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ABSTRACT 

This r epo r t  summarizes the. progress,.of the "Exploratory Research on' . ' 

Sol vent Refined Coal. Liquefac't ion" p ro j ec t  by The P i  t t sburg  & Midway 
Coal Mining Coils Merri.am Laboratory dur ing 1980.. Six coals and a coal 
blend, representing .the .Jnter ior ,  Rocky Mountain, Eastern and Northern . 
Great Plains. Provinces, were processed i n  the SRG I and SRC I 1  modes t o  
study the re l a t i onsh ip  between coal' p roper t ies  and 1 iquefact ion be- 
havi or. D i  sposabl e ca ta lys ts  and. spec i f i c  compounds were added t o  
Loveridge, Kaiparowi t s  and B lacksv i l l  e No. 2 coals dur ing SRC I 1  mode , 

1 iquefact ion.  Kentucky .9/14, Indiana V and Loveridge coals were pro- 
cessed a t  short  residence times (4-9 minutes) i n -  the SRC I mode t o  . 
evaluate the e f f e c t s  o f  .temperature, pressure; residence t ime and d is -  
posable cata1,yst add i t ion.  Final ly,,  .coal from the Powhatan No. 1 Mine 
.was evaluated as a feedstock f o r  major coal l i que fac t i on  f a c i l i t i e s .  



I .  SUMMARY 

The a c t i v i t i e s  of t he  Merriam Laboratory during 1980 were in fou r  major 
a reas  : 

1.  Study of the re la t ionsh ip  between coal proper t ies  and 1 ique- 
fact ion behavior. 

2. Addition of c a t a l y t i c  material s including both disposable 
, cata! y s t s  and higher priced spec i f i c  compounds. 

2 

3. Investigation of shor t  residence time coal 1 iquefaction.  

4. Evaluation of coals  a s  potential  feedstocks fo r  major l ique- 
fact ion f a c i l i t i e s .  

A. Coal. Propert ies and Liquefaction Behavior 

. Six coals  were se lected f o r  t h i s  study: 

company and Mine S t a t e  Sealr~ 
-% 

Anlax 
Bel.1 e Ayr 

Mono Power 
(Kai parowi t s  Plateau) 

Energy Fuels 
Energy Mine No. 1 

Amax . 
Ayrs h i  re 

Consol 
Georgetown No. 24 

Consol 
Ireland 

WY Smi t h-Rol and 

UT Red 

C 0 Wadge 

IN Indiana VI 

Oh40 No. 8 
0 1-1. (Pi t tsburgh)  

Pittsburgh 

a s  well a s  a blend of  Ireland and Blacksvil le No. 2 coals. The 
Ii-eland Mjne coal was processed a f t e r  blending t o  ash leve'l s of 10, 
12, 14 and 'I6 w t  %. The r e su l t s  w i t h  the  f i r s t  three  coals  were 
given i n  t h e  f i r s t  quar te r  1980 report* and w i t h  the  remainder i n  
t he  second quar te r  1980 report**. 

Processing of the th ree  westcrn coals ,  Belle Ayr, KaSparowits and 
Wadge seam, a l l  of which a r e  low i n  iron (0.2-0.4 w t  %, dry coal 

. bas i s ) ,  .does not appear t o  be feas ib le  a t  rlormal condit ions without * .  

* "Exploratory Research, on Sol vent Refined Coal Liquefaction, Techni - 
cal Progress Report f o r  the  Period January 1 ,  1980 through March 31, 
1980; FE/14800-17. 

** " ~ x ~ i o r a t o r ~  ~ e s e a r c h  on So1 vent Refined Coal Liquefaction ," Techni - 
ca l .  Progress Report f o r  the  Period April 1 ,  1980 through June 30, 
1980; FEj14800-21. 



added catalyst .  For a l l  of the coals,  total  o i l  or SRC + IOM 
yields  could be correlated with the composition of the coal and 
iron level i n  the feed slurry. The. reac t iv i ty  general ly  increased . 
a s  the organic oxygen and sulfur  content of the coa.1 increased. 
Yields also improved as  the iron concentration in the feed s lurry 
i ncreased, ' 

B. Addition of Catalytic Materials 

Work i n  t h i s  area was divided into study of disposable ca ta lys ts  
(iron compounds) and use of specif ic  additives (molybdenum and 
promoted molybdenum-a1 umina catalysts) .  

1 . Di sposabl e Catalyst Studies 

Three se r i e s  of runs were made during the year investigating 
the use of disposable ca ta lys ts  (other than in the study of 
coal properties discussed above). In the f i r s t  study, de- 
ta i led  i n  the second quarter 1980 report ,  coal from the Love- 
ridge Mine was processed a t  455OC, 1800 psig and 1.0 hour 
residence time to  compare the ca ta ly t ic  ac t iv i ty  of pyrite 
(FeS2) with f e r r i c  oxide (Fe203). 

Total' o i l  yield with pyri.te was about 3% higher than with 
f e r r i c  oxide which was, in t u r n ,  about 1% higher than fo r  a 
control r u n  without additive. .There were correspondingly 
lower SRC and IOM yields.  Yields and hydrogen consumptions 
were essent ial ly  the same for  runs catalyzed w i t h  pyri te  or  an 
equal iron blend of -FeS2 and Fe203. 

The hydrogen level . i n  the heavy d i s t i l l a t e  was a l i t t l e  higher 
with pyri te  and the FeS /Fe203 blend than w i t h  Fez03 alone 
(7.6-7,.7% vs 7.4%), a1 t 6 ough sulfur  and nitrogen levels  were 
similar fo r  a l l  three runs. 

In a second study, described i n  the third quarter 1980 re- 
port*, Loveridge Mine coal was processed a t  450°C, 2250 psig 
and 1.0 hour residence time in the SRC I1 mode. Yields and 
hydrogen consumptions were essent ial ly  the same for  runs w i t h  
added pyri te  (FeS2) or f e r r i c  oxide (Fe203). The yields 
obtained with Loveridge coal dnd 5 w t  % added pyrite were 
similar t o  those obtained with the other Pittsburgh seam coals 
(Georgetown and an Ire1 and/Bl acksvi 11 e blend) studied under 
these conditions without added catalyst .  

When ~over idge  coal was processed i n  the SRC I made a t  450°C, 
1900 psig a'nd 26 minutes residence time, there was a s i  n i f i -  
cant i n ~ r e a s e  in total  o i l  yield (3.7% based on MF coal! w i t h  
a ,  corre.sponding decrease in SRC yield when pyrite was added t o  . '  

the feed slurry.  There was a smaller e f fec t  w i t h  a FeS2/ 
Fez03 combination and l i t t l e  o r  no ef fec t  when f e r r i c  oxide 
a1 one was added. 

* "Exploratory ~ e s e a r c h  on Sol vent Refined Coal Liquefaction," Technical 
Progress Report fo r  the Period July 1 ,  1980 through September 30, 1980; 
February 1981, FEJ14800-25. 



2. Specific Additives Studies 

Two ser ies  of runs were made with molybdenum based catalysts .  
In the  f i r s t  study, discussed in the third quarter 1980 
report*, two runs were conducted in the SRC I1 mode a t  450°C, 
2250 psig and 1.0 hour residence time w i t h  Loveridge coal 
containing 0.7 and 0.4 w t  % molybdenum by aqueous impregna- 
tion. 

Sl ight ly higher oi 1 yields and s l  ight ly  lower hydrocarbon gas, 
SRC and 10M yields  were obtained.with 0.7 w t  % molybdenum than 
with 5 w t  % added pyri.te o r  3.3 w t  % added f e r r i c  oxide. The 
l o t  of pyrite used in t h i s  comparison appears to  be relat ively 
low i n  ac t iv i ty ,  however., compared to  some other pyrite 
samples. Higher oi 1 yields  and lower SRC and IOM yields were 
achieved with 0.7 w t  % molybdenum on'.coal than with 0.4 w t  %, 
although the differences were s l ight .  The sulfur  levels i n  
the heavy d i s t i l l a t e  and d i s t i l l a t i o n  residue from the Mo 
catalyzed runs were much lower than in the runs catalyzed 'by 
iron. compounds. Other analyses were roughly the '  same fo r  the 
two ca ta lys t  types, 

In work reported this quarter,  two runs were conducted a t  . 

450°C, 2250 psig and 1 hour residence time w i t h  Loveridge coal 
t o  investigate the addition of molybdenum-alumina catalyts .  
Addition of 0.34 w t  % Mo dispersed on alumina and promoted by 
nickel to  Loveridge coal gave a 3.6 w t  % higher o i l  yield and 
a 3.7 w t  % lower SRC yield than the same amount of molybdenum 
added by aqueous impregnation of the coal. Molybdenum-alumina 
ca ta lys ts  promoted by e i ther  nickel or cobalt gave essent ial ly  
the same re su l t s  and the yields  general'ly improved as  the 
molybdenum level was increased from 0.04 to  0.34 w t  %, based 
on coal. The product sulfur  and, nitrogen levels  were, in 
general , reduced sign.i f icant ly  by the molybdenum-a1 umi na 
ca ta lys ts  which were or iginal ly  developed as  HDS (hydrodesul- 
fur izat ion)  ca,talysts,  

C. . Short Residence Time Coal Liquefaction 

Twenty short  residence time SRC I. runs were conducted w i t h  Kentucky 
9/14 and Indiana V coals t o  extend' e a r l i e r  short .residence time 
s tudies  t o  higher pressures. Nominal temperatures of 460 to  487*C, 
pressures of 2000 t o  3000 psig and residence times 0.f 4 I;o 9 minutes 
were investigated. I.n addition, two runs were made with Loveridge 
coal f o r  a preliminary investigation of di sposabl e, ca ta lys t  addi - 
t ion  i n  the short  residence time mode. Results are reported t h i s  
quarter. 

The:unit was operated without d i f f i cu l ty  during a l l  of the runs, 
f i l t e r a b l e  products were obtained and no coke build-up i n  the 

* "Exploratory Research on Sol vent Refined Coal Liquefaction, " Technical 
Progress Report for  the Period July 1 ,  1980 through September 30, 1980; 
February 1.981 , FE/14800-25. 



preheater o r  dissolver was observed. Excess recycle solvent was 
generally obtained a t  480°C, 3000 psig and 6 to  8 minutes residence 
time. 

A total  of 16 experimen.ts w i t h  Indiana V coal were conducted during 
t h i s  study, including a 23 plus midpoint factor ial  t o  evaluate the 
e f fec ts  of temperature, pressure and residence time. . Increasing 
temperature i n  the range of 460 to 480°C generally increased hydro- 
carbon gas and to ta l  o i l  yields  while SRC yield was decreased. 
Increasing pressure in the.range of 2000 t o  3000 psig,increased 
recycle solvent and to ta l  o i l  production as  we1 1 as hydrogen con- 
sumption. The ef fec t  of residence time 'in the range of 4 t o  8 
minutes was confounded by the small dissolver cross-section and 
high gas flow rates .  I t  appears tha t  the actual slurry residence 
time was somewhat below the nominal value due to  "bridging" of the 
gas phase i n  the dissolver. Oil yields  would probably be larger  
and SRC and IOM yields smaller i f  a 1,arger diameter dissol.ver. were 
used. Increasing nominal residence time resulted i n  increased 
hydrocarbon gas yield and hydrogen consumption and decreased o i l  
and IOM yields.  

A t  480°C, 3000 psig and 8 minutes residence time, yields were 
generally improved by solvent recycle whi 1 e residence time i n -  the 
preheater between. 5 and 8 minutes had 1 i . t t l e  effect .  

The r u n  conditions had l i t t l e  e f f ec t  on recycle solvent analyses, 
bu t  the sulfur  level i n  the SRC was reduced s ignif icant ly by 
increasing dissolver temperature and/or residence time. The sulfur  
level in the SRC was below 0.9 w t  % fo r  a l l  runs. 

A t  460°C, 2000 psig and 9 minutes residence time with Loveridge 
coal , a small improvement i n yi el ds was brought about by pyrite 
addition. Yields without ,added pyrite were similar to  resu l t s  w i t h  
Indiana V coal,  except fo r  a somewhat higher yield of non-volatile 
products, SRC and IOM, w i t h  the Loveridge coal. 

D. Evaluation of Coal Feedstocks 

One r u n  was conducted in the SRC I1 mode to  evaluate Powhatan No. 1 
coal a s  a feedstack fo r  major liquefaction f a c i l i t i e s .  These re- 
s u l t s  a re  a l so  reported t h i s  quarter. 

A t  457OC, 1800 psig and 1.0 hour residence time in the SRC I1 mode, 
Powhatan No. 1 coal yielded 14.3 w t  - %  hydrocarbon gas (based on MF 
coal) ,  41.4 w t  % total  o i l ,  24.8 w t  % SRC and 5.7 w t  % 10M. 
Hydrogen consumption was .4.4.wt %. These resu l t s  were very similar 
t o  those obtained e a r l i e r  w i t h  Powhatan No. 5 coal. Ammonium 
chloride deposits formed' in the product separatfon system during 
t h i s  r u n  and a rupture disc  fa i led .  due to  corrosion. 



11. INTRODUCTION 

A. Reports o f  Previous Work 

Previous work a t  t h i s  l a b o r a t o r y  has been described i n  i n te r im ,  
f i n a l ,  monthly, q u a r t e r l y  and annual repo r t s  t o  the  O f f i c e  o f  Coal' 
Research,.the Energy Research and Development Administ rat ion,  and 
t h e  Department o f  Energy. A summary o f  these documents appears i n  
t h e  second quar te r  1979 r e p o r t *  a long w i t h  a d e s c r i p t i o n  o f  t he  
c u r r e n t . c o n t r a c t  ob jec t i ves  and a h i s t o r y  o f  t he  Merriam Laboratory 
i n  so lvent  r e f i n i n g  o f  coal .  

B. Current1 v R e ~ o r t e d  Work 

During t h e  f o u r t h  quar te r  o f  1980, a c t i v i t i e s  a t  t he  Merriam Labora- 
t o r y  were i n  t h r e e  main areas: sho r t  residence t ime studies, 
a d d i t i o n  of c a t a l y t i c  m a t e r i a l s  drid eva luat ion  o f  coal  feedstocks. 

1. Shor t  Residence Time StudSes 

Four p r e l i m i n a r y  runs w i t h  Kentucky 3/14 coal  arid 16 runs w i t h  
Indiana V coal  were curiducted w i t h  t h e  pr imary o b j e c t i v e  o f  
extending e a r l i e r  s h o r t  residence s tud ies  t o  h igher  pressures. 
The e f f e c t s  o f  temperature, pressure and d i s s o l v e r  residence 
t ime  were i nves t iga ted  i n  a z3 p l u s  midpo in t  f a c t o r i a l .  The 
r e s u l t s  o f  so lvent  r e c y c l e  and vary ing  preheater residence 
t ime were a l s o  explored. Coal from t h e  Loveridge Mine was 
processed w i t h  and w i thou t  added p y r i t e  f o r  a p r e l i m i n a r y  
i n v e s t i g a t i o n  o f  d isposable c a t a l y s t s  i n  the  sho r t  residence 
t ime SRC I mode. 

2.. .Add i t i on  o f  C a t a l y t i c  Ma te r ia l  s 

F ive  runs were conducted i n  t h e  SRC I 1  mode t o  complete a 
study on r e a c t i o n  paths and c a t a l y s t s .  One r u n  was conducted 
w i t h  coal  from t h e  Kaiparowl'ts Plateau i n  Utah and two runs 
w l t t i  P i t t s b u r g h  seam coa l  f rom t h e  B lacksv i l  l e  No. 2 Mine t o  
compare t h e  response o f  d i f f e r e n t  types o f  coal  t o  disposable 
c a t a l y s t  ( p y r i t e )  add i t i on .  Discussion o f  those runs w i l l  be 
deferred u n t i l  a l a t e r  repor t .  Two runs were a l so  made w i t h  
P i t t sbu rgh  seam coal  from t h e  Loveridge Mine t o  evdluate 
d d d l t l o n  o f  molybdenum-alumina hydrodesul f u r i z a t i o n  c a t a l y s t s  
(NiMo and CoMo on alumina) i n  t h e  SRC I 1  process. 

3. Evaluat ion o f  Coal Feedstocks 

Coal froil l  t h e  Powhatan No. 1 Mine was processed i n  t h e  SRC I 1  
mode a t  457OC, 1800 p s i g  and 1.0 hour residence t ime t o  evalu-  
a t e  i t  as a p o t e n t i a l  feedstock f o r  major l i q u e f a c t i o n  f a c i l -  
i t i e s .  

* "Exp lora tory  Research on Solvent Refined Coal L iquefact ion,"  Technical 
Progress Report f o r  t h e  Period A p r i l  1, 1979 through June 30, 1979; 
J u l y  1980, FE/14800-10. 



111. SHORT RESIDENCE'TIME COAL LIQUEFACTION 

A. Experimental 

1. Run Conditions 

The r u n  conditions for  a l l  22 short residence time runs 
reported t h i s  quarter a re  summarized i n  Table I. 

a. Kentucky 9/14 Coal Runs ( D O E  381-384) 

A preliminary ser ies  of four runs was conducted with 
Kentucky 9/14 coal t o  determine i f  the ranges of vari- 
ables proposed fo r  the Indiana V coal factor ial  were 
appropriate. Of particular in te res t  was the temperature 
tha t  would give the maximum o i l  yields a t  3000 psig and 
8 minutes residence time. The Indiana V coal was in 
short  supply and the Kentucky 9/14 coal was expected to  
give similar resu l t s .  

Operability was checked a t  the most and l eas t  severe 
conditions contemplated for  the factor ial  in runs DOE 381 
and 383, respectively. The tendency to coke was tested 
by running a t  the highest temperature, lowest pressure \ 
and longest residence time ant ic ipa ted , . in  r u n  DOE 382. 

When the to ta l  oi 1 yield and recycle solvent yield ( in  
preliminary calculations) in r u n  DOE 381 a t  487OC were 
found t o  be below tha t  i n  e a r l i e r  work a t  475OC and 2000 
psig, a nominal temperature of 475OC was investigated in 
r u n  DOE 384. Since the o i l  yield was higher a t  475OC 
than a t  487OC, i t  was assumed the optimum temperature was 
between these two values. The factor ial  w i t h  Indiana 
coal was therefore s e t  u p  with temperatures of 460°C and 
480°C instead of 463OC and 487OC, as  or iginal ly  planned. 

b. Indiana V Coal Runs (DOE 385-400) 

( i )  Sactorial (Runs DOE 385-392) 

3 These runs const i tute  a 2 factor ial  in temperature, 
pressure and residence time: 

Factors Level s - + 

A. Temperature, O C  460 480 
B. Pressure, psig 2000 3000 
C. Residence Time,  mi^. 4 8 

The runs were made in a random sequence by use of a 
random number table. A1 1 runs had the same feed 
s lur ry  formulation (30% coal , 70% recycle sol vent) 
and the solvent was used single pass. The hydrogen 



feed r a t e  was 2 w t  %, based on s l u r r y ,  f o r  a l l  ' runs. 
Each experiment was run u n t i l  approximately 15 pro- 
ducts were co l lec ted  (-1 69 reactor  volumes) . 

( 7  i ) ' ,Midrange Runs .(DOE 393, 394., 395 and 399) 

The condi t ions f o r  these runs were based on t h e .  23 
f a c t o r i a l  above. Run DOE 393 was conducted a t  the 
midrange temperature, 470°C, a t  3000 ps ig  and 8 
minutes residence time. Run DOE 394 was conducted 
a t  the midrange pressure, 2500 psig, a t  480°C and 8 
minutes residence time. Run DOE 395 was conducted 
a t  the midrange residence 'time, 6 minutes, a t  480°C 
and 3000 psig. F i na l l y ,  run DOE 399 was conducted 
a t  the midpoint, 470°C, 2500 ps ig  and 6 minutes 
residence time. 

(iii) Solvent Recycle (Run DOE 396) 

Run DOE 396 was made w i t h  solvent recyc le  a t  480°C, 
3000 ps ig  and 8 minutes residence time, whereas a l l  
the o ther  ryrts 1r1 t h i s  ser ies ( W E  385-400) were 
made w i t h  s ing le  pass solvent. 

( i v )  Repl icate Runs (DOE 397 and 398) 

Run DOE 397 was a repeat o f  run DOE 389 a t  the l e a s t  
severe condi t ions i n  the f a c t o r i a l  and run DOE 398 
was a repea t . o f  run DOE 386 a t  the.most severe 
condi.t ions. . 

( v )  Reduced Preheater Residence Time (Run DOE 400) 

Run DOE 400 wa? made a t  the same ,condit ions as runs 
DO 386 and 398 except thc  prcheater volume was 156 5 cm instead o f  240 cm. . The purpo.se of t h i s  expeiii - 
ment was t o  determine i f  the residence ti i i ie f i~ the. 
preheater (w i t h  a constant o u t l e t  temperature9 
affected the resu l t s .  

Both runs were made a t  a set  o f  condi t ions used i n  the 
f a c t o r f a l  study w i t h  Indiana V coal : 460°C ( f l a t .  pro- 
f i l e ) ,  2000 ps ig  and 8 minutes nominal residence t ime 
w i t h  30 w t  X Luveridge coal i n  the s l u r r y  and 2 w t  % 
hydrogen, based on s lu r ry .  The lower temperature and 
pressure from the f ac to r i a l  were selected t o  maximize any 
e f f e c t  o f  the cata lys t .  

Run DOE 407 was made w i t h  5 w t  % FeS2 (as "Pyr i te  111") 
added t o  the coal and run DOE 408 was conducted wi thout  
add i t i ve .  



2. D i  ssol vers 

Runs DOE 381 -400 were conducted w i t h  a 9/16" I D  d i sso lve r  and 
runs DOE 407 and 408 w i t h  an 11/16" I D  d issolver.  I n  both 

i 

.5 cases, a 114" thermowell was located i n  the center  o f  the 
i; d i  ssolver. 
e 
2: 
k 

3. Coals 
. ,.. 
'..b + 

: , ., .. a. Kentucky 9/14 (Runs DOE 381-384) 
\ :. 
IS  .,' 

, .. 
g , . The coal used i n  the preli,minary experiments was from The 
5: i 1 2.i;' 

Pi t t sburg  & Midway Coal -Mining Co. I s  Colonial Mine i n  
1 . '  r-. a _  Hopkins County. This l o t ,  LS8652 received f r o m  Harmar- 

- . 
$ .. . . v i l l e ,  i s  s i m i l a r  t o  ' l o t  7 from t h e , F o r t  Lewis P i l o t  

9. Plant  used i n  e a r l i e r  work. The moisture, ash, i r o n  and 
.& s u l f u r  analyses are shown i -n  Table 111-b. 
A: -.. 

b. Indiana V (Runs DOE 385-400) 

The Indiana V coal was from. the  Old .Ben coal '  Company's 
Old Ben No. 1 Mine i n  Gibson County,, sample 39393 from 
the W i l  sonv i l  l e  P i  l o t  Plant. The Commercial Testing and 
Engineering Co. I s  analyses are  shown i n  Tab1,e 111-a. 

c. ~ o v e r i d ~ i  (Runs DOE 407 and 408) . f 

The coal used i,n runs DOE 407 and 408 was f rom the Consol 
Loveridge Mine i n  West V i r g i n i a  (P i t tsburgh seam). Com- 
mercia l  Testing and En,gineering' Company analyses appear 
i n  Table 111-a' 

4. Solvent 

The recyc le  solvent  used s ing le  pas? i n  runs DOE 381 -395 and 
397-400 was from a 5-drum shipment from the For t  Lewis P i l o t  
Plant. The mater ia l ,  as received, contained 8.20% SRC, 0.31% 
I O M  and 0.50% ash and was there fore  subjected t o  a standard 
laboratory  vacuum d i s t i l l a t i o n  w i t h  an endpoint o f  270°C a t  
2 mm ~ g .  Ana1,yses o f  the f i v e  drums a f t e r  d i s t i l l a t i o n ,  shown 
i n  Table I V ,  ind icated t h a t  no f u r t h e r  b lending was necessary. 
I n  run  DOE 396, the solvent  was recycled. I n  runs DOE 407 and 
408, solvent  reclaimed from the ser ies above, used once s ing le  
pass, was employed. 

5. Add i t ive  

The p y r i t e  used i n  run DOE 407 (! 'Pyri te 111") was obtained 
from the coal cleaning operat ion o f ,  the U. S. Steel Robena 
Mine, Green County, Pennsylvania. It was f i n e l y  ground by the 
Je t  Pu lver izer  Company, Palmyra, New ~ e r s e y .  Analysis o f  the  
mater ia l ,  as shown i n  Table V, ind icates  83 w t  % p u r i t y  as 
FeS2. A p a r t i c l e  s i ze  d i s t r i b u t i o n  (Coul ter  Counter methodj 



was shown i n  the second quarter 1980 report*. The average 
part ic le  s ize  by "Fish3r Subsieve Sizer" i s  0.95 pm and the , 

surface area i s .  2.67 mL/g. 

6. Operation 

The unit  was operated with l i t t l e  d i f f icu l ty  duri-ig these 
runs, f i l t e r a b l e  products were obtained and there was no 
3ppreciable buildup of coke in the dissolver or preheater. 
aemperature ccntrol was more d i f f i c u l t  than usual in the 
preheater and bcttom zone of the dissolver, due tcl the high 
s l u b ~ y  flow rates  necessary to  achieve the short residence 
times, The bottom zone of the dissolver ran cooler t " ~ a n  
eesi  red, so t h 3  resulting average temperatures were usual l y  
somewhat lower t$an  the nominal value for  the run .  

Resu 1 t s  

The yizlds and recycle solvent and SRC analyses f o r  a l l  runs re- 
ported this quarter ,are shown i n  Table 11. The unfiltered coal 
solution viscosity d.ata .are shown in Table VI and the scll ubil i t i e s  
of the  SRC products in hexane and toluene are  l i s ted  i n  Table VIII. 

' I .  Yie1d.s and Hydrogsn Consumptions 

a .  Pre1iminar:l runs w i t h  Kentucky 9/14 coal (DOE 381-384) 

l'ncreasing the pressure from 2000 to 30001 psig a t  487°C 
and 8 minutes residence time had l i t t l e  e f fec t  on yields 
[ r u n  DOE 381 vs DOE 382), although the comparison i s  
Based on a limited aiiount of data. .The ef fec t  of pres- 
sure was studied more thoroughly with-Indiana Y coal,  as  
di scussed be1 ow. 

A s l igh t  improvement i n  recycle solvent yield i2.65 loss 
vs 6.7% loss)  was brought about by decreasing t i e  Eemp- 
erature from 487OC t c  475°C a t  3000 psig and 8 minutes 
residence time although there was l i t t l e  e f fec t  on total  
o i l  yield. 

. . 
b. Z3 Factorial in Temperature, Pressure and 

Residence Tine, Indiana . V  Coal 

The ef fec ts  of a l l  three variables ( resu l t s  of the 23 
fac tor ia l )  .are  summarized i n  Table X. 

Increasing, temperature from 460 to 480°C (variable P )  
increased hyc?rocarbon gas yield an average of 2.2 w t  % 
(based on MF ccal ) , total  o i l  yield by 1.3- w t  X znd 
hydrogen consurrption by 0.4 w t  %. SRC yield was de- 
creased by 3.2 w t  %. There' were al so small decre.ases i n  

* "Exploratory Research on Sol.~ent Refined Coal Liquefaction, " 'T~chnical 
Progress Report for  the Period April 1 ,  1980 through June 30, 1980; 
FE/14800-21. 



recycle sol vent and IOM yields a1 though the differences 
were close to  or w i t h i n  experimental' error.  

Increasing pressure from 2000 to  3000 psig (variable B) 
increased recycle solvent yield an average of 6.7 w t  %, 
total  o i l  yield by 4.3 w t  % and hydrogen consumption by 
0.6 w t  %. There were small decreases in hydrocarbon giis, 
SRC and IOM yields. 

Increasing residence time from '4 to  8 minutes (variable 
C) apparently increased. hydrocarbon gas yield and hydr3- 
gen consumption while o i l  and IOM yields were decreased. 

. The ef fec t  of residence time i s  confounded, however, by 
the small dissolver diameter* and high gas flow ra tes  
used during t h i s  ser ies  of. runs.. The gas bubbles may 
have brjdged the space between the thermowell and the 
wall of the reactor,  creating a piston ef fec t  (slug 
flow). The true 1 iquid residence time i s  therefore not 
known, but i s  l ike ly  to  be l e s s  than the nominal value. 
T h i s  e f fec t  appears to  be more pronounced for  the nominal 

. . 4 .  minute residence time runs (see b 1 ow). The total  5 fac tor ia l ,  i s  broken down into two 2 fac tor ia l s  in 
temperature and pressure i n  the next section because of 
the sca t te r  in the data a t  4 minutes residence time. 

There was l i t t l e  2 factor interaction between temperature 
and pressure (AB) i n  t he i r  e f fec t  on yields. There was 
a1 so 1 i t t l  e 2 factor interaction between temperature and 
residence time (AC) except for  the e f fec t  on total  o i l  
yield. The pressure/residence time interaction (BC) re- 
sulted in a generally larger pressure e f fec t  a t  longer 
residence times and vice versa: There was l i t t l e  3 
factor interaction between temperature, pressure and 
residence time (ABC) in the i r  e f fec t  on yields. 

, ' I  . 
c. 2' Factorial s in Temperature and Pressure, 1ndiana il Coal 

( i )  Eight Minute Residence Time Runs 

The ef fec ts  of temperature and pressure a t  8 minutes 
residence time are  summarized i n  Table XI and i l l u s -  
t ra ted i n  Figure 1. The beneficial e f fec ts  of 
increasing the temper ture  and pressure are,more 9 evident than in the 2 .factorial .  There were 
average increases i n  total  o i l  yields of 3.4 and 5.8 
w t ,  % and corresponding decreases i n  SRC yields of 
4.2 and 4.0 w t  % with increases in temperature or  
pressure, respectively. The tw factor inter,action 
resulted i n  l e s s  change i n .  to tal  o i l ,  sRC and IOM 
yields w i t h  increased temperature a t  the higher 
pressure, and vice versa. 

* The dissolver had an ID of 9/16" and a 1/4" thernowell. 



(ii ) Four Yinute Residence Time Runs 

The e f f ec t s  o f .  temperature and pres'sure a t  kminu tes  
residence t ime are summarized i n  Table X I 1  and 
i l l u s t r a t e d  i n  Figure 2. The resu l t s  are not  as 
s t r a i g h t  forward as w i t h  the 8 minute residence t ime 
runs, possib ly due t o  reactor  hydrodynamics, as 
menticned above. Increasing tempwature (var iab le  
A)  increased hydrocarbon gas y i e l d  and hydr,ogen 
consumption whi le  recyc le  solvent and SRC y i e l d s  
were decreased. Increasing pressure (va r iab le  6) , 
on the- other hand, decreased hydrocarbon gas and I O M  
y i e l d s  whi le  recycle solvent, totaT o i l  and SRC 
y i e l d s  and hydrogen consumption wer,e increased. The 
two f a c t o r  i n t e rac t i on  was ra ther  large, and f o r  a l l  
y i e l ds  except SRC, the e f f e c t . o f  pressure was 
greater a t  the  higher temperature a9d the e f f e c t  o f  
temperature was greater a t  the  low?;^ pressune. 

d, Int,ermediate Values of the Variables, Indiana V Coal 

The y i e l d s  a t  8 minutes residence time and e i t h e r  2500 
ps ig  and 480°C (Run DOE 394), o r  470°C and 3000 ps ig  (Run 
D M  393), are a1 so shown i n  Figure 1. 

The r e s u l t s  (except for  I O M  y i e l d )  a t  2500 ps ig  and 480°C 
are be t t e r  than would be expected, based on resu l t s  a t  
2000 and 3000 ps ig  and 480°C. The reason f o r  the ap- 
parent optimum a t  2500 ps ig  i s  no t  known,. but  the resu l t s  
are w i t h i n  normal experimental e r r o r  o f  those from the 
r u m  a t  480°C, 3000 ps ig  and 8 minutes residence time. 

The r e s u l t s  a t  470°C and 3000 ps ig  are near ly  i den t i ca l  
t o  those a t  480°C and 3000 psig. 

The y i e l d s  (except f o r  recycle solvent  and hydrocarbon 
gas] and hydrogen consumption a t  6 minutes residence 
time, 480°C and 3000 ps ig  (run DOE 395) were near l y  
i den t i ca l  t o  the average r e s u l t s  a t  8 minutes, 480°C and 
3000 p i g :  

13.3-13.7 w t  % t o t a l  o i l ,  62.4 w t  % SRC, 4.6-4.8 
w t  % I O M  and 2.5-2.6 wt % hydrogen consumption 

Hydrocarbon gas production increased from 2.5 t o  3.5 t o  
5.1 w t  % as residence t ime was increased f r o m  4 t o  6 t o  8 
minu~es,  however, and there was a s h i f t  t o  Tighter  o i l  
production (naphtha and wash sol  vent) from recyc le  sol  - 
vent as residence t ime was increased from 6 t o  8 minutes 
a t  4EVC and 3000 psig. 

The re.sul ts o f  the,midpoin t  run (DOE 399) a t  470°C, 2500 
ps ig  3nd 6 minutes residence t ime were as expected, w i t h  
y i e l d  5 (except f o r  recycle sol  vent)  and hydmgen consump- 
t i o n  a t  about the middle o f  the. ranges observed f o r  the 
runs ' t  the f a c t o r i a l .  



e. Solvent Recycle, Indiana V Coal 

The yields and hydrogen consumption for  the run w i t h  
recycled solvent (DOE 396) a re  compared to  the average o f  
the two runs a t  the same'conditions without solvent 
recycle : 

Average o f  
Condi t ions* DOE 386 and 398 OM 396 

Solvent S ing le  Pass Recycled 

Yields,  wt % MF Coal 

C -Cq 5.1 4.1 
~ i c y c l e  Solvent ( l oss )  (1 -3)  0.7 
Tota l  O i l  13.3 15.7 
SRC 62.4 59.9 
I OM 4.8 4.7 

Hydroqen Consumption, 
wt % MF Coal 

* A l l  a t  480°C. 3000 p s i g  and 8 minutes residence t ime 

The recycle solvent yield was higher by 2.0 w t  %, the 
total  o i l  yield higher by 2.4 w t  % and the SRC yield 
lower by 2.5 w t  % when the solvent was recycled. There 
was a positive balance on recycle solvent when i t  was 
recycled , even with the apparently poor d i  ssol ver hydro- 
dynami c s . 

f .  Rep1 ica te  Runs, Indiana' V Coal 

The two se t s  of rep1 ica te  experiments are  compared be1 ow: 

. . 
DOE DOE DOE DOE 

Condit ions 389 - 397 - 386 - 398 - 
Temperature, OC - 460 - - 480- 
Pressure, p s i g  - 2000 a ')- 3000- 
Residence Time, min. 4---- 4-- - '8- 

Yields,  w t  % MF Coal 

Hydrogen Consumption, 
wt % MF Coal 1 .O 1.1 2.9 2.1 

The agreement between resu l t s  fo r  the replicate runs was 
rela'tively good, except for  recycle solvent yield,  con- 
sidering the high flow ra tes ,  small diameter dissolver 
and short duration of the runs. The average of the 
differences was 0.5 w t  % for  hydrocarbon gas, 2.3  w t  % 
fo r  recycle solvent, 0.7 w t  % for  total  o i l ,  1.1 w t  % fo r  
SRC, 0.3 w t  % fo r  IOM and 0.5 w t  % for  hydrogen con- 
sumption. 



g. P r e h e a t ~ r  Resideme Time, Indiana V Coal 

The yields and hydrogen co~sumptions w i t h  two different  
size'pre'heaters a re  compared below: 

Average OOE 
DOE 386/398 400 

Preheater Nominal 
Residence Time, min. 8.3 5.3 

Yields, wt % WF Coal 

'1 "4 
R e c ~ c l  e Sol vent 
Total 3:1 
SRC 

Hydrogcn Consumption, 
wt % MF Coal 

* A l l  i t  480°C, 300.3 psig and 8 rrdn. dissolver residence 
time. 

The differences a re  close to  or  within ~xper iaenta l  
e r ror ,  except for  the higher recycle solvent yield w i t h  
the smaller preheater. . The- recycle solvent y,ield with 
the smaller preheater was the largest  cbtained iti a l l  16 
current short residence time runs with .Indiana V coal. 

h. Catalyst .Mc'ition with Loveri'dge Coal 
'(Runs DOE 4C7 and 438) 

The yields arrd hydrogen consumptions for  the Lcweridge 
coal runs with and without py--ite addition and an e a r l i e r  
run w i t h  Indiana V coal a t  the same conditions a r e  com- 
pared below: 

DOE DOE ,DOE 

Condi t'ons* 

Coal Indiana V --Loveridge-- 
Py r i te  Addit ion leve?, 

wt % MF coal -- 5.1 - - 
Yields, wt % MF coal 

2.8 2.9 2'. 9 
:!;$!ie Solvent ( 1 0 s ~ )  (9.7) (3.8) (8.2) 
Total Of1 4.1 7.2 
SRC 

4.3 
71.2 72,7 

I OM 
74.5 

5.1 7.9 9.0 

Hydrogen Comumptf on 
wt % Mc cos? 

* A l l  a t  460QC, 2000 psig, 8-9 minutes residence time, 
30% coal i n  the s lur ry ,  2% H2 on s lur ry .  



( i )  Effect  of Added Pyrite 

There. was a small improvement i n  y ie lds  brought 
about by pyr i t e  addition. Recycle solvent loss  was 
decreased by 4.4 w t  %, from 8.2 t o  3.8 w t  % (based 
on MF coal ), t o t a l  o i l  y ie ld  was increased by 2.9 w t  
%, from 4.3 t o  7.2 w t  %, and SRC yiold  was decreased 
by 1.8 w t  %, from 74.5 t o  72.7 w t  %. Hydrocarbon 
gas and IOM yields  and hydrogen consumption were 
e s sen t i a l l y  unchanged. 

( i i )  Comparison t o  Indiana V Coal* 

The Loveridge coal without added pyr i t e  (run DOE 
408) and the  Indiana V coal (run DOE 392) produced 
e s sen t i a l l y  the  same hydrocarbon gas, recycle sol - 
vent and t o t a l  o i l  y ie lds  and about the same hydro- 
gen consumption under these conditions. The yie ld  
of non-volatile products, SRC and IOM, was higher 
w i t h  the  Loveridge coal. The yie lds  w i t h  Indiana V 
coal might have been be t te r  i f  rur  DOE 392 had been 
made w i t h  an 11/16" ID dissolver  (as  run DOE 408 
was) instead of a '9/16" dissolver .  T h i  s i s  due t o  
the  pos s ib i l i t y  of bridging by the  gas phase a s  
discussed above. 

2. Product Qua1 i t y  

a. Preliminary Runs with Kentucky 9/14 Coal 
(DOE 381 -384) 

Due t o  the l imited number of samples and s ca t t e r  i n  the 
data,.  no s ign i f ican t  variat ion i n  the  hydrogen analyses** 
f o r  e i t he r  recycle solvent o r  SRC a re  evident f o r  the  
Kentucky 9/14 coal runs. The su l fu r  l eve l s  were a l l  
about the  same except f o r  r u n  DOE 383 a t  the  l e a s t  severe 
conditions (463OC, 2000 psig and 4 minutes residence 
t ime),  where the  su l fu r  level was s ign i f ican t ly  higher i n  
both the  recycle solvent and SRC (0.52 vs 0.45-0.46% and 
1.29 vs 0.86-0.88%, respectively).  The SRC product from 
t h i s  r u n  a l so  had a s ign i f ican t ly  higher fusion point 
(181 "C vs 105-1 32OC). 

The s o l u b i l i t i e s  of the  SRC products from a l l  four runs 
were about the  same i n  hexane (18.5-25.4%). The solubi l -  
i t i e s  i n  toluene were a1 so about the  same except f o r  a 
low value fo r -  the  SRC product from run DOE 381 (43.4% vs 
64-73%). The reason f o r  t h i s  low so lub i l i t y  i s  not 
known. 

* The y ie lds  a r e  compared on an MF basis  s ince  ash varied only from 
9.1% w i t h  Indiana V t o  7.7% w i t h  Loveridge coal. 

.** The s c a t t e r  i n  the hydrogen analyses was due t o  a f au l t y  absorption 
reagent i n  the  carbon t r a i n  apparatus. 



b. Effect of Temperatwe, Pressure and 
Residence Time, Indiana V Coal 

The run conditions had l i t t l e  e f fec t  0, recycle solvent 9 a,nalyses. In runs DOE 385-392, .( the 2 factor ial  ) re- 
cycle solvent hydrogen varied only from 7.'58. t o  7.86 w t  %, 
sulfur from 0.40 t o  0.46 w t  . %  'and nitroggn from C.77 to 
0.82 w t  %. 
There was considerably more variation i n  SRC analyses, as  
shown by the resu l t s  of the Z3 factor ial  i n  Table X .  A l -  
though the nitrogen level was essent ial ly  the same in a l l  
SRC products (2.03-2.21 w t  %) , hydrogen level in the SRC 
was reduced an average o f  0.20% and sul f ~ r  level was 
reduced 0.13% by increasing the temperature From 460 t o  
480°C. Increasing the pressure from 20CO to  3000 psig 
had l i t t l e  e f fec t  on SRC analyses. Increasing nominal 
residence time from 4 to  8 minutes had l i t t l e  e f fec t  on 
hydrogen 1 evel , b u t  decreased sulfur  1 evel an average of 
0.17 w t  %, decreased fusion point by 23Of and increased 
the so lubi l i ty  in hexane by 7.5 w t  %. 

There was 1 i t t l  e two factor  interaction between tempera- 
ture  .and przssure (AS) except for  the e f fec t  on SRC 
hydrogen 1 evel . Hydrogen 1 evei was reduced much more by 
increasing the temperature a t  the lower pressure than a t  
the higher pressure, . The temperature/residence t ine  (AC) 
interaction resulted i n  a . l a rge r  temperat'ure e f fec t  a t  
the 1 onger residence time. The interaction between 
temperature and residence time (BC) had essential 1 y no 
ef fec t  on the SRC analyses. 

The three factor  interaction between temperature, pres- 
sure and residence t ine  (ABC) led to  a relat ively large 
ef fec t  on fusion point which probably indicates some 
inconsistencies i n  the data. 

The so lubi l i ty  in to1 uene followed the same $rends zs 
tha t  in hexane, although the re la t ive  changes were 
smaller. The so lubi l i ty  i n  toluene ranged: from 60 to  72 
w t  % fo r  t h i s  ser ies  c f  runs w i t h  an average of 67 *t % 
o r  33% greasphal t enes  (to1 uene insol ubl e )  . 

c. -Effect of Solvent Recycle, Indiana V Coal 

The recycle solvent and SRC analyses fo r  the solvent 
recycle run (DOE 396) and average analyses fo r  the repl i -  
ca te  runs a t  the same conditions w i t h  single pass solvent 
(DOE 386 and 398) a re  compared below: 



Conditions* 
Average 

DOE 3861398 

Solvent ' Single. Pass Recycl ed 

Recycle ~ o l v e n t  

SRC - 
% H 5.59 5.66 
% S 0.54 .'0.47 
% N 2.19 2.19 
Fusion Point ,  OC 155 169 . . 
S o l u b i l i t y  i n  

Hexane, wt  X 18.3 -13.1 

A l l  a t  480°C, 3000 ps lg  and 8 minutes res idence ' t ime 

The hydrogen levels in the recycle solvmt and SRC were 
s l ight ly  higher i n  the solvent recycle run,than in the 
sing1 e pass sol vent experiments a1 though the  differences 
were close t o  experimental error.  The hydrogen level in 
the equilibrated recycle sol vent from the solvent recycle 
r u n  was essent ial ly  the same as in the solvent from the 
Fort Lewis Pi lot  Plant used in startup. 

The difference i n  other anal'yses a re  close to or within 
experimental error.  

d. Rep1 ica te  Runs, Indiana . V  Coal 

The product analyses from the two se t s  of replicate runs 
are  compared below: 

Coridi t i o n s  

Temperature, OC - 460- I - 480 - 
Pressure, ps ig  - 2000 - w . 3 0 0 0  - 
Residence Time, 

.in. - 4- I - 8- 
Recycle Sol vent Analyses I 

SRC. Analyses I 
% H 5.75 5.66 
% S 0.84 0.68 
% N 2.03 2.07 

'Fusion Point ,  O C  170 220 
Hexane S o l u b i l i t y ,  

wt  % 13.6 3.9 

5.62 5.56 
0.53 0.54 
2.21 2.16 

165 144 

16.1 20.4 



, The recycle sol ven: analyses were in gcod agreement 
except for  hydrogen level. There was sca t te r  in the 

.hydrogen ana.1yses for  these runs which could account fo r  
the di screpancy. 

The SRC analyses were also generally i n  good agreement 
except fo r  fusion ~ o i n t ,  hexane so lubi l i ty  and sulfur  

4 level in the DOE 3891397 se t .  The SRC product from run 
. ' DOE 397 appears to. be unusual in many respects w i t h  the 

- *highest fusion point and one of the lowest so lub i l i t i e s  
i n  hexane (and toluzne) of a l l  SRC products from t h i s  
ser ies  of experiments. 

, . .  
. e .  . Preheater ~esidence. .~ime,  Indiana V Coal 

, 3 .. . 
. ,  ..* 

. . The differences i n  recycle solvent and.SWC analyses be- 
. -  -.- : tween r u n  DOE 400#(156 cm3 p eheater) and the average fo r  5 

a -,runs DOE 386 and 398 (240 cm preheater) a.t the same 
conditions a re  c lose ,  t o  or  w i t h i n  experimental error.  

f .  C3talyst Addition with Loveridge Coal 
(3uns DOE 407 and 40.3) 

The product analyses for  runs DOE 407 and 408 with Love- 
ridge coal and r u n  DOE 392 w i t h  Indiana V coal a re  com- 

.+ pared below: 
. . 

DOE 392 DOE 407 DOE 408 
Conditions* 

Coal Indiana V - L o v e r i d g e s  
P y r i t e  Addit ion Level ,  

. .  . wt % MF Coal , -- 5.1 -- ., a 

, . .  Recycle Sol2rent Analysis 

SRC Analyses 

% H 5.96 5.69 5.75 
% S 0.70 1.15 1.24 
% N '  2.12 1.87 1.82 
Fusion Point,  OC 167 132 141 
S o l u b i l i t y .  wt % i n  

hexane 12.5 16.7 13.8 
to1 uene 68.6 74.7 72.6 

* A l l  a t  460CC, 2000 pcig, 8-9 minutes residence t i n e ,  
30% coal i n  the  s l u r r y ,  2% H2 on s lurry .  

(i) . Effect of Added P:iriic 

The recycle solvent and SRC elemental analyses were 
essent ial ly  the sane for  the Loveridge runs w i t h  and 
without added pyrite (DOE 407 and 408, -respectively) 
except for  recycle solvent nitrogen. This d i f -  
ference i s  based on a .  single analysis for  each 
product and could be an analytical error.  The 



fusion point was s l ight ly  lower and the so lubi l i t ies  
s l  ightly higher. fo r  the SRC from the catalyzed run 

! (DOE 407) a1 though the differences are  close to  
experimental error. 

( i i )  Comparison to  Indiana V Coal 

The recycle sol vent analyses were essential l y  the 
same fo r  Loveridge and Indiana coals (run-s DOE 408 
and 392, respectively). The SRC from Loveridge coal 
was higher i n  sulfur (1;24 vs 0.70 w t  %) and lower 
i n  nitrogen (1.82. vs 2.12 wt %) and hydrogen (5.75 
vs 5.96 w t  %) than tha.t from Indiana coal. The d i f -  
ference i n  product sulfurs  may be due to:the lower 
organic sulfur  in the Indiana feed coal (1.3 vs 1.8 
w t  %). The fusion point- was a l i t t l e  higher (167 vs 
141 OC) fo r  the SRC from the Indiana coal although 
the so lubi l i t ies  were a - l i t t l e  lower. The'dif- 
ferences are  again close to  experimental error.  

3. V i  scosi t y  Measurements 

a. Preliminary Runs with Kentucky 9/14 Coal 
(DOE 381 -384) 

I 

The unfiltered coal solution (UFCS) viscosit ies.  for  the 
four Kentucky 9/14 coal runs are compared i n  Figure 3. 

The UFCS viscosi t ies  were a l l  about the same except fo r  
that  from r u n  DOE 383 a t  the l eas t  severe conditions 
(463"C, 2000 psig and 4 minutes residence time), which 
was significantly higher. T h i s  i s  in conjunction w i t h  
the higher sulfur level and fusion point for  the SRC pro- 
duct from t h i s  run .  

b. Effect of Temperature, Pressure and 
Residence Time, Indiana V Coal 

The resu l t s  of the z3 factor ial  ark summarized i n  Table X. 
Increasing the temperature from 460 to 480°C, the pressure 
from 2000 to  3000 psig and the residence time from 4 to  8 
minutes decreased the UFCS viscosity by an average of 
4.1, 10.5 and 15.7 cP, respectively. 

The temperature/pressure (AB) and temperature/r.esidence 
time (AC) interactions had a s igni f icant ,e f fec t  because 
of the unusual resul t  for  the DOE 3921387 comparison 
(change in temperature a t  2000 psig and 8 minutes res i -  
dence time). The viscosity increased with temperature 
fo r  t h i s  comparison whereas i t  decreased for  the other 
three.temperature change comparisons. The three factor ,  
temperature/pressure/residence time, interaction also was 
significant in the e f fec t  of the variable conditions on 
viscosity. This was a1 so probably .due to  the unusual 
response to  temperature i n  the DOE 3921387 comparison. 



The e f f e c t s  o f  temperature and pressurz a t  4 and 8 min- 
u tes  resitdence t ime are  shown g r a p h i c a l l y  i n  Figures 4 
and 5, respect ive ly .  

c.  Effect o f  Solvent Recycle, Indiana V Cozl 

There was e s s e n t i a i l y  no d i f f e r e n c e  i n  UFCS v i s c o s i t y  
. :between the  so lvent  recyc le  run (DOE 356) and runs  

DOE 386 and 398 a t  t he  same cond i t ions  w i t h o ~ i  so lvent  
recycle,  as shown i n  Figure 6. 

d. ' Rep1 i c a t e  R ~ n s ,  tndiana V Coal 

The UFCS v i  scosi t i e s  f o r  t he  rep1 i c a t e  exper i ren ts  (runs 
DOE 386/393 and 389!397) were c lose together  for each 
set .  The r e s u l t s  f o r  t he  f i r s t  se t  a re  z l s o  &.own i n  

V Figure 6. . . 

e. Preheater Residence Time, Indiana V Coal 

The residence t ime i n  the  preheater (5 o r  8 minutes) d i d  
n o t  have a s i g n i f  i c q t  e f f e c t  on UFCS v i s c o s i t y  (compare 
runs DOE 400 a t  5 minutes preheater residence t ime  and 

. % e i t h e r  run  .DCE 386 o r  398 a t  8 minutes p~eheatc- r  r e s i -  
dence t ime i n  Figure 6). 

f. Cata lys t  Add i t i on  w i  ;h Loveridge Coal 
(Runs DOE 407 and 408) 

'. The u n f i l t e r e d  coai  s o l u t i o n  (UFCS) v i s c o s i t i e s  f o r  runs 
' DDE 407 and 408 are  i n  F igure 7. 

The UFCS v i s c o s i t i e s  i n  runs DOE 407 and 408, wi:h and 
w i thou t  added p y r i t e ,  respect ive ly ,  were e s s e n t i a l l y  t h e  
same. The UFCS v i s c o s i t y  f o r  the  Indiana V run  was about 
50% h igher  than t h a t  f o r  t he  Loveridge run wi t h w t  added 
p y r i t e .  The l e v e l s  o' s o l i d s  (4.9-6.3 w t  S) and SRC 
(22.1-25.1 w t  X )  were about the  same i n  the  UFCS from 
these two runs, so the  SRC apparent ly  had a lowec molecu- 
l a r  weight w i t h  t h e  Lcveridge coal.  



I V .  ADDITION OF CATALYTIC MATERIALS 

A. 'Experimental 

1. Runcond i t i ons  .. 

A l l  of t h e  runs i n  t h i s  se r ies  (DOE 404R-405R) were conducted 
a t  t h e  standard SRC I 1  cond i t ions  es tab l ished dur ing  our 
recent  study on t h e  r e l a t i o n s h i p  between coal p r o p e r t i e s  and 
1 i quefac t ion  behavior: 

Average D i  ssol ver  Temperature : . 450°C,.,(fl a t .  p r o f i l e )  
Pressure: ' 2250 p s i g  
Residence Time 1.0 haur 

'.,Cqal Concentrat ion i n  s l u r r y '  30 w t  % 
' Hydrogen Feed Rate: 4 w t  % based on s l u r r y  

Run DOE 404R was made w i t h  Loveridge coal and 'NiMo on alumina 
c a t a l y s t  added a t  a r a t e  o f  l..Q, 0.5 and 0 .  w t  %, based on 
s l u r r y  (0.34, 0.17 and 0.04 w t  % Mo based on coal ) i n  p a r t s  A, 

. B and C o f  t he  experiment, respect ive ly .  

~ u n  DOE 405R was made w i t h  .Loveridge coal and .CoMo on alumina 
c a t a l y s t  added a t  a r a t e  o f  0.5 and 0.1 w t  %, -based on. s l u r r y  
(0.18 and 0.04 w t  % Mo based on coal ) i n  p a r t s  A and B o f  t h e  
experiment, respec t i ve l y .  

2. Coal 

The .coal  used i n  runs DOE 404R and 405R was from the  Loveridge 
Mine i n  West V i r g i n i a  (P i t t sbu rgh  seam). Commercial Test ing 
and Engineering Company analyses appear i n  Tab1 e 111-a. 

' 3. Add i t i ves  
. . 

a. NiMo on Alumina 
. ' 

. . The c a t a l y s t  used i n  run  DOE 404R was suppl ied by the  
American Cyanamid Company and i s  designated HDS-1443. It 
was suppl ied as nominal 1/32" c y l i n d r i c a l  ext rudates and 
was ground by hand t o  pass 150 mesh before use. Measure- 
ments conducted before and a f t e r  g r i nd ing  show no s i g n i f i -  
cant  change i n  sur face area. The ca ta l ys t ,  which i s  o f  
t h e  NiMo type, .was developed f o r  expanded bed, heavy o i  1 
hydroprocessing. Analyses o f  t he  mater ia l  a re  shown i n '  
Table V. . 

b. CoMo on A1 umi na 

Th is  ca ta l ys t ,  used i n  run  DOE 405R, was a l so  suppl ied by 
Cyanamid and designated HDS-1442. It was suppl ied as 
nominal 1/16" c y l i n d r i c a l  ext rudates and was ground by 
hand t o  pass 1.50 mesh before ,use, a':so w i thout  l o s s  o f  



surface area. This CoMo type ca ta lys t  was developed fo r  
the  H-cca" process. . Analyses a r e  shorn i n  Table V .  

4. Operability 

Deposition of  ammonium chloride i n  the  product separation 
system apparel t l  y occurred throughout these runs and caused 
the  shutdown o f  run DOE 404RC. This i s  the  f i r s t  time tha t  
ammonium c h l o ~ i d e  deposition has been observed w i t h  Loveridge 
coal a t  the  Merriam Laboratory. Ammonium chloride formation 
i n  the  current  runs may be due t o  the  increased product deni- 
trogenation brought about by the  molybdenw-alumina ca t a ly s t s  
and resul t ing higher concentration of ammo~ia i n  the  product 
streams, par t i cu la r ly  i n  runs DOE 404RA and 404RB. 

Operability w a s  noticeably worse i n  runs DOE 404RC and 405RB 
where only 0.1 ~t % ca t a ly s t ,  based on s lu r ry ,  was used than 
i n  runs DOE 403RA, 404RB and 405RA where 0.5 o r  1.0 w t  % 
ca t a ly s t  was enpl oyed. 

5. ~l dmental Bal a n c x  

The elements1 balances f o r  runs DOE 404R through 405RB a r e  
shown in Tables XI11 through XVII. These s tudies  were carr ied 
out  t o  e lucidate  the  nature of the  products snd ver i fy  overall  
material balances. The yie lds  i n  Tables XI11 through XVII 
vary somewhat W.m those found elsewhere i n  the  repor t  because 
they were .based c;n prel iminary calcula t ions .  The resul t s '  a r e  
summarized below: 

DOE DOE DOE DOE DOE 
Out/In 401RA 404RB 404RC 405RA 405RB 

Carbon 1 .i)O 1 .Ol 0.99 10.99 1 .OO 
Nitrogen 1.03 1.04 1.06 1.05 1.04 

. Sulfur C .39 0 :97 1 . O l  01.95 0.93 

The balances f o r  carbon were excel l en t .  The low values ob- 
tained f o r  su l fu r  i n  some cases may be due t o  loss  of d i s -  
solved H2S. 

6. Unfiltered Coal Solution D i s t i l l a t i ons  

The pressure dur- ng vacuum di s t i l  l a t i on  of unf i l tered coal 
sol ution general l y  increased near the  endpoint (.270°C) when 
added ca t a ly s t s  were employed. This was most pronounced f o r  
runs DOE 404RA atid 404RB and indicates  t ha t  thz added ca t a ly s t  
contributed t o  decclmposi t ion during di s t i  1 l a t i o , ~ .  

B. Results 

1 . Yields and Hydrogen Consumptions 

The y ie lds  and hydrogen consumptions f o r  these runs a r e  shown 
i n  Table 11. 



The r e s u l t s  o f  processing Loveridge coal  i n  the  SRC I 1  mode 
w i t h  var ious  types o f  added c a t a l y s t s  a re  shown below: 

Conditions* , 

Add i t i ve  

Add i t ion  Level, 
wt % MF Coal** 

Yields,  wt % MF Coal 
Cl -C 
~ o t a f  O i l  
SRC 
IOM 

Hydrogen Consumption, 
wt % MF Coal 

DOE D O E * ! W I  ,DOE 1 DOE 
3 7 1 ~ * * *  378R 404RA 404RB 404F.C 405RA 405RB 

'4 N~MO.* - CoMo- 1 FeS2 . I/ M0 //  on Alumina 11 on Alumina 

A l l  a t  450°C, 2250 ps ig  and 1.0 hour residence t ime w i t h  30% Loveridge 
coal  i n  the s l u r r y .  

** As pure FeSi  o r  Mo. 

*** From "Exploratory Research on Solvent Refined Coal L iquefac t ion  ," Tech- 
n i c a l  Progress Report f o r  the  Period Ju l y  1 ,.I980 through September 30, 
1980; February 1981, FE/14800-25. 

The riolybdcnum c a t a l y s t  dispersed on alumina and promoted by 
Ni ( run  DOE 404RA) gave a  3.6 w t  % h igher  o i  1  y i e l d  and 3.7 wt 
% lower SRC y i e l d  than the  same amount o f  molybdenum added by 
aqueous impregnation o f  the  coal ( run  DOE f 78R). I O M  y i e l d s  
and hydrogen consumptions were about the  sane. As noted i n  a 
prev ious repor t?,  t h e  r u n  cata lyzed w i t h  0.36 w t  % molybdenum 
based on coal  (DOE 378R) i n  general produced s l  i g h t l y  b e t t e r  
y i e l d s  than t h e  run  w i t h  4.9 w t  % added p y r i t e  (DOE 371R), 
a l though the  d i f f e rences  were c lose  t o  experimental e r r o r .  

A t  an a d d i t i o n  l e v e l  o f  0.17-0.18 w t  % Mo, based on coal ,  the  
molybdenum-a1 umi na c a t a l y s t  promoted by c o b a l t  ( run  DOE 405RA) 
gave s l i g h t l y  b e t t e r  y i e l d s  than molybdenum-alumina promoted 
by n i c k e l  (DOE 404RB), a l though a t  the  0.04 w t  % a d d i t i o n  
l e v e l  t he  opposi te was genera l l y  t rue .  In both comparisons, 
t h e  r e s u l t s  a re  w i t h i n  experimental e r r o r ,  so i t  i s  concluded 
t h a t  t he re  i s  n o t  a  s i g n i f i c a n t  d i f f e r e n c e  between the  NiMo 
and CoMo c a t a l y s t s  a t  these cond i t ions .  

The y i e l d s  genera l l y  improved as the  l e v e l  o f  molybdenum- 
alumina c a t a l y s t  was increased. I n  run  DOE 404R, the  o i l  
y i e l d  increased i n  d i r e c t  p ropo r t i on  t o  the  added c a t a l y s t  
l e v e l ,  a l though the  SRC y i e l d  was e s s e n t i a l l y  t h e  same a t  t h e  
two h ighest  a d d i t i v e  l eve l s .  

2. Product Qua1 i t y  

The naphtha (<193OC), middle d i  s t i  1  l . a te  (1 93-288OC), heavy 
d i  s t i l l a t e t t  (>288:C) and d i s t i l  l a t i o n  residuet+ analyses 

t "Exploratory Research on Solvent Refined Coal Liquefact ion,"  Technics1 Progress Report 
f o r  the Period J u l y  1. 1980 through September 30, 1980; February 1981. FE/14800-25. 

tt   he endpoint f o r  the  d i s t i l l a t i o n  i s  270°C a t  2 m Hg which r e s u l t s  i n  a f i n a l  atmospheric 
b o i l i n g  p o i n t  (by simulated d i s t i l l a t i o n )  o f  about 270°C (878°F). 



fox- runs DOE 404R-105R are shown in Table 11. T h i  5 represents 
a new analysis scheme a t  Merriam for  SRC I1 rluns since pre- 
viously only the heavy d i s t i l  l a t e s  and d i s t i l l a t i o n  residues 
were submitted rourinel y for  elemental analysi s t ,  The sol u -  
b i l i t i e s  of t h ~  d i s t i l l a t i o n  residues i n  hexane, toluene and 
pyriliine a re  skown in Table IX and the unfiltzred coal sol u -  
t ion and feed slurry viscosi t ies  are  l i s t ed  i 2  Tables VI and 
VII, r e s~ec t ive ly .  

The analyses o f  heavy d i s t i l l a t e s  and d i s t i l  lation residues 
from the S R C  I1 prgcessing of Loveridge .coal with mrious 
types of added catal ystS are  shown below:. 

Conditions* 
Add i t i ve  

Addi t ion  Level, 
wt % MF Coal** 

Heavy D i s t i l l a t e  Aralyses 
% 5 

3 i s t i l l a t i o n  Residu? hna;yses 

% S 
% N 
Fusion Poin t  "C 
S o l u b i l i t y  Rat io  

Hexane/Pyridine 
Zo luene/Pyr id in~ 

(F~s ,  1 Mo I l ~ N i i . & l l  
I 

i v CoMo - 
on aluminq [ cn alumina 

II DOE DOE,, 
- 3 7 1 ~ "  11378R. * 

A11 a t  45.0°C, 2250 ps ig  and 1.0 hour residence t ime w i t h  311% Loveridge coa l  
ir; t he  s l u r r y  atxi 4 w-. X hydrogen, based on .s lur ry .  

"* As pure FeS2 o r  flo. 

WE 
404RA 

*=* From the "Exp lor r tory  Research on Solvent Re f i ne j  Coal L i c u ? f a c t i o r  ," Tqchni- 
c s l  Progress Repcrt f a r  the k r i o d  J u l y  1, 1980 through September 50, 1980; 
FE bruary 1981, FEj118(PO-25. 

The unfiltered coal solution viscosi t ies  for  t.hese r q s  are  
compared i n  Figure 8 and the feed slurry viscosi t ies  i n  
Figure 10. 

DOE 
404R8 

Trie h e ~ v y  d i s t i l  l a t e  from the run with the molybdenun-a1 umina 
catalyr t (DOE 404Rk) had s ignif icant ly lower sulfur ic0.005 
versus 0.2-0.4 w t  %) and nitrogen (0.97 vs 1.15-1.22 w t  %) 
levels  than the r u n  catalyzed w i t h  the same amount of mlyb- 
denum by aqueous inpregnation (DOE 378R) or by pyrite (DOE 
371R). These are  the lowest heavy d i s t i l l a t e t t  sulfbr and 
nitrogen levels ever achieved a t  Merriam with a Pittsburgh 
seaK coal. 

. . .  
t Analyses o f  these four produ;zts for  selected runs appears i n  the third 

quarter W80 Wport. In addition, proportional blends of p r d u c t s  from 
.Belle Pyr-, Kaiparowits, Wadge seam and Ayrshire coals were d i s t i l l ed  
into ten fractions and aca'lyzed, a s  reported in the f i r s t  and seco~d  
quarter 1 380 reports. 

DOE ( 
404RC 

tt For heavy d i s t i l l a t e  with an i n i t i a l  boiling point of 288OC. 

DOE 
405RA 

DOE 
405RB 



There was a l so  l e s s  n i t rogen  i n  the  d i s t i l l a t i o n  res idue (1.16 
vs 1.38-1.42 w t  %) w i t h  the  molybdenum-alumina c a t a l y s t  and 
l e s s  s u l f u r ;  1.9 w t  % i n  run  DOE ,404RA versus 2.2 wt % i n  DOE 
378R and 4.5 w t  % i n  run  DOE 371.R. (The value i s  h igher i n  
the  l a t t e r  run due t o  the  added {py r i t e . )  The fus ion  p o i n t s  
and r e l a t i v e  s o l u b i l  i t i e s  of t he  d i s t i l  l a t i o n  residues were 
n e a r l y  the  same w i t h  a l l  th ree ca ta l ys ts ,  i n d i c a t i n g  t h a t  t he  
average molecular weight and func t i ona l  i t y  o f  t he  residues 
were n o t  w ide ly  d i f f e r e n t .  

The UFCS v i s c o s i t i e s  f o r  runs cata lyzed w i t h  0.34-0.36 w t  % 
molybdenum (based on coal ) by aqueous impregnation (DOE 37M)  
o r  as molybdenum-a1 umi na (DOE 404RA) were n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  The UFCS from the, run  :catalyzed by 4.9 w t  % p y r i t e  
(DOE 371R) had a  v i s c o s i t y  about-.half t h a t  o f  UFCS from t h e  Mo 
cata lyzed runs. The reason f o r  ',this i s  n o t  'known. Due t o  
d i f f e rences  i n  formulat ion,  t he  *feed s l u r r y  v i s c o s i t y  was 
h ighest  w i t h  the  molybdenum-a1 umina c a t a l y s t  (DOE 404RA) and 
lowest w i t h  p y r i t e  (DOE 371R), w i t h  the  Mo by aqueous imprzg- 
n a t i o n  i n  between. 

The heavy d i s t i l l a t e s  and d i s t i l l a t . i o n  residues from t h e  run 
cata lyzed by NiMo on alumina (DOE. 404R) appeared . t o  be o f  
s l i g h t l y  h igher q u a l i t y  ( lower S .and ,N) than those from the  
run cata lyzed by CoMo on alumina.:'(DOE 405R) a t  the  same addi- 
t i o n  l eve ls ,  al though the  d i f f e rences  were c lose t o  exper i -  
mental e r r o r .  The fus ion  points,  and r e l a t i v e  sol  ub i  1  i t i e s  
were a l l  e s s e n t i a l l y  t he  same. 

The molybdenum-a1 umi na c a t a l y s t s  'promoted by n i c k e l  o r  co'bal t 
gave e s s e n t i a l l y  t he  same UFCS v i s c o s i t i e s  (F igure 8 )  a t  an 
a d d i t i o n  l e v e l  o f  0.17 w t  % Mo, based on cca l .  There was an 
unusual ly  h igh  v i s c o s i t y  w i t h  t h e  coba l t  promoted c a t a l y s t  a t  
t h e  0.04 w t  % a d d i t i o n  l e v e l  (DOE 405RB) f o r  an unknown rea-  
son. The feed s l u r r y  v i s c o s i t i e s  (F igure 10) were lower f o r  
t h e  n i c k e l  promoted c a t a l y s t  than f o r  t he  coba l t  promoted 
c a t a l y s t  a t  t he  same a d d i t i o n  l e v e l s  (DOE 304RB vs 405RA and 
DOE 404RC vs 405RB). 

The heavy d i s t i l l a t e  s u l f u r  and n i t rogen  i e v e l s  increased as 
t h e  1  evel  of added mol ybdenum-a1 umi na c a t a l y s t  decreased. The 
n i t rogen  l e v e l  i n  t h e - d i s t i l l a t i o n  res idue a l so  increased w i t h  
decreased c a t a l y s i  s  a1 though t h e  s u l f u r  1  evel decreased. Th is  
decrease i n  s u l f u r  may be due t o  a  combination o f  t he  v a r i a b l e  
MoS2 l e v e l  i n  t h e  res idue and the  concentra.t ing e f f e c t  i n  t h e  
res idue because o f  h igher conversion w i t h  increased ca ta l ys i s .  
The c a t a l y s t  l e v e l  had l i t t l e  e f f e c t  .on fus ion  po in ts  and 
r e l a t i v e  s o l u b i l i t i e s .  

The c a t a l y s t  l e v e l  had no apparent e f f e c t  on UFCS v i s c o s i t y  i n  
run  DOE 404R w i t h  the  NiMo on alumina. With the  CoMo on 
alumina c a t a l y s t  there  was an order  o f  magnitude increase i n  
UFCS v i s c o s i t y  a t  t he  0.04% Mo on coal a d d i t i o n  l e v e l  compared 



, to the 0.18% addition -evel. The viscosity a t  the lcwer 
. , . addition level ( D O E  405RB) appears to be out of 1 isne, however. 

The feed slurry viscosities do not appear to c.orre1ate with 
catalyst level. They, in fact,  decreased a: catalyst level 
was decreased ?ven though operabi 1 i ty generally .got worse. 

V. EVALU.4TION 0' COAL FEEDSTOCKS 

A. ~x~er imental  

1. Run Conditions 

The run condi t i~ns  for this experiment are snown in Table I. 

R& DOE 4 0 6 ~  was cohductsd a t  457OC average dissolver tempera- 
ture .(nominal 450°C inlet  and 460°C outlet) ,  1800 psig and 1.0 
hour resifdence time with 30 w t  % Powhatan No. 1 coal in the 
slurry and 4 w t  % hydrogen, based on slurry. The target 
levels for totaF solids and middle d i s t i l l a t e  i n  the feed 
slurry were 45 and 6 to 10 w t  %, respectively. 

During part A of .the experiment, the temperature was 59°C in 
the slurry mix pot and 66°C in the slurry feed pot. In part B 
of the run, the m i x  pot temperature was increased to 67OC and 
the feed pot temperature to 97°C to determine the effect of 
these temperatures on loss of volatile materials from the feed 
slurry. 

2, Coal 

The coal used i n  run DOE 406R was from the North America1 Coal 
Company's Powhatan No. 1 Mine i n  Ohio (Pittsburgh seam). The 
elemental analyses are shown in Table III-a, the ~ e t r o a r a ~ h i c  

4 ,  - 

analysis in   able III-c and t h e f l o a t  and sink analysis -in 
Table III-d. 

3.  Operation 

About seven days' after  beginning the run, plugging was ob- 
served around the intermediate temperature, high pressure 
(ITHP) separator. A plug a t  the bottom of the separator 
prevented most of cRp liquid phase from being. fecl to the 
dist i l lat ion column. A restriction in the overhead line from 
the separator caused a pressure differential between the 
dissolver and gas letdown valve which fluctuated between 20 
and 130 psi. Water was injected into the ljne between the 
high temperature, Mgh pressure (HTHP) separator and ITHP 
separator for 37 minutes (59 grams fed) shortly after  switch- 
'ing to part B of the r u n .  The pressure differential dis- 
appeared about 15 minutes after  water injection wcs begun and 
normal amounts of product cane off the dist i l lat ion column 
soon thereafter. , s 



The run ended when the rupture disc on the transfer l i ne  
between the dissolver and the HTHP separator burst. This disc 
was sent to  GR&DC, Harmarville, where i t  was fwnd that  the 
f a i lu re  apparently occurred due to corrosion. A copy of the i r  
report i s  included as Appendix B. 

A deposit was found in the vapor l ine  from t h €  ITHP separator 
a f t e r  the r u n  which was confirmed to be ammonium chloride. 

il 

4.  ater rial Balances . . 
L ,  

a. Ash Balance 
, . 

There was no apparent e f fec t  on ash balance brought about 
' by raising the feed tank temperature f r o i  66 to  97OC 

(experimental ash output of 102.1 vs 102.8% 'of theoreti-  
cal*). The ash balances were ,satisfactory for' both parts 
of the run .  

b. Elemental Balance 

The elemental balance for  run .DOE 406RB i s  shown in 
Table XVIII and summarized below: 

f 

Carbon 1.01 
Nitrogen 0.95 
Sul fur  0.93 

There was the usual excellent balance on carbon and 
apparent loss  of dissolved H2S and NH3 from the o i l  
products. 

 he yields and product analyses for  a l l  runs reported t h i s  month 
are  shown i n  Table 11. The so lubi l i t ies  of the d i s t i l l a t ion  res i -  
due i n  hexane, toluene and pyridine are:shown in  Table IX. 

1. Yields and Hydrogen Consumptions 

The SRC I1 yield structures fo r  Powhatan No. 1 and Powhatan 
- i  . No. 5 coal s are  compared be1 ow: . 

* I t  i s  possible tha t  a small increase i n  volat i ie  1,oss occurred, b u t  
any difference was obscured by other errors  in the -ash balance. 



DOE 2 7 6 ~ ~  
Conditions* 

Coal Powhatan 
No. 5 

Yields, w t  % MF Coal 

C1 -C 
~ o t a !  O i l  
SRC 
I OM 
Ash 

Hydrogen Consumption, 
' wt % MF Coal* 

DOE 4 0 6 ~ ~  

* Both a t  457OC sverage d issolver  temperature (450-45I0C 
i n l e t ,  4%-460DC ou t le t ) ,  1800 psig, 1.0 hour r e s i d ~ n c e  
time, 30 wt % coal and 42.1-46.5 w t  % so l ids i n  the 
s lur ry .  4% tzydrogen or s lur ry .  

' . Pa.rt .B. of . r u n  DOE 406R i s  used in the  compsri s3n. b e c a ~ s f  
operatio7 was. more-stable than i n  par t  4. 

The to t a l  o i l  y ie ld  was s l i g h t l y  higher w i t h   owh hat art. No. 1 
coal and SRC yie ld  s l i g h t l y  tower. The Powhatan No. 5 coal 
had a s l i g h t l y  lower IOM yield  and a s l i g h t l y  : a rge r  hydrogen 
consumption, however. A l l  these differences a r e  c lose  t o  o r  
w i t h i n  experimental e r ro r .  Hydrocarbon gas .y ie ld  was essen- 
t i a l l y  the  same i n  both runs, 

2. Product Qua1 i t y  

The product analyses f o r  Powhatan No. 1 and powhatan No. 5 
coal s a r e  cornparea below:++ 

DOE 276R DOE 406W 

iood i t ions* 

Coal Powhatan 
No. 5 

Powha tan 
No. 1 

k w y  D i s t i l  l a t e  Analyses 

C: s l . i i  l a t i o n  Residue 4nalysej 

% Y( 3.72 . . .  . . . .  3.69 .... % 5 2.93 . . :t . . .. . ,  . . . 3.83 
% N 1.30 1.35 
Fuj isn Point, DC . 121 102 ; . . 

' >  . 
* B o ~ h  a t  457OC average d issolver  temperature. (450-451°C 

i n i e t ,  458-460°C ou t le t ) ,  1800 psig, 1.0 hour residence 
time, 30 w t  % coal and 42.1-46.5 wt % so l ids  i n  the 
s lur ry .  4% hydrogen on s lur ry .  

t From t hc  "Explorzt3ry Resesrch on Solvcnt Refined Coal Liquefaction" 
Technical Progress Report f o r  the  Period January 1 ,  1978 througii 
December 31 , 1978 ; FE/496-170. 

tt Dis t i l l a t i on  residue so lub i l i t y  data  a r e  not avai7able f o r  r u n  DOE 276R. 



The hydrogen l eve l  was higher i n  the heavy d i s t i l l a t e  from the 
Powhatan No. 1 coal, although i t  was about the same i n  both 
d i s t i l l a t i o n  residues. The su l f u r  l eve l  was higher i n  both 
products from run DOE 406RB, possib ly due t o  the higher t o t a l  
s u l f u r .  l eve l  i n  the Powhatan No. 1 feed coal (4.7 vs 3.5 w t  4)' 
The ni t rogen l eve l s  were about the same i n -  both products from 
'both coals, but  the residue fus ion po in t  was a l i t t l e  lower 
w i t h  Powhatan No. 1. 

3. V i  scosi ty  Measurements 

The u n f i  1 tered coal so lu t ion  (UFCS) and feed's1 u r r y  v i  scosi t i e s  
f o r  run DOE 406R are 1 i sted i n  Tables V I  and V I I  , respect ively.  

The UFCS v i scos i t y  from run DOE 406R i s compared . t o  t h a t  from 
an e a r l i e r  runt t  w i t h  Powhatan No. 5 coal i n  Figure 9. The 
UFCS v i scos i t i es  were f a i r l y  close together f o r  runs DOE 344RD 
and 406RA w i t h  s im i l a r  feed pot  'temperatures. The v i scos i t y  
was about tw ice as high for  run DOE 406RB w i t h  a feed pot  
temperature of 97OC, however. The reason f c r  t h i s  la rge 

- .  di f ference i s  no t  known. The UFCS from run DOE 406RB had on ly  
s l i g h t l y  higher l eve l s  o f  so l ids  (25.4 v.s 24.0 w t  %) and SRC 
(42.2 vs 40.9 w t  %) than run DOE 406RA. 

The feed s l u r r y  v i scos i t i es  f o r  these runs are compared i n  
F3gure 11. The feed s l u r r y  v i  scbsi t y  from run DOE 406RA was 
about 50% higher than t ha t  from run DOE 344RD due t o  d i f -  
ferences i n  s l u r r y  formulat ion ( inc lud ing 3.5 w t  % higher 
so l ids ,  2.4 w t  % higher SRC). The v i scos i t y  was much higher 

" i n  p a r t  B . o f  run DOE 406R, w i t h  a feed pot  temperature o f  
97OC, than i n  pa r t  A. This may be due t o  the more viscous 
UFCS used i n  the, formulat ion o r  an accelerat ion i n  the. i n -  
crease i n  v i scos i t y  t h a t  normally occurs when feed s l u r r y  
resides i n  the feed pot, due t o  the elevated temperature. 

V I .  SIMULATED DISTILLATION ANALYSIS OF FEED SLURRIES I 
A. In t roduct ion 

Informat ion can be obtained on feed s l u r r i e s  i f  the soluble por t ion  
i s  analyzed by simulated d i s t i l l a t i o n  gas chromatography. Carbon 
d i s u l f i d e  i s  a useful  solvent because i t gives minimal response i n  
the flame i on i za t i on  detector. 

The r e s u l t i n g  so lu t ions contain d i s t i l  l a t e  o i l s  p lus soluble 
mater ia ls  which b o i l  above the normal range recovered i n  vacuum 
d i s t i l l a t i o n  (endpoint o f  270°C a t  2 mrn Hg). Thus, when they are 
analyzed by simulated d i s t i l l a t i o n ,  the spectrum has a t a i l  which 
does not  r e tu rn  t o  the baseline by the normal c u t  o f f  o f  4501 t o  
470°C. See, fo r  example, a spectrum o f  the feed s l u r r y  from run 
DOE 405RA, shown i n  Figure 12. 

t An analysis o f  s u l f u r  forms . . i s  not  ava i lab le  f o r  the .Powhatan No. 5 coal. 
t - k  Viscos i t i es  were.not measured a t  the t ime run DOE 276R, discussed ea r l i e r ,  

was made., Run DOE 344RD was made a t  the same condi t ions as. DOE 406R, but. 
on ly  one h a l f  d isso lver  was used. 



B. Comparison o f  Feed S lu r ry  and Product 

When the simulated d i s t i l l a t i o n  o f  the feed s l u r r y  sample i s  com- 
pared t o  t h a t  o f  t t -e proport ional  blend o f  product o i l s  i n  Figure 
12, the reduct ion i n  average molecular weight du.ring 1 iquefact ion 
can be c l e a r l y  seen. The proport ional  blend o f  o i l  s  i r, t h i s  case 
represents about 41 w t  % o f  the feed coal.  Hydrocarbon gases (11.5 
w t  % o f  the feed coa l )  are a lso produced which are no t  represented 
i n  the proport ional  blend. I f  an area corresponding t o  t h i s  y i e l d  
i s  sketched on the proport ional  blend spectrum a t  the loca t ion  t h a t  
would be occupied by C -Cq hydrocarbons, a v isua l  impression o f  the 

s lu r ry .  
I, product i s  presented w i c h  can be compared t o  t h a t  o f  tihe feed 

T ie  l i n e s  have a lso  been drawn on the percent o f f  versus tempera- 
t u r e  t ab le  t o  compare the v o l a t i l e  mater ia l  i n  the feed t o  t h a t  i n  
the products. This i s  done by l o ca t i ng  s im i l a r  temperatures i n  
both. This i s  another way t o  ind ica te  the substant ia l  s h i f t  i n  
b o i l  4ng range between i npu t  and output. streams. . . 
The comparatively la rge  y i e l d  o f  methane through butane becomes an 
important considerat ion i n  discussing the chemical react ions t h a t  
take place dur ing coal 1 iquefact ion.  One o f  the frequent react ions 
w i l l  be removal o f  small fragments from l a rge r  molecules which are 
quenched t o  form C1 t o  C4 hydrocarbons. Moreover, the molar 
proport ion o f  methane i s  l a rge  compared t o  ethane which i s ,  i n  
turn,  l a rge  compared t o  propane. N-butane i s  about three times as 
abundant as i-butane. This would suggest t h a t  these fragments are 
produced by opening o f  aromatic r ings  and heteroatom removal re -  
ac t ions which a lso open r ings.  

C. E f f ec t  o f  Catalysis 

Figure 13 shows s im i l a r  resu l t s .  f o r  run DOE 405RB which WBS made a t  
the same condi t ions as 405RA except f o r  0.1 wt % adaed CoQo cata- 
l y s t  i n  the feed s l u r r y  instead o f  0.5 w t  %. Usins less  ca ta l ys t  
resu l ted  i n  an increase i n  the average molecular' weight o f  the feed 
s lu r ry .  The proport ional  blend o f  products f o r  t h i s  run i s  a lso 
st-town i n  Figure 13 w i t h  the r e l a t i v e  amount o f  C1 t o  C gasses 
(11.5 w t  % o f  the  fee^ coa l )  sketched in .  The o i l  y i e  4 d f o r  t h i s  
run was s l i g h t l y  less  than i n  the run shown i n  F i g w e  12, but  a 
d i r e c t  comparison between runs i s  d i f f i c u l t  because d i f f e r e n t  
s ignal  at tenuat ions were used dur ing the simulated . d i s t i  1 la t ion* .  
The qua1 i t a t i v e  comparison b e t e e n  product and feed i s  the same, 
however. 

D. Conparison t o  Powhatan No. 1 Product 

The procedure was repeated dur ing run DOE 406RB w i t h  the resu l t s  
shown i n  Figure 14. The proport ional  blends o f  product from runs 
DOE 405R and 406R seem t o  be composed o f  the same compounds (or  
groups of compounds w i t h  essen t i a l l y  the same b o i l i n g  po in t ) ,  i n  
s l i g h t l y  d i f f e r e n t  proport ions, even though the .runs were rriade w i t h  
d i f f e r e n t  coals, ca ta lys ts  and condit ions. 



VII. CONCENTRATION OF IRON COMPOUNDS IN . 
UNFILTERED COAL'SOLUTION'BY.GRAVITY SETTLING 

A prel iminaiy experiment was conducted .to determine i f  ,the iron com- 
pounds i n  unfiltered coal solution (UFCS) could be concentrated by 
gravity s e t t l  i ng . The i ron compounds apparently s e t t l  ed 1 ess than other 
solids in the UFCS so tha t  the i r  concentration i n  the 3sh was increased 
i n  the over iiow stream from the se t t l e r .  The de ta i l s  af the study are 
given in Appendix B. 
. 

VII. MAINTENANCE AND MODIFICATIONS 3 J  

. ' 

A. Maintenance 

. 1. Production. Curtailment 

Time Period On Stream Factor, % 

Jan-June 1980 
Jul y-Dec 1 980* 
Jan-Dec 1 980* 

*Excludes scheduled Chri stmas shutdown. 

' . The maximum on-stream factor i s  about 88% since.*the unit i s  
. . shut down voluntarily about twice a month. 

Di ssol ver Air Furnace Overhaul 

The maintenance required to  keep the dissolver a i r  furnace 
operating has increased i n  recent months. This maintenance 
involves primarily the fan bearings and motors, a1 though 
wiring was replaced on several occasions. The furnace fans 
were designed to  pull a s l i p  stream of cool a i r  through the 
hollow fan shafts t o  keep the fan bearings from overheating. 
This was not possible because the exi t  f lues on the furnace 
had been blocked e i ther  a t  the time of manufacture or when the 
furnace was received. An even more s e r i o ~ s  problem was the 
f ac t  tha t  the electr ical  w i r i ng  wzs not designed to withstand 
the temperature i n  the wireways. In addition, several of the 
heating elements had deteriorated to  the point of becoming a 
shock and spark hazard. The a i r  furnace was therefore over- 
hauled between runs DOE 397 and 398. 

The heating elements for  zones 3,  4 and 5 were replaced aiong 
with.the insulation in the dissolver area. The'wiring and 
pl ug-i n sockets were rep1 aced with components resi  s tant  to  
high temperature and the inside surface of the furnace was 
coated w i t h  a t h i n  layer of f i r e  clay to  protect' the i.nsula- 
tion from abrasion. 



3 .  P r e s s ~ r e  Products Industries (PPI ) Hydrogen Compressor 

This equipment cxitinued giving problems during the reporting 
period, 'requiring overhaul during or afte,r runs DOE ,387, 390, 
393, 397 and 402. The '0" rings arid diaphragms were generally 
replaced as part of this maintenance. During the l a s t  over- 
haul, it was found tha t  the "0" ring on 't'he o.il side of the 
diaphragm had ~nraveled  into sheets. resembl ing pieces o f '  black 
Teflon tape which had plugged u p  the check valves, in the 
hydraulic o i l  Tines. 

4. Temperature Control 1 e r s  

The number of relay fa i lures  i n  the Love temperature control - 
l e r s  have been jramatically reduced. This i s  due, i n  ?a r t ,  t o  
an inspection program tha t  was inst i tuted to  replace defective 
relays before toey could malfunction. In addition, s i l icon 
controlled r e c t i f i e r  (SC?) controllers and a controller with 
a resistance capazitance (RC) c i r cu i t  ( to  cut down on the i n -  
ductive load) were tested i n  areas which have had high fa i lure  
rates .  The improvement i n  service brought about by these 
changes will be monitored over the next few months. - 

5. C h r i  stmas Shutdown (1 2-23-80 to 1-5-81) 

The u n i t  was given a thorough overhaul during th i s  shutdown.' 
Thi s included inspection o f  the condensors. on the di s t i l  la t ion 
column and ITHP separator and the ITHP separator i t s e l f  for  
evidence of corrosion. Only a minor amount of corrosion was. 
found i n  the separator and none in the condensors. 

B. Modification 

A new analytical laboratory has been outf i t ted and i s  now in 
s e r ~ i c e .  This larger ,  multipurpose f a c i l i t y  will allow for  more 
ef f ic ien t  laboratory operations. 



Coal 
Operating Mode, 

D isso lver  . 
S lu r r y    or mu la ti on^ 

% Coal 
% Recycle solventd 

Sl.urry Feed Rate 
g/ h r  
1 b / h r / f t 3  

Di.ssol~ver Nominal 3 1  u r r y  
Residence Time, mi.nre 

Preheater .Nominal '41  u r  
Residence 'Tlme, min. P 

.Coal Feed RateC 
.g/ h r  
1 b / h r / f t 3  

Hydrogen Feed Rate9 
Molelhr 
W t  % based on s l u r r y  

. . M S C F ~ / ~ O ~  o f  coal  
- . ReactorPressure,ps ig  

Nominal D isso lver  Temperature. OC 
Average .Dissolver Temperature. OC 
U i  ssol ver Temper.ature. "c' 

'Zone 6 (top.) 
5 . . '. 
4 
3 
2 
1 (bottom) 

Preheater Temperature. OC 
TOP 
Middle 
Bottom. 

. . . . 
. . 

8 .  

TABLE 1. . . . . 

Condl t ions Summary 

a)  PBM Colonial  Mine, l o t  LS 8652, from Harmarv i l le ,  see Table I I I b  f o r  analyses. b )  Old Ben.Mine No. 1, sample 39393. see Table I I I a  
f o r  analyses. ' c )  Dr  coa l  basis.  d) L o t  1927 r e c  c l e  so l ven t  rom F o r t  Lewis, r e d i s t i l l e d  t o  remove SRC, see Table IV  f o r  analyses; 3 5 used s i n g l e  pass. 3 1  Volume of d ~ s r o l v e r  = 235 on (0.00828 ft ). f )  Volume o f  p r e h ~ a t r r  240 cm3 (0.0W6 ft3). p )  Hydrogen feed 
ra tes  do n o t  inc lude t h a t  added as DP ~el. l .~.purge. h) One thousand .cub ic  f e e t  a t  one atmosphere and 60°F. i )  Average and standard 
deviation. 

DOE 
389 

DOE 
388 

DOE 
390 

DOE 
386 

DOE 
385 

4042 
1075 

4.0 

4.1 

1190 
317 

40.5 
2.00 

25.8 
3000 

480 
472 

4 W l  
48W1 
48W1 
48@2 
47323 
44Wl  

39125 
379t2 
33625 

Ind iana vb 

DOE 
387 

DOE 
381 

DOE 
391 - 

DOE 
383 

DOE 
382 

DOE 
392 

2035 
541 

8.0 

8.1 

599 
159 

20.2 
1.99 

25.6 
3000 
460 
458 

459f1 
46@1 
46@1 
46121 
46@1 
44922 

401t3 
39822 
37\22 

-- 

DOE 
384 

C 

- 

2025 
539 

8.0 

8.2 

596 
159 

20.3 
2.00 

25.8 
2000 
460 
458 

46WO 
4 6 P 1  
46GO 
46@1 
45921 
4 4 9 1  

39723 
39721 
37021 

Kentucky 9/14a - - 
- 
4 

2047 
545 

7.9 

8.1 

606 
161 

20.2 
1.97 

25.3 
3000 
487 
483 

48721 
48721 
48721 
48721 
48721 
46522 

40@1 
407i1 
36824 

I 

2037 
542 

8.0 

8.1 

604 
161 

20.3 
1.99 

25.5 
2000 
487 
483 

48721 
40721 
48651 
48&2 
48522 
46624 

400r2 
40523 
36425 

4130 
1099 

3.9 

4.0 

1216 
323 

40.5 
1.96 

25.2 
2000 
460 
457 

46W1 
46W0 
46WO 
46121 
46121 
4 4 W l  

39623 
38225 
33855 

Time. SRC I (Sing le  Pass Solvent)  Short  

4140 
1101 

3.9 

4.0 

1226 
326 

40.5 
1.96 

25.0 
2000 
463 
460 

46421 
463t1 
46421 
46421 
46321 
44421 

406t1 
38553 
33323 

4022 
1070 

4.0 

4.1 

1184 
315 

40.5 
2.01 

25.9 
3000 

460 
456 

46W1 
461*1 
46WO 
46W1 
46'30 
43721 

40121 
38221 
338'1 

Residence 

2034 
541 

8.0 

8.1 

603 
160 

20.2 
1.99 

25.4 
3000 
475 . 
472 

47521 
47521 
47551 
47551 
47521 
45W1 

399+3 
39726 
35325 

"Short  

I 

Residence Time" 

30 
70 

3996 
1063 

4.1 

4.1 

1177 
313 

40.5 
2.03 

26.1 
2000 
480 
474 

4 7 9 1  
48W1 
48@1 
48121 
47621 
44921 

396*1 
38322 
34623 

1977 
526 

8.2 

8.4 

582 
155 

20.2 
2.04 

26.3 
3000 
480 
477 

480'2 
48020 
48@1 
48@1 
4 8 B 2  
46323 

39523 
40@1 
38424 

1979 
526 

8.2 

8.4 

583 
155 

20.3 
2.05 

26.4 
2000 

480 
476 

48W1 
47Wl  
47922 
47922 
4 7 9 3  
46223 

39923 
40Wl  
386i4 



TABLE I (Continued) 

Condit ions 

Coal 
Operating Moge 
Sol vent Sourze 
Disso lver  
S l u r r y  Formuletion, wt zb. 

Coal 
Recycle Solvent 

S l u r r y  Feed Fate 
g/ h r  
1 b/ hr /  f t3c  

D isso lver  Nozinal S l u r r y  ,Rf.sidence 
Time, min.- 

Prehea t e r  Nosinal ~l u r r y  ~ e s i d e n c e  
Time, m i n e -  

Coal ~ e e d  uateb 
g/hr 
1 b /h r / f t )  

Hydrogen Feed Ratee 
Mole/ h r  
W t  X based on s l u r r y  
M S C F ~ / ~ O ~  Sf  coal  

Reactor Pressure. p s l g  . . 
Nominal Dl  ssa lver  Temperat~re,  OC 

OF 
Average O i  ssol ver  ~emper i t l l r e ,  OC 

Temperature P r o f i  1 e, ,OC9 
Zone 6 ( x p )  

c - 
4 
3 
2 
1 (b3ttom) 

Preheater Tem~erature,  OC9 
TOP 
Middle 
Bottom 

I I 
Indiana V~ 

+ Short  Residence Time SRC I 
d i n g . l e  Pass- Recycled - Single pass. - 
Q "Short Residence Tim.?'' 

. . . . 
a )  Old Ben Mine No. 1 ,  sample 39333, see Table 1 l I a  f o r  anslyses. 9 )  Ory coa l  basis.  c )  Vo lme  o f  d i s s o l v e r  = 
235 cm3 (0.00828 f t 3 ) .  d )  Volume o f  preheater = 156 cm3 (.00553 f t  ) f o r  run  DOE 4c0 and 24C cm3 (0.00846 f t 3 )  
f o r  a l l  o the r  runs. e )  Hydrogen feed ra tes  dc n o t  i nc lude  t h a t  added as OP c e l l  purge. f) Cine thousand cub i c  
f e e t  a t  one atmosphere and 60'F. g )  Averag? and s t a n d a d  bev ia t ion .  h )  Sk in  temperature. 



TABLE I (Continued) 

Coal . 

O ~ e r a  t i  ng Mode 
D'i ssol ver  . 
S l u r r y   orm mu la ti on, w t  % 

Coal . , .. 
Recycled coa l  s o l u t i o n  (UFCS) 
Recycled Sol vent 
Addi t i v e  

S l u r r y   omp position, wt % 
~ o a i  
Middle D i s t i l l a t e  . 

(193-288"C, 380-550") . 
~ e a v ~  D i s t i l  l a t e  

(>28E°C. 550°F) 

~ d d i t i v e  , 

Tota l  Sol i d 5  
S l u r r y  Feed Rate 

g/h; 
l b / h r / f t 3  

., D isso lver  Nominal ~l "rry: Resi- 
dence time, hrc 

Preheater Nominal l u r r y  Resi- 
dence Time, mjn. 3 . .  

Coal Feed   ate 
g/hr 

. , 

l b / h r / f t 3  . 
Hydrogen Feed Rate 

Mol es/hr 
~t % based. on. s l u r r y  . + 

~ S c P , / t o n  o f  coal . 
Add i t i ve  . ". 

Add i t i on  Rate, 
wt % based on coalb 

as received mater ia l  . 
as pure FeS2 o r  Mo . 

Reactor Pressure, ps ig  

Disso lver  Temperature, O C  

Average 
Disso lver  Zone f, . 

6 ( top)  
5 
4 
3 
2 
1 (bottom) 

Prehea t e r  Tempera t u r i ,  'C 
TOP 
Middle 
BO t tom 

a) Pf t tsburgh seam coal from t h e  ~ o v e r i d g e  Mine, see Table I I I a  f o r  analyses. 

:DOE r~ , DOE 
404RA 4 0 4 x  404RC 4 0 5 U  405RB --- YE I 

= 1035 cm3 (.03655 ft3) f o r  run DOE 405R and 1064..p3 
run  DOE 404R; assumed s l u r r y  dens i t y  = 1.15 g/cm . 

~ r e h e a  t e r  'volume = 31 0. cm3. 
One thousand cubic feet a t  60°F and 1 atmosphere. 
Average and standard dev ia t ion.  

- t- 

30.0 
65.0 

4.0 
1.0 

30.0 

6.2 

19.4 
27.8 
10.5 

5.1 
1.0 

46.6 

1181 
69.2 

1.04 

18.1 

352 
20.6 

24.6 
4.17 

53.0 - 
on *I 0.344 0.170 0.34 0.035 0.179 1 0.035 o.I 

2250 

~ o v e r i d ~ e ~  

SRC I 1  
=-'-DOE 1- DOE 3 

30.0 
65.5 

4.0 
0.5 

30.0 

6.3 

20.1 
28.6 

9.1 
5.4 
0.5 

45.0 

1196 
70.1 

1.02 

17.9 

358 
21.0 

24.6 
2.11 

52.1 
c NiMo 

Alumina 

30.0 
65.9 

30.0 
65.5 

30.0 
65.9 

4.0 
0.1 

30.0 

5.3 

17.6 
34.5 

7.8 

4.0 
0.1 

30.0 

6,2 

20.0 
31.1 

7.6 

4.0 
0.5 

30.0 

6.3 

19.5 
28.7 

9.7 
5.0 
0.1 

42.7 

1195 
70.1 

1.02 

17.9 

357 
20.9 

24.6 
4.12 

52.2 
5 

1145 
69.0 

1.04 

18.7 

342 
20.6 

23.8 
4.16 

52.7 

1139 
68.6 

1.04 

18.8 

'341 
20.5 

23.8 
4.18 

52.9 - COMO - 
on Alumina 



TABLE I (Continued) 

Coa 1 
Operat l rbg Mode 

01 ssalvor 
S l u r r y  Formulation, ut %d 

Coal 
Recycled solvent 
Un f i l t e red  Coal .Solution (UFCS) 
Pyxi t e  

S lu r ry  Blend Compasilion, wt %d 
coz.1 
Micdle D i s t i l l a t e  
Hervy D i s t i l  l a t e  
SRI  . , 
Ask. (fsom UFCS 
IOk! (from UFCS 
Total Sol ids 

S lu r ry  Feed Rate. 

I 
g/ 6 
lb /hr /b t3 e .  . 

Dl ssal ver Nominal S lur ry  Residence Tlmee. 
hr. (min.) 

Preheater Noml a1 Slurry Residence ~ i m z f ,  min. a Coal Feed Rate . 
g l  hr 
1 bJhr/ f t 3  

Hvdroaen Feed Rate3 
- ~ o l  k / h r  

W t  X based on s l u r r y  
M S C F ~ / ~ O ~  o f  coal 

P y r i t e  Addit ion Rate, wt X based' on coald 
as received material  
as pure FeS2 

Reactor Pressure, psig 
Dl ssol vea Temperature. 'C 

Average 
Zone1 

c. 

1 (bottom) 
'.  ~ r e h e a  t e r  Temperature.: %I:. 

. . . .  TG p . . . . . . .  
MMdl e . -: .,: . . 

DOE 
406RB 

Powhatan No. la 
SRC I 1  

DOE 3 

30.0 
5.0 

65.0 - - 
30.0 
4.6 

21.5 
27.4 
10.2 
6.3 

46.5 

1195 . 
70.1 

1.02 
17.9 

357 
20.9 

24.5 
4.10 . 

52.0 

- - - - 
. 1800 

457 

45@2 
'..46,121 
46020 
45721 
45421 
451 *2 

394*1 
398*1 
364*16 Botton :... 1 

. . .  
: '. 

..?. 

. .-DOE . 
407 , . 

P i t tsburgh seam -ail from the Powhatan KO. 1 Mine, see Table I I I a ,  c, d f o r  analyses. :.;:. 
P i t tsburgh seam coal from the Loveridge Mine, see Table I I I a  f o r  analyses. . ,, a 

A tubular  reactor  with a n l l / l 6 "  ID,, 37" long and a 1/4" thennowell. . . . . .  
. . 

iroluae = 1064 cm2 (0.03757. f t j )  f o r  run DOE 406R and 210 c d  
(0.90742 f t g )  f o r  runs DOE 407 an6 408. Assumed s l v r r  density = 1.15 gn!cml. r ~re : iea te r  volume 91:) cm3 for. run DOE 40617 and 240 cm f o r  runs DOE 407 and 408. 
Hyerogen feed rates do not  include tha t  added as OP c e l l  purge. 
One thousand standard cubic feet  a t  cne atmosphere and 60°F. 
Avera E and standard deviation. 
~irso!ber occupied on:y zones 1-3 i n  runs ~ ~ ' 4 0 7  and 408. 

DOE 
,408 - ~ o v e r i d ~ e ~ -  

S h o r t  iResidence- 
T i m  SRC I 

- .  SRTC-. 

30.0 
-68.2 - - 

1.8 

. 

. 1672 . 
496 

30.0 
70.0 -- -- 

. - -  

. 

1 6 5 5 ,  
'491 

(8.8.l 
9.9 

500 
148 

17.4 
2.08 

26.3 

6.17 
5.12 

2000 

460 

- - j -- 
.:: ....... . .  .. . .,i.. : . <>-- ?.; 

:;*,.. 
.. 'hgoq) , . 
4 61 i o  

494 
147 

17.4 
2.10 

26.7 

-- - 
20W 

460 

- - - - -. 
46021 
461 21 

45820 ! 45923 

400i1 ' 402i3 
40621 / 404'; 
361*11 1 37729 



TABLE I1 

Results Summary 

. WE I DOE I DOE I DOE 
381 1 382 1 383 1 384 

Yields, wt 9: based on MF coala I I 

''1 . . 2.9 3.1 

c2 2.2 2.4 
.C3 , 1.6 1.7 
c4 1.1 1.1 

Total C1-C4 7.8 8.3 

C5+ (gas) 0.6 0.4 
Naphtha, c193OC 6.3 6.6 
Wash Solvent, 193-24g°C 12.4 14.3 
Recycle Solvent, >24g°C ( loss)  .(6.7) (8.4) 
Total O i l ,  C5- Recycle Solvent 

( loss)  12.6 12.9 

SRC .59.0 57.8 
Insoluble Organic Mat te r .  5.4 5.3 
Ash 9.1 8.5 

Total 103.1 102.5 

H, Consumed (Gas Balance) . - 
Recycle Sol vent Analyses 

X C 
% H 
X 'S 
% N 
X 0 (by d i f ference)  
Specif ic Grav i ty  

SRC Analyses 
I C 
X H 
J S 
x n  
X 0 (by di f ference)  
X Ash 
Fusion Point, OC 

a') Based o n . d i s t i l l a t i o n  o f  f i l t r a t e .  



TABLE I I (Conti nued ) 

c2 
c3 
c4 

Tota l  C1;-C4 

. DOE Doc DOE DOE 

C5+ (gas) 1 .8 
Naphtha, ~193OC (380°F) 3.1 
Mash So; vent, 193-24g°C 380-480°F) 8.7 
Recycle Solvent, >24g°C I 480°F) (Loss) .[0.8) 

Tota l  Oi! , C5-Recycle Solvent 12.8 

393 395 395 
Yields, nt % based on NF Coal8 

SRC 62.6 
Inso lub le  Crganic Matter . 4.9 
Ash 9.5 

Tota l  102.3 

396 , 

Hydrogen Consumed (Gas Ealance) 2.3 

:a0 6.7 6.8 6.7 6.2 
0.3 0.4 0.4 0.4 

co2 1.0 1 .O 0.9 1.1 
H2S 1.1 1.2 1.2 1 .o 
N"3 0.2 0.1 0.2 0.2 

Recycle Solvent Analyses 

% c 
% H 
% S 
% N 
% 0 (by d i f f e rence )  
Spec l f ic  Grav i ty  

SRC A n a l ~ e s  

% C .  
Z H 
X S 
% N 
% 0 (by ,difference) 
% Ash 
Fusion Polnt, O C  

a )  Based an d l s t l l l a t i o n  o f  f i l t r a t e . '  



TABLE I I (continued) 

Based on o n l y  one analys is  per sample. 
The de tec t i on  l i m i t  of the su l fu r  ana lys is  i s  about 0.005%. 

DOE 

40::; 
0.4 
0.7 
1.5 
0.5 

4.9 
2.8 
2.4 
1.4 . 

11.5 

1.0 
8.6 

,15.1 

.12.9 

37.6 ' 

35.4 
4.8 
7.7 

105;4 

5.4 

: 0.0.:  

. . 
86.23 
12.93 

0.10 
0.21 . 
0.53 

85.85 
; 

9.45 
0.05 
1.02 
3.63 - 

89.41 . 8.14 
0.25 
1.20 
1.00 

72.80 
4.43 
2.01 
1.47 

19.21 
108 

DOE 
404- 
P 

Yie lds,  wt % based on MF Coal 

:a0 5.2 
0.3 
0.6 
.1.5 
0.8 

I 

c1 4.9 

c2 3.0 

c3 2.7 

c4 1.7 
Tota l  Cl-Cq . 12.3 

2.3 
:$;hk::)<193OC (380°F) 11.8 
Middle  ist till ate, 193-288OC 15.2 

(380-550°F) 
Heavy D i s t i l l a t e ,  >288OC 14.9 

(550°F) 
Tota l  O i l  (Cg-Heavy  ist till ate) 4'4.2 

SRC 28.1 
Insq lub le  Organic Matter 5.1 
Ash 7.4 ' 

Tota l  105.5 

HZ Consumed (Gas ~ a l a n c e )  5.3 

Add i t i ve  Conversion Syproducts 0.2 

Naphtha Analyses a 
S 'C 86.36 
% H : 13.13 
% S 0.02 
% N 0.19 
% 0 (by d i f f e rence)  0.30 

Middle D i s t i l l a t e  Analysesa 
86.52 s c 

% H 9'.78 
% S 0 . 0 0 ~  
% iy 0.96 
% 0 (by di f ference,) 2.74 

Heavy O i  s t i  1 l a t e  Analyses a - 
S C 89.82 
% H 7.93 
% S 0 . 0 0 ~  
% N 0.97 
S 0 (by d i f f e rence)  1.28 

D i s t i l l a t i o n  Residue ~ n a l y s e s ~  - 
% C 67-27 
S H 4.19 
S S 1.88 
S N 1.16 
% Ash 25.78 
Fusion Point,  O C  113 

DOE 
404.8 

5.5 
. 0.4 

.0.6 
1.6 
0.7 

4.7 
2.8 
2.5 
1.5 

11.5 

2.6 
10.8 
15.1 

14.2 

42.7 

29.0 
5.4 
7.7 

105.1 

5.0 

0.1 

86.25 
13.20 

0.05 
0.17 
0.33 

86.30 
. 9.70, 

0.01 
1.01 
2.98 

89.84 
8.02 
0.07 
1.03 
1.04 

69.59 
4.20 
1.87. 
1.26 

23.30 
97 

DOE DOE 
404RC 140:; 

5.0 
0.4 ; 
0.8 
1.5- 
0.5 

5.0 
2.9 

' 2.6 
1.5 

12.0 

2.0 
8.7 

15.8 

12.8 

39.3 

32.5 
5.2 
7.6 

104.8 

4.8 

0.0 

86.13 
13.30 

0.06 
0.17 
0.34 

85.72 
9.38 
O.O& 
1.01 
3.89 

89.24 
.8.28 
0.13 
1.08 
1.27 

72.42 
4.46 
1.69 
1.42 

19.37 
106 

0.3 
0.5 
1.7 

.0.6 

4.7 
2.8 
2.5 
1.7 

11.7 

2.6 
10.3 
16.6 

14,.4 

43.9 

28.2 
5.2 
8.0 

105.5 

5.4 

0.1 

86.47 
12.90 

0.05 
0.19 
0.39. 

86.45 
9.64 
0 . 0 9  
1.06 
2.85 

89.78 
8.18 
0.13 
1.09 
0.82 

69.90 
4.17 
2.14 
1.28 

22.39 
111 



TABLE I1 (Continued) 

Yields, W t  X ba.sed sn MF Coala 

~ i p h t h a , '  ~ 1 9 3 0 ~  (38G°F:! 
Middle Ols t l l la te . ,  1193-288'C C38C-550°F 
Heavy O l s t l l l a t e ,  288'C ( 5 5 0 ' ~ ) ~  ( loss1 

Total 011 (Cg-Heavy C i s t i l  l a tec )  

SRC 
Insoluble Organic Matter ' 

Ash 
Total 

Hydrogen Consumed (%a '~zlance,) 

Py r l te  Conversion Byproducts 

Naphtha Analysls 
% C .~ - 

X H 
x S 

. X  n 
X 0 (by di f ference) 

,#iddle O i s t l l l a t e  Analysis 
% c 
X. H 
x ' s  
fx, N 
X 0 (by di f ference) 

k a v g  O i s t l l l a t e  Analysisd 
% c: .~ . 

% R 
x 5 
x P' 
X C (by dl f ference) 

M s t i j l  l a t l o n  Residue Analyslse 
x C . - 

x. H: 
x S 
X N .  
x k h  
X 0 (by dl f ference) 
fuslon Point, O C  

QOE 406RB DOE 407. . COE 408. 

Based on d i s t i l l a t i o n  o f  f l l t r a t e  f o r  runs DOE 407 and 408. 
Includes H2S derivec from added py r i te .  
h s h  Solvent, 193-24g°C . 380-480°F) f o r  ru-1s DOE 407 and 408. 
Recycle Solvent. Q49'C [480eF) f o r  runs D X  407 and 408. * 

S X  f o r  runs DOE 407 and 408. 



Analyses o f  Feed Coals 

a. Elemental ~ n a l y s e s ~  

Coal I d e n t i f i c a t i o n  
Company 
Mine 

Old Ben C2nsol No r th  American 
Old Ben No. 1 Lover idge Powhatan No.. 1 

. Indiana V. P i t t s b u r g h  
. .  - 

P i  tts.burgh 
. . 

Seam 
. . .  , .. 

~ k o x i m a t e  Anq lys is  
% Ash 
X V o l a t i l e  
% F i xed  Carbon 

X Mols tu re  

Heat ing  Value, B tu / l b  

s u l f u r  Forms 
%. P y r i t e  
Z S u l f a t e  
9: 0 r g a " i i  
% T o t a l  

~ r e e '  Swel l  i n g  Index 

U l t i m a t e  Analjises. W t  I 
Carbon 
Hydrogen 
N i t rogen  
C h l o r i n e  

4 

S u l f u r  
Ash 
Oxygen ( d l  f fe rence)  

.Mineral  Ana lys is  of  ~ s h ;  
W t  ,%, i g n i t e d  bas is  

S i l i c a ,  St02 
Alumina, Al 03 
T i t a n i a .  ~ i % p  
F e r r i c  :oxide; Fe203 
Lime. CaO 
~ a ~ n e s ' l h ,  MgO 
Potassium Oxide, K20 
Sodium Oxlde. Na20 
s u l f u r  T r i o x i d e ;  SO 
Phos. Pentoxide, 
S t ron t i um Peroxide. ?ro2 
Barium Oxlde. BaO 
Panganese Oxide, MnO 
Undetermined 

% I r o n  i n  coal  

Fus ion .Temperature o f  Ash, O F  

(Reducing) 
I n i t i a l '  D e f o w a t i o n  
So f ten ing  H - ~ ) b  
s o f t e n i n g  [ti=l/iV) 
F l u i d  

I E q u f l l  b r ium Molsture - - - - 2.01 

a) A l l  ana.lyses perfo.nned by  Comerc fa l  Test ing  8 Engineer ing  Company. A l l  analyses 
except  mois ture  are  on a d r y  basis. , 

b) H = cone hetght; W = cone width. 



TABLE I11 (Continued) 

b. Kentucky 911 4 Elementa? Analysesa 

Moisture 
. . 

ASTY D-3173 (oven drying) 

ASTd D-95 (to1 uene d i s t i l  l a t i on )  

Ash 

Iroa i n  ash 

Iron i n  coal 1.60 

Sulfur 

a )  Analyses by Merrim Laboratory, dry basis  (D-95) except f o r  
moisture. 



TABLE I 1 1  (Continued) 

c. Powhatan. No. 1 Coal . Petrographic ' ~ ~ l y s i  sa 

RACER& .ANALYSIS 
(VoLunE PERCENT) 

(MINERAL-I'lqTTER CONTAININO BASIS) 

n ACERCU. MACERAL GROUP 

VITRINITE 73. 2 VITRINITE 74. 2 

PSEUDOVITRINITE 1. 0 

Number 
o f  

Counts 
(Total= 

101 ) - 

EXINITE 3. 7 

RESINITE 0. 5 

SEHI-FUSINITE* 5. 7 

FUSINITE 4. 6 

tlACRINITE 0. 2 

MINERAL mATTERu* 6. 3 

TOTAL 100% 

EXINITE 4. 2 
( L I P T I N I T E )  ' 

INERTINITE IS. 3 

TOTAL REACTIVES- 80.4 
TOTAL INERTS- 19.6 

CONSIDERED 1 / 3  REACTIVE, 2/3 INERT F@ PURPOSES OF 
COKESTABILITY PREDICTIONS. 

** CALCULATED FROM 9. 08 X DRYASH, 4. 84 X DRY S U F U R  

Mean-Maxim V i t r i n i t e  Ro- 0.69 

D i s t r l b u t l o n  o f  V i t r i n i t e  Reflectance Readings: 

1 1 , I I l I I l l l  I *  I l l ~ l l l l * l l . ~ l ' l ' ~  
X  ' X X X X X X X  X X X X X X X X X  

X X X X X X X  X X X X X X  V-Type Table f o r  vitr- = I 

x x x x x x  x x x x x x  v ! J  V f  
X  X X X X X X X X X X  
x x x x x x x x x x  1.0 si.5 47.5 
X  X X  X X X X X  

X X  XX X X  
X X X X  X  

X  XX X  
X X X  X  
X X X  . 
X  .X 

X  
X  
X  
X  
X  
X  

V-Type Table f o r  V i t r i n i t e s  1- 7 4 . 2 ~ 1  

( ~ d j u s t e d  t o  = Maceral I of ~ e a c t i " e  ~ i t r i n i t e ; )  

v- - 5 v-6 y-7.. v= 
0.8 F.2 35.2 

a) Analysis performed by Commercial Testing and Engineering Company. 



TABLE 111 (Continued) 

d. Powhatan No. : l  Coal F l o a t  & Sink .Ana lys i  sa . . 

FLOAT & SlNK ANALYSIS 

1 2 3 4 5 6 7 8 9 10 11 

CUM RECOVERY 
(LPECIFIC GRAVITY .. O W  BASIS (FI  AT) 

CUM. REJECT 
IOIPII'.) 

Blnh Flomt % Wi. % A s h .  %%I. % Wl % A s h  %Sul 

14 Mesh x o = 1008 of Sample 
. - -  

FLOAT L SlNK ANALYSIS - 
1 

17 

M Y  *.)I% FVruuTlvl l tcovl lv  *LOAT) WMurrtlvl ltrlel bINn 
YSCIIIC GUVIW 'h SUL~UP % SUL~UI % SUUUI 

Ynb %1 % W .  Total - h* lull. 0- l a d  W r  S W  - 1.11. OW. . 'h WI. Ihl Py'6t1. . S d  0- 

14 Mesh x 0  = 100% of Sample 

1 . 3 0  2 3 . 6  2 . 8 0  0 . 2 6  KO2 2 . 5 2  2 3 . 6  2 . 8 0  0 . 2 6  ' 0 . 0 2  2 . 5 2  1 0 0 . 0  4 . 8 3  2 .32  0 . 0 6  2 . 4 5  
1 . 3 0  1 .40  5354 3 . 5 4  0 . 9 2  0 . 0 5  2 . 5 7  7 7 . 0  - 3 . 3 1  0 .72  0 . 0 4  2 . 5 5  7 6 . 4  5.46 2 .95  -0 .07  2 . 4 3 -  
1 . 4 0  1 . 6 0  1 7 . 3  6 . 7 4  4 . 4 4  0 .09  2 . 2 1  - 9 4 . 3  3 . 9 4  1 . 4 0  0 . 0 5  2 . 4 9  2 3 . 0  9 . 9 1  7 .67  0 - 1 3  2 . 1 1  
1 . 6 0  1 . 9 0  3 . 2  1 2 . 8 2  1 0 . 7 5  0;16 1 . 9 1  9 7 . 5  4 . 2 3  1 . 7 1  0 . 0 5  2 . 4 7  5 . 7  19 .53  17.48 0 . 2 5  1 ~ 8 0  
1 . 9 0  2 . 5  2 8 . 1 1  2 6 . 1 0  0 . 3 6  1 . 6 5  1 0 0 . 0  4 . 8 3  2 . 3 2  0 .06  2 . 4 5  2 . 5  2 8 . 1 1  26 .10  0 . 3 6  1 . 6 5  

a)  Ana lys is  per forned by Cornmerical Tes t i ng  and Engineering Company. 



TABLE I V  

a Process Solvent  Analyses* 
Runs DOE 381-395 and 397-400 

a, Elemental Analyses 

~ i u m  No. -% C % H 

1927-1 88.58 .7.42 
1927-2 88.58 7.85 
1927-3 88.60 . 7.79 
1 927-4 88.75 7.56 
1927-5 88.70' 7.86 
Average 88.64 7,70 
.Std. Dev. k0.08 20.20 

Basic 
%. N 

0.50 
.,0.52 
0.53 
0051- 

.0.53 
0.52 

+o. 01 

To ta l  S p e c i f i c  
% 'N "/P G r a v i t y  

b. Simulated- D i s t i l  l a t i o n  (by Gas ~ h r o m a t o ~ r a ~ t i ~ )  

Drum Drum . . Drum 
1927-1 1927-2 . ' 1927-3 

F rac t i on  Boi 1 i ng 
- Below, % Temp O C  ~ e m p  O C  . Temp . O C  

IBP 81.57 1.04.7" ' , 97.52 
5 .. 231 .O 231.0 : 231 .O ** 

10 . .  238.9 238.9 .. 239.0 
15 254.3 254..,3 . 254.. 3 ' 

20 .' 262.9 262.9 . 263.0 
25 271.5 271.5 271.6 
3 0 279.2 279.2 279.3 
35 286.8 286.8 286.8 
4 0 294.3 294.3 294.4 
45 301.9 301.3 309.8 

6 0 
6 5 
70 
75 
8 0 
8 5 
90 
95 

FBP 

Drum 
1927-4 

Temp O C  

104.5 
230.6 
238.8 
253.9 
262 ..6 
271,3 
279.2 
286.7 
294.2 
309.3 
,310.1 
318.0 
318.5 
333.5 
341.6 
349.8 
357.6 
372.4 
387.8 
404..6 
460.8 

Drum 
1923-5 

Temp O C  

89-78 
231.0 
238.9 
254.3 
262.9 
271.5 
279-3 
286.8 
294.3 
301 .9 
310.2 
318.2 
318.5 
334.0 
342.0 
350.0 
357.7 
372.8 
388.2 
404.6 
,461.2 

O i l ,  IBP-193°C 3.86 3.65 3.72 3.66 3.79 
O i  1 , 193-249°C 9.42 9,63 . 9.55 9.72 9.49 
O i  1, >24g°C 86.72 86,72. 86.73 86.62 86.72 

Tota l  100.00 100.00 100.00 100.00 100 .OO 

* L o t  1927 f rom Ft .  Lewis. 



Mole Ra t io  S/Fe 
P u r i t . ~ ,  as  FeSp 

Physical propert iesd 

Average ~ a r t j c l e  Size, :JKI 

by Fisher Subsieve Si'zer 
by Coul ter 3ounter 

sur face Area, m21g 

TABLE \i 

Addi ti Ges Analys is  

Rdbena . 

P y r l  t e  I11 

Ni Mo CoMo 
on alumina on alumina 

Through 150 mesh 

a )  Dry basis.. , b )  As v o l a t i l e s  a t  ' l O ° C  under He atmosphere. c )  wet 
basis..  d) As fed. e)  Ni t rogen adsorpt ion B.E.T. measurement by Sandia 
Laborator ies. ' f )  0. E.T. neasurenent by Coors Spectro-Chemical Laboratory. 



TABLE V I  

U n f i l t e r e d  Coal so lu t ion  V iscos i t iesa  
Runs DOE 381 -408 

Run No. Temperature Shear y t e  V l  scosl t y  Run No. Temperature Stear Rate Viscosi ty  
DOE - O F  secy . cp DOE O F  . sec-1 c p  



TA3LE V I  (Continued) 

Run Ho. Temperdture Shear !ate Viscosity 
DOE ' F sec- CP ' 

Run No. Temperature S i e s r  Rate V i s c o s f t y  . 
DOE OF sec-1 CP 

21 0 0.396 1 . 7 8 ~  o3 
21 0 0.793 1 . 2OX: O3 



TABLE V I  (Continued) 

Run No. Temperature Shear Rate Vlscos l ty  
DOE O F  sec-I CP 

210 . 0.793 ' 1 .10x103 
21.0 1.98 882. 

Run No.. Temperature Shear. Rate. Viscosl t y  
DOE O F  . ., sec-1 c P. 

21 0 9.793 790 
21 0 1.98 628 

p) Brookf ield Model LV Vtscometer 
Splnd.le No. 18  
,Procedure: 45 mln. I n i t i a l  warmup and 

equl l  t'bratlon; 
20-30 mjnute equ i l i b ra t ion  

a f t e r  temperature 'change; 
10 minute equi l  I brat ion 

.a f te r  shear ra te  change. 



TABLE V I I  

~ e e d  S l  urry V i  scos i  ti esa 
Runs DOE 404R-406R . 

Run No. Temperature Shear p t e  V fs  o s l t y  
DOE OF set: 10 8 CP 

21 0  
-- 

0.083 11.20 

Run No. Tern3erature Shear Rate V i s  o s l t y  
DOE OF sec-1 10 S CP 

-0 . 0.083 1 O X -  

a )  B rooS f i e l d  Model LV v lscometer '  
Spindle 28 
Procsdure: 4 5  micute?, i n i t i a l  warmup and 

e q u t l  i b r a t i o n ;  
23-30 m inu te  e q u i l i 5 r a t i o n  a f t e r  

t e q e r a t u r e  chang,?; 
13  m i r u t e  e q u i l i b r a t l c n ' a f t e r  

shear re. te change. 



TABLE'VIII . . . . :. . .  . .  _ . 

Sol vent ~ x t r a c t - i o n  o f  SRC product 
Runs DOE 381 -384, Kentucky 9/14 Coal ; 

DOE 385-400, Indiana V Coal; DOE 407 81 408, Loveridge Coal ' 

Coal 
Temperature, O C  

Pressure, ps ig 
Residence Time, min. 

. 

L . ! ! e f ~ t l  on. : 
Condi t'ions 

S o l u b i l i t y  o f  the SRC 

W t  S i n  
Herane 

DOE 
381 
P 19 

To1 uene 

Average S o l u b i l i t y  

DOE 
382 
.P 14 

Hcxane 
Toluene 

DOE 
383 
P 15 

Indiana V - - 
472 

. 3000 
8 

18.0 
19.0 
75.1 
70.1 

- Kentucky 9/14 

DOE 
384 
P 14 

483 
3000 

8 

~ 
20.2 
21.1 
43.7 
43.8 

':DOE 
385 
,P 12 

DOE 
385 
.P 14 

483 
2000 

8 

' 23.6 
27.1 
61.6 
.66.5 

460 
2000 

4 

20.7 
22.2 
68.3 
65.7 

DOE. 
'386 
P 15 

DOE. 
389 
P 1s 

. 

DOE 
387 
P 12. 

DOE 
387 
P IS 

DOE 
390 
P 10 
. 

DOE 
391 
P 15 

DOE 
390 
P 15 

DOE 
392 
P 15 

DOE 
388 
P 12 

DOE 
388 

, P 15 



TABLE .VIII (Continued) 

~. . . _ / .  . ' - ; I . , ,  . . . 
. . .  . . : 1,: ' 

. . DOE DOE DOE DOE ;, .DOE, 
DOE %11 ., 

'DOE ..DPE DOE, 
' 

::WE. 
. . 3Y3 394 395 396 397 .398 ' 399 ' :'4w' ;407 ' ...408~ 

. 
P 14 P 14 P 15 P 47 " P 15 P.12 P 12 ',P 12. P8/12/1.3 ~ 8 / 1 0 /  

1 3/ 1.4 
L ique fbc t i on  cond i t i ons  - . 1 

Coa 1 - Indiana V 
. . .  . . Temperature, OC . . 

Pressure. ps ig  
D ' i ~ s ~ l v e v  Residence T i rn ,  nlin. . . 0 

. , Prphcatar .Residence Time,. min. * .  5 1 - lo-- . 
. . Sol vent Source 

FeS2 Addi t ion,  Rate, wt % MF coal 

So lub l l  l l y  UP 111; SRC, w.1 %:ill 

Hexane 

Toluene 

Average Sul u b l l  I Ly 

Hexane 
To1 uene 

, * 

- Single-Pass -- Recycled - - 

12.4 
13.7 
69.3 
71.1' 

. . .  

13.1 ' 

70.2 

-- Sing le  Pass- - - 

3.6 
4.1 

57.2 
56.3 

.. 

- 3.9 
56.8 

-- 

16.7 

73.9 
72.4 

16.7 
73.2 

5.1 

'16.5 
16.8 
74.8 

. 74.5 

' 16.7 . 
74.7 

-- 

,19.8 
21.0 
67.1 
65.6 
. 

20.4' 
i 66.4 

- - 
' -  

13.2 
14.4 
72.4 
72.8 

. . 
13.8 

.72.6 

-- 

17.5 
18.4 

.63.4 
65.8 

18.0 
64.6 

- - 

10.8 
12.9 
62.7 
64.8 

11.9 
63.8 

. -- 

12.9 
13.8 
68.0 
66.6 

13.4 
. 67.3 

. . 

-- 

16.1' 
17.4 
61.8 
65.6 

' 16.8 
$63.7 



TABLE I X  

Solvent Ext rac t ion o f  D i s t i l  l a t i o n  Residues 
Runs DOE 404R-406R 

; -  - . I ' I  Coal - Lover idqe I' - j ~owhata i i  

: ' ~ d d i  t i v e  

OOE 
'406RB . 
P 117/123/ 

. 1311133 

OOE 
~ i q u e f a c t i o n  Condit ions* 404RA 

P 40/ 
. 52/58 

Add i t i on  Rate, 
4' '. 

. .. 
w t  % based on 
s l u r r y  . . 

. . .  

S o l u b i l i t y  o f  the Dis-. 
t i l l a t i o n .  Residue, 

. . . . .wt  .% i n  . , ., . , .. . .  , .  - ,. 

DOE 
404R8 
P 86/ 
96/101 

. . 
,To1 iiene 

. . . . ) .  ' 

.. . Py r i d ine  
. . 

. .Rat io o f  ALeraqeSolu- , 

b i l i  t i e s  . . 

DOE I 
404RC . 

P132/137, 
143/146 

0 '  NiMo - CoMo - 
' . on alurni,na . . ,on.alumi.na 

; * 1.0 . - 0 . 5 '  . . 0.1. 0.5 0 .:1 

, 

- ' .  32.. j' 32.7 . .35.0, :,!t 9815 '!' : .35.'5 
30.3 32.8 3 3 . 2 : 3 7 . 4  33.4 

'57.3 60'.6 6.5.1' : 62.4 g 64.0 
.',. 57.1 ' .  6q.8 "4: 65.4 ' 62;5" ,: 64.1 

62.1 64.5 . 7b.0, . 66.2 : 71.5 
61.9 64.6 69.8 66.1' ' 69i6.  ' 

For a l l :  45O0CS 2250 psig,  1.0 hour residence time. I 

DOE 
405RA 
P 80/ 
85/97 

DOE 
405RB 
P 135/ 
141/144 



TABLE. X 

Run No. 
DOE- 

30% Indiana V Coal 
2% Hydrogen on s l u r r y  

Single Pass Solvent 

Yates 
Order. 

(1 
a 
h 

ab 
C 

ac . 
bc 
abc 

B 
Pressure 

Hesults o f  z3 Factorial 
~ (Runs. DOE 385-392) . . 

~ c s i & n c c  
Time 

Vari8blc Condi tlanC 
L o v e 1  - + 

A. Temperature. O C  . 460 480. 
8. Pressure, ps ig  2000 3000 
C. Residence Time. mln. 4 8 

Yields. W t  % MI: Cucll- 
~ C C Y ~ ~ C  f o t a i  

O i l  SRC IOM 
10.6 66.6 6.2 

7.4 65.2 6.6 
11.0 68.6 5.5 
12.8 65.7 5.5 
4.1 71.2' 5.1, 
8.3 65..9 4.4 

10;7 66.1 4.9. 
13.2 63.1 4.7 

Consumed 

1.9 
1.8 
2.3 
2.3 
2.9. 

Main Ef fects  W 

Two Factor In teract ions R 

Three- F&Lur- I111cr ac t ion  , II 
ABC . 0.2 -0i.l -1.7 1.0 0.211 0.1 

V iscos i t y  measured a t  230°F and a shear r a t e  o f  39.6 sec-1. ' . 

++* rscosl y 
c P 

44.3 
30.9 
33.6 
21.9 
16.4 
28.7 
13.3 

9.7 

- 
SRC . -  

Fusion S o l u b i l i t y  i n  
H S S .  Point,'C t!exane.wtZ 
5.75 0.84- 170 13.6 
5.58 0.74 197 5.0 

, '  5.70 0.84 196 2.9 
5.68 0.77 1R1 7.2 
5.96 0.70 167 12.5 
5.44 0.56 147 17.4 
5.72 0.68 173 12.7 
5.62 0.53 165 16.1 



TABLE X I  

- 'Resu1.t~ o f  22 'Facto.ria1 
(Runs DOE 386, 387, 391 and 392). 

Constant Condit ions Var iab le  Condi t ions 
Level - + 

30% Indiana V Coal 
2% Hydrogen on S l u r r y  A. Temperature, O C  460 480 

S ing le  Pass Solvent B. Pressure, p s i g  2000 3000 
8 minutes Residence Time 

RunNo. Yales A B % S 
DOE- Order Temper- Pres- Recycle Tota l  "2 i n  

a tu re  sure C 1  -Ca Sol vent  O i  1 SRC I OM Consumed SRC 

Main E f f e c t s  

A 
B 

Two Factor. I n t e r a c t i o n  
~ . . .. - 



TABLE XI1 

Constant Conditions 

30% Indiana V Coal 
2% Hydrogen on S lu r r y  

Single Pass Solvent 
4 Minutes Residence Time 

Results o f  2* Fac to r ia l  
(Runs DOE 385, 388, 389 and 390) 

Var iab le  Condit ions - .- 
Level, . 

- . -I= 

A. Tanpcyature. 460 180 
B. Pressure, ps i g  ' 2000 3000 

. . 
Run No. Yates A B I .  

Order Temper- Pr-es- 
% S 

D0.E- Reeycl e To t a  1 "2 i n  
I . . a.ture, sure C1 ;Cn . . Sol vent O i l .  . SRC... I O M  . Consumed, SRC 

Mai n Ef.fects 

Two Facto.r_._Interaction. 

AB 



TABLE. X I  I I 

DOE 404RA . Elemental Balance Study . . 

Loveridge Coal w i t h  1% NiMo c a t a l y s t  on feed s l u r r y ,  

ASH OUTPUT 10 .9  gm 
cat. ASH 2.96 gm 

Ash net 7.5.b ..gm 

,Hydrogen Reacted from L.30 
Elemental balance ' 

0 
S 

1.2b 

0.002 

0.188.-----  

----- 
0.763 

2.01 

. . 

2.72 

* - .  
2,55 

Wdrogen Reacted from 5.16% 
Gas balance ' 

it .P & M &alytical Result- 

0 
0 

L.89 

0.28 

0 .1~ 

0.035 

C.530 

O. b23 

7 

6.30 

5.31 
. 

. ,  . 
0 
H .  

1.20, 

0.59 

0.L8 

0.26 

0.6? 

0.13 

0.08 

1.55 

1.9W 

1.07 

1.70 

,. . 
9.58 

5.28 

5,20* 

0 
. N 

. . , . '  

: ,, . . 

0.63 

0.022 

: 0.137 . 

0.qn 

1.L5 

'l .lb 

. - .  
d 
S .  

. .  . 

. 

. 

9L.09 

0.02 

. 0 . b 2  

1;88 

X 
N 

. 

. 

82.26. 

0.19 

0.96 

0.97 

1 1 6  

. 
1nput with 100 grams of coal  
Calc. dri baeis ' (for 1.781 water & 
7.552 ash as received) ; !LE analysis 

$ 
H 
- I .  

25.13 

20.11 

78.29 

17.3L 

11.19 

17?75 

5.91 

13.13 

9.78 

7.55 

4:19 

. 

SUBSTANCE YIZL;D 

. ., . . . . 

Hethane b.76 

Ethane 2.92 

R o p e ?  2.65 

F$anes 1.51 

5. n Watq 

% .  0.38 

~3 0.25 

knmon+a 0.76 

H2s 1.32 

Naphtha 11.83 

Hiddle l 9 , l j  
Distlllate 

Heavy .14.20 
Dipti'3late. 

Ax~idue 4.58 
+h..25.88< 

' ' 

. ... 

.. . 

77.78 

76, 52+ 

% 
: 0 

. 

88.81 

'72.71 

57.11 

0.20 

0.002,?.73 

2.98 

r )  

. . 

C 

7L.86 

79.89 

81.71 

82.62 

27.29 

~2.09 

. 

86.36 

86.52 

80.50 

67.27 

D 
C 

3.56 

2.33 

2.17 

1.25' 

0.10 

0.11 

10.22 

16.81 

12.57 

27.30 

76.60, 



TABLE X I V  

D3E 404RB Elemental Balance Study 

. . *  . . 
. ,- ' Loveridge Coal w i t h  10.5% NiMo c a t a l y s t  on feed s l u r r ~ .  

. a  
0 

' h.52 
, 

0.37 

0.21 

0.037 

0.589 

0.175 

0.781: 
2 

6.60 

5.68 

5.31 

ASH O U ~ T  9.17 ~ U I  m d r o ~ e n  reacted by elemental 
Cat. Ash 1.k9 Chn . .  balance h.h3% 

Met Ask 7.68 0 Q d r o ~ e n  reacted by eas balance 5 . 9  ' 

0 
S . , ,  

. -  .: 

., - 

, . .  

. 

i 

1.71 

0.006- 

0.002.: 
. . t  

0.009 
-, 

0.752.. 
- .  

I .  

2.h8 

2.72 

2.55 

- 
. o  

N : ,  

g . $  
S 

0 

, H 

1.27 

0 
SUBSTANCE .YIELD ' 

Hethane , 5.06 

0 
C .  

3.79 

. 

9h.09 

O.G$ 

0.011 

0;065 

1.87 
.. . 

,' 

H 

25.U 

$ 
, C 

7b.86 

88.81 

72.71 

57.11 

0.33 

.2 .98 

1-30 

1.95 
7 

d .a 

. W 

Etham 3.03 

R O P V ~  7 0  

L t,u.es 1.53 

Meter 5.09 

D. 51 OD2 

a. 0.37 

b n i a  0.73 

H2s 
1.82 

~ p ~ h t j <  . 11.11 

nidae ~9.77  
D i s t l l l a t e  . . 

)leaqr 13.b9 
D l s t l l l a t e  

ResLdue' b0.22 
( h h .  22.81'c. 
nlU. CAT.) 

'WTm 

2.h2 

2.21 

1.93 

0.lb 

0.16 

9.58 

17.06 

12.11 i 

27.99 

77.39 

Input with 100 mams of ,  coal 
Calc. f r ~ s l  CT & E ana lys i s  
. P&M Analyt&cal Results 

79.89 

8 L 7 1  

82.62 

25.29 

k . 8 9  
'- 

86.25 

85 .x  

89.80 

(3.59 

! 

0.61 f 
0.k9 

20.n 

1 8 . 3  

1 7 .  : . 

77.78 

76.52 

0.hO 

0.57 I 

0.13 

0.11 

l.h7 

1.92 

.1.05 

1.69 

9.71 

5.28 

11.19 

1 7 . ~ 5  
-\. 

5.91 

13.20 

9.70 

7.60 

k.20 

! 

0.60 

, .0 .013 

1 

0.13 

0.50i 

.-- 
1.h6 

1 

e2.26 

0.17 

0 1  

1.03 

1.26 
I 

i 

5.20 1 



TABLE XV 

DOE 404RC Elemental Balance Study 

Loveridge Coal with 0.1 % NiMo Catalyst on Feed Slurry 

b h  Ntput 8.13 
Cat. @ h .  _0.31@ 

Ifydrogen reacted by elemental 3.838 
balance 

SUBSTANCE Y l l Z l B  

Methane h.9l 

Ethane 2.87 

Propane 2.53 

htanes  1.46 

Water h.63 

ao2 0.60 

< C O  0.13 

knmonh 0.64 

"2s 1.9h 

N ~ h h  7.61 

niddle 16.00 
Dlstlllate 

Heavy 16.85 
8 Dlstlllate 
Residua 42.63 
( h h  19.08% 
hcl. Cat.) 

TOTAU 

. ' 

N a t e h  7.82QI Hydrogen reacted by gas 4.62% 

Coi l  deh 7.86 (La 
balance 

. g 
H 

25.13 

20.11 

18.29 

17.34 

11.19 
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5.91 

13.56 

9.47 
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4.46 

> 

, C 
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2 

Input with 100 gram 1 of coal . 
Calc. from CT 6 E analysis 
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1.01 
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s 
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, 
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% 
0 
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? 
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? 

. . 

! 
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15.04 

30.87 
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0 
H 
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0.16 

0.25 

0.52 

0.U 
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1.03 

1.52 

1.h0 

1.90 

9.C 

0 
0 

4-11 

0. I& 

0.23 

- 
-- -- 

.0.691r 

0.21h 

? 

5.68 

0' ' 
N ' 

,\. 
.+ 
, 

0.53 
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0.0129 
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0.605 

l.h9 - 

0 
S 

. 

1.83 

0.005 

0.0003 

0.022 

0.720 
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TABLE XVI 

DOE 4g5FA, Elemental Balance Study .. + I .. . . , . 

L o v e r i d ~ e  Coal w i t h  . CoMo . Catalyst , .  at 0.5% on feed Slurry 

G H P E D  7.77 Hydrogen reacted by gas balance data h:;~ - . . .  , . 



TABLE XV.11 

DOE 4 0 5 R B  ' ~lernental Balance s tudy  

... ._. . . . . .  

, . ~overidge . coal . with CoMo . . ~ a t a l & t  . . .  a t  0.1 . % . on Feed . . - -  siufry ..,. , . 

. . .  Catalyst aeh0.31 . . 
Net r.39 - - -  

Hydro~en reacted by elemental, balance h.168 
Coalhh 7.391 ,. 

Hydrogen reacted by gas consumption data 5.11% 
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30E 406RB Elemental Balance Study 

. . Pouh3tan No. 1 Mine Coal 

Hy&ogen reacted by 
elemental balance method L k 2 %  

Hydrogen reacted by gas 
bh unbalance la . 3.M b a h c e  method L.bO% 
an CT 41 E anolynla 

Amrage aah fed thL 
mm was 9.20 and error was thm 0.19 



Figure 1 

E f f e c t  o f  Pressure and Temperature on Yie lds and Desu l fu r i za t i on  a t  
8 Minutes Residence Time . . .  

~ u n s  DOE 385-400, Indiana V 'Coal 
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Figure 2 

Ef fec l 'o f  Pressure and Temperature on Yields and Desul fur izs t ion  a t  
4 iMinutes Ftsidence Time 

' Runs DCE 3854400, Indiana V Coal 
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Figure 12 
Simulated Distill$tion of feed Sf urry and. Product, Rm DOE 405RA 

Feed Slurry 
(CS2 Extract) 
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Figure :l.3 
Sir.iulatcd D i s t i l l a t i o n  o f  ~ e e d  S l u r r y  and Producj,  Run DOE 405RB . . .  
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Figure  .14 

Sirnula'ed   is till at ion o f  Feed S l u r r y  and Product, Run 30E 406RB 
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(CS; Extract) 
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A P P E N D I X  A 

SETTLING EXPERIMENT 



I n t r o d u c t i o n  

Grav i t y  s e t t l i n g  can be used t o  serarate a mix ture  o f  p a r t i c l e s  t h a t  
have d i f f e r e n t  d e n s i t i e s  o r  diameters. This experiment was undertaken 
t o  see what, i f  any, separat ion could be e f fec ted  between the  i r o i  
compounds and t h e  r e s t  o f  t he  ash mater ia l  i n  u n f i l t e r e d  coal s o l ~ t i o n  
(UFCS) from t h e  SRC process. I f  i r o n  compounds i n  the  UFCS could be 
concentrated, the  l e v e l  o f  c a t a l y t i c a l l y  a c t i v e  ma te r ia l s  i n  t h e  feed 
s l u r r y  could be increased w h i l e  main ta in ing  t o t a l  s o l i d s  a t  a constant 
l e v e l .  Ca lcu la t ions  us ing  Stokes Law i n d i c a t e  t h a t  f o r  7 micron s ized 
p a r t i c l e s  there  w i l l  be no s i g n i f i c a n t  s e t t l i n g .  However, s ince t h i s  
equation does n o t  take i n t o  account the  e f f e c t s  of f l o c c u l a t i o n ,  7ar- 
t i c t e  s i z e  d i s t r i b u t i o n ,  p a r t i c l e  concentrat ion o r  non-Newtonian l i q -  
uids, i t  was f e l t  t h a t  i t  would s t i l l  be worthwhi le t o  t ry  an experiment 
us ing a g r a v i t y  s e t t l e r .  

Theory (Stokes Law) 
, . 

Hhen a p a r t i c l e  f a l l s  through a f l u i d ,  a drag fo rce  i s  generated. 
Th is  fo rce  i s  g iven by 

C = drag c o e f f i c i e n t  
Ap = pro jec ted area of p a r t i c l e  i n  d i r e c t i o n  o f  motion (L * )  
p = dens i t y  o f  f l u i d  (mass/~3) 

* u = r e l a t i v e  v e l o c i t y  (L/sec) 
gc = dimensional constant  r e l a t e d .  t o  mass-L - 

l o c a l  g r a v i t a t i o n a l  acce lera t ion  force.  secL 

The drag f o r c e  w i l l  i nc rease as t h e  p a r t i c l e  accelerates u n t i l  t he  drag 
f o r c e  ? lus  t h e  bouyant f o r z e  equal t h e  l o c a l  g r a v i t a t i o n e l  force. A t  
t h i s  p o i n t  t h e  v e l o c i t y  can be ca lcu la ted as 

g = l o c a l  g r a v i t 3 t i o n a l  constant 
m = mass o f  p a r t i c l e  
p b  = dens i t y  o f  p a r t i c l e  

Stokes Lcw i s  formulated by making c e r t a i n  assumptions akout the  drag 
c o e f f i c i e n t .  Because a l l  o f  t he  assumptions i n  the  law are n o t  f u l -  
f i l l e d  by t h e  u n f i l t e r e d  coal  s o l u t i o n  (UFCS), experiments need t o  be 
made t o  detern ine  t h e  appl i c a b i  1 i ty  o f  g r a v i t y  s e t t l  i ng f o r  concentrat- 
i n g  t h e  i r o n  content  o f  t he  UFCS. 

Experimental 

The experimental apparatus i s  shown i n  Figure A-1 . It ccmsists of a 
f e e d  pot, mixer, two pumps, s e t t l i n g  vessel, and siphon break. The feed 
po t  and mixer  were used t o  ensure t h a t  the  u n f i l t e r e d  coal s o l u t i o n  



(UFCS) was un i fo rmly  mixed. Pump A pumped UFCS i n t o  the s e t t l i n g  vessel 
w h i l e  pump B removed i t  a t  a  lower ra te .  A siphon break was inc luded i n  
l i n e  B t o  prevent  t he  siphoning o f  UFCS ou t  o f  t he  s e t t l i n g  vessel.  

Experimental Procedure 

UFCS f rom a  standard SRC I1 r u n  w i t h  Kentucky 9/14 coal  was added t o  the  
feed p o t  and kept  a t  a  temperature o f  approximately 115°C. Once the  
s e t t l e r  was f u l l ,  pumps A and B were c a l i b r a t e d  t o  f l owra tes  o f  1043 
g/hr  and 761 g/hr, respec t i ve l y ,  so t h a t  t he  percentage o f  the  UFCS 
product  normal ly  recyc led  i n  the  SRC I1 process was pum~ed out  the  
bottom. To s t a r t  t he  experiment, samples o f  UFCS were taken from the  
feed p o t  and l i n e  B. Add i t iona l  samples were taken a t  var ious t imes so 
t h a t  ash and i r o n  concentrat ions could be determined ( r e f e r  t o  Table k- 
1) .  The temperatures o f  a l l  t h e  l i n e s  and t h e  s e t t l i n g  vessel were kept  
a t  125OC t o  enhance s e t t l i n g .  

During t h e  s ta r tup ,  l i n e  By between pump B and the  feed pot, plugged and 
the  experiment was shut  down. The p lug  was be l ieved t o  be caused by a 
h o t  spot from the  heat t rac ing .  L ine  B was changed from 114" SS t ub ing  
t o  3/8" and t h e  heat t r a c i n g  on a l l  t he  l i n e s  was changed t o  avo id  
f u r t h e r  ho t  spots. The decrease i n  ash content  i n  the . feed p o t  i n d i -  
ca tes  t h a t  t he re  was depos i t i on  o f  ash ma te r ia l  i n  t he  s e t t l i n g  vessel 
and feed l i n e s .  

A f t e r  t h e  experiment was completed, t he  u n i t  was dra ined o f  UFCS and 
f l u s h  o i l  added. The f l u s h  o i l  was c i r c u l a t e d  u n t i l  the nex t  day. The 
feed p o t  was then taken ou t  o f  t he  system and drained. Upon inspec t i on  
o f  t he  feed p o t  l i n e ,  i t  was noted t h a t  t he  l i n e  was abcut h a l f  f i l l e d  
w i t h  res idue t h a t  had s e t t l e d  o u t  o f  t he  UFCS. 

During t h e  run, t he  f l o w r a t e  through l i n e  B changed from 761 g/hr  t o  286 
g/hr  (see Table A-2) because the  pump s t roke  l eng th  was, n o t  locked i n t o  
place. Th is  s h i f t  i n  t h e  f l owra tes  seemed t o  he lp  the  ash s e t t l i n g  b u t  
w i l l  make q u a n t i t a t i v e  i n t e r p r e t a t i o n  o f  the  r e s u l t s  i m ~ o s s i b l e .  

Conclusions 

The decrease i n  t h e  bottoms f l o w r a t e  dur ing  the  run  confounds i n t e r p r e -  
t a t i o n  o f  t he  data. However, s e t t l i n g  o f  ash ma te r ia l  c i d  occur i n  t h i s  
experiment. There i s  about a  3  percent  d i f f e r e n c e  between the  ash 
content  o f  t he  overhead and the  bottoms streams and a  s i m i l a r  d i f f e r e n c e  
i n  t he  i r o n  content  o f  the  ash (Table A-1 ) .  However, the  s u r p r i s i n g  
r e s u l t  i s  t h a t  t he  percentage o f  i r o n  compounds i n  the  ash i s  g rea ter  i n a  
t h e  overhead stream than i n  t he  bottoms stream. This r e s u l t ,  i f  v e r i -  , 

f i e d  by  f u r t h e r  work, cou ld  mean a  reduc t i on  o f  t he  amount o f  i n e r t  
m a t e r i a l s  t h a t  need t o  be .handled t o  o b t a i n  a  g iven concent ra t ion  o f  ' 
i r o n .  

From t h e  absolute l e v e l s  o f  i r o n  i n  t he  bottoms (3.98%) and overhead 
(3.81%) streams, i t  i s  apparent t h a t  very l i t t l e  s e t t l i n g  o f  the  i r o n  
compounds takes place, whereas the  o the r  compounds had a  s i  gni  f i cant  
amount of s e t t l i n g .  The i r o n  compounds have d e n s i t i e s  s i g n i f i c a n t l y  



higher  than the  c l a y s  which i n d i c a t e s  t h a t  t he  p a r t i c l o  s i z e  d i s t r i -  
bu t i on  must be d i f f e r e n t  f o r  these mater ia ls .  One poss ib le  exp lanat ion  
i s  t h a t  as the  p y r i t e s  go through the  reac to r  t he  p a r t i c l e  s i z e  i s  
broken down t o  such a  degree t h a t  thermal and convect ive a g i x t i o n  keep 
the  <ran compounds i n  suspension i n  t he  s e t t l e r .  



Tab1 e, A-1 

Ash and Iron Analyses of Gravity S e t t l e r  Streams 

* Average fo r  2 o r  3 determinations. 

Table A-2 

Residence Time i n  the  S e t t l  e r t  

In hours. 
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S e t t l  i n g  
Vessel 

F igure A-.1 

E x p ~ r i r n e ~ t a l  Apparatus 
fo r  I e t t l  i n g  Experiment 



REPORT ON RUPTURE DISC FAILURE 

Run IOE 406R 
Powhatan No. 1 Coal. 



Summary 

The rup tu re  dlisc f a i l e d  due t o  cor ros ion  and p i t t i n g  ~ e s u l t i n g  i n  r e -  
.duced. wa l l  th ickness which lower,ed t h e  pressure r a t i n g .  Th is  i s  a 
common problem w i t h  rup tu re  d i scs  which have been i n  serv ice  f o r  ex- 
tended peri'od's o f  time. 

D i  scussion 

A r u p t u r e  d i s c  (F igure  8-1 ). was submitted f o r  f a i l u r e  analys is .  The, 
d i s c  f a i l e d  a t  normal opera t ing  cond i t ions .  The l i n e  was c a r r y i n g  
d i s s o l v e r  e f f l u e n t  a t  735OF and 1800 psig. The d i s c  was located i n  a 
dead l e g  o f  t h e  t r a n s f e r  l i n e  between t h e  d i s s o l v e r  and the  h igh  temp- 
erature,  h igh  pressure separator. The dead l e g  temperature was e s t i -  
mated t o  be 300°F. The rup tu re  d i s c  had been i n  serv ice  f o r  th ree 
months, w i t h  3n average of two &hut-downs per  month. The d i s c  was 
i d e n t i f i e d  as Inconel 600 and had a pressure r a t i n g  o f  5,910 p s i  a t  
72'F. 

The d i s c  f a i l &  by r u p t u r i n g  ( ~ i g u r e  8-2) which i s  c h a r a c t e r i s t i c  o f  
over-pressur i  ng. Examination o f  t he  topography o f  t h e  sur face (Fig-  
u re  B-3) revealed p i t t i n g  and metal loss,  

No metal l u r g i c c l  abnormal i t ies  w r e  observed i n  the  s t r u c t u r e  o f  t he  
d i s c  ma te r ia l  ; 

Conclusion 

'Corrosion and ~ i t t i n g  cause3 t h e  f a i l u r e  by reducing the  wa l l  th ickness 
which lowered t h e  pressur? r a t i n g .  P i t t i n g  was the  major cause o f  t he  
f a i l u r e ' w i t h  general cor.rosion a minor fac to r .  S u l f i d a t i o n  cor ros ion  
occurs i n  a l l o j s  which c o i t a i n  a h igh  amount o f  n i c k e l  and a re  present 
i n  s u l f u r  con:aining atmospheres around 350°F. The s u l f u r  can be pres- 
e n t  as H2S, organic s u l f u r  compomds and f r e e  s u l f u r .  P i t t i n g  i s  main ly  
caused by t h e  bu i ldup o f  ch1,orides on t h e  metal surface. Premature 
f a i l u r e  i s  a c m o n  problem w i t h  rup tu re  d i s c s  due t o  t h e i r  th inned 
cond i t i on  and suscepti  b i  1.i ty  t o  cor ros ion  i n  t h i s  environment. 





Figure 8-3 

Topography o f  the rupture disc surface. 
The topography shows p i t t i n g  and metal 
loss. M t e  the disc' blowout downward 
i n  the picture.  
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