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COAL TECHNOLOGY PROGRAM PROGRESS REPORT FOR MARCH 1977 

ABSTRACT 

This report - the thirty-second of a series - is a compendium 
of monthly progress reports for the ORNL research and development 
programs that are in support of the increased utilization of coal 
as a source of clean energy. The projects reported this month 
include those for coal conversion process development, materials 
engineering, alkali metal vapor topping cycles, a critical com- 
ponents test facility, engineering and support studies, process 
and program assistance, environmental assessment studies, and 
coal-fueled MIUS. 

1. SUMMARY 

J. P. Nichols 

~i~hlights of our progress in March are as follows: 

In the final hydrocarbonization experiment with Wyodak subbituminous 
coal, the coal was hydrocarbonized at 1100'~ and 300 psig in the recirculating . - - 
fluidized bed. Preparations which began for hydrocarbonizing char-diluted 
Illinois No. 6 included a renewed emphasis on the ambient mock-up and 1200'~ 
char devolatilization in the atmospheric carbonizer. 

The work on residue carbonization has been terminated by mutal 
agreement between ERDA/FE and ORNL. Future work with the atmospheric 
carbonizer will be in support of hydrocarbonization research. 

Two-dimensional pyrolysis behavior of an eastern bituminous coal 
(Pittsburgh seam) continues to be examined in the,laboratory. Results t o  
date indicate that swelling is significantly more pronounced at very low 
heating rates. 

. . 

Axial dispersion and liquid hold-up measurements have continued 
in the column packed with glass spheres with cocurrent upflow of a coal-water 
slurry and air. Plans are being prepared to replace the water with an 
organic fluid in our continuing studies of coal-solvent-hydrogen mixing. 

In our pressurized carbonization work, three runs were made using 
methyl-naphthalene tu simulate CSY residue with a material balance closure 
of 79.5% of the run which analytical results had been obtained. In 
addition, several small modifications of the product recovery system 
were made. 

We are continuing to use the DATA TRAK to simulate the microstructure 
at varinus depth locations in thick sections of 2 114  Cr-1 Mo steel. Testing 
of the specimens from the A543 Class 1 steel plate is underway. 



Several activities are in progress that are related to inspection 
t~rhniq1ie.s for wear- and process-resistant coatings. 

.Deposition of Alloy 320 cladding on ferritic stainless steels by 
the gas metal-arc method has been attempted with several shielding gases. 
Equipment for simulation of shop cladding methods was developed. 

Experimental investigations of fireside corrosion on tubing from 
a fluidized bed combustor have proceeded with metallographic examination - - 

and analyses of the scale formed during the test exposure. Methods for 
nondestructively determining remaining tube wall thickness and scale 
thickness were developed. 

Failure prevention and analysis work was aimed at several parts 
from the Solvent Refined Coal Plant in Ft. Lewis, Washington. 

The mechaniral. design of the gas-fired potassium boiler system was 
completed with the issue of the last four drawings this month. One elec- 
trical and five instrument and control drawings were completed. Fabrication 
work completed includes attaching heaters and thermocouples on the drain 
tank and insulating it, welding of piping and fittings on the sample box, 
and initial work on the main control panels. The installation of the 
propane tanks and piping was completed. The potassium condenser, condenser 
enclosure, inlet air duct, and inlet air plenum were installed on the 
equipment tower. 

Conceptual design and layout work for the overall coal-fired 
alkali metal system was initiated this month. However, this was. directed 
toward the use of , thrrt!  pressurized furnacco and is thus being srnpped. 
This task will be delayed until a new concept of the atmospheric pressure 
furnace arrangement is prepared. 

One of the four articles. to be inc'luded in the first issue of the 
Process Research Digest was sent to ERDA for 'review. The subject of this 
article is "Conversion of Methanol to High Octane Gasoline." .A second 
article, "Flash Hydropyrolysis of Coal," was edited and will be sent to 
ERDA f nr review in April. 

Surveys of industrial coal conversion capabilities continued with 
emphasis on rotating components, valves, hot gas cleanup devices, and heat 
reeovcry equipment. 

