( . I N J T )  2485; 2639. 2522. 259. 2684. 2625. 

MDROGEN CONSUMPTION ( 1 ) 
MSCF/TON DRY COAL 11.47 11.22 12.48 12.12 5 10.99 
W Y DRY COAL 3.04 2.98 3,31 3 4.06 2.92 

O I L  ADDITIONS 
MKE-UP O IL ,  .LBS/LB DIW a 

LDS/HR/CU FT REACTOR 
FLUSH O I L , L B S A B  DRV C W L  

COLLECTED PRODUCT QWNTITY, W X DRY 
ATMOSPHERIC S T I L L  OVERHEAD 
ATlWSPHERIC S T I L L  BOTTOMS (2) 
V A C W  S T I L L  OVERHEAD (2) 
VACLNJM S T I L L  BOTTOMS 
WDROCLONE UNDERFLOW 
H20  
(21x3 
C4-C7 
H2S I N  CASES 
C02 a co 

I F W T  QUANTITIES. W % DdV COAL 
DRY COAL 
FlOISTURE I N  FEED COAL 
MAKE-UP O I L  A D D I T I W  
FLUSH O I L  
HYDROGEN REACTED (1) 
TOTAL 

CWERSIOCI, W Y M.A.F. C(3AL 
TOLUENE CONVERSION (3) 
DPIF CONVERSION ( 4 )  

(1) BASED "O ORIFICE FLOWS FOR WDROCEN, ElERED FLOWS FOR OTHER GASES AND 6fWLYXS. 
(2) NECATIVE VAUIES INDICATE DECREFvSES I N  INVENTCRY OF SUlRRY O I L  IULBING TAM. 
(3) BASED ON F I L T R A T I W  O f  B R U T  SURW FED TO VACUM ST ILL .  
(4) BASED ON EXTRACTIW W VACULm BOTTOFIS PRODUCT. 



PERIOD 

MXmLIrn M T  r n M I C T  DIrnIBUTIOrCL48 
W % < K M V c O A L  

CO, co2 
CP43 WDROCARBMS M GASES 
C4-C'P WDROCWBCM IM W X S  
IBP-400 Y MPHl'kk 
400-650 'F D H S ' S I U E S  
650-975 *F DBSTKLUTES 
975 *F+ RESIwfL OIL  

TMUEME SOLUBLE 
TOUIEQQ: INWUIBLE 

WONVERTED COAL 
AS14 
&O ( K T )  
Mi3 (FORCED NITROCEbJ) 
H2S (FORCED SLUW) 

TOTAL ( if30 + . HYDROEN REACTED ) 0.00 

FILTERED L lQUID t t  
GWIVITV, * M I  
IW. O F  ( f f iTH D-1160 MIDIFIB)) 
10 v % 679. 
30 V % ' 793. 
50 V % 075. 
70 v % 0.. 
90 V Y 0 .  
FBP 975. 

slum, U vc .3% 
W % 975 "F+ ' 53.77 
W 1: SULFLR I N  !375 %+ .. 88 
U % NITROGEN I N  976 F+ 8.88 

$8 FCX? PERIODS 14 TO 22 FILTf?f3TIoM C F  WMUKUNE L M E ~ C d J  WS CMRIE0 CUT W L l l 4  M 
ADDITIW OF A T t E P E R I C  STILL BOTTOMS lFROEd 6iW 130-82-11M AS F I H Q W  dW BE11MS 6F 
WDR0CLOI.Q: UJDERFLOW PER W€ EIIW OF A T M O M I C  STILL P .O%) .  DISTHBPATIOW M T A  
ARE FOR DILUTED SOCIDS-FREE LHWID. GtWVIW. !ilUUR, WB 975 "F* WTf3 ME FOR 
INDILUTED SOLIDS-FREE LIQUID # HVmM WDERFLOW. 

B PERIODS 3AB. 11B. ~ ~ B , A N D  19B ARE WRKW PE63IOBS CIN0 W E  NXWXI2EFJ YIEL55 
ON COPREOE ELEMEM& dIND D I S T I U A T I m  W Y S E S .  FOR C&Ct+ATBOld 

ff NORMALIZED YIELD D I S T R I W I O N  OF OTtER P&RIODS, I ~ ~ ~ T E D , ~ f &  AM) DISTILbATI06% 
VfLUES FROM W K l P  PERIODS W E  USED. 

8 IDENTICAL VALUES FOR 6 AN0 B PERIODS INBICfbTE M T  TIE DATA 
WERE ACIUFYLY FOR THE COPIBIF€D W B  PERIOD. 



mTE of FINAL  ern^ 1 1 ~ 1 ~  
PACE 4 s  7 

7 B 8 A 8 B 9 A PERIOD 

A ~ E R I C  srru OWHAD* 
CRAVITY, 'API 
IBP, Y (ASTM D-86) 
1 0  v % 
3 0  V % 
60 V # 
70 V tl 
90 V # 
FBP 
V Y 0 400 *F 
V # 8 650 T 
CARBON, W # 
HVDROCUJ, W  W  
NITROGEN, W  % 
SLLfUR (te3RZEE). W W  

IBP-400 T 
GRAVITY, 'Af'I 
SLLFUR (Has FREE), W M 

400 4+ 
CRAVITY, 'WI 
SULFUR (H2S FREE), W  W  

ATMOSPERIC STILL B O l n m S  
CRAVITY, 'WI 
IBP, 'F (ASTN D-86) 
1 0  v r. 
30 V % 
60 v % 
70 V % 
90 V % 
FEE' 
V % 41 4 0 0  *F 
V % 6 5 0  T 
CARBON, W % 
H'fDFtOCEN, W % 
NITROGEN, W X 
SULFW, W % 

I BP-650 'F 
GRAVITY, 'WI 

650 OF+ 
CRAVITY, 'WI 

X I IENTICAL VALUES FOR A AW B PERIODS INDICAIE Il-Hl'. lt€ (WITA , 

E R E  A C T W Y  F(WI W E  CWLBIEED WB P€J?IOD. 



a & G r M  OIL TANK 
CRAVIIV, O W 1  



I '  1 1  1 -  I I I A 4, ( A 

PACE 6 f f  7 

7 B 8 A 8 8 9 A  1 0 A  1 0 B  PERIOD 

v m  SFILL BOTTOMS 
U. X OF VACUM S T I L L  FEED 
TOCLJEE s a u u .  w x 
NON-ASH TOCLENE INSOLUBLE. W I 
ASH. W % 
M E A C T E D  COAL, W X (EST.)  
T U N E  INSOL. RESID. W X (EST.) 

.CARBON. W K 
HVDROCEN, W X 
NITROCZN, W X 
SULFUR, W % 
ASTM ASH, W X 
COKE/ASH RATIO (DNF EXIR.1 
Dm-SOLUBLE, W x 
VlhcOSITY. CP 61 600 4- 8 
VACUUH DISTILLATION 
IW,  'F (ASTM D-1160 MODIFIED) 
D I S T I U A T E  TO 975 *F, W # 

IBP-975. OF 
GRAVITY, 'WI 

WDROCLONE OVERFLOW 
CHAVl'I-Y, 'WL 
IBP. 'F (ASTM D-1160 MODIFIED) 
10 v X 
3 0 V M  ' 

5 0 V H  
70 V % 
END POINT 
V K 0 650 OF 
V % @ END POINT 
ASH, W H 
RESIDUE AND SKIDS ;  W Y 

HYDROCLONE UNDUZFUW, ASH. W x 
t 

HYDROCLONE FEED. fEH W X 

FILTER CAKE 
W X OF FEED TO F ILTER 
TOLUENE EXTRACTIW OF WKE 

SOLUBLE. W % 
NON-ASH INSOLUBLE, W % 
ASH, W M  
I N S U B L E  RESID. , W % 
UNREACTED C O X ,  W H (EST. ) 

M?F - EXTRACTED CAKE 
ASH (011, FREE), W X 

0 - 5 L I Q U I D  
GRAVITY, 'API 

* AVERACE OF BROOKFIELD V ISCOSIW V A U E S  AT 6-100 W M .  ll€ 
SL.1IRRV bWS NON-NEWTONIAN PROPERTIES. 



M T W  QH!5TIUTobJ (Y V K U J l  
mTTm suJ?w PRODUCT 

V A U  BISTILbATIW 
F I N  VAPOR EN'. OF 
PRESSWE, TORR 

DISTlbeATE, W W O f  VACUI l  
BOTTOMS SUlRRY 

W F U R ,  W % 

CWCULATW COPPOSITION M SU-1ffi-fE.E 'OIL 
166 VACWN BOTTOEIS !URW ~OBUC?,  kJ % 

WTCW STILL DI!3TIUAtE m. 
SLWRV PROWCTS . 

BATCH STILL RESID. FfKM FILTRATE 
C6UXlATEB COMPOSITIW, ld X 

SLLFUR, W H 

CALCULATED COTIPOSITIW ff . t  
408 'F+ LIQUID PROWCT, W % 

ATMOWHER I C ST TL&' OVE-D 
ATMOSPHERIC STILL BOfTOMS 
M T  VACUUI STILL OVERI-EAD 
VACUlM STILL 80TTOklS, 

SCLIDS FREE OIL1 IF975 T 
975 '6+ 

C f U U A T E B  W O S I T I O ( J .  W K 
SULFUR, W % 
WUW (CICaUAL), W n 
VHSCOSIW (ACfLIAL),SU 0 250 "6- 

d: THIS C06POSITIOr% IS BASED QN 'FME tWWERI[% FW THE PERIOD W D  QlbQ ASSLIGED 
RATIO OF 11.6 PtWS OIL  PER PART -ID IM V&CUM BOTF(2?S, WIIW THE OH& 
CQSISGIMG QF 4 PARTS E S I D  AND 1 BART DISTIUATE. W h R  CONTENT IN 40@ 7+ W T K W  
OF ATttOSPKRHC STILL OBOTTW~IS ASSUMED TO BE 0.15 1Uc FOR CASES LHEE S W  fW6XSIS 
I S  NOT 63VAILABbE. 



RUJ W I S E R  
COAL 
CATA'-YST 

r ERIOD 

130-88 
I L L I N O I S  a6  (Id31 4084)  
AMERICAN WANAMID HDS 1 4 4 a ,  1/16. E X T R U ~ E S  (bRI  3830) 

i! B 8 A 8 8 

OPERATING CONDITIC13S 
HOURS OF RLN - BECINJING 

END 
CATALYST ACE (END AVERACE), LB DRY W 4 - B  
CATALYST ADDED, CUmLATIVE 

LBSlTON DRY COAL 
COAL FEED (DRY 1 ,  LB4-Rdl.J. F T  . REACTW vOlM"E 
AVERAGE REACTOR TEMPERANRE, *F 
UNIT  BRCKPRESSLRE ( M I T ' B P ) ,  PSIG 
I42 PARTIAL PRESSURE, PSIG 
O I U S O L I D  RATIO ( S L W W  TAN<), L W  SaIE 
te INLET RA'FE, MSCF/TON DRY COAL 
RECYCLE GAS, MSCF/TON DRY COAL . 

YIELDS, LIT% OF D W  COAL 
co, C02 

. Cl -C3 HYDROCARBONS I N  CASES 
C4-C7 WDROCARBONS I N  CASES 
IBP-400 O F  NAPHTHA 
460-650 O F  D I S T I U A T E S  
650-9?5 'F D I S T I U A T E S  
975 O F +  R E S I W  O I L  

TOLUENE SDLUBLE 
TOLUENE INSaUBLE  

W W V E R T E D  COAL . . 
ASH 
H20 (NET) 
NH3 (FCRCED NITROGEN) 
H2S (FORCU) S U U R )  
TOTAL 
CI-IEHICAL HYDROEN -1OIJ 

PISCFyTON DRY COAL 

COrPOSITIDN OF 4 0 0  S+ FUEL OIL,  LIT%= 
ATMOSPHERIC S T I L L  O V E M A D  
ATMOGPt E R I C  S T I L L  B O T T M  
NET VACWrl S T I L L  OVERHEAD 
VfiCUUM S T I L L  BOTTOMS, 

SOLID FREE O I L 1  IBP-975 'F. 
975 O F +  



eMIa 130 -  ax ~ T I O T B  rn B U I ~ H S  8 6 w11 4004) 
CATfX-WT1 fl?ERICHJ W M I D  HD!3-144&, B/16' QCTWDATES (W1[ 38301 
REACTOR W;UIIlEfi 4.17 CUBIC FEET 
RUN gCIlBER 130- 88 

FERIOD i a A  l i e  1 2 A  

DATE (END ff BERIOD), 1979 
HOUiS OF Nu'( - E C I l d J I f f i  

€ND 

CATALYST I M V ~ ~ ,  END, &S . 51.27 51.27 63.59 
CATPLYST ADDED, LBS 3.19 8.60 2.32 
CATl-VST WITHMAWJ LBS L 3.88 8.d0 0.00 
CfiTALY!ZT .ACE   END^, LB lDRv 6XMUI-B 

AVERACE (BASIS) 2w.a m.6 9Ci8.6 
ORIGTNAL C M G E  (BASIS) 8813.3) 1893.0 8267.3) 

CATALYST ADBED, W T I E & #  
LBS/TQN DRY C(XS. 1.07 1.00 1.01 

CATALYST U I THlXUWLS 
WITHDRALWL, O I L  Urn, bBS 
OIL.  W % 
MOLYDENU? (O IL  FEJZ), Id Y 8 

COAL FEED (DRY) 
LaS/HR/CU FT REACTN4 W E  

WCVCLE FLU.  L B S 5 f l  SOLIDS 
ATNOSPHERIC STILL B O ~ & I S  
VACWI  STBUL OVEbMAD 
I M V E N T W  CMANCE 
HYDROCLONE OVEWLW (OIL5 
blAKE4.P O I L  

r n r n A M E ,  'B 
GO* BREb-IEATER CUTLET 
REAcT~R LIWID PHASE. 6W. 

w. 
SEBARATW-2" ( B larn SKIN) 
HYDROCLONE OVERFLOW 
V A C L U I S T I L F b A S H  Z(M:  

PRESSURE 
W I T  RACK BRESSlRE, PSIG 
WYBROCEN ME-UP.  6'516 
HYDROGEM PMtI'IAL "PRESSLRE, PSI6 

(REACTOR CUTLET - !EW?ATORQ 8858. 8744. 1895. 
VACUU? FLAW. TORR 3 .  3. 2. 



DATE (r F I N  fJEPORT8 li/iy19 
PACE 2w 7 

RECWXE Gas, HSCFnm m 
V W T  GAS, MSCF/TOCJ DRY COAL 
HVDROCW fmIn 

OF RECYCLE CAS AM) VENT. Y 
TOTAL H2, f f i C F f l m  DRY COt% 

(REACTm OUTLET 

WDROCEN, MAKE* +RE- 
ffiCF/TOIJ DRV COW 
PARTIAL PRESSLIRE, PS IG(1NET)  

HYDROCEN COrlSUMPTION .( 1) 
MSCF/TON DRY CORL 
W H DRV COAL . 

O I L  ADDIT IWS 
! PWE-UP OIL,  LBS/LB DRV CaAL 

LBS/HR/W FT REACTCf? 
FLUSH OIL,LBS/LB DRV COAL 

: COU-ECTED PRONET OWNTITV, W Y DRV COdL 
ATMOSPHERIC S T I L L  OERI-(EAD 
ATMOSPHERIC S T I L L  BOTTOI'E t 2 1 
VACUM .STILL O V E M A D  (2) 
VACUYl S T I L L  B3TT0MS 
HYDROCLOPE UNDERFLOW 
1120 
Cl-C3 
C4-C7 
H2S I N  CASES 
C02 a CO 

IEPUT QUANTITIES, W K LNV COAL . 
DRY COAL 
PKIISTURE I N  FEED C W  
MAKE-UP O I L  A D D I T I W  
FLUSH O I L  
HYDROGEN REACTED ( 1) 
TOTAL 

CaAL CONVERSION, W t M.A.F.  60AL 
TaUENE CONVERSION (3) 
DMF CONVERSIOIJ ( 4 )  

(1) BASED ON ORIFICE FLOWS Fm WDROGM, WERED FLOWS FOR O M  CASES FIND W V S E S .  
. (2) N C A T I V E  VAWES INDICATE DfXREASES IN  M O R V  OF SLUUW O I L  H a D I N G  TAN(. 
(3) BASED ON F I L T R A T I W  OF PROUCT SLURRY FED TO V A C U M S T I L L .  
(4  BASED ON EXTRACTICWi OF VACUM BOTTOMS PROWCT. 



F E W  IOD 

cs, C(K: 
C1-C3 ItNDROCARBWS I H  CRSES 
C4-C3 W~OCARBOIJS It4 CASES 

40s-sse + DISTIUTES 
650-975 .6 DIST I U A E S  
975 *F+ RESXDLVY. OIL  

T U N :  S0ulH-E 
T- IWU 

W M R T E D  COAL 
6% 
H2o (EET) 
W3 (FORCED NITROCEN) 
WS (FORCED W) 

TOT& (100 + H'fIW#W;M REfm€D) 
I 

FILTERED LIWI D U  
CRAVIW, *MI 
IBP. *F (ASTil Pi160 MODIFIED) 
18 V % 
30 V 1 
60 V 9; 
70 V 1 
90 V 1 
FBP 
V M 6 l 4 0 0  r 
V Y B Q i S B  "F 
V 1 65a 975 "F 
S W ,  &D K 
U 1 975 O F +  

U % suL6=m I N  976 T+ 
W f NITRoCEfB I[M 075 'F+ 

d: 6XSTM DIISTIIUAFIW CUT BONM 

8% F a  PERIODS 1% TO a FILTRATICN 6$ m O F E  USXfg&8111 aJA9 CARRIED UlTH aME 
ADDITIOkd OF AT-IC STILL W T T M  FRQM M N  130-82-Pbicb ff i  PUYEW (W E I G H T 8  O F  
W D R O C L M  WDEWLW kER bEIW ff AMOSPC1ERIC STILL WTTCP1SI. D I S H U T I O N I  MTdB 
ARE F6X DILUTED SOLIDS-FEE LIQUID. GfZAVIlY. SUFU?, M D  975 *F+ BAVA ME F@ 
LINDILUTED SOLIDS-FEE LIOUID OF WDROCUX1E lND€fFLCXJ. 

I PERIODS 3AB.118.07B.AND 19BARE W L B B f R I O D S  fYS)WbE UWW#-IZEDVIE~DS ' 
BASED OM CW'LEOE EbEmMfL fWD BISTICBATICbJ fWU..lEES. FQ6? C A L U F I a  
CF MXWLPZ€D YIELD DISTRItllFIOIJ ff O M  FERIODS. IIMTERRUITED EUENTPS.  dIND DISTIUATHW 
VNUES FRW lJ0RXl.P PERIODS WERE USED. 

8 IDEMICAL V W S  FOR A WD B M I O Q S  INDICNE M T  TbE (WTA 
WERE ACTULL9) FOR TIE CCelBIPiED ARB PERIOD. 



WITE Of FINAL f?WOfw~ Bl/L2/79' 
PACE 4 w  7 

PERIOD 

ATMOSP)-ERIC S T I U  OVEtMADlr 
' GRAVITY, 'PI 

IBP, ' F  ( ASTfl D-86) 
10 V  % 
30 V  Y  
50 V  f 
70 V  H  
90 V  H  
FBP 
V H 0 4 0 0 ' F  
V fs 6 650 'F 
WW, W n 
HYDROCW, W W 
NITROGEN. W X 
SLLFUR (Hi?S FREE), W Y 

400  5+ 
GRAVITY, 'API 
s u s w  c ~ a s  FREE), w w 

ATMOSPHERIC STILL WIT- 
c w v r n ,  OWI 

IBP, O F  (ASTH D-86) 
10 v % 
30 V % 
50 V % 
70 V % 
90 V % 
FBP 
V % 0 4 0 0 T  
V H B 6 5 0  S 
CARBON, W )c 
HYDROGEN, W % 
NITROGW, W Y 
S U I U R ,  W H 

IDP-650 F 
CRAVITV, OAPI 

t I E N I ' I C A L  VAUES FOR A ft iD B PERIODS INDICATE W T  M DATA 
WERE A C T W - Y  FW TI-E COMBIEED WB PERIOD. 



CLEM OIL TAW( 
GRAVITY, 'API 

SWf?W HIXING T M  
VISL'OSPTY, CP a 1158 r * 

VGbCLJLG1 STILL OVE- 
GRAVlTV, * W I  

I .  
I F ,  06 (ASTld D-1160 MODIFIED) 
d 0 V H  
38 V H 
60 V % 
78 V H 
90 V )I 
FDP 

' VH8.1100 'F 
V % 8 658 T 
CARBON. W % 
%I\dDROCW, W % 
NITROGEN, W % 
SULFUR, U % 

IIBP-650 'F . 
GRAVITY, * P I  

6s8 "F+ 
GRAVITV, 'WI 



U I I I L  U I '  I l l , 4 , , . -  ,\L, s ,,., . 
PAGE 6 OF 7 

VACtlUl SILL 8017@15 
W % W VACUUM S T I U  FEED 
TOLLEN: SOCUBLE, W rr 
W - A S H  TOLUENE INSOUIILT,  W % 
ASH, W H 
WEACTED COAL, w x (EST.) 
TOLUENE INS&. RESID. W % (EST.) 
CAHBON. W % 
WDROCEN, W % 
NITROGEN. W 15 
GULFUR, (1 % 
ASTH A%, W X 
COKE/ASH RATIO ( D f F  m . 1  
DnF-SOLUBLE, W X 
VISCOSITY, CP 8 500 S t 
VACUJM DISTILl-ATION 
IBP,  'F (.ASTM D-1160 MODIFIED) 
DISTILLATE TO 975 'f, W % 

I BP-975 'F 
CRAV I T V  , 'W I 

rnoCLONE OVERFLOW 
M A V I W .  '@I 
IBP,  'F- (ASTM D-1160 MODIFIED) 
10 v % 
30 V X 
50 V $6 
70 V % 
END POINT 
V X Q 650 "F 
V % 9 END POINT 
ASH, W- % 
RESIDLE AND SOLIDS, W Y 

WDROCLONE UNDUZFLOW, ASH, W % 

WDf?OCtONE FEED. ASH W X 

FILTER CAKE 
W X OF FEED M FILTER 
TOLUENE EXTRACTION OF CAKE 

\ SOLUBLE, W H 
NON-ASH INSOUIBLE. W X 
ASH, W. X 
INSOLUBLE RESID.. W X 
UNREACTED COAL, w % (EST. 1 

DTF - UCTRACTED CfWE 
ASH ( O I L  FREE), W % 

0 - 5 LIQUID 
GRAVITY, 'PI 

0 - 12 L I Q U I D  
GRAVITY, 'PI 

f AVERAGE OF BROOKFIELD VISCOSITY VAUES AT 6-100 RPN. THE 
SUlRRV HAS NON-PIEwTONIAN PROPERTIES. - 



PERIOD 

BATCH DISTIUATOld  M V6iQJl-M 
IBOarm !iLm PROWCT 

V A U  D I S F I U T I C N  
FINAL VAPOR TEW . OF 
PRESSWE, T W  

DISTILLATE. W X OF VACdM 
BOTTQMS SUlRRY 

SUCFLIR, W H 

CAbCUATED COMPOSITIBM M =IDS- O I L  
I N  VAClJlPI BOTTOMS SdJHRV PROWCT, W b6 

BATCH S T I L L  DISFILLf3TE FRCM 
SUlRRV PROWCTS 

BATCH S T I L L  RESID. FR017 FILTRATE 
. CALCU-ATED COWOSITIOIJ, U H 

SULFUR, W $6 

r n C U A T E D  COPIPOSITIrn a= t 
400 O F +  L IOUID  PRODUCT, IP 8 

ATMOSPHERIC S T I U  OV€t?HZfID 
ATMOSPHERIC S T I U  B O T T W  
NET VACWI'1 S T I U  OVERlXAD 
VACUY.1 S T I L L  BOTTOMS, 
SOLIDS FREE OIL1  1-975 F 

975 "Ft 
CFY-CUTED COMPOSITION, W % 
.SULFUR, W X 
!3lLFLR (ACaLIFk), iJ W 
VISCOSITY (ACTUAL b ,SSU 250 'F 

f THIS  COMPOSTTION IS WabE MAmP* IHAHCE FOR M PERHOD QWB BW GSU'IW 
RATIIO OF 1.5 P M T S  O I L  BER BART SOLID I N  Vf3CU.M WIT=, UITW THE O I L  
CONSISTING OF 4 PARTS RESID AND 1 BARB D I ~ I U E .  SUUR CONENF IH 40ca -Fa FW?CTHOG% 
OF ATPIOSP~IERIC STILL I B O T T W  I S  A S W W  $8 BE 8.16 LJ% FOR GEES U-EE SWLFUR fWfLYSIS 
I S  HOT AVAILABLE. 



RUJl NdZBER 130-88 
COAL I U I N O I S  a6 (HRI  4004)  
CATALYST AMERICAN & ' W I D  HDS 14-, I/16g.EXTRUDATES (IS1 3830) 

PERIOD 116 1 i B  12A 12s 

OPERAT 1% O I T I 0 1 3 S  
HOURS OF fUN - BEGINIING 

END 
CATALYST ACE (END AVERACE), LB C~?'Y' COAL/1B 
CATALYST ADDED, C U I U A T  IVE 

LBS/TON U?V COAL 
COAL FEED (DRY), LBM/W.FT. FEXTOR VOUM: 
AVERAGE REACTOR T W E R A M ,  T 
W I T  BACKPRESSLRE ( W I T  BP), PSIG 
H2 PARTIAL PRESSURE, PS IC  
OIL/SOLID RATIO (SLWRV TAP10, L B U  SOLIDS 
H2 I M E T  RATE, ffiCF/TOIJ D W  COAL 
RECYCLE GAS, ffiCF/TON U?V COAL 

YIELDS, Wt( OF DRY COAL 
CO, C02 
C1-C3 WDROCARBONS I N  CASES 
C4-C7 HYDROCARBONS I N  CASES 
IBP-400 O F  WMHA 
400-650 O F  D I S T I U A T E S  
650-975 'F DISTILLATES 
975 'F t  RESIDUAL O I L  . 

.TOLUENE SOtUBLE 
TOLUENE INSOLUBLE 

UNCONVERTED COAL 
ASH 
H 2 0  (NET) 
Mi3 (FORCED NITROGEN 
H2S (FORCED SULFUR) 
TOTAL 
iHEhICAL HYDROGEN C-ION 

MSCF/TON DRY COAL 

CCHPOSITION OF 408  O F +  FUEL OIL ,  LIT%= 
ATPIOSPHER I C  S T I L L  OVERHEAD 0.00 26.00 0.00 31.02 0.00 
ATPIOSPHERIC S T I L L  BOTTOMS 0.00 26.10 0.0a 14.16 0.00 
NET VACUUM S T I L L  OVERHEAD 0.83) -5.77 0.00 6.87 0.00 
VACW1 S T I L L  83TTOPlS. 

SOLID FREE O I L 1  IBP-975 T 0.00 8.00 0.00 3 4 . 3 7  0.00 
975 OF+ 

SULRIR, LIT% 
VISCOSITY. SSU CJ 2'50 'F 



W I T  138 - H-CWL W&R6iTIW 0r1l I LL INOIS  8 6 (tRI 4004) 
CATALYST@ 6VlERICtW C V M I D  W)S-144&, 1/16. WRUDATES (HR.K 3830) 
REGCTOR VOCUEB 4.17 CUBIC FEET 
R U i  N I l eER 130- 88 

PERIOD 1 4  A ' 14 B 14 AB 16 A 8 6  B 16 A 

DATE (END QF PERIOD), a979 
mu?S OF m - BEGIPEIINC 

END 

CATALYST IMVEMJ'ORY, END, LBS . 
CATALYST ADDED. LEIS 
CATLVST WITHDRWJN, LBS 8 
CATf3LYST ACE (END), LB DRY 

AVERACE 4 BASIS) 
ORIGINGd, CMRCE (BASIS) 

GATALYSB B\DDED. CUWATHVETX 
LBSITCN DRY COAL 

C A T M T  W I ' 6 M ) m S  
WITHDRAWL, O I L  m. LEE. 
OIL, U M 
MOLYDEMrl ( O I L  FREE). W Y t 

COAL FEED tW?V) 
LBS/HR/CU FT REACTM W E  

MOISTWE W % (COAL SAMPLh) 
A%,U% (DRY C W )  

RECYCLE FbOWS, klBS4-B ! 3 L H f f i .  
ATrWiPHEHIC ST ILL  IBOTTW 
V A C U  ST ILL  OVEfWEAD 
Ib(VE61TORV CHFYTaCE 
HYBROCLQM 0ERFLCN.I (OIL)  . 
MAKE-UP O l L  

TOTAL 

TEGIPERQTUf?E, . O F  

C O X  PHEEATER OC6FL%T 
REACTOR LIQLIID PHASE, A W .  

w. 
SEPARATOR-2' ( B 12" SKIWB 
HYDROCLONE QVERFLOWI 
V A C U  StIAL F W  2a-E 

PESSURE 
UNIT BACK PRESSLRE, 6516 
WDROCEGd ME-UP,  PSXG 
I-WDROCEW PARTIAL PRESSRE, P S I 6  

(REACTOR OUTLET - SEPARATOR1 
V A C U I  FLASH. TORR 



BATE M 61161AL W m T a  18 /82 /79  
PAGE 2 W '? 

PER I OD 

RECYCLE GAS, MSCF4OSJ DRY COAL 23.31 21.16 22 .24  2 7 . 4 5  27.98 
VENT GAS, MSCF/TW DRY COAL 4 . 8 5  4 . 9 2  4 . 8 9  6.77 4.78 
HYDROGEN FININ 

OF RECVCLE GAS AND VENT, W 83.30 81.71 1 80.23 ' 8 8 . 4 7  . 
TOT& H2, HSCFYTOSJ I X Y  COAL 

(REACTOR OUTLET) 24 ;67  7 2 3 . 4 7  28.04 31.06 

WDROCEN, M E - U P  + RECYCLE 
MSCF/TON DRY C W  
PARTIAL PRESSWE, P S I G 6 I N I T )  

HyDRoGEN C r n I P T I O N  (1 
MSCFYTON DRY COAL - .  

w ts DRY CO& 

O I L  A D D I T I W  
PWE-CIP OIL,  L B S 4 B  DRY COAL 

LBS/tiR/CU F T  f?EACTOR 
FUIW OIL,LBS/IB DRY COAL 

COLLECTED PRODUCT OWMIN, W t DRY C W L  
4 ATMOSPHERIC S T I L L  OVERMAD 

ATflOSPWRIC S T I L L  BOTTCWlS (2) 
VACU s r  ILL OVERHEAD t a 1 
V A C U  S T I L L  B0TTOI.S 
HVDROCLONE WDEfULOW 
&O 
C 1 -C3 
C4-C7 
H2S I N  CASES 
C02 a co 

I W U T  QWVJTITIES. W Y DRY COAL 
DRY CO iL  
hlOISTURE IN  FEED COAL 
EWE-LP O I L  ADDITICYJJ 
FLUSH O I L  
HYDROGEN REACTED (1) 
TOT& 

COAL CONVERSIW, W % H.A.F. COAL 
TOLUEiS COWERS ION ( 3 
DPF CONVERSION ( 4 )  

(1) BASED ON ORIFICE F L U  FCI? WDROCEN, PEERED F L U  FOR O l H 3  CASES AND APYCYSES. 
(2) WCATIVE VAUIES INDICATE DECREASES fN I ~ O R V  (K SLIJRR'f O I L  H a D I f f i  TAN(. 
(3) BASED ON FILTRATION W PROUCT SWRRY FED TO VACUM ST ILL .  
( 4 )  BASEP ON EXTRACTION OF VACUJI? BOTT(UIS PRODUCT. 
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PERIOD 14 f i  14 B . 14 16 tl 

AlWEPIfRIC STILL OMIZI-EAD): 
CRAVITY. *fPI 
IBP, *F (AS'IM D-86) 
10 v W 
30 V W 
60 V X 
70 v I 
90 V % 
FBP 
V % 41 403 'F 
V % (3 650 'F 
CARBON. W k 
IIYDROG~N, w K 
NITROGEN, W % 
SUIW (Has FREE). W % 

IW-400 OF 
I GRAVITY, O W 1  

SULFUR ( M S  FREE). W Y 

400 O F +  

CRAVITV, *WI 
SULFUR ( W S  FREE), W % 

'FITHOSPHERIC STILL 80rr0129 
CRAVITV, .&'I 
IBP, O F  (ASTH D-86) 
10 V % 
30 V H 
50 V H 
70 v % 
90 V % 
FBP 
V % &I 400 T 
V % (9 650 'F 
CARBW, W % 
HYDROGEN, W % 
NITROGEN, W % 
SUFUR. W H  

IBP-650 O F  

CRAVITY, * M I  

650 OF+ . 
CRAVITY, *@I 

X IDENI'ICAL VAUES FOR A W B PERIODS IM)ICATE THAT 'M WTfi 
WERE AC1UALLY FOR TkE COrlBIMED W B  PERIOD. 





PERIOD 14 A 14 B 14 FIB 1 6  A 15 B 16 A 

vACtU4 STILL 80fTOMS 
U % OF VilCUSl STILL FEED 
TOLuEr€ WU, u % 
NON-ASH TOlJJEiE INSOUIE. u * 
AY1;W % 
UNRECICTED a, W % (EST.) 
TOLUENE INSOL. RESID. W X (EST.) 
CARBON. u X 
HVmOCEN, u 
NITRO~EN, u X 
SULNR. W X 
ASfM A%, Id % 
c w / m  RATIO (DPF E r n .  ) 
m#=-SOUIu, W % 
VISCOSIW. CP Q) 500 T * 
VACUUM DISTILLATIOIJ 
IBP, OF (Em D-1160 MODIFIED) 
DIflIUATE TO 97s T, U % 

WDRrnOPE O M f m O W  
CRAVIN, Off1 
IBP, 'F (ASTfl D-1160 MODIFIED) 
10 V 'n 
30 V % 
50 V % 
70 V 'n 
END POINT 
V X B 6 5 8  T 
V % $ END POINT 
ASH, W Y 
RESIWE AND SOCIDS, U Y 

HVDROCLONE FEED. AYI U % 

FILTER CAKE 
W M OF FEED TO FILER 
TOLUENE EX7RACTIW OF C W E  

SOLUBLE, u 1 
NON-ASH I N S U E .  W % 
C\SH, W 4 '  
I N S O U I U  RESID., W % 
UNREACTED.COAb, W % (EST.) 

DCF - EXTRACTED CAKE 
ASH .(OIL FREE), W % 

0 - 5 LIQUID 
GRAVITY, 'API 

0 - 12 LIQUID 
CRAVITY. Off1 

1: AVERACE OF BROOKFIELD VISCOSIW V U S  6T 5-100 RPM. 7HE 
SL .I IRRY t IAS PION-t (EWTONIAN PROPERTIES. 



m-49 M D E C a  130-B8 
CORL I l L lNOl IS  8 6  (HRI 488%) - 
CATALYST MERICAN C Y M I D  MW 844%. 1/16' rnRUDATES ( H I  3830) 

PERIOD 14 A 13 Ei 04 An 16 f3 16 B 16 63 

WERATIW; C O N D I F I W  
HOUiS OF RLN - BEGINNING 

END 
C A T ~ Y S T  AGE (END AMRACE), 6-a W.COAL/LB 
CATALYST ADGED, (Ull.UTIV& 

D-BS/TON DdZY COAL 
COAL FEED (DRY) . bB/M/CU .IT. REACMR W)Cba'E A REACT&. TE*E.mfCRE I OF 

W I T  BACKPRESYRE ( W I T  BPI. PSIG 
Ha PARTIAL PRESSURE. PSIC . 
OIL/SOLID RATIO ( ! U h ? Y  TAN<), L B O  SoLI!S 
lla I U T  RATE, MSCF4'ON DRY CC)AL 
RECYCLE CAS, MSCF/TON M Y  COAL 

YIELDS, LIT% OF DRY COAL 
CO, C02 
Cl-C3 HYDROCARBONS IN GASES 
C+C7 WDbOCARBONS I N  CASES 
IBP-408 'F W H T M  
400-650 ' F  Q I S T I U T E S  
650-975 'F D O S T I U T E S  
975  O F +  RES1WF;L O I L  . 

TOLUENE SOLUBLE 
TOLUENE INSOLUBLE 

WUXdVERTED COAL 
ASH 
EO (NET) 
N i 3  (FORCED NITROGEN) 
I-RS (FORCED S U I U R I  
TOTAL 
CHEMICAL HYDROCEW CWSLEPTION 

MSCF/TW DRV COAL 

CCtBOSIITI(W OF 400 Tt FUEL OIL,  UTJTK*f . 
FLTFLOSPtiERIC STILL  alERt lEAD 
ATNOSPkERIC STILL  I30TTWS 
NET VACUlEl STILL  OVERHEAD 
VACUY.1 STILL  BOTTOT6, 

SOLID FREE O I L  4 IBP-97S OF 
975 *F+ 

SULFUR, LIT% 
VISCOSITY. SSU @ 256 4 ' 



WIT€ OF F I W  EJXW~I 11/1a79 
PAGE 1 ff 7 

LNPT 130 - ti-COCY OPERATIOrlS OC1 I L L I N O I S  S 6 (MI 4884) ' 

CATALETI AMERICAN CYANAMID HDS-1442A. 1/16. EXII?UWITES (HRI  3830) 
REACTOR WXUPlEl 4.17 CUBIC FEET 
RUJ I W E R  130- 88 

PERIOD 16 B ' 17 A 17 B 

DATE (END OF PERIOD), 1979 7/21 7/22 7/23 
MOuliS OF RUN - BECIMINC 294.00 306.00 318.00 

,END 3Q6.00 318.00 330.00 

CATFlLYSF IWEMORY,  END, LBS 54.31 64.06 54.06 
CATALYST ADDED, LBS 0.00 2.98 0.00 
CATLYST WITHDRWN, LBS 8 0.00 3.23 0.00 
CATALYST ACE (END), L B  DRV COALhB 

AVERAGE (BASIS) 1124.1 1121.0 1181.6 
ORIGINAL CHARCE (BASIS) 1843.0 1903.2 1963.8 

CATALYST ADDED, CU17LLATIVEU; 
LBSYTON CRY COAL 1.03 1.05 1.02 

CATALYST UI7MDRALM-S 
WITHDRAW&, O I L  LAEN, LBS, 0.00 6.42 0.00 
OIL ,  W 8 0.00 25.84 . 0.00 
MOLYDENm ( O I L  FREE), W H 8 0.00 6.74 0.08 

COAL FEED (DRY) 
LBS/HR/CU F T  REACTOR W E  63.11 64.84 65.51 

bDISTURE W Y (COAL SAMPLE) 2 . D  2.16 2.05 
ASH,W% (DRY COAL) 11.40 8.00 11.00 

RECYCLE F L O E ,  LBS/LB %IDS . 
ATMOSPHERIC S T I L L  BOTTOMS .68 .64 .55 
VACUUM S T I L L  OVERHEAD .19 .05 .19 
INVENTORY CkW'jCE .09 -.a? .OO 
HYDROCLONE OVERFLOW (OIL) .86 .86 .ga 
bWE-UP O I L  0.60 : .OO .O1 

TOTAL 1.65 1.63 1.64 

TEWERATURE , T 
COilL PREl-d3TEt? OUTLET 804. 785. 803. 
REACTOR L I Q U I D  PHASE, AVG. 839. 848. 847. 

MAX. 845. 856. . 853. 
SEPARATOR-2' ( 4) 12' SKIN) : 811. 810. 823. 
HY DROCLOPE OVERFLOW 480. 489. 479. 
VACUUM STIU FLAW. iow 618. 518. 586. 

PRESSWE 
W I T  BACK PRESSURE. PSIO 2648. 2600. 2631. 
HVDROCEN MAKE-UP. ~ I C  2761. 2737. 2736. 
HYDROGEN PARTIAL PRESSURE, PS IG  

(REACTOR OUTLET - SEPARATM) 1808. 1530. 1789. 
VACWM FLASH, TOUR 36. 40. 38. 



HYDROGEN, ME-UP  + RE- 
PISCF/fCN DW CO6iL 
PARTIAL PRESSIRE BSIQ(INLEBB . . - . - . - - - - - - - . -, - 

HVQROCEN CCNSUIPT If34 (1 1 
ffiCF/T(Xd DRV COAL 
W % DAY COAL 

O I L  ADDITIONS 
WE&P O I L ,  L B S M  KRd C(WY. 

LBS/HR/CLl IFT R E X M R  
FLUSH OIL.LBS/LB W C#L 

COCbECTED PRODUCT OlJfWTIW, W 8 DRV COAL 
ATPKISBHERIC S T I U  O K W E f l D  
ATPK)SBIERIC S T I U  BOTTWE (2) 
VACUm S T I U  OVEWEAD 621 
VACUTl S T I U  BOTTOMS 
HVDROCLONE UJDERFLW 
mo 
6 8 -C3 
C4-C7 
~ E S  an ~ S E S  
CO2 h CO 

INPUT m H T I E S ,  110 % Qffd COfY. 
DRY COAL 
MOISTERE BM FEED COFlL 
M E - U B  O I L  A D D I T I M  
FLUSH O I L  
M'fDRO(TN REACED ( i ) 

( 1  1 BASED OM ORIFICE F L U S  $062 WEROCEM, mOWS FOR OTHER CASES M D  :fWH.YSES. 
(2) P(EO?TPVE \/&US INDICATE ~~~S It4 I W M C M V  W EiLUWY OIL HOLDING T M .  
(3) EHSED ON FILTRfdTION OF BliOUCT SLURRY FED 70 VfKU.84 STILL.  . 
( 4 )  BASED W EXBRACVIW QF VAGhLbl BOT~CXIS P R O W T .  



PERIOD 

NORflALIZED W T  PROWCT D I S I R I W I O r C I I t  
W H OF DRV COAL 

co, Co2 
CI-C3 WDROCAR8013S I N  CASES 
C 4 4 7  HVMOC6RB(YJS IN GASES 
IBP-400 'F 
400-650 *F DISTILIATES 
658-975 *F D IST IUA IES  
975  'Ft RESIDUAL O I L  

TOLUENE W e L E  
TOLUEtE I N S O U I U  

UNCONVERTED COAL 
ASH 
&O (NET) 
M-13 (FORCED NITROCMI ' 
H2S (FORCED ~ W )  

TOTAL (100 + WDROCEM REACTED) 

FILTERED LIQUIDS1: 
GR6VITV. *FPI 
IBP, *F (ASM D-1160 MODIFIED) 
10 v x 
3 0  V % 
60 V M 
7 0  V H 
90 V Y 
FBP 
V % 0 400 O F  

V M 8 650 *F 
V H AT 9 7 5  T 
SULFLR, W H  
W % 9 7 5  *F+ 
W % SUIm I N  975 r+ 
W H NITROGEN I N  976 'F+ 

t Arm DISTIUATION CUT POINT 

8% FOR PERIODS 14  TO 22 FILTRATlOCJ OF w o ( . f  M D E W . L Y I S  CCIRRIED OUT LlIM 1)E 
flDDITION OF ATHOSPHERIC ST ILL  WK)TTOrlS FROM RN 130-82-16t3 AS PUYER (TW @IGHI'S (Y 
HVDROCLOrlE UNDERFLOW PER MZ WEIGHT W A'TP1OSPHERIC STILL  BO7ToC.S). DIST.IUATIOIY DATA 
h f ? ~  FOR DILUTED SOLIDS-FREE LIQUID. GRAVITY, SUIUR,  AND 9X *F+ WITA ARE FOR 
UIDILUTED SOLIDS-FREE LIQUID ff WDROCLON: WDERFLOW. . 

1 PERIODS 3AB.llB.17B.WD 198 ARE WORKUP PERIOQS AND HAVE M N W L I Z E D  YIELDS 
BASED ON CON'LETE ELEPENTAL fWD D I S T I U A T I W  ANALYSES. FOR CAL(XLATICt4 
OF NORFWIZED VIELD D I S T R I W I W  OF OTHER PERIODS, INTERF'OCATED ELEMENTAL AND DISTILJ-ATION 
VALUES FROM UOf?KUP PERIODS WERE USED. 

t IDENTICAL VALUES FOR A WID B PERIODS INDICATE M T  TliE DATfl 
1 lr !'I7 f8a*Tl In1 l 't Ft?R TI IF CN'lnlEFn A/R PER JOD . 



AaMOPkERllC S T I L L  oMt3l-63BB 
CRAVH'W, ewI 
IEP. O F  (ASBPE 8)-$6) 
10 V % 
30 V M 
50 V % 
70 V SS 
90 V % 
FBP 
V L Q 4 0 @  r 
v % e m a  r 
cmm,  &B W 
WWOCEN, ad W 
OJITROEH, W % 
SIIFW 6KaS FREE), W lb 

b) I?WSPMERICSFILLBO~CMS 
GRAVIITY, 
IEP, 'F 6 M T H  8-86] 
1 0  V v. 
30 V V. 
50 V % 
70 V % 
90 V % 
F BP 
V Y e 400 *F 
V N Q 6S0 *F 

' CARBON, W . %  
WDRMENI, IW M 
NITROGEN, W % 
SLLFUR, U 16 

IBP-650 *F 
GRAVITY, 'API 

8 IDENTICAL VALES FOR fb CY9) B B W I O E  UfDIC#3TE M F  T I E  KMTA 
LERE AC1WW-V FOR TIE CaiMBIE1EO) W 8  PERI[OD. 



DATE OF FINAL -TI 11/13/79 
PACE 5 s  7 

PERIOD 

WTER 
CARBON, W X 
AMIXUJIA, W ts 
SULFW, W % 

CLEAN O I L  TANK 
CRAVITV, 'PI 

SLURRY MIXINC T W  
VISCOSITY, CP e 158 'f * 

VACUUll S T I L L  OViW-EfUl 
CRAVITV, 'WI 
I W ,  'F (ASTfl D-1160 MODIFIED) 
1 0  v X 
30 V X 
50 V % 
70 V % 
98 V % 
FBP 
V Z 0 4 0 0  OF 
V % @ 650 OF 
CARBON, W % , 

HMROCM, W X . 
NITROGEN, W X 
SU-FUR, W X 

I BP-650 'F 
C W V I T V ,  'MI 

658 OF+ 
CRAVITY, 'API 

1: AVERACE OF BROOWIELD V r s c u s I n  VAUES AT S-iw RPN. 'I)~E 
SLLRRV W S  NON-NEWTOIJIAN PROPERTIES. 



VACUEs STILL BO'rrOrrS 
w % OF v m  STILL F E D  
TOU1EGf SOLUBLE, w % 
NOH-AW TOUlENE INXXUBLE, ld % 
A%, W X 
MEACTED COCIL, W X (EST.) 
TOLUENE INSOL. RESID. W 3 (EST.) 
CARBW, W v. 
HVDROCEN, W U 
NITROGEN. W H 

D P F - m u ,  W X 
VISCOSITY, CP 0 560 T t 
VFICLILY? BZSTILeAtION 
IBP, r (6Srr-l D-1160 rnDIFIED) 
DISTILLATE TO 9X 'F, W Y 

WDRocLorE OVERFLOW 
CRav1I-v. WI 
IBP, T- (ASTM D-1160 MODIFIED) 
10 V % 
30' v Y 
60 V Y 
70 V X 
END POINT 
v :r 0 650 T 
V M 8 USD W I M  
C\W. W W 
RESIWE AND SOLIDS, W % 

H'fDR0U.W FEED, ASH W % 

FILTER CAKE 
W % OF FEED TO FILTER 
TOLUENE EXTRACTIW OF CW(E 

SOLUBLE. W % 
NON-AV1 INSOCUBLE. W % 
ASH, W % 
IffiOUlFILE RESID., W % 
UNREACTED COAL, W Y (EST.) 

W - EXTRACTED CAKE 
69-4 (OIL FREE), W X 

0 - 5 LIQUID 
CRAVITY, "API 

0 - 12 LIQUID 
CRAVIN, 'API 

- 

1: AVERAGE OF BROOKFIELD VI!XO!5ITY VfUlS AT 5-1M3 WN. T?-E 
SLURRY HAS NON-FEIJTONIfW PROPERTIES. 



DATE ff FIEYY. REPORT1 11/1W9 
PACE 7 w  7 

PERIOD 16 B 17 A 17 B 18 A 18 B 

B A T C H D I S I L L A T C W f f  VACUM , 

BOIT01?S SURRV PROWCT 
V A U  DISTILLATION 

F INAL VAPOR T W .  V 465.00 0.00 495.00 0.00 490.00 
PRESSWE, T W  2.00 0.00 2,&8 0.00 3.00 

DISTILLATE, W % OF VACUUl 
BOTTOMS S W Y  34.37 0.88 . 0.00 8.39 
W W ,  W H .20 0.00 .36 0.00 .38 

CALCULATED COMPOSITIOIJ ff SOCIDS- fEE O I L  
I N  VACUUM BOTTOMS SUlWW PRODUCT, W k 

, BATCH S T I L L  DISTILLATE FROM 
* S L W  PROWCTS 48.06 0.00 34.65 0.00 12.42 

i BaTCH S T I L L  RESID. FRCW FILTRATE 51.94 0.08 65.35 0.00 87.58 
1 CALCUATED COMPOSITION, W % 

S U I U R ,  W %  . -49 0.00 .63 0.00 .77 

CALCUATED COPIPOSITIOPI OF X 
400 .F+ L IOUID  PROWCT, W Y 

ATPIOSPHERIC ST ILL OVEW-EAD 26.80 ' 0.00 21.30 0.00 36.80 
ATPDSPHERIC ST ILL  BOTTOTlS 28.00 0.00 1.90 0.00 -16.80 
NET VACUYl S T I U  OWR-EAD 
VACWM S T I U  BOTTOMS. 

SOLIDS FREE O IL1  I&-97s 'F 42.43 0.00 38.30 0.00 66.2$ 
975 v a  4.88 3.08. 38.60 0.00 30.00 

CALCUATED COPIPOSITICW. W % 
W U R ,  W H .13 0.00 .46 0.00 .44 
S U I U R  (ACTUAL) W K 0.00 0.0(3 .39 0.00 0.00 
VISCOSITY ~ A C T ~ L ) ,  ssu 0 B ' T 0.00 ' 0.00 m.00 '0.00 0.00 

1: lHI5 COIIPOSITIOIJ I S  BASED OEd THE MTERI fY .  BALAmX FOf2 Tt-E PERIOD AND AN ASSLMED 
&TIO OF 1.5 PARTS O I L  PER BART S L I D  I N  V A c u l  BOTTOMS, W I M  T W  O I L  
C W I S T I N C  OF 4 PARTS RESID AND 1 PART D I S I L L A T E .  SWWR W E N T  I N  400 T+ F W I C F I W  
OF ATHOSPI-IERIC S T I L L  BOTTWIS IS-ASSLMED TO BE 0.15 WY FOR CASES WERE SULfUR fWALVSIS 
I NOT AVAILABLE. 
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DATE OF FIT- RlrlAC1<'l'~ 11/12/'/9 
PACE 1 OF 7 

INIT 9 3 8  - H- WERATIONS ON I L L I N O I S  t 6 (HI1 4004) 
CATALYST1 AMERICAN CYANAMID HDS-144a.' 1/16' EXTRUDATES (HI 3836) 
REACTOR VOLUMEl 4.17 CUBIC FEET 
RUJ NUlUER 130- 88 

PERIOD 19B A 2068 2 l A  

DATE (END OF PERIOD), 1979 
HOU?S OF RUJ - B E C I M I N C  

END 

CATALYST INVENTORY, END, LBS 
CATALYST ADDED, LBS 
CATLYST WITHDRAWJ. LBS 1: 
CATALYST ACE (END), L B  lX?Y COAL/1B 

AVERAGE (BASIS) 1221.6 1278.9 1320.2 1320.2 1096.2 
ORIGINAL C W C E  (BASIS) 2167.3 2216.6 2265.9 2265.9 2314.6 

CATALYST ADDED, C L r m A T I V € W  
LBS/TON DRY COAL 1.26 .83 .63 .63 2.37 

CATALYST WITHDRWALS 
WITHDRWAL. O I L  LADEN, LBS 
OIL ,  W 16 
MOCYDEIJM ( O I L  FREE), W X 1: 

COAL FEED (DRY 
LBS/HR/CU F T  REACTW VOCUlE 

MOISTURE W # (COAL 
ASH,WN (DRY COAL) 

RECYCLE F L U .  L B W B  SOLIDS ' 

ATMOSPHERIC S T I L L  BOTTOM3 ' 

VACUUI S T I L L  OVEW-1EAD 
INVENTORY CHANCE 
HYDROCLONE OVERFLOW ( O I L )  
MAKE-LIP O I L  

TOTAL 

TEMPERATWE, O F  

COAL PREEATER OUTLET 
REACTOR L IQUID  PtjASE, AVG. 

w. 
SEPARATOR-2' ( @ 12' SKIN) 
HVDROCLONE OVERFLOW 
V A C W  S T I L L  FLASH 2 W  

PRESSURE 
W I T  BACK PRESSWE. PS IC  
HYDROGEN MAKE-UP, PS IC  
HYDROGEN PARTIAL PRESSIRE,' PS IG  

(REACTOR OUTLET - SEPARATOR) 
VACUJM FLASH, TORR 



RlzOr'CLE CAS, GtSCFflw DRY COfL 
V W  CAS. blSCF/TOIJ DRV C&L 
MVDROCW FIRI'CY 

OF RECYCLE GAS AfB) VENT % 
TOT& I+?, GSCF/TON DRY C& 

(REACTOR OWLET) 

m m m ,  ME-UP + E C V U  
f f iCF4" r  DRY COW 
PflRTIfL PRESSWE. P S I G ( I M )  

bMlXOCEN CONSUtlPTIOr( (11 
blSCF/FW DRY COAL 
W % BRV COAL 

O IL  ADDHTHOI'IS 
M E + - @  OIL, bBS4-B DRV COFIL 

kE/blR/CU FT RENTOR 
FUJSH 0 IL .LBSAB DRIP COfL 

U U I C E Q  PWWF QWNIIITY, 1D % QW OOFY. 
ATMOSPHERIC STILL OVERH3D 
ATHOSPbERIC STILL 18017CW (21 
V A U  S T I m  M R H E A D  (21 
V A C U  STIkL BOTTOMS 
HYDROCLONE UJMRFLOW 
wo 
C1 -C3 
C4-C7 
H2S I N  CASES 
C02 LL CO 

I V T  OUANPHTIES, k0 % UW COAL 
DRY COAL 
%K)ISTURE HM FEED C(X(L 
M E - U P  OIL  ADDITHW 
FbhlW OIL 
MVDRCGW REACTED (1 1 
TOTAL 

6 1 )  BASD ON ORIFICE F L U  bh'mm, m D  FLaa FOR OTbW GASES BW)'MifLYSES. 
(21 MCATIIVE VtLtl&S INDICATE WCREASES I M  KNVEM'OFW OF W OIL  W D I f f i  8.M. 
( 3 )  WSED FIL'BRATHCM CS B R U T  !XLRW FED TO V H X U l  STILL. 
( 4 )  BASED OM EXTRACTION OF VACUM B0'lT011S P&XJWT. 



' PERIOD 

NCRWXIZED NET P R O W  DI!STRIIBUTIOrCLII) 
W H OF DRV COAL 

m, - 
Cl-C3 CNDROCARfiWS I N  W!3ES 
C4-C? W ~ O C M B O N S  I N  GASES 
IBP-400 *F WHnM 
400-650 7 DISTIUATES 
650-975 ' F  DISTIUATES 
975 'Ft RESIWFY. O I L  

T a w  SOLUBLE 
TOCUEElE I N S O U I U  

UJCONVERTED COW, 
ASI-I 
ti20 (NET) 
M-13 (FORCED NITROCW) 
H2S (FORCED SLLFUR) 

TOT* ( 100 + MDRCKXN EfUXEDl 
I 

FILTERED LIWID*1: 
cRav1TV. **I 
I W ,  'F (ASTfl D-1160 GIODIFIED) 
10 V H 
3 0  V X 
50 V % 
70 V X 
9 0  V % 
FEU' 
V Y 4 1 4 0 0  'F 
V v , 4 1 6 5 0  T 
V % AT 975 *F 
SUFU?, W W 
W Y 975 *F+ 
W X SULFUR I N  975 T+ 
UXNITROCEN I N 9 7 5  T+ ' 

X ASCM DISTILLATION CUT POINT 

8% FW PERIODS 14  TO 22  FILTRATION.^ w m a ~  w c g n o w  WAS ~ I E D  our WIM w 
ADDITION OF ATMOSPHERIC S T I U  BOlTOMS FRffl WN 130-82-16CI AS W Y 1 E A  (TWO WEIGHTS CF 
WDROCLONE LNDERFLOW PER M: L E I M  Of f iTW!PERIC S T I U  BOITOMSI. DIST ILLAT IW MTh 
ARE FOR DILUTED SOLIDS-FREE LIQUID. CRAVIN, SLLFUR, AND 975 T+ DATA ARE F a  
LNDILUTED %IDS-FREE LIQUID OF I M H O C L M  LNDECZFLOW. 

I PERIODS 3AB,l18,17B,fflD 198 M E  WORKUP PERIODS AND WIVE NORMALIZED YIELDS 
BfiSED ON COI1PLETE ELU.IENTAL AND DISTIUATION ANALYSES. FOR CALCULATION 
OF NOREtPLIZED VIELD D I S T R I W I W  OF OTHER PERIODS, INTERPOLATED ELEMNTAL AND DIST IUAT ION 
VAUES FROM WORKW PERIODS WERE USED. 

# IMNT ICAL  VALUES FOR A AND B PERIODS I N D I C A T E , M T  T IE  DATA 
WERE ACTUAU.Y FOR TIE CCWIBINED A/B PERIOD. 



A W I C  STILL OM:- 
mAVI'WI, OW% 

. BEP. T 6 M M  b86) 
18 v % 
38 V 0s 
60 V H. 
70 V % 
90 V H 
F W  
V M 4 1 4 0 0  'F 
V Is 8 6S8 *F 
CARBON. W % 
WYDROCEM, U Y 
H l l T R a ,  LI 96 

I s u m  em ~ m m ,  u w 

A-IC SSllL eOrSO)r% 
CRAVIT'd, @6W% 
IW, '6- QFSTH D-86) 
at3 V % 
38 V H 
60 V M 
78 V M 
98 V % 
Fa6= 
V % B 4 0 0  r 
V % 81 658 .IF 
CARBON, U 8 

, a 

WbROCEN, eB Y 
BJHTROCEM, es er 
GUBUR. U % 



PERIOD 

W T E R  
cmm, W Y 
fWKX1IA. W H 

- SULFW, W H 

CLEAN O I L  TAM( 
CRAVITV, * M I  

mlE OF FIML F l a w ? T a  
PACE 5w 7 

SLURRY MIX ING TAN< 
VISCOSITY, CP B 158 'f t 309.0 . 0.8 0.0 0.0 0.0 0.0 

VACUM S T I L L  OVEBEAD 
GRAVITY, *API  

4 IBP,  *F (ASTH D-1160 MODIFIED) 
10 V H 
30 V Y 
50 V N 
70 v % 
90 V Y 
FBP 
V tr @ 400 T 
V N 8 650 *F  
CARBON, W H 
tffDROGOJ, W % 
NITROGEN, W W . 
SLLFUR, W H 

I BP-650 'F 
CRAV I TY , 'AP I 

650 O F +  
. . 

CRAVITV, 'WI 

X AVERACE OF 
SLLRRY HAS 



DC\'IE OF FINAL RWWtT 1 11/12/79 
. .  PACE 6 O F  7 

PERIOD 1 9 B  2 0 A  2 0 B  2 0 A B  2 1 A  2 1 B  

VACUI1'SPILL BOTT0915 
w % OF v m  STILL FEEII 
TOLUENE SOCUBLE, Id W 
NON-AY1 TOUIENE INSoUIl3JI. Id % 
ASH, W % 
UNREACTED COAL., W % (EST. 
TOLUENE IFISOL. RESID. W X (EST.) 
CARBON, W X 
MDROCEN. W Y 
NITROGW. W Y 
SLILFUR, W H 
ASTM mi, W # 
COKE~fiSH RATIO 6 H  m. 
m-SOLUBLE, W % 
VISCOSIW. CP B 500- T f 
VACU DISTIWIW 
IBP, T (ASTH B-1160 MODZFIED) 
D I S f  I U T E  TO 975 U ld 

HYDROCLOM: 0VUU;LOW 
CRAVITV, 'WI 
IBP, *F <m D-1160 MODIFIED) 
10 v v, 
30 V % 
50 V SC 
70 V X 
END POINT 
v v . e e i 0  T 
V % B END P O I M  
A M ,  W % 
RESIWE AND SOLIDS,' W W 

WDROCLONE FEED, ASH W % 

FILTER CAKE: 
W % OF FEED TO FILTER 
TOLUENE EXTRACTION OF CAKE 

SOLUBLE, W v. 
NON-ASH INSOUJU, W X 
A!%. W % 
I N S U E L E  RESID., W % 
UNREACTED COAL. Id % (EST.) 

D6f - EXTRACTED CAKE 
ASH (OIL FREE), W % 

0 - 5 LIQUID 
. GRAVITY, 'API 

0 .- 12 LIOUID 
GRAVITY, e f f I  

L AVERACE OF EIROOKFIELD VISCOSITV V U S  AT 6-1- M. T I E  
Sl .L IRRV t (AS PIL?N-PIEWTONIM PROPERTIES. 



DATE (Y F I M  REPORTI 11/12/79 
P A G E 7 f f  7 

PERIOD 19B i 3 A  20B i 3 A B  2 1 6  21B 

BATCH D I S T I U A T W  (Y VACULM 
BOTTOMS SLlRRV PRODUCT 

VACUM DISI'ILLATICIJ 
FINW, VAPOR TEW. *F 475.00 0.00 46S.00 465.00 8.00 120.00 
PRESSURE, TORR 3.00 0.00 3.00 3.00. 0.00 3.00 

DISTILLATE, W % CF VfX lJA  
B O T T M  SLURRY 9.35 0.88 7.60 7.60 0.00 6.08 

SULFUR, U ' X  .38 0.00 .34 .34 0.00 -34 

CALCU-AT~D WIPOSITIOIJ OF SMIDS-fFM O I L  
IN  VACLUM BOTTOMS SUlWW 63?0DUCT, W % 

BATCH STILL  DISTILLATE FROrl 
IU s 
0 S L m V  PRODLETS 14.35 0.00 12.16 12.16 0.80 7.m 
UY BATCH STILL RESID. FRW FILITWTE 85.65 0.00 87.84 87.84 0.00 92.28 - 

CALCULATED CWlPOSI T I W ,  W )r 
SU_FUR, W % 

CALCULATED COtPOSITlON (Y t 
400 O F +  L IQUID PROWCT, W Y 

ATPWPHER I C  ST I LL OVEMXAD 
t3TMOSPHERIC ST ILL  BOTTOTS 
NET V A C U  STILL  OVERHEAD 
VACUm STILL  BOTTCXIS, 

SOLIDS FREE OIL,  I@'-975 T 
975 r+ 

CALCUATED COMPOSITIW, W M 
SLLFUR. W vr 
SULFUR~(ACTUAL), w % 
VISCOSITY (ACTUAL) .SSU 0 2i0 T 

1: THIS COW SITION I S  BASED CW THE G1ATERIAL BALANCE FOR 7l-E PERIOD AND AN ASSLMD 
RATIO O F - f . 5  PARTS O I L  PER PMtT W I D  I N  VACUM B0TTOt-S. W 1 ' l I - l . M  OIL 
CWSISTINC OF 4 PARTS RESID WJD PART D I S T I U E .  SUfW CCMENT IN  400 OF+ FRACGIOM 
OF ATMOSPHERIC ST ILL  BOTTW.5 I S  ASSUMED TO BE 0.16 WY FOR CASES WERE W U i  fWLYSP% 
I S  NOT AVAILABLE. 



ial. &IB€R 130-B8 
COAL I U I N O I S  86 (HI31 4004) 
C A T a S T  M R I C M  WANAMID HDS 1442f3, 8/16' W B A E S  (blRI 38301 

PERIOD 1 9 B  2 8 A  2 0 8  2 @ A B  2 1 A  2 l B  

OPERATIffi C O M ) I T l I W  
l-lOms OF tar4 - B E G I r n I f f i  366.630 

END 378.W 
C A T A L V S T A C E 6 E H D A m ) .  LBfRV- 8 2 2 8 . 6  
CATALYST ADBMD. CLGLLATIVE* 

LBSHTON KW-COAL 1 .a 
COALFEED (DRY), LB/HR/aJ.FT. iXhCmX2- 62.40 
AVERACE REACTGR TENPERATWE, '6 848. 
UNIT BACKPRESSWE (WIT B P I ,  PSPG 
I42 PARTIAL PRESSURE. PSIC 1 s .  
OIL/SOCIDRATIO (&Y TAN<), b W L B % I s  '1.69 
kt2 INLET RATE, flSCF/TON DW 60AL 47.59 
REWCLE GAS. MSCF/TON W COAL . 30.74 

YIELDS, WTY OF KXW COAL 
CO , CO2 
Cl-C3 MDROCARBONS I N  CASES 
C 4 4 3  WQROCARBWS I N  CASES 
I F - 4 0 0  'F NAPHTHA 
400-654 "F DISTILLATES 
650-975 'F DISTILLATES 
975  T+ RESIDLWL O I L  

TCUEW SObUBLE 
T U N E  BffiOLUBLE 

hlG1CONVERED COAL 
ASH 
w o  t m 1  
NW3 (FORCED NITROCEN) 
' W S  (FORCED SULTUR) 
TOT% ' 
CHEMICAL HVDROCUd CCXSUPTllCMY 

I4SCFnON DRY' COAb. 

CCWOSITION OF 400 T+ FLEL OIL, LlIXm 
ATflOSPHERIC ST ILL  OVERHEAD 
ATMOSPJ-IERPC S T I U  B O O T W  
M T  VACULPPO S F I U  Q V ~ A Q  
V A C U I  S T I U  BOTTOMS, 

SOLID FREE OIL1 I W - 9 7 S  "6 
975 T+ 

!almlR, LIT% 
VISCOSITY, SSU @ 250 ' F  



MTE ff f IW W U ? T  I 
PACE 1 ff 7 

U i I T  8 3 0  - H-COAL O P E R A T I W  OC( I L L I N O I S  S 6 (MI 4884)  
CATALYSTl,AMERICN CYANAMID HDS-1442A. 1/16. UCTRUDATES (MI 3836) 
REACTOR V U Y l  4 . 1 7  CUBIC FEET 
RUJ NTIBER 130- 88 ' 

PERIOD 
DATE (END OF PERIOD), 1979 

HOWS OF RLN - BEGINNING 
END 

CATALYST INVENTORY, END, LBS 
CATALYST ADDED, LBS 
CATLVST WITHDRAWJ. LBS X 
CATALYST ACE (END j , LB DRY COALU 

FIVERACE (BASIS) 
ORIGINAL C W G E  (BASIS) 

CATALYST ADDED, C W T I V E T *  
LBSOON DRY COAL 

CATALYST W I THDRALW-S 
WITHDRAWL, O I L  LADW, U S  
OIL ,  W )c 
MaYDENY l  ( O I L  FREE), W W * 

COAb FEED (DRY) 
LBS/HR/CU FT REACTOR VOUJl€ 

HOISTLIRE W % (COAL SA17PLE) 
AV1,W)L (DRY COAL) 

R E c V a E  FLOWS, LBSILB SOLIDS 
fiTHOSPHERIC S T I U  B O T T W  
VACUUM S T I U  OVERHEAD 

. INVWTORY CW\NCE 
blYDR0CLONE OVERFLOW (O IL )  
MAKE-UP O I L  

TOTAL 

TDPERATURE , 'F 
COAL PREHEATER OUlLET . 
REACTOR L IQUID  PHASE, AVG. 

w. 
SEPARATOR-2. ( CI 12. SKIN) ' 

MYDRNLONE OVERFLOW 
VACWM S T I U  FLASH Z W  

PRESSURE 
W I T  BACK PRE!3lJF!E. PSIG  
HVDROCEN f W k ~ - ~ ~ ,  ~ I C  . 
HVDROCEN PARTIAL PRESSUIE, PSIG 

(REACTOR OUTLET - SEPARATOR) 
VACUm FLASH, TORR 



~ O C E M - ~ I P Y  
O F R E C Y I C a + : C A S ~ W  % M.12 . 90.27 83.25 0.00 

TOTAL W, BZSff/T06% lN'4 & 
( R 6 3 3 " T  OUTLET) 38.n 48.85 0 36.00 8.069 

w m m .  m-UP + E r n  
WCF/BOEB OUW COAL 52.86 65.63 63.62 151.631 '8.88 
PARTIAL PRESSWE, P!XG(IbUE.F) . 259?. 2 3  2558. . 8. 

WBROCrn rnSuHPTIObJ 8 1 1 
)6CF/TOW DRY COAL . 8.4.59 d!5.'49 64.69 1 0.88 
.19 # DRV C W  3.W 4.81 3.87 4.15 0.00 

OIL ADDHTIIONS 
pyy<E-UP OIL, LLBWl-B w C W L  

N I 
w 

bBS~HR/CUI FT REMTtX3 
N FLU% OI&.kE/LB M V  CaAb. 

COLLECTED PRODUCT fXRMTIW. W W lwnr Q M .  
ATPDSBERIC ST Ilk& OVlX!-M3D 
GDgGOSPB-IERIC STILL BOmM 62) 
V A C U  STILL OVERHEAD 62b 
VACUJM S T I U  BOTTOMS 
HVDROCbONE aWDERFLOld 
wo 
C B -C3 
C4-C7 
H2S IN Gf3SES 
coa a ai 

If%uT QUWTIFIES, W Y KNW COAL. . 
. wv Cad- 

6608STUE I M  FEED CW& 
)ME-W OIL hDQIt3WS 
IFLld!3d OIL  
MVBROCEH R W T E D  4 i 1 
TOTAL 

CsAL CWERSBOb(, U % 6 8 . ~ ~ 6 .  COAL. 
TOLBYbf WERSBC$4 4 3 8  
B)EF CWERSI@d 44) 

33.65 
A8.81 
0.m 
0.00 

, 94.93 
7.87 
6 . B  
3.68 
2.81 

.74 

ass. 0s 
2.157 
167.95 

.4@ . 
4.11 

16s. 83 

41) BfEED d)ld ORfFICIE FLQE FOR bCdU?OEN PEERED FLOW% F a  O M  WSEB CY'ID NM-VSES. 
( 8 )  WGdTIVE V W J E S  8MDIC6TE DECREfEES Hf4ENiTW 86 WlRRB' O I L  W D I b l Q  T M .  
63) BASED OgB FILTRATHW OF B R W T  SJJ6W' BED TQ V M  STILL. 
4 4 ) BASED 8EO EXTRACPIW QF VACUM BOTI'W PROWCT. . 



BATE ff FIWY. REPORT', 11/1a/79 
PACE 3cf 7 

PERIOD a l t w . a ~  a e  = A  

WRHKIZED N3 PROWCT DISIRIWIOrCY!8 
W % OF DRV CoAL 

CO, C02 
C1-C3 HVDROCARB(WS I N  CASES 
C4-C7 WDROCARBONS I N  CQSES 
1EP-400 'F IW'l-fTWI 

.400-650 T DISTIUATES 
650-975 'F DISTIUATES 
975 'Ft RESIWAL OIL  

TOLUENE SOLUBLE 
TOLUENE 1 NSOLUBLE 

UJCONVERTED COAL 
ASH 
tEO (NET) 
NH3 iF(Wh"ED NITROCOJ) 
H2S (FORCED SllJxH) 

.I TOTAL ( 100 + t-I'fMX€H EACTED) 

FILTERED LIOUID~~ 
CRAVITV, 'API 
IBP, 'F (ASTM D-1160 MODIFIED) 
10 v % 
30 V % 
60 V % 
7 0  V % 
90 V % 
FBP 
V % 8 400 T 
V H 4) 650 'F 
V H AT 975 T 
S U I U ? .  W H  
W % 975 O F +  

W H SUJ-UR I N  925 r+ 
W % NITROGEN I N  915 T+ 

1: ASlM DISTILLATION C W  POINT 

FOf? PERIODS 14 TO 22 F I L T M I W  OF HYDRWLM LNDERFLOW lJl35 CARRIR) OUT W I l H  
ADDITION OF ATMOSPI-ERIC STILL BOTMMS FRW FUN 130-=-la fS PUSHER (TWO WEIGHTS OF 
HVDROCLONE MDERFLOW PER M WEIGHT OF A~~DSPHERIC mru eonons). DISTILLATION wacb 
ARE FOR DILUTED SOLIDS-FREE LIQUID. CRAVITV, W U R ,  AND 9% 'Ft DATA ARE FOR 
MDILU'TED SOLIDS-FREE LIQUID OF H Y m O C i E  UNDERFLOW. 

, 

I PERIODS 3AB,118,1?8,AND 198 ARE WOW<LP PERIODS AND HAVE MRWLIZED YIELDS 
BASED OIJ COPIPLETE ELPENTAL AND DISTIUATION ANALVSES. FOR CALCUATION 
OF NORfIfLIZED V E L D  DISTRIBUTION OF OTI€R PERIODS, INTWOCATED ELEMENTAL fYJD DISTIUTIOCJ 
VALUES FROM WRKUP PERIODS WERE USED. 

8 IDENTICAL VAI-UES FOR A AND B PERIODS INDICATE TWIT THE DATA 
JERE ACTlJALLY FOR TIC CmIBINED A/B PERIOD. 





PERIOD 

MTER 
CARBON, W x 
A1.IMONIA. W Y 
S W U A ,  W W 

CLEM O I L  TAN( 
CRAVITV, ** I  

SlJNRV MIXING TAN< 
VISCOSITV, CP el 158 r t 

VACWM STILL ovEf+EAo 
CRAVI TV, 
IBP, O F  (ASTM D-1160 G1ODIFIED) 
10 V % 
30 V % 
50 V W 

rU 
70 V % 

w ! 90 V 1: 
cn F BP 

V 15 @ 400 'F 
V H 6 6 5 8 " F  
CARBON, W % 
HYDROGEN, W X 
NITROGEN, W % 

I 

SLn-FLU?, W % 

IBP-650 *F 
CRAVITV, *API 

650 O F +  

CRAVITV, O W 1  



DATE- O f  F INHL kDJOI<-r I 
PAGE 6 0 F  7 

PERIOD - 
VfxxaJ l  STILL m7TOMS 

Id Y OF VACUUll STILL F E D  
T m  S O C U U .  W Y 
m - A S H  TOLUENE INSOUIBeE. % 
A Y I .  W 
UNREACTED COAL. W W (€So) 
ToUENE INSOC. RESID. W X (EST.)  
CARBON, W K 
HVDROCEN, W % 
NITROGEN. W H 

wecum DI!~TIMION 
IBP, 'F (Arm D-1160 MODIFIED) 
DISKIUATE TO 97S S, W W 

IBP-975 OF 
mvxw, O W 1  

rnoCLONE OVERFLOW 
CRAVIIY, 'WI 
IBP. 'F (ASTM 0-1160 MODIFIED) 
10 v % 
38 V % 
50 V X 
70 V W 
END WXMl' 
V % 0 650 T 
V X @ END POINT 
Asti ,  W Y 
RESIWE AND SOCIDS, U % 

HMROCLoc.(E lJw3fLaJ. ASH. W % 

J-MXOCLONE FED. ASH W X 

FILTER CAKE 
W % OF FEED TO FILTER 
TOLUENE EXTRACTION OF W E  

SOLUBLE, u % 
W A S H  INUXUBLE. W % 
ASH, W H 
INSOLUBLE RESID. . W X 
UNREACTED COAL, W )c (ESP.) 

DPF - EXTRACTED CAKE 
61% (OIL FREE), W % 

0 - 5 LIQUID 
Gf?fIVITY. 'WI 

0 - 12 LIWID 
GRAVITY, OW1 

x AVERACE OF BROOKFIELD VIscosIn VALES AT 5-100 RPM. 'I)IE 
SLURRY W S  NON-NEUTONIAN PROPERTIES; 



DATE (Y F I N  11 /92 /79  ' 

PACE 7 w  7 

PERIOD a l ~ e  A 2;!e at3 

BATCH DISTIUATON CF VACU.t! 
BOrT017S SLUiAV PROWCT 

VACUM D I S T I l l A t I O r (  
FINAL VAPOR TEW. T 
PRESSWE. T0RR 

DISTILLAT€, w n (K VACUM 
B o T T m  SURRY 

SULFUR, W K 

CALNATED COMPOSITIOCj W %LIDS- O I L  
I N  VACUm BOTTWIS SURRY PRODUCT, W % 

BATCH S T I U  DISTILLATE F R W  
SLWRV PROWCTS 18.23 

BATCH STILL RESID. F M  FILTRATE 81 .?7 
CALCUATED COMPOSITIOIJ, W H 

SULFUR, W % .62 

CALCUATED COMPOSITION OF * 
400 O F +  LIQtJID PRODUCT, W Y 

ATMOSF'HERIC S T I U  OVEfatlEAD 39.50 
ATMOSPHERIC STILL BOTTOblS 11.30 
NET VACUI'I STILL OMRHEAD . 6.60 
V A C U  STILL BOTTOMS, 

SOLIDS FREE OIL,  IBP-975 F 0.00 

SUU-UR, W % .36 
SUEW (ACTUAL) W Y .40 . 
V IXOSITV (AC*) ,SSU 8 ZS0 T 180.00 

): THIS COMWSITION I S  BASED ON It€ flftTERIfY. BALANCE FOR Tl-E PERIOD AM) EYJ,ASSUTD 
RATIO OF 1.6 PARTS OIL PER PART SOLID IN v m  BO'ITOMS, wrm TE OIL 
C W J S T I N C  OF 4 PMTS RESID AND 1 PART DISTIUATE.  SUIa CONTENT I N  400 OF* FRACTION: 
OF ATMOSPHERIC STILL BOTTOCZS I S  A S S U ' M  TO BE 0.15 WW FOR CASES W-IEB SUFLlR f W L Y S I S  
I S  NOT AVAILABLE. ' 



RUJGLMBER 130-Ei8 
CBfiY, ILLIf%lIS 86 (MI 4004) 
CATALYST M R I M  W W I D  HDS 144268, d)16* DCGRUDATES (HRI 3330) 

PERIOD ~ A B  B 236 

Oi,ERATING COHDITIOI'IS 
HOWS OF RLN - BECIMINC 

END 
CATALVST A E  (END AVERAGE 1, LB COFS/tB 
CATALYST ADDED, CWUAI"I'VES 

LBS/'FW DRV COAL 
COAL FEED (DRV 1. CB/HR/CU. Fl'. REACTOR W E  

. AVERAGE REFtCTOR T€Hf'ERATL%IE. V= 
UNIT BACWRESSWE ( W I T  W), PSIG 
Hi? PARTIAL PRE'SSURE, P S I 6  
OIWSOLHD RATIO (%WRY TAP#), W B  SOCIDS 
H2 INLET WTE, MSCF/TW D6?V CWL 
RECYCLE CAS. MSCF/r(XI W COAL 

Y1El-E. IS616 M DRY COAL 
CO , C02 
C I - C 3  WBROCMW I N  CASES 
G4-C? kWDROCARBW I N  GASES 
IBP-400 '6 WKlW 
400-650 'F DISTILLATES 
650-975 'F DISTILLATES . 
975 @F+ W E S I W  O I L  

T ~ N E  s a u u  
T U N E  INSOUJBLE 

U(JCONVERTED COAL 
ASH 
H20 (NET) 
EH3 (FORCED MITROCEbo 
H2S (FORCED SULFWZ) 
TOTAL 
CHEHIC6L HYDROGEN m I O I J  

EJSCF/T&i DRY COAL 

COPPOSITION OF 400 O F +  FLEL OIL, WWK$ 
ATMOSPHERIC ST ILL  O V E W A D  
ATMOSPHERIC S T I U  BOTamS 
NET V A C M  ST ILL  OVEWAD 
VACUY? S T I U  BOTTOMS, 

SOLID FREE OIL1 IBP-975 T 
975 'Ft 

SLLFm. m'% 
VISCOSBTV, SSU (J E 0  r 



DATE OF FIMFL REPORT1 11/12/79 
PACE 1 7 

s * brHF 130 - H-COAL W E R A T I W S  OC1 I L L I N J I S  i 6 C k R I  4884) 

(D 
CATCYLVSTa AlPRICAN CYANAMID HDS-144%. 1/16. ~ R U D 6 i ~ ~  (kU?I 3830) 
RE'TTOR VOLUGl 4.17 CUBIC FEET f j  if RUaWMBERl30- 88 . PERIOD 3- 1 1 3  20- 

D< 5 DATE (END W PERIOD), 1979 ?/ 4 ?/L7 7/26 
+a HOWS OF RUJ - BECINJING 28.00 190.138 378.00 
7' p END 52.00 202.M 402.00 
"g , 
40 m ' CATALVST INVEVORV, EM), LBS 50.81 51.27 48.89 

CATALYST ADDED, LBS 3.93 0.60 0.00 
CATLVST WITHDRAW, LBS Z . 4.28 0.80 5.84 
CATALYST AGE (END), L B  CRY CCWL4-B 

AVERAGE (BASIS) 274.2 867.6 1320.2 
ORIGINAL CHARGE (BASIS) 288.4 1193.0 2265.9 

CATALYST ADDED, U H L A T  1- 
LBWTON DW COAL .54 1 .a0 .63 

CATALYST WITHDRAWALS 
WITHDRAWL, O I L  LADM, LIE 8.53 0.80 10.86 
OIL .  W tr 31.21 0.00 23.24 
H O L Y D M  ( O I L  FREE), W W L 7.26 0.00 6.97 

COAL FEED (DRY 
LBSMR/CU F T  REACT(WI W X U C  

MOISTURE W % (COAL SAMPLT) 
A S H , U  (DRY COAL) 

RECYCLE FLOWS, LBS4.E -IDS 
ATMOSPtERIC S T I L L  BOTTot,G 
VACUY? S T I L L  OvElUEAD 
INVENToRY CHANCE 
WDROCLONE OVERFLOW (OIL) 
MAKE-UP O I L  ' 

TOTAL 

TEEIPERATURE, 'T 
COAL PRDLEATER OUTLET 
REACTOR L I Q U I D  PHASE, AW;. 

MAX. 
SEPARATW-2' ( d 12' &IN) 
HYDROCLONE OVERFLOW 
VACUUM S T I L L  RASH 20M: 

PRESSURE 
UNIT  BACK PRESSLU?E. PSIG  
HYDROGEN MAKE-UP, PS IC  . 
HYDROCEN PARTIAL PRESSWE. PSIG 

(REACTOR OUTLET -' SEPARATW) 
VACWM FLASH, ' TORI? 



WBROCW, WE-UP + RECVCLE 
PISCF/TOGd WV COA . 
P6RTBW- PRESYIRE, PSIGCIM-ET) 

WYmm CONSUMPTION Q 11 
MsCF/Trn IW COAL 
LBssWCOAL. 

O I L  A B D H T I M  
)WE-LP OIL,  LFr3I-B WW COAL 

I LBS/WR/CUI W REACTOf3 
FLUSH OIL,LBW-B DRY CCYIC 

COLLECTED BIROQUCT OLWfl'ITY, W Y DRY C(MY. 
' .  A T b ~ R B C 6 F I L b . O V U M A D  
' ATbK)SPKRIC S t l U  BOITWS 12) 
. V A W  STILL OVERHEMI (2) 

VACbllP.8 STILL B O T T M  
MDROCLM UJDERFLOW 
tsao 
C 1 -C3 
C4-C? 
MaS I N  GMES 

P M E - W  O I L  A B D l T I W  
FkUW O I L  
tiYDROCEN REACTED ( 1 ) 
TOT& 

- 
(1) BASED OM QRIFICE F b U  FOt? WDROCEN. PEERED FOR 0- GMEB fWLVSES. 
(2) NEGATIVE V W X S  JNDICAE DEC%fESES IN1 [WEHToRY W W O I L ~ H O C D I W  T M .  
(3) BASED ON FILTRATION W PROllCT SUrZrW FE0 TO VACUM STILL. 
(4 )  MSED ON E X T W V I W  OF VACaUT BOTlUS BROWCT. 



PERIOD 

tiOWWIZED EEa PROWCT BISRI~IWM 
w w o F I K W C o A L  

CO. co2 
C 1 4 3  WDROCARW I N  GASES 
C4-C7 WDROCARB0)3S IN  CASES 
IBP-400 O F  N@WTHQ 
400-656 *F DISTILLATES 
650-97s T DISTILLATES 
975 *F+ RESIDUAL O I L  

T U N E  SaUBLE 
TOLUENE INSOUIf3-E 

WCONVERTED COAL 
ASH . , 

' H2O (NET) 
. M-l3 (FORCED NI'IROCEN) 

H2S (FORCED SCILFlM?) 
t TOT% (10@ + HYDROCUd REACIED) 

FILTERED LIQUID** 
GRAVITY, * fWI 
IBP, O F  (ASTM D-1160 MODIFIED) 
10 v % 
3 0  V % 
5 0  V % 
70 V N 
90 V % 
FBP 
V X 41 400 *F 
V k e 650 'F 
V X AT 975 'F 

1: ASM DISTILLATION W POINT 

;W: FOR PERIODS 14 TO 22 FILTIWTION ff HV-W LNLEWLOW WA5 CfWRIED CUT WITH THE 
ADDITION OF ATMOSPHERIC S T I U  BOTTCXIS FRm RUJ 130-82-16A AS WStCR (7610 WEIGHTS OC 
IWDROCLONE MDERFLW PER OCJE WEIGHT OF AmOSPHERIC S T I U  BOTTOTIS). DISTIUATIOlJ DATA 
ARE FOR DILUTED SOLIDS-FREE LIOUID. CRAVIW, SLLRR, AND 975 *Ft DAfA ARE FCM? 
WDILUTED SOLIDS-FREE LIQUID ff HVDROCLW UNDERFLOW. 1 

PERIODS 3AB,llB,17B,AND 198 ARE WORKLP PERIODS AND WVE NWWLIZED YIELDS 
BASED ON COPIPLETE ELDlENTAL AND DISTILLATION fWXVSES. FOR CCILCUATIOIJ 
OF tJORHALIZED YIELD DISTRIBLIGIOlJ OF OTHER PERIODS, INTERPOLATED ELEMWTAL fWD DIWILhATIOC1 
VALUES FROPI IJGRI<UP PERIODS WERE USED. 

# IDENTICAL VALUES FOR A AND B PERIODS INDICf3TE 7HCIT T I E  DATA 
WERE ACTLW-LY FOR THE COIIBINED A 4 3  PERIOD. 



IW. 'F- ( f i s t4  D-86) 
90 V Y 
30 V H 
60 v H 
70 V % 
90 V % 
FBP 
V st 4) 400 *F 
V % 8 650 aF 
CARBONI, u W 
M T D R W H ,  Cd W 
NITROGEN, LB % 
S U I L I R  tHi?Sm€E), U %  

t . I8P-400 *F 
CRAVIW, %PI 
SU6W 6 E S  F E E ) ,  U I 

400 T* 
GRAVITY, 
s m  t t e s  F E ) ,  u % 

A W m I C  STILL BOW(mS 
mavrrv, OAPI 

I W, OF (6STt4 B-86 b 
94) v % 
30 V X 
60 v % 
78 V I 
90 V % 
F P  
v%e,.em r 
V X @ 658 '6 
CARBOM, ed 96 
WDROCEB.B, Bd % 
HITROENO LB Y 
w w ,  w % 

IP-650 *F 
CRirVIW. ewI 

IDENTICAL VAhhES F a  A 6WD B PERIOD5 INDICXiTE ~T THE DATA 
E R E  W W ' 9  FOW THE COOlBIElED WE PERIOD. 



m'FE OF F I m  91/12/79 
PACE 6 W  7 

PERIOD 

WATER 
CARBON, W H 
m I A ,  W % 
W U R ,  W W 

CLEAN OIL TANK 
GRAVITY, 'WI 

SLURRY blIXIffi T M  
VISCOSITY, w 0 150 r 1: 

vI-\CUM WILL O V E m E m  
GRAVITY, 'WI . 
IBP, 'F (ASTM D-1160 MODIFIED) 
10 v X 
30 V ti 
60 V Y 
70 V % 
90 V I 
FBP 
V H 8 4 0 0 O F  
v % er 650 OF 
CARBON, W H 
HVDROCEN, W W 
NITROGEN, W % 
SULFW, W H 

IBP-650 OF. 
. GRAVITY, OW1 

658 OF+ 
CRAVIT\?, 'WI 

1: A V ~ E  OF BROOKFIW VISCOSIN VAUES AT 6-100 m. WE 
S U M  W9 NON-NEWT(XI1AN PROPERTIES. 



PERIOD 

* " U A T F O F  F J W  ktz'PC~li'l'1 11/1&./9 
PACE 6 f f  7 

vAcuIp( STILL BOROMS 
U % w v&xlm S T I U F E E I )  
T U N E  SOUIBLT, W X 
NON-CISM 7- P W B L E .  * 
AYI, W X 
MEACTED COFIL. W .% (EST.) 
TOUENE INSOL. RESID. W W '  (EST.) 
CARBON. w H 
MDROCEN, W % 
NITROCP(, W Y 
SULFUR. W X '  

OIIF-SOUIBL, W % 
VIScoSITY, CP 4) !330. 9 * 
VfxuKl DISTKUAr%%ON 
I W ,  "F [ASTtl Pi160 MODIFIED) 
D I S T I U A E  TO 975 T. U I 

WOCLONE OVERFLOW 
G M V I N ,  O f f 1  

IBP. Y (FISTPI D-1160 MODIFIED) 
10 v n 
3 8 V X  . 
5s v M 
70 V X 
Eb(D POINT 
V X 8 650 T 
V % B END POINT - - - - . - . 
ASH, W X 
RESXWE AND S a I D S ,  W % 

WDROCLONE FEED. f lS4  W X 

FILTER CAKE - 
&I % OF FEED TO FILTER 
T0LUENE EXTRFICTIOCJ OF CAKE 

SOLUBLE. W % 
NOEt-ASH INS-. W % 
ASH, W % 
INSOLUBLE RESID. , W X 
W.(REAC?ED COFIL, W K (EST. 

[XF - E X T N T E D  CAKE 
fS-4 (OIL FREE), W % 

0 - I2 L I W I D  
GRAVITY, * P I  

L AVERACE .OF BROOWIELD VISCOSITY V U S  fit 5-100 RFW. 7PE 
SLU?RY WIS NON-NEWTONIAN M T I E S .  



DATE ff F I W  fEJa?Ta 114209 
PACE 7 w  7 

PERIOD 369 l l B  a A B  
0 

BATCH DISTIUATON ff VACLLG1 
B O T T M  SUlWW P R O W 1  

VACUM D I S T I U A T I W  
FINAL VAPOR TEMP. T 485.00 445.00 465.00 0.00 0.W 
PRESSURE, TOWZ 3.00 2.00 3.00 0.00 0.00 

DISTILLATE, W 96 OF VACUM 
BOTTOMS SLlRRV 11.37 8.56 7.60 0.00 0.00 
W W ,  W I .I8 . 42  .34 0.00 . 0.00 

CALCUATED COMPOSITIOIJ w SOdIBS-fREE O I L  
I N  VACUm BOTTOHS SLURRY PRODUCT. W M 

BATCH STILL DISTIUATE FRCN 
SLURY PROWCTS es* .~9 i a . 7 ~  I .  0.00 0.00 

BATCH STILL RESID. F R W  FILITWE 79.11 87.25 87.84 0.00 0.00 
4 CALCULATED COPOSITIOIJ, W % 

SULFUR, W % .3a .9!i .66 0.00 0.03 

CALCWATED CO(?POSITIOIJ OF .8 
: 408 OF+ LIQUID PRODUCT, W # 

ATMOSPHERIC S T I U  OVEWEAD 
ATPtOSPHERIC STILL BOTT0C.E 
NET VACUM STILL OVER-EAD 8.90 . -5.77 0.00 0.80 0.04) 
VACUY'I STILL BOTTOMS. 

S a I D S  FREE OIL  1 I&-975 'F 11.10 0.00 1.68 a 0 0  0.08 
975 *F+ 38.11 69.67 46.40 81-80 0.00 

CALCULATED COPLPOSITIW, W % 
SU-FUR, W I .30 .68 .40 0c00 0.00 
SULFUR ( A C T W ) ,  W % 0.00 .63 .36 0.00 0.00 
VISCOSITY (ACTUL),SSU a 250 .F 0.00 . 0 . 0 0  0.08 0.00 0.00 

X THIS ~ P O S I T I C N  I S  BASED W l3-E WIERIEY. BALANCE FOR TI€ PERIOD AND AN ASSU'IED 
RATIO OF 1.5 PARTS O I L  PER PART ! 3X ID  I N  V ~ l . E O T T Q l l s ,  WITH VHE O I L  
CONSISTING OF 4 PARTS RESID FYND d PART D I S T I U A I E .  SUIUi C m  EN 400 T+ FRACTILCN 
f ATEIOSPtlERIC STILL B O T T W  I S  ASSU'ED TO IE 0.15 . WX FOR CASES WERE S U f U R  M Y S I S  

I S  NOT AVAILABLE. . . 



fUN GLMBER 130-88 
COAL ILL INOIS a6  (MI 4004) ' 

CATALYST NERICGYd CY"Y'%D HDS 944%, 8/16' EWWMlhS O d i I  3 3 0 )  
PERIOD . 3 A B  8 i B  20N 

CATALVST SE (END~AVERACE 1, ee BRV CGYAB 
CATALYST ABED, CIMUATIVE* 

LBS/TON DRY COAL 
COAL FEED (DRY 1, L<M/CU. GF . EbM;Ta? W E  
AVERAGE REACTOR TWERA'ILRE, T 
W I T  BACKPRESSlKE ( I N I T  B P I ,  PSIG 
Ha PARTltY. PRESSURE, PSIG 
OIUSOCID RATIO (SUJRRY TAM), kB4B SOLIDS 
I-E I N E F  RATE, MSCF/TOM W C W -  
RECVCLE CAS, fiSCF/aw DRY C W  

YIELDS, WTY W DRY COAL 
CO.CO2 
cliC3 W D R O C A R W  I N  GASEj 
C4-C7 HMROCNiBONS IN  GASES 
IBP-400 *F WtiTWI 
400-650, O F  DISTILLATES 
650-975 'F D I S T I U T E S  
976  'Ft R E S I W  OIL 

T U N E  S0LUBI-k 
T0LUB.Y: I N S U B L E  

MCONVERTED COAL 
ASH 
ieo (NET) 
Mi3 (FORCED NITROCEN) 
tC3S (FORCED S U E M I  

- TOTAL 
CHEMICAL HYDROGEN W I W  

PGW/TON DRY CaFlL 

(XWWSITION OF 400 O F +  FUX OIL,  
ATPDWHERIC S T E L  OVERHEAD 
ATPK)SPHERIC S T l U  B O T T W  
NET VACUm S T I U  OVERHEAD 
V A U  ST ILL  BOTTOMS, 

SOLID FREE OIL1 IBP-975 'F 
975  Tt 

SLLFCR, WT% 
VISCOSIW, SSU @ S 0  'F  



PDU R U N  9 - KENTUCKY COAL - SYNCRUDE MODE 

PDU 9 was the smoothest,  most successful  run achieved to this 
time i n  the 'H-Coal l abo ra to ry  suppor t  program. Original  l y  
scheduled f o r  f i f t e e n  days ,  the run was extended f o r  an addi- 
t i o n a l  f i f t e e n  days a t  the r eques t  of the Commonwealth o f  
Kentucky. The run ex tens ion  provided da ta  a t  near  equi l ib r ium 
cond i t i ons  to .  form the b a s i s  f o r  a commercial design using 
Kentucky coal i 

The run s a t i s f a c t o r i l y  'proved t h a t  Kentucky coal can be used in 
the P i l o t .  P l a n t  without  any modi f ica t ions  t o  the p l a n t  design 
and only minor adjustments  i n  ope ra t i ng  condi t ions .  Opera t ions  
w i  t h  on-1 i n e  c a t a l y s t  a d d i t i o n  and w i  thdrawal were 
troubl  e - f r ee ,  and the e n t i r e  system was c l e a r  of any d e p o s i t s  . 
a t  the conclusion o f  the run. 

Several improvements had been made to the system before  the 
s t a r t  o f  th is  run ,  and mechanical performance was markedly more 
e f f i c i e n t .  

A c a t a l y s t  t r a c e r  s tudy was coirducted in  coopera t ion  w i t h  
Sandia Labora tor ies .  .The experiment was designed t o  s tudy 
c a t a l y s t  mixing and d e a c t i v a t i o n  . in  the e b u l l a t e d  bed. I t  
showed t h a t  approximately s i x  days a r e  requi red  f o r  c a t a l y s t  to 
become mixed bu t  t h a t  the r e s u l t s  a f t e r  t h a t  c l o s e l y  
approximate a we1 1 -mixed r eac to r .  

Fu r the r  experiments were completed a t  high p re s su re  drop in  the 
two-stage letdown system modeled a f t e r  the P i l o t  P l a n t  design.  
Th i s  showed no evidence o f  sol i d s  c a r r i e d  over i n  the vapor 
stream which provides  add i t i ona l  confidence i n  the p i l o t  p l a n t  
design.  

Overall  , this  showed t h a t  Kentucky No. 11 i s  s i m i l a r  to 
I l l  i n o i s  NO.' 6. A comparison of product y i e l d s  f rom.operat ions 
using these two c o a l s  i s  given below.' Coal conversion was 
s l i g h t l y  h igher  w i t h  Kentucky c o a l .  The y i e l d  of d i s t i l l a t e  
1 iquid was approximately 8% 1 ower and the  y i e l d  of gas. was 30% 
lower w i t h  Kentucky coal while the consumption of hydrogen was 
reduced by 15% r e l a t i v e  to I l l i n o i s  No. 6. The Kentucky coal 
appears  t o  be p a r t i c u l a r l y  s u i t a b l e  f o r  producing lower c o s t ,  
heavier  fuel o i l s  by the H-Coal Process.  



COMPARISON OF RESULTS - P D U  RUNS 9 AND 5 

Run PDU 9 PDU 5 

Periods of Run 

Hydrogen Partial Pressure, psi g i760 1790 1820 1890 

. . 

Resi dual Oi 1 Concentration, Recycl ed 25.6 27.6 25.1 26.4 

Yields, W % of M . A . F .  Coal . 

c4-4000~ 19.1 17.5 20.9 21.1 

480-650°F 19.7 20.'4 24.7 . 25.6 

650-975°F 

Cq-975°F . 

Residual Oil 

C1-63 Gases 10.3 10.9 14.0 12.7 

Coal Conversion, W Z M . A . F .  Coal 96.1 96.4 94.9 94.7 

Hydrogen Consumption, W % Dpy Coal 4.41. 4.39 5-18 5.3% 



HRI No. 

Feed t o  P e r i o d  

Hours on Stream 

Mois ture ,  W i 

Proximate, Dry 
Basis.  W % 

Ash 
V o l a t i l e  M a t t e r  
F i xed  Carbon 

U l  t irnate, Dry 
Basis,  W X 

Carbon 
Hydrogen 
H i  t rogen 
Sul f u r  (LECO) 
Ash 
C h l o r i n e  
Oxygen ( D i f f e r e n c e )  

S u l f u r  i n  Ash, W Z 

S u l f u r  Forms, Dry 
Basis,  W I 

P y r i t i c  
Sul f a t e  
Organic (Oi f fe rence)  
To ta l  (Eschka) 

Heat ing  Value,  B t u / l b  

ANALYSIS OF KENTUCKY NO. 11 COAL 
FOR PDU RUN 9 

(Run 130-89) 

4091 4100 4101 4091 4092 4092 4100 4101 

As-recei  ved 1-6 7-14 15-22 22-28 29-30 

0-143 143-335 335-527 527-671 671-713 

6.09 5.76 6.47 2.15 2.44 2.28 . 2.20 3.18 



H R I  No. 

Feed to Period 

Sieve Analysis. Screen 
Size (U.S.S.) 

Mineral Analysis, W % 
I gni ted 

S l l i c a ,  SiC2 
A1 m i n a  , A1 203 
T i tan ia ,  Ti02 
Fepr jc  Oxide, Fez03 
Lime, CaO 
Magnesia, MgO 
Petassi um Oxide, K20 
Sodium Oxide, Nap0 
Su l fu r  Trioxide, So3 
Phos. Pent. P205 
Strontium Oxide. SPO . 
Barium Oxide. BaO 
Manganese Oxide. Hn304 
Undetermined (Dif ference) 

S t l i e a  Value 

T2So Poises , O F  



SUMTIARY OF NORMALIZED YIELDS 

RU)J WmBER 130-89 
COAL KENTUCKY NO. 11 ( W I  4091,4092,4100. fWD 4101)  
CATAbYST AMERICAN CYANAMID HDS 1442A, 1/16' EXTRUDATES (HRK 3830) 

PER I OD 6 60 12 AB a8 AB 23 A 0  28 AB 

OPERATING CCWDITIWS 
HOURS OF R M  - BEGINNING 

END 
CFITALYST AGE (EPID AVERACE) , LB DRY C O W L B  
CATALYST ADDED, ~ Y I C A T I V E  

LBS/TON DRY C O X  
COAL FEED (DRY), L B/klR/CU. FT.. REACTOR VaU ' IE  
AVERAGE REACTOR TEFPERATWE , 'F 
UNIT BACK P R E S W E  (UNIT BP), PSIG 
H? PARTIAL PRESSURE. PS IC  
OIL/SOLID RATIO (SLURRY TANK), L B 4 B  SOCIDS 
H 2  IMLET RATE, MSCF/TON D W  COCV. 
RECYCLE GAS, MSCF/TON DRY COAL 

YIELDS. W X OF DRY COAL 
co , C02 
C1-C3 HYDROCtWBONS i~ CASES 
24-C7 HYDROCARBONS I N  GASES 
IBP-408 OF NAPH'T* 
463-658 'F D I S T I U A T E S  
650-975 O F  DISTILLATES 
9 7 5  O F +  RESIDUAL O I L  

TOLUENE. SOLUBLE 
TGLUENE INSOLUBLE 

UNCONVERTED COAL 
As t i  
H20 (I'IET! 
Ni3 (FORCED N I T R X E N )  
H2S (FORCED SULFUR) 
TOTAL 
CHENICAL HYDROGEN C O N ~ T I O N  

f lSCF/TON DRY C O X  

COPlPLiiITION OF 40r3 O F +  FUEL O IL ,  W H 
ATPIOSPMR IC ST ILL OVERHEAD 
9TbIOSPtlERIC ST ILL BOTTGPIS 
ICT VACWkI S T I L L  OVERHEAD 

. VACWM S T I L L  BOTTOPIS, 
SOLID FREE O I L  

SULFUR, W :< 



UdIT  138 - W-COAL BBERATIIOkdS W KEflThlCKY N. 11 C&L (kRl 409%,%092,4100, W D  41011 
GAT&':STl s71.ERICM C Y M I D  HDS-1144133, 8 / 3 6 "  EXTRUMTES BWI 3830). 163 LBS. DJ?Y INITIAL CWiRGE 
REACTOR V0LUI.E 8 7.49 CUBIC FEET 
RUT1 E W U R  830- ' 89 

PER 1 OD 6 A B  1 2 h  I S A B  2 3 A B  2 8 A B  
DKfE 6EWD W PERIOD), 8979 91 7 9/13 9/19 9/24 9/29 

H U S  W R W  - BEGIMlIffi ,  119.00 263.00 407.00 527.00 647.08 
END 143.00 287.03 431.00 551.00 671.00 

CATFLYST JbJVENTCRY, E6ID. L E  
ChTALYSf ADDED, BBS 
CATLVST WITHDRAWM, LBS 1: 
CATALYST RCE (END), LB DRY COAL/bB 

AVERACE ( ms IS 1 
ORIGINAL C W E  (BASIS) 

CATALYST ADDED, C W T I V E  
LESHTON DRY GOAL 

CATALYST W 1 T H D R W S  
WITHDRAW, O I L  LADEN, LBS 
OIL, W % 
PWYDEPW (O IL  F E E ) ,  W # 1: 

COAL FEED ( DRY) 
LBS/HR/CU F t  REACTOR VOCU?E 31.84 32.18 31.32 31.51 31.88 t 

t!O%STWIE W % (ma- §WFLE) 1.69 8.44 1.64 1.71 1-57 
ASH, U I  (DRY COAL) 9.43 8.28 8.65 6.88 7.48 

RECYCLE FLOWS, LBS/LBi SOCI DS 
ATNOSPKRIC ST ILL  BOTTOMS 
VACUW'I STILL OVERHEAD 
I NL'ENTORY CHANCE 
HVORCCLONE OVEWLW (OIL) 
EWE-UP O I L  

TOT% . 

TEl'IERATWE. T 
COAL PREbEATER QUlUf 
REhC'60R LIQUID PHASE. hVG. 

bW. 
SEPARATOR-2" t @ 12" §KIN) 
WYDROCLOblE QVERFLOLd. 
Vf3CIYY.D STILL 66ASld 201.E 

PRESSWE 
W I T  B C K  PRESSWE, P S I 6  
MYDRilGEN PME-UP, BSIG 
WW-M BART16IL BRES9RE. ffiHQ 

(REACTQ6? BUTLET - SEPaRATORB 
VfiCUW.1 F W W ,  TOH? 



DATE OF F I W  REPWTI 01/21/80 
PAGE 2 OF 7 

PERIOD 
RECYCLE GAS, MSCFaON DRY COAL 
VENT GAS. MSCF/TON DRY COFY- 
HYWOCEN WR I TY 

OF RECYCLE CAS AND VENT. k 84 .65  85.05 R3.11 8 4 . 0 1  83.30 
TOTAL H2, MSCF/TON DRY COAL 

(REACTOR OUTLET) 38.89 38.57 W.95 3 8 . 6 4  38.00 

HYDROGEN, PWE-UP + RECYCLE 
bISCF/TON DRY COAL 
PARTIAL PRESSURE, PSIC(1NLET) 

HYDROGEN CONSWTION (1) 
PISCF/TON DRV COAL 
W tr DRY COAL 

CtlEbII CAL HYDIWGEN CONSLPIPTION 
I'ISCF/TON I3RY COAL 

O I L  ADDITIONS 
PWE-UP O IL ,  L B S A B  DRY COcY. 

LBS&lR/CU F T  REACTOR 
FLUSH OIL,LBS/LB DRY COAL 

COLLECTED PRBWCT QUANTITY, W H Wh' 
. ATPIOSPI-ERIC S T I L L  OVERHEAD 26.98 2 G . 1 0  2?.89 23.26 15 .74  

ATPIOSPHERIC STILL ~ o r r 0 1 ' 1 ~  (2) 10 .43  12.91 92.7i3 11.50 i 2 , 9 7  
\.'ACUUM S T I L L  OVERHEAD (2) .07 1.59 2.48 -72 5.20 i 

VMlll.JPl S T I L L  BOTTGPIS 
HZ0 
C 1 -C3 
c+c7 
H2S I N  GASES 
C02 & co 

INPUT QUAJJTITIES, ' W H DRY COAL 
DRY COAL 
PIOISTURE I N  FEED COAL 
PWE-UP O I L  ADDITIONS 
FLUSH O I L  
HYDROGEN REACTED (1) 
TOTAL 

COAL CONVERSION. W X M.A.F. COAL 
TOLUENE CONVERSION (3) 95.96 95.81 95.75 96.55 9 6 . 4 7  
DIG CONt.'ERSION ( 4 )  95.69 94.9a 93.32 9 4 . 4 5  9 4 . 7 4  

(1 BASED ON ORIFICE FLOWS FOR WDROCEN. PETERED FLOWS FOR O M R  mSES AND ANALYSES. 
(2) NEGATIi'E VALUES IIIDICATE DECREASES IN  INVENTORY OF SLURRY O I L  &DING T A M .  
(3) BASED ON FILTRi lTION O f  P R U T  SLURRY FED TO V A U  ST ILL .  
( 4 )  BASED ON EXTRACTION OF VACUYl BOTTO).IS PRODUCT. 



DATE OF F 1 W  REPORT1 101/21/80 
PACE 3 g6 7 

PERIOD 6 AB 12 AB 18  blB 23 AB 28 AB 

NORIVLIZEQ E(ET PROWJCB DISTRIBUTlObJf fis 
W v, Of mv COAL 

co, C02 
C1-C3 WDROCARKWS IM CASES 
C4-C7 HYGROCARBWS BM CASES 
IW-400 r wnm 
400-653 ' F  DISTILLATES 
650-975 'F DISTILLATES 
975 'F+ RESIBUAL OIL  

T U N E  SOLUBLE 
TOLUENE INSOLUBLE 

UNL'OIJVERTEB COAL 
Asn 
ti20 (NET) 
Mi3 (FORCED NITROGEN1 
H2S (FORCED W W b  

TOTfL.(100 i HYDROGEN REACTED) 

FILTERED LIOUID%I: 
GRAVITY, O W 1  

IBP, ' F  .(ASTH D-116B WDIFIED) 
10 V % 
3 0  V % 
50 v 26 
71i, v % 
9 0  V % 
FEU= 
V :; B 403 06 
V td iJ 653 OF 
V X AT 975 05 
!uxW, W x 
W ts 975 'Ft' 
U % SikFW I M  975 .6+ 
W % WITROGEPB I M  975 Ti  
W % OXI'CEN I N  975 T+ 

%X FOR PERIODG 27 TO 23 FILTWTIOEQ OF bWDRKLW LUYEmW 6bWB W S  C W P E D  d)hjk UITH 3I-E 
ABDBTllOPd OF AI'I'IOWbERIG SBllU IfWT81'E dASlsB FRCX'! TbE W E  ERHQQ f3S PbdY(ER (IN0 E I G H T S  d)B; 
W PER U I C i T  OF GrSB). GRAVITY GUJD DISTIUTIOEO DATA GrRE FOda DILUTED !XLIQS-FEE LIQUID. 
SULFUR AND 975 O F +  MTCI M E  FOR QWDIWEQ SOb-IDS-FREE LIQUID O f  W. 

I PERIODS GAB. 12AB, 118AB,23AB,AblD 28AB 6@E aJoam<W P&RIOQS .fWD ME W6P;FIALIZED YIELDS 
BASED OW C,QIPLETE ELEPEMTAL NdD D I S T I U T I W  6WILSES. ,FOR C&CekA'FHOH 
OF E#)MRLIZED YIELD DTSTRIBUTIW OF aGMER PERIODS, IBJTEWUTED ELE,GEWVRL W D  DISTIkkfiTIOGB 
VALUES FROPI LBRKt.JP PERIODS E R E  USED. 

8 FOR PERIODS OTHER THfW 'FHE W U P  PERIQDS, tdCMWXIZED VIELES FQf? T IE  CCWRIMEB 
A/B PERIOD ARE PRESWED I N  B PERIOD. 



DATE OF F INAL  REBORF1~ 01/21/80 
PAGE 4 OF 7 

PERIOD 

ATMOSPI-ERIC S T I L L  OVERHEAD* 
GRAVITY, 'Wl 
IBP, '6 ( ASTM D-86) 
10 V x 
3 0  V H 
50 V  % 
70 V H 
90 V M 
FBP 
V N &I 400 O F  

V %  @ 650 'F 
CARBON, W x 
I-lVDROCEN, W H 
NITROCEN, W .  % 
S U F W  ( W S  F B E ) ,  W W 

IBP-40d O F  

GRAVITY , 'W I 
SULFUR (H2S FREE), W W 

400  O F +  

GRAVITY, 'FPI 
SULFUR (t&S FREE 1, W W 

ATMOSPtlERIC S T I L L  BOTTOMS 
CRAVI TV , O W  I 
IBP,  O F  (ASTM D-86) 
1 0 v x  . 
3 0 V H .  
50 V % 
78 V :; 
93 v :; 

F B P  ' 
V :r (J 408  OF 
V x e 6s0 *F 
CARBON, W N 
HYDROGEN, W %  
NITROGEN, W Y  
SULFUR, W % 

I BP-650 'F 
GRAV I T'/ , 'W I 

650 'Ft 
GRAVITY, 'WI 3.6 1.8 3.1 2.3 1.8 

8 IDENTICAL VAbUES FOR A AND B PERIODS INDICATE 1 M T  M DATA 
WERE ACTUFU-LV FOR THE COMBINED A/B PERIOD., 



PERIOD 

WATER 
CARBON, W % 
fV?MOIJIA, W Y 
SU-FW, W % 

CLEAN O I L  TANK 
GRAVITY, "Wl 

SLURRY MIX ING TAW< 
VISCOSITY, CP 0 150 OF f 

VACWP1 SFILL OVERHEAD 
CRAVITY, "API 
IBP,  'F (ASTM D-1160 MODIFIED) 
1 0  v % 
33 V % 
50 V 2: 
70 V % 
90 V K 
FBP 
V W G 408 "F 
V :; @ 650 O F  

CARBON, 1.1 % 
- HYDROGEN,. W X 

N I  TROGEN, W % 
SULFUR, W $6 

IBP-650  'F 
GRAVITY, 'WH 

656 O F +  

GRAVITY, "WlI 

t AVERAGE OF BROOKFIELQ VISCOSITY VALUES AT 5-188 IRB61. 
SLURRY HAS NW-NEWTOHIAM PROPERTIES. 



DATE OF F INAL  REPORT1 01/21/80 
PAGE 6 OF 7 

6 A 0  12 AB 18 A 0  23 AB 28 A 0  PERIOD 

VACUVl S T I L L  Born- 
U % OF VACUL97 S T I L L  FEED 
TOLUENE SOLUBLE, W X 
NON-ASH TOLUENE INSOLUBLE. W Y 
. ., - 
UIWEACTED COAL, w H (EST. ) 
TCLUENE INS%, RESIP, W Y (EST,) 
CAKBON, W Y 

NITROCEN; w % 
YILFLR, W % 
ASTM ASH. W N 
COKE/ASH RATIO (DI'lF EXTR. ) 
DPIF-SOLUBLE, W % 
VISCOSITY. CP B 500 O F  t 
VI~CUUT~ DISTIUTION 
IBP,  O F  (ASTM D-1160 MODIFIED) 
DISTILLATE TO 975 O F ,  W % 

I EP-975 O F  

GRAVITY, 'API 

HYDROCLONE OVERFLOW 
CRFIVITY, O W 1  
IBP,  'F (ASTM D-1160 MODIFIED) 
10 v % 
3k3 V X 
50 V % 
?0 V % 
END POINT 
V :; Q 650 'F 
V. X Q END POINT 
ASH, W :< 
RESIDUE AND SOLIDS, W # 

HYDROCLONE UJDERFLOW, ASH, W % 

HYljROCLGPIE FEED, ASH W S; 

FILTER CAKE 
W :: OF FEED TO F ILTER 
TOLUENE EXTHnCTION OF- CAKE 

SOLUBLE, W X 
NON-irSH INSOCUGLE, W X 
ASH, I.1 % 

' INSOLUBLE RESID., W X 
UI&EACTED COAL, W % (EST.) 

0 - B L I Q U I D  
GRAVITY , 'AP I 

0 - 12 L I Q U I D  
GRAVITY, 'API 

z AVER~GE OF BROOKFIELD vrsmrn VALUES AT 5-100 RPH. THE 
SLURRY HfiS NON-HEWTONIMJ PROPERTIES. 



PERIOD 6 Nl 

BATCH DISTILLATCH OF VlbCUdl 
BOTTOM5 SUJRR'f PRODUCT 

VACWfg D IST IU-AT IW 
FINAL VAPOR TEMP. *F 620.00 
PRESSURE, TORR 

DISTILLATE, W % OF VACUm 
a?= 

BOTTOTIS SLURRY 12.03 
SULFUR, W H .06 

CALCULATED COMPOSITION OF SOLIDS-FEE O I L  
I M  V A C U  FKjTTmIS SLURRY PRODLET. LP % 

BATCH STILL  DISTILLATE FROM ~ . .  ~ ~ ~~.~ 

SLURRY PRODUCTS 19. i? 
BATCH STILL RESID. FRfNl FILTRATE 88.83 

. CALCULATEQ COTIPOSITIOM. W W 
' SULFUR, W )i .36 

N 
W 
00 CALCULATED COtLBOSITION OF 

. 408 'B+ L IOUIQ PRODUCT, LO # 
AT~-IOP;PI.IER IC STILL OVERI-EAD 23.44 2 a . 1 ~  1e.dn 86.24 8-31 
ATSIOSPkIEHIC ST ILL BOTTWlS 23.74 2-8..48 20.87 21.58 25.31 
PET VACUUI? STILL OVERHEAD 6.W 2.96 4.26 1.38 1 8 . 8 7  
V A C W  STILL BOTTOIS, 

SOLIDS FREE O I L  52.82 61 .48  55.18 68.88 56.13 
CfLCWATED CC#IPOSITION, YJ $6 

SULFUR, W % .20 .2? . 3 4 -  ' ,418 .36 
SULFUR (ACTUAL 1 , W % ' 



DATE OF FINAL REPORT1 01/Z1/80 
PACE 1 OF 7 

LUJIT 130 - H-COAL WERATIONS ON KENTUCKY NO. 11 COIX (HRI 4091,4092,4100, AND 4101 ) 
CFCTAL'ISTI f l T R I C R N  C Y ~ M I D  HDS-144%. 1/16. EXTRUDATES (HRI, 3830). 103 L6S. DRY I N I T I f L  &CE 
REACTOR v a w l  7.49 CUBIC FEET 
RW  WIDER 136- 89 

PERIOD 1 A 1 B 2 A 2 B 3 A 3 B 

DATE (END OF PERIOD) 1979 
HWRS OF RUN - BEG~NNING 

END , 

CATALYST INVENTORY, END, La9 
CATALYST ADDED, LBS 
CATLVST WITHDRAWJ. LBS O 

CATALYST ADDED, CUWCAT I V E  
LBS/TON DRY COAL 0.00 0.00 .87 .68 -97 .79 

CATALYST WITHDRAWALS 
WITHDRiUJAL., O I L  LADEN, LBS 
OIL ,  W :: 
PIOLYDENUM ( O I L  FREE 1. W % X 

COAL FEED (DRV) 
LBS./HF./CU FT REACTOR VOLU'IE 22.20 26.74 23.30 32.55 35.98 31.78 

I'IOISTURE W $6 ( C O X  SAWLEI 1 1 . s  1.10 .98 8.20 1.45 I 

ASH, W Z  (DRY COAL) 8.33 1.96 8.65 

RECVCLE FLOLJS, L B S A B  SLLIDS 
ATI'lOSPtlERIC S T I L L  BOWSTOMS 
vitcwrl STILL OVERHEAD 
INVENTaRV CHANCE 
HYDROCLONE OVERFLOW ( O I L )  
PWE-UP O I L  

TOTN- 

TEbIPERATURE . 'F 
CO;V PREHEQTER OUTLET 
REACTOR L IQUID  PtGSE. AVC. - EIAx.  
SEPARATOR-2" ( 4 12' SKIN) 
HVDROCLONE OVERFLOW 
vircuur~ s r I u  FLASH ZONE 

PRESSURE 
M I T  BACK PRESSLIRE, PSIQ 
HYDROGEN MAKE-UP, PSIG 
HVDR02EN PARTIAL PRESSURE, PSIG 

(REACTOR OUTLET - SEPARATOR) 
VACUWI FWSH, TORR 

&10.30 LJZ PIOLYBDENUM I N  FRESH CATALY!iX. 



PERIOD 

RECVCbE 6AS, 61SCF/T0(J W COAL 50.38 41.23 42.40 36.35 39.72 38.95 
VENT GAS, E C F / T W  DRY COAL 4.40 4.37 5.07 3:69 4.77 4.18 
HVDROGEM BbYZITV 

OF RECYCLE CAS AND VENT, % 91.88 87.32 85.19 86.90 81.81 82.34 
TOTAL E, MSCF/TON DRY COAL 

(REACTOR OUTLET) 65.66 -12.32 42.36 36.84 37.81 37.24 

WDROCEN, ME-UP + RECYCLE 
MSCF/TON DRV COAL 
PARTIAL PRESSUf?E, .PSIG(lWFV') 

HYDROGEN COlJSUEPTION 6 1) 
flSCF/TON DRV COAL 
W W DRY COAL 

CI E M  I CAL HYDROGEN CONSUbPT ION 
t6CF/TON DRY COAL 

O I L  ADDITIONS 
FWE-UP O IL ,  LBS4-B DRY COAL- ' 

N LBS/b(R/CU Ft R E M T W  
P 
0 

FLU3I OIL,LBS/LB DRY COAL 

. . 
CCILLCCTED PRONET OWNTIITV, WI 1 DW <'AYU, 

ATPIOSPt-ER IC ST BLe W E R t - ( E m  
ATFIOSPI-(ERIC S T I L L  BOTTrnIS t 2 1 
VACUlPl S T I L L  OVERHEAD (2) 
V A C U  S T I L L  BOTTCW-IS 
H2i) 
C1-C3 
C4-C7 
H2S IW M S E S  
coa s co 

IWUTW;V?THTIES,  W H W C W  . 
lDRV COAL 
ElOBSTllRE I td  FEED COcY. 
PWE-UP O I L  ADDITIONS ~ ~ 

FLUSH O I L  
HYDRiXEN REACTED (1) 
TOTAL 

CO'AL COMVERSIOIJ, Id % 66.R.6. COAL 
' TOLUENECONVERSIOd'O(3) 

DMF C M E R S I O N  ( 4 )  

( 1 3  BASED GW ORIFICE SLBWS FOR WIIN0CElNI 6'1EEeID FLOWS FQR O'FblBS GfEES WD ~ Y S E S .  
(2) NECATIVE V A L E S  INDICATE DECREASES ft4 I[MiEHTQS?Y OF U R Y  OIL WOCDIWG T M .  
(3) FGiSED OEl IFILTffiTHOM OF BROUCG SLURRY FED TO V K U Y l  §TILL. 
64)  BASED (JJ EXTRACTIW OB V A W  IBOTTOI'IS PRODUCT. 



DATE OF F INAL  REPORTI 01/21/80 
PACE 3 ff 7 

PERIOD 

NORI.MIZED blET PRODUCT D I S T R I W T I f f l I  I 8  . 
W X OF DRY COAL 

CO, C02 
C1-C3 ).NDROCARBONS I N  CASES 
C4-C7 IF(DI?OCF\RBONS I N  CASES 
IDP-40a "F m l T L V \  . 
400-650 'F DISTILLATES 
650-975 'F DIST IUATES 
9 7 5  OF+ RESIWAL O I L  

. TOLIXNE SOCUULE 
TOI-UENE INSOl+OLE 

WICOIIVEKTEO C O A  
ASH . 

I c o  (NET) 
MI3 (FORCED N I TROCEN 
I429 (FORCED SLlCFUR) 

TOl'fV. ( 100 t kNDROCEN REACTED) 

FILTERED L IOUID  
GRFIV I TY 'API 
IUP. '~'(FISTPI D - l l 6 a  tODIFIED)  

SUFUR, W % 
W % 9 7 5  *F+ 
W % SU-FWI I N  975 'F+ 
W $5 NITROCEN I N  975 'F+ 
W ts OXYGEN I N  975 *F+ 

t AS'I'M DISTILLATION CUT POINT 

1 PERIODS 6AD. 12AB, 18AB. 23AB, AND 28AB M?E WORKLP PERIODS AND #VIM: NOF&lfY-IZED YIELDS 
BASED ON COPPLETE E L E r E N r a  AND DI STTUAT ION ANALVSES . FOR CALCLLAT IOIJ 
OF NORtLLIZED YIELD DISTRI WION OF OTt ER PERIODS, IN~ERPOUSTED ELEPENTAL frNIb DISTIU'TglOaJ 
v~-&s FROII WORKW PERIODS WERE USED. . 

11 FOR PERIODS 0 ~ 1 . 1 ~ ~  TIW TI.E WORKIP PERIODS, NORPWIZED YIELDS FOR TIE COMBI~D 
R / B  PERIOD WE PI?ESEN'I'ED I N  B PERIOD. 



fiTMOSP).f RIC ST ILL OVIE621 EADt  
GRAVITY, "WB 
IBP, ' F  (RSTGI Q-86) 
la v % 
38 V % 
50 V % 
73 V lt 
90 W % 

S W U R  <He9 FREE),  W % 

IBP-400 OF 
CRAVITV. 'API 
SULFUR (H2S FREE ) , U .% 

436 OF+ 
GRAVITY. 'WI 20.9 
SUFUR ( W S  FREE 1 , W Y ' 

ATMOSPCERIC STILL BOTBWS 
CRAVITY, OAPI 18.5 1a.a 
IBP, OF 6AS1'fl D-86) 462. 
10 v % 492. 
30 V !i . 515. 
58 \/ $6 545. 
70 V % 583. 
90 V % 
FBP 653. 
V 16 3 400 OF 0. Go 
V % 8 650 'F , 85.M 
CARBON, W M 
HVDRCICEN, ' W tr 
NITRiXEH, W H 
SULFUR, aJ 01 < .03 

1636'-653 OF 
GRWITY,  O W 1  

6563 OF* . 
CRAVITY, O A P I  

t IBENTICGV. VAkUES FCH A AND B PERIODS BNDICXTE Wf3T a%E DATR 
WERE A C T W L V  FOR Tb(E WlBHNED 6/83 PERIOD. 



PERIOD 

WATER 
CARBON, Ld Y 
AIY~KXIIA, W % 
SULFW, W H 

C L E W  O I L  TANK 
GRAVITY, 'WI 

SLURRY MIX ING TAM( 
VISCOSITY, CP (J 156 'F f 

VACUU11 S T I L L  OVERHEAD 
CRAVITV, 'WI 
I B P ,  'F (fiSTH D-1160 MODIFIED)  
1 0  V :r 
30 V % 
50 V :; 
70 v :r 
90 V % 
FBP 
V t i  Q 400  O F  

V k @ 650 'F 
CARBOIJ, W 1: 
H'IDROGEN , W .% 
NITROGEN, W ti 
SULFUR, W li 

I BP-650 'F 
CRAVITV,.  'WI 

DATE OF F I N  REPORT1 01~~21/80 
PAGE 5 OF 7 . 

t AVERAGE OF DROOKFIELD VISCOSITY V A L E S  AT 5-1@0 RPP1. 7HE 
SLURRY HAS NON-NEWTONIAN PROPERTIES. 



VACUki STILL BOTTOMS 
u >r OF VirCUUI7 STILL FEED 

ASH, W $6 
M E G C T E D  COAL. W M (EST. 
TOLUENE INSOL. W S I D .  W % (EST.) 
CARBON, W % 
HYDROGEN, W % . 
NITROGEN. W tc 
SULFUR, W %  
hSTM ASH, W % 
C6KE/AW RATIO EXTR. 
WlF-SOLUBLE, W x 
VISCOSITY. CP B 500 T $: 
VFICWM DISTILLATION 
IBP, ' F  (ASTPID-l l '60MODIFIED) . 
D I S T I U A T E  TO 975 OF,. W % 

IRP-975 OF 
GRAVITY. O W 1  

MDROCLONE OVERFLOW 
C B A V I W ,  'WI 
IW,  'F (ASTfl D-1960 MODIFIED) 
10 v :i 
33 v :: 
50 V % 
70 V :i 
END PaIW 
V :< 8 650 O F  

V X 4 END POINT 
ASH, W % 
RESIWIE AND SCLIDS, W 9; 

M D R O C L N  UNDERFLOW, ASH, W X 

M D R X L G N E  FEED, ASH W % 

FILTER C M k  
V % OF FEED TO FILTER 
TOLUENE EXTRACTION OF CAKE 

SOLUBLE, W H 
NON-ASH INSOLUBLE, W % 
ASI-4, W X 
INSOLUBLE RESID . , W . % 
W-REACTED CORL, W % (EST.) 

0 - 5 L I W I D  
GRAVITY, 'WI 

0 - 12 L I Q U I D  
GRAV I 'IS', 'AD1 

DATE OF FINAL REPOI~TI 0'1/21/80 
PAGE ,6 OF 7 ... 

1 A 1 0  2 R 2 l3 3 R 3 0 

r AVER= OF BROOKFIELD VIscosIn vus AT 5-1w.m. a)-~ 
SLURRY HAS NON-NEWTONIAN PROPERTIES. 



PERIOD 

BATCH D I S T I U A T W  OF VACUM 
BOTTWIS SURRY PRODUCT 

V A C U  D I S T I U A T I W  
FINAL \'WOR T E W .  % 
PRESSURE, TORR 

DISTILLATE. u n OF VACUM 
DOTTOPIS SLURRY 

SUiFuR, W H 

CN-CULATED . COI.lF?OS I T ION ff SOL1 DS-FREE O I L  
It4 VACUCP1 DOTTOT13 SLUI?RY PRi )WT,  W )i 

BATCI I S T I L L  DISTILLATE FROM 
SLU2RY PROWCTS 

BATCH S T I L L  RESID. FROEl FILTRATE 
CC\LCILA'I'ED COPPOSITION, W H 

SULFUR, W 1b 

DAlE ff FINAL. REPORTfi 01/21/130 
PACE 7 OF 7 

CALCLLATED CWIPOSITION OF 
460 ' F +  L I Q U I D  PRODLCT, W N 

ATI.K)SPt.lER I C  S T I L L  OVEfUlEAD 
A'I'PIOSPt lER I C ST ILL BOTTWIS 
El' V A C U I  S T I L L  OVERI-IEAD 
Vf \ C M I  S T I L L  BOTTOTIS. 

sa rw FREE OIL 
CALCUI-ATE0 COt.F'OSITION, Id H 

SU .FUR, W t i  
SULFUR (ACTUAL), W f b  



DATE OF FINAL REPORTI 81/21/U0 
PAGE 1 OF 7 

N I T  130 - &COAL WERATIONS OM K E m K v  6(0. 11 C(H- (I-(RI 4096,4092,4180, AND 4108) 
CtiTid-YSF I MEIR ICW CYAGIAIIID IiDS-d 442f3, 8/16" EXT'HJDATES (l4RH 3830),  103 LBS. HMIl'IAL CI-IARGE 
REACTOR VObU1IEa 7 .49  CUBIC FEET 
RUIi rILI.IDER 133- 89 

PER I OD 4 A 4 8 5 A 5 8 6 A 6 B) 

DATE (END OF PERIOD), 1979 
HOURS OF m - eECrrJrirf f i  

END 

CATALYST INVENTORY. END, LBS 
CATRLVST A D E Q ,  LBS 
CATLVST W I THDRW,  LBS 1: 
CATALVST ACE (END), L B  DRV C W 4 B  

AVERAGE (BASIS) 
ORIGIN& C M G E  (BASIS) 

CATALYST ADDED, CWYIATIVE 
LBS/TON DRY COAL 

CATALVST W I T H D R W S  . 
WITHDRWAL, O I L  LADEN, LBS 

' OIL ,  W % 
PIOLYDENUbl (OIL FREE), W % Y: 

COFL FEED (DRY)  
LBS/HR/CU Ff REACTOR V(ICU'E 

tIOISTURE W % (CQAb. SAPFIX) 
6SH,WY (DRY COAL) 

RECVCLE FLCUJS, LBS/LB S O k I S  
ATPIBSPHERYC S F X U  POTTWIS 
VACUUEI S T I L L  QVERbEAD 
INVENTQRV CHANCE 
MVBRmLOM OVERFLOW ( O I L  1 
bME-UP O I L  

TOTAL 

TEbIPERATLEE , 'F 
CcML PREHEATER OUTLET 
REACTOR L IQUID  PWSE, AVG. 

6 W .  
SEPARATOR-2' 6 (3 62' !EiKI[W) 
WBR~XLCC1E OVERFLOW 
VACUUPl S I L L  F L A W  2WE 

PRESSLRE 
UNIT BACK PRESSURE. P 8 I Q  
~I'I'DROCEM WE-UP, BSIC 
MVDROGEN PARTIAL PRESSURE,. P S I 6  , 

( REACTOR OUTLET - SEPARATOR B 
VhCl4.M.I FLASL.11, TORR 

880.30 WY MOLYBDENUP11 Bld FIRES14 CATALYST. 



DATE ff F INAL  QEPORTI 01.'21/80 
PAGE 2 OF 7 

PERIOD 

RECYCLE GAS, MSCF/TON Df?Y COAL 38.21 39.04 38.20 91.39 38.35 
VENT GAS, EISCF/TOCJ DRY COAL 3.96 5 . 0 4  , 5.38 6.70 5.60 
HVDRWEN PURITY 

OF RECYCLE GAS AND VENT, % 80.61 82.80 8 4 . 6 7  36 .44  87.57 
TOT& W, HSCF/TON DRY COAL 

(REACTOR OUTLET) 35.86 38.70 38.97 4 3 . 4 9  4 0 . 4 4  

HYDROGEN, MAKE-UP + RECVCLE 
PISCF/TON DRY COAL 
PN771AL PRESSLRE, P S I C ( I N E T 1  

HVGROCEN CONSUPTION ( 1) 
EISCF/TON DRY COAL 
W Y DRY COAL 

CHEb1ICAL HYDROGEN CONSCmPTION 
' PISCF/TON DRY COAL 2 0 . 0 4  19 .34  

O I L  ADDITIONS 
M E - U P  OIL ,  LBSILB DRY COAL 

LBS./HR/CU F T  REACTOR 
FLUSH OIL,LBS/LB DRY COfX 

COLLECTED PRODUCT Q W T I T Y ,  W % DRY COCY. 
ATPIOSPHER I C  ST ILL OVERHEAD 
ATPIGSPHERIC STILL mrrorIs (2) 
VACUUM S T I L L  OVERHEAD (2) 
VAC:UUPI S T I L L  BOTTOEIS 
H20  
C1-C3 
C4-C7 
H2S I N  GASES 
CO2 B CO 

INPUT QUANTITIES, W % DRY COAL 
DRY COAL 
EIOISTURE I N  FEED C W  
EWE-UP O I L  ADDITIONS 
FLUSH O I L  
HYDROCEN REACTED (1) 
TOTAL 

COAL CONVERSION, W % M.A.F. COAL 
TOLUENE CONVERSION (3) 
D M  CONVERSION ( 4  ) 

( 1 )  BASED ON ORIFICE FLOWS FOR WDROCEN. METERED FLOWS FOR OTHER GASES .WD ANALYSES. 
(2) NEGATIVE VALUES INDICATE DECREASES IN  INVENTOW OF SLURRY O I L  HOCDITK; TANK. 
(3)  Br7SED ON FILTRATION OF P R m T  SLURRY FED TO ViKXLM ST ILL .  
( 4 )  BASED ON EXTRHCTION OF VACUm BOTT(X1S PROWCT. 



ME OF FINAL REPORT1 01/21/88 
PAGE 3 w 7 

co, C02' 
CI-C3 BWDROCWBObC I N  CASES 
C4-C7 WDROCARBWS I N  CASES 
I RP-403 'F W 1 T b l A  
;6-&50 'F DISTILLATES 
650-975 "F DISTILLATES 
9 7 5  OF+ RESIWAL O I L  

TaUENE SOCULE 
TOLUENE INSOLUBLE 

UNCONVERTED COAL 
ASH 
ti20 (NET) 
Mi3 6FORZEQ NXTROCEG1) 
H2S (FNCED SlJLFW) 

TCJTHL (LOa + HYDROGEG1 REACTED) 

FILTERED L IQUID  
GRAVITY, 'APH 
'IBP. 'E (ASTM Q-1160 fK)QIFIED) 

V % @ 653 'F 
V % BIT 9 7 5  DF 

W X SULFW ' IM  935 T+ 
U 16 WITRCIGEW I M  975 'F+ 
W % OXYGEN I N  975 O F +  

t ASTH QISTIU+3TION CUT POINT 

d PERIODS 6AB,'12AB, 18A8,23AB,MD 2868 WE IWORKt.JP WEWIOE W D  W E  BdORPIf%IZED YIELDS 
M S E D  ON COPLPUTE ELEI'IEMm AND QISTIUTIOb ' l l  fWfLYSE$. FQR C A L C U f  IONI 
(U Nnf?Pfh.lZED V1EI-D B)I[S3-RIBmIClH Q m  PERI[OQS. PNEf?pUTED ELEf'EOJTW fWD Q H S T I U T I C W  -" . .-. .. - . - -  - - 

VAUlES FROM WORKUP PERIODS WERE USED. 

8 FOR PERIODS OTHER T6-W TIE WRMW BERIODS, OJORPIALIZED YIELDS F a  T6-E CWIBIMED 
A/B PERIOD W E  PRESENTED IN. B PERIOD. 



DATE OF FINAL REPORT1 01/21/80 
PAGE 4 Of 7 

PERIOD 4 A 4 8 5 A 5 B 

ATMOSPIQRIC STILL OVERHEADX 
CRFtVI TY , *API 
IDP, 'F ( ASTH D-86) 
10 V % 
39 v % 
50 V f i  
70 V X 
90 V % 

. FEU' 
V % (3 400 OF 
V K (J 650 OF 
CARBON. W r, 
HYDROGEN, W Y 
NITROGEN. W % 
SULFUR ( W S  FREE ) , W K 

IDP-403 OF 
GRirV I TY , 'AP I 
SULFUR (H2S FREE), W Y 

403 OF+ ' 

GRAVITY, 'API 
SUCFUI? ( W S  FREE). W Y 

AfPOSPHER IC STILL BOTTOIlS 
GRAVITY , 'At' I 
IBP. *F (f3STM D - 8 6 )  

38 V .:6 . 554.  
50 V :: 588. 
?8 V % 638. 
90 v x 
FBP 650. 

. v :; e 400 OF 0.00 
V % 6 650 'F 73.33 

- CARBON, W k 
HYDROGEN, W % 
NITROGEN, W X 
SULFUR, W % <.03 

IBP-650 OF 
GRAVITY, 'API 

IDENTICN. VALUES FOR A AND B PERIODS INDICATE W T  TI-E DATA 
WERE ACTUALLY FOR THE COMBINED WB PERIOD. 



WATER 
CARBON, &I X 
~ U X ) N I A ,  W X 
SULFUR, U tt 

CLEAN O I L  TANK 
GRAVITY, **I 

SLURRV MIX ING 'PAW( 
VISCOSITV, CP 8 160 O F  X 

VFICUUM S T I U  OVERHEAD 
GRAVITY, OW1 
IBP. 'F (ASTN D ~ 1 1 6 0  WDIFIED) 
10 v tr 
36 V X 
50 V N 
70 V % 
9c3 v % 
FBP 
V % 4 400 ' F  
V % 8 658 O F  

CMBOM, W % a 

MYDRXEM, W % 
N I T R X E W ,  W X 
SULFW, W 01 

DATE OF F I N A L  REPORT; 61/21/88 
PACE 5 OF, 7 

4 A 4 £3 5 A 5 8. 6 A 6 8 

650 O F +  

GRAVITY, O W I  

1: AVERdGE OF D R W F I E L D  VISCOSITY V U S  AT 5-180 H. 'BME 
SLURRY kMS MON-OJEWTONIGrN PROPERTIES. 



DATE OF F INAL  REPORT8 01/21/80 
PACE 6 OF 7 

PERIOD 

VACUN S T I L L  BOTTOMS 
W H OF VACUUM S T I L L  FEED 
TOLUENE SOLUBLE, W v. 
NON-ASH TOLUEM INSOLUBLE, W Y 
fiw. W % 
WREACTED COAL, W ' %  (EST. 
TOLUENE INSOL. RESID. W % (EST.) 
CWB6tl. W Y 
HYDROGEN, W 'H 
NITROGEN, W X 
SULFUR, W % 
FISTN ASH, W H 
CGKE/ASH.RATIO (DMF EXTR.) 
DPIF-SOLUBLE , W % 
VISCOSITY, CP 8 500 OF t 
V A C U I  DISTILLATION 
IBP,  'F (ASTM D-1160 MODIFIED) 
DISTILLATE TO 975 'F, W Y 

I BP-975 O F  

CRAV I TV , 'AP I 

HYDROCLONE OVERFLOW 
CRAVITV, O W 1  

IBP, "F (ASTPI D -1168~ tWDIF IED)  
10 V X 
30 v :: 
58 V :: 
76 V X 
END POINT 
V :: 9 653 O F  

V :< Q END POINT 
ASH, W 3 
RESIDUE AND SOLIDS, W % 

WIDR3CLOIIE UPIDEFFLOW , hYI , W & 

W'DROCLOPIE FEED, ASH W 15 

FILTER CAKE 
W N OF FEED TO .FILTER 
TOLUENE EXTRACTION OF CAKE 

SOUJDLE, W % 
NON-ASH INSOLUBLE, W % 
ASH, W X 
INSXUBLE  RESID., W X 
UNREHCTED COAL, W % (EST. 

.- 
0 - 5 L I Q U I D  LC 

CRAVITY. 'WI 

0 - 12 L I Q U I D  
GRHVITY, 'WI 

f AVERfiCE OF DROOEFIELD VISCOSITY VALUES AT 5-100 RPN. TIE 
SLURRY Hr3S PIOP1-IIEIJTONIAN PROPERTIES. 



PERIOD 

0 

EMTCH D I S T I U A T W  BF VACUlbl 
BOTTOMS SLURRIl PROWCP 

V A C U  DHSTPUTION 
FINAL V r n R  TEtlP. r 
PRESSURE, TORR 

DISTILLATE, W % 06 VAClllIM 
rnTTOI.IS SWRRY 

SULFUR, W H 

Cf%CULATED COPIPOSIFICW OF SOLIDS-FRE OIL 
I N  VACWPI BOT'fOI'IS SLUfWY PRODUC'F, W & 

BATCH STILL DPSTIUATE FRO(? 
SLWRV PRODUCTS 

DATCH STILL RESID. FROfI FILTRATE 

CALCULATED. 691.lI'GSITION OF 
400 O F +  LIQUID PROWCT, W H 

ATblOSPII.ER I[C ST P U  OVERIiEAD 
ATI.K)SPI ERIC ST ILL W T T W  
NET V A C W I  STILL OtJ€RHEAD 
VHCUUM STIU B O T T ~ I S ,  

SOLIDS FREE O I L  
CALCULATED COPPOSITIW, WI H 

suCF,UR, W S; 
SULFUR (ACTUAL), W % 

DFIlE OF FIN& REPOf3Ta 01/21/80 
PACE 7 OF 7 



DATE OF F I N A L  REPORT1 01/21/80, 
PAGE 1 OF 7 

WJIT 130 - H-COfL OPERATIONS ON KENTUCKY NO. 11 COAL (WI  4091,409%,9100,  4 1 0 1 )  tt 
6 

CATLYSTh AMERICAN CYANAHID HDS-1442A. 1/16. EXTRUDATES (*I 3830). 103 LBS.  DRY I N I T I A L  CLMGE 
REhCTOR VOCUIIE I 7 . 4 9  CUBIC FEET 

W RW.1 WUIBER 130- 89 
8 

PERIOD - 6 AB 7 ' 6  7 B 8 . A  8 B 9 A 

Ij, tTE (END OF PERIOD , 1979 
HOURS OF RUN - BEGINNING 

END 

CATALYST INVENTORY, END. L B S  
CATALYST ADDED, LBS 
CATLYST WITHDRAW. L B S  %' 
CATALVST ACE (END), LB DRV COAL/LB' 

AVERAGE (BASIS)  
ORIGINAL CHi(RGE (BASIS)  

CATALYST ADDED, CUI'ILILATIVE 
LBSITON DRY COFL 

CATALYST WITHDRAWALS 
WITHDRAUAL, O I L  L A D W .  L B S  
O I L ,  W ts 
PIOLYDENUM ( O I L  FREE), W W Ir 

COAL FEED (DRY) 
LBS/HR/CU FT REACTOR v a w  

bIOISTlXE LJ '/r (COAL SAFIPLE) 
ASH, W4 ( DR:' C O X )  

RECYCLE FLOWS. L B S L B  SCLIDS 
ATtlOSPHER I C ST ILL BOTTOMS 
VACUUTI 0 ST ILL OVERHEAD 
INVENTORV CHANGE 
HYDROCLONE OVERFLOW ( O I L )  
WKE-IJP O I L  

TOT& 

TEPIPERATURE , O F  

COAL PREtEATER OUTLET 
REACTGR L I Q U I D  PHASE, AVC. 

PIAX. 
SEPARATOR-2" t . 8  12' SKIN)  
HVDROCLONE OVERFLOW 
VACW.1 S T I L L  FLH9-1 ZCN'iE 

PRESSURE 
W I T  BACK PRESSURE, PSIG ' 

HYDROGEN MAKE-UP, P S I G  
HYDROGEN PARTIAL PRESSURE, PSIC 

(REACTOR OUTLET - SEPARATOR) 
,VACUUIJ FL.t3SH, TORR 



RECYCLE GAS, blSCF/TON DRY COAL 
VENT CAS, MSCF/TOIJ DRY COAL 
HYDR,ROC;EN PURITY 

OF R E C ' t U  CAS RND VENT, X 
TOTAL 142, kSSCF/TON DRY COAL 

(REACTOR O U T E T )  

Iff DROCM, MAKE-UP + RECVCtE 
rISCF/TOEd DRV COAL 
P m T I A L  PRESSJRE, PSIG(1NLET) 

MDROCEN CWSWIPF ION ( 1 
FISCF/TON DRY COAL 
W % DRY COAL 

CtEMICAL HYDROGEN CONSUMPTION 
MSCF/TON DR18 C O k  

O I L  ADDITIONS 
I*€-UP OIL ,  LBS4-B DRY COAL 

LDS/I R/CU F T  E a C T O f l  
FLUSH OIL,LBS/tB DRY C W  

COLLECTED PROBUCT OUANTI'IY, W % DR\B CaAL 
ATtIOSR-ER I C  ST ILL OVERHEAD 
ATPUSPI:IERIC S T I L L  BOTTWIS (2 1 
VACW4 S T I L L  OVERHEAD (2) 
VACWQ S T I L L  BOTTWIS 
H 2 0  
C1-C3 
C4-C7 
WS IN  CASES 
COi! b CO 

I W T  Q W T I T I E S ,  U 3 DRY COAL. . 
DRY COaL 
ElOISTURE IN FEED COib. 
PME-UP O I L  ADDITIONS 
FLUSH O I L  
HYDROCEN REACTED ( 1) 
TOT* 

COAL CONVERSHOM, W % M.A.F.  C m  
TOLUENE CWIERSTCN-4 3) 
WIF CWVERSIOti ( 4 )  

DATE ff FINAL.  REPOR'F8 01/21/88 
PACE 2. OF 7' 

( 1  1 MSED QN o n r F a c E  FLU FOR MYDROCEM, PETERED FLOWS FOR OMR GASES NQ 6wu-YSES. 
62) KGi4fHVE VCIP-US INDICATE DECREASES 168 BfiENTORIT OF SLURRY O I L  W D B f f i  T'ANK. 
(3) BdSEQ 8M FILTRdTIOW OF PRaJCT SLhlRW FED TO V m  S T I L L .  
( 4 )  BASED (jEO EXTRACTION OF tlfiCUY% BOTTOPB PROWCT. 



DATE OF FINAL REPORT1 01/21/80 
PACE 3 OF 7 

PERIOD 

NORMALIZED NET PROWCT DISTRIBUTIW%I# 
W Z OF DRY COAL 

co, C02 
Cl-C3 HYDROCARBONS I N  CASES 
C4-C7 HYDRWWBONS I N  CASES 
IBP-400 OF NAPHTHA 
400-650 O F  DISTILLATES 
650-975 'F DISTILLATES 
975 OF+ RESIDUAL O I L  

TOLUENE SOLUBLE 
TOLUENE INSOLUBLE 

UIICONVERTED COAL 
ASH 
K O  (NET) 
NH3 (FORCED NITROGEN) 
H2S (FORCED SULFUR) 

TOTFV. (160  + HYDROGEN REACTED) 

FILTERED LIQUID 
GRAVITY, "WI 
IBP. 'F (ASTN D-1160 MODIFIED) 
10 v :: 
30 V :; 
5 0  V % 
7 0  V % 
93 v :: 
F BP 
V :5 0 400 ' F  
V :; B 650  "F 
V :; AT' 975 *F 
SULFUR, W %  
W % 975 OF+ 
W :; SucFuR I N  975 'Ft 
W Y NITROGEN I N  975 OF+ 
W z OXYGEN I N  975 O F +  

f ASTM DISTILLATION CUT POINT 

I PERIODS 6AB,12AB,18AB,23AB,FIND 28AB FlRE WORKLP PERIODS AND HAVE NORMALIZED YIELDS 
BASED ON COMPLETE ELEPIENTAL AND DISTILLATION W Y S E S .  FOR CALCUWTION 
OF NORPWLIZED YIELD DISTRIBUTION Of OTHER PERIODS, INTERPOUTED iELEFlENTAL 9ND D IST IUATION 
VFhUES FR8PI WORKUP PERIODS WERE USED. 

t FOR PERIODS OTHER THAN THE WORKUP PERIODS, NORPIXIZED YIELDS FOF THE COMBINED 
A,'B PERIOD ARE PRESENTED I N  B'PERIOD. 



DATE OF I F I N  REPmTl 01/21/88 
PACE 4 OF a 

ATMOSBI E R I C  S T I U  OVERdEADt 
GRAVITY, 'API 
IOP, "F d ASTM WE161 
16 v % 
30 V H 
50 V M 
70 V % 
90 V % 
FBP 
V H @ 400 O F  

V % El 650  'F 
CrnDON. u H 
INljROcXN, W W 
NITROGEN. W % 
SCLFW i W S  F E E ) ,  W M 

IBP-400 O F  

GRAVITY, 'API 
SULFUR t res FREE 1. u H 

400 '6t 
GRAVITY. 'WI 
SUFUR (HaSFREE). W H  . 

10 \I % 
33 v % 
50 V :: 
70 V % 
9a v sr 
F BP 
v tr 8 400 OF 

V 9: @ 650' 'F 
CWBONI. W % 
tNDROCEN, ' W M 
NITROclEN, LB M 
!xlLFUR, W )r 

IBP-650 T 
GRAVITY, *WI 

f BDENTICAL V A L E S  FQR kd AND Is BERIIOQS HNDIICAE TWT BbE DWCB 
WERE GrCTLWLV FOR TI-E C061BINED A/B PERIOD. 



CLEAIJ O I L  TANK 
GI2AV I TY , 'AP I 

SLW?RY I . I IXINC TAM( 
VISCOSITY, CP (4 1 6 0  T t 

VACLNP.1 ST ILL OVERtlEf3D 
GRAVITY, OW1 
I W ,  'F (ASl'fl D-1160 PIODIFIED) 
1 0  V 3; 
30 V :: 
50 V % 
70 v 96 
93 v % 
F Dl' 
v :: s 40a 
V :; 9 653 'F 
CARUON. W % 
C-iYDROCEN, W % 
NITROGEN. W % 
SLLfuR, W :; 

113P-658 O F  

GRaVITI', 'WI 

650 'F + 
CRAV I 1'Y , 'W I 

W I T E O F F I W L R E F O R T I  0 1 / 2 1 / 8 0  
PAGE 5 of 7 

6AB 7 A  7 8  ' 8 6 .  8 8 9 A 

F AVEl?ACE OF U1~001iFIEI..D VISCOSITY VAL-LIES AT  6-100 RPPI. I).€ 
51-W?RY l.MS PUN-I'IEWTONIWJ PROPEK'TIES . 



DATE OF FIN& REPORT1 01/21/80 
PACE 6 OF ? 

PER I OD 

V A U 4  S T I L  BOTTOMS 
U % OF VACWM STILL  FEED 
TOLUENE SOLUBLE, W X 
NON-ASH TOLUENE INSOLUBLE. lJ H 
ASH, W Y 
UNREACTED COAL ;. W X (EST. ) 
TOLUENE INSOL. RESID. W % ( E S . 1  ' 

CARBON. W % 
HYDROGEN, W % 
NITROGEN. W % 
SUCFUR. W %  

VISCOSITY, CP B 508 Y X 
VACLWI DISTILLATION 
IBP 'F (ASTM 0-1160 MODIFIED) 
DIS~ILLATE TO 97s *F. w :C 

rep-97s r 
GRAVITY, *API 

HYDROCLONE OVERFLOW 
GRAV I TV . 'AF'I 
IBP, 'F (ASTPl D-1160 I'IODIFIED) 
10 V % 
38 V X 
50 V % 
70 V Z6 
END POINT 
v :: 3 653 O F  

V % END POINT 
ASH, W :: 
RESIWE AND SOCIDS, W % 

MDROCLONE MDERFLOW, H, W H 

tiYDROCLOFIE FEED, FISH W Pi 

FILTER CAKE 
W % OF FEED TO FILTER 
TOLUENE EXTRACTION OF C M E  

SOLUBLE, W :s 
NON-irSH INSOLUGLE. W % 
ASH W X 
I N S ~ B L E  RESID.. w v. 
M R E X T E D  COAL, W X (EST.) 

0 - 5 L I W I D  
GRaVI*, 'API 

0 - 12 L I W I D  
GRAVITY. OAPI 

V AVER- OF BROCIKFIELD VISCOSITY V M S  AT 5-100 FPN. lPtE 
SLW7HY HAS PK3i-PEWTONPAN PROPERTIES. - 



PER I OD 

OATCH DISTILLATON O f  V W  
DOTTOMS Sl-URHV PROWCT 

V A C W I  D I S T I L L A T I W  
FINN- VAPm TOP. "F 
I'HESSLJRE , TORR 

DISTI1.I-ATE, W X OF V W I  
DOTTOI.IS %II?I?Y 

SIY..FW~. w t i  

DATE OF FINAL REPORTI 01/21/80 
PACE 7 OF 7 

CfLCLI-ATED CC)PIC-'OSITION OF SOCIDS-FREE O I L  
I N  VACUU.1 L13TTOPIS SLll?t?Y PROQUCT, W % 

OATCI l S T I L L  DISTILLATE FROE1 
3-IIRRV PROWCTS 19.17 , 

U;ITCbI S T I L L  RE51 D . FROI7 FILTRATE 88.83 
CALCLY-ATED COIIPOSIT ION, W jt 

SUU--UR, W :i .36 

CAI..CLI .A'rED COPPOSITlON ff 
N 
Ln 

406 O F +  LIQUI I )  PRODUC'T. U X 
~3 ~YI'PIOSPI LR IC ST ILL OVERI LEAD 

A'FI.IOSPI El7 I C ST I & DOT'TOI.15 
bE'T VilCLYU.1 ST ILL OVERI.IEAD 
?'hCUII~I ST ILL fIOT'l'OPEi, 

SOLIDS FREE OIL 
CALCLY..ATED COPPOSIT ION, W tr 

SLLFUR, t.J :; 
SI I L F L N  (ACTUAL ) . W H 



QATE N F I N  HEPOIZTl 01/21/86 
PACE B OF 7 

U I I T  136 - !I-COAL W E R f i T I W  W KEMI'UCKV NO. 111 COFvL ORH 4691,4092,4108, AND 4101) 
CI~TN.'(STI FJ.Ef<I(CHJ CYid.LiPIID 610s-1942A. l / l 6 "  EXl'RUMl'ES (tY?I 38303, 103 LUs. fjl?f II.iITIf& C l m G E  
REhC'TGR VOCLkE I 7.49 W U l C  FEET 
RIM4 SII.IDER 130- 89 

PEIZIOD 9 B  1 9 A  10B 1 l A  11B 1 2 6  

DATE (END 06 PERIOD) , t 079 
IIOL~?S OF HUN - BEGINNING 

END 

CATALYST IMIEN'I'ORY, UYD. CBS 103.01 103.41 103.41 103.34 103.34 103.47 
CAS'AI-YST ADDED, LBS 0.00 3.61 0.00 3.65 . @ . a 0  3.67. 
CA'TLYST W I  TI.IDRAWN, LBS S 0.00 3.21 0.09 3.62 0.60 3.43 
CATALYST ACE (END), LB DRY COAL4-B 

AVERAGE (BASIS) 430.6 444.0 371.8 482.6 618.6 620.4 
ORICIEML CI.IARGE ( ~ ~ s I s )  485.'2 514.1' 541.9 569.3 597.2 625.0 

CATALYST ADDED. CUYLATIVE 
. hBS/TOI.O DRY COAL 1.05 1.13 1.87 1.14 1.08 1.16 

CATALVST W I TI-IDRWALS 
W I T I I D R W ,  O I L  LADEN, LBS 
O IL .  W v, 
PK#-$EN-UI ( O I L  FREE). W Y 8 6.18 7.07 7.22 

C W  FEED (DRY) 
LUS.4 R/CU F T  REACTOR V U E  

GDISTURE W % (COAL SAP-) 
ASH,W:i (DRY COAL) 

&!CYCLE FLOWS. L f f i / b B  SOClDS 
. ATIOWI-ERIC ST ILL  BOTTOmS 

VACUW.1 ST ILL  OVERI-IEAD 
I tdVENTORY C) W C &  
Iff DROiLQSiE OVERFLOW (OIL)  
GW:E-LJP O I L  

TOT% 

TESPERATURE , T 
COAL PREtEATER OcdTLET 
REXTOR L IOUID PI-HSE. AVC. ; 

P I A X .  8 

SEPARATOR-2' ( Q 12'  SKIN) 
IIVDROCLONE OVERFLW 
VACUIYj SGILL FLASll Z M  

PRESSURE 
UTllT BACK PESSWE,  PSIC 
HYDROGEN GWE-UP, PSIC 
IJYbROCEN P W T I F L  PRESSWE, BSlG 

(REACTOR OUTLET - SEPMATOR) 
vilcurl FLASH, TORR 

f10.3a W:6 SKLYBDENUM IN FRESi CATALYST. 



DATE OF F I N A L  REPOR'Il 01/21/80 
PACE 2 O f  7 

PEfi IOU ' 

KECVCLE GAS. IlSCF/TON DRY COAL. 
VENT GAS. PlSCF/TOII DRY COhl- 
I IYLJRROCEN MJR I .rv 

OF RECYCLE CAS AND VENT, % 
TOTN- I E ,  PISCF/TON DRY COAL, 

( REfiCTOR OII'ILET 

tIYDROGEN, WE-UT t RECYCLE 
PISCF/?'ON UHV CON. 
PARTIAL PRESSLllit , PSIC(  IN -ET )  

I-NDROCEN COIYSI k P T  ION 1 
IISCF/TON DRV COAL 
U :; DRY COAL 

CI.EFIICfL I.IYDROCEN CONSIJIPT ION 
PISCF/.ICIIJ IIRY UAL , 

OIL- A1)I)ITIONS 
I%€-LIP OIL-, LUS/LB DfiY COAI, 
1.133/1 UUCU F T  REACTOR 

F LLISI.1 OIL-. LDS/LB DRY COAL. 

COLLECTEI) PROWCT Q L M I T Y .  W H DRV ( X W L  
flTI.lOSPI-EH I C  ST I L L  O\'ERI.EAD 
ATI~DSPtEI I  I C  S T I L L  BOTTCWIS (2) 
v ~ c t w u . ~  s'r ILL OVERI.EAD 2 ) 
Vi3CULU.I ST ILL DO1"IOt-IS 
t rs 
C I  -C3 
C-l-C7 
I.ES I N  CASES 
C32  6 C3  

ItrPLJT QLIAQTITIES, W 16 DI?Y COAL 
DIW COAL- 
bUISTIlRE I N  FEED COAL 
I W E - W '  O I L  ADDITlOtJS 
F'I-L1SI.I 011. 
I.IVCROC,EN REACTED ( 1 ) 
'1'3Tiu- 

COAL CONVERSION, U tr P1.A.F. COAL 
1'01-UEM CONVERSION (3)  
LbF CSNVERSION ( 4 )  

( 1 )  DASED OIJ ORIF ICE FLOwS FOR tiYDROCEN, PEIERED FLOWS FOR OTtER GASES AND ANA1-YSES. 
(2) PIEGRTIVE V t -L IES  IBDICATE DECREASES I N  INVENTOKV OF SLW\'RY O I L  I U D I N G  TANK. 
(3) HASED 011 FII-TRirV1Q.I OF PRWCT 3-I.RR'; FED TO VilCULY.1 S T I L L .  
(4 DASED OH U>;WACTION OF VACUY-I DOT'IOPIS PRODUCT. 



PER I[ OD 

NORIWLBEED M T  PRODUCT QIS1RIWTIOHf  BI 
W % 86 DRY COAL 

CO, C02 
CI-C3 b f a ' ~ 0 C ~ D O N S  INI GASES 
C4-C3 HYDROCARBOTOS I N  W E S  
IBP-400 "6 NAPCtTkW 
460-650 'F DISTILLATES 
650-975 T DISTILLATES ' 

975  O F *  RESIDUAL O I L  
TOLUENE SOUlBlf 
TOLUENE INSOLUBLE 

UNCWVERTED COAL 
AS14 
t120 (NET) 
NH3 (FORCED NITRCXEN) 
1425 (FORCED !XLFW) 

TOTAL ( 100 + tiYDROCEN REACTED) 

FILTERED LIQUID 
CRAVIITY, O A P I  
IW,  'F (ASTN D-1160 610DJFBED) 
10 V % 
30 V % 
50 V % 
70 V t;  
9 8 V K .  
F QP 
\/ % G 400 "6 
V % 3 650 "F 
V % AT 9 7 5  "F 
SULFUR, W % 
kl t6 975 ' Fs  
W :: SULFUR I N  9 7 5  '6+ 
LJ % NITROGEM I N  9 7 5  "Ft 
W % OSSQEN I N  9 7 5  'Ft 

f ISTM DISTILLATION CUT BOIGIT 

8 PERIODS 6Ab. 12AB. 18AB,23HB,AND E8AB fWE MSKW PERIODS GMJD HAVE 610RfWLHZEB YIELDS 
BASED Old COPPLE'FE ELDENTAL MND DISTILLATION M V S E S .  FOR C A L U B B O ( J  
OF NORPMLIEED YIELD DISTRIBUTIOPd QF O T E R  PERIODS, INTEWOCATED ELEMENTAL AND DISTItLf lTIOt4 
VALUES FR0I.I WORKI.JP PERIODS WERE USED. . 

t FOR PERIODS QTI-ER T l M  TkE W I P  PERIODS, NORI'WLIZED YIELDS FOR TbIE C&~BINED 
A/B PERIOD ARE PRESENTED I N  B PERIOD. 



ATI.IOSPI L R  I C  ST ILL OVEW LEADS 
GRAVITY. 'API 
IDP. 'F (ASI' I I  D-86) 
10 v % 
3 0  V tt 
5 0  V 3; 
7 0  V % 
9 0  V t; 
FOP 
V N (3 400 'F 
V ;: @I 6 5 0  'F 
CARUON, W X 
bIVUROZEN, W % 
I4 I TI2OGEN. W :r 
S L I I U R  (kES f REE 1. W M 

IDP-4O0 'F 
C&!AVZTY. 'API 
SUCF Wi 0.ES FREE ) , W W 

400 "F+ 
CRAV I TY . 'AP I 
SLLFLN? OL3S FREE),  W % 

r i )  
cn 
co ATI.IOSP1 E R I C  S T I U  BOTTWS 

CRAVI'TV, 'Wl 
IOP,  'F ( A S P I  D-86) 
10 v :; 
3B v X 
5 0  V :: 
7 0  v X 
9 0  v X 
FOP 
V % 0 400 'F 
V % Q 656 'F 
CARUdlJ, W Ur 
I IYDROCEN , W :: 
).I I TI?OQEN, W Y 
s~u.FuR,  w $6 

IUP-650 OF 
CRAV I TY, '*I 

650 O F . +  
.- CRAVI'I'Y, 'API 

t IDEWTCN. V U S  FOR A AND B PERIODS I N D I C A E  TtWT 1l.E DATA 
IJERE AC'I'UirL.1-V FOR T I E  CCNBIMU W B  PERIOD. 



PERIOD 

WATER 
CARBOGd, W % 
MU-IONIA, W % 
sum. W s( 

CLEW O I L  TAGAK 
Gt?AVITY, "WI 

SLlRRY H I  X ING TAM< 
VISCOSITY, CP 0 160 O F  t 

V F t C U I  STILL OVE.@EfiD 
GRfiVITY, "WI 
IUP,  '6 (ASTH 8)-1160 PKJDIFIEDI 
18 V % 
30 V % 
58 V %. 
70 V % 
90 V :S 
FBP 
V % @ 4 0 0  T 
V X IJ 658 'F 
CARBOGI, Id H 
HI'DROtiEN, W 96 
NITROGEN, W % 
SUIIWrP., W % 

1 DP-650 O F  

GRAVITY, "WI 

650 O F +  

GRAVITY, "ABI 

DATE OF F I M  REPORTI 81/21/80 
PACE 5 O f  7 



' . .  DATE OF FINAL REPORT8 01/21/80 
PAGE 6 OF 7 

PER I OD 9~ 106  I Q B  116  IIB i a f i  

VACWP1 ST ILL  BOTTOMS 
U X OF VACUM ST ILL  FEED 
TOLUENE SOLUBLE. W Y 
NON-FiSH TOLUEPIE - INSOUI6l-E. W Y.  26.32 
ASH, W % 24.52 
M E A C T E D  COAL, W % (EST.) 9.61 
TOLUENE INSOL. RESID. W X (EST.) 16.71 
CARBON. W Y 

SULFUR, W %  
ASTM ASH, W X 
CGl.(E/itSH RATIO ( DPF EXTR . ) 
DPIF-S&UBLE, W % 
VISCOSITY.. CP 0 500 T t 
VACWM DIST ILLATIOFI 
IBP, T (ASTN D-1160 I'ODIFIED) 
D IST IU i rTE  TO 975  'F. W X 

I W-975 O F  

CRAVI TY , 'W I 

GRAVITY, O W 1  

IW.  'F (ASTH D-1160 MODIFIED) 
10 v % 
36 V X 
50 V % 
7 0  V % 
END POINT 
V :; 3 653  O F  

V % Q END POINT 
ASI-I, W N 
RESIDUE AND SOLIDS,. W H 

975. QO 
E l .  00 
67.00 

5 . 7 9  
40.37 

HYDROCLONE UNDERFLOW, W, W :4 

HYDRCXLGrIE FEED, ASH W % 

FILTER CAKE 
W Z OF FEED TO FILTER 
TOLUENE EXTRXTION OF CAKE 

SOLUBLE, W % 31.36 
NON-ASH INSOLUBLE, W % 21.67 
ASH, W % 46 .97  
INSOLUBLE RESID., W % . 3.26 
UPREACTED COAL, W Y (EST. 18 .41  

0 - 5 L IQUID  ' 

GRRV I TY , 'W I 

0 - 12 L I Q U I D  
GRWITY, "API  

L AVERFIGE OF BROOKFIELD vIscosrn VALUES AT 5-100 wn. THE 
SLURRY HAS NON-NEWTONIAN PROPERTIES. 



PERIOD 

BATCH DISTILLATOH O f  VAOUCGd 
DOTTOI-IS S W  PROBUCB 

V A C U  DISTILLATION 
FI[W VAPOR T E ~ .  'f 382.00 485.00 480.88 
PRESME, TORR 9.60 9 .GO . 40  

DISTILLATE, W X OF VCICCILO.1 
BOTTQPIS SLURRY 4.60 4.19 6.30 

St.LFUR, W % -13 . I 2  .10 

ChLCUCATEB COPlPOSITlOM W SOCIDS-FRE OIlL 
I N  VACWaI BOTTOI'IS S W i f f d  PRODUCT. W K 

BATCt 1 ST ILL D I ST PUATE FROI.1 
SI-URRV PROWCTS ' ?.29 6 .46  8.118 

Di3TCH ST ILL  RESID. FRm FILTRATE 92 .?1 93.54 Yt.E2 
CAkCLU-A'TED COPVOSITIW, W Y 

SULFUR, W % . E 6  

CALCLILATED C3WOSI T I , W  OF 
400 O F +  LIQUID PRODUCT, W % 

ATIIOPHER I C ST ILL OVERHEAD 
ATGIOSPHER I C  ST ILL DOTTOPE 
M'F VACUUII ST ILL  OVERHEAD 
VACUW.! ST ILL BOTTOGIS, 

SOLIDS FREE O I L  
CALCLYATED COI.IPOSITI[ON. W % 



DATE OF F INAL  REPORT8 B1/21/8.0' 
PACE 1 OF 7 

U J I T  130 - H-COAL OPERATIONS ON KENTUCKY NO. 11 (lit?: 4891,4092,41d@, AND 4101) 
CiiTM-YSTI AIERICWJ CYAPWIID HDS-14426. 1/16. WTRlJlXfl'ES {HRI 38301, 103 LBS. DRY I N I T I A L  CHfXGE 
REACTOR VOLWEI 7.49 CUBIC FEET 
RWJ NLUIBER 133- 89 

PERIOD 

DATE (END OF PERIOD), 1979 
HOURS OF R W  - BECIMING 

END 

CaTALYST INVENTORY, END, LEE 103.47 183.47 104.27 104.27 105.16 105.16 
CATALYST ADDED, LBS 0.00 3.57 3.82 0.00 4.11 0.00 
CATLYST WITHDRAWN, LBS t 8.88 3.43 3.02 0.03 3.22 0.08 
CATALYST AGE (END) . L B  DRY COAVLB 

AVERAGE ( BASIS ' 
ORIGINAL CHARGE (BASIS) 

CATALYST ADDED, C W T I V E  
LBS/TOId DRY COAL 1.10 1.10 1.16 1 1 2  1.19 1.14 

CATALYST WITHDRAWALS 
IJITHDRAlJAL, O I L  LADEN. LBS 
OIL ,  W X 
MOLYDENUM ( O I L  FREE). W .% 8 

COAL FEED (DRY) ' 

LBS/HR/CU F T  REACTOR VOLL9Y 
PIOISTURE W '/; (COAL SiU'IPLE) 
rriSH, W% (DRY C O X )  

RECVCLE FLOWS, LBS/LB SOLIDS 
ATPIOSPHERIC S T I L L  B 3 T T a 5  
V A C U I  S T I L L  OVERHEAD 
INVENTORY ~I-WJCE 
HYDROCLONE OVERFLOW ( O I L )  
PIAKE-UP O I L  

TOTAL 

TDPERATURE , O F  

COaL PREHEATER OUTLET 
REACTOR L IQUID  PHASE, AVG. 

MAX. 
SEPARATOR-2' ( ' 8  12' SKIN) 
HYDROCLONE OVERFLOW 
VACWM S T I L L  FLASH Z W  

PRESSURE 
UNIT  BACK PRESSURE, PSIG 
HYDROGEN HAKE-UP, PS IC  
HYDROGEN PARTIAL PRESSWE, W I G  

(REACTOR OUTLET - SEPMATOR ) . 
V A C U I  FLASH, TORR 



DATE OF FINAL REPORT8 01 /21 /80  
B A N  2 Q f  ' 7 

PER 1 OD 

HECYCbs GAS, 61SCF/TON DRY COAL 
VENT GAS, HSCF/TON DHY COAL 
I IYDROCEN BUR I TV 

OF RECYCLE GAS GrND VENT, % 
TOTAL: be. blSCF/TON DRY COAL 

(REACTOR OUTLET) 

tPIDROCEN, PlAKE-UP t RECYCLE 
bISCF/TON DRY COAL 
PARTIAL PRESSURE. PSIG(1NLET) 

blYDROCElJ CONSLIIPTION ( 1 
bGCF/TON DRY COAL 
L9 X DRY COAL 

CIIEI.1 ICAL kNDROGEM CCWSWPTION 
b132F/TW GRI' COAL 

O I L  ADDITIONS 
PWE-UP O IL ,  LBS/LB DRY COAL 

LBS/I.IR/CU F T  REACTOR 
FLUSti O I L ,  LBSAB DRY COAL 

COLLECTED PRODUCT QUANTITY. W ' K  CRY 6X)AL . 
ATMOSPC ER I C  S T I L L  OVERI-(EAD 
ATIDSPIIER I C  ST ILL BOTTWIS t 2 1 
VF1CUUI.I S T I L L  OVERl f  AD (2) 
VACUUII S T I L L  BOTT(X1S 
t i 20  
C 1 -.C3 
Cd-C7 
H2S IN, GASES 
C02  8 co 

I W U T  QLIANTITIES, W % DRY COAL 
DRY C O k  
GIOISTWE I N  FEED COAL 
PWE-UP O I L  ADDITIONS 
FLUS14 O I L  
HYDROGEN REACTED (1) 
TOT iL  

COAL CONVERSION, W :6 M.A.F. COAL 
TOLUENE CONVERSIOld 63) 
DI'F CONVERS IOW ( 4 ) 

(1 )  BASED OM ORIFICE FLOWS FOW WDROEN,  PETERED ~~ F W  Ol'blER CFdSES fWD NWLYSES. 
(2) NEGATIVE t1r7kUES INDICATE DECREASES f M  INEMTOGORY OF U R Y  OIL W D I B d 6  TANK. 
(3) BilSED ON IFHLTRATIOM OF P R W T  9.hlRR'B FED TO \/ACUYd STILL. 
(4) BASED ON EXTRACTION OF $ ' A C M  BOaTOPB P R O W T .  



DATE OF FINAL REPORT, 01/21/80 
PAGE 3 OF 7 

PER IOQ l a  e 12 fie 13 A 13 s 1 4  A 1 4  e 

tJORIUL 12ED t E T  P R O W T  DISSRI DUT ION% I 8 
W % OF DRY COAL 

co. C02 
CI -C3 IlYDIIOCF3I80NS I N  GASES 
C4-C7 I NDROC'AI2BOliS I f l  CASES 
IUP-400 'F P W l  ITbk 
408-650 'F U IST IUATES 
658-975 ' F  D l  STILLATES 
975 'f + R E S I N K  O I L  

TOLCIEIE SOLUULE 
TO1 . U P E  INSOLUOLE 

LNCOPIi'EKTED COAL 
A514 
1120 (NET) 
LJ13 (FORCED NITROGEN) 
I ES (FORCED w L I R )  

TOTAL c loa t ~.IYU?O~;EN REACIED) 

F 11-TERED L IQUID  
CRAV I TV , 'AP I 
IUP, ' F  (ASTfl D-1160 PIODIF IEU) 
1 8  V :; 
3 8  V t;  
sa v :; 
70 V :; 
90 V :i 
F DP 
V :i @ 400 'F . . 
V :; Q 650 O F  

v :r f i r  97s OF 

SIN.FLIR, W % 
W :; 9 7 5  'F + 
W X SLUIl.IR IN 975 T+ 
W :; NITt'IOCEN IN 9 7 5  OF, 
W :: OXI'CEN I N  975 O F +  

f AS'rll DISTILLATION CUT POINT 

I PERIODS 6AD. 12AD. 18AO,2%B,AND 28AB ARE W K L P  PERIODS AND t:RE NORPIALTZED YIELDS 
UASEQ ON CCWIPLETE El-EPIENTAL AND D I S T I U A T I O N  ANN-YSES. FCN? C A L C U T I O N  
OF I.tOliPW I2ED VIEL-D D I  SrRIDI.fl*ION OF OTI-ER PERIODS, I N T E W W T E D  ELEPENTAL AND D I S T I U A T I O N  
VALUES FROI-I WOI?KIP PERIO~S WRE USED. . - : 

8 FOR PEkIODS O?'I.IER TI-IAN T1.E W K U P  PERIODS, VPW-IED YIELDS FOR TIE COMBINED 
A/B PERIOD ARE PIIESENI'ED I N  B PERIOD. 



PERIOD 

ATI4OSPI E R I C  ST ILk OVERHEAD* 
GRAVITY, *API 
IW,  'F (ASTM D-86) 
18 V % 
30 V % 
50 V :6 
70 V ti 
90 V K 
FEE' 
V t; 6I 4 0 0  'F 
V M Q 650 'F 
CARBON. W X 
t IYBROCEN, W I 

' NITROGEN, W Y 
S U I W  (H2S F E E ) ,  W H 

I W - 4 0 0  'F 
GRAVHTV, 'WI 
SUFLJR (H2S FREE ) , hl % 

4 0 8  'Fd. 
GRAVITY, 'ABI 22. 8 
SleFuR (H2S FREE), U Y <.a3 

N 
V 
o ATMOSPb IER I C  ST ILL BOTTWtS 

GRAVI'FY, 'API 10.6 80..3 
IBP,  'F 6ASTP1 D-86)  510. 467.  
I 0  V :: 540.  621. 
30 \1 % 670. 650. 
50 V I 6 8 0 .  60a. 
7i3 V % a 6 4 9 .  
sa v 4; 750. 
FBP 650. 842. 
V :; B 4 0 0  OF , 0.d0 Q.Oi3  
V :r 3 653 O F  69.88 71.00 
CARBON, W % 88.51 
I1YDROGEN. W % 8.99 
NITROGEN. W % .%7 
SULFUR, W % '<.03 <.a3 

I DP-650 '6 
GRHV II'Y, "AB P 13.4 

650 O F +  

GRAVITY, "WI 8.8 

T 1IDEtlTICI-V. Vt%MS FOR A h3ND B PERIODS HNDICf3E M T  '6M: QAT6 
WERE ACTUALLY FOR THE CWIBINED A/B B&RIOD. 



C L E W  O I L  TAPlK 
GRAVITY, OW1 

SLURRY PIIXINC TANK 
V ISCOSITY.  CP O 150 "F 1; 

VACLY U l  ST ILL  OVER).BAD . 
CRAV I TY , 'AP I 
IIIP. ' F  (ASTH D-1160 PIOQIFIED) 
10  V $6 
36 v :; 
50 V :; 
7k3 v :; 
90 V % 
F DP 
V :; G 400 "F 
V $5 O 650 'F 
CAI?OON. W N 
I IYDROCEN, U X 
I 4  I TIIOCEN , U K 
SU-FUR, W N 

18P-659 'F 
CRHVI TY, 'API 

DATE OF f I P W  REPORT, 01 /21 /80  
PAGE 5 OF 7. 

1 2  B 1 2  fie 1 3  63 13 B .. 8 %  f i  , 

* AVERAGE OF DROdKFIE&D V I S C O S I R  VAI-I ES AT 5-100 RPPI. TI lE 
51-I.N?RY I.kS I.hIN-NEWTCNIAN PRaPERTIES . . . 

r 1 . . 



OF FIPW REPORT: 01/211'88 
PACE 6 OF' '? - 

PERIOD 12 B 12 'A8 13 A 13 B 14 A 14 8 

V*uu9 S T I L L  Bonw- 
u tc OF VACWM S T I L  FEED 
TOLUENE SOCUBLE, W X 
tW-ASH TOUIU'E: 1NSOCUB-E. W X 
ASH, W % 
UNREACTED COAL, W %.(EST.)  
TOLUENE INSOL. RESID. W % (EST. ) 
CARBON. I.1 tc 
HVDHOCEN, W tc 
NITRXEN,  W X 
SULFUR, W X  
ASTM FISH, W X 
COKE/FIw M I 0  (DFF Emf?. 1 
WIF-SOLUBLE, W r. 
VISCOSIW,  CP a 500 *F. * 
VAC1Aa.I D I S T I U A T I O N  
IDP, 'F (ASTH D-1160 PIODIFIEDI 
D I S T I U A T E  TO 975 T. W X 

IBP-9?5 'F 
GRAVITY, 'API 

HYDROCL.ONE OVERFLOW 
CRAVIW, 'API 
IBP,  'F (ASTP1 D-1160 PIODIFIED) 
13 V :; 
30 V X 
50 V % 
73 v :: 
END POINT 
V :: J d50 'F 
V :: d. END POINT 
ASH, b X 
R E 3 I W E  AND SOLIDS, W X 

I-WDROZLONE FEED, ASH W Y 

FILTER CAKE 
W x OF FEED TO FILTER 
TClLUENE EXTRACTION OF CAKE 

SdLUBLE, W % 
NON-ASH INSOLUBLE, W % 
ASH. W % 
I N S L U B L E  RESID . . W 'A 
UNREACTED C O X ,  W % (EST.) 

0 - 5 L I Q U I D  
WAVITY,  'API 

0 - 12 L I Q U I D  
GRav I TY , 'WI 

X A' LRfiGE OF BRMKFIELD VISCOSITY VALUES AT 5-100 W M .  THE 
SLURRY I- WS PlirN-NEWTONIAN PRWERTIES . 



PERIOD 

DATCI1 DISTILLATON OF VACUa4 
BO'TTWIS SLLlRRV PROWCT 

VACUY.1 DISTILLATJON 
FINAL S'POR TEFP . 'F 
PRESSL IRE, TORR 

DISTILLATE. W X OF VACUY? 
DOTTOTIS SLLRRY 

SULFUR, W W 

DATE Of- FINAL REPOf?T# 014?1/80 
PACE 7 Of- 7 

12 B 12 AB 13 A 13 B 14 6 14 B 

Ci\L-CILATED C~LPOSIT ION OF SOCIDS-FREE O I L  
I N  VACllw.1 DOTTOplS SL.LNMY PRODlJCi"i' IJ ): 

DRTCI-I ST ILL D I ST I U A T E  F R W  
SI-LJl<R\' PRODUCTS 1.3.95 13.18 7.49 

D;\1‘CI.I ST I L- RES I D . FROPI F ILTRATE 86 ; 05 . . 86.82 95.21. 
CALCLU-ATED COPIPOSIT ION, W % 

Sul.FUR, W f $  .49 .66 .63 

CiU-CULATED COPIPOS IT ION OF 

N 
433 O F +  1-IQUID PRODUCT, W % 

ATIIOSPI-El? I C  S T  IIL OVERI-EaD 
w ATPICkiPI E R I C  ST IU BOT'COt-6 

NE'I' VACI JLU1 S T I L L  OVERIdEAD 
VirCU.U.1 ST ILL DOTTdIiS, 

SOLIDS FREE 011, 
CALCIJLAI'ED CQIPOSI TION, W :; 

SIJLFLIR, W :; 
ELlLFUR (ACTUfL), W :I 



DRTE OF FIIJAL. REPORT8 01/21/86 , 

PACE 1 OF 7 . 

Lu.II'r 130 - ti-COfL OPERATIONS OH KENIUCKY NO. 11 OFd- (tIR1 4091,4Q92,%100, AND 4101) 
Cfi?.fd-'/ST I W E R I C W  C'IAPliMID' HGS-144213, 1/16' EXTRUmTES (tRI 38301, 103 L8S.  DRY IN IT I fU -  C M C E  
REACTOR VOCUE I 7 . 4 9  CU13IC FEET 
RU.1 IJ1Y.IDER 136- 89 

PER 1 OD 15 fi 15 B :16 A 16 IQ 17 A 17 

DATE (END OF PERIOD), 1979 9/15 9/16 9/16 9/17 9/87 9/18 
HOURS OF R W i  - E G f N N I f f i  335.38 347.04 359.00 371.08 383.83 395.83 

END 347.00 359.03 371.00 383.00 395.80 407.08 

CATALYST ' INL'EMTORY, .END, LBS 105.16 105.16 185.60 105.60 105.60 105.60 
CATALYST ADDED, LBS 8.00 0.08 3.74 0.0 0.00 0.08 
CATLYST WITkIDRAWM, LBS f 0.09 d.0a 3.33 0.00 0.00 0.08 
CATALYST ACE (END), LEI DRY COALAB . 

AVERAGE ( DASIS ). 638.9 665.6 dG9.1 696.6 722.7 7 4 9 . 8  
ORIG IW CtHRCE ('BASIS) 737.1 813.8 851.2 867,6 894.8 921.1 

CATALYST ADDED, CUMU-ATIVE 
LBS/TON DRY C3AL 1.18 1.07 1.12 1.08 8.85 1.0% 

CATALYST WI'FHDRAWALS 
WITt1DRAWAL. O I L  LADEN, LBS  0.00 0.06 7.66 0.00 0.00 0.00 
OIL ,  W 1; 31.80 
PKLYDEI'LY? ( O I L  FREE), W % t 6.53 

COAL FEED 6 W Y )  
LBS./HR/CU F T  REACTOR VOLbGlE 

klOISTuRE W t6 (COAL SATRE1 
ASIi, W:; (DRY COAL) 

RECYCLE FLOWS. LBS/LB SOLIDS 
AVIO5PI-IER 1 C SFILL BOTTOTlS 
VACUUPI S T I L L  OVERHEAD 
11'I?/EN'rC)RI' C W I Z E  
tIVDROL"LOI'(E OVERFLOW ( 0 IL ) 
PWE-w O I L  

TOTal. 

TEMPERATURE, 'F 
COAL PRUEATER OUTLET 
REACTOR L I Q U I D  BIiASE, AVG. 

PW. 
- SEPirRATCX-2" ( Q 12' SKIN)  

H Y D R i X L W  OVERFLOW 
. i'ACUW.1 S ILL  FLASH 20NE 

PRESSURE 
UrJIT BACK PRESSURE, PSIG  
HYDROGEN PWE-W, P S I C  
I IYDROXN PWFIAL PRESSLIRE . E B G  

(REAC'FOR OUTLET - SEP~RATOR) l W 7 .  $776. P791. 1773. 8 8 0 4 .  dd29. 
V A C W I  FLASH, TORR 4. 4. 3. . 3.  3. 3. 



DATE OF FIPWL HEPORT8 01/2L/80 
PAGE 2 O f  7 

PEN IOD 

RECYCLE CAS, PISCF/TOIJ DRY COAL 
VEtI'T GAS. tISCF/TWi liRY COAL 
I NbROC;EtJ PUi I TY 

OF RECYCLE GAS AND VENT, % 
TOTAL I i 2 ,  I*LSCF/TON DRY COAL 

(REACTOR OUTLET) 

tWDROCEN, MAKE-UP + RECYCLE 
IISCF/T(X( DRY COAL 
PARTIAL PRESSURE, P S I C ( 1 N E T )  

l IYDROCEN CCMJUT-PTI ON ( 1 ) 
IISCF/TOIJ DRV COAL 
W DRY COAL 

CI.IEMICN. IWDROCEN C-LPTION 
I.ISL'F/TaI liRY COAL 

O I L  ADDITIONS 
P I X € - U P  OIL ,  LBS/LB W Y  COAL 

LBS/)-IR/C;U F T  REACTOR 
F L U 3 I  OIL ,  LBS/LB DRY COAL 

COLLECTED PRc?[KICT QUANTITY, W M DRY COAL 
AT~IOSPI-IER IC ST ILL OL~EREAD 

. A'I1.IOSPI-ERIC S T I L L  BOTTWS (2) 
V~CUYI STILL OVER~EAD (2) 
L1i\CW.I S T I L L  BOTTOlIS 
1120 
C l  -C3 
C-l-C7 
l 12s I N  CASES 
CO2 8 CO 

INPUT OIWJTITIES, W $6 M Y  COAL 
DI?Y COa- 
PK)ISTU?E IN FEED COAC 
I W E - U P  O I L  ADDITIONS 
FLU91  O I L  .24  .28 .23 .26 .26 
t I'd DROCEN REACTED ( 1 1 1 4.35 4 .55  4.55 4 . a  
TOT& 106.14 105.71 106.16 1a6.39 10G.33 

COtX CONVERSION, U % P1.A.F. COAL 
TOLENE CONVERSION (3) 
Wll: C W E R S I O N  ( 4 )  

(1  ,mSED ON ORIFICE FLOWS FOR kNDf?OGEN, PETERED FLOWS FOR OTI-IER CASES AND ANALYSES, 
(2) ;;IECATII1E VA-UES INDICATE DECREASES I N  IWENTOIW Of SI-WIRY O I L  l.KW-DIW TANK. 
(3) BASED ON F ILTRHTION OF BHO(.ET SLURRY FED TO V t W I  ST ILL .  
( 4 )  BASED ON EXTRilCTION OF V X U Y I  BOTTOPIS PROWCT. 



PERIOD 

DATE OF FINAL. REPORT1 01/21/80 
PACE 3 OF 7 

15 A 15 B 16 A 16 B 17 A 17 B 

P1(M71.1AL82ED PET PROWCT DIS l 'R IEUTIONt l l  
W ti OF DRY COAL 

CO, C02 
CI-CS HYDROCARBONS I N  CASES 
C4-C7 bIVDROCAI?BONS IN  CASES 
IOP-408 "F W b l T H A  
400-650 Y DY STILlATES 
650-975 O F  D I ST I U A T E S  
975 OF+ RESIWAL O I L  

TOLUENE SOWDLE 
TirLUENE INSOLUBLE 

WJCONVERTED COAL 
ASI-I 
k1.20 (NET 1 
fB.13 (FORCED NI'1'ROi;Ud) 
bES (FORCED SUFW 1 

TOT% (10a + HYDROGEN REACTED) 

F IL'I'ERED LIQUID 
CRAV I TV , 'AP H 
IUP, ' F  (ASTM D-1160 GDQIFIEQ) 
10 v :; 
30 v :; 
50 V :r 
73 V % . . 
90 v :; 
F DP 
V t; B 169 OF 
v :: 0 650 O F  

V 1; AT 975 'F 

W % SULFUR I M  975 O F +  

W $2 NITROGEN I N  975 "Ft 
W % ONVCEN I N  975 O F +  

t ASTM DISTILI-ATION CLU POINT 

I 'ERIODS 6AB.12AB.18AD.23AB.AND 28AB ARE UORKW E R I O D S  W D  HAVE tNRtIAk12ED YIELDS 
dirSED ON COPPLE'TE ELEPlENTAL AND D I ' s T I U T I O N  ANr7LYSES. FGR CAbCULATlON 
GF NORILLIZED YIELD DISTRIBU'I'ION OF 0Tt-ER PERIODS, INTEWOLATED ELEPlENTfU- AND DISTIUTIOIJ 
VirLLES FROPI WORKUP PERIODS WERE USED. 

t FGR PERIODS OTb-IER T H  THE W R K W  PERIODS, NORPMLIZED YIELDS FOR TI-E C~IBINED 
A/B PERIOD ARE PRESEN'rED I N  B PERIOD. 



PERIOD 

FtTPIOSPklER I C  S T I L L  OVERHEAD* 
CRAV I TV , O W  I 
IbP,  'F (ASTM D-86) 
10 v N 
30 V % 
50 V N 
70 V % 
98 v N 
FBI' 
V :b (S 400 'F 
V Y 650 'F 
CARBON, W X 
HVDROCEN, W N 
NITROGEN. W % 
SULFUR (H2S FREE), W # 

IBP-4a0 O F  

GRAVITY, O W 1  

SULFUR (H2S FREE 1, W # 

DATE OF FIlWL HEI'OR'T I 01/21/80 
PACE 4 OF 7 

15 A 15 B 16 A 16 B 17 A 17 B 

408 "F+ 
GRAVITY, O W 1  21.3 21.3 
SULFUR (H2S FREE), W H .04  .04  

ATPK)SPkERIC S T I L L  BOTTOMS 
GRAVI TV , 'AP I 
IBP, 'F (ASTM D-86) 
10 v .:: 
38 v % 
50 V :; 
70 V % 
90 V 1; 
FBP 
V % Q 400  'F 
V % Q 650 'F 
CARBON, W N 
HYDRXEN, W N 
NITROGEN, IJ N 
SULFUR, W )i 

I bP -650  . 'F 
GRAVITY, O f f 1  

f IDENTICAL VALUES FOR A AND B PERIODS INDICATE TWT M DATA 
WERE ACTUALLY FOR THE COMBIMD WB PERIOD. 



LJHTER 
CARBai. W % 
WYIONIA, W N 
SLLFUR. W % 

CLEAN 0 IL' TANK 
GRAVITY, DAPI 

SLURRY MIXIMC TANK 
VISCOSITY, CP 158 T 1: 

VACUUll S T I L L  OVERI-EAD . . 
CRaV I TY , 'AP 1 
IBP,  'F (ASTfl D-1160 MODIFIED) 
1 0  v X 
30 V % 
50 V % 
70 v % 
90 V :: 
FBP 
V % @ 400 'F 
V X @ 650 'F 
CAR83N, W p i  . 
HYDROGEN, W % 
NITROGEN. W ' %  
SULFUR, W pi 

18P-650 O F  

CRAV I TY , 'AP I 

650 O F +  

GRAVITY, 'MI 

DaI'E OF Flrl;iL IitPUi'T I @1/21/d@ 
PAGE 5 OF 7 

;Ir AVERAGE OF BROOKFIELD VHSCOSIW V M S  AT 5-108 M, THE 
SLURRY HAS NW-NEWTOaJIAN.PROPERTIES. 



~ 6 %  OF F INAL  REPORT, 01/21/80 
PAGE 6 OF 7 

PERIOD 

VACUlM S T I L L  EOITOMS 
W % OF VACWM S T I U  FEED 
TOLUENE SOLUBLE, W % 
NON-ASH TOLUENE INSOLUBLE, W % 
ASH, W % 
UNREACTED CO&, W W (EST. 
TOLUENE INSOL. RESID. W Y (EST.) 
CARBON, W N 
MDROCKN. U % 
NITROGEN; W t: 
SULFUR, W N 
ASTl'l ASH, W tS 
COKE/ASH RATIO (DPIF EXTR.) 
DMF-SOLUBLE, W % 
VISCOSITY, CP @ 500 O F  * 
VACWM DISTILLATION 
IBP,  O F  (ASTM D-1160 NODIF IED)  U I I g l L m I ' E  '1.0 975 'F, w y, 

I BP-,975 'F 
GRAVIT'I' , O W 1  

HYDROCLONE OVERFLOW 
GRAVITY, O W 1  

. . 

IBP, OF (ASTH D-1160 MODIFIED) 
16 v % 
361 V X 
58 V X 
70 V % 
END POINT 
V :: a 6% O F  

V :; Q END POINT 
ASH, W $5 . 

. RESIDUE I?ND SOLIDS, W % 

HYDROCLOI3E UNDERFLOW, AOl, W % 

HYDROCLONE FEED, ASH W Y 

FILTER C S E  
LJ % OF FEED TO FILTER 
TOLUENE EXTRACTIClN OF C M E  

SOLUBLE, W % 
NON-ASH INSOLUBLE, W X 
ASH, W % 
INSOLUBLE RESID . , W 
UTiREACTED CORL, W % (EST.)  

0 - 5 L I Q U I D  
GRAVITY , OAF' I 

0 - 12 L I Q U I D  
GRAVITY, OW1 

f AVERAGE OF BROOKFIELD VISCOSITY VALUES, AT 5-100. W M .  THE 
SLURRY HAS NON-NEWTONIAN PROPERTIES. 



PER I OD 

BATCH D I I S T I M T O r (  8F V A U  
BOTTOPIS SWRRY PROWCT 

VACUUI4 DISTILLATION 
F I W  VWOR TEMP. "F 
PRESSURE, TORR 

DISTILLATE, W X OF VACUM 
BOT'FOTIS SLURRY 

SUCFUR, W )I 

Cfi!-CU.ATED COPIPOSITIOIJ O f  SOLIDS+ REE O I L  
IIJ V A C U - l  DOTTOPIS SLLRRY BROWCT. W % 

DRTCH S T I L L  DI!STILLATE FROM 
SLURRY PROWCFS 

BATCti S T I L L  RESID. FRCM FILTRATE 
CALCULATED C~POSITION, w 91 

SULFUR, W 11 

CALCUI-ATED CCWPOSITION QF 
400 O F +  LIQL l ID  PRODUCT, &II U 

ATPIOSPI-LEI? I C  SF ILL OVERHEAD 
ATIaIOSPI-ERIC ST ILL BclTTOPIS 
NET L'irCUPI STILL, Ol'ERJ-IEAD 
VAZUPI ST I L L  DOTTOPIS, 

S3LIDS FREE O I L  
CALCULATED COTPOSITION, W % 

SULFU?, W >; 
SULFUR (ACTUAL), W % 

DATE OF F I N  REPORT1 61/21/80 
PACE 7 06 7 



Dill'€ OF F INAL  REPGRT; (31/21/80 
PAGE 1 OF 7 . - - 

U J I T  130 - HICO& OPERATIONS ON KENTUCKY NO. 11 C&lL (HI 4091,4092,4100. AND 4101 ) 
CATfLYSTI .AMtRICAN CYANAMID HDS-1442A, 1/16' EXTRUDATES (MI 3830) ,  103 LBS. DRY I N I T I A L  CHARCE 
REACTOR VOLUY l  7 . 4 9  CUBIC FEET 
RUN NLNIDER 130- 89 

PER I OD 18 A 18 B 18 AB 19 A 19 B i?0 A 

DATE (END OF PERIOD), 1979 
HOURS OF RLN - BEGINNING 

END 

CATALYST INVENTORY, END, Lffi . 
CATALYST ADDED, LBS 
CATLYST WITHDRAW, LEIS t '  
CATALYST AGE (END), L B  DRY C W L B  

AVERAGE (BASIS) 
ORIGINAL CHARGE (BASIS) 

r'3TALYST ADDED, CULLAT IVE  
LBSHTON DRY COAL 

CATALVST WITHDRAWALS 
WITHDRALJAL, O I L  LAW, LBS 
OIL .  W % 
MCLYDEPLJEI ( O I L  FREE), W )5 -t  

COW- FEED (DRY) 
LBS/bLH/CU F T  REACTOR VOUlPlE 

PIOISTURE W X (COAL SAI'IPLE 
ASH, W:r (DRY COAL) 

RECYCLE FLOWS, LBS/LB S a m  
ATHO'WHERIC S T I L L  BOTTOTE 
\'ACLlUPl S T I L L  OVERI-rEAD 
INVENTORY CHANCE 
HVDROCLONE .OVERFLOW ( O I L )  
PWE-UP O I L  

TOTAL 

TEHPERATURE . 'F 
COAL PRE~EATER OUTLET 
REACTOR L IQUID  PHRSE. AVC. 

8 HMX . 
SEPARilTOR-2' ( O 12' SKIN) 
HY DROCLOt IE OVERFLOW 
VitCUul.1 S T I L L  FLASH ZONE 

PRESSURE 
UNIT  BACK PRESSURE. PS IC  
HYDRGGEN PWE-UP, PSIG 
kIYDROCEN PARTIAL PRESSURE, PSIG 

(REhCTOR OUTLET - SEPARATOR? 
VACW.1 FLASH, TGRR 

t10.30 W:: tlOLY13DEIJUI1 I N  FRESH CATALYST. 



DATE OF FINAL REPORT1 
PfiCE 2 OF 7 

PERIOD 

.RECYCLE GAS, MSCF/TON DRY COAL 
VENT GAS, HSCF/TON DRY C O X  
I NDROCEN PUR I TV 

OF RECYCLE GAS M I D  VENT, % 
TOTAL tE, HSCF/TON DRY COAL 

(REACTOR OUTLET) 

HYDROCEN, MAKE-LAP t RECVCLE 
MSCF/TON DRV COAL 
P13TIril PRESSURE, PSIG(IP(LETB 

t IYBROCEN C W W P T I W  ( 1 
EISCF/TOM DRY CO& 
W t: DRY COAL 

CI.IE1lICM. bWDROC;EW CONSUPTIOM 
t.IsCF/*roti DRY COAL 

O I L  ADDITIOlJS 
HAKE-UP O IL .  kBS/LD BRV COFU- 

LBS/HR/CU f T  REACTOR 
FLU94 O I L ,  LBS/LB WW COAL 

C U E C T E D  PRODLET QUFG1TIW. W % DRu.CW& 
' ATflOSPl-ER I C  ST ILL OVERbLEAD 

ATPIOSPI-IER I C  WILL BOTTOTB t 2 1 
VACIUPI S T I L L  OVERtiEAD (2) . 
VACUUl l ST ILL BOTTCM'lS 
bCO 
C1-C3 
C-1-C? 
bI25 IN  GASES 
CO2 8 CO 

INPUT OUMTIT IES ,  aJ % BRV Cosrk 
DRY CON. 
PIOISTURE I N  FEED COAb. 
EWE-LIP O I L  ADCIITIQNS 
FLUSt1 OIL. 
~IYDROGEN REACTED ( 1 ) 
TI)TAL 

'COAL' COMVERSIOM, W Y H.A .F ,  COAL 
TOLU-HE C W E R S I O N  ( 3) 
D M  CONVERSION ( 4 )  

6 1 )  BASED ON O R I F I E  FLOWS FOR HYQUOGEM, GZTEED FL8W$ FOR OTl-ER GASES W M Y S E S .  
(2) GEGATIVE Vd-UES HNDHCirTE IIMCREAS&S 16d I I M O 6 ? Y  Q6 S L M Y  OIL W D I f f i  TeK. 
(3) BASED OM FILT6?AfHOGI OF P R W T  SLWW FED TO V M  STILL. 
( 4 )  BASED ON EXTRACTION O F  VilCUY1 BOTTOt6 BROWCT. 



DATE OF firm REPORFI 01/21/88 
PACE 3 ff 7 

C YRIOD 18 A 18 0 18 A3 19 A 19 B 20 A 

NORIWLIZED NET PROWCT D I S T R I B U T I ~ l t  
W % OF DRY COAL 

co, C02 
C1-C3 HYDROCARBONS I N  CASES 
C4-C7 HYDROCAREONS I N  CASES 
I BP-400 'F NAPMTkIA 
40B-6SQ 'F DISTILLATES 
6S0-975 'F DISTILLATES 
975 OF+ RESIDUFC O I L  

TOLUENE SOLUELE 
. TOLUENE INSOUIBLE 

UTICOIJVERTED COFY. 
A94 
1120(ri€T) . 
W13 (FORCED NITROGEN 
H2S (FORCED SULFUR) 

TOTAL (108  + HYDROGEN REACTED)' 

FILTERED LIQUID 
GRAV I TY , 'A! I 
IBP, OF (ASTM D-1160 PDDIFIED) 
1 0  V :; 
30 V :r 
50 V t; 
7 a  v 5 
9 a  v Y 
FBP 
V X @ 400 'F 
V :i B 656 'F 
V % AT 975  "F 
SULFrn, W N 
W X 975 'I=+ 
W % SULFUR I N  975 O F +  

W % NITROGEN I N  975 'F + 
W X OXYGEN I N  975 O F +  

* ASTM DISTILLATION CUT POINT 

I PERIODS 6AB,12AB,18AB,23AB,AND 28AB ARE WORKUP PERIOOS AND HAVE NCRP1ALIZED YIELDS 
BASED ON CdPlPLETE ELEPIENTAL AND DISTILLATION ANirLYSEEi. FOR CALCUflION 

. OF PIORP~IZED YIELD DISTRIBUTION OF OTHER PERIODS, IuYTERPUTED EL+%lENTAL AND DISTILLATION 
VALUES FROM WORKUP PERIODS WERE USED. 

t F a  PERIdDS OTHER THAN THE WRKW PERIODS, NCWWIZE3  YIELDS FOR THE COMBINED 
i\*'B PERIOD FIRE PRESENTED I N  B PERIOD. 



DATE OF FINAI. REPORT. 01/21/gO 
PAGE 4 Qf- 7 

PERIOD 

ATIIOSfiERIC S T I L L  OVERtlEADf 
GRAVITY, 'API 
IW, 'f (ASTfl 0-86) 
1 0  v % 
30 V % 
50 V % 
70 v % 
00 V 9; 
F W  
V % 0 400 T 
V % t?i 650 T 
CARUW, W % 
HYDROGEN, W Y 
N%TROGEN, W % 
SLLFUR (H2S FREE 1, bJ M 

IDP-400 ' F  
GRAVITY, 'WI 
SULFUR (H25 F R E  ) , W H 

40a OF+ 
CRAV 1 TY . 'AP I 
SULFUR 6 W S  FREE), W N 

AT~~CISPHER IC S T I U .  BOTTOI.IS 
GRAV I TY , 'AP% 
I B P ,  'F (fiSTPI 8-86) 
1 0  v tr 
30 V % 
50 V :; 
70 V :; 
90 V % 
FBP 
V 2; G 400 'F 
V :: 0 650 'F 
CARBON, U 4 
tlYUR(WEN. W H 
NITROGEN. W li 
SULFUR, W H 

8 IDENTICAL VAb.UES FOR A HID B PERIODS INDJCATE THAT a)lE MTQ 
WERE ACTUALLY FOR TtE COHBIO'IED W B  WRIOD. 



PERIOD 

WATER 
CARBON, W 3 
6iPUIONIA. W n 
SULFUR; W % . 

CLEAN OIL TANK 
GRAVITY, 'WI 

SLURRY MIXING TANK ' 

VISCOSITY, CP (3 150 4 & 

VACUuM STILL OVERHEAD 
CJIAVITY, O W 1  

IBP, OF (ASTM D-1160 MODIFIED) 
10 v X 
30 V :t 
50 V X 
78 V,X 
90 V X 
FBP 
V % @ 400 OF 
V X (3 650 OF 
CARBON, W X - 
HVDROZEN, W tr 
NITROGEN, W % 
SULFUR, W H 

I BP-650 OF 
GRAVITY, O W 1  

DFtl'E CX FINN. k;.EPORl' I 01/21/88 
PAGE 5 OF ; 7 , 

650 OF+ 
GRAVITY, 'API 

F AVERAGE OF BROOKFIELD VISCOSITY Vc?LUES AT 5-100 mI. THE 
SLURRY tMS NON-NEWTONIAN PROPERTIES. 



DATE OF F I N  REPORT1 01/21/80 
PAGE 6 OF 7 

PERIOD 

VFICUJN STILL BOTTOMS 
t,j % Of V A C U  S T I L L  FEED 
TOLUENE SOLUBLE. W % 
NON-ASH TO- I f f i u B L E ,  W # 
ASH, W % 
lWREACTED COAL. W % (EST. 1 
TOLUEJC INSOL. RESID . W Y. (EST. 
ORRDON, d x 

slllFun, .w x 
ASTM ASH, W % 
C ~ E ~ ~  RATIO (DFF E r n .  
DIF-UN-UBLE. W % 
VISCOSITY. CP @ 500 T t 
VACWM DISTILLATION 
IBP, O F  (ASTH D-1160 IIIODIFIEDI 
DISTILLATE TO 975 'F, W % 

WDROCLONE OVERFLOIJ 
cRAVIW,  'API 
I W .  OF (ASTM D-1160 PK3DIFIEDX 
I0 v :: 
36 V % 
50 v % 
70 V :: 
END WINT 
V % 8 856 OF 
V :: Q END POINT 
ASH, W 3; 
RESIWE irPlD SOLIQS, W % 

H Y D R X L W  UNDERFLOW, W, W % 

HYDRXLONE FEED, ASH W K 

FILTER C W E  
W :; OF FEED TO FILTER 
TOLUENE EXTRACTION OF CAKE 

SOLUBLE, W X 
NON-ASH INSOLUBLE, W % 
ASH, W x 
INSCLUBLE RESID., W % 
LPtREHCTED COHL, W Y ( E S T . )  

0 - S LIQUID 
GRAVITY. 'API 

0 - 12 L I W I D  
GRAVITY, 'WI 

t ALERAGE OF BROOKFIELD v1scosI-w VMS AT 5-100 RPH. THE 
Sl ARY Hits ION-PIEWTONIAN PROPERTIES. 



DATE OF F I N  REPORT1 01/21/80 
PAGE 7 OF 7 

PERIOD 18 A 18 B 18 AB 19 A 19 B 20 A 

BATCH D I S T I U A T W  OF VACUM 
BOTTOMS SLURRY PROWCT 

VACUl l  DISTIUATIOIJ 
FINAL VAPOR T O P .  O F  

PRESSURE. TORI? 
DISTILLATE, w v. OF VACWM 

BOTTWIS SLWUiV 12* ls  11.30 12 .15  
SULFUR, W $6 .E6  .2t3 .33 

CALCULf3TED COPPOSITION 06 SOLIDS-FEE O I L  
I N  VACUU.1 BOI'TOTS S L W  PROW'!'. u )i 

BFITCH STILL DISTILLATE FROTI 
SLWiRY PRODUCTS 

DFITCI.1 ST ILL  RESID. F R W  FILTRATE 
CALCUATED COTPOSITION, W H 

SULFUR, W % 

CALCUATED CWIPOSITION (K 
460 OF+ L I W I D  PROWCT, W n 

AI'POSPHERIC STILL OVEfUEAD 
ATEIOSPHER I C  ST ILL BOTTCPE 
NET V A W I  ST ILL OVERHEAD 
V a c m I  STILL BOTT~IS. 

SCXIDS FREE O I L  
CfLCULATED COtPOSIT ION, W % 

SLLFUR, W X 
S U F W  (ACTUAL 1, W % 



U J I T  130 - W-COX OPERATIONS OPi KENTUCKY NO. 1 1  COAL. (MI[ 4091,4092,4180, AND 4106) 
CitTW-YSV I4ERIICAH CYt3IF&IID tlDS-P442A. 1/16' Em'RUDATES 38309, 903 LBS. DRY IPIITIAL. CWtRCE 
REhCTOR V0LI.M.E I 7.419 CLJBIC FEET . . 

RLUl NlkIER 1367 89 
PERIOD ~ O B  2 1 ~  2 1 6  2 2 ~  a e  2 3 ~  

DATE (END OF PERIOD), 1979 
~ I O ~ R S  OF HUN - B E G I r w I r a  

EPlD 

CATALYST INVENTORY, END, LBS 
CATALYST ADDED, LBS 
CATLYST WITHDRAWJ, LBS 1; 
CATALYST ACE (EHD). L B  N Y  CO6d-4.B 

AVERAGE ( BAS I S  ) 
ORIG IPW CkIARGE (BASIS) 

CATALYST ADDED, CUULATIVE 
L B S I T W  DRY COAL ' 

CATALYST WITHDRAWLS 
WITHDRAUAL, O I L  LHDEN, LBS 
O IL ,  W % 
ElirLYGEPU? ( O I L  FREE), W % t 

COAL FEED ( D W )  
LBS.+(R/CU 6f REACTOR VOCLGIE 

tM)ISrURE &d % (COAL SMLPLE I - 
G, wx t DRV COAL 1 

RECYCLE FLOWS. LBS/LB SOCIDS 
ATMOSMERIC S T I L L  BOTTOfB 
V A C W I  STILL O V E W A D  
INVENTORY CHANGE 
tIYDROCLOM OVERFLOW ( O I L )  
EWE-UP O I L  

TOTAL 

TEMPERATLIRE , 'F 
COAL PREHEATER CUTLET 742. 7-47. 738. 745. 749. 7412. 
REACTOR LIQUID PHASE. AVC. sae. 861. 850. 849. ssa. 849. 

EW. 853. 85s. 855. 854. 854. 854. 
SEPARATOR-2' 6 (3 12' SKIN) 769. 772. 769. 763. 768. 766. 
HYDROCLOM OVERFLOW 489. 496. 491. 495. . 498. 493. 
VACUlM S T I L L  FLASH ZONE 535. 643. 643. 619. 545. 54%. 

PRESSURE 
UNIT DACK PRESSWE, PSIC 2696. 2686. 2700. 2678. 2680. 2682. 
HYDR~XH GWE-UP, PSIG e917.  an. 2950. 2921. esoa. esw. 
bCr'D17OGENI BART 1% PRESSLSIE , PSIG 

(HEACTOR BUTLET - SEPARATOR) 1884. 1784. 1703. 1702. 8751. 1748. 
v a c u . 1  FLASH, TO= 2. 2. 9. 0 ,  1. 8 .  



IECYCLE GAS, MSCF/TON DIW COAL 
VENT CAS, flSCF/TOIJ DRY COAL 
I~IVDROCEN WR I TV 

OF RECVCLE CAS AND VENT, H 
TOT* H2, MSCF/fOE( DRY COAL 

(REACTCM? OUTLET) 

tNDROCEN, kWE-UP + RECYCU 
IISCF/TON DRV COAL 
PARTIH- PRESSUAE, PSIQ(IFLET1 

1 NDROCEN CCMBJl'IPT ION ( 1 
bISCF/TON DRV COAL 
W 3 DRY COAL 

CI.IE1lICAL I4YDROCEN COE1SU.lPTION 
bISCF/TON DRY COAL 

O I L  ADDITIONS 
W E - U P  OIL ,  LBS4-B DRY COAL 

LBS/bIR/CU F T  REACTW 
FLUS4 OIL,LBS/LB DRV COAL 

COLLECTED PROWCT QUI?NTITY. W % KM?'f COAL 
ATI~IOSPI4ERIC S T I U  O V E W ~ A D  
ATlXEf'l ER IC  ST 1l.L. BOTTOTlS t 2 1 
VFICUI S T I U  OVERIEAD (2) 
VfiCULtI WILL BOTTOEIS 
t I20 
C 1 -C3 
C4-C7 
WS I N  CASES 
COB 8 co 

INPUT OLbWTITIES. W Y DRY COAL 
DRY COAL 
PWISTURE I N  FEED COFIL 
bWE-u '  O I L  ADDITIONS 
FLUSH O I L  
kiion&&rc REACTED ( i ) 
TOTAL 

COAL CONVERSION, W H M.A.F.  COAL 
TOL.lJEIE CWERSION (3) 
DI'F CONVERSION ( 4 )  

( 1  ) WISED ON ORIFICE FLOWS FOR ~IYWIOCEN, PETERED FLW FOR OTWR CASES mi) ~ Y S E S .  
(2) NEGATIVE V U S  INDICATE DECREASES fN IlJVENTORV OF ZjLWRY O I L  ID-DING TAPK. 
(3.' BASED ON. FILTRi3TIOPI OF PROUCT S L l W  FED TO VACUEl S T I U .  
( 4  BHSED ON EXTRACTIO)J OF VACUM BOT'FOEIS PROWCT. 



PIORIIGLIZED NET PRODUCT D I S T R I B U T I W I t  
U % OF DRY COAL 

CO, co2 
CI-C3 HYDROCARBONS I N  CASES 
C4-C7 HYDROCARBONS I N  CASES 
IBP-400 OF NAPI4TI-U 
400-650 'F D I S I I U f i T E S  
650-975 "F DISTILLATES 
975 O F +  R E S I D W  O I L  

TOLUENE SOLUBLE 
TOLUENE INSOLUBLE 

WJCOIJVERTED COAL 
ASH 
tC3 (NET) 
M.13 (FORCED NITROGEN ) 

, I.ES ( FOItCED SUU--LJR ) 
TOTAL (1Qa + HYDRCKiEH REACTED) 

FILTERED LIQUID 
CRAV I TY . 'AP I 
IUP, 'F (ASTfi D-1160 MODIFIED) 
10 V K 
3a v :; 
5 0  V t; 
73 v x 
.93 V t ;  
F BP 
V :: Q 400 OF 
V % 3 650 "F 
V :; AT 975  'F 
SUFUR, W Y 
W s: 975 OF+ 
WI % SULFUR I N  975 'Ft 
W % NITROCEM I N  975 "F+ 
W :: C~XI'CEN I N  975  'F+ 

DATE, 8F FINAL REPORT1 01/21/88 
P6GE 3 OF 7 

2 0 0  2 1 A  2 1 8  2 2 A  2 2 s  236 

% ASTPII DISTII-WTION CUT POINT 

PERIODS GAB, 12138,18AB, 23AB. AND 28AB ARE WKW PERIODS GrND WAVE 610R6WBZED YIELDS 
ASED OM COPIPLETE ELEPIENTAL 6fYB Q I S T I U T I O N  NWL.VSES. FOR CAkCIJLA'611CN 

. O F  OJORGMLPZED YIELD D ISTRI IWIOH ff OTHER PERIODS, I'NFERBUTED EbEFENTAL AND D I S T I U T H W  
VN-US FROEl WRKUP PERIODS WERE USED. 

O FGR PERIODS QTbER 'GHirN THE U S W  PERIODS, W M L I Z E D  YIELDS FOR THE COPIBINED 
A/B PERIOD PRESENTED IN  B PERIOD. 



DATE OF F INAL  REPORT 8 81/21 i00  
PAGE 4 OF 7 

PER IOU 

AlllOSPI E R I C  S T I L L  OVER EAD* 
CRflVITV, . f f I  

, IW. 'F (ASTM D-86) 
10 V 1; 
30 V N 
60 V N 
70 V :; 
9a v N 
F FlP 
V K 8 400 'F 
V % 8 650 OF 
CW?UON, W u. 
kIVDROGEN, W % 
NITROGEN, W N 
SlllFUR (kES FREE 1, W H 

I DP-400 'F 
CRAVITY, 'API 
SLLF UR O.E!S FREE I ,  W % 

400 OF+ 
CRAVITY, 'WI 
SILFWI (H2S FREE). W H 

N 
U3 
c.. 

ATPIOSPI IER I C  ST ILL BOTTWIS 
CRAVITY, 'API 
IW,  'F (ASTM D-86) 
10 V % 
36 V K 
50 v K 
70 V 9; 
90 V :; 
FDP 
V k 4 400  'F 
V K (3 650 OF 
CARDON, W 3; 
I A'CROGEN, W H 
NITl<mEN. W N 
SULFUR, W LI 

1 W-650 *F 
CRAVITY. "API 

650 OF+ 
GRIW I 1'Y , "AP I[ 

t IDEIYTICW. VN-UES FOR A AM) B PERIODS INDICATE n l A T  l l E  DATA 
WERE AC'fLJfU-I;Y FOR IIE CWIBINED A/D PERIOD. 



PERIOD 

C L E W  O I L  TANK 
CKA'J I TY, 'AP I 

SLlJRRV GIIXINC T M  
VISCOSITY, CP Q 1 5 0  T t 

VfCIItI  S T I L L  OVEWEAD 
CRaVITY, 'WI. 
I L P ,  'F (63STfl D-1160 MODIFIED) 
1 0  V M 
3 0 V %  
50 V M 
70 V % 
90 V % 
FOP 
V % (9 4 8 0  'F 
V % 3 6 5 0  'F 
CARBW, W M 
IiYDROGEN, W N 
IJI TR3i;EM, W M 
SWFlIR, W st 

IDP-650 O F  

CRAV I TY, 'AP I 

6 5 0  O F +  
GRAVITV, 'API 

DATE 8F FINAL REPORT1 01 /21 /86  
PACE 5 OF 7 

i AVERAGE OF QROOWIELD VISCOSITY VAbUES i3f 5-808 R6'N. llbE 
SLUHRV HAS NON-NEWTONIN PROPERTIES. 



DaTE OF F INAL REPOWTI 01/21/88 
PACE 6 Of 7 

PERIOD 2 0 B  - 2 l A  2 1 B  2 2 6  2 2 3 6  

VACLUH S T I L L  BOTTOMS 
U X OF VACUlM S T I L L  FEED 
TOLUENE' SOLUBLE', W % 
PIOPI-ASH TOLUEPE IPI5iOUBLE. W 15 
aSH, W :: 
WEACTED COAL, W % (EST.) 
TOLUENE INSOL. RESID. W ?i (EST 
CHKtlW, W :L 
HVDROGEN, W % 
NITROGEN, W % 
SULFUR, W X - 
ASTM ASH. W % 
COliE/Aa RATIO (W EXTR. ) 
DPB-SOLUBLE, W N 
VISCOSITY, CP @ 500 O F  t 
VACWM D I S T I U A T I O N  
IW, O F  (FISTN D-1160 PWDIFIED) 
DISTILLATE TO 975 'F , W % 

HYDROCLONE OVERFLW 
- GRfiVITY, OAPI -11.4 

I W ,  'F , tRSl'N D-1160 WDIFIED) ' 488. 
10 V :6 585. 
3a V :r 704 .  
50 V % 822. 
70 V :; 
END PCIINT 975. 00 
V :: Cl 650 "F 23.58 
V % (J END POINT 65.08 
ASH, W % 5.19 
RESIWE AND SOLIDS, W % 1 1 . 9 4  

HYDROCI..ONE CINDERFLOW. ASH. W N 10.13 

HYDROCLONE FEED, ASH W % 8.09 

FILTER CAKE 
W % OF FEED TO FILTER 
TOLUENE EXTRACTION OF CAKE 

SC1LUBLE. W % 
NON-ASH INSOLUBLE, W X 
ASH, W % 
INSOLUBLE RESID., W % 
W'IREc-ICTED COAL, W L (EST.)  

0 - S L I Q U I D  
GRAVITY, 'API 

0 - 12 L I Q U I D  
GRHVITY, 'WI 

* PERACE OF BROOWIELD V I s c o s I n  VALES AT 5-100 RPH. TIE 
SLWiRY HAS NON-NELJTONIAIJ PROPERTIES. 



PERIOD 

DATE OF F INAL  REPORT1 01/21/80 
PACE 7 OF 7 

28B 21A 21s 2 2 6  6 3 8  2 3 A  

BATCH D I S I U A T O N  OF VACUM 
BOBTOPIS SLURRY PROWCT 

VACUUa.1 DISTIbLATIOlJ 
FINAL VAPOR T E W  . 'F 428 -@0 
PRESSURE, TORR 3 .20 

DISTILLATE, W z OF VACW17 
83TTOblS SLURRY 6.10 

SULFUR, W !r . . 24  

CALCU-AI'ED COPPOSITIW Of SOLIDS-FEE O I L  
IN  VACW.1 DOTTOPIS SLURRY P R O W F ,  &1 M 

BATCH ST1L.L DISTILLATE FROM 
SLURRY PRODUCTS 8.85 

BATCH S T I L L  RESID. FROM FILTRATE 91.. 15 
CALCULATED C3P POS I T  ION, W % 

SULFUR, U % .67 
N 
L o  
.P CALCU-ATED COPPOSITION W 

100 O F +  L IQUID  PRODUCT, W % 
ATPIOSPI.IER 1 C ST I U. OVERt IEAD 
ATPIOSPI-IER I C  ST ILL BOTTOPIS 
PET V A C U I  S T I L L  OVERI-IEAD 
V A C U I  ST ILL BOTTOPIS , 

SOLIDS FREE O I L  
CALCLLAI'ED CCPIPOSI TION, W % 

SULFUR, W % 
SU-FU? (ACTUAL 1 , W E 



DA'FE OF FINAL REPOR'I'I 01/21/U8 
PACE 1 ff 7 

[W IT  130 - H-COAL OPERATIONS ON KENTUCKY NO. 1 1  COAL 4@91,4092,4100, AND 4101) 
CATALYST1 AIIERICAN CYi3PIAMID HDS-1442A. 1/16' EXTRUDATES (HRI 38301, 103 LBS. DRY I N I T I A L  CHARGE 
REfiCTOR VOLUIIE I 7.49 CUDIC FEET 
RUJ NIU.IDER 130- 89 

PERIOD 23 B 23 AB 24 A 2 4  B 25 A 25 B 

DATE (END OF PERIOD), 1979 
HWRS OF RWJ - BEGINNING 

END 

CATALYST INVENTORY, END. LBS 108.93 108.93 109.11 109.11 109.63 109.63 
CATALYST ADDED, .LBS 0.00 2.18 3.74 0.00 3.87 0.00 
CATLYST WITHDRAW. LBS % 0.08 1.98 3.56 0.00 3.35 0.00 
CATALYST ACE (END), L B  DRY COAL4-B 

CIVERACE (BASIS) 906.8 936.0 900.5 926.0 918.3 944.0 
ORIGINAL C W G E  (BASIS) 1 2 1  12.1 12G2.1 1287.6 1313.0 1338.7 

CATALYST ADDED, CLIPWLATIVE 
Li33/TWl DRY COAL 1.07 1.87 1.11 1.09 1.12 1.10 

CATALYST WITHDRAWS 
LJITHDRALJAL, O I L  LADEN. LBS 0.08 4.22 7.49 0.06 7.61' 0.90 
OIL,  W ts 24.49 27.13 28.49 
MOLYDEM ( O I L  FREE). W % f 6.40 6.71. 6.34 

COAL FEEn (DRV) 
LBS/HR/CU F T  REACTOR V O L M  

MOISTURE w :r (COAL SAMPLE) 
ASH, W:i (DRY COAL) 

RECYCLE FLOWS. LBS/LB S a I D S  
ATI'IOSPHER I C  ST ILL  BOTTOMS 
VACWII ST ILL  OVERHEAD 
INVENTORY CHAfjCE 
HVDROCLONE OVERFLClW (O IL )  
MAKE-UP O I L  

'TOTaL 

TEI'IPERATURE , T 
COAL PREHEATER OLJTLET 
REACTOR L IQUID PHASE. AVC. 

EIRY . 
SEPARATOR-2' ( O 12' ' SKIN) 
IdV DROCLONE OVERFLOW 

. VACUUPI ST ILL  FLASH ZWE 

PRESSURE 
UNIT B7CK PRESSURE, PSIC . 
HYDROCEN PlAKE-UP, PSIC 
HYDROGEN PARTIAL PRESSIJRE. PSIC 
' (REACTOR WTLET - SEPARATOR) 

V A C U I  FLASH, TORR 



"El< IOD 

RECYCI-E GAS, EIiCF/TON DCIY COAL 
VEkJ'T GAS, I'ISCF/TOlJ W W  COAL 
l lYliROCEIJ BUR ll TY 

I)F RECYCLE CAS arm VEMT, ss 
TO'TAI- 1 l2, IISCF/TOIJ DIN COAL 

(REACTOR OLJIlET ) 

INOROCEN, PWE-UP + RECYCLE 
EISCF4"l' KJRV COAL, 
PARTIAL P R E S W E ,  PSIC( INLET)  

I-IVDROCEN COI.(SIY.IPFION ( 1 ) 
bISCF/'rON bRY COAL 
U S; DRY COAL. 

%B.EI.II CAI- kIYDROGEN COflSLElPT IQN 
I.ISZF/TCMJ DRY CdAL 

O I L  GrDDITIOIJS 
WAKE-LIP OHL. LOS4-B DRY CO* . 

bB)S/tIR/CU f T  REACTOR 
FLUStI O I L .  LDS/LB W?Y C0& 

COLLECTED PRODUCT OLIANTKW, W 8t DRY 62 
ATPIOSPI.ER I C  ST XU OVERtlEAn 
ATIIOSPI-El? I C ST ILL BOTTQPLS ( 2 1 
VACLWI-I s r I u  OVERHEAD ( 2 )  
v~cuu t . 1  s'r IU BOTTCWIS 
t l20 

MI- 

C1-C3 
C1-C7 
I.I?S I N  CASES 
C02 a CO 

IEPUT Ql.WJTITIES, W 1; DRY COAL, 
DIW COAL 
PIOISTU7E INFEEDCOAL,  . 
~FIKE-LJP O I L  ADDPTIOM 
I-L..LISI.I O I L  
I.IVDRSCEN REACTED 1 L ) 
'I'OTHL, 

COAL- COHVERSION, W X O1.A.F. COAL. 
TOLUENE CONVERSIOH (3) 
D1.F CdbIVERS ION ( 4 ) 

1 1  1 DASED OIJ ORIFICE FLOWS FOR bNDROCEPd. PETERED F L U  Fm O n E R  C A S S  AldD M E S .  
(2) bIECirTIVE VrU-LES ItiDHCiVIE DECREASES 1M IIWENTORY 86 8 - M Y  O I L  HOLDING T M .  
(3) IJhSED ON FHLTRSTHOM Of- PROUC'G S-LIRRY %ED TO V A U B  S T I L L .  
( 4 )  Bi3SED irH EXTRACTIONI OF VA31LY$ BOT'TOI.IS B R O W T .  



tlORMRLI2ED PET PROOUCT DISTRIWTION&IM 
W Y ff. DRY COAL 

CO, co2 
C1-C3 IWN?OCfU?OM I N  CASES 
C4-C7 l.NDI?OCAREWS IN  WSES 
I DP-400 'F NAP) ITI-IA 
400-668 ' F  D I S T J U T E S  . 
650-975 'F D l  ST ILLATES 
9 7 5  OF+ RESIWAL O I L  

TaUENE S O C U U  
TOLUEPE INSOLUDLE 

LNONVER'CED COAL 
AS1 1 
IE0 (NET) 
HI3 (FORCED NITROGEN) 
I E S  (FOl?CED S U I L R )  

TOTAL ( 100 t t KDROCUJ REACTED 1 

FILTERED LIOUID 
CI?AV I 'TY . 'AP I 
IBP, OF (ASTM D-1 160 E~DIFIED) 
1 0  v % 
3 0  v :r 
50 V :; 
70 v % 
98 1) :; 
FEP 
V % 0 400 O F  

V K 6 658 'F 
V :; A'F 9 7 5  O F  

SULFUR, U % 
W 1; 975 OF+ 
W K SULFUR I N  975 O F +  

W $4 NlI'ROCEN I N  975  'Ft 
W % O'XYCEPI I N  975  'F t  

DAM: OF FINAL REPORT8 01/21/80 
PACE 3 ff 7 

23 B 23 FIB 24 A 24 B 25 A i3S B 

hSTM DISTILLATION CUT POINT 

PERIODS 6AB. 12AO,180B,23AB,AND 28AB ARE W L P  PERIODS AND tIAVE WRMALIZED YIELDS 
UASED ON COPLPLETE ELEPIENTAL AND D I S T I U T I W  WM-VSES. FOR CALCUATIOI'I 
OF I%X!I%iL I2ED YIELD D I  STRl OUTION OF OI IER PERIODS, INTERPUTED ELEPENTAL W D  DISTIUATION 
VfXIES F R U I  WORKUP PERIODS WERE USED. . 

8 FOR PERIODS OTl lER T t W  THE WRKLP PERIODS. NORIaMLIZ€D YIELDS FOR T I E  COMBINED 
A/B PERIOD ARE PRESENTED JN B PEIZIOD. 



WTE a- F INAI- REPOW I 01/21/80 
PACE 4 OF 7 

A'ftIOSPI E R I C  ST 11-4. OMfU E A D t  
CHhV I TV , 'AP I 
IUP. 'F (ASIPI D-86) 
6 0 .v ;; 
30 V ti 
50 V % 
7a V X 
90 V 16 
FnP 
V :i 8 480 OF . 
V ts 0 650 'F 
Cf%?DON, W 8; 
IiVDROCEN. W Y 
NITNOGEN, W Y 
SULfUR (I-ES FREE I ,  U W 

H W-100 'F 
GRAVITY, 'API 
SI-FUR ( FREE). W H 

A'TPlOSPI.IER 1 C ST 1 U BOlT&E 
CRAVI TV , O f f  I 
HIP. ' F  ( ASTPI D-86) 
66 v :: 
30 V :; 
50 v I 
73 v :; 
90 V X 
FOP 
V % Q 400 O F  

V :< (9 650 'F 
CARBON. W ti . 
bIVDROCEN, W 
NIT1?32EM, W % 
sLaFWi, w 1: 

1 W-650 '6 
GRAVITY, "WI 

650 '6.1. 
GRAV 1 TY , OAPI 

T IDEW'fHCfM- V6LLES FOR QI @ID B PERHODS I IGIDIChE WdCaf abE DATA 
IERE AC'I'UALI-'b FOR TtE COlBlfEO A/B PERIOD. 



PERIOD 

CLEAIJ O IL  TANK 
GRAVITY, 'API 

SL-IJRRY MIXING TAM< . 
VISCOSITV, CP @ 150 4 1: 

VACWfl STILL OVERHEAD 
CR17VITV, 'WI 
I W ,  'F (ASIN D-1160 MODIFIED) 
1 0  v Y 
30 V ts 
58 V :: 
70 V ts 
90 V N 
FDP 
V :; 8 400 'F 
V % O 654r O F  

CARDOII, W t.. 
INI)ROCEN, W Y 
N1TR32EN, W % _ 
SULFUR, W 11 

IDP-650 'F 
GRAVITY, 'WI 

650 ' F  + 
CRAVITY, 'API 

W1E OF FINN. RWORTl 01/21/80 
PACE 5oF 7 

AVERkGE OF DROCWFIELD VISCOSITY VAlUES AT 5-100 RPM. TllE 
SL.IJRIiY t MS NON-NEWTOrlICW PRWERTIES . 



PERIOD 

VRCLJUM S T I L L  BOTTOMS 
W % O f  VACCUm S T I L L  FEED 
TOLUENE SOLUBLE, W X 
NON-ASH TOLEBE INSOUIBLE. W  X  
fiSH, W % 
W E A C T E D  C W ,  W X (EST. 
TOLUENE INSOU. RESID. W % (EST.) 
CARBON, W % 
HYDROGEN, W X 
NITROCEN, W X 
!SULFUR. W X  
n3m e3.1. w I 
COKE/ASH~RATIO (DHF ExTR. 
UHF-SOLUBLE, W tc 
VISCOSITY. CP 'a 500 r * 
VACU DISTILLATION 
IBP, T (ASTM D-1160 PDDIFIED) 
DISTILLATE TO 975 Y. W X 

I P-975 OF 
GRAVITY, 'WI 

HYDROCLQNE OVERFLOW 
GRAV I'N , 'W I 
IBP, "F ~ASTII D-1160 MODIFIED) 
10 V :; 
30 v :r 
50 V :: 
73 V t 
END P a I N T  
V % i3 658 F 
\' % 8 END POINT 
ASH, W % 
RESIDUE AND SOLIDS, W % 

HYDROCLOT& UNDERFLOW, ASH. W Y 

HYDROCLONE FEED, ASH W  % 

F ILTER C X E  
U % OF FEED TO FILfER 
TOLUENE EXTRACTION OF CAKE 
SOLUBLE. W % 
NON-A%- INSOLUBLE, w % 
ASH, W X 
INSOLUBLE RESID.. W tc 
UNi7EXTED COAL, b Y (EST. 

0 - 5 .L IQUID 
GRAVI'n', '*I 

0 - 12 L I W I D  
GRAVITY, "PI 

, X AVERACE OF DROOWIELD VISCOSITY VAUlES AT 5-180 RPR. T I E  
SLURRY Hi\S NON-NfldTONIAN PROPERTIES. 



PERIOD 

BATCH D I S T I U A T W  OF V f K l U l  
B0TTOI.S SLUiRY PROWCT 

V A U  DISTIUATlOSJ 
FINAL VAPW TEMP. *F 
PRESSURE. TOf?R 

CALCUTED COIPOSITIOSJ W SOLIDSfREE OIL  
I N  VACUP1 BOTTOTIS S W A Y  PRODUCT. W 8 

BATCH STILL DISTILLATE FRO1 .- 
SLWZRY PRODUCTS 

BATCH STILL RESID. FROI.1 FILTRATE ' CALCULATED COEY/OSITICWi,. W K - - 
SUFI.#?, W X 

460 O F +  LIQUID PRODUCT. W H 

NE'T Vi\-l STILL OVWlEAD 
VACUlEl STILL BOTTOPLS, 

SOLIDS FREE O I L  

WITE ff FINAL REPORTI 01/21/80 
PACE 7 ff 7 



DATE a- F INAL  REPORT1 01/21/80 
PAGE 1 Q f  7 

* 
P 

W I T  130  - H-COAL OPERATIONS ON KENTUCKY NO. d l  COAL (HRI 4@91,4092,-1100, AND 4101) 

8 CATALYST6 AIERICAM C Y W I I D  HE-14426,  1/16' EXTRUDATES (HRI 38301, I03 LBS. DRY I N I T I A L  CHARGE 

W 
REAC;TOR VO&WY 8 7 . 4 9  CUBIC FEET 

a RUN PWIBER 130- 89 - PERIOD 26 A 26 B ' 27 A 27 B 28 6 28 B 

DATE (END OF PERIOD), 1979 
HOuRS OF R W  - BEGINNING 

END 

CATALYST INVENTORY, END, LBS 
CAThLYST ADDED. LEIS 
CaTLYST W I T H W .  LBS & 
CATALVST ACE (END), L B  COAL/LB 

AVERAGE ( BAS1 S 
ORIGIN% CHARGE (BASIS) 

CATALYST ADDED, CUEWLATI VE 
L B S l T d J  GRY CCJAL 

CATfLYST W IlHDRAWALS 
WITHDRrltJAL, O I L  LADEN, LBS 
OIL ,  W % 
MOLYDENLMI ( O I L  FREE), W f t 

COM. FEED (DRY) 
LfiS3lR./CU F T  REACTOR V U E  

MOISTURE W Y (COAL SArlPLE) 
ASH, W:6 (DRY COAL) 

RECYCLE FLOWS. bBSA.8 SCLIDS 
AT~IOSPbIERIC S T I L L  BOTTOI'IS 
V A C W I  S T I L L  WERHEAD 
INVENTORY CmE 
HYDROCLONE OVERFLOW (O IL )  
W E - U P  O I L  

TOTAL 

TDlPERATWE , O F  ' 

COAL PREHEATEA OUTLET 
REACTOR L IQUID PHASE. AVC. 

El*. 655. 8 854. 85G. 654 .  855. 856. 
SEPARATOR-2' ( B 12' SKIN) . 773. 767. 786. 76d. 769. 771. 
H'tDRXLONE OVERFLOW 498. 481. 4 8 1  483. 4S9. 498.  
V ~ C W ~ I  STILL FLASH ZONE 548. 516. 551 547.  5 .  541 .  

PRESSURE 
UNIT BACK PRESSURE. PSIG 2672. 2675. 2679 2698. 2700. 27@2. 
HYDROGEN FINE-UP, BSIG 2989. 2980. 2929 2933. 2939.  2945.  
I iYDRNEM PARTIAL PRESSWE, E ~ G  

(REACTOR OUTLET - SEPARATOR) 1765. 3740. 1685 1754. 1767.  1783. 
V a C U l  FLfiSH. TORR 1. 1. 2 2. 2. i .  



ufi1.t: LIE r 1l.C-L REPORT: 01 / 2 1 / 8 0  
PAGE 2 $3F 7 

PERIOD 

RECYCLE GAS, MSW4'ON DRY COAL 
VENT GAS, MSCF/TON DRY COAL. 
HYDROCEN W R I ' W  

OF RECYCLE GAS AND VENT, % 
TOTAL Ha, MSCF/TON DRY COAL 

(REACTdR OUTLET) 

HYDROCEN, WE-UP + RECYCLE 
MSCF/TON DRV COAL 
P M T I f t L  PRESSURE, PSIG( IN-ET)  

HYDROCEN CONSUTIPTION ( 1 ) 
biSCF/TON GRV COAL 
U Y DRY COAL 

CHEMICAL HI'DRGCEN C O I J W T I O N  
IISCF/TON DRY COAL 

O I L  ADDITIONS 
PMKE-UP O I L .  LBS/LB DRY COAL 

LBS/m/CU FT REACTOR 
FL.USH OIL,LBS/LB DRY COAL 

COLLECTED PROWCT Q W N T I W .  W % WW a 
ATI'IOSPHER I C  ST ILL OVERHEAD 
ATMOSPHERIC S T I L L  BOTTOPE (2) 
t1ACUUI'I S T I U  OVERHEAD (2) 
VACUUM S T I U  BOTTCPIS 
H20 ! 
C1-C3 - -  .- 
C4-C7 
E S  I N  CASES 
C02  8 co 

INPUT OUANTITIES, W H DRY COAL 
DRY COAL 100.00 138.00 100.00 100.00 100.00 100.00 
f D I S T M E  I N  FEED COAL 
I W E - U P  O I L  ADDITIOI.1S 
FLUSH O I L  - - - - . . - - - 
HYDRCIGEN REACTED (1) 4.38 4 . 3 3  4 . 4 4  4 . 4 2  4 . 5 5  4 . 6 4  
TOTN. 106.89 1 3 6 . 8 1  106.59 1 0 6 . 2 4  1 0 6 . 4 3  106.59 

COAL CONVERSION, W X M.A.F.  COAL 
TOLUENE CONVERSION (3) 
DIIF CONVERSION ( 4 )  

(1)  BASED ON ORIFICE F L W S  FOR HVDROCEN, METERED FLOWS FOR OTHER GASES AND WALYSES 
(2) NEGATIVE VALUES INDICATE DECREASES I N  I N V E N T W  OF SLURRY O I L  MaD[ fK i  TAM<. 
(3) BASED ON F I L T R A T I W  OF PROLET SWRRY FED TO V M  S T I U .  
( 4 )  BASED at1 EXTRilCTION OF V A U  BOTTOTIS P R O W T .  



I 'ER I OD 

W % OF DRY COAL 
co, COE 
C1-C3 WDROCARBONS IN CASES 
C4-C7 WDROCARBONS IN CASES 
IEP-408 OF G1APHTI-h 
408-650 'F DISTILLATES 
650-975 T DISTILLATES 
97s  Yt RESIDUAL OIL  

TObUENE SCLURLE 
TOLUEME INSOLUBLE 

UNCONVERTED COAL 
ASH 
ieo (NET) 
MI3 (FORCED NITROGEN ) 
E S  (FORCED SULFUR) 

TOTAL (100 t M'DROCEN REACTED) 

FILTERED LIQUID%& 
GRAVITY, O f f 1  

IBP, OF (ASTM D-1160 MODIFIED) 
10 V 8 
30 V rr 
5 0  v ts 
7 0  v tr 
9(1 V X 
FEP 
V # 6 400 T 
V % 4 650 ' F  
V X A t  975 T 
SULfUR, W %  
W  % 975 *F+ 

S ASTM QISTIUATIQN CUT POINT 

** FOR PERIODS 27 TO 29 FILTRATIOlJ QF MdDROCLCrlE WDEWLOW (W) WAS CGrRRIEQ W T  WITH THE 
ADDITION OF ATIIOSPHERLC STILL EDTTOPE (ASB) FROM THE S N E  PERIOD fiS W I - E R  (TWB I~EIGHTS OF 
tlllF PER WEIGHT ff  ASB). GRAVITY AND DISGILLATION lMTA ARE FOR DIWTED SOLIDS-FREE LIQUID. 

!3JLFUR AND 975 OF+ DATA ARE FOR WDPUTED SOLIDS-FREE LIQUID ff WF. 

I PERIODS 6AB.12AB.18AB.23AB.AND 28AB 62RE WORKLP PERIODS AND HAM: NORMALIZD YIELDS 
RASED ON CWlPLETE ELEGIENTAL AND DISTILhATION ANALYSES. FOR CALCLLhTICIW 
OF GlGRGWLIZED YIELD DISTRIBUTION ff OTHER PERIODS, BNTERPOCATED ELEPIENTAL AND DISTILLATIOld 
VALUES F R W  W U P  PERIODS WERE USED. 

# FOR PERIODS OTHER THAN THE WORKUP PERIODS, NORMALIZED YIELDS FOR T M  CWIBINED 
A43 PERIOD ARE PRESENTED I N  B PERIOD. 



PERIOD 

ATMOSPHERIC S T I U  OMRtlEADf 
GRAVITY, OWL. 
IBP.  'F (ASTN U-86) 
10*v N 
30 V # 
50 V % 
70 V % 
90 V N 
FBP 
V % (3 400  O F  

V % 0 650 O F  

CARBON, W X 
HVDROGEN, W K 
NITROGEN. W % 
SULFUR (kES FREE), W H 

IBP-430 O F  

GRAVITY, 'API. 
SUCfUR (H2S FREE ) , W X 

460 O F +  

GRAVITY, 'API 
S U M  (H2S FREE 1, W W 

DATE OF F INAL REPORT1 01/21/80 
PAGE 4 OF 7 . 

26 A 26 B 27 A 27 B 28 A 28 B 

ATMOSPHERIC S T I U  807TW 
GRAVITY, "API 
IBP, OF (ASTH D-86) 
16 v :r 
30 V :i 
56 V % 
70 V :; 
98 v :r 
FBP 
V 1 3 400 O F  

V % Q 650 O F  

CARBON, W % 
HYDROGEN, W % 
NITROGEN, W Z 
SULFUR, W % 

I BP-650 O F  

Wi\VITY, 'API 

656 O F +  

GRAVITY, 'AP I 

f IDENTIC& V F L E S  FOR A AND B PERIODS INDICATE TWIT TtE DATA 
WERE ACTUhLLY FOR THE CaIBINED A 4  PERIOD. 



PER IOD 

WATER 
CARBON, W M 
~ Y ? O N I A .  W W 
SU-FUR, W td 

C L E M  O I L  TANK 
GRAVITY, "API 

SLURRY MIX ING T A M  
VISCOSITY, CP B 150 T 8 

VACUJPl S T I L L  OVERHEAD 

mTE QF F I N A L  REPORT1 011/21/80 
pa= 5 OF .7 

GRAVITY, 'WI  2.3 2.3 2.9 2.8 2.9 2.7 
IBP .  "F (flSTM 8-1160 I 'DDIFIED)  
10 V % 
30 V % 
50 V % 
70 V ts 
96 V % 
FBP . 
V ts (9 400 T 
V :i (3 6Sa 'F. 
CARDON. W N 
HYDROGEN, W % 
NITRGN, w w 
SLLFUR, W h 

IBP-650  'F 
C w v l n J ,  'WI 

650 O F +  

m v r n ,  .WI 

T AVERAGE OF BROOKFIELD V~SCOSIW VALUES AT 5-1100 IRBld. IME 
SLURRY H S  tW-NEWTONIAN PRWERTIES . 



DATE OF F I N A L  REPORI'I 01/21/80 
PAGE 6 OF 7 

PERIOD 

V A C W  S T I L L  OOTTONS 
U w OF VACUUM S T I U  FEED 
TOLUENE SOLUU, w r, 
NON-ASH TOLUENE I N S O C U U .  W X 
kw, W Y  
UNREACTED COAL, W X (EST.) 
TOLUfPIC IPISOL. REGID, Id X (&ST.) 
CARBON, W % 
HYDROGEN, W % 
NITROGEN. W K 
SULFUR, Ij L 
ASTH ASH, W K 
COKE/ASH RATIO (DMF EFTR.1 
DPF-SOLUBLE, W X 
VISCOSITY. CP @ 500 'F f 
V A C U  DISTILLATION 
IBP.  O F  (ASTM D-1160 PICIDIF I E D )  

IBP-975 'F 
CRAVITY, "API  

HYDROCLONE OVERFLOW 
GRAVITY, 'PI 
I B P .  "F (ASTH D-1160 NODIFI'ED) 
10 v 3; 
33 v :; 
50 V $2 
70 v % 
END POINT 
V % 13 658 *F 
V Y  3 END POINT 
ASH, W Y  
R E S I W E  AND SOLIDS, W % 

HYDROCLOFE UNDERFLOW, ASH, W % 

HYDROCLONE FEED, ASH W  Y 

F I L T E R  CWE 
W % OF FEED TO F I L T E R  
TOLUEIY!? EXTRACTION OF- CAKE 

SOLUBLE, W  Y  
NOH-ASH INSOLUBLE, U % 
ASH, W % 
INSOLUBLE RESID..  W % 
W E A C T E D  C O k .  W X (EST.)  

0 - 5 L I Q U I D  
GRAVITY, 'API 

0 - 12 L I Q U I D  
GRAVITY, 'API 

. . 

x AVERAGE OF BROOKFIELD vIscosrn VMS AT 5-100 RPM. 
Si 3RRV HAS NON-NEWTONIAN PROPERTIES. 



WTCH DISTIUATCXI O f  V6XU.M 
80fTOtIS S L R R Y  PROWCT 

V A C U  DI[STIkLATIC$d 
F I W  VAPOR T W .  *F 
PRESSWE, TOUR 

DISTILLATE, W % OF VACClLE1 
NTTOEIS SLWiRV 

SU-FU?, LD )s 

CaCULriTEQ COPLPCEI T . IW O f  SOLIDS-FREE O I L  
I M  VACUUh.1 lBOTTOPlS SLURRY PROWT,  U % 

w BATCH STILL DISTILLATE F R m  
0 
00 SLURRY PRODUCTS 

BATCH STILL RESID. F R W  F I L T M T E  

CFlLCUATE D COPIPOS I T IOIJ Of 
488 ' f+ LIQUID PRODLET, aJ 1; 

ATI'IOSPI-IERIC STILL OVERHEAD 
ATPIOSP).IERIC ST ILL BOTtOE6 
NET V A C U I  STILL OVERHEAD 
VACUW.1 STILL BOTTOPIS, 

S&HDS FREE OIL  
CALCULATED CObIPOSITION, W % 

SULFUR, W % 
SULFUR (ACTLIAL),!W $6 

DATE ff FINAL REBBRTI 01/21/80 
PAGE 7 86 7 
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U J I T  13G1 - ti-COAL OPERATIONS ON KENTUCKY M. 1 1  COAL (HRI 4091,4092,4100, AND 4101) 
CATALYST1 MlERICAN CYMWIID HDS-1442A, 1/16' EXTRUDATES-(HRI 33301, 163 LBS. DRY I N I T I A L  C W G E  
REACTOR VOUY.IE I 7 . 4 9  CUBIC FEET 
RUN WIBER 130- 89 

. PERIOD 
'WE (END OF PERIOD). 1979 

tYJURS OF RUN - BEGINNING 
END 

CATALYST INVENTORY, END, LBS 
CHTHLYST ADDED. LBS 
CATLYST WITHDRAW. LBS f 
CATALYST AGE  END^, L B  DRY COAVLB 

AVERAGE (BASIS) 
GRIGII'IAL CHARGE (BASIS) 

CATALYST ADDED. CWWLATIVE 
LBS/TON DRY COAL 

CATALYST WITHDRAWALS 
WITHDRAWAL, O I L  LADEN, LBS 
OIL,  W 3; 
PKU-YDEPUM (O IL  FREE), W H t 

COAL FEED (DRY) 
LBS4-lR.:CU F T  REACTOR V U l E  

PIOISFURE W X ( C O X  SAPIPLE) 
ASH, W:; (DRY C O X )  

RECYCLE FLOWS, LBS/LB S lX IDS  
ATMOSPHERIC S T I U  BOTTOtIS 
VACUI'I ST ILL  OVERHEAD 
INVENTORY CHANCE 
HYDRXLONE OVERFLOW (O IL )  
W.E-UP O I L  

TOTAL 

TEMPERATURE, "F 
CO&L PREHEATER CUTLET 
REACTOR L IQUID PHASE, AVG. 

EMX . 
SEPARATOR-2" ( @ 12" SKIN) 
HYDROCLONE OVERFLOLJ 
VtXlJUl-I S T I U  FLASH ZCWE 

PRESSURE 
UNIT BACK PRESSURE, PSIC 
HYDROGEN MAKE-UP, PSIG 
HYDROGEN PARTIAL PRESSLI?E, PSIG 

(REACTOR OUTLET - SEPARATOR) 
VFiCUCY.1 FLaSH, TORR 

r10.38 W:r PIOLYBDENLIM I N  FRESH CATALYST 



DATE OF FBW REPORT1 01/21/80 
PACE 2 OF 7 

PERIOD 
RECYCLE GAS. fiSCF/TOIJ Qf?Y C O X  
VEtdT GFIS, )ISCF/TON DRY C W  
kIYDROCEM W R I T V  

kV RECYCLE GAS AMD VEHT, H 
TOTAL HI?, tLSCF/TOIJ DRY COAL 

(REACTOR OUTLET) 

tlYDROi;EN. MAKE-UP + RECYCLE 
PiSCF/TOIJ DRV COAL 
PARTIAL PRESCW?E, PSIG(1fbET) 

HYDROGEN C W W T I O N  (1) 
MSCF/TON DRY COAL 
W Y DRY COAL 

CHEPIICAI- HYDROGEN CONSUI.PTION 
PISCF/?'ON DRY COAL 

O I L  ADDITIONS 
M E - U P  OIL ,  LBSILB QRY COAL 

LBS/HR/CU F T  REACTOR 
FLUSH OIL,LDS/LB DRY COAL 

COLLECTED PROWCT WANFITY, U M W W  
ATNOSPHERIC ST IU OVERMAD 
ATPlOSPtlERIC S T I U  ROTTOTIS (2) 
VirCUUTl S T I U  OVERHEAD (21 
VACWTI S T I U  B O T T ~ S  

. ti23 
C 1 -C3 
C4-C7 
H2S I N  GASES 
c02 a CO 

IMGT QUFS~TITIES, w 8 rn COAL 
DRV COAL 
PlOlSTURE I N  FEED COAL 
PWE-W O I L  ADDITIONS 
FLUSH O I L  
HYDROCEN REACTED (1) 
TOTAL 

(1) BASED ON ORIFICE FLOWS F0R gCr'DROGW, PETEFED FLOWS FOR O'GHER GASES AWD ANALYSES. 
(2) W(j7TIVE V X E S  INDICATE DECREASES Ih INVENTORY W SLUf?RY QIL I . IOLDIff i  T A M .  
(3) WISED CN FILTRATION W P R ~ T  SUlRRY FED TO V i X U ' l  ST ILL .  
( 4 )  BASED Old EXTRACTIW W VACUUM ROTTOPIS PROWCT. 



DATE OF F I M  REPORT, 01/21/80 1 

PACE 3 (Y 7 

PER I OD 28.AB 2 9 A  2 9 B  3 0 6  3 0 B  

t M W I Z E D  NET P.ROWCT D I S T R I W T I m I 8  
W x O F  DRVCOAL 

COO C02 
Cl-C3 HYDROCfhRBOlJS I N  e S  .. 
C4-C7 I-h'DROCfiRBOSJS IN CASES 
18P-46a O F  NAPkITbh 
400-65J *F DISTIUATES 
653-97s O F  DISTILLFITES 
976 *F+ RESIWAL O I L  

T U N E  SOLUBLE 
T U N E  INSOUJBLE 

lJicmvERTED COW. 
AFH 
I420 (NET) 
t H 3  (FORCED NITROCEN1 
H2S (FORCED SULFUR) 

TOTAL ( 100 t H ' f D R a N  REACTED) 

FILTERED L I w r D r r  
CIWVITV, **I 
IBP, 7 (ASTM D-1160 MODIFIED1 
1 0  v % 
30 V 9; 
50 V H 
7 0 V X  
9 3  V % 
FEIP 
V $6 8 400 O F  

v tr 650 OF 

v % AT 975 O F  

SUIuf?, W X  
W 5; 975 OF+ 
W  % SULFUR I N  975 *F+ 
W  X NITROGEN I N  975 *F+ " 

W  % 03:GEN I N  975 Y+ 

1: ASTN DISTILLATION CUT POINT 

88 FOR PERIODS 27 TO 29 FILTRATIW OF. HY-OEE: U'(DERFL0W (HFI WAS CARRIED 0I.k W I N  T t E  
ADDITION OF CtTPlOSPHERIC S T I U  BbfTOTE (ASBI F R W  THE WE PERIOD C\S PUSHER (TWO WEIGHTS OF 
kUF PER WEIGHT OF irSB). GRAVITY AND DISTILLFITIW DATa AHE FOR DILUTED SOLIDS-FREE LIQUTD. 
SULFUR M D  975 O F +  DFtTfl M E  FOR UJDIUfTED SOLIDS-FREE LIQUID OF HF. . . 

I PERIODS 6A0,12irB,l8AB,23AB,AND 28AB ARE WORKUP PERIODS AND W E  WRPWLIZED YIELDS , 
BaSED ON COPlPLETE ' ELEtIENTAL AND DISTIUATIOIJ M V S E S  . . FOR CALCUSITION 
OF r m w - r z D  YIELD D I S T R I ~ I ~  OF OTHER PERIODS, I N T E ~ T E D  ELOEN~AL HID DISTIL~ATION 
VALUES F R W  WRlcUP PERIODS WERE USED. b 

8 F~ PERIODS OTHER T H M  nlE WORIiUe PERIODS, NORPWIZED 'YIELDS FOR THE CONBIPED 
A 4  PERIOD M E  PRESENTED I N  B PERIOD. 



ATMOSPHERIC ST ILL OVEf?%ADX 
GRAVITY, 'API 
IBP, 'F (ASTH D-86) 
10 V % 
38 V % 
5 0 V %  , 
70 V N 
90 V Z 
FEU' 
V $6 Ci 400  "F 
v x 8 650 y 
CrnBON, W Y 
HVDROCLN, LJ # 
NITROCEM, W Y 
SULFUR (IQS FREE), W H 

I W - 4 0 8  T 
GRAVITY, 'API 
SUFUR (H2S FREE), W % 

430 O F +  

.GRAVITY, 'WI 
SULFUR (H2S FREE 1 . W H 

ATNOSPI-ERIC ST ILL B O T T W  
CRAi'I aY , 'W I 
IW.  'F d ASTI? D-86) 

DATE OF F I N  REPORTl 01/21/80 
PACE 4 OF 7 . 

1s w % 452. 
3a V % 510. 
50 V % 666. 
70 \1 t; 629. 
90 V t; ' 772. 
FBP 910. 
V $6 4 400 'F 2.00 
V 2s 3 658 'F 75.00 
CARBON, W % 83 .16  
HVDRXEN, W % 9.21 
NITPOCEN, W # .71 
S W U R ,  W W .08 

I W-650 'F 
GRAV I T'B, 'AP I 14.4  

650 O F +  

GRAVITY, 'API 9.8 

% IIQEMFICAL VNLUES FOR A B PERIODS 1M)ICATE TI-IAT M DATA 
WERE ACTUC\L.LY FOR TIE  COMBINED A/B PERIOD.' 



PER IOB 

WATER 
CARBON W Y 
AII.KWIA, W % 
SU-FUR, W % 

CLEAN O I L  TANK 
GRAVITY, 'WI 

SLURRV MIXING T A M  
VISCOSITY,  CP @ 150 T t: 

VACUY? S T I L L  OVEREAD 
GRAVITY, O W 1  

I I B P ,  O F  (ASTfi D-1160 PDDIF IED)  

73 v % f 
sa v n 
FBP 
V % (J 400 O F  

V :; @ 650 'F 
CARBON, W % 
HS'DROCEN, W % ' 

NITROGEN, W 11 
SULFUR, L J %  

IBP-656  O F  

CRAVITY, . O f f 1  

65(6 'F+ 
GRAVITY, * * I  

DATE (r FINAL REPORTI'  01/21/80 
PACE 6 O f  ? 

X AVERAGE OF BROOKFIELD V I S C O S I W  V W J E S  AT 5-100 RPM. THE 
SLURRY HAS NW-EEWTWIAN PRWERTIES.  
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PERIOD 28 AB 29 A 29 B 30 A 3 0  B 

VACUUM ST ILL  BOTTOMS 
U W OF VACUUM ST ILL  FEED 
TOLUENE SOLUBLE, W % 
NON-ASH TOLUUJE I N W B L E .  u ?I 
A%, W X 
WEACTED COAL, W X (EST. ) 
T U N E  INSOL. RESID. W X (EST.) 
CARBON, W % 
H Y D R W ,  W W 
NITROGEN. W % 
SULFUR, W %  
ASTM ASH, W X 
COKE/ASH RATIO (DIDIF M T R .  ) 
DMF-SOLUBLE. W X 
VISCOSIT~, CP e so0 r 1: 
VACUM DISTILLATION 
IBP, O F  (ASTM D-1160 MODIFIED) 
GISTIUIt lTE TO 9 7 5  'F, W % 

HYDROCLONE OVERFLW 
GRAVITY, OAPI.  
IBP, 'F (ASTN D-1160 MODIFIED) 
10 v Y 
38 V X 
50 v % 
70 V % 
END POINT 
V :: d 650 O F  

V % r3 END POINT 
ASH, W % 
RESIWE AND SOCIDS, W X 

HYDROCLGtIE LNDERFLOW, ASH, W C 

H ' tDROCLW FEED, FISH W % 7 .86  . 7.71 

FILTER CAKE 
W X OF FEED TO FILTER 21.45 22.05 
TOLUENE EXTRACTION OF CAKE 

SOLUBLE, W % 29.64 27.37 
NON-r7SH INSOLUBLE. W % . 24 .02  24.95 
A%: W % 
INSOLUBLE RESID., W % 
WEACTED COAL, W t i  (EST. 

0 - 5 LIQUID 
GRAVITY. 'ABI 13.5 15.4  15.8 15.8 8 . 4  

0 - 12 LIQUID 
GRaVITY, 'API - 

X AVERAGE OF BROOKFIELD VISCOSITY VAUlES A 6  5-100 RPN. THE 
SLURRY HAS NON-NEWTONIAN PROPERTIES. 



PER I OD 

BATCH DISTILLATON OF VACCLM 
BOTTOMS S M A Y  PROIjUCT 

VACUUI4 DISTILLATION 
FINAL VAPOR TEW . *f 
PRESSURE. TORR 

DISTILLATE, w K OF V A C U ~  
BOTTCWIS SLURRY 

SIY-FUR, W N 

CALCULATED CCWPOSITION OF SOLIDS-FREE O I L  
IN VfiCUUIl EJOTTOTIS SLURRY PROWCT. W Y 

BATCH S T I L L  DISTILLATE FROM . 
SLURRY PROWCTS 

BATCH S T I L L  RESID. F R W  FILTRATE 
CALCULATED COTPOSITION, W % 

SULFUR, W % 

CALCULATED COPPOSITION OF 
483 OF+ LIQUID P R O W T ,  W tr 

ATIIOSPHERIC S T I U  OVERHEAD 
ATIDPI -ERIC ST ILL BOTTa.IS 
NET V i l C U I  S T I L L  OVERtlEAn 
V A C W I  S T I L L  E;OTTOPIS, 

SOLIDS FREE O I L  
CALCILATED COPPOSITION, W N 

SULFUR, W % 
SULFUR (ACTUAL I ,  W K 

DATE OF1 F INAL  REPORT8 01/21/88 
PACE 7 OF 7 



PILOT PLANT OPERATING PERFORMANCE 

The o b j e c t i v e  o f  Run 6 was t o  demonstrate a l ~ n g ,  sus ta ined  
opera t ion  with I l l i n o i s  No. 6 coal in  the  Syncrude Mode and to 
ob ta in  performance da ta .  Coal was fed to the r eac to r  system 
cont inuously f o r  45.5 days. The t a r g e t  condi t ions  were as  
fa1 1 ern3 : 

Reactor Temperature 85Q°F 
Reactor Pressure  3000 PSI6 
Coal Space Veloci ty  3% .2 ~ b s / ~ r / ~ t 3  
C a t a l y s t  Rep1 acement Rate 1 Lb/Ton Coal Fed. . . 

Oil to  Sol i d s  Feed Ratio 1.75 bb s/Lb 
% of  Sl u r ry  O i  1 a s  Hydrocl one 

Overflow 67% 

The r e a c t o r  oper.ated up t o  a . temperature .o f  84S°F and a t '  3000 
ps ig .  The average coal space ve loc i ty  was 26.2; the maximum .. 

coal space v e l o c i t y  was 31.6. Ca t a ly s t  replacement r a t e  was 
1.1 Ibs / ton .  Oil to sol i d s  feed r a t i o s  a s  low a s  1.6 were 
demonstrated. The maximum percentage achieved of s l u r r y  o i l  as  
hydroclone overflow was 50 percent .  The following e x h i b i t  i s  a 
schematic fl owsheet o f  Sect ion 200. 

The run was s t a r t e d  w i t h  d i l u t e  so lu t ion  of  feed coal (3.96 
pounds o i l  per pound sol i d s ) .  The sol i d s  concent ra t ion  was 
then increased to correspond to 1.75 pounds o i l  per pound s f  
s o l i d s  and maintained a t  1.6 t o  1.8 pounds of - o i l  per pound of 
sol  i d s  throughout most of t h e  remainder of the run. 

Hydroclone r ecyc l e  to Q-236 was maintained throughout the  run. 
The run was s t a r t e d  with approximately 20 percent  of  the  o i l  
used to . s lur ry  the coal as  hydroclone overflow recyc le .  As the  
run progressed ,  the percent  o f  s l u r ry ing  o i l  a s  hydroclone 
overflow recycl e was increased to  approximatl ey 50 percent .  
(Note: Approximately 25 1 bs/hr  of the hydrocl one overflow r a t e  
shown in Exh ib i t  H-10 was seal o i l  i n j ec t ed  i n to  the hydroclone 
overflow stream upstream of 0-236 from pumps 5-213, 5-218, 

. 5-222, 5-223, and J -233.) 

Overall  run product y i e l d s  a r e  presented in the second exh ib i t .  





Sunnlary of @erat lng  Data 

Run No. 6 

Perlod: 
Oate: 
Hours o f  Run - Beginning 

End 

Catalyst inventory, Ibs 
Catalyst added, Ibs 
Catalyst wlthdrann, lbs 
Catalyst age (end), lbs dry coa l / lb  
Catalyst added (cumnulatlve), lb/ ton dry coal 

Coal feed ('2g H2O), lb /hr  
Space velocl ty, 1b/hr/f t3 

Slurry feed t o  reactor, lb /h r  
Fractionator bottoas 
Hydroclone overflow 
Seal 011 (J-201) 

W 
Ol l /so l lds  feed ra t io ,  l b / l b  

5 reed gas t o  reactor 
MSCFH 
1 ti2 
I12 i n l e t  p a r t l r l  pressure, p s l r  

Reactor temerature , OF 
22' 2 

1' 4" 
Avg. 

Reactor pressure, ps l g  

112 heater o u t l e t  tewerature, OF 
Slurry heater ou t l e t  tenperature, OF 

Exothenn, O f *  

Temperature a t  22' 2" reactor  leve l  - temperature o f  feed gas plus feed s lu r r y  to  reactor. 



Run No. 6 

Period: 
Da te : 
Hours o f  Run - fkglnnlng 

End 

Catalyst Inventory, Ibs 8,469 8,469 8,469 8,469 8,469 8,469 8,469 8,469 8,719 8,206 8,495 8,101 
Catalyst added, Ibs 0 0 0 0 0 0 0 0 250 0 289 260 
Catalyst w l  thdrawn, Ibs 0 0 0 0 0 0 0 0 0 513 0 654 
Catalyst age (end), Ibs dry coal/ lb 503.5 551.47 601.89 650.22 707.4 757.6 806.4 853.2 666.4 907.4 916.1 933 
Catalyst added (cumulative), Ib/ton dry coal 0.86 1.05 

Coal feed ('211 t120), Ib/  r 
Space velocI t y  , Ib /h r / f t  !I 
Slurry feed t o  reactor, Ib/hr 

FractIonator bottoas 
Hydroclone overflcm 
Seal o i l  (5-201) 

Oll /solIds feed rat io,  I b / l b  

Feed gas t o  reactor 
ID HSCFH 

I H2 
H2 I n l e t  p a r t l a l  pressure, psla 

Reactor terrperature, OF 
22' 2" 

1' 4* 
Avg . 

Reactor pressure, pslg 

I@ heater ou t l e t  terperature, OF 
Slurry heater ou t le t  terparrture, OF. 

Tewerature .at 22' 2" reactor level  - temperature o f  feed gas plus fee!! s!urry to, reactor. 
,,:- ,! , ' , .- .' .I . " . 

r: . . , .  . . . ,  . -. 



Sullmrary o f  Q~era t l ng  Data 

Run No. 6 

Perlod: 
Oate: 
tlours o f  Run - Beglnnlng 

End 

Catalyst Inventory, Ibs ' 8,350 8,0R9 8,330 8,330 8,040 8,291 8,469 8.296 
Catalyst added, lbs 249 345 241 0 336 251 178 249 
Catalyst wlthdrawn, lbs 0 606 0 0 626 0 0 422 
Catalyst age (end), lbs dry coal / lb 9'48.7 954.3 971.5 1,016 1,017 1,032 1,059 1,079 
Catalyst added (cumulative), lb/ ton dry coal 1.13 1.28 1.28 1.19 1.20 1.16 1.16 

Coal feed ('2% H2O), lb /hr  
Space ve loc l tya  1b/hr/ft3 

Slurry feed t o  reactor, lb/hr  
Flactlonator bo t tom 
Hydmclone o v e r f l w  
Seal 0"' (5-201) 

Ol l /sol lds feed ra t lo ,  I b / l b  

2 Feed gas t o  reactor 
HSCFH 
I HZ 
H2 I n l e t  p a r t l a l  pressure, psla 

Reactor telrperature, OF 
22' 2" 

1' 4" 
Avg. 

Reactor pressure, pslg 

112 heater ou t l e t  tenperature, OF 
Slurry heater ou t l e t  tenperature, OF 

Exothern, OFC 

* Temperature a t  22' 2" reactor leve l  - temperature o f  feed gas plus feed s lu r r y  t o  reactor. 



Period: 
Date: 
Houn o f  Run - Beglnnlng 

End- 

Sunmary o f  merat lng Data 

Run No. 6 

37 30 39 40 4 I 4 2 43 44 45 46 Final 
3/25 3/26 3/27 3/28 3/29 3/30 3/31 4/1 112 413 

0 0 0 0 0 0 0 0 0 0 
2400 2400 2400 2400 2400 2400 2400 2400 2400 2400 

Catalyst Inventory, lbs 7,870 8,130 8,417 8,417 0,417 8,303 8,408 8,221 3,484 8,484 8,448 
Catalyst rdded, Ibs 25 1 260 287 0 0 250 105 250 263 0 0 
catalysh w l  thdrawn, lbs 7 08 0 0 0 .  0 364 0 437 0 0 36 
Catalyst age (end), lbs dry coal l lb 1,203 1,213 1,223 1,275 1,327 1,336 1,368 1,372 1,370 1,401 
Catalyst added (cunnwlative), Ib/ton dry coal 1.07 1.08 1.1 0.99 0.97 0.98 1.00 0.97 . 

Coal feed ('22 MO), Ib/  r 
Space veloc' :y, I b P r / f t  '1 
Slurry feed t o  reactor, Ib/hr 

Fractionator bottom 
Hydroclone overf lw 
Seal 00 (J-201) 

Oll/sollds feed rat lo,  l b / lb  
W 

* Feed gas t o  reactor )-. 

HSCFH 
S HZ 
H; i n l e t  pa r t la l  pressure, psla 

Reactor tenperature, O F  
2; ' 2" 
1' 4' 

Avg . 
Reactor pressure, p r lg  

112 heater out le t  tenperature, OF 
Slurry heater out let  tenperature, OF 

Exothern, OF* 

Tenyerature a t  22, 2" reactor level - temperature.. of feed gas plus feed s lur ry  t o  reactor. 



PROCESS DEVELOPMENT UNIT  

SOLIDS SEPARATION SYSTEM 



BAC KGROU NO 

WHY SOLIDS SEPARATION IS NECESSARY 

The H-Coal PDU can be operated i n  e i t h e r  the syncrude o r  t h e  
fuel-oi  1 mode. In t h e  syncrude mode, the vacuum bottoms product 
i s  u t i l i z e d  i n  the production of hydrogen. In t h e  fue l -o i l  mode. 
i t  i s  d e s i r a b l e  t o  recover  a f r a c t i o n  of the r e s idua l  o i l  in  
t he  vacuum bottoms product,  ( t h a t  not  needed f o r  hydrogen 
production),  i n  o rde r  t o  increase  t he  o i  1 y i e l d  from the process .  

Any l i q u i d  fuel  must meet c e r t a i n .  s p e c i f i c a t i o n s  t o  be usable .  
Maximum ash concent ra t ions  of 0.4% f o r  b o i l e r  f u e l s  and 0.1% 
f o r  t u rb ine  f u e l s  may be considered a s  workable approximate 
spec i f i ca t i ons .  In a d d i t i o n ,  t h e r e  a r e  c e r t a i n  s u l f u r  and 
v i scos i t y  s p e c i f i c a t i o n s .  

, .  .4 

- . :3 
. - -4 
.:&q .: ! ,5j 

. $  .,, : 
, I.' 

The ash s p e c i f i c a t i o n  cannot be achieved using the same & .  1 methods f o r  both opera t ing  modes: In the syncrude mode t h e  
vacuum d i s t i l l a t i o n  column can be used e f f e c t i v e l y  t o  s epa ra t e  

1 
t h e  ash and unconverted coal from the 1 iqu id  product.  However .-$ 
i n  the fue l -o i l  mode, vacuum d i s t i l l a t i o n  is  not  e f f e c t i v e ,  
and HRI undertook an ex tens ive  study t o  determine the b e s t  
method f o r  removing so l  i d s  from t h e  1 iqu id  product when opera t ing  - - A  .,a. 

i n  the fue l  o i l  mode. 
- : I  

11 3 

INITIAL INVESTIGATION OF SOLIDS SEPARATION TECHNIQUES 

Because of t h e  problems a s soc i a t ed  w i t h  1 iquid-sol  i d s  s epa ra t i on  
methods such a s  magnetic s epa ra t i on ,  f i  1 t r a  t i o n  and c e n t r i f u g a t i o n ,  
HRI a l s o  i nves t i ga t ed  so lven t  p r e c i p i t a t i o n  a s  a s e p a r a t e  method. 
I n i t i a l  s e t t l i n g  da ta  on coal 1 iqu ids  were obtained using batch 
autoclaves.  We then developed a system f o r  cont inuously hand1 i ng 
30 pounds/hour s l u r r y  1 iqu id  feed ,  and severa l  p re l  iminary s epa ra t i on  
runs were made. Using the l a t e s t  so lven t  p r e c i p i t a t i o n  equip- 
ment f o r  handling hydroclone underflow l i q u i d  feed containing 
about 18% ash (27% s o l i d s ) ,  overflow l i q u i d  product was obtained 
containing dawn t o  about 0.1% ash. Based on the success  of 
these runs, plans were made t o  cons t ruc t  a 300 pound/hour 
continuous so lvent  p r e c i p i t a t i o n  s e t t l e r  u n i t  t o  ope ra t e  on 
stream w i t h  t he  Process Development Uni t. 



As mentioned, four general methods of liquid-solids separation 
were investigated: 

'a. Solvent Precipitation 

b. Filtration 

c. Centrifugation 

d. Magnetic Separation 

Solvent precipitation, centrifugation and f i  1 tration a1 1 produced 
a liquid product containing less than 0.1 weight percent ash. 

Though a two-stage centrifugation system was effective in meeting 
the product ash specification, the flow capacity was very low. 
Therefore, centrifugation method was not recommended for the Pilot 
Plant. 

Filtration was also effective in meeting the product ash speci- 
fication. However, i t  had a number of drawbacks including low 
fi l t rat ion rate. In  addition, a large number of f i l t e r s  would be 
required t o  f i l t e r  the solid-containing liquid stream. Because of 
i t s  high cost and complexity, f i l t rat ion was not recormended for 
the Pilot Plant. 

The magnetic separator was effective in producing a product of re- 
duced sulfur content by removing substantially a l l  the iron sulfide; 
however, the non-magnetic ash was not removed. Therefore, the pro- 
duct liquid from magnetic separation was not considered acceptable. 

The solvent precipitation method used solvent fractions disti  11 ed 
from the product spectrum of the H-Coal Process. I t  was the most 
promising of the methods tested and appeared t o  be the most 
economi c. Therefore, HRI recornended that 

1. A solvent precipitation process be included in the Pilot Plant. 

2. A larger-scale u n i t  be incorporated in the PDU. 

The planned Pilot Plant solvents be tested in the PDU. 

THE CONCEPT OF SOLVENT PRECIPITATION 

In solvent precipitation (also referred t o  as antisolvent 
precipitation) an ash-rich liquid stream is t: -.ated w i t h  a 
lower boiling liquid which i s  termed the solvent. The solvent 



should adhere t o  certain specifications as t o  boiling range, 
Watson K factor,  Kauri-Butanol value, etc. Certain solvents 
that  have either met the specifications or have been found to 
be effective are H-Coal naphtha, normal Decane and Soltrol 130. 

The mechanism by which the solvent "deashes" the slurry i s  not 
completely understood. What i s known, however, i s  that the 
heavy constituents of the product (asphaltenes and pre- 
asphal tenes) precipitate out of solution.. T h i s  precipitated 
materia1,agglomerates about the ash and unconverted coal 
particles,  dragging them down. 



SOLVENT PRECIPITATION SYSTEM OPERATION 

An important objective of PDU 8 was the investigation of on- 
l ine  deashing in the H-Coal Process. The solvent precipitation 
system operated 31 hours before voluntary shutdown. A low ash 
overflow, . O 1  W %, was attained w i t h  the conditions of .68 solvent 
to  slurry ra t io  and 49.26 W % overflow. 

,The solvent precipitation subsystem can operate in any one of 
three separate modes. 

Mode I - Process Derived Solvent Mode 

Mode I1 - External Solvent w i t h  Hydroclone 
Underf 1 ow Stripper 

Mode I11 - External Solvent with Hydroclone 
Underflow Stripper Bypass 

The process derived solvent mode i s  the basic mode of operation, 
the other modes are derivatives. The process operates as follows: 

Hydroclone underflow i s  sent by pressure difference from the 
hydroclone underflow receiver, 0-22, t o  the hydroclone underfl ow 
stripper bottoms pump, 5-39. (The hydroclone underflow stripper 
0-24 i s  bypassed). The hydroclone underflow i s  pumped t o  the 
suction of the slurry charge pump, J-29, the excess material 
returns to 0-22 from 5-29. The hydroclone underflow i s  pumped 
by 5-29 to the in1 e t  of the f i r s t  stage mixer. 

The process derived solvent i s  produced in the solvent production 
column, N-5. The N-5 bottoms product i s  sent t o  the solvent 
drum, P-5. From P-5, the solvent i s  pumped by 5-30 up  t o  u n i t  
pressure and i s  sent through the solvent heater, M-23. From 
M-23 the solvent i s  injected into the hydroclone underflow 
stream a t  a point just  upstream of the f i r s t  stage mixer. 

The combined solvent/hydroclone underflow stream passes t h r o u g h  
the f i r s t  stage and second stage mixers then enters the se t t l e r ,  
0-25. In the s e t t l e r ,  the feed stream sp l i t s  into an ash-rich 
underflow stream plld clean overflow stream. 



The underflow stream exits the sett ler from the bottom. I t  i s  
picked u p  by the suction of the sett ler underflow circulation 
pump, 5-41. The underflow circulation loop precludes the 
underflow from setting up. in the 1 ine. A sl ip stream from the 
discharge of 5-41 is  sent t o  the underflow letdown valve CV-20. 
The sett ler underflow is  l e t  down in pressure and i s  sent t o  
the vacuum s t i l l ,  N-3. 

The overflow stream exits the sett ler from the top ,  passes t o  . 
the overflow receiver, 0-26, i s  l e t  down i n  pressure by LCV-21, 
and i s  sent t o  the solvent recovery column, N-4. 

The feed t o  N-4 i s  comprised of sett ler overflow and vacuum 
s t i l l  overhead product. The solvent is  recovered as the over- - 

head product of N-4 and i s  sent t o  the solvent drum, P-5. The 
bottoms product of the solvent recovery column is the fuel-oil 
product. The fuel-oil product i s  then sent either t o  the 
slurry mix t a n k  for recycle or t o  storage. 

MODE I1 - EXTERNAL SOLVENT WITH HYDROCLONE UNDERFLOW STRIPPER 

This mode of operation i s quite similar to Mode I .  The primary 
differences are: 

A.  Hydroclone underflow from 0-22 i s  stripped by steam 
i n  0-24 t o  remove any material i n  the boiling range 
of the external solvent. The stripped underflow i s  
pumped by 5-39 t o  the sett ler change pump and excess 
underflow i s  returned to the plenum chamber in the 
bottom of 0-24. The overhead stream from 0-24 passes 
t o  a partial .condenser, M-20, where hydrocarbon 
vapors are condensed. The oil from 0-27 i s  taken 
to 0-12. Uncondensed vapors are taken t o  the 0-14 
cool ers . 

B. The sol vent i s  non-process-derived, therefore, the 
solvent production column i s  not placed i n  service 
and solvent make i s  from drumned solvent. The 
remainder of the process description i s  similar t o  
Mode I. 



MODE I 1 1  - EXTERNAL SOLVENT WITH HYDROCLONE UNDERFLOW 
STRI P.PER BY PASS 

Th i s  mode o f  ope ra t i on  i s  a l so  q u i t e  s i m i l a r  t o  Mode I. The 
pr imary d i f f e r e n c e  i s  t h a t  t he  so l ven t  i s  non-process der ived.  
Therefore,  t he  s o l v e n t  p roduc t ion  column i s  n o t  placed i n  s e r v i c e  
and so l ven t  make i s  f rom drummed so lvent .  The remainder o f  the  
process d e s c r i p t i o n  i s  s i m i l a r  t o  Mode I. 
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PDU SOLVENT PRECIPITATION UNIT PROCESS DESCRIPTION 

SYSTEM OVERVI EM 

The so lven t  p r e c i p i t a t i o n  system i s  f u l l y  i n t eg ra t ed  w i t h  t h e  
PDU. Hydroclone underflow from 0-22 will be s e n t  by p re s su re  
d i f f e r e n c e  t o  0-24. The l eve l  i n  0-22 i s  con t ro l l ed  by LCV-27. 
Hydroclone underflow from 0-24 i s  pumped by 5-39 t o  the 
suc t ion  of  the s l u r r y  charge pump, 5-29. The balance of the 
hydroclone underflow no t  charged t o  the sett ler  is re turned  t o  
0-24 through a loop. 5-29 pumps the hydroclone underflow t o  the 
i n l i n e  s t a t i c  mixer.  5-30 pumps the so lven t  from the s o l v e n t  
drum, P-5, through a p rehea t e r ,  M-23, t o  a p o i n t  j u s t  upstream 
of the in1 i n e  s t a t i c  mixer. The i n l i n e  s t a t i c  mixer combines 
t h e  so lven t  and hydroclone underflow streams.  The mixed stream 
then passes t o  the upflow a g i t a t e d  autoclave.  The au toc lave  
a l lows  f o r  p a r t i c l e  agglomeration and growth. The mixed stream 
then flows t o  the s e t t l e r ,  0-25. The settler is  operated a t  
approximately 200 ps ig  and 550°F. S u f f i c i e n t  res idence  time i s  
provided f o r  the s e t t l i n g  of agglomerated s o l i d s  and overflow 
O f  a c l a r i f i e d  o i l  stream. The set t ler  underflow e x i t s  the 
s e t t l e r  from the bottom. I t  i s  s e n t  t o  t he  suc t ion  of t h e  
set t ler  underflow c i r c u l a t i o n  pump, 5-42. A s l i p s t r eam from 
the d ischarge  of 5-42 i s  s e n t  t o  the s e t t l e r  cont ro l  va lues ,  
CV-20A, B and C.  The sett ler  underflow is l e t  down i-n pressure .  
I t  is s e n t  t o  t h e  vacuum s t i l l ,  N-3, f o r  recovery of s o l v e n t  and 
d i s t i l l a t e  o i l s .  The s e t t l e r  overflow is metered by FIRC-21 and 
a nuclear  d e n s i t y  gauge while flowing t o  the overflow r e c e i v e r ,  
0-26. S e t t l e r  p r e s su re  is maintained by a n i t rogen  cap i n  the 
overflow r e c e i v e r .  A t  the overflow r e c e i v e r ,  the sett ler  over- 
flow i s  le t  down i n  p re s su re  by LCV-21 and flows t o  t h e  so lven t  
recovery column, N-4. Vacuum overhead from N-3 is a l s o  f ed  t o  
N-4. The bottoms o f  this column is t h e  low-solids fue l  o i l  
product. The condensed overhead from N-4 is t h e  recovered 
so lven t  and is  pumped t o  the so lven t  drum, P-5. 

SAMPLING AND ANALYSES 

Sampling and ana lyses  of the so l  i d s  s epa ra t i on  u n i t  streams 
were performed f o r  o n l i n e  process con t ro l  purposes and f o r  
subsequent workup and process eva lua t ion .  Samples and ana lyses  
a r e  shown i n  Exhib i t  S-2. These were i n  a d d i t i o n  t o  the o t h e r  PDU 
sampl ing and a n a l y t i c a l  requirements.  



Ash (Total 11) 

Hydrocl one Underflow 
S e t t l e r  Overflow 
S e t t l  er Underfl ow 
Fuel - O i  1 - .< -.. 
Vacuum Bottoms 
S e t t l e r  P rof i l e  ( 6 )  

Vacuum D i s t i l l a t i o n s  (Total 4 )  

Fuel -0: l 
Hydrocl one Underf l ow 
S e t t l  er Overf 1 ow 
S e t t l e r  Underflow 

Atmospheric D i s t i l l a t i o n s  
(Total 1) 

Solvent 

OAPI (Total 4)  

Fuel -0i 1 
Sol vent 
S e t t l e r  Overf 1 ow 
Hydroclone Underf 1 ow 

Sulfur  (Total 2)  

Fuel -0i 1 

EXHIBIT S-2 

Heating Value (Total 12) 

Fuel -0i 1 
ASB 

SUS (Total 2r 

Fuel -0i 1 
ASB 

. . 

~xt rac t ions - ,  DMF and Toluene (Total 8 )  

Hydroclone Underflow (975OF+) 
Fuel -0i 1 (975OF+) 
S e t t l e r  Overf1 ow (975OF+) 
S e t t l e r  Underf 1 ow (975OF+) 



PROCESS CONTROL 

Analyses were routinely performed to ensure specification process 
performance and to indicate any necessary process changes. The 
type and frequency of sampling and analyses were determined by 
the needs of the operation. 

The ash in the s e t t l e r  overflow and the API gravity of the N-4 
col urnn overhead production were determined every s h i f t .  The 
level of ash in the overflow indicates i f  changes in the solvent 
to slurry ra t io ,  overflow ra t e ,  or s e t t l e r  temperature need t o  
be made. The API gravity of the N-4 column overhead indicates 
i f  the N-4 column i s  operating satisfactory. 



EQUIPMENT AND TEST METHODS USED IN SOLIDS SEPARATION EXPERIMENTS 

BATCH AUTOCLAVE SEPARATION 

Two batch au toc laves  were used t o  ob t a in  s e t t l i n g  da ta  p r i o r  t o  
using the continuous so lven t  p r e c i p i t a t i o n  s epa ra to r .  The auto- 
c l aves  had cap$ci ties of one-1 i ter and one-gal l on ,  r e s p e c t i v e l y ,  
and were equipped w i t h  magnetical ly-operated stirrers. Both were 
s u i t a b l e  f o r  opera t ions  t o  3000 ps ig-and  850°F ( o r  5000 ps ig  a t  
650°f) .  

Operation of both au toc laves  cons i s t ed  of charging a quan t i t y  of 
s l u r r y  and an t i - so lven t ,  then heat ing and a g i t a t i n g  the mixture  
u n t i l  the des i red  temperature was obtained.  The a g i t a t i o n  was 
then stopped and l i q u i d  samples withdrawn through an i n t e r n a l  

' 

tube set a t  a f ixed  e l eva t ion  i n  t he  au toc lave .  

Data from a series of samples were used t o  c a l c u l a t e  the sett l  i n  g .+ . , - :-I - 
r a t e  of the sol  i d s ,  and from t h a t  da ta  the maximum upflow v e l o c i t y  . ,I 

3 
was ca l cu l a t ed  t h a t  would provide a s o l i d s - f r e e  overflow. This  
is t h e  usual procedure f o r  se t t ler  o r  th ickener  design.  . - $ E 
Additional information obtained f o r  th ickener  des ign  was the ' 

compacting time of  the s o l i d s  s i n c e  most th ickener  equipment is . . 
designed f o r  opera t ion  with aqueous l i q u i d s .  For mater ia l  of 
this na ture ,  i t  is customary t o  ob t a in  da ta  on compaction r a t e  
by observing the lowering of the s o l i d s  leve l  i n  a column of 
s l u r r y .  Data of  this  kind a r e  d i f f i c u l t  t o  o b t a i n  from the auto- 
c l ave  w i t h  coal-derived heavy o i l s .  

The s l u r r y  used was hydroclone underflow from PDU opera t ions  - 
e i t h e r  syncrude mode o r  fue l  o i l  mode. Ant i so lvent  mater ia l  i n  
a11 cases  was 350-500°F H-Coal naphtha. 

CONTINUOUS 30-POUNDS-PER HOUR SEPARATOR 

The continuous 30-pound-per-hour s epa ra to r  was the b a s i s  f o r  most 
of the s o l i d s  separa t ion  work i n  Phase I .  The continuous 30- 
pounds-per- hour so l  vent  precipi t a t o r  was operated w i t h  feed 
d i r e c t l y  from the PDU t o  s imula te  t he  P i l o t  P l a n t  a s  c l o s e l y  a s  
possible .  Wi th  hydroclone underflow conta in ing  about  18 W % of 
a s h .  (27 W % s o l i d s )  a s  feed ,  t h e  s epa ra to r  produced an overflow 
product containing l e s s  than 0 .1  W % ash and an underflow mater ia l  



containing as much as 30 W % ash (45 W % solids) on a continuous 
basis. The longest r u n  was 42 hours, and was terminated only 
because of a lack of feed material. 

Run 15 used hydroclone underflow and achieved ash contents 
from 0.006 W % to 0.093 W %. The anti-solvent was a naphtha 
produced from the process. The rate of use was approximately 
ten times the production, based on throughput of the entire 
hydroclone underflow stream. Therefore, redistillation of the 
clean product and overflow product would be necessary t o  recover 
the solvent. 

Run 16 a1 so used hydroclone underflow and naphtha produced by 
the H-Coal Process. The objective of this r u n  was to s t a r t  
with a solvent rat io lower t h a n  needed t o  athieve the desired 
ash specification, observe the results and then increase the 
rat io to see if  the product specification could be met. As 
shown in Table 65 the ash in the clean product was about 6-7 
W % with the low ratio and a return t o  specification level 
required more than ten hours even w i t h  a high ratio. The off- 
specification results were rep1 icated. 

The benzene-i nsolubl e material was preferentially rejected t o  
the underflow. In periods of low ash in the overflow product, 
more than 80% of the benzene-insoluble material appeared in 
the bottoms product. Because of the 97S°F+ benzene-insoluble 
material had a sulfur content of 0.97 W % versus a sulfur con- 
tent of 0.57 W % for the benzene-insoluble material, this pre- 
ferential rejection of sulfur was important t o  the sulfur 
specification of the final product. 

The continuous anti-solvent sol ids separation u n i t  was also 
operated to produce fuel oi 1 from reconstituted vacuum bottoms 
and vacuum overhead materials. Prior to the successful oper- 
ation n PDU hydroclane underflow feed material, runs were made 
w i t h  H-Coal vacuum bottoms d i  1 uted w i t h  an aroma t i c  plasticizer 
o i l .  

Basically, the se t t l e r  i s  a 56-inch vertical length of 8" Schedule 
40 pipe. During the program a number of modifications were 
made t o  the se t t ler  vessel, b u t  no changes were made after 
Run 14. 

Slurry entered the se t t ler  through a l/2-inch pipe that extended 
30 inches below the top of the se t t ler .  Clear liquid overflow 
was taken through a 1/2-inch pipe nipple six inches below the 
t o p  of the se t t ler .  The concentrated underflow was withdrawn . 
t h rough  a 3/4-inch nipple in the center of the bottom flange. 
For the l a s t  three configurations, an internal rake, turning 



a t  about one revolution per minute, was used t o  keep the lower 
few inches of the set t ler  contents in constant motion. 

Two slurry feed tanks were mounted on platform dial scales and 
the feed rate was continuously monitored. A third slurry tank 
was available for interconnection t o  either of the other two 
tanks. Hydroclone bottoms were piped directly from the PDU 
system t o  any one of the three slurry feed tanks. 

Each o f  the slurry feed tanks had a circulgting system and an 
internal s t i r rer .  Two parallel slurry pumping systems and two 
locations for anti-solvent liquid injection were provided. 
Usually sol ids settling occurred in the 1 ines upstream of 
the set t ler  when anti-solvent was added upstream of the unit. 
In most runs the anti-solvent was injected into the slurry just 
ahead of the set t ler .  

A t  the s ta r t  of the program, a mixing vessel was used after the 
anti-solvent was added to the slurry and before the mixture 
entered the set t ler .  Earlier work by Consolidation Coal Company 
indicated that i t  was essential t o  the slurry and anti-solvent 
material. In the HRI experiments, i t  was observed that solids - 
started settling as soon as the anti-solvent liquid was added 
t o  the slurry. When the mixing vessel was employed, some settling 
occurred in that vessel and in the 1 ines between that vessel and 
the set t ler .  After Run 15 the mixer vessel was removed from the 
system. 

The procedure for sol ids separation using solvent precipitation is  
given below. 

1. Slurry was prepared in the slurry tanks (or feed was 
obtained from the hydrogen underflow from PDU operations ) 
and brought t o  set t l  er operating temperature. 

The set t ler  was f i l led w i t h  atmospheric s t i l l  bottoms 
or vacuum s t i l l  overhead material and brought t o  
opera ti ng temperature and pressure. 

Slurry feed t o  the se t t ler  was started a t  a pre- 
determined flow rate: 15 to 30 pounds per hour. 

When the slurry feed rate to the set t ler  was established, 
anti-solvent liquid addition was started and the rate 
adjusted to a predetermined amount: a ratio of 0.3 t o  
1.0% based on slurry. 

Liquid overflow form the set t ler  flowed into a product 
receiver equipped with a liquid level control. The 
product receiver was maintained about 50°F lower 



temperature  than the s e t t l e r .  Liquid product d i s -  
charged i n t o  an  atmospheric pressure  vessel  and a n t i -  
s o l v e n t  po r t i on  was f l a shed .  No e f f o r t  yas  made t o  
recover  t h e  a n t i - s o l  vent .  

6. Pres su re  was maintained w i t h  a cy l inde r  n i t rogen  bleed 
r a t e  o f  about  5-20 SCFH i n t o  t h e  overflow product  
r e c e i v e r  and a back pressure  cont ro l  valve.  The 
n i t rogen  was vented through a displacement gas meter .  

S e t t l e r  .underflow was discharged manually on a 15-minute 
cycle through a 3/4-inch g a t e  valve. The underflow 
mater ia l -  was discharged i n t o  an atmospheric p re s su re  
r e c e i v e r  and any pn t i - so lven t  i n  the underflow was 
allowed t o  f l a s h .  

8. Overflow and unierf low products were c o l l e c t e d  on an 
hourly bas i s  f o r  a n a l y t i c a l  i n spec t ions .  

S lu r ry  composition was made of  vacuum and atmospheric s t i l l  
bottoms bl'ended i n  the s l u r r y  feed drums. The t o t a l  mount of 
atmospheric s t i l l  bottoms was added t o  t h e  s l u r r y  drum and brought 
t o  about 350°F t o  400°F. The vacuum s t i l l  bottoms, previously 
ground t o  -1/8", was added a t  a r a t e  of about  two pounds every 
f i v e  minutes. The s l u r r y  was s t i r r e d  and c i r c u l a t e d  both while 
t h e  vacuum s t i l l  bottoms were being added and f o r  the e n t i r e  
du ra t i on  of t h e  run. I f  c i r c u l a t i o n  were t o  be i n t e r r u p t e d ,  the 
s l u r r y  would set t le  i n  the feed drums and, depending on t h e  du ra t i on  
of  t he  i n t e r r u p t i o n ,  would be d i f f i c u l t  t o  impossible  t o  recover .  

The a n t i - s o l v e n t  mater ia l  was an H-Coal f r a c t i o n  i n  t h e  300 t o  
50O0F bo i l i ng  range. 

During t h e  runs overflow and underflow were c o l l e c t e d  hourly.  All 
per iods were analyzed f o r  ash and some per iods were analyzed f o r  
benzene and py r id ine  Snsolubles.  

A t  the completion of  a run, t h e  settler was f lushed w i t h  
atmospheric s t i  11 bottoms and cool ed t o  ambient temperature.  
The t o t a l  m a t e r i a l s  shown i n  t h e  t a b l e  f o r  s l u r r y ,  an t i - so lven t ,  
overflow and underflow do not  inc lude  the i n i t i a l  s t a r t - u p  o i l  
o r  the f i n a l  wash ma te r i a l ,  s o  ove ra l l  mater ia l  balances a r e  no t  
a v a i l a b l e .  

300 POUNDS/HOUR SOLVENT PRECIPITATION SEPARATOR 

A continuous a n t i - s o l v e n t  s o l i d s  s epa ra t i on  s y s t ~ n  t o  accep t  the 
e n t i r e  hydroclone underflow stream from the PDU was then designed. 



The so lven t  p r e c i p i t a t i o n  system ( s e e  Exhib i t s )  was operated during 
PDU Run 8 of  the Phase I 1  H-Coal program. The so lven t  s e l ec t ed  
was Sol t r o l  130, a c o n e r c i a l  product manufactured by Phil  i p s  
Petroleum Company. Hydroclone underflow d id  n o t  have t o  be 
s t r i pped  s i n c e  the boi 1 ing ranges o f  Sol t r o l  130 and the 
hydroclone underflow do not  overlap.  

When cons t ruc t ion  of t h e  system was s t a r t e d ,  HRI decided t o  
provide t h e  c a p a b i l i t y  of  using an H-Coal process-derived .- - 
w l v e n t  and an ex te rna l  so lvent .  To use an H-Coal process- 
der ived so lven t ,  a so lven t  production column was needed on the 
PDU t o  f r a c t i o n a t e  the atmospheric s t i l l  overheads t o  product 
a 300-500°F so lven t  f o r  the system. 

The HRI Process Engineering group designed the so lven t  pro- 
duct ion column, and specifications were s e n t  to  vendurr fur 
price quota t ions .  The column was f a b r i c a t e d  by Distil l a t i o n  
Engineering Company who a l s o  provided t h e  instrumentat ion and 
pumps. HRI's Maintenance Staff erec ted  t h e  column and i n s t a l l e d  
the piping and instrumentat ion.  

The column (see Exh ib i t s )  i s  4-inch schedule  10 w i t h  14  feet of 
5/8" ba l l  r i n g  packing capable  of 500°F opera t ion  from f u l l  
vacuum t o  150 psig.  The r e b o i l e r  is heated w i t h  p l a n t  Dowtherm 
G and t h e  reboi  l e r  temperature is  cont ro l  led by the 
d i f f e r e n t i a l  p r e s su re  ac ros s  the column. The r e f l u x  r a t i o  i s  
automatical l y  cont ro l  1 ed by t h e  overhead vapor temperature.  

During PDU 8 ,  t h e  so lven t  production column opera t ion  achieved 
a 300°F c u t  po in t  on the overhead product.  

The IBP-300°F product from the so lven t  production column must 
be t r e a t e d  t o  produce a s tab1 e product free of d i sso lved  gases ,  
including hydrogen s u l f i d e  and Cl-C4 hydrocarbons. 

A naphtha s t a b i l i z e r  was designed b y t h e  HRI Process 
Engineering group and f ab r i ca t ed  i n  t h e  HRI maintenance shop. 
The column cons is ted  of a 20-inch by 10-foot s t r i p p i n g  s e c t i o n  
packed with high e f f ic iency  protruded packing. Since t h e  hea t  
duty f o r  the column was only 2500 Btu/hr,  e l e c t r i c a l  t r a c i n g  
on t h e  column was used ins tead  of a r e b o i l e r .  The naphtha 
s t a b i l i z e r  operated s a t i s f a c t o r i l y  during PDU 8. 



EXHIBITS S-3 

SOLVENT PRODUCTION COLUMN w M 
WINDING # I s  

TEMPERATURE INOICATORS 

nOWTHERM OUT 
DOWTHERM I N 



SOLVENT PRECIPITATION EQUIPMENT LIST 

A compilation of equipment i n  the solvent precipitation system 
i s  qiven below. 

D - Storage drum 

0-5 - Solvent recovery column bottoms product drum 
. Description: 55 gal  lor^ ' ~ l  used tup drum 

D-6 - Excess solvent product drum 
Description: 55 gallon closed t o p  drum 

0-7 - Fuel oi l  receiver for  slurry mix tank 
Description: 55 gallon closed top drum 

DIR - Density Irrdicator Recorder 

DIR-2 - Settler-  overflow density indicator recorder 
Description: Moore Products Company Model 36OA2 
Electronic S t r i p  Chart Recorder on a Texas Nuclear 
Density Gauge 0-40 MA output; W .  H. Gregory 

OPT - Differential Pressure Transmitter 

OPT-11 - Hydroclone underflow stripper different ial  pressure 
transmi t t e r  (ca 1 i bra ted - 25" ) 

OPT-13 - Hydroclone underflow receiver different ial  pressure 
transmi t t e r  (ca 1 i bra ted - 1 

OPT-20 - Sett ler  overflow receiver different ial  pressure 
transmitter (ca 1 i bra ted - 40" ) 

OPT-21 - Solvent recovery column differential  pressure 
transmi t t e r  (ca 1 i bra ted - 54" ) . 

OPT-24 - Solvenr recovery column overheads receiver differen- 
t i a l  pressure transmitter (cal i brated - 30" ) 
Description: Above DPT1s are  Foxboro Pneumatic 
Differential Pressure Cell Transmitter Model 13A1-MK2, 
0-100 mm Hg; The Foxboro Company 
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OPT-23 - Sol vent  recovery col umn bottoms rece i  ver  d i f f e r e n t i a l  
p r e s s u r e  t r a n s m i t t e r  (ca l  i b r a t ed  - 25") 

DPT-25 - So lven t  . drum d i f f e r e n t i a l  
( c a l  i b r a t e d  - 50") 

pressure  t r a n s m i t t e r  

DPT-26 - Preheat/wash o i l  drum d i f f e r e n t i a l  p ressure  
t r a n s m i t t e r  ( c a l i b r a t e d  - 50") 
Descr ip t ion :  Above DPT's a r e  Foxboro Pneumatic 
D i f f e r e n t i a l  Pressure Cell Tranqmit ter  Model 13FA1-MK- 
31A-5; Flange mounted; 0-100 mn Hg; The Foxborb 
Company 

DPT-22 - So1 vent  recovery col umn reboi 1 er d i f f e r e n t i  a1 pressure  
t r a n s m i t t e r  
Descr ip t ion :  Moore Products Company Model ' 25C415 
Liquid  Level C o n t r o l l e r  - F l o a t  type;  Pneumatic 

DPRC - D i f f e r e n t i a l  P r e s s u r e  Recorder Control 1 er  

DPRC-21 - Sol vent  recovery col umn d i f f e r e n t i a l  p ressure  
recorders  cont ro l  1 er 

CV - Control Valve 

CV-21 - Sol vent  recovery col umn Dowtherm removal control  val ve 
Descr ip t ion :  Research control  valve,  1/2" threaded 
connect ions;  J.R* Simpson & Company, CV=3 

CV-20A - S e t t l e r  underflow control  valve 

CV-200 - S e t t l  er underflow a1 t e r n a t e  control  val ve 
Descr ip t ion :  Hamel Dahl, 1" Angle body, ID 
#V811FHC3ELA9, 300 #RF, Cv-0.40; Hamel Dahl 

CV-26 - 5-42 c i r c u l a t i o n  cont ro l  valve 
Descr ipt ion:  Paul Valve, 1/2" s i z e ,  1/4" trim, Drwg, 
D3315, S/N 3807; Fl omega D i  v. of  P. J. Hydraul ics 



FI - Flow I n d i c a t o r  

FI-24 - S e t t l e r  overflow r e c e i v e r  vent gas flow i n d i c a t o r  
Descr ipt ion:  Ex i s t i ng  gas meter 

FI-25 - S e t t l  er overflow r e c e i v e r  n i t rogen  flow i n d i c a t o r  
Descr ipt ion:  Wall ace  and T i e r  on Rotameter 32-0046- 
6144 3 Arobonc and C l  in@ 

FI-26A - S e t t l e r  overflow r e c e i v e r  d i f f e r e n t i a l  p ressure  
t r a n s m i t t e r  low p re s su re  l e g  n i t rogen  purge flow 
i nd i ca to r  
Descr ipt ion:  Wallace and Tiernan Rotameter 32-D046- 
5144; ~ r n h n n ~  and Cl ink 

FI-26B - S e t t l e r  overflow r e c e i v e r  d i f f e r e n t i a l  p ressure  
7 

t r a n s m i t t e r  h i  gh p re s su re  1 eg nf t rogen  purge f l  ow 
. 

i n d i c a t o r  
Descr ipt ion:  Wall ace and Ti ernan Rotameter 32-D046- 
5144; Arobone and C l i n e  

FIR - F1 ow I n d i c a t o r  Recorder 

FIR-20 - Hydrocl one underflow stripper steam f l  ow i n d i c a t o r  
r eco rde r  
Descr ipt ion:  Wallace and Tiernan Metal Tube V Area 
Meter, 80 l b s / h r  steam a t  350°F and 1 5  ps ig ,  1/2 t o  40 
MA ou tput ,  Arobone and Cl ine ;  Moore Model 77-16 
Curren t  t o  Pneumatic Transducer,  Input: 4 t o  20 MA; 
Output: 3-15 ps ig ;  Moore Products  Co.; Moore Products 
Model 5321SM Two Pen Syncro Recording Control S t a t i o n  
with Model 561 C o n t r o l l e r ,  Moore Products Company 

FIRC-21- S e t t l e r  overflow flow i n d i c a t o r  recorder  control  1 er 
Descr ipt ion:  Wall ace and Ti ernan S t r a i g h t  Thru Metal 
Tube V a r e a  meter f o r  Coal Derived Oils, 3-15 p s i g  
ou tput ,  .6 and .1 SGU inpu t ;  Arobone and C l  ine.  Moore 
Products Model 5321SM Two Pen Syncro Recording Control 
S t a t i o n  w i t h  Model 561M cont ro l  1 er; Moore Products 
Company 



FIR-22 - Vacuum s t i l l  overhead t o  sol vent  recovery column f low 
i n d i c a t o r  recorder  
Descr ip t ion :  Bearingl ess Flow Meter Model E-25, out- 
pu t  i n  cps ; Bearingl ess F1 ow Meter Co. Dynal co Model ' 
SS3000 Signal Converter ,  4-20 MA ou tpu t ,  cps input ;  
Cemtech Control Inc. Moore Products Model .360A2, 
E l  e c t r o n i c  S t r i p  Chart  Recorder; Moore Products 
Company 

FIR-23 - 0-27 bottoms t o  0-12 flow i n d i c a t o r  recorder  
Descr ip t ion :  Bearingl ess Fl ow Meter Model E25, ou tput  
i n  cps ;  Bear ing less  Flow Meter Co. Dynalco Model 
SS3000 Si gnal Converter ,  4-20 MA DC ou tput ;  8.33 -113 
cps  i npu t ;  Cemtech Control Inc. Moore Products  Model 
360A2 El e c t r o n i c  S t r i p  Chart Recorder; Moore Products 
Company 

FIR-27 - So lven t  recovery column bottoms t o  fuel  o i l  r ece ive r  
f l  ow i n d i c a t o r  recorder  
Descr ip t ion :  E l  e c t r o n i c  In1 i n e  Turbine Meter, 4-20 MA 
ou tpu t ;  Val con Sal es. Moore Products  Model 360A2 
E l e c t r o n i c  S t r i p  Chart  Recorder; Moore Products 
Company 

J - Pump 

J-29A - S l u r r y  charge pump 

. 5-298 - S l u r r y  a l t e r n a t e  charge pump . . 
5-30 - Solvent  charge pump 

Descript ion:  The above t h r e e  pumps a s  Mil ton Roy 
Model MRT51-142T, 314 HP, 230/460 V,  3 phase,  1750 
RPM, 50 GPH, pi s t o n  type,  p o s i t i v e  displacement;  
M i  1 t on  Roy Company 

5-31 - Sol vent  drum c i r c u l a t i o n  pump 



5-33 - Preheat/wash oi l  drum circula t ion pump 
Description: Above two pumps a re  Liquiflo Model 
62FS7P, 1 112 HP, 3 phase, 2301460 V ,  3450 RPM, 
centrifugal  ; L i  qui f l  o Equipment Company 

5-32 - Sol vent drum circul  at ion/storage pump 

3-34A Solvent recovery col wmn bottoms pump 

5-34B - Solvent recovery column bottoms a l t e rna te  pump 

5-35 - Sol vent recovery col umn bottoms receiver pump 

5-38 - Sol vent recovery col umn overheads receiver product 
Pump 
Description: The above f i ve  pumps are Worthington 1 
GAM gear pump, 113 HP, 1 phase, 120/240 V ;  A-C Supply 
of Philadelphia 

3-36 - S e t t l e r  underflow control valve stem and a1 te rna te  
control valve stem flushing pump 
Description: Milton Roy Model MR-25-49T, 114 HP, 
230/460 V ,  1750 RPM, 10.1 GPH; Milton Roy Company 

5-39 - Hydroclone underflow s t r ipper  bottoms pump 
Description: Tuthil l  "Bump pump", 112 HP, 3 
phase,230/460 V ,  pos i t ive  displacement; exis t ing 

5-40 - Solvent recovery column vacuum pump 
Description: Kinney Vacuum pump, 3/4 HP, 1201240 V, 1 
phase: K i  nney 

5-41 - Fuel oi l  receiver pump t o  s lu r ry  mix tank 
Description: Eastern Model 25-34E, 1 HP. 1 phase, 
3450 RPM, 115/230 V ;  Fluids Controls Division, LFE 
Corp. 

5-42 - S e t t l e r  underfl ow ci rcul a t i  on pump 
Description: Foster RR2, 1/5 Hp, 3 phase 25-250 RPM, 
230/460 V ,  s l  iding vane; Foster Pump Works 



LCV - Level Control Valve 

LCV-21A - Sett l  er  overflow receiver level control val ve 

LCV-21B - Set t l e r  overflow receiver a1 ternate 1 evel control 
valve 
Description: The above &o valves are Research 
Control Valves, equal percentage trim, 1/2" angle . 
body, Trim F; J.R. Simpson & Company 

LCV-22A - Sol vent recovery col umn reboi 1 er i evel control val ve 

LCV-220 - Sol vent recovery col umn reboil er a1 ternate 1 evel 
control val ve 

LCV-23 - Sol vent recovery column bottoms receiver level 
control val ve 

LCV-25 - Solvent drum level control valve 
Description: Preceding four valves are Research 
Control Valves, equal percentage trim, 1/4" globe 
body, trim F; J.R. Simpson & Company 

LCV-24 - Sol vent recovery col umn overheads receiver 1 evel 
control val ve 
Description: Research Control Val ve, "No 
positioner", 1/4" globe body, trim F ;  J.R. Simpson & 
Company 

LCV-26 - Hydrocl one underfl ow stripper overheads recei ver 
level control valve 
Description: Cl a rk  Re1 iance Fl oat-Trap Assembly 

LR - Level Recorder 

LR-11 - Hydrocl one underflow stripper level recorder 

LR-26 - Preheat/wash oil drum level recorder 
Descri ption: Moore Products Model 5321SM Two Pen 
Syncro Recording Control Station; Moore Products 
Company 



LRC - Level Recorder Controller 

LRC-13 - Hydroclone 
control 1 er 

underfl ow recei ver 1 evel recorder 

LRC-21' - Settl er overfl ow receiver 1 evel recorder ,control 1 er 

LRC-22 - S Q ~  vent recover.y col umn reboil er 1 eve1 recorder 
control l er 

LRC-23 - Sol vent recovery col umn bottoms receiver 1 evel 
recorder control 1 er 

LRC-24 - Sol vent recovery co1 umn overheads recei vet 1 evel 
recorder control 1 er 

LRC-25 - Sol vent drum level recorder control ler 
Description: The above six instruments a1 l are Moore 
Product Model 5321SM Two Pen Syncro Recording Control 
Station with Model 5'61M Control 1 er; Moore Products 
Company 

M - Heat Exchangers 

- Hydrocl one underfl ow stripper overheads parti a1 con- 
denser 
Description: Gri ss and Russel 

- Hydrocl one underfl ow stripper steam superheater 
Description: Fabricated a t  HR I 

M-22 - Settler underflow lead bath 
Description: General Electric MC1502, cut in over the 
side Cal rod Imnersion Heaters, 3KW-240 vol ts;  General 
c/o R. Schadler Company. Fabricated a t  HRI 

M-23 - Solvent heater 
Description: Emerson Recirculation Heater 240V, 3P, 
20KW, 300 psig; Emerson Electric O., Edwin L. 
Weigand Division c/o Chromolox 

M-24A - Solvent recovery column bottoms primary cooler 
Description: Fabricated a t  HRI 



M-240 - So1 vent  recovery col umn a1 t e r n a t e  bottoms primary 
cool er 
Descri p t i  on: Fabr ica ted  a t  HRI 

M-25 - So lven t  recovery column bottoms secondary cool er 
Descr ip t ion :  Fabr ica ted  a t  HRI 

M-26 - Preheat/wash o i l  drum vapor condenser 
Descr ip t ion :  Fab r i ca t ed  a t  HRI 

M-27 - Sol vent  vapor condenser 
Descr ip t ion :  Fabr ica ted  a t  HRI 

M-28 - Sol vent  recovery col umn overheads condenser 
Descr ip t ion :  P a r t  of N-4 system; Distil 1 a t i o n  
Engineer ing 

M-29 - S e t t l e r  overflow r ece ive r  vent gas condenser 
Descr ip t ion :  Fabr ica ted  a t  HRI 

M-30 - Hydrocl one underflow prehea te r  ( l ead  ba th)  
Descr ip t ion :  Ex i s t i ng  

N-Col umn 

N-4 - Sol vent  recovery column 
Descr ip t ion :  D i s t i l l a t i o n  Engineering 

MD-Mi x e r  Dr ive  

MD- 1 - S e t t l e r  mixer d r i v e  . 

Descr ip t ion :  Gear case: Input RRM-3450, Output-13 t o  
0 RPM. Model No. 29MW60, Se r i a l  No. 1188766; Graham 
Trans., Inc. Motor: Model No. 40190-A AX, 115/230 V ,  
Type KF, 1 phase,  1/4 HP, 60 CVC, 3450 RPM, Doerr 

-Electric Co. 



0-22 - Hydrocl one underfl ow receiver 
Description: Existing vessel 

0-24 - Hydrocl one underfl ow stripper 
Description: Fabricated at HRI 

0-25 - Settler vessel 
Description: As per drawing DD-2844; Process 
Engineering and Machine Co., Inc. 

, 
0-26 - Settler overflow receiver . , -4 

Description: Ab PCP drawing DD-2845; Process . . . Q!?: 

Engineering and Machine Co., Inc. 
- !, 

0-27 - Hydmcl one underfl ow stripper overheads recei ver c 
Description: Fabricated a t  HRI . fl 

.& 
3k :. 5:' 0-28 - sol vent recovery col umn overheads recei ver B - . ~ ?  , .  -2 

Description: Fabricated at HRI 
' -,?' , $9 

.&. . - 

A .: 
- I 
-1 

- Solvent drum 
Descrf p t i  on: As per drawing DD-2846; Process 
Engineering and Machine Co., Inc. 

-- Preheat/wash o i l  drum 
Description: As per drawing 00-2846; Process 
Engineering and Machine Co., Inc. 

- Sol vent recovery col umn bottoms receiver 
Description: Fabricated at HRI 

PCV-Pressure control - ~ a l  ve 

PCV-19 - Hydrocl one underfl ow stripper steam pressure 'control 
val ve 



Description: Watts Model 143WI Steam Regul ator; 
Li ncol n Supply 

PCV-2OA- Hydrocl one underfl ow s t r i  per overheads recei ver 
pressure control val ve 
Description: Masonel ian Back Pressure Regul a t o r ,  
Model 17-17, 2-12 psig range, Cv=1.8 

PCV-209- Hydrocl one underfl ow s t r i  pper overheads recei ver 
a1 tcrnate pressure contra1 val ve ' 
Description: Masonel ian Back Pressure Regul ator, 
Model 17-17, 2-12 psig range, Cv=1.8 

PCV-22A- Set t ler  overflow receiver back pressure control val ve 

PDC-220- Set t ler  overflow receiver back pressure alternate 
control val ve 
Description: Above two valves are Tescon Back 
Pressure Regul ators, ID. 26-1727-24-027; Brisco Sal es 

PCV-23 - Set t ler  overflsw receiver nitrogen pressure control 
valve 

PCV-24A- Sett l  er overflow recei ver differential pressure 
transmitter low pressure leg nitrogen purge pressure 
control val ve 

PDV-24B- Sett ler  overflow receiver differential pressure 
transmitter h i  gh pressure 1 eg nitrogen purge pressure 
control valve 
Description: The previous three valves are a1 1 Tescon 
Model 26-1622-24-008-024 Hand Louder pressure 
regulators; 0-250 psig, 600 psig; Brisco Sales 

PI-Pressure Indicator 

PI-100 - Hydrocl one underflow stripper steam pressure indicator 
Description: McDaniel Safety Gauge, 0-60 psi ; Crown 
Controls 

PI -101 - Hydrocl one underfl ow stripper overheads recei ver 
pressure indicator 



Des'cri p t i  on: McDaniel Safety Gauge, 0-60 ps i  ; Crown 
Control s 

PI-102A- Hydroclone underflow s t r ipper  bottoms pump suct ion 
pressure ind ica to r  
Descript ion: USG D i  aphram Gauge, 0-100 ps i  ; Power 
Associates 

P I  -1026- Hydrocl one underf l  ow s t r ipper  bottoms pump discharge 
pressure ind ica to r  
Descript ion: USG D i  aphram Gauge, 0-100 ps i  ; Power 
Associates 

Pl-luJA- Hydroc lone underflow t o  s e t t l e r  charge pump discharge 
pressure ind ica to r  I 

Descript ion: USG L iqu id  F i  11 ed Gauge, 0-400 ps i  ; 
Power Associates .. 

PI-1038- Hydrocl one underflow t o  s e t t l e r  charge pump discharge 
pressure ind ica to r  
Description:, USG L iqu id  F i l l e d  Gauge, 0-400 ps i  ; 
Power Associates 

PI-103C- Hydrocl one underflow t o  s e t t l e r  a1 ternate charge pump 
discharge pressure ind ica to r  
Descript ion: USG L iqu id  F i l l  ed Gauge, 0-400 ps i  ; 
Power Associates ..+ 

PI-103D- Hydrocl one underflow t o  s e t t l e r  a1 ternate charge pump 
discharge pressure ind ica to r  
Descript ion: USG L iqu id  F i l l e d  Gauge, 0-400 ps i  ; 
Power Associates 

PI-103E- Second stage mixer pressure ind ica to r  
Descript ion: USG L iqu id  F i  11 ed Gauge, 0-400 psi ,  
Power Associates 

PI-104A- S e t t l e r  overflow receiver 1 evel control  val ve in1 e t  
pressure ind ica to r  
Descript ion: USG Diaphram Gauge, 0-400 ps i ;  Power 
Associates 

PI-104B- S e t t l  er overflow recei  ;er a1 ternate 1 evel , contro l  
valve pressure ind icator  
Descript ion: USG Diaphram Gauge, 0-400 p s i  ; Power 
Associates 



PI-105 - Nitrogen manifold pressure indicator 
Description: Mcpaniel Safety Gauge, 0-5000 psi ; Crown 
Control s 

PI-106A- Set t ler  overflow receiver nitrogen pressure control 
val ve outl e t  pressure indicator 
Description: McDaniel Safety Gauge, 0-400 psi; Crown 
Control s 

PI-1060- Set t ler  overflow receiver differential pressure 
t r d n a i ~  i t terb 1 o w  .pressure 1 eg nitrogen purgc pressure 
control valve outl e t  pressure indicator 
Description: McDanie1 Safety Gauge, 0-400 psi ; Crown 
Control s 

PI-106C- Set t ler  overf ow receiver differential pressure 
transmitter high pressure leg nitrogen purge pressure 
control val ve outl e t  pressure indicator 
Description: McDaniel Safety Gauge, 0-400 psi; Crown 
Control s 

PI-107A- Sett l  e r  overfl ow receiver back pressure control val ve 
in le t  pressure indicator 
Description: McDaniel Safety Gauge, 0-400 psi ; Crown 
Control s 

PI-1Q7B- Set t l  er overflow receiver a1 ternate back pressure 
control val ve in1 e t  pressure control valve in1 e t  
pressure indicator 
Description: McDaniel Safety Gauge; 0-400 psi ; Crown 
Control s 

PI-108 - Set t ler  underflow line pressure indicator 
Description: USG Diaphram, 0-400 psi; Power 
Associates 

PI -109A- Sett l  er underflow control val ve in1 e t  pressure indi- 
cator 
Description: USG Diaphram, 0-400 psi; Power 

PI-1096- Sett ler  underflow a1 ternate control valve in1 e t  
pressure indicator 
Description: USG Diaphram, 0-400 psi ; Power 
Associates 



PI-11OA- Settler underflow control v.al ve stem fl  ush 1 ine 
pressure indicator 

- Descriptien: USG Diaphram, 0-400 psi; Power 
Associates 

PI-100B- Settler underflow a1 ternate control val ve stem fl ush 
1 ine pressure indicator 
Description: USG Diaphram, 0-400 psi ; Power 
Associates 

PI-112 - Solvent recovery column reboiler bottoms pump and 
alternate bottoms pump suction line pressure indicator 
Description: Weskl er Vacuum Gauge, 0-30" Hg; Arobone 
and Cl ine 

PI-11%- Solvent recovery column bottoms pump discharge 
pressure indicator 
Descri p t  i on: USG 316 SS Bourdon Tube; Power - 
Associates 

PI-113B- Sol vent recovery column a1 ternate bottoms pump 
discharge pressure indicator 
Descri p t  i on: USG 316 SS Bourdon Tube; Power 
Associates 

PI-114 - Solvent recovery col umn bottoms receiver pump 
discharge pressure indicator 
Description: . USG 316 SS Bourdon Tube; Power 
Associates 

PI-115A- Sol vent recovery col umn pressure indicator 
Description: Weskl er Vacuum, 0-30" Hg; Arobone and 
Cl ine 

PI -116 - Sol v e n t  recovery col umn overheads receiver product 
pump suction 1 ine pressure indicator 
Description: Weskler Vacuum, 0-30" Hg; Arobone Cline 

PI-117 - Solvent recovery column overheads receiver product 
pump discharge pressure indicator 
Description: USG 316 SS Bourdon Tube; Power 
Associates 

PI-118 - Sol vent drwn circulation pump discharge pressure 
indicator 



Descri p t i  on: 
Associates 

USG Diaphram, 0-100 psi ; Power 

PI-119A- Solvent t o  s e t t l e r  charge pump discharge pressure 
ind ica to r  
Description: USG Liquid F i l l  ed, 0-400 psi ; Power 
Associates 

PI-119B- Sol vent t o  s e t t l e r '  charge pump discharge pressure 
ind ica to r  
Description: USG Liquid F i l l  ed, 0-400 psi ; Power 
Associates I 

PI-120A- Sb1 vent drum ci rcul  a t ion/s torage  pump 
pressure  indicators  
Descri p t i  on: US6 Diaphram, 0-100 
Associates 

discharge 

psi ; Power 

PI-1208- Sol vent drum ci rcul  a t ion/s torage  pump discharge 
pressure  indicators  
Description: USG Diaphram, 0-100 psi ; Power 
Associates 

PI-121 - Preheat/wash o i l  drum c i rcu l  a t ion  pump discharge 
pressure ind.icator 
Descri p t  i on: USG Diaphram, 0-100. psi ; Power 
Assoc+iates 

PI-122 - S e t t l e r  overflow l i n e  pressure indicator  
Description: USG Liquid F i l l  ed, 0-400 psi ; Power 
Associates 

PI-123 - Fuel o i l  receiver pump discharge pressure 
Descrfption: McDaniel Liquid F i l l ed ,  0-200 psi, Crown 
Control s 

PI-124 & 
125 - S e t t l e r  underflow c i rcu la t ion  loop 

Description: USG Liquid f i l l e d ,  0-400 psi ; Power 
Associates 



PT-Pressure Transmi t te r  

PT-101 - Hydrocl one underfl  ow s t r i p p e r  overheads r e c e i  ver  
p r e s su re  t r a n s m i t t e r  
t r a n s m i t t e r  bl ind,  0-200 ps i  range, 3-15 p s i g  ou tput ;  
Moore Products Company 

PT-164 - S e t t l e r  overflow r ece ive r  pressure t r a n s m i t t e r  
Descri p t i  an: Moore Products Model 173 5 pres su re  
t r a n s m i t t e r  bl ind, 0-200 ps ig  range, 3-15 p s i g  output ;  
Moore Products  Cdmpany 

WI-Weight I n d i c a t o r  

WI-5 - Solvent  recovery col umn bottoms s to rage  drum weight .: 

i nd i ca to r  

WI-6 - Solvent  s t o r age  drwn weight i n d i c a t o r  . 

MI-7 - Fuel o i l  r ece ive r  weight i n d i c a t o r  
Descr ipt ion:  El  e c t ro sca l  e, Fl exure Base Scal e Model 
2424, Input - 1000 l b s  t o  1/2 l b ,  output  is d i g i t a l ;  
Accurate Sca l e  Company 





HYDROCLONE PERFORMANCE IN THE PDU SYSTEM 

Previous work demonstrated th'at improved y i e l d  s t r u c t u r e  and con- 
vers ion could be a t t a i n e d  when the feed coal s l u r r y i n g  o i l  con- 
t a ined  residuum ins t ead  of being a l l  d i s t i l l a t e .  However, i t  was 
a l s o  known t h a t  an excess ive ly  high s o l i d s  con ten t  i n  t h e  r e a c t o r  
was i n t o l e r a b l e .  HRI, a s  p a r t  of the Phase I H-Coal p r o j e c t ,  in- 
ve s t i ga t ed  var ious methods t o  s e p a r a t e  ash and unreacted coal from 
the non-d i s t i l l ab l e  r e s idua l  o i l  before  i t  i s  recyc led .  

Fi 1 t r a t i o n  had worked succes s fu l ly  i n  bench u n i t  tests, but  econo- 
mic cons idera t ions  d i c t a t e d  t h a t  another  method be found. A 
l og i ca l  candida te  f o r  this s e r v i c e  was the hydroclone because of i ts  
a b i l i t y  t o  func t ion  continuously; l a ck  of moving parts and t h e  f a c t  
t h a t  f a b r i c a t i o n  f o r  high teinperature was poss ib le .  I n i t i a l  tests 
ind ica ted  t h a t  hydroclones could, i n  f a c t ,  do t h e  job,  but  t h a t  t h e  
commercial.ly-available hydroclones su f f e r ed  from excess ive  e ros ion  
suscept i  b i l  i ty .  

A test loop was u t i l i z e d  t o  s tudy hydroclone ope ra t i on  under con- 
t r o l  led condi t ions  and, with the information gained,  t h e  hydroclones 
were placed i n  continuous s e r v i c e  i n  the PDU system. Based on t h e s e  
tests we concluded t h a t  hydroclones a r e  a simple,  re1 i a b l e ,  c o s t -  
e f f e c t i v e  method of achieving s a t i s f a c t o r y  residuum recyc le .  

Hydroclones have achieved excel 1 e n t  eTf i c i  enci es i n  a1 1 seven PDU 
ope ra t i ons  i n  which  they have seen se rv i ce .  These runs used, 
var ious ly ,  I l l i n o i s ,  Kentucky and Wyodak coa l s .  Highl ights  a f  
severa l  of  t he se  runs a r e  presented here t o  demonstrate the q u a l i t y  
of hydroclone s e r v i c e  i n  opera t ions  using t h e s e  s eve ra l  d i f f e r e n t  
coal feeds.  

ILLINOIS NO. 6 COAL - PDU R U N  4 - SYNCRUDE MODE 

A s i n g l e ,  ceramic-lined hydroclone was i n  s e r v i c e  f o r  a l l  of  PDU Run 4,  
which was a major improvement over t h e  one-day l i f e  i n i t i a l l y  obtained.  
In add i t i on ,  da ta  were obtained on t h e  combination of v i s c o s i t y  and 
flow r a t e  required t o  g ive  the optimum performance i n  terms of capac i ty  
and e f f ic iency .  The o b j e c t i v e  of  this was t o  minimize the number of 
p a r a l l e l  u n i t s  i n  t h e  P i l o t  P lan t .  

Operation began w i t h  f u l l  use o f  hydroclone overhead r ecyc l e ,  a t  a 
c a t a l y s t  age of about  300 oounds coal per pound c a t a l y s t  and the y i e l d  



of t o t a l  d i s t i l l a t e s  decreased from about  54 W % of dry coal t o  
about  43% of dry coal a s  a c a t a l y s t  age of 1500 pounds coal/pound 
c a t a l y s t  was approached. The downward Zrend c l e a r l y  moderated 
towards the end of  t h e  run and was mostly a r e f l e c t i o n  of the 
y i e l d  of Cq-400°F naphtha decreasing from about  32 W % of dry  
coal  t o  23 W % of dry coa l .  There was a more moderate decrease  
i n  t h e  y i e l d  of  400-97S°F d i s t i l l a t e s ,  from about  22 W % of d ry  
coa l  t o  20 W % of  d ry  coal . 

ILLINOIS NO. 6 COAL - PDU RUN 8 - DUAL MODE 

PDU 8 s u c c e s s f u l l y  operated i n  two modes w i t h  no i n t e r r u p t i o n  
during t r a n s i t i o n .  The first phase of the run operated i n  a 
f u e l  o i l  mode t o  produce hydroclone underflow. Forty drums of 
this mater ia l  were manufactured f o r  f u r t h e r  t e s t s  designed t o  
e s t a b l i s h  the most f avo rab l e  P i l o t  P l a n t  opera t ing  condi t ions  f o r  
t h e  so lven t  p r e c i p i t a t i o n  system. 

KENTUCKY COAL - PDU RUN 9 - SYNCRUDE MODE 

In  order  t o  i n v e s t i g a t e  t h e  so l  i d s  s epa ra t i on  in  the' hydroclone, 
samples of  hydroclone underflow and averflow were compared f o r  ash 
and dimethylformamide (DMF) i n so lub le s .  Exhib i t  H - 1  shows the ana lys i s  
a r d  the r a t i o s  f o r  f i v e  per iods  o f  PDU Run 9. The DMF inso lub le s  
t o  ash r a t i o  i s  h igher  by 30% i n  t h e  overflow than t h e  underflow. 
This  may i n d i c a t e  a n  advantageous s e l e c t i v e  s epa ra t i on  i n  the 
hydroclone wi th  higher  carbonaceous i n so lub le s  t o  ash r a t i o  i n  the 
overflow recyc l  ing back t o  the s l u r r y  mix tank than i n  t h e  under- 
flow going t o  the vacuum bottoms product.  

WYOOAK COAL - PDU RUN 10 - SYNCRUDE MODE 

Separa t ion  e f f i c i e n c i e s  were very good, averaging 31.6% f o r  the 
e n t i r e  run a s  i l l u s t r a t e d  i n  Exhib i t  H-2. Flow condi t ions  were such 
t h a t  a p r e s su re  drop of 65 t o  70 ps i  was maintained between the feed 
and overflow and a t  50 t o  60 psi between the feed and underflow. 
Feed r a t e  t o  the hydroclone system was about  0.9 gpm, which r e s u l t e d  
i n  about  15% of  t h t  ~ v e r f l o w  being recycled t o  the feed f o r  s i n g l e  



hydroclone operation. The feed t o  the hydroclone system contained 
about 17% recycled atmospheric s t i l l  botzoms and 16% recycled 
vacuum s t i l l  overhead. These ASB's and VSO's were added to  reduce 
viscosity and sol ids concentra,tion of the hydroclone feed and 
bring the hydroclone closer to maximum capacity to a t ta in  higher 
efficiency. The operating temperature was 470 to 490°F. 

Hydroc l one Parti cl e Anal ysi s 

Hydrocl one f 1 ow sampl es (feed, overflow, underf 1 ow) were analyzed 
from Periods 78, 218, 268, 308, and 338. Each sample, i n  a suitable 
solvent such as toluene, was placed i n  a par t ic le  analyzer and kept 
in suspension by constant s t i r r ing .  A laser beam shone thrn~igh the 
sample and the deflection patterns were correlated w i t h  par t ic le  s ize.  
The analyzer gives the following data: 

1. Micron s izedis t r ibut ion ,  

2. Surface area (mZ/cm3), 

3. Volume, mean diameter (microns), 

4. 90% sma 11 er  (microns ) , 

5 .  SOX smaller (microns), and 

6. 10% smaller (microns). 

The data clearly showed that the hydroclone s p l i t s  the lprger feed 
particles to the underflow. For no overflow sample were particles 
reported greater than 7.8 microns, while i n  the underflow, particles 
up to a t  leas t  44 microns were reported i n  each case, save one 
(-31 microns) i n  Period 218. 



EXHIBIT H-1 

DMF INSOLUBLES TO ASH RATIOS FOR HYDROCLONE 
OVERFLOW AND UNDERFLOW ON PDU 9 

Ratio 
DMF Ratio I/A Overflow 

Sampl e Period Ins01 ubl es - Ash - I / A  I/A Underflow 

Overfl ow 

Undetfl ow 

Overfl ow 

Underfl ow 

Overflow 

Underfl ow 

Overfl ow 

Underfl ow 

Ovetfl ow 

Underfl ow 



EXHIBIT H-2 

HYOROCL.ONE EFFICIENCY FOR POU-10 
rn PTO 691 HYDROCLONE E F F I C I E N C Y  (BASED ON HOF ASH). % 

PERIOO NO. 



HYDROCLONE TEST LOOP 

DESCRIPTION 

The hydroclone test  loop cons i s t ed  of a 55-gallon a g i t a t e d  feed 
drum with a steam hea t ing  c o i l ,  a v a r i a b l e  speed gear  type  pump, 
an e l e c t r i c a l  p r ehea t e r ,  and a 'hydroclone u n i t .  Connections 
were a l l  1/2-inch s t e e l  p ipe  (see Exhib i t  H-3). Sample taps  were 
l o c a t ~ d  a t  the pump d i scha rge  f o r  ob ta in ing  feed samples and a t  
the o u t l e t s  o f  t h e  hydroclone fo r  ob ta in ing  overflaw and urrcler~ 

- 

flow samples. P re s su re  gauges were loca ted  a t  t h e  pump d ischarge  
and a t  t h e  hydroclone i n l e t  and o u t l e t .  Skin temperature thermo- 
couples were used t o  measure f l u i d  temperatures .  The prehea te r  
s ec t i on  cons i s t ed  of three-and-one-hal f 1 oops of  1/2-i  nch 
Schedule 8 0  steel p i p e  having a t o t a l  l ength  of 27 f eed .  I t  was 
wrapped w i t h  about  200 f e e t  of heat ing wire.  All l i q u i d  l i n e s  
were e l e c t r i c a l l y  heated t o  avoid plugs.  The pumps used were 
either a Model 4GA Worthington gear  pump w i t h  v a r i a b l e  speed 
d r i v e  br a Model 44 Bump-Ulrich p o s i t i v e  displacement type pump 
a l s o  w i t h  v a r i a b l e  speed d r i v e .  

The hydroclone was a 10-mm i n t e r n a l  diameter type  A Dorr-Oliver 
"Doxi e" impurj t y  s epa ra to r  wi th  a 0.099- inch diameter overflow 
o r i f i c e  and a 0.09375-inch diameter underflow o r i f i c e  (see Exhib i t  
H-4). The Doxie was designed f o r  about  1.2 gpm 1 iquid feed a t  80 

' psi d i f f e r e n t i a l  pressure.  

OPERATION 

Based on previous u n s a t i s f a c t o r y  wear experience w i t h  s tandard  
Doxies made of  type  316 s t a i n l e s s  steel and having an average 
1 i f e  of only about  one day a t  r a t e d  capac i ty ,  the worn u n i t s  were 
r e b u i l t  using i n t e r n a l  hard sur fac ing .  A l a y e r  approximately 
0-006-inch t h i c k  of  chromium was p la ted  on the en t rance  vor tex  
a r e a  and the a r e a  was then b u i l t  up w i t h  s t e l l i t e  and machined t o  
t h e  o r i g i n a l  dimension using t h e  el ec t ro-s ta  t i c -d i s cha rge  
machining technique. The hydroclone system i s  d e t a i l e d  i n  Figure 
58. 

The modi f ica t ions  d i d  not  adverse ly  a f f e c t  t he  s epa ra t i on  e f f i -  
ciency of  t h e  Doxies; however, a change i n  t h e  o u t l e t  f low s p l i t  
between the overflow and underflow streams was noted on the 
s t e l  1 i t ed  Doxies s i n c e  ~ n e  r e b  ui 1 t u n i t s  had en1 arged underflow 



o r i f i c e s  from previous use. Data from loop tests of new Doxie 
hydroclones a r e  presented i n  Exhib i t  H-5. Data from tests on 
rebui  1 t hydroclones a r e  presented i n  Exhibi t  H-6. 

An al l -ceramic hydroclone made by Hey1 & Pa t t e r son  a l s o  was t e s t e d .  
I t  was unsuccessful because of  excess ive  plugging of t h e  o r i f  i c e s  
(0.060-inch diameter)  and because of a 40 ps i  d i f f e r e n t i a l  p r e s su re  
1 imi t a t i on  which was i n s u f f i c i e n t  f o r  this appl i c a t i o n .  

Liquid fnr the loop tests was taken from t h e  PDU during a pcr iod 
when r e a c t o r  1 iquid was being taken overhead and t h e  r e a c t o r  
f lushed  with hydrogenated anthraceme and No. 2 fue l  o i l s .  Th i s  
was done t o  ob ta in  a s u f f i c i e n t l y  low v i s c o s i t y .  So l id s  l e v e l s  of 
the test loop feed were ad jus t ed  by add i t i on  of high s o l i d s  vacuum 
bottoms product. 

Separat ion e f f i c i e n c i e s ,  def ined a s  100 ( 1  - % Ash i n  Overflow)/ 
% Ash i n  Feed var ied  from about  78% f o r  d i l u e n t  f eed  (1.1% ash)  a t  

1 
424OF t o  7 .5% f o r  feeds  conta in ing  7.58% ash a t  398OF. As would 
be expected, increas ing  feed  temperature (which  decreases  v i s c o s i t y )  
fncreased separa t ion  e f f i c i e n c y .  Resul t s  showed a rough c o r r e l a t i o n  . 
between v i s c o s i t y  and hydrocl one s epa ra t i on  e f f i c i e n c y  . . 

y .  

Separa t ion  e f f i c i ency  a s  a func t ion  o f  p ressure  drop (D/P) ac ros s  
t h e  hydroclone a l s o  was determined f o r  a feed conta in ing  2.48 to'..  ,>. 

3.02 W % ash.  Increas ing  t h e  D/P f r m . 3 0  t o  60 ps i  increased #&,. ' . - .:7l 
, . ..,> e f f i c i e n c y  from about  36% t o  about  65%. . ?  3 . 
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TESTS ON NEW DOXiE HYDROCLONES USING TEST LOOP 

, 

Mater ia l  BalancC 
% Ash By Analysis' 

W % Ash 
Doxie Temp.@ i n  I n  i n  Sepa sa t I on i n  Underflow/ % % 

Time Date AP Doxie Feed Overflow Underflow 11-8 0% F)100 W % Ash i n  Feed Overflow Underflow ----- 



TESTS ON RESURFACED DOXIES USING TEST LOOP 

% Ash % Overflow 

Date Doxle Temp.@ I n  i n  i n  Separa t Ion 
Tine 1975 AP Doxle Feed Overflow Underflow I O O  ( 1 - A - l ~ ~ )  ~ a l s u i a t c d  Weight --- - 

* By Analysis 

% Underflow 

Lbs/ 
Calculated* Welght - Hour 

41.8 51 452 



PDU HYDROCLONE SYSTEM CONFIGURATION 

DESCRIPTION 

This sys tem, i l lus t r a t ed  i n  Exhibi t  H-7, consisted of a Durco 
cent r i fugal  feed pump, a feed preheating lead box, a feed s t r a i n e r ,  
two Doxie hydroclones connected i n  para1 1 el  , two s torage  vesse ls  
f o r  overflow and underflow l iqu id  streams, and an overflow l i ~ u i d  
meter. This equipment was a l l  incorporated in to  the  PDU process 
system. 

I 

Feed material  t o  the Durco pump consisted of f lashed reactor  l iqu id  
from a f l a s h  drum, d i lu ted  w i t h  a metered stream of vacuum s t i l l  
overhead l i q u i d ,  and a metered stream of atmospheric s t i l l  bottoms 
l iquid.  About 30 gpm of this feed l iqu id  was recycled from the 
feed pump discharge t o  the pump suct ion ,  and about one gpm was d i s -  
charged a t  about 110 psig t o  the  12 KW lead box preheater  through 
a 40 mesh p ipe l ine  s t r a i n e r  and then fed t o  one of the hydroclones. 

Both the overflow and underflow streams were s e n t  t o  holding tanks - 
to  r egu la te  the overflow and underflow pressures.  This control  1 ed 
the  s p l i t  between the streams. Both tanks were equipped w i t h  
pressure and 1 eve1 recordi ng control  instruments . Surface thermo- 
couples were used t o  measure f l u i d  temperatures. Automatic tem- 
perature control  1 e r s  maintained set temperatures of a1 1 e l e c t r i c a l l y -  
heated pipes and tanks. A 24-point recorder was used t o  record 
temperatures. The overflow from the  hydroclone u l  t imately passed 
through a flow meter and then t o  the  co i l -o i l  s l u r r y  mix tank. 
The underflow was s e n t  t o  the vacuum s t i l l .  

Two hydroclone system runs were made during PDU Run 130-72 (E igh th .  
Shakedown Run) f o r  86 hours and 121 hours, respect ive ly  (Exhibit  H-8). 
From t h e  appearance of the  hydroclones and the  separat ion ef f ic iency 
obtained, the 1 i f e  expectancy was expected t o  be about 121 hours 
before replacement was needed. 

A Durco cent r i fugal  pump, operat ing a t  3500 rpm, was used a s  the  
feed pump, and a . s t eady  discharge pressure of about 15 t o  20 psig 
was maintained f o r  the  207 hours of hydroclone operat ion.  Some 
wear on the  pump impellor was observ ed, but  . , was not enough t o  



noticeably a f f e c t  the pump performance. The welded pump pa r t s  
were Durco 100 metal, a hard, high-chrome s t a i n l e s s  steel. 

The percent ash i n  the feed stream varied between about 5.7 and 
8.2 (by material balance ca lcu la t ions) .  Ash separation e f f ic ien-  
c i e s  varied from about 29% to  about 53%. but averaged about 34%. 
The eff ic iency data s c a t t e r  was probably due t o  the kinds of 
samples taken, i.e., spot  samples instead of composite samples. 
The pressure drop across t he  Doxie hydroclones was steady. The 
range o f  the data masked any car re la t ion  betwen pressure drop, 
temperature, feed viscos i ty  and eff ic iency.  The higher average 
D/P (7 ps i )  and the  higher average temperature (17'F) may have 
resul ted i n  a small (3.3%) increase i n  separation eff ic iency i n  
Periods 9A to- 14A over t h a t  f o r  Periods 38 t o  68. 

~ i ~ u i d  v i s cos i t i e s  f o r  t h i s  run were measured with a Brookfield 
viscosimeter using an LVT No. 18 spindle  a t  30 rpn. Viscosi t i e s  
were measured fo r  three samples (ash contents of 4.33%, 8.24% and 
10.28%) a t  th ree  temperatures, 350, 400 and 450°F), and extra- 
polated fo r  other  concentrations and temperatures. 

The worn par t s  of the Oumo feed pump. impellor were resurfaced 
w i t h  tungsten-carbide t o  reduce erosion. To provide fo r  cont i -  

. nu i ty  of operation, an on-line, spare  Durco pump wqs ins ta l led .  

Composite samples of hydroclone 1 iquid feed, overflow and under- 
flow streams were taken i n  an attempt to reduce i r r e g u l a r i t i e s  
i n  the  data. 

A Dorr-01 ive r  Model TIC-4 Dorrclone assembly containing one 
metal-jacketed ceramic hydroclone, designed f o r  use a t  high tem- 
perature and up to 80 ps i  pressure d i f f e r e n t i a l ,  was tes ted on 
the PDU. This type of hydroclone operated fo r  about f i v e  days 
the first time i t  was used. Subsequently a s ing le ,  ceramic - 
hydroclone was i n  operation throughout PDU Run 4. Measured wear 
was minimal - 0.009" i n  the underflow o r i f i c e ,  0.001-inch i n  the 
overflow o r i f i ce ,  none i n  the i n l e t ,  and a s l i g h t  groove on the 
tangential  wall of t he  hydroclone. 

Based on these r e s u l t s  we concluded t h a t  hydroclones present a 
simple, r e l i ab l e ,  cost-effect ive way t o  achieve residuum recycle.  





HDYRWLONES SVSTEH TESTS 

I Z Separat Ion 
Brookf i e l d  Ash Content Flow, Pownds/Hour - ,  E f f  lc iency 

A P  Temp. V iscos i ty  Feed By Analysis % 100 
Per iod psi - "F Extrapolated Calculated Overflow Underflow Overflow Underflow Overflow (1-8 A,/% A ~ )  

38-60 
I 

Average 64 ,462 

9A-  14A 
Average 71 479 

Note: Periods 18-60 - 86 tlours Running Time on One ' s te l  l l ted ' ~ o x i e . ' ~ ~ d r o c l o n e  
Perlods 9A-14A- I21 Hours Running Time on One S t e l l  l t ed  Doxle Hydroclone 



- PILOT PLANT HYDROCLONE PERFORMANCE 

RUN 5 - 
A sus ta ined opera t ion with a bank of 30 hydroclones was c a r r i e d  ou t  
i n  l a t e  1980. 

Exhibits  H-9 and H-10 present  a measure o t  t2le hydraclone e f f i c i e n c i e s  
achieved. Although t h e r e  i s  some s c a t t e r  i n  the  da ta ,  i t  appears t h a t  
the ta rge ted  hydrocl.one e f f i c i ency  of a t  l e a s t  40 percent can be 
achieved. 

R U N  6 - 
A bank of  60 hydroclones was used throughout Run 6. The run began with 
'E' bank, and then switched t o  t h e  ' D l  bank. Operations continued 
f o r  27 days when a switch was made t o  t h e  'C' bank., which was used f o r  
t h e  remainder of t h e  run. The data  f o r  ' C '  bank performance only is 
given, because during t h i s  time a spec ia l  e f f o r t  was being made t o  main- 
t a i n  adequate f low t o  t h e  hydroclones. A hydroclone e f f i c i ency  s l i g h t l y  
over 30 percent  was obtained f o r  the  first severa l  days and then gradu- 
a l l y  dropped. 

The qradual drop-off i n  e f f i c i ency  may have been caused by overs ize  
p a r t i c l e s  g e t t i n g  trapped i n  some of the hydroc lones. Slrice t h e  hydro- 
clone underflow o r i f i c e  is  smal ler  than the overflow o r i f i c e *  any over- 

- s i z e  p a r t i c l e s  would tend t o  plug a t  the underflow o r i f i c e ,  f i l l i n g  the  
hydroclone w i t h  s o l i d s .  The feed near the top of the hydroclone would 
then pass o u t  with t h e  overflow contaminating the r e s t  of overflow from 
those  hydroclones which a r e  working properly. 

F i l t e r s  a r e  i n s t a l l e d  upstream t o  prevent overs ize  mater ia l  from g e t t i n g  
t o  the  hydroclones but  these f i l t e r s  a r e  located a t  about 150 feet - f rom 
t h e  hydroclones. Since  overs ize  material  coat ing t h e  wal ls  of this l i n e  
could have been f l ak ing  o f f  and enter ing the  hydroclones, i n s t a l  l a t i  on 
of addi t ional  f i l t e r s  r i g h t  a t  t h e  hydroclones o r  moving t h e  present  
f i  1 t e r s  nearer  would probably solve the  problem. 



During inspection a f t e r  shutdown we found t h a t  the m e t a l l i c  s h e l l  around 
a number of ceramic hydroclones i n  ' D '  bank had corroded. This metal 
s h e l l  is  made of beryl1 ium and copper, and the  corrosion is  believed 
t o  be s u l f u r  corrosion. We a r e  purchasing Dorr-Oliver hydroclones w i t h  
nickel coating. We a l s o  found t h a t  some of the vortex f i n d e r s  i n  t h e  
hydroclones, which a r e  made of tungsten carbide,  were eroded i n  ' D '  
bank. These will be replace  w i t h  ceramic vortex f inders .  

None of these problems were found in  'C' o r  ' E '  banks. However, ' E l  

bank was only used f o r  about nine days, the ' C '  bank f o r  about t en  
days, and t h e  ' D l  bank had been used f o r  about twenty-seven days. 



Date - Time - 
Feed 

S 3 Solids m 

* E f f i c i e n c y .  1 - (1  - xp) KO 

(1  - x0) Xf  

Where 

HY DROCLONE PERFORMANCE 

Overflow 
% Solids - L Ash 

Pressure 
% Efflclency* D l  f fe rent ia l  Hydroclone 
Solids Ash - - psi Temp, OF 

xf = weight fraction solids i n  feed 
xo = weight fraction solids i n  overflow 



DATE - 

HVDROCLONE PERFORMANCE 

HOURS FEED OVERFLOW X EFEIC1 ENCV S W L E  
HOUR ONSTREAH % ASH I SOL I DS ASH -- SOLIDS TEMP. , OF - POINT - 

ETT 

8.3 13.7 53.2 57.1 
8.1 12.8 54.5 60.4 

AYG. ,m 

- -. 

12.6 -- 48.6 -- 
AVG. 

5/14 0926 -- -- 35 20.3 27.3 1O;O 14.25 56.4 55.8 6 18 
9.7 13.93 57.8 56.9 

AVG. 

overall' 
D 



HY DROCLONE PERFORMANCE 

HOURS 
DATE HOUR ONSTAEAH - - m 

FEED OVERFLOV X EFFICIENCY SWPLE 
3-SllLlbS - 3 - ASH X SOLIDS -- ASH SOLIOS TEMP,,OF - POINT 

8.3 13.7 53.2 57.1 
8.1 12.8 54.5 60.4 

AVG. 53.8 sm . 
519 1755 27 30 -- 21.9 -- 13.5 -- 44.4 -- 572 B + c '  

11.5 --. 51.8 -- B 
12.6 -- , 40.6 -- C 

AVG. 
1 

5/10 0235 3 3 3 8 - -  21.0 -- 10.2 -- 57.3 634 B + C  
10.7 -- 54.1 C 

AVG. 5557 

6 18 5/14 0926 -- -- 35 20.3 27.3 10.0 14.25 56.4 55.8 Overall  
9.7 13.93 57.8 56.9 D 

AVG. 57,1 



HY OROCLONE PERFOWNCE 

HWRS FEED OVERFLOW % EFFICIENCY SAHPLE 
DATE ONSTREAH 3 ASH X - SOL IDS' - % ASH % SOLIDS -- ASH- SOL I B TEMP. , OF POINT - -nT . 

8.3 13.7 53.2 57.1 
8.1 12.8 54.5 60.4 

AVG. . 

$12.6 -- 48.6 
AVG. 

10.7 -- 54.1 
AVG. 

5/14 0926 -- -- 35 20..3 27.3 10.0 14.25 56.4 55.8 
9.7 13.93 57.8 56.9 

AVG. 

Overall 
0 



HY DROCLONE PERFORMANCE 

HOURS FEED OVERFLOW X EFFICIENCY 
DATE HOUR ONSTREAH - - nmi3mms - % ASH X SOLIDS - D &2&!2 TEHP,, O F  

?n-T 
SAHPLE 
POINT - 

?I9 1015 19 22 -- 16.2 27.0 8.3 13.7 53.2 57.1 570 B + C  
8.1 12.8 54.5 60.4 C 

AVG. m , m  . 
13.5 -- 44.4 -- 
11.5 -- 51.8 -- 
12.6 -- 48.6 -- 

AVG. a8;.3 

5/10 0235 33 38 -- 21.0 -- 10.2 -- 57.3 
10.7 -- 54.1 

AVG. 

5/14 0926 -- -- 35 20.3 27.3 10.0 14.25 56.4 55.8 6 18 Overall 
9.7 13.93 57.8 56.9 D 

AVG. 57,1 



HY OROCLONE PERFORMANCE 

HOURS FEED OVERFLOU X EFFICIENCY SAMPLE 
DATE HOUR ONSTREAH 3 ASH X SOLI~S - n g  S _ I _ _  ASH TEHP.,oF - POINT - LI r € l 5 -  - 

8.3  13.7 53.2 57.1 570 B + C  
8 .1  12.8 54.5 60.4 C 

AVG. , .. 

5/9 1755 27 30 -- 21.9 -- 13.5 -- 44.4 -- .572 B + C  
11.5 -- - 51.8 -- B 
12.6 -- . 48.6 -- C 

. AVG. 4815 

5/10 0235 33 38 -- 21.0 -- 10.2 -- 57.3 
10i7 -- 54.1 

AVG. 

5/14 0926 -- -- 35 20.1 27.3 10.0 14.25 56.4 55.8 6 18 Overall 
9.7 13.93 57.8 '56.9 D 

AVG. 



DATE - HOUR - 

HY DROCLONE PERFORMANCE 

* I 

HOURS FEED OVERFLOU X EFFICIENCY 
ONSTREAM 3 ASH % SOLIB - X ASH X SOLIDS ' P m  
BCD - -- 

12.8 54.5 60.4 
AVG. ,m . 

SAHPLE 
TEMP., OF - POI HT 

12.6 -- 48.6 -- 
AVG. aS.5 

10.7 -- 54.1 
AVG. 

5/14 0926 -- -- 35 20.3 27.3 10.0 14.25 56.4 . 55.8 6 18 Overa l l  
9.7 13.93 57.8 56.9 0 .  

AVG. 5bT5 



HOURS 

MY DROCLONE PERFORMANCE 

FEED 

519 1755 27 30 -- 21.9 -- 13.5 -- 44.4 -- 572 B + C  
11.5 -- 51.8 -- B 
12.6 -- 48.6 -- C 

AVG. 18.5 

5/10 0235 33 38 -- 21.0 -- 10.2 -- 57.3 634 B + C  
10.7 -- 54.1 C 

AVG. 

Overall 
D 



APPENDIX 

PDU OPERATIONS 

VARIOUS COAL TYPES 



Dates of 
Run No. Operation 

130-36 3/4-4/2/66 

13063 4/124/19 and 
5/11-5/20/73 

130-64 6/27-10/23/73 

Run Length 
Hours Feed Material 

I l l i n o i s  No. 6 Coal 
River King Mfne 
Bituminious 

347 I l l i n o i s  No. 6 Coal ' 
Man,terey Mfne 
B i tMli nous 

301 I l l i n o i s  No. 6 Coal 
River King Mine 
8 i'tuminous 

Program Sponsorship 

Of f ice o f  Coal Research 
U S .  Dept. o f  I n te r i o r  
Contract 1461-001-477 

1,046 Wyodak Mine Coal 
Subb i tun~ i  nous 

I l l i n o i s  No. 6 Coal 
Burning Star Mine 
B i  tumi nous 

EROA - Industry , 
Contract - . 
EX-76-C-01-1544 

Jo in t  Part ic ipat ion - . 
Industr ia l  Consotti urn " 

i 
b 
C,. 
g- 8 - -. ,2-c . . . . -' -L . .- . . - 8 8 ,  



Dates o f  
~ u n  No. Operation 
150-76 2--7'6 

Run Length 
Hours Feed Materi a1 

-475 n i i n o i s ~ o . 6 c o a i  
Burning Star Mine 
B i  tuminous . 

Program Sponsorstiip 
KDA - Industry 

Contract 
EX-764-01-1544 

German Coal 
B i  tumi nous 

Ruhrkohl e A.G. 
Essen, West Germany 

I l l i n o i s  No. 6 Coal 
Burning Star Mine 
B i tumi nous 

DOE - Industry 
Contract: 
EX-772-01-2547 

Wyodak Mine Coal 
B i  tuminous 

I l l i n o i s  No. 6 Coal 
Burni ng Star Mine 
B i tumi nous 

Kentucky No. 11 Coal 
8 i tumi nous 

C l  i e n t  Southern Hemi sphere 
Coal 

Wyodak Mine Coal 
Subbi tuminous 

DOE - Industry 
Contract: 
DE -AC05-77ET-10152 

130-94 10112-11/6/80 
and 

11/12-12/2/00 

Southern Hemisphere 
Coal 

C l  i e n t  
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SULPHUR TOLERANT SHIFT CATALYST 

. ,.. . ,+...,,- ., 

TYPE SSK 

TOPS@€ sulphur resistant shift catalyst type SSK has a high and stable activity for conversion of 
carbon monoxide in sulphur containing gases. It can be used in the temperature range from below 
200°C to 47S°C, which means that SSK is a HTS as well as a LTS catalyst. 

' I 

In order to maintain its activity, SSK requires a certain minimum of sulphur in the feed gas. This 
minimum, which depends on the operating conditions, is above the sulphur level in process gas 
produced by conventional steam reforming. 

The SSK catalyst is suitable for plants based on partial oxidation of heavy oil or coal. Due to the high 
activity and the.wide temperature range in which SSK can be used, it offers several advantagesfor 
ammonia, hydrogen, and SNG plants: 

High conversion per catalyst bed due to the possibility of operating at a low inlet tempera- 
ture. .. . 

. ,  . 
. . ,, 

Low CO content in exit gas due to high activity at low temperatures. In ammonia and 
hydrogen plants, it is possible to lower the CO content to a level where purification by 
methanation becomes economically attractive. 
In existing plants operating wSth conventional HTS catalyst it is possible to lower the CO 
leakage corresponding to an increase In production rate of 3-5%. 

Low steam consumption. Due to the high activity at low temperatures, it is possible to 
nperate at a low steam to dry gas ratio and still obtain a reasonably low CO content in the 
exit gas. 

The optimal process lay-out with SSK catalyst will depend on the individual plant. 

PHYSICAL PROPERTIES 

SSK catalyst is normally delivered in the form of spheres. 

Catalyst size 
Bulk density 

Other sizes and shapes can be supplied upon customer's request. 



CATALYST POISONS 

No catalyst poisons are known for SSK. Chlorine, which for conventional LTS catalyst is a very 
serious poison, does not harm SSK catalyst. Industrially, a chlorine content of up to 100 ppm in feed 
gas to a reactor operating with SSK catalyst has been experienced. 

Since SSK catalyst requires sulphur in order to maintain its activity, sulphur is of course no poison. 
In most cases, the sulphur content in feed gas is in the range from 10 ppm to 3%. 

Carbonyl sulphide present in the feed gas will be converted according to the reaction: 

COS + H20 s H2S + COz 

The COS concentration in exit gas will be close to the chemical equilibrium at the exit temperature. 

CATALYST ACTIVATION 

SSK catalyst is delivered in the oxidized form. For activation of SSK catalyst, a Hz and H2S 
containing gas is required. During shut-down, the catalyst is kept in the active state. At ambient 
temperature, the activated SSK is stable in air, which means that no oxidation and re-reduction is 
required in  case the reactor has to be opened during shut-down. 

NORMAL OPERATION 

SSK can be used in the temperature range from below 200°C up to 475°C. The minimum inlet 
temperature, however, is often determined by the dew point of the gas in that an inlet temperature of 
30°C above the dew point is required to avoid pore condensation. 

In order to maintain its high activity, SSK requires a certain minimum content of sulphur in the 
process gas. This minimum depends mainly on the operating temperature in such a way that at 
higher temperatures, a higher sulphur content is required. 

In plants based on partial oxidation of heavy oil, the CO content in process gas will typically be 47% 
(dry). In such plants, inlet temperature to SSK catalyst will normally be in the range 230-270°C 
(dependent on the dew point of the gas) giving a CO conversion across a single bed from 47% (dry) 
to 3 4 %  (dry). The CO leakage obtainable exit the last SSK bed is from 0.2% to 1 % (dry) depending 
on the steamldry gas ratio and on the number of beds. 

April, 1980 



A New TO 1 

Two new process steps representing a marked advance in process schemes for 
the manufacture of ammonia from fuel oil or coal have recent& been intro- 
duced by TOPSgE - the SSK sulphur-tolerant highllow temperature shift 
conversion unit and the Series 200 ammonia vnthesis loop. . - 

:& 
The introduction of these new process steps, which are now proven in indus- 
trial operation has signflcantly improved the economy and efficieng of the 
overaN ammonia from. coal or oil process scheme. With fuel oil as the 
feedstock, the new process scheme is shown in Figure I and is described in 
the following. 

Overall Process 
Scheme 
Fuel oil and recycled soot slurry 
are reacted in a partial oxidation 
unit (licensed by others) at say 
80 kg/cm2g with steam and 
enriched air containing 43% 
oxygen. The resulting gas is 
cooled in a boiler producing 
high pressure steam at 115 kg1 
cm2g. The gas passes a water 
scrubbing unit for removal of 
soot and then enters the Topsee 
sulphur-tolerant shift unit. 
In the shift converter the gas is 
reacted over three catalyst beds 
containing SSK catalyst and 
operating at temperatures be- 
tween 240°C and 440°C, there- 
by reducing in one step the CO- 

content from say 45 vol% to less 
than 0.5 vol% on a dry gas basis. 
No less than 90% of the heat of 
the shift reaction is available for 
HP boiler feed water preheating. 
After shift conversion the gas 
passes a sour gas removal unit, 
in which C02 and H2S -together 
with a few ppm of COS - are 
removed. This process can be 
one of several conventional pro- 
cesses. In Figure 1 we have used 
a physical absorption process, 
which will give the best overall 
energy efficiency. The gas then 
goes via an inletleffluent heat 
exchanger to a conventional 
methanation unit and through a 

water cooler to compression. 
The compression takes place in 
a steam turbine driven, single- 
stage turbo compressor deliver- 
ing the make-up gas at 160 kg1 
cm2g. 
The synthesis section is the 
Topsse loop with the radial flow 

% pe Series 200 converter. More 
an 90% of the heat of the syn- 

thesis reaction is converted into 
high pressure steam. For energy 
efficiency reasons a purge gas 
stream may go to a cryogenic 
recovery unit, from which hy- 
drogen is recycled. 



Figure 1: New Topsee Process Scheme 

Flow diagrams and process de- 
scriptions are given in Figure 2 
for two classical and widely used 
process schemes. One process 
scheme includes gasification 
with subsequent steam produc- 
tion and H2S removal upstream 
of the shift unit, and the other 
scheme includes gasification fol- 
lowed by quench and a com- 
bined H2S/C0, removal down- 
stream of the shift unit. 
A comparison of the new Top- 
sae process scheme in Figure 1 
with the lay-outs in Figure 2 
shows the superiority of the 
scheme in the following points: 
- Uses more economical en- 

riched air instead of pure 
oxygen 

- Provides more efficient re- 
covery of latent heat in the 
effluent from the gasifier 

- Improves the recovery of 
heat released in the shift sec- 
tion 

- Reduces energy require- 
ments for C02 and H2S re- 
moval 

- Deletes the expensive low 
temperature nitrogen wash 
step 

- Takes full advantage of the 
energy-efficient Series 200 
system 

- Balances energy require- 
ments for compressors and 
other big machinery with 
energy recovered from the 
various process steps, cfr 
Figure 3. 

In the following summary, the 
individual process steps in the 
new Topsae scheme are dis- 
cussed: 

Figure 3: Steam Balance for High Pressure Steam (115 kglcm2g) 

') 3 MTlh is extracted at 40 kglcmzg for use in the purge gas recovery section. Remaining 
amount Is condensed. 

Consumption- 
MT/ h 

15.9 
143.4 

159.3 

- Process boilers 
- Auxiliary, boilers 
- Steam for process 
- Steam for turbines*) 

Balance 

Production 
MT/ h 

122.3 
37.0 

159.3 



Gasification 
The partial oxidation process 
has been used for many years in 
the manufacture of ammonia 
and synthesis gases. The two 
foremost processes are the 
Shell process and the Texaco 
process (Figure 2). Both pro- 
cess licensors have wide expe- 
rience in the operation of gasi- 
fiers at high pressure. . * 

Sulphur Tblerant 
Shift Conversion 
The shift conversion unit uses 
the highly active sulphur toler- 
ant shift catalyst SSK which was 
invented by Exxon Research 
and Engineering Co. and devel- 
oped for commercial applica- 
tion by Topsee.The SSK catalyst 
features the following unique 
properties: 
- High activity in the presence 

of hydrogen sulphide at 
temperatures down to 200% 

- Stable activity within a wide 
range of conditions including 
temperatures up to 475% 

- Resistance to poisoning. No 
specific poisons to SSK are 
known 

- High mechanical strength 
even after many years of use 

Based on the unique properties 
of this catalyst and the industrial 
experience gained, Topsee will 
design a shift conversion unit 
adapted for each specific case 
and offering the optimum com- 
bination of the following op- 
tions: 

- High conversion of carbon 
monoxide. With proper 
choice of process variables, 
COconcentrations low 
enough to permit final clean 
up by methanation are easily 
obtained. 

- Significant reduction In 
steam oonsumptlon. The 
highly active catalyst makes 
it possible to take advantage 
of equilibrium at lower tem- 
peratures. This is favourable 
for CO conversion, meaning 
that low concentrations. can 
be achieved with much small- 

er amounts of steam than re- 
quired by any competing 
catalyst. 
Total security against over 
heating of reactor at 
changes in feed rate. Even 
for the most demanding 
cases, the maximum temper- 
ature can be kept below 
5oOOc. 
The process operates direct- 
ly on the raw gas as obtaln- 
ed from the soot removal 
system. It consists of a series 
of adiabatic catalyst beds 
with energy-efficient intor- 
bed cooling by high pressure 
steam production or boiler 
feed water preheating. 
High conversion of COS. The 
catalyst converts COS to the 
equilibrium concentration, 
which is lowest at low tern; 
peratures. 

Conventional Ammonia Plant with Texaco Gasification 

Process 
Scheme 
Oxygen from the air sepa- 

l# $€I- 
ration unit is reacted with 
preheated fuel oil and . + I 
steam in the Texaco gas- 
ifier. The gas leaving the 
gasifier is cooled by direct 
quench, and after passing anal 

crmCm 

a soot removal unit the gas WlD1D* 

enters the shift section. 
Downstream of the shift 
section H2S and COz-remo- 
vai takes place in a Red- 
sol unit. The remaining im- 
purities are removed from 
the raw systhesis gas in 
the nitrogen wash, and 
after adjustment of the hy- 
drogen to nitrogen ratio, 
the make-up gas is com- 
pressed and sent to the 
synthesis loop. 

I I 

Figure 2: Conventional Ammonia Plant with Shell Gasification 

Process 
Scheme 
Oxygen from the air sepa- 
ration unit is reacted with 
preheated fuel oil and mm * 
steam in the Shell gasifier. 
The gas leaving the gas- 
ifier is cooled in a high 
pressure waste heat boiler 
and further down to the 
dewpoint in asoot removal 
system. The sulphur re- 
moval takes place in a 
Rectisol orsulfinol unit fol- tam 
lowing the soot removal. 
After the sulphur removal 
the gas is sent to the shift 
section and on to the COr 
removal unit using the 

P S ~ O  

I. I 
Ib- p+ 

.f 
Rectisol process. The re- 
maining impurities are re- 
moved from the raw syn- 
thesis gas in the nitrogen E%m 

m*b- 
wash and after adjustment 
of the hydrogen to nitro- 
gen ratio, the make-up 
synthesis gas is compres- 
sed and sent to the syn- 

I thesis loop. 



Figure 4 illustrates the operation 
in the shift section of the new 
Topsee process for production 
of ammonia from fuel oil. The 
process operates at 75 kg/cm2g 
and a steamldry gas ratio of 0.80 
at inlet first bed. In a 3-bed sys- 
tem the CO-concentration in the 

Figure 4. Operating conditions for &bed shift unit with SSK. CAT. A 
(T,,,,,. - 360°C) and CAT. B (T,,, - 300°C) 

FEED H2 34.19 ~01% DRY 
N1 24.38 
M) 36.25 
C02 3.41 
At 0.83 
CH, 0.24 

H$ + CllS 0.70 
H201DRY 0.80 

DRY Yo CO 

dry gas is reduced from 36.25 to 
0.55 vol%. Figure 4 further illus- 
trates operation at the same 
conditions but with catalysts 
requiring higher operating tem- 
peratures. The possible CO- 
leakage and the equilibrium 
COS-concentration are: 

6 -  

5 -  

4 - 

3 - 

2 - 

1 - 

Catalyst Min. COS-concentration I Tmin% 1 CO-leakage I Vol. ppm, dry 

\ : 1st BED 
DEW POINT OF EOUIUBRATED GAS 

I I I I I I I I I I h r , T  
240 280 320 360 400 

SSK 
Catalyst A 
Catalyst B 

*) imposed by approach to dewpoint 

235*) 
360 
300 

0.55 
2.50 
1.30 

5 
16 
10 



H,S and CO, 
Removal 
The Topsee fuel oil based am- 
monia process scheme includes 
a physical absorption unit for 
removal of H,S and CO,, e.g. the 
Selexol process licensed by Al- 
lied chemical, which is charac- 
terized by low consumption 
figures. 
The gas is sent to the bottom 
section of the Selexd absorber 
in which H2S is selectively re- 
moved by washing with C02- 
rich Selexol coming from the 
upper part of the absorber. In 
the top section of the absorber 
CO, is removed down to about 
0.1%. and the gas leaves the 
absorber virtually free of H S  
(and COS). 
The major part of the C02 is 
removed from the solvent by 
flash. The amount of high purity 
C0, thus liberated will amply 
cover the requirements for can- 
version of the ammonia product 
into urea if so desired. After 
flashing the remaining C02 is 
stripped from the solvent by N2. 
H,S, which is more soluble in 
Selexol than C02, is removed 
from the solvent by steam strip- 
ping. The H2S-rich vapour 
stream is normally sent to a 
Claus kiln in which conversion 
to elementary sulphur takes 
place. The sulphur product is 
exported mainly for use as raw 
material in sulphuric acid plants. 
An interesting alternative to this 
route is the direct conversion of 
H,S into cancctntrated si~lph~irir, 
acid by the Wet Sulphuric Acid 
Process developed by Topsae. 
Very lean gases may be treated 
by the process, and up to 99% 
conversion is achieved. The first 
two commercial installations 
have now been in successful 
operation for several months in 
Sweden.* 

Methanation 
A classical methanation step is 
foreseen for final clean-up of 
the synthesis gas. 

Synthesis 
The synthesis loop incorporates 
the Topsee Series 200 radial 
flow converter.** 
The synthesis loop is operating 
at a pressure of 160 kg/cm2g, 
and therefore the synthesis gas 
compressor has only one cas- 
ing. 
Substantially all large ammonia 
plants based on fuel oil con- 
structed during the past 10 years 
are based on the Topsee S-100 
radial flow converter, and 
recently the S-200 converter, 
which has been developed on 
the basis of the S-100 converter, 
was selected for the 900 MTPD 
fuel oil based ammonia plant to 
be built by Quimigal, Portugal. 
The S-200 converter is in oper- 
ation in Esso's 1500 MTPD natu- 
ral gas based ammonia plant at 
Rotterdam and at S.N.A.'s 1000 
MTPD naphtha based ammonia 
plant at Le Havre. The operating 
records from these plants are 
excellent 

Purge Gas recovery 
The H2 in the purge gas from the 
synthesis loop is recovered in a 
cryogenic unit or in a unit with 
molecular sieves, after which it 
is recirculated to the suction 
side of the synthesis gas com- 
pressor. 

Reprint of an article in SULPHUR, July1 ** For a detailed description of the S-200 
Au~ust 1978, entitled 'Sulphuric Acid Pro- processlconverter, please refer to TOP- 
duction from Lean H,S-containing (3aset' S0E TOPICS of June 1976 and April 1979. 
is available at request and to the separate brochure available 

on this procsr  
. .. .,. . . . I 

High Pressure 
Steam Generation 
Sensible heat and heat of reac- 
tion are converted into high 
pressure steam. Steam gener- 
ation or high pressure boiler 
feed water preheating takes 
place at exit of the gasifiers, in 
the shift units, and in the syn- 
thesis. The steam pressure 
selected for the present case is 
115 kg/cm2g. 

Energy 
Consumption 
In the development of the new 
process scheme, emphasis has 
been placed on achieving the 
highest possible energy effi- 
ciency. At normal conditions the : 
overall energy consumption will 

8 - be equal to 8.3 MM kcallMT of . ;: 
ammonia at -33°C. This figure ' - - 3 
represents a very considerable 

- 
1 $ 

saving compared to conven- 
tional process lay-outs as for 
instance described in Figures 2 

- 1  
and 3, the saving being in the 
order of 1-1.5 MM kcal/MT. 

,O 
r! 

' r I '  
I - ;= 8 

Plant Simplicity ,=! 
- + A very important aspect when . - 5 

selecting the process lay-out . , 
has been plant simplicity. Fuel . . 8 , [:+ 
oil based plants are necessarily a !  

more complex than reformer 
based plants, and the fairly com- . . - - 
plex classical lay-out has often 

.i 

. A! 
resulted in a lower onstream 3 
efficiency. The new Topsee. 

.q 
I 

process scheme is very simple, 
deleting a number of process 1 

steps and using well proven and ::, 7 

rugged processes and catalysts. . 
As a consequence, this scheme 

.- 
results in a high operating effi- 
ciency. It should be noted that 
the new process scheme does 
not necessitate the use of large 
auxiliary boilers as required in 
classical lay-otits. 

Investment Cost 
The simplicity of the scheme fur- 
ther results in lower investment 
cost, typically 10-15% lower 
than for processes otherwise 
available. 
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Ammonia plants: 
- Topsee has signed a contract with Exxon 

Chemical Company for the first stage of 
the implementation of Exxon's new 1500 
Ud ammonia plant at Redwater. Canada 
The contract covers a study of a number 
of alternative lay-outs based on the 
Topsae S-200 ammonia synthesis con- 
verter. 

- Topsee has signed a contract for supply 
of reforming technology for a 185 Ud 
naphtha based ammonia plant to be built 
in Madagascar by 2-Ren. 
The reformer will be fired with heavy fuel 
OIL 

- Fertilizer (Planning & Development) lndla 
Ltd. has awarded to Topsee the contract 
for supply of technology for the reforming 
section and the ammonia synthesis loop 
of the 600 Ud ammonia plant to be built 
by Hindustan Fertilizer Corporation L td  
at Namrup, India 

- Topsee has signed a contract with Petro- 
chemical lndustries Company K.S.C. for 
supply of licenses and complete engi- 
neering for the 1000 Ud ammonia plant 
to be set up in the Shuaiba Industrial 
Area, Kuwait The scope of supply is iden- 
tical to the scope for the existing 2x800 
Ud ammonia plants supplied by Topsee 
to P.I.C. 

In the past few months Topsee has been 
awarded a number of orders for S-200 con- 
verters for new or existing plants. The re- 
ference list for the S-200 converter is now 
as follows: 
In operatlon: - Socibt4 Normande de I'Azote. 

Francs loo0 Ud - Esso Chemie N.V, Holland 1500 Ud 
Ordered for installation in: - Imperial Oil. Canada 750 Ud 
- Petrochemical lndustries 

Company, Kuwait 1000 Ud - Quimigal. Portugal 900 Ud 
- D.S.M., Holland 1500 Ud - Compagnie NBerlandaise 

de I'Azote. Holland 900 Vd - Anic. Italy I200 Vd 
Letter of lntent: - Borden Chemical. US. 1150 Vd - CNWSulzer. Argentina 2x2035 Ud - Exxon Chemical Company. 

Canada 1600 Vd 
- Agrico. U.S. 1000 Vd 

- - 

Hydrogen plants: 
- Topsee will supply technology under a 

contract with Snamprogetti for a hydro- 
gen plant to be built by Italimpianti. The 
hydrogen will be used in a steel plant for 
direct reduction of iron ore. 

- Under a contract with Chiyoda Chemical 
Engineering dL Construction Co. TO see 
will supply reforming technology & a 
hydrogen plant foming part of a lube oil 
complex to be bu~lt by Alexandria Petro- 
leum Company. 

- Topsee will supply technology irnder a 
contract with lndustr~a ltal~ana Petroii 
SpA for a hydrogen plant to be built at 
Taranto, Italy. The hydrogen plant wilt 
form part of a refinery complex. 

* .-- * 
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HALDOR TOPS0E A/S 

AN INTRODUCTION 

The HALDOR TOPS0E organization was founded in 1941 and 

engaged in chemical process development, engineering and 
.- 

catalyst manufacture, The company is particularly active. . . .  , ,.7 . . . I .  3r 

8 . .  . . -> + 

in the fields of heterogeneous catalysis, including :. .d 
research and development of catalysts and industrial , .. , k% 

processes, as outlined in the following:- . . . ,:$A; ;- ,,., ,, ,,,-L3,'. . I?- 2'  ' ; ', . 
> .  ., . . 

- Theoretical research relative to catalytic : 

processes, their kinetics, the physical and 
I -. 

chemical properties of catalysts, the mecha- ' 

nism of catalytic processes, catalyst activa- 
$4 3 . - 

tion procedures, stability of catalysts, i 

effects of poisons, ageing, etc. , 

- Applied research relative to catalytic processes 
and new catalysts to develop necessary data f o r  
engineering of catalytic units and for applica- 

tion of catalysts in existing industrial units. 

- Specialized computer work applicable in the 
field of research in heterogeneous catalysis, 

engineering of catalytic process units and 

analysis of performance of industrial units. 



- Process engineering of catalytic industrial units 
and associated equipment and of complete plants 

incorporating such units. 

- Detailed engineering of such units. 

- Supervisory engineering services during con- 
struction, start-up and operation of catalytic 

units or complete plants. 

- Manufacture of catalysts in plants located in 
Denmark and in the United States, and sale of 

such catalysts worldwide. 

- Engineering and management consulting services 
including feasibility studies for industrial 

projects, development of tender documents and 

evaluation of tenders, project management and 

assistance in training of'operating staffs. 

A considerable part of the company's engineering work is 

undertaken in collaboration with other engineering companies, 

contractors or operating companies within the chemical pro- 

cessing industry, however, the company can if desired undertake 

all detailed engineering for a project. The company has estab- 

lished a close collaboration with competent and experienced 

engineering contractors throughout the world. 

A recent count of the process units engineered and licensed 

by HALDOR T0PSQ)E A/S worldwide during the-past twenty years 

alone reached into several hundred. The leading propesses 

are ammonia synthesis and tubular steam reforming, with more 

than 100 units each. 



HALDOR TOPSOE A/S is licensing worldwide proprietary processes 

in the fields listed below and described in the following 

pages. 

- Desulphurization of liquid hydrocarbons 
- Final desulphurization of hydrocarbons 
- Tubular steam reforming of hydrocarbons 

(hydrogen, town's gas and synthesis gas) 

- Secondary reforming and autothermal reforming 
- HT and LT shift conversion 
- Sulphur resistant LT shift conversion 
- COZ-removal 
- Methanation 
- Ammonia synthesis 
r Methanol synthesis 

- Formaldehyde 
- Reducing gas 
- Ethanol 
- Wet sulphuric acid (WSA) 



PROCESS DESCRIPTIONS 

Desulphurization of liquid hydrocarbons with EBP up to 

2 4 0 ~ ~ .  This process is based on gas-phase hydrogenation 

of sulphur compounds and distillation of H2S from hydro- 

carbons. The process is a so-called "primary desulphuriza- 

tion processn, and sulphur is removed down to a level of 

5 ppm. HTAS also supplies the hydrogenation catplyst 

(NMK-3/CMK-3) for the process. 

Secondary desulphurization: This process is used for 

desulphurization of hydrocarbons down to a level of 

0.05 ppm. The process comprises hydrogenation of the 

sulphur compounds, followed by absorption of the H2S 

on zinc oxide. The process is widely used upstream of 

tubular steam reforming units, where the maximum 

allowable sulphur level, depending on the type of feed- 

stock, may be as low as 0.1 to 1 ppm. The hydrogena- 

tion catalyst (NMK/CMK) used for secondary desulphurization 

is identical to that used for primary desulphurization. 

Sulphur absorption catalysts (HTZ-3/HTZ-4) are also 

supplied by HTAS. 

Tubular steam reforming of hydrocarbons: This process is 

used for production of hydrogen, oxo-gases, methanol, 

ammonia, town's gas, reducing gases, etc. HTAS has supplied 

tubular reformers based on its own proprietary processes 

for plants using these gases and based on feedstocks 

ranging from refinery off-gas and natural gas all the 

way up to naphtha with EBP of 2 4 0 ~ ~ .  HTAS has its own 

reformer design and catalysts (R-67, RKG, RKS, RKN),  

and the company is leading in the field of naphtha re- 

forming . 



Secondary reforming and autothermal reforminq: These pro- 

cesses are catalytic adiabatic processes, where steam, 

air and hydrocarbons react to H2, CO, C02, and CHI. The 

secondary reforming process is normally used in ammonia 

plants, and HTAS has designed a large number of units to - , ,  --" 

this process. 

One. special reforming process is the HTAS/SBA autothermal 

process which can replace primary and secondary reforming 

in ammonia plants. In the HTAS/SBA unit, feedstocks can be 

natural gas, LPG or naphtha which are reacted with steam 

and air or oxygen to form ammonia synthesis gas, methanol 

synthesis.gas or 0x0-gas. 7 
"@b 

Shift conversion processes: HTAS supplies processes and 

catalysts for High Temperature and Low Temperature shift 

conversion units. The HTAS low temperature shift catalysts 

(LSK) can be regenerated/reactivated after ageing orb-: 

poisoning, leading to many years ' lifetime. JL 

Sulphur-resistant Low Temperature shift conversion: Contrary 

to all other brands of low temperature shift catalysts, 

there is no maximum limit on the amount of sulphur permitted 

in the feed gas to this process (SSK). It is therefore 

particularly well suited for shift conversion units used 
in fuel oil and coal based plants. It has proven its 

reliability in industrial operation for a period of four 

years. 

CO -removal: HTAS can offer C02-removal units based on -2 
technology from Benfield, Giammarco-Vetxocoke, Allied 

Chemical, and Union Carbide. A large number of C02-removal 

units have been designed by HTAS for clients all over the 

world. 



Methanation: HTAS designs methanation units, using proprietary 

catalysts (PK-3/PK-3R) typically used for final cleaning of 

ammonia synthesis gas and hydrogen by removal of CO and COZ. 

A different type of methanation process can be supplied for 

plants for production of substitute natural gas from coal, 

fuel oil, etc. This process differs from the cvnventlor~al 

in that it operates with very high concentrations of CO and 

C02 at high steam partial pressure. The catalyst used 

(MCR-type) is completely different from our normal PK-type 

methanation catalyst. 

Ammonia synthesis: HTAS has continuously optimized the 

ammonia process using various reactor concepts. A signi- 

ficant development has been the introduction of the HTAS 

radial flow reactor and process. Since its introduction to 

industry in 1966, 39 radial flow reactors have been started 

up or are under construction, with capacities in the range 

of 600 to 1650 tons per day. It is significant that the- 

process can advantageously be used for capacities up to 

about 3000 tons per day. 

A further development by HTAS was the introduction in 1976 

of the new Series-200 ammonia synthesis process, by which 

power consumption and the cost of the plant are further 

reduced significantly.' 

Methanol synthesis: Jointly with Nippon Kasei, Japan, HTAS 

developed a low temperature methanol synthesis process, 

using our highly thermostable Cu/Cr/~n catalyst (LMK) . 
The process operates at medium pressure. Alternately, HTAS 

has developed catalyst and design for a high temperature 

process based on zinc/chromium catalyst now used in a number 

of plants; the largest project so far being the Hercules 

plant in Plaquemine, Louisiana, U.S.A., of 800 tons per day. 



Formaldehyde: Jointly with Nippon Kasei HTAS has developed 

a formaldehyde process based on metal oxide catalyst. The 

HTAS very active and selective formaldehyde synthesis cata- 

lyst type FK has been supplied t6 a number of plants. 

._ -_. I 

Reducing gas: Tubular reforming is being used also for the 

production of redicing gas used in steal plants for the 

direct reduction of iron ore. The process conditions are 

quite different from synthesis gas reforming for ammonia - I, .  

or methanol because an extremely low steam to carbon ratio b 
is required. HTAS has developed catalysts and a process for '4 

', 7 , ;  

t.. 

the reducing gas production. 

@. ' ;.' 2 r 
1 ,  s . .  .-...-4 

Ethanol: HTAS has constructed 11 ethanol plants using as .?I 

raw material starch, molasses and ethylene. A process is 
- , '! 

available based on optimized design with low energy con- . ,?ii 
,, ,, 
.. . ..I! . 

sumption and considerable savings in the cost of investment. 1.:. . -  u..~;?: 

,-- > .<'j . r 

Wet sulphuric acid process: Based on a very active catalyst 
' . L +  

developed in 1976 by HTAS, a process for recovery of sulphur. 
' 1  

- f as sulphuric acid from polluting waste gas has been developed". !:- 

Several projects are in operation and under construction. ., I: 

Equipment: HTAS has developed a number of specialized 

equipment designs to suit the processes and the petrochemical 

industry: 

- Waste heat boiler design for reformers, both 
primary and secondary. (Typical conditions range 

from 1 0 0 0 ~ ~  'inlet at 40 atm. with steam pressure 

at up to 115 am.). 



- Waste heat boiler for ammonia reactor loop: In 
this case synthesis gas containing 75% H2 and 

2 25% N2 at a pressure of about 250 kg/cm g and 

a temperature up to 4 8 0 ~ ~  (conditions at which 

H2 and N2 attack on the materials used must be 

carefully considered) is used for production 
2 of steam at pressures up tu 115 ky/c;ia g. 

- Electrical process start-up heater based on the 
Kanthal heating element or heating cables. 

I 

- Ammonia disassociation reactor for the production 
of hydrogen. 
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PROPRIETARY PROCESSES OF OTHER COMPANIES 

LICENSED BY HAL~OR TOPS0E A/S 

. . '  
Besides the HALDOR TOPS0E proprietary processes a number 

of other processes are available to HTAS for worldwide 
, <,,, 

8 .. . . 
licensing. . . I .  . 

. . . . 

SUPERFOS Chloride-free NPK fertilizer process: This process , 

produces chloride free NPK fertilizer starting from nitric 

acid, potassium chloride and calcium phosphate rock, and it 

is based on a continuous ion-exchange process developed and - 
in commercial operation by SUPERFOS A/S. The commerciai ad- 

vantages are a superior chloride-free product, the substitu- -4 
tion of potassium sulphate by potassium chloride as feed 

platerial, and a final product price that is competitive 

with the conventional chloride containing NPK fertilizers. 

Barge-mounted petrochemical plants for ammonia, methanol 

and LPG: This concept was developed jointly with ataverken AB . - 
of Sweden in order to provide an economic and flexible answer 

to the future worldwide requirements of the offshore gas 

industry. Advantages of the barge-mounted petrochemical 

plant concept are (1) shorter delivery time due to high 

degree of mechanisation at the yard, (2) testing of all 

critical items are completed by.HTAS and  ata aver ken AB at 
the yard, (3) high quality assembly work under ideal 

working conditions, (4) mobility of the floating plant 



allowing utilization of marginal gas fields both offshore 

and in coastal areas, (5) marine gas pipeline, gas booster 

station and terminal can in many instances be avoided, 

(6) fixed price, and (7) an interesting financial scheme. 

Fatty acids and fatty alcohol processes: Based on processes 

developed and operated in Denmark HTAS offers fbr licensing 

industrially competitive processes for the production of 
fatty acids and fatty alcohols from plant and animal 

derived oils. 

Pesticides: In collaboration with several Danish specialty 

chemical companies HTAS licenses several processes already 

in commercial operation for the production of a number of 

pesticides primarily for agricultural application. 

Heavy water process based on ammonia enrichment: HTAS has 

developed a process for cracking of enriched ammonia at high 
pressure. This process is incorporated in a French process 

for the production of deuterium from ammonia synthesis gas. 

The process is economically attractive when coupled w i t h  
a medium size or large ammonia plant, 



HALDOR TOPSOE PROPRIETARY DESIGN DATA PACKAGE 

FOR 

LOW TEMPERATURE SHIFT CATALYST PROCESS 



This design data is incorporated into the 

Shift Section Process Design which is 

illustrated in the Process Flow Diagrams 

i n  the Init ial  Effort Report I V ,  Volume 6 



ALLIED C3EMICAL PROPRIETARY DESIGN DATA PACKAGE 

FOR 

SXLEXOL H2S/C02 REMOVAL SYSTEMS 

REF. 44 



Allied'$ proprietary Seiexol design data 1s 

incorporated into the Plant 12 Purification 

Section Process Design through the utilization 

of a. computer program with physical property 

data and a design manual as supplied to 

Bechtel from Allied. 
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REPORT 
PRELIMINARY GEOTECHNICAL AND GEOHYDROLOG I CAL STUD I ES 

PROPOSED H-COAL CONVERSION PLANT 
FOR 

ASHLAND SYNTHETIC FUELS, INC . 
INTRODUCTION 

, 
. I  

GENERAL 3 

This report presents the resul ts o f  our preliminary geotechnical and 
.,4 

geohydrological studies f o r  the proposed H-Coal Conversion Plant t o  be 

located near Cloverport i n  Breckinridge County, Kentucky. The 1 ocat i  on . - 11 
of the s i t e  i s  shown on the V i c i n i t y  Map, Plate 1. Investigations were : , ;  ,,,,,:.I,# 

: . - performed i n  two separate areas, the plant s i t e  area, including the poten- .- . =.$i14 , !  

t i a l  borrow area, and the sol i d  waste disposal area. The locat ion o 

areas i n  re la t ion t o  each other i s  shown on the Plot  Plan, Plate 2. . 

PRQPOSED CONSTRUCTION ..$ .- . .;.- . - 
. .  - . 

The proposed plant s i t e  occupies an area approximately one-half mi le 

wide by over one mi le  long, and i s  shown on Plate 3. This plan shows the + -  '* ' 
general locat ion o f  the main components o f  the plant; however, i t  i s  our.  

understanding that  the locations o f  speci f ic  structures and equi pment w i  t h i  n 
each component are as yet undecided. , .  

, '  

coal w i l l  be unloaded a t  the barge unloading f a c i l i t i e s  0.n the Ohio 

River, near the northwestern corner o f  the proposed site. L iquid product 
w i l l  be loaded a t  a separate dock some 4,000 feet  south o f  the unloading 

dock. Coal w i l l  also be unloaded from r a i l  cars on a siding t o  be located 
adjacent t o  the  e x i s t i n g  r a i l  1 i n e  and t he  proposed conveyor system. 

A dead-coal storage area, roughly 2,000 feet  long by 700 feet  wide, w i  11 be 

located north o f  the process f ac i l i t i e s .  Process un i ts  w i l l  include both 

horizontal and ver t ica l  vessel s (up t o  1,000 tons), boi 1 ers , reciprocating 
and centr i fugal compressors (to 30,000 HP), heat exchangers, pumps, and coal 

mi l ls .  Over 25 storage tanks ( to  233,000 barrels) are planned for the 



processed l iqu id ,  sour water, l i q u i d  oxygen, fue l  o i l ,  bo i le r  feed water, 

and anhydrous a m n i a .  Conveyors f o r  the coal , as we1 1 as extensive p i  ping 
f o r  the l i q u i d  products and waste material are also planned. Additionally, 
several support and administrative bui ldings are included i n  the project. 

A proposed so l i d  waste disposal area i s  located approximately two miles 

southeast o f  the plant  s i te.  This area, shown on Plate 4, covers approxi- 

mately two square miles and i s  located at the head o f  Bu l l  Creek. 

PURPOSE AND SCOPE 

The purpose o f  our invest igat ion was t o  provide prel iminary recommenda- 

t i ons  regarding earthwork and foundation design c r i te r ia .  This information 
w i l l  be used by your designers f o r  f e a s i b i l i t y  and cost estimating studies. 

Once these studies have been completed, speci f ic  locations o f  c r i t i c a l  
equipment made, and imposed 1 oadings calculated , a comprehensive foundat ion 

invest igat ion w i  11 be performed. Additionally, a prel iminary assessment 
o f  the proposed sol i d  waste disposal area with respect t o  so i l s  and geo- 

hydrologic requirements out1 ined i n  the Resource Conservation and Recovery 

Act (RCRA) i s i n c l  uded. 

Dames & Moore performed so i l  , foundat ion, and geohydrol ogical invest i -  

ga t ions  w i t h i n  t he  p roper ty  boundaries o f  t h e  proposed p l an t  s i t e  i n  

1974 and 1975 f o r  an e a r l i e r  proposed f a c i l i t y .  A m a j o r i t y  o f  these 

investigations encompassed the southern ha1 f o f  the proposed process area 

and extended southward covering approximate1 y one- t h i  r d  o f  the tankage area. 

This information has been reviewed and incorporated i n t o  our analyses and 

recomnendations. 

The scope o f  work f o r  the present invest igat ion included: 

0 A f i e l d  exploration program t o  evaluate the subsurface conditions at 

the s i t e  and obtain samples f o r  laboratory testing. The resu l ts  of 
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the subsurface inves t iga t ion  a r e  presented i n  the Appendix t o  this 

r e p o r t .  Eleven b o r i n g s  were d r i l l e d  i n  the p l a n t  s i t e ,  seven 
borings i n  a potential  borrow area  within the  plant boundaries, and 
three borings i n  the s o l i d  waste disposal area. Additionally,  10 

shallow, hand-augered probes were advanced i n  the sol i d  waste area.  
A descr ipt ion of the s o i l s  encountered and o ther  per t inen t  da ta  a r e  
presented i n  t h e  Log of Borings, a l so  presented in  the Appendix. 

0 An evaluation of  the geology of the s i te  area based on ex is t ing  
geologic information, t h e  e a r l i e r  test boring program, and the 
present studies.  

. t  

An tvdluat iun o f  the si te ground water conditions,  including s t a t i c  - - 

water level  s, hydraulic gradients ,  so i l  permeabi l i t y ,  d i r ec t i on  of 
flow, and ground water qual i ty .  The r e s u l t s  of f i e l d  and laboratory . . ' ' 

permeabili ty t e s t i n g  and ground water qual i t y  analyses a r e  presented 
i, 

i n  the Appendix. I )  . 
+ ' , 

0 A laboratory t e s t i n g  program t o  c l a s s i f y  t h e  soi  1 s encountered and- .. . 
t o  eval uate their chemical , physical and, engineering proper t ies  f o r  . 
use i n  analyses of po ten t ia l  s o i l  behavior. The r e s u l t s  of the' . 
1 aboratory tests a re  presented in  the Appendix. 

0 Engineering analysis ,  discussion and recommendations r e l a t ed  t o  t he  
following items: 

a. S i t e  g r ad ing ,  s u r f a c e  p r e p a r a t i o n  and ear thwork c r i t e r i a ,  
including si te improvement techniques and evaluation of f i l l  

sources. 

b. Shall  ow foundat ions, i ncl uding a1 1 owabl e bearing capac i t ies  and 
sett lement estimates. 

c. Storage tanks,  inc l  uding s t a b i l  i t y  and estimated . sett lements.  



d. P i l e  foundations, i n c l  uding downward, up1 i f t  and 1 a t e r a l  
capacities f o r  several p i  1 e types a1 ong wi th dr iv ing behavior, 

and estimated settlements. 

e. La te ra l  s o i l  pressures f o r  use i n  designing below grade 

structures and foundations t o  res is t  l a te ra l  1 oads. 

f. The s u i t a b i l i t y  o f  e i the r  c e l l  u la r  structures or batter-pi 1 e 

groups for use as breasting dolphins. 

g. C m e n t s  regarding the su i t ab l i t y  o f  the so l i d  waste disposal 

area. 

. 
SITE CONDITIONS 

LOCATION AND SETTING 

The s i t e  i s  located a t  approximately River Mi le 707 on the Ohio River. 

The nearest towns are Addison and Stephensport, Kentucky, 1 ocated some 
1-1/2 and 4 miles t o  the northeast and east-northeast, respectively. The 

town o f  Cloverport, Kentucky, i s  1 ocated downstream o f  the f a c i l  i t y  approxi- 
mately 7 miles t o  the south-southwest. The main plant area i s  approximately 

1,500 t o  2,000 feet  east o f  the r i v e r  bank. 

SITE GEOLOGY 

The dominant features o f  t h i s  port ion o f  the Ohio River val ley were 

formed by g lac ia l  a c t i v i t y  during the Plelstocene or g lacia l  epoch (begin- 

ning about 500,000 t o  2,000,000 years ago). The s i t e  i s  located over a wide 

trench that  has been eroded t o  approximately Elevation 260 feet*. The 
regional bedrock exposed by the down-cutting o f  t h i s  trench consists mainly 

o f  Upper Mississippian fine-grained sandstones and shales, which appear t o  

belong t o  the B ig  C l  i f t y  Sandstone Member of the Golconda Formation. 

* A l l  elevations referenced t o  Mean Sea Level datum. 



The deep channel was then f i l l e d  wi th a l luv ia l  deposits of  g lacia l  

sands and gravels. These deposits were provided by the most recent glaci- 

at ion tha t  i n f l  uenced the Ohio R i  vet val l ey  (Wisconsin g lac ia l  stage). 

The i r  depos i t ion terminated as the i c e  sheets o f  the Tazewell g l a c i a l  
substage melted from the Ohio River valley, thus el iminating the source o f  

melt water f o r  the transport of these soi ls. 

The upper s i l t y  to' clayey so i l s  tha t  represent the surface stratum 
coveri ng the glacia l  sands and gravels are also o f  a1 l uv i a l  deposition, 

- 
being deposited during the f i n a l  me1 t i n g  stages o f  the Wisconsin glaciation. .4 

, . 4 
Localized minor deposition as a resu l t  o f  f looding on the Ohio River has 
occurred periodical l y  since g l  aciation. ', -4 . . 
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SURFACE FEATURES - . ,  a ' + . . . ,  

. -3s. . . 
Plant S i t e  

A t  the time o f  our investigation, most o f  the area was under cul t iva-  , . 

t i o n  f o r  winter wheat, soybean and corn. The remaining roughly 30 percent 

o f  t h e  area i s  composed o f  creeks, d r y  ravines, and heav i l y  vegetated 

ridges. The ground surface r i ses  i n  an easterly d i rec t ion (away from the 

r i ve r )  at  a slope o f  approximately 0.4 percent. Ground surface elevations 

a t  the borings located wi th in the plant area range from approximately 414 

t o  427 feet. Surface elevations o f  the three borings located t o  the west o f  . A P 
Kentucky Highway 144 ranged from Elevation 396 t o  399 feet. The ground i ,:.b 

Ir 

surface elevations i n  the proposed borrow area t o  the east o f  the plant s i t e  

ranged from about Elevation 416 t o  476 feet. 

Town Creek, located t o  the southeast o f  the plant f a c i l i t i e s ,  roughly 

bisects the property. The main body o f  the creek intersects the north- 

eastern corner o f  the property and runs i n  a southwesterly d i rec t ion t o  the 

Ohio River. Tributaries, which are dry ravines i n  some months, f inger away 

from t h e  main t runk  i n  a n o r t h e r l y  d i r ec t i on .  Most o f  t h e  creek runs 

through an elevated terrace which grades t o  a lower deposft toward the 
r i v e r  . 



Sol i d  Waste Disposal Area 

The ex is t ing ground surface varies from gentle t o  steep a t  the s i t e  of 
the proposed sol i d  waste disposal area with steep slopes predominant. The 

area i s  located a t  the head o f  Bu l l  Creek, which drains the s i te.  Gentle t o  
moderate slopes are generally found along the creek's edge. These slopes 

are e i the r  grassed o r  under some form o f  cul t ivat ion.  The remainder o f  the 

area consists o f  sharply pointed, wooded ridges. A road, graveled at the 

beginning then changing t o  d i r t ,  intersects Kentucky Highway 144 and leads 

i n t o  the  s i t e .  It roughly  f o l l o w s  t he  creek and f o r k s  several t imes. 

SUBSURFACE CONDITIONS 

Plant  S i t e  

The s i t e  i s  overlain wi th approximately 6 t o  18 feet  of recent a1 1 uvial 

c layey s i l t s  and s i l t y  clays. The base o f  t h i s  s t ra tum i s  genera l l y  

encountered between Elevations 412 t o  403 feet  wi th in the plant area proper. 

However, west o f  the ra i l road  t rack and nearer the r iver ,  t h i s  stratum 

extends t o  about Elevation 370 feet. 

Below the upper 6 t o  12 inches o f  topsoi l ,  which i s  abundant wi th 

vegetative matter due t o  cu l t iva t ion,  the so i l s  are medium dense t o  medium 

s t i f f .  The stratum grades wi th varying, but increasing, quanti t ies o f  very 

f i n e  t o  f i ne  sands wi th depth. 

Poorly graded sands extend from beneath the upper so i l  s  t o  the bedrock 

contact. The sand layer, varying i n  thickness from about 100 t o  130 feet, 

ranger i n  re1 a t i ve  densit ies from 1 oose t o  very dense. Occasional zones o f  

higher s i l t  content were encountered i n  most borings. The ranges o f  grain 

s ize varied throughout the stratum, ranging from very f ine sands t o  f i n e  

gravels; however, f o r  the most part, the materials were poorly graded. 

A t h i c k  stratum o f  s i l t y  c l a y  t o  c layey s i l t  was encountered i n  
Borings 108, 109, 110 and 111 a t  elevations ranging from approximately 
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390 t o  370 feet .  This stratum appears t o  th icken i n  a southeaster ly  

d i rec t ion toward Town Creek, and may be the remains o f  an ancient lake bed. 

The layer th ins  out toward the northwest; however, based on the l im i ted  data 

available and the few borings i n  the area, the extent and thickness o f  t h i s  

layer beneath the process areas i s  unclear a t  t h i s  time. 

General ized s o i l  p r o f i l e s  across t he  p l an t  s i t e  a re  presented on 

Plates 5A thraugh 5D. 

Bedrock i n  the main plant area was encountered a t  elevations ranging 
from 305 t o  260 feet .  The bedrock consisted o f  medium t o  1 i g h t  gray, 

fossi  1 i ferous 1 imestone overlying 1 i gh t  01 i v e  gray t o  1 igh t  gray s i l  tstone 

and shale. An approximate bedrock contour map i s  presented on P la te  

6. This f igure shows the approximate contact elevations o f  the bedrock 
beneath the main plant area. The deepest port ion o f  the a l l uv i a l  trench 

approximately follows the ex is t ing r a i l  1 ine adjacent t o  the majori ty o f  the 
process area and then bends s l i g h t l y  toward the southeast extending beneath 

the tankage area. 

Ground water elevations were measured i n  open standpi pe pietometers 

ins ta l led  i n  seven o f  the plant borings. Sta t ic  ground water leve ls  ranged 

f r o m  Elevation 386 t o  383 feet across most o f  the site. Due .to the large 

distances separating the borings, i t  i s  not possible t o  accurately define 

the ground water f low regime. However, we have inferred tha t  there i s  a 
s l i gh t  mounding or  r idge near the area o f  Boring 105 wi th a gradient extend- 

ing  i n  two directions, westerly and southeasterly, toward the Ohio River and 
Town Creek, respectively. The normal pool along t h i s  reach o f  the Ohio 

River i s  a t  Elevation 385 feet, and i s  control led by the Cannelton locks. 

A perched water table was noted i n  the pietometer ins ta l  led i n  Boring 

110. This p iermeter  i s  hydraul ical ly  connected t o  the so i l s  above the 
t h i c k  s i l t  and c l a y  s t ra tum prev ious ly  discussed. The water l e v e l  i n  

t h i s  standpipe was measured a t  Elevation 398 feet. The extent of t h i s  

perched condition could not be eval uated from t h i s  one location. 



Sol i d  Waste Disposal Area 

Subsurface condi t ions i n  the f l a t t e r  drainage basin of Bull Creek 
c o n s i s t s  of approximately 25 feet of  s o i l  overlying l i g h t  gray, f o s s i l -  
i f e rous  limestone. The upper s o i l s  varied from f i n e  grained s i l ts  and 
c l a y s ,  predominant i n  Bor ings  301 and 302, t o  most ly  c l a y e y  coa r se  t o  
f i n e  sands i n  Boring 303. Shallow hand-auger probes on the steeper slopes 
ad jacent  t o  the creek va l l ey  indicated t h a t  a t h i n  mantle of s i l t y  c lays  and 
clayey silts, ranging from 1 t o  5 feet i n  thickness,  ove r l i e s  the bedrock. 

Ground w a t e r  under  a r t e s i - an  p r e s s u r e  was encountered  a t  a dep th  
o f  approximately 33 feet i n  Boring 303. 

D e t a i l s  o f  the s u b s u r f a c e  s o i l  c o n d i t i o n s  and t h e i r  phys ica l  and 
engineering proper t ies  a r e  presented on Log of Borings and i n  the Laboratory 
Tes t ing  sect ion i n  the Appendix. 

DISCUSS1 ON AND RECOMMENDATIONS 

GENERAL 

Based on the r e s u l t s  of  our prel iminary geotechnical inves t iga t ion ,  we 
be l i eve  t h a t  it  is  f e a s i b l e  t o  d e v e l o p t h e  s i te  f o r  t he  proposed f a c i l i t i e s .  
S t ruc tu re s  not pa r t  i c u l a r l  y settl ement-sensit i v e  can be supported on sha l l  ow 
foundations (spread foo t ings  o r  l a r g e  mats) bearing on the natural $011. 

For some s t ruc tures ,  however, site improvement techniques may be necessary. 
Driven pile foundations may be required f o r  heavy, settl ement-sensit i ve  
s t ruc tu re s .  

We e s t i m a t e  t h a t  most o f  t h e  s e t t l e m e n t  will  occur  r a p i d l y  a f t e r  
imposition of  1 oads during construction. Some 1 ong-term sett lement should 
be  expected; however, this set t lement  may be reduced by following proper 
construct ion procedures during site preparation. 



SOIL IMPROVEMENT AND SITE PREPARATION 

Gradi nq 

We understand that  the high point  o f  f i n i s h  grade i s  presently proposed 

a t  Elevation 415 feet. I n  view o f  the ex is t ing topography, considerable 

grading and earthwork w i l l  be necessary t o  achieve f i n a l  grade. 

The upper 6- t o  12-inch topso i l  layer wi th high organic content should 
be stripped beneath a1 1 foundations and f a c i l i t y  areas. Any additional 

soi 1 s containing abundant f ibrous organic materi a1 should a1 so be removed. 

These so i l s  may be stockpiled and used f o r  architectural f i l l  o r  should be 

wasted. The ground surface elevation across a majori ty o f  the plant area i s  

presently a t  u r  above Elevation 415 feet. We recmnend tha t  p r i o r  to' any 

f i l l  placement, f a c i l i t y  areas be graded t o  Elevation 415 feet. The so i l s  
removed should be stockpiled f o r  subsequent use as compacted f i l l  i n  the 

lower areas across the site. We must point out, however, tha t  the s i l t y  

nature o f  the near-surface so i l s  may r e s t r i c t  the f e a s i b i l i t y  o f  t h e i r  

placement and compaction during wet o r  inclement weather. This may cause 

delays i n  the construction schedule and must be considered by your planners 

and estimators i n  ra t ing the tradeoff s between soi 1 improvement schemes. 

As an a1 ternative, select granular material could be used as f i l l  where 

necessary. , I #  - , 

P r i o r  t o  any f i l l  placement, exposed s o i l s  should be condi t ioned 

t o  approximately t h e i r  optimum moisture content and compacted using sheeps- 

foot o r  segmented wheel ro l lers.  The exposed surface should be compacted 

t o  95 percent o f  the maximum dry density o f  the so i l s  (as determined by the 

composition t es t  A S M  D-1557) wi th in  a moisture content range o f  *2 percent 

o f  optimum. We expect tha t  t h i s  r e l a t i ve  compaction would be obtained 

a f t e r  4 t o  6 passes o f  the  compaction equipment t r a v e l i n g  i n  uniform 

patterns. 



Following compaction o f  the exposed surface, the stockpiled so i l  s 

should be conditioned t o  wi th in  t 2  percent o f  optimum moisture content, 

placed i n  loose l i f t s ,  not exceeding 8 inches i n  thickness, and compacted to  

95 percent o f  the maximum dry density using the same compaction equipment 

and methods discussed previously. I f  select granular f i l l  i s  placed, we 

recomnend the use o f  v ibratory r o l  l e r  compactors. 

We recommend t h a t  s o i l  improvement and s i t e  preparat ion work be 

performed i n  sections. Each area should be properly sloped t o  sumps t o  

remove any prec ip i ta t ion which may col I ect during construction. Pumps 

should be located a t  the sumps t o  draw o f f  col lected water away from the 

s i t e  preparation areas. 

Improvement o f  Natural Soi 1 s I n-P 1 ace 

As i s  discussed i n  the section Shallow Foundations, the settlement o f  

some structures supported by shal l  ow spread foundations may be unacceptable. 

Where t h i s  i s  the case, it may be possible t o  improve the qua l i ty  o f  the 

natural s o i l  s, increasing so i l  strength and reducing settlement potential  . 
A technique which we have found e f fec t i ve  on recent s imi lar  projects i s  

dynamic consolidation, also referred t o  as heavy tarr~ping or  pounding. I n  

t h i s  technique, the s o i l  i n  a bui ld ing area i s  compacted by repeated blows 

from a heavy weight f ree f a l l i n g  from a considerable height, using a crane. 

The weight and height o f  f a l l  are determined based on the par t icu lar  com- 

paction requirements. It i s  possible t o  achieve compaction t o  great depth 

using t h i s  technique, 

The speci f ic  requirements f o r  a dynamic consol idat ion s i t e  improvement 

program should be addressed l a t e r  w i th in  the scope o f  future design studies 
should t h i s  a1 te rna t i  ve be considered. 

Excavation. and Backf ill 

Another a l t e r n a t i v e  scheme f o r  s i t e  improvement would e n t a i l  t he  

removal o f  the s u r f i c i a l  s i l t  and clay so i l  i n  a bui ld ing area and the 



rep1 acement with compacted structural f i 11 . Shall ow spread foundat ions then 
would be established i n  t h i s  fill. This would permit the use of  higher 

allowable bearing capacities than f o r  natural soi ls ,  and a reduction i n  

settlement. The s i l t y  so i l s  excavated during t h i s  program could be stock- 

p i led  f o r  use as general nonstructural f i l l  f o r  grading, dike, or embankment 

materials. The general thickness o f  the near-surface s o i l s  varies somewhat 

throughout the site, but i s  generally 5 t o  20 feet  thick. 

P r io r  t o  any f i l l  placement, the exposed sands (generally between 
Elevations 405 and 400 feet )  should be conditioned t o  approximately t h e i r  

optimum moisture content and compacted using heavy v ibratory equi pment. 
Following compaction o f  the exposed sands, granular f i l l  c ~ u l d  be p l a c ~ d  i n  

loose l i f t s ,  approximately 10 inches i n  thickness, and compacted t o  the 
previously recommended c r i te r ia .  ,j+ 

-a*-- 
It appears that  adequate amounts o f  sui table granular back f i l l  may be 

obtained from the borrow area imnediately surrounding Boring 202. The 
near-surface 10 ( t ) - foot  s i  1 t y  clay materi a1 must f i r s t  be removed i n  order 

t o  reach the acceptable sandy materials which extend some 15 t o  20 feet. 
;F 

SHALLOW FOUNDATIONS 
I . . ,  . 
. . 

$1 ' 

It i s  our opinion tha t  most o f  the proposed plant f a c i l i t i e s  may be 
supported on shallow spread or mat foundations wi th the exception o f  heavy, 

settlement- sensi t i v e  structures, where p i  1 e foundat ions may bet ter  sa t i s fy  

the structural  and/or operational requirements. Shall ow foundations f o r  a1 1 

major plant f a c i l i t i e s  should be ins ta l led on e i ther  natural soi l ,  improved 

natural so i l  , or  compacted structural f i  11 as previously discussed. Where 

shallow foundations are t o  be ins ta l led  on the natural so i l s  which had not 

been previously conditioned, we recomnend the base o f  these excavations be 

compacted t o  the previous c r i t e r i a  p r i o r  t o  footing o r  mat construction. 

We recomnend that  a l l  shallow foundations be founded a t  a minimum 

depth o f  3 feet  below the f i n a l  grade. A l l  footings should have a minimum 



l a t e r a l  dimension of a t  l e a s t  3 feet. Due t o  the l a r g e  d i s tances  separating 
the  b o r i n g s  and the p o s s i b i l i t y  of v a r i a b l e  s o i l  c o n d i t i o n s  of poorer  
q u a l i t y  than those  encountered, we recomnend t h a t  a maximum net bearing 
pressure of 2,000 pounds per square f o o t  (ps f )  be used f o r  the design of 
spread o r  mat foundations i n  natural s o i l .  Maximum net pressures may be 
increased by 20 percent under short-term loadings, such as  wind o r  test 
loads. The ne t  bearing pressure is the pressure imposed a t  the base of the 
foundation in  excess 'of the adjacent s o i l  overburden pressure. 

The a l l ~ w a b l e  bearlng pressure f o r  spread foundations i n  improved 
natural  s o i l  o r  compacted s t ruc tu ra l  f i l l  would be sanewhat grea te r ,  on the 
order  of 3,000 psf and 4,000 psf ,  respectively.  Actual values would be 
e s t ab l  ished when the specific s i te  improvement technique had been devel oped. 

The estimated set t lements  f o r  sha l l  ow foundations a r e  a funct ion of 
both f o o t i  ng dimensions and contact  pressure. Foundation set t lements  a r e  
genera l ly  expected t o  occur rap id ly  a f t e r  imposition of loads. We do not 
a n t i c i p a t e  any s ign i f i can t  long-term, creep-type sett lement t o  occur under 
foundation 1 oads. However, the set t lement  of sha l l  ow foundations i n  the 
a reas  underlain by the th i cke r  clayey stratum (Borings 108, 109, 110, and 
111) would occur over a s l i g h t l y  longer time period. 

Total foundation set t lement  c o n s i s t s  of imnediate el a s t i c  settl ement 
and post-construction sett lement.  Estimated e l a s t i c  set t lements  of square 
foo t ings  i n  natural s o i l  f o r  net  applied pressures 500, 1,000 and 2,000 psf 
a r e  p r e s e n t e d  on P l a t e  7. Es t imated  s e t t l e m e n t s  f o r  l a r g e  mats under 
var ious pressures  a r e  presented i n  the following tab le :  



ELASTIC SETTLEMENT OF MAT FOUNDATIONS 
ESTABLISHED ON NATURAL SOIL 

Mat 
Width 
0 

Net Bearing 
Pressure 

(psf) 

Estimated 
Elast ic  Settlement 

(inches) 

We expect tha t  most o f  the settlement w i l l  occur during the f i r s t  , 

few weeks o f  f u l l  foundation loading. Should the s i t e  be prepared without -.* 

removal o r  improvement o f  the near-surface s i l t s  and clays, approximately an 

additional one inch o f  longer term consolidation settlement i s  expected t o  

occur. This settlement w i l l  be less rapid than the previously discussed 

e las t i c  settlements; however, we would anticipate these s e t t l  ements t o  
be completed wi th in s i x  months. Except f o r  local ized post-construct ion 

,settlements that  could resu l t  from densif i ca t ion  o f  1 ooser zones wi th in  the 
supporting so i l  s, no other long-term consol idat ion i s  expected. 

TANK FOUNDATIONS - *  I 

We bel ieve that  i t i s  feasib le t o  support tanks on bui l t -up pads a t  

grade, on f lex ib le  base plates, w i th  to lerable settlements expected. We 

recomnend the edge o f  the tank be founded on a crushed stone or concrete 

r ingwall ,  approximately 18 inches wide, extending a minimum o f  3 feet  below 
the f i n a l  grade t o  prevent edge cutt ing. The r ingwall  should be excavated 

through the constructed tank pad and compacted or  poured "neat" against the 
sides o f  the excavation. 



Elastic settlements of t a n k  foundations have been calculated for 
tanks of various diameters and bearing pressures. Estimated tank settle- 
ments are listed i n  the following table: 

ESTIMATED TANK SETTLEMENTS 

Tank 
Diameter 

( f t )  

Beari ng 
Pressure 
0 

Center 
. Settlement 

(inches) 

Edge 
Settl ement 

(inches) 

Crowned tank pads will be required t o  maintain the tanks above the 
adjacent grade after settlement has occurred. Tank pads should be con- 
structed of clean, granular material obtained from the onsite borrow pit 
or imported from outside sources. The material should be compacted t o  
90 percent of the maximum dry density as obtained by the ASTM D-1557 

Compaction Test. 

PILE FOUNDATIONS 

Driven pile foundations may be considered for supporting heavily 
1 oaded structures and concentrated, settl ement-sensitive structures. Four 
types of pi1 ing have been considered for this prel iminary study: 10-inch 
H-pi 1 e, 12.75- inch-di ameter steel pipe p i  1 e, 12-i nch-square precast concrete 
pile, and mandrel-driven Raymond Step-taper piles. 

Dri ven piles would develop their 'capacity through a combination of 
friction and end-bearing in the medium dense t o  dense sands below depths of 



about 50 feet. Estimated axial capacities f o r  single p i les  are presented on 

Plate 8. A factor  o f  safety of 2 wi th respect t o  s t ruc tu ra l l y  imposed 

loads was used i n  calculat ing the allowable downward capacities. Approxi- 
mately 50 percent o f  the downward capacity plus the calculated net p i l e  

weight can be used f o r  u p l i f t  resistance. Tensile reinforcement w i l l  be 
required f o r  u p l i f t  loads. 

Previous p i l e  d r i v i n g  experience on s i m i l a r  s i t e s  a1 ong - the  Ohio 

River suggests tha t  end-bearing capabi l i t ies  o f  the supporting stratum may 
vary  w i t h i n  shor t  distances. Based on thrs ,  we recommend t h a t  a t e s t  

program be conducted p r i o r  t o  selecting the type o f  p i l e  t o  be used f o r  

production. This program would serve as the basis f o r  developing p i1  e 

d r i v ing  c r i t e r i a  and evaluating the dr iveabi l  i t y  o f  the p i  1 e types selected, 

and could be used t o  v e r i f y  t h e  design capac i t i es  and p i l e  set t lement 

behaviors by performing load tes ts  on selected piles. Settlement f o r  s ingle 

p i les  i s  estimated t o  be less than one-fourth irich under the allowable 

design capacities. 

Calculated 1 ateral capacities, resu l t ing i n  a one-ha1 f inch def 1 ect ion 

o f  a single p i l e  a t  the ground surface wi th a safety fac tor  o f  about 2, are 

presented i n  the fol lowing table: 

LATERAL CAPACITIES FOR ONE-HALF INCH DEFLECTION 

P i l e  Type 

10-inch H (with web) 
Il (against web) 

12.75- inch p i  pe 

12- inch-square concrete 

Raymond Steptaper 

Lateral Load, k ips (F.S. = 2 )  
R ig id  Flexib le 

P i l e  Support P i l e  Support 



OTHER CONSIDERATIONS 

Active and passive e a r t h  pressure coe f f i c i en t s  f o r  near-surface so i l  s 
a r e  presented i n  the following t ab l e :  

EARTH PRESSURE COEFFICIENTS 

Act i ve Passive At-Rest 
Soi 1 Type Pressure,  K, Pressure,  Kn ' Pressure,  KO 

Compacted granular  
backf i l l  

Based on the 1 imited data  avai 1 ab le  from previous inves t iga t ions ,  
either cell ul a r  cofferdams o r  bat ter-pi  1 e do1 ph i  ns appear t o  be acceptable 
a1 t e r n a t  ives  f o r  waterfront loading and unloading f a c i l  i t  ies. We recommend, . 

however, t h a t  the proposed areas  be invest igated i n  grea te r  d e t a i l  during 
the next phase of the inves t iga t ion  i n  order t o  provide more d e f i n i t i v e  
recomnendat ions. 

From discussions w i t h  the U.S. Army Corps of  Engineers Ohio River 
Divis ion,  we understand the 100-year flood e leva t ion  t o  be 410 f e e t  a t  
River Mile 706. The present sur face  area inundated by the 100-year flood is  
shown on P l a t e  9. The proposed f i n a l  g r a d e  of  E l e v a t i o n  415 fee t  i s ,  
therefore, above the 100-year f l  ood el eva t  ion. 

Information obtained from previous s t u d i e s  performed a t  the proposed 
si te recomnend a design earthquake of Modified Mercalli (MM) In tens i ty  VI I 
f o r  t h e  area.  This would produce a maximum horizontal ground accelerat ion,  
a t  foundation'  l eve l ,  o f  about 0.10g. The number of s i gn i f i can t  stress 
cyc les ,  Nc, f o r  an earthquake of  this magnitude was assumed t o  be 10. These 
values  were used f o r  evaluat ing the stresses induced a t  d i f f e r e n t  depths f o r  
the given design earthquake. This information, along w i t h  the r e s u l t s  



obtained from grain-size analyses during t h i s  invest igat ion as well as the 
previous investigations, was used i n  a simp1 i f i e d  procedure f o r  eval uat i  ng 

the l iquefact ion potential  o f  the soi ls. Based on these results, it i s  our 

opinion tha t  the potential  f o r  l iquefact ion a t  the proposed s i t e  i s  low. 

We recomnend, however, that  more detai 1 ed analyses and dynamic 1 aboratory 

tes t ing  be performed during subsequent investigations. 

SOLID WASTE DISPOSAL AREA 

A p re l im ina~y  evaluation or Lhr s a l i d  waste disposal area indicates 

the area may be acceptable f o r  stor ing the wastes from a RCRA standpoint, 

depending upon t he  cons t i tuen ts  o f  t h e  proposed wastes t o  be stored. 
Bedrock i s  encountered .wi th in approximately 25 fee t  from the surface i n  the 

lower areas o f  the s i te,  and wi th in  1 t~ 5 feet  along the steeper slopes 
which would form the sides o f  the area. 

Ground water measurements taken i n  the borings indicate a po ten t ia l l y  

r e s t r i c t i v e  depth t o  ground water which may be a l i m i t i n g  factor  f o r  so l id  - 

waste disposal f a c i l  i t ies .  However, chemical analyses performed on a sample 

o f  the ground water taken from Boring 303 indicate several parameters are i n  
excess o f  drinking water standards. 

The su r f i c i a l  so i l  s are predominately s i l t s  and clays wi th  calculated 

permeabil it ies on the order o f  10'~ t o  loo8 anlsec. Physical and chemical 

analyses performed on selected s o i l  samples obtained i n  the  area are 

presented i n  the' Appendix t o  t h i s  report. Additionally, sodium cation 
exchange capacities were analyzed f o r  selected samples. The resul ts of 

these chemical analyses must be compared with the waste constituents t o  
evaluate t he  s u i t a b i l i t y  o f  t h i s  area f o r  conta in ing the  s o l i d  waste. 

ADDITIONAL INVESTIGATIONS 

Once s i  te-specif ic locations o f  c r i t i c a l  equipment have been made and 

imposed 1 oadi ngs calculated, we recomnend a comprehensive geotechnical 



invest igat ion be performed. Specific items delineated i n  t h i s  report which 

should be investigated i n  greater de ta i l  include the following: 

0 Offshore borings a t  both the coal unloading and l i q u i d  product 
loading dock f a c i l  i t i e s .  The resu l t s  o f  these investigations can 

fur ther  quanti fy the decision t o  use e i ther  c e l l  u la r  cofferdams o r  
driven p i1  ing f o r  use as breasting do1 phins. 

0 Additional borings i n  the area between plant coordinates N8500 t o  

N12n00 and €6500 t o  El0000 t o  evaluate the thickness and extent 

o f  the s i l t y  clay stratum encountered between Elevations 390 and 

370 feet. 

0 More detai led analyses and dynamic laboratory tes t ing t o  evaluate 
the l iquefact ion potential  a t  the s i te .  

The f o l l o w i n g  P la tes  and Appendix a re  attached and complete t h i s  

report  : 

Plate 1 

Plate 2 

Plate 3 

Plate 4 

Plates 5A 
th ru  5D 

Plate 6 

Plate 7 

V i c i n i t y  Map 

Plo t  Plan 

S i te  Plan, Plant Area 

S i te  Plan, Sol i d  Waste Disposal Area 

General ized Soi l  P ro f i  1 es 

Bedrock Contour Map 

Elast ic  Settlements f o r  Shal low Foundations 



Plate  8 

P l a t e  9 

Appendix 

FR:RMF:mrf 
Attachments 

Sing1 e P i l e  Axial Capacities 

100-Y ear  Flood Boundary 

F i e l d  Investigations and Laboratory Testing 

Respectfully submitted, 

DAMES li MOORE 

Fenley Ryther, 3 r .  
Partner 

~ a n w ~ h  M. Freeman 
Project Manager 
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t TOTAL APPLIED LOAD (TONS) 

NET APPLIED PRESSURE 
3 . 

4 

L I B  RATIO 

NOTES : 

1. s1 = CIS 
2. L = LENGTH OF FOOTING 
3. B = WIDTH OF FOOTING 
4. 5 1  = SETTLEMENT OF RECTANGULAR FOOTING - 

5. S = SETTLEMENT OF SQUARE FOOTING 
6. Cl = CORRECTION FACTOR 

7. SETTLEMENTS ESTIMATED FOR FOOTINGS FOUNDED I N  NATURAL SOIL WITH 
NO IMPROVEMENT OTHER THAN SURFACE COMPACTION. 

ELASTIC SETTLEMENT OF SHALLOW FOUNDATIONS 
D A m m m  YOORI 
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SINGLE PILE ALLOWABLE, F.S. = 2 (KIPS) 
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NOTES: 
1. THE PILE CAPACITIES SHOWN HAVE A CALCULATED FACTOR OF SAFETY OF 2.5. 
2. THE ALLOWABLE CAPACITY HAY BE INCREASED BY 30% FOR TEMPORARY LIVE LOADS. 
3. 50% OF THE ALLOWABLE CAPACITY PLUS THE CALCULATED WEIGHT OF THE PILE 

M Y  BE USED FOR AXIAL UPLIFT LOAD. 
4. CAPACITIES BASED ON SUPPORTING RESISTANCE OF SOIL, STRUCTURAL CAPACITY 

OF PILE WTERIAL NOT CONSIDERED. 

SINGLE PILE AXIAL CAPACITIES 





APPENDIX 

FIELD INVESTIGATION AND LABORATORY TESTING 

FIELD INVESTIGATION 

The f i e l d  i n v e s t i g a t i o n  commenced on December 18, 1980, and was 

completed on February 26, 1981. Co~rmunications were maintained between our 
f i e l d  engineers; our Lexington, Kentucky of f ice;  and our Houston of f ice.  

The subsurface conditions were investigated by d r i l l i n g  a t o ta l  o f  

18 borings a t  the plant s i t e  area, including 7 borings wi th in  a potential  

borrow area wi th in  the plant boundaries, and 3 borings and 10 shallow, 

hand-auger probes i n  the so l i d  waste disposal area. Borings were 1 ocated i n  
the  f i e l d  by Dames & Moore personnel; the  l o c a t i o n  o f  a l l  bor ings and 

hand-augered probes are presented on the S i te  Plans, Plates 3 and 4. The 
subsurface conditions encountered are described on the Log o f  Bori  ngs , 
Plates A-1A through A-1R; the nomenclature u t i l i z e d  on the Boring Logs i s  

described on Plate A-2, Unif ied Soi 1 Classi f icat ion System. 

A l l  explorations were conducted under the technical supervision o f  

Dames & Moore personnel. The borings were logged and re1 a t i ve ly  undisturbed 
samples were obtained using the Dames & Moore Type-U sampler (shown on page 

A-2) wi th o r  without the thinwall  attachment, the Dames & Moore Type-0 
sampler, o r  3-inch Shelby tubes. The Dames L Moore samplers were advanced 

e i ther  by pushing o r  by the force o f  a 140-pound hamner f a l l i n g  30 inches. 

Shelby tube samples were obtained by hydraul ical ly  pushing the tube i n t o  

the soi 1s. A standard split-spoon sampler was also used f o r  performing 
standard penet ra t ion t e s t s  (SPT). Th is  sampler was a l so  d r i ven  by a 

140-pound hamner f a l l i n g  30 inches. Samples obtained a t  each boring are 

indicated graphical ly on the Log o f  Borings a t  the depth from which the 

sample was extracted. 

The f i e l d  investigations carr ied out i n  each o f  the three areas are 

discussed separately i n the f o l  1 owing sect ions. 



WATER OWLCTS 

c n E a  vuvcs 

V U V I !  CAGE 

SOIL SAMPLER TYPE U 

FOR SOILS DIFFICULT TO RETAIN IN SAMPLER 

ALTERNATE ATTACHMENTS 

COIE.I)ETA1YIffi 
DEVICE 



Borrow Area 

The potent ia l  borrow area was explored by d r i l l i n g  7 auger borings 
near the northeastern comer  of  the plant  area ( see  P l a t e  3 f o r  boring 
locat ions) .  A CME-45 truck-mounted d r i l l i n g  r i g  was used t o  advance these  
borings. The borings were d r i l l e d  t o  40 feet o r  bedrock, whichever was 
first encountered. Bul k samples were col l  ected a t  approximately 12- t o  
15-foot i n t e r v a l s  f o r  1 aboratory examinat ion. Sampl ing depths from boring -, - - - 

t o  boring were varied t o  allow f o r  complete coverage of the upper 40 feet. 

P lan t  Area 
.,!2 

. .  . J 
- - The subsurface conditions a t  the p lan t  s i te were explored by d r i l  l i n g  . .. ,== - -2'4 

(9 
11 borings. Two of the borings, Borings 103 and 110, were advanced t o  $ 
d e p t h s  o f  49.5 and 55 feet ,  r e s p e c t i v e l y .  The remaining b o r i n g s  were I? 2 

advanced t o  bedrock,  which v a r i e d  from dep ths  o f  approximate ly  108 t o  ; q  
' 1 

149 feet. Borings i n  the p lan t  area were advanced by one of three methods: 1 i 
>#I 

1 )  ro t a ry  wash, using a skid-mounted Sprague and Henwood 40-CL; 2 )  contin- - ! 

uous f l i g h t  auge r ,  u s ing  a CME-45 truck-mounted r i g ;  o r  3 )  con t inuous  g 

f l i g h t  , hol 1 ow- stem auger, using a CME-55 truck-mounted r ig .  I 4 - -r 

.,.' 4 
$ 

. - .;$ - * , I  

F i v e  of the 9 bo r ings  advanced t o  bedrock were cored  u t i l i z i n g  a , +  ; 3: 
... d 

double-tube NX sized core barrel  w i t h  a Christensen diamond b i t .  Bedrock : - n 
.A 

was penetrated by a t r i -cone b i t  i n  t h e  remaining 4 borings. 

S lo t t ed  PVC standpipe piezometers were i n s t a l l e d  i n  Borings 104 through 
111. Five-foot perforated screen sect ions,  w i t h  a 0.02-inch s l o t  s i ze ,  were 
set a t  selected depths upon completion of d r i l l  ing each boring. The method 
of  i n s t a l  1 a t i on  consisted of ex t r ac t i ng  the casing t o  the desired screen 

. depth. Pea gravel was then poured i n t o  the hole,  f i l l i n g  i t  t o  the bottom 
of t h e  casing. The screen sec t ion  and PVC pipe  were then inser ted  i n to  t h e  
casing and set upon the base of  t h e  pea gravel. The remainder of t h e  casing 
was then pulled, the annular space between the PVC and s o i l  wall was f i  11 ed 
with gravel t o  within a few feet of  . t he  surface,  and bentoni te  p e l l e t s  were 



then dropped i n t o  the annulus t o  form an impervious seal t o  prevent surface 
drainage f rom en te r i ng  t he  annulus. The remainder o f  t h e  annulus was 

then f i l l e d  and a steel protector pipe, wi th cap, t o  protect the well was 
cemented t o  a depth o f  approximately 2 t o  3 feet. The depths a t  which the 

pietometers are located are sumnarized i n  the fol lowing table: 

STANDPI PE P I  EZOMETERS 

Boring 

104 

105 

106 

107 

108 

109 

110 

1 11 

Screened I nter-val 
Elevation 
0 

Sol i d  Waste Disposal Area 

Subsurface conditions were explored by d r i  1 1 i ng 3 bor i  ngs and advancing 

10 hand-auger probes a t  the locations shown on Plate 4. A truck-mounted 
CME-45 auger r i g  was used f o r  d r i l l i n g  the 3 borings. Continuous samples 

were taken i n  the upper 10 feet using the Dames & Moore Type-U sampler with 
th inwal l  attachment. Ten-foot core runs were performed i n  the bedrock a t  

each boring location. Shallow standpipe piezometers were ins ta l  1 ed i n  each 

o f  the borings and are sumnarized i n  the fo l lowing table: 



STANDPIPE PIEZOMETERS 

Bor i  n_q 

30 1 

302 

303 

Screened In terva l  
E l  evat ion  
0 

The locations o f  the shallow hand probes were selected t o  include ' - 

the dominant s o i l  groups delineated on Soi l  Conservation Service general ' . . 
s o i l  survey maps. Samples were obtained a t  these locations by pushing or 

d r i v ing  Shelby tubes wi th  a hand-operated, 140-pound hamner t o  the bedrock 
' Q 

contact, which varied from a depth o f  1 t o  5 feet. 
5 I, 

r . 
N:,! 

FIELD PERMEABILITY TESTS 

F a l l  ing-head, f i e l d  permeability tes ts  were performed i n  three of  the 

completed standpipe piezometers (Borings 109, 110, and 111 ). Calculated 
values o f  permeability from these tests, using Hvorsl ev' s equation, ranged 

f rom 2 x loo4 t o  9 x loo4 an/sec. These values arc extremely low compared 
t o  the median value o f  2 x loo2 cm/sec for the en t i re  Ohio River alluvium 

and for a value o f  7 x cm/sec c i ted  from the l i t e ra tu re  f o r  a pump t e s t  - 4  

performed a t  Hawesville. Further development o f  the standpipes by continued - 

pumping, followed by subsequent f i e l d  tes t ing may provide values more i n  
1 ine wi th these permeabil i t i es .  

LABORATORY TEST1 NG 

~t;e purpose o f  our 1 aboratory tes t ing  program was t o  provide su f f i c ien t  
quant i tat ive information t o  a1 low evaluation o f  the physical properties o f  

the subsurface so i l s  encountered and t o  provide a comparison o f  these values 

wi th resu l ts  obtained from previous investigations. I n  order t o  accomplish 



th is ,  i den t i f i ca t i on  tests, such as moisture content-dry density, Atterberg - - - 
7 

l i m i t s  tests, and grain s ize analyses, were performed on selected samples. 

Consol i da t ion  and shearing strength tests were a1 so performed t o  provide 

values f o r  engineering properties used i n  eval uating bearing capacities and 

settlements f o r  shallow foundations as well as p i l e  capacities f o r  driven 

p i 1  ing. 

Moisture content and t o t a l  density o f  selected samples were measured 

i n  the laboratory wi th  the dry density computed from t h i s  information. The 
moisture content and d ~ y  density o t  cnose samples tested i s  fndlcalrd a t  the 

appropriate locat ion on the Log of Borings. 

Atterberg 1 im i ts  were performed t o  assist i n  c lass i f i ca t ion  and eval u- 

a t ion  o f  the re l 'a t ive  p l a s t i c i t y  character ist ics o f  the s o i l  s encountered. 

These resu l ts  are also presented on the Boring Logs. 

Grain s ize analyses were performed t o  a id  i n  c lass i f i ca t ion  o f  the 

granular soils. Results from these tes ts  were used i n  the l iquefact ion 

analyses performed. Test resu l ts  are presented on P l  ates A-3A through 

A-3C. 

Consolidation tes ts  were performed on samples taken from the near- 

surface f i n e r  grained s o i l s  and o f  the deeper clay stratum. A description 

o f  t h e  t e s t  procedure i s  presented on Page A-7, Method o f  Performing 

Consolidation Tests. The resul ts o f  these tests, presented on Plates A-4A 
and A 4 B ,  were u t i l i z e d  i n  the settlement analyses. 

Shearing strength tests were performed on selected samples of the 

near-surface s i l t s  and clays as well as the deeper granular soils. This 
information was used i n  the calculat ion o f  bearing and p i l e  capacities. 

Strain-control 1 ed, unconsol idated-undrained, t r i a x i a l  compression tests were 

performed on selected samples. The resu l ts  o f  these tests, i n  terms of 

one-half the deviator stress, are presented i n  numerical form on the Log of  



METHOD OF PERFORMING CONSOLIDATION TESTS 

CONSOLIDATION TESTS ARE PERFORhlED TO EVALUATE THE VOLUME CHANGES O F  SOILS SUB] ECTED 

T O  INCREASED LOADS. TIMECONSOLIDATION AND PRESSURE-CONSOLIDATION CURVES MAY BE PLOT- 

TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED OS TtIESE CCRVES 

PERMIT ESllhiATES T O  BE MADE O F  THE PROBABLE MAGNITUDE ASD RATE O F  SETTLEMEST OF T H E  

TESTFn <nlLS UNDER APPLIED LOADS. 

EACH SAMPLE IS TESTED U'ITHIN BRASS RINGS TWO AND ONE- 

HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH. UNDIS- 

TURBED SAMPLES O F  IN-PLACE SOILS ARE TESTED IN RINGS 

TAKEN FROM THE SAMPLING DEVICE IN U'I-IICH THE SAMPLES 

WERE OBTAINED. LOOSE SAhlPLES OF SOILS TO. BE USED IN 

CONSTRUCTING EARTH FILLS ARE COhjPACTED IN RINGS T O  

PREDETERMINED COhDITIONS AND TESTED. 

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY 

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED T O  THE 
DEAD LOAD- PNEUMAT l C 

CONSOL l DOMETER 

ENDS OF THE SAMPLE BY POROUS DISKS. THE DISKS ALI-OU' 

DRAINAGE O F  THE LOADED SAMPLE. THE AXIAL COMPRESSION OR EXPANSION O F  THE SAUPLE IS 

MEASURED BY A MICROMETER DIAL INDICATOR A T  APPROPRIATE TIME INTERVALS AFTER EACH 

LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TWICE THE PRECEDING L0.4D. T t IE  IS- 

CREMENTS ARE SELECTED T O  OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LOADISG 

CONDITIONS FOR WHICH THE T E S T  IS BEING PERFORMED. EACH LOAD INCREhIENT IS ALLOWED TO 

ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE T Y P E  AhD E X T E S T  O F  .THE SOIL IS  THE 

FIELD. 



Bor ings a t  t h e  depth from which t he  sample was obtained. I n  addi t ion,  a 

consol idated-undrained, t r i a x i a l  compression t e s t  w i t h  pore water pressure 

measurements was performed 0". the  sample t o  evaluate t he  in te rg ranu l  a r  

s t resses o f  t h e  mater ia l .  The methods of performing t r i a x i a l  compression 

t e s t s  a re  descr ibed on Page A-9. 

Mu l t i - s tage  d i r e c t  shear t e s t s  were performed on samples o f  granular 

m a t e r i a l  t o  eva luate t h e i r  shearing s t rength charac te r i s t i cs .  The r e s u l t s  

o f  these t e s t s  are a1 so presented i n  numerical form on the  Log o f  Borings. 

These t e s t s  were performed i n  accordhrice ~ 4 t h  the desctu ip t ion provided on 

Page A-10. 

A compaction t e s t  was performed on a composite sample 0.f t he  near- 

sur face so i l s .  Th is  t e s t  was performed i n  accordance w i t h  ASTM D-1557 t e s t  

procedures. The r e s u l t s  o f  t h i s  t e s t  are'presented on P la te  A-5. 

Fa1 1 i ng- head permeabi 1 i ty t e s t s  were performed on sel ected sampl es 

obta ined from the  bor ings d r i l l e d  i n  t he  s o l i d  waste disposal area.   he 
r e s u l t s  o f  these tes ts ,  used i n  eva lua t ing  t he  r e l a t i v e  imperviousness o f  

t h e  na tu ra l  s o i l s  i n  t h e  proposed s o l i d  waste area, a r e  prcscnted i n  the 

. f o l l o w i n g  tab le :  

FALLING-HEAD PERMEABILITY TESTS 
SOLID WASTE DISPOSAL AREA 

Bor ing  

Sample 
Depth 
0 

Surcharge 
Pressure 
l E L  

Permeabi 1 i ty 
(cm/sec ) 

1.4 x l op7  
4.3 x 10'~ 

5.5 x 10'~ 

5.1 x 1 0 ' ~  

8.6 x 110'~ 

8.7 x lop8 



THE SHEARING STRENGTHS OF SOILS A R E  DETERMINED 
FROM THE RESULTS O F  UNCONFINED COMPRESSION AND 
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES- 
SION TESTS THE TEST METHOD AND THE MAGNITUDE O F  
THE CONFINING PRESSURE ARE CHOSEN T O  SIMULATE 
ANTICIPATED FIELD CONDITIONS. 

UNCONFINED COMPRESSION AND TRlAXlAL COMPRESSION 
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED 
SAMPLES O F  SOIL APPROXIMATELY SIX INCHES IN LENGTH 
AND TWO AND ONE-HALF I N r l + F S  IN DIAMETER. THE TSSTE 
ARE RUN EITHER STRAINCONTROLLED OR STRESS- 
CONTROLLED. IN A STRAINCONTROLLED T E S T  THE 
SAMPLE IS SUB] ECTED T O  A CONSTANT RATE OF DEFLEC- 
T ION AND THE RESULTING- STRESSES ARE RECORDED. IN 
A STRESSCONTROLLED T E S T  THE SAMPLE IS SUBJECTED 
T O  EQUAL INCREMENTS O F  LOAD U'ITH EACH INCREMENT 
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION 
WITH RESPECT T O  STRAIN IS ACHIEVED. 

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED T R l  AX I A L  COMPRESSION T E S T  UN I T  
FROM THE STRESS-STRAIN P L O T  FOR EACH SAMPLE AND 
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE P L O T T E D  ON A MOHR'S 
CIRCLE DIAGRAM T O  DETERMINE THE SHEARING STRENGTH O F  THE SOIL T Y P E  BEING TESTED. 

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES I I T H  SUFFICIENT COHE- 
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT 
NATURAL MOISTURE CONTENT OR ON AKTIFICIALLY SATURATED SOILS. 

I N  A TRIAXIAL COMPRESSION TEST ME SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN  A 
T E S T  CHAMBER. AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION O F  THE 
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR 
SPECIAL TESTS I T  MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COAIPRES- 
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED 
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING U'AYS: 

UNCONSOLIDATED-UNDRA~ED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE 
AT M E  START O F  THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES U'HICH 
ARE MEASURED REPRESENT THE SUM O F  THE INTERGRANULAR STRESSES AND PORE 
WATER PRESSURES. 

CONSOLIDATED-UNDRAINED: THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER 
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME 
CHANGE IS DETERAflNED BY hlEASURING THE U'ATER AND/OR AIR EXPELLED DURING 
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES 
WHICH ARE hlEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.  

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-  
FORMING A DRAINED, OR SLOW, TEST. IN THIS T E S T  THE SAMPLE IS FULLY SATURATED 
AND CONSOLIDATED PRIOR T O  Tt iE  START OF THE TEST. DURING THE TEST. DRAINAGE 
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOU' ENOUGH RATE T O  P R E V E N T  
THE BUILDUP O F  PORE U'ATER PRESSURES. THE RESULTING STRESSES U'HICH ARE MEAS- 
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY 
PERFORMED ON SAMPLES O F  GENERALLY NONCOHESIVE SOILS, ALTHOUGH THE T E S T  
PROCEDURE IS APPLICABLE T O  COtiESlVE SOILS I F  A SUFFICIENTLY SLOU' T E S T  RATE 
IS USED. 

A N  ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED T E S T  1 s  T O  PER-  
FORM AN UNDRAINED T E S T  IN WlllCH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE U'ATER 
PRESSURES. THE DIFFERENCES BETU'EEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES 
MEASURED ARE THE INTERGRANULAR STRESSES. 



DIRECT SHEAR T E S T S  ARE PERFORMED T O  DETERMINE 

THE SHEARING STRENGTHS O F  SOILS. FRICTION TESTS 

ARE PERFORMED T O  DETERMINE THE FRICTIONAL RE- 

SISTANCES BETWEEN SOILS AND VARIOUS OTHER MATE- 

RIALS SUCH AS WOOD, S T E E L ,  OR CONCRETE. T H E  TESTS 

ARE PERFORMED IN THE LABORATORY T O  SIMULATE 

ANTICIPATED F I E L D  CONDITIONS. 

EACH SAMPLE IS T E S T E D  WITHIN THREE BRASS RINGS, 

TWO AND ONE-HALF INCHES IN DIAMETER AND ONE INCH 
DIRE0 SHEAR APPARATUS WITH 

IN LENGTH. UNDISTURBED SAMPLES O F  IN-PLACE S O I S  ELECTRONIC RECORDER 

ARE TESTED IN RINGS TAKEN FROM THE SAMPLING 

DEVICE IN WHICH THE SAMPLES WERE OBTAINED. LOOSE SAMPLES O F  SOILS T O  BE USED !N CON- 

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS T O  PREDETERMINED CONDITIONS AND TESTED. 

DIRECT SHEAR TESTS , 

A THREE-INCH LENGTH O F  THE SAMPLE IS TESTED IN DIRECT DOUBLE SHEAR. A CONSTANT PRES- 

SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR U'HICH THE TEST IS BEING PER- 

FORMED, IS A P P L I E D  NORMAL T O  THE ENDS O F  THE SAMPLE THROUGI-I POROUS STONES. A SHEARING 

FAILURE OF THE SAMPLE, IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR 

T O  THE AXIS O F  T H E  SAMPLE. TRANSVERSE MOVEMENT O F  THE OUTER RINGS IS PREVENTED. 

CONSTANT RATE O F  LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS O F  LOAD OR DE- 

FLECTION. IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND 

TRANSVERSE DIRECTIONS'ARE RECORDED AND PLOTTED. THE SHEARING STRENGTH OF THE SOIL 

IS DETERMINED FROM THE RESULllNG.LOAD-DEFLECTION CURVES. 

FRICTION TESTS 

IN ORDER T O  DETERMINE T H E  FRICTIONAL RESISTANCE BETWEEN SOlL AND THE SURFACESOF VARIOUS 

MATERIALS, T H E  CENTER RING O F  SOlL IN THE DIRECT SHEAR T E S T  IS REPLACED BY A DISK O F  THE 

MATERIAL TO BE TESTED. THE T E S T  IS THEN PERFORMED IN THE SAME MANNER AS THE DIRECT 

SHEAR T E S T  BY FORCING THE DISK O F  MATERIAL FROM THE SOIL SURFACES. 



Chemical analyses were performed on selected s o i l  and ground water 

samples from both the  p lan t  and s o l i d  waste disposal areas. The resu l ts  o f  

these tes ts  are presented i n  the  tab les  a t  the end o f  t h i s  Appendix. 

.i 
ki.: 

p i  The f o l l o w i n g  Tables and P l a t e s  a r e  a t tached and complete t h i s  
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Ground Water Qua1 i ty Analyses 
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, i . . 
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Gradation Curves 

Consol ida t fon  Test Data 

Compaction Test Data 
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Total Col iform (per 100 ml ) 
Fecal Coliform (per 100 ml) 

TABLE A-1 

GROUND WATER QUALITY ANALYSES 

pH (S.U. ) 
Densit ( /cc) 
Odor ({ON! 
Turbidity (NTU) 
Color (CU ) 
Taste 

Total Suspended Solids 
Total Dissolved Sol ids  
TOG 
Amnonia as N 
Ni t ra te  
Cyani de 
Fl uori de 
Sulfa te  
Ortho-Phosphate 
Chloride 
Hardness as  CaC03 
A1 kal i n i  t y  
Total Nitrogen 
A1 umi num 
Arsenic 
Barium 
Boron 
Beryl 1 i um 
Bismuth 
Bromi ne 
Cadmi um 
Cobalt 
Chromi um 
Copper 
Iron 
Germani um 
Mercury 
Lanthanum 
Magnesi urn 
Manganese 

BORING 105 BORING 303 

7.45 7.70 
0.99 1.00 

32 1 
190 1,800.0 
40 750 

Not determined due t o  bacteri a1 contamination 
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TABLE A-1 (Cont. 1 

BORING 105 BORING 303 

mg/L mg/L 

Molybdenum 0.014 0. 004 
Nickel --... 1.-*-"-- 4 .  - - " - . L -- - - -  0.470 .- .  &# .. 0.570 
Lead -*- 0.134 1.050 
Rubi d i  urn <0.010 <0.010 
Antimony <Om 005 0.063 
Sel eni urn <0.0025 0.003 
Tin a.25 0. 379 
Titanium .. 0 080 <Om 030 
Urani um <0.010 <0.01 
Vanadium 0.060 <O. 001 
Tungsten <Om 01 <Om 01 
Zf  nc 0.70 1.760 
Z i rconi um <Om 005 <O . 005 
Si lver  0.003 0.002 

Thori urn 
Radium 

Phenols (1) . 
A1 iphat ic  ~ydrocarbons . 
Aryl ami nes 
Mono and Pol ycycl i c Hydrocarbons (2) 
Sulfur Compounds 

Thiophenes and Mercaptans (3) 
Chlororgani cs (4) 
Chl orami ne 

**ND - Not detectable - s l i gh t l y  higher background radiation. 
1 Phenols were determined by GC as Phenol. 
2 Sixteen PAH's and 3 monocycl i c  compounds u t i l i zed  as. standards. I 1  

Sulfur  compounds compared t o  mercapto ethanol f o r  detection l imi ts.  
Chlororganics compared t o  L i  ndane. 

MOTE: Analyses performed by Howard Laboratories, I nc., 
Dayton, Ohio. 



TABLE A-2 

CHEMICAL TESTING OF SOIL 
PLANT SITE AREA 

Boring 
Depth 
0 

Soi 1 
pH 

Sulfate  
0 

R e s i s t i v i t y  
(ohm- cm) 



TABLE A-3 

PHYSICAL AND CHEMICAL PARAMETERS OF SELECTED SAMPLES 
FROM HAND-AUGER PROBES, SOL I D  WASTE D l  SPOSAL AREA 

Parameter 

Moisture (X o f  dry wt) 
Wet Uni t  W t .  (pcf) 

Dry Uni t  W t .  (pcf) 

L iqu id  L imi t  (X) 
P last ic  L imi t  ( X )  
P l a s t i c i t y  Index 

Permeability (cmlsec) 

Water (paste) pH 

SMP Buffer  pH: . 
Moisture ( X  o f  dry wt)  
Organic Matter (% o f  dw) 

Sulfate (% o f  dw) 

Total I r on  (% of dw) 

Total Arsenic (% o f  dw) 
Total Barium (% o f  dw) 

Total Calcium (X o f  dw) 
Total Chromium (X o f  dw) 

Total Lead (% o f  dw) 
Total S i l ve r  ( X  o f  dw) 

Total Mercury (X o f  dw) 
Total Selenium ( X  o f  dw) 

Hand-Auger Probe 

3 6 10 

NOTE : Analyses performed by Cmonweal t h  Techno1 ogy, I nc., 
Lexington, Kentucky 



TABLE A-4 

MINERALOGICAL ANALYSES 
(SEMI-QUANTITATIVE) 

SOLID WASTE DISPOSAL AREA 

Mineral 

Kaol i ni  t e  

Mica ( I l l i t e )  

Montmori 1 1 oni t e  

Hydroxy-A1 Montmori 11 oni t e  

Quartz  

Feldspar 

Hand-Auger Probe 

3 - 6 - 10 - 

NOTE : Analyses perf  onned by Comnonweal t h Techno1 ogy , I nc . , 
Lexington, Kentucky 



TABLE A-5 

CATION (SODIUM) EXCHANGE CAPACITY 
SOL I D  WASTE DISPOSAL AREA 

Hand-Auger Probe 

Parameter 3 - 1 n g_ - 
Exchangeable K (meq/l06 gn) 

Exchangeable Mg (meq/100 gn) 

Exchangeable Ca (meq/100 gm) 7.63 4.55 8.77 

Cat ion Exchange Capacity (meq/100 gm) 21 17 24 

Base Saturation (%) 43 31 39 

NOTE : Analyses performed by Carmonweal t h  Techno1 ogy, I nc., 
Lexington, Kentucky 
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t W W BORING 101 (cont'd) 
SURFACE ELEVATION 390.3' 

OINATES N14000, € 4 0 0 0  

DESCRIPTION 
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BORING 102 
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k w BORING 103 
SURF= ELEVATION 599.3' 
COORMWTES N 13000, €4700 
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I- W IU BORING 104 (cont'd) 
SURFACE ELEVATION 421.5'  
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DESCRIPTION 
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k w BORING 107 
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I t W BORING 108 I 

LOG OF BORING 

mrL:  
SOIL CD~DITIOA a~ D~SQIKD f r  ACCOSIWCI 

MIm M U l v t l  SOIL Q U L l f l U T I O I  SfiTf18. 
RATE A.2. 

DAMIS 6 MOOR- 

PLATE k l H  



t; Id BORING I08 (cont'd) 
SURFACE ELEVATION 4 18.0' 
COORDINATES N 1 1000. E 0000 
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' BORING 109 W 

SURFACE E L E V A T I O N  421.7' 
C O O R D I N A T E S  N 91 Ol . ): 804 1 
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t BORING 109 (cont'd) 
SURFUE ELEVATION 423.7' 
COORDINATES N S 101, E 004 1 
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LOG OF BORING 



I ki w BORING 11 0 

LOG OF BORING 

I 
PLATL A-IJ 

- 



C Y 
Y BORING 111 I 

LOG OF BORING 

arr: 
111 SOIL ODIDIIIm hM LIISUIlD Ill - wrn n UII~IW SOIL ustrrurlm srsnu. 
run b 2 .  

0 1 m m s  a M O O l l  

- 





BORING: 2 0 1  

COORDINATES : N13,000 E9300 

ELEVATION: 430.1 I 

LOG OF BORINGS 

BORROW AREA 

BORING: 202 

COORDINATES: ~13 ,000  ~10 ,760  
ELEVATION: 422.5' 

SOIL DEPTH SAMPLE npE (FEET) 
DESCRIPTION DEPTH SOIL 

(FEET) SAMPLE TYPE 
DESCRIPTION 

BROWN CLAYEY S I L T  WITH 
VERY FINE SAND 

0-7 CL BROWN SILTY CLAY 

BROWN SILTY FINE SAND WITH 
t4EDIUM TO COARSE SAND 

BROWN SILTY FINE SAND 
WITH SOME MEDIUM TO 
COARSE SAND, TRACE,iFINI 
GRAVEL 

-- - 

3 CL DARK GRAY SILTY CLAY 
WITH POCKETS OF FINE 
SAND 

GRADES WITH LESS FINES 

GRADES WITH LESS FINES 

GRADES WITH MORE CLAY 
I 

AUGER BORING COMPLETED AT 40 '  ON 12 /20 /80  

i GROUND WATER NOT ENCOUNTERED 

8 

AUGER BORING COMPLETED AT 4 0 '  ON 12/21/80 
GROUND WATER ENCOUNTERED AT 16 '  



LOG OF BORINGS 

BORROW AREA 

BORING: 2 0 3  

COORDINATES : N12,082 E10,996 

ELEVATION : 416.3' 

BORING: 2 0 4  

COORDINATES: N10,000 E11,500 

ELEVATION: 426.61 

DEPTH SOIL  
[FEET) SAMPLE TYPE 

DESCRIPTION 

0-40 ' CL BROWN SILTY CLAY 

DEPTH SOIL  
(FEET) SAMPLE TYPE 

DESCRIPTION 

COLORS GRAY WITH TRACE 
TO L I T T L E  F INE SAND 

COLORS DARK GRAY 

'r 4 i 
I 
a 
Q AUGER BORING COMPLETED AT 4 0 '  ON 12 /21 /80  AUGER BORING COMPLETED A' 40' ON 12 /21 /80  
1 GROUND WATER NOT ENCOUNTERED GROUND WATER ENCOUHTERED AT 13', STABIL IZED AT 3 '  
8 
8 1 I .  

I 
t . .  - % . .  i 



LO6 OF BORINGS 

BORROW AREA 

BORING: 2 0 5  BORING: 2 0 6  

COORDINATES: ~13,000 ~ 1 2 , 0 0 0  COORDINATES: N 11,092 E12,325 
ELEVATION: 429.1 ' ELEVATION : 476.1 ' 

DEPTH S O I L  DEPTH SO1 L DESCRIPTION (FEET) TYPE (FEET) SAMPLE TYPE 
DESCRIPTION 

0-40 CL/ML BROWN S ILTY  CLAY TO 0- 7 CL BROWN SILTY CLAY 
CLAYEY S I L T  1 

1 

AUGER BORING COMPLETED AT 7 '  ON 12 /21 /80  
BEDROCK AT 7 '  
GROUND WATER NOT ENCOUNTERED 

e 
I 
a 4 
I) 

a AUGER BORING COMPLETED AT 4 0 '  ON 12 /20 /80  
GROUNDWATER ENCOUNTERED AT 2 8 '  

8 
0 

I 

GRADES WITH PINE SAHD 



LOG OF BORINGS 

BORROW AREA 

BORING: 2 0 7  

COORDINATES: N ~ O  ,000 ~ 1 2 , 5 0 0  
ELEVATION: 4 4 4 . 0  

DEPTH S O I L  
(FEET) SAMPLE TYPE DESCRIPTION 

0 - 2 3  CL BROWN S I L T Y  CLAY 

AUGER BORItiG COMPLETED AT 23' ON 1 2 / 2 1 / 8 0  
BEDROCK AT 2 3 '  
GROUNDWATER NOT ENCOUNTERED 



LOG OF BORING 
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BORING 302 

LOG OF BORING 
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NOTE: D U A L  SYMBOLS ARE USED T O  INDICATE BORDERLINE SOlL CLASSIFICATIONS 

UNIFIED SOlL CLASSIFICATION SYSTEM 

DAMES & MOORE 

_I 

PLATE A-2 

TYPICAL DESCRIPTIONS 

WELL-GRADED GRAVELS. GRAVEL. 
SAND MIXTURES. LITTLE OR NO 
FINES 

POORLY.GRAOE0 GRAVELS. 
GRAVEL.SAN0 MIXTURES. LITTLE 
OR NO FINES 

SOILS SILTY GRAVELS. GRAVEL-SAND. 

GRAVELS WITH FINES I ' 

CLEAN SAND 

MORE THAN 50% 
OF MATERIAL IS 

MORE THAN 50% 
OF MATERIAL IS LIOUID L IMIT 
SMALLER THAN NO. GREATER THAN 50 
m SIEVE SIZE 

MAJOR DIVISIONS 
GRAPHIC 
SYMBOL 

V 4 ) 
* ? r e  . y.?... - ......... ".' ."" 
! 
II ....... .4 -... ..... ........ .... .. t , COARSE 

GRAINED 

LElTER 
SYMBOL 

GW 

GP 

GRAVEL 
AND 

GRAVELLV 
SOILS 

CLEAN GRAVELS 

iLlTTLE OR NO 
FINES) 



PLATE A-3A 
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ORADATION CURVES 
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PI ATE  A-3C 



PRESSURE I N  LBS. / SO, fl. 

CONSOLIDATION TEST DATA 



PRESSURE IN LBS, / SO, FT. 

CONSOLIDATION TEST DATA 



-11 OROW SILTY CUY/CLAYEY S I L T  

LOCATION BRECKENRI DGE, KY. 
OPTIMUM MOISTURE CONTENT 1°*7% 
MAXIMUM DRY DENSITY 124 PCF 
METHOD OF COMPACTION ASTH D1557(*)  
LL -28, PL - 21, PI = 7 

.- A - 

MOISTURE CONTENT IN x OF ~ R T  wElant 

T 

6 a 

r, 120 . 

no 

Dam.* m001. 

PLATE A-6 

COMPACTION TEST DATA 
(COHPOS I TE SAHPCE OF NEAR SURFACE SO I LS) 