Process and propram analysis research studies cuntiuusd with work 
on low-Btu gasification, direct combustion, advanced power conversion, 
liquefaction, high-Btu gasification, in situ gasification, and beneficiation. 

In thc fnc~il energy e.n-vViironmental. pAr.oiect. a first draft of a 
landfill assessment report was issued for review and work continued on 
the Environmental Monitoring Handbook and Pipeline Gas Programmatic 
Assessment. 



2. COAL CONVERSION PROCESS DEVELOPMENT 

J:R. Hightower, Jr. 

Coal conversion process development activities are carried out in 
the Chemical Technology Division. This section discusses hydrocarbon- 
ization studies in a 20-atm bench-scale facility, studies of residue 
carbonization in an atmospheric pressure carbonizer and in a pressurized 
carboniier, engineering support studies for .in situ gasification, and 
studies for identifying and characterizing alternate reactor concepts 
for 'coal.hydro1iquefaction. 

2.1 Hydrocarbonfzation Research 

P. R. Westmoreland, J. B. Gibson, L. S. Dickerson, C. H. Brown, Jr. 
F. H. Wilson, G. W. Oswald, J. Beams, and J. C. Rose 

2.1.1 Experimental Development 

Work Accomplished. Recirculating fluidized bed research in plastic 
models resumed during March. Solids feeding and withdrawal, an alterna- 
tive distributor plate, a larger diameter- (1 in.) draft tube, and various 
draft tube-distributor plate spacings are to be studied in the existing 
4-in. diam Lucite mock-up? Since operation of the bench-scale hydrocar- 
bonizer with agglomerating coal depends on good internal circulation, 
increased emphasis is being placed on understanding recirculating fluid- 
ized beds by using cold models. 

The atmospheric pressure carbonizer which has been used for residue 
carbonization.studies has been reconverted to support of the coal hydro- 
carbonization research. The atmospheric pressure carbonizer will pro- 
vide two services: (1) production of devolatilized char for experiments 
in the 20 atm hydrocarbonizer and (2) evaluation of methods to prevent 
caking in runs with undiluted Illinois No. 6 coal. 

During March five runs were made on the agglomeration test reactor 
.and two runs nn the.atmospheric carbonizer. Tl~e agglometiation tests 
indicated charlcoal mixtures of 411 or.5/1 should be sufficient to pre- 
vent-agglomeration. Two runs on the atmospheric carbonizer with a 411 
charlcoal ratio produced essentially the same results. Each run was 
1-112 hours long at a feed rate of approximately 10 lblhr. Considering 
the small quantity of fresh coal (3 lb).fed to the reactor, extensive 
amounts'of tar were formed, which plugged the char overflow line. Each 
run was concluded when the reactor began filling with char. During 
clean-up of each run, a very loose, friable agglomerate was found in 
the draft tube. Based on these results, char and coal in the ratio 511 
will be used in the first bench-scale hydrocarbonization experiment on 
Illinois No. 6 coal. 

Work Forecast. Testing will begin in the 4-in. diam mock-up to 
evaluate a larger draft tube (1-in. diam vs. 314-in.), an alternative 
distributor plate. and solids feeding and withdrawal. 



A 100 lb batch of char will be devolatilized in the atmospheric 
carbonizer at 1200°F for the charlcoal run in the hydrocarbonization 
facility. Following this, changes wUill be made in the reactor and a 
run will be made with undiluted Illinois No. 6 coal to test caking 
tendencies. 

2.1.2 Bench-scale Hydrocarbonization System 

Work Accomplished. Routine experimentation continued in March with 
HC-14, recirculating fluidized bed hydrocarbonization of Wyodak subbi- 
tuminous coal (9.2 lb/hr for 6.0 hr) at 300 psig. As in HC-13, after 
a long period of stability (3.3 hr at llOO°F), bed temperatures began 
to drop stepwise (1.1 hr at 1050-1075"F, then 1.5 hr at 1010°F). Cur- 
rently, because instability is thought to result from unsatisfactory 
l i n t - l ~ r ~ t a n d i n g  and operation of the recfrculating fluidized bed, emphasis 
is being placed on improving the accuracy of gas tlow MeaSuremrnL all11 
analyzing the ambient mock-up. Nevertheless, useful data from the upper 
range of hydrocarbonizatiu~~ temperatures should result. 

Experiment HC-13 run conditions and preliminary material balances 
are summarized in Table 2.1. Bed temperature during HC-13 decreased 
from 950°F to 900°V, rather than 905°F to 900°F as reported in 

Work Forecast. A coal preheater will be designed, reviewed, built, 
and installed during the next two months. The coal dilute-phase trans- 
port line will be coiled and pass through a 450.OF Dowtherm bath, elec- 
trically heated. 

During April, experiment HC-15 will hydrocarbonize Illinois No. 6 
coal, diluted to 17%- by Wyodak char. 

2.2 Residue Carbonization 

J. B. Gibson and L. S. Dlckerson 

This project for supporting research and devrlup~ueill: 011 residuc car- 
bonization is supported by the Division of Coal Conversion and Utiliza- 
tion of ERDA. The work which began November 1, 1975, consists of three 
tasks: (1.) a review and evaluation of experience w i t h  the low-temperature 
carbonizer in the Cresap, West Virginia, pilot plant, (2) modification 
of an existing reaccar co perulit continuous feed of solids-].aden residues. 
and (3) operstlran of t h e  renctor with three feedstocks (vacuum distilla- 
tion bottoms from the H-Coal process and solvent extraction underflows 
from SRC.and CSF product liquids) at three temperatures up to 1200°F. 

Work Accomplished 

Task 1: Review and Evaluation (completed) 

Task 2: Reactor Modification (completed) 

Task 3: Operation 



Table 2.1. Summary of Experiment HC-13 cond i t i ons  
and pre l iminary  m a t e r i a l  ba lances  

Experiment HC-13 

Bed temperature ,  OF . '  

Reactor  p re s su re ,  p s i g  
Estimated s o l i d s  r e s idence  time:in t h e  r e a c t o r ,  mina 
Period a t  s t eady  s t a t e ,  h r  

. . .  . .  . 
Coal Feed 

Moisture con ten t ,  w t .  .% 
As-received f e e d r a t e ,  l b l h r  - . 

Moisture-and-ash-free f e e d r a t e ,  l b l h r  
Time of feed ing ,  h r  

Hydrogen f l owra t e s ,  scfm 
~ o t a l  hydrogen.feed . . . . 10.8 

Coal.  t r a n s p o r t  tube . , 2;7 
D r a f t  tube  n o z z l e -  4.4 
Through d i s t r i b u t i o n  p l a t e  3.7 

H2/coal feed  r a t i o  
l b  H2/lb c o a l  : .; 0.38 
s c f .  ~ ~ / l b  c o a l  (maf) 

. , 
67 , 

Carbon ba lance  (% of carbon f ed )  
Char. 70.3 
Liquids  . , 12 .5  
Gases 10.4 - 
Overa l l  94.0 

Overa l l  a sh  ba lance  (% of a s h  f e d )  

Su l fu r  balance (2  of s u l f u r  f ed )  
Char 
L2quids . . 

Gases 

Overa l l  mass ba lance  (% of mass charged) - . 94.5 

O i l  y i e l d  (wt % of maf coa l )  15.4 

-- - 

a 
Time t o  cha r  overf low i n  t h e  r e a c t o r  

b ~ y  d i f f e r e n c e  from 100% 



The work on residue carbonization has been terminated by mutual 
agreement between ERDA/FE and ORNL. A summary report of this work will 
be included in the March, 1977, quarterly. Future work with the atmos- 
pheric carbonizer will be in support of the hydrocarbonization research 
and will be reported under that heading. 

2.3 Experimental ~ngineerin~ Support of an 
In Situ Gasification Process 

R. C. Forrester 111 and G. D. Owen 

2.3.1 Large-Blotk Pyrolysis Experiment6 

As described in previous reports, samples of Eastern bituminous coal 
(Pittsburg seam) have been obtained from the Morgantown Energy Research 
Center (MERC) for use in our large-block pyrolysis studies. The coal is 
typical of the material which will Le turned by MERC in their field test 
near Pricetown, West Virginia, later this year. 

The coal was machined into 15-cm right circular cylinders, then 
drilled to accept 1.2-rmn thermocouples for internal temperature measure- 
ment. Several of these specimens have been heated at rates of 0.3 and 
3.0°C/min to temperatures ranging from 600 'to 1000°~. 

In each experiment, gas evolution can be audibly detected as pyrol- 
ysis gases bubble from the swelling, fluid-like material in the reactor. 
After cooling to room temperature, the remaining char is observed to be 
non-pyrophoric and qultr dense, having considerable mechanical strength. 
It i s  interesting to note that the characteristics of chars produced 
from hl.ocks of Western subbituminous coals are precisely opposite thcoc, 
such chars being pyrophoric, porous, and extremely friable. 

Drtalls uf gas production rat.es and composition for all experiments 
will be included in the second quarterly progress report. 

2.3.2 ERDA's UCG Program 

Recent results of pyrolysis experiments conducted at ORNL were pre- 
sented on March 15 at the combined meeting of UCG Working Groups on 
Modeling and Laboratory Research. All ERDA-funded activities in UCG 
development were summarized and discussed by meeting attendees, follow- 
ing which Dr. P. R. Wieber (EWA-ilq) presrriLrd recent pcrapecbfveo from 
Washington, D. C. The meeting was held in Morgantown, West Virginia at 
MERC . 



2.4 Coal-Solvent-Hydrogen Mixing 

J. M. Begovich, R. C. Lovelace, and J. R. Hightower,' Jr. 

Studies of liquid mixing in coal-solvent hydrogenation reactors have 
continued. The anthracite coal which had a large fraction of -60 +80 
mesh solids has been replaced with Wyodak coal, all of which passes 
through a 100 mesh screen; 95% passes 140 mesh, and 90% passes through 
a 200 mesh screen. This coal, slurried in water (35 wt. % coal), has 
an apparent viscosity and density at 20°C and 1 atm of 110 cP and 1.125 
g/cm3 using a Brookfield Viscometer and hydrometer, respectively. The 
slurry has been successfully pumped with a Moyno pump and 26 pulse test 
measurements have been completed in the 1-in.-ID column packed with 
4.6-mm-diam glass beads. Slurry flow rates were in the range of 6.5 - 
12.8 cm3/sec with no gas flow and 3.6 - 5.9 cm3/sec with air flow rates 
of 82.9 - 227 cm3/sec (S .C.) . Slurry flow rates are being measured by 
diverting the column effluent to a 1-ft section of 3-in.-diam glass pipe 
and timing a known volume. 

Calculations to extract axial dispersion coefficients and liquid 
holdup values from the recorded pulses obtained to date are continuing. 
Coordinate points on the recorded pulses are now being automatically 
picked off through access to a Graphic Data Digitizer from Elographics, 
Inc. The data is then fed via paper tape directly into a computer 
program where it is analyzed in two ways: (1) by the standard analysis 
by moments, and (2) using a pulse transfer function. The second method 
is designed to reduce the influence of tailing of the pulses on the cal- 
culated values of the axial dispersion coefficient and the liquid holdup. 

Preparations are now being made to conduct similar experiments with 
co-current upflow of air and slurry of coal (35 wt. %) in an organic 
liquid. Several organic liquids are being considered, including mineral 
oil and vegetable oil. However, since the KC1 tracer will not be use- 
able in the organic fluid, an alternative tracer technique must be used. 
Two possibilities are presently being studied: (1) using a gamma-emitting 
radioactive tracer in the liquid phase with appropriate electronic detec- 
tion instrumentation, and (2) using an organic phase conductivity improve- 
ment agent with extremely sensitive conductivity meters. . 

2.5 Pressurized Carbonization of Consol 
Synthetic Fuel Solid Residue 

R. E. Barker, S. M. Gibson, G. S. Martin, 
and J. R, Hightower, Jr. 

During March three runs were made using methyl-napthalene to simulate 
CSF residue. These runs have shown the product recovery system to be 
inadequate. The addition of a cyclone separator and an activated carbon 
bed downstream of the condenser appear to have solved the product recov- 
ery problems. These preliminary runs have also revealed difficulties in 



achieving  s t eady  l i q u i d  feed  t o  t h e  r e a c t o r ;  however, a procedure has 
been developed t h a t  r e s u l t s  i n  a  s teady  l i q u i d  flow t o  t h e  r e a c t o r .  
I n  t h e  f i r s t  p re l iminary  run  no at tempt  was made t o  make a  m a t e r i a l  
ba lance ,  and a n a l y t i c a l  r e s u l t s  a r e  not  a v a i l a b l e  f o r  t h e  t h i r d  pre- 
l imina ry  run.  However, m a t e r i a l  balance c a l c u l a t i o n s  have been com- 
p l e t e d  f o r  t h e  second pre l iminary  run and a r e  summarized i n  Table 2.2. 

In .  ~ ~ r i l  one f i n a l  p re l imina ry  run us ing  methyl-napthalene a s  simu- 
l a t e d  CSF r e s i d u e  w i l l  be  made. I f  t h i s  run  r e v e a l s  no new problems, 
t h e  experimental  program us ing  CSF re s idue  w i l l  be s t a r t e d  immediately. 

Table 2.2. Resu l t s  of s imulated CSF r e s i d u e  carboniza t ion  

- 

Feed 

F l u i d i z i n g  gas 

Temperature 

Argon 

900°F 

P res su re  50 p s i g  

T o t a l  recovery 156.7 g (78.3%) 

Gas rvulu t lu i i  1.7 8 (0,87% t n t a l  feed)  . . ,  

2.6  References f o r  Sec t ion  2 

1, "Coal Technology Program Progress  Report f o r  J u l y  1974," OKNL/TM- 
5037 (October i975). 

2. "Coal Technology Program Progress  Report f o r  February 1977," 
Oi(NL/TM-5858 (APT*]. 1977). 



3. MATERIALS ENGINEERING 

R. T. King 

The materials engineering and associated technology reported here 
are in support of activities directed by the   ate rials and Power Generation 
Branch of the Division of Materials and Exploratory Research. Other 
related work not funded directly by this division of ERDA/FE is included 
also. 

We are corit;fnuing to use the DATA TRAK to simulate the microstructure 
at various depth locations in thick sections of 2 114 Cr-1 Mo steel. 
Testing of the. specimens from the ~ 5 4 3  Class 1 steel plate is underway. 

Several activities are in progress that are related to inspection 
techniques for wear- and process-resistant coatings. 

Our revised work statement for FY-1977 was submitted and approved 
by ERDA/FE. An outline list of potential defect conditions for diffusion 
coatings has been assembled. Fabrication of plasma-sprayed specimens 
continues. We have requested a standard "alonized" carbon steel specimen 
from Alon Processing, Inc. Characterization methods are being prepared 
for this specimen. Preparatory work on equipment and specimens for x-ray 
fluorescence experiments continues. Thermal imaging experiments continue; 
we are setting up a new line-scanning IR camera to replace our area 
imaging camera in order to improve the transient-recording capability. 
Attempts to adapt a commercial dimensional capacitance gage to controlled- 
standoff coating thickness measurement were unsuccessful, but will be 
repeated with modified fixtures. A unique agent for liquid penetrant 
examination of ceramics was discovered - green food dye. Various ultra- 
sonic experiments to measure coating thickness continue. Operation of a 
hanil-held electrochemical capacitance probe was demonstrated; some line- 
arizing modificatforl is needed. 

Deposition of Alloy 320 cladding on ferritic stainless steels by the 
gas metal-arc method h a s  been attempted with several shielding gases. 
Equipment for simulation.of shop cladding methods was developed. An 
RFQ for thick section welds was reviewed. 

Experimental investigations of fireside corrosion on tubing from a 
fluidized bed combustor have proceeded with metallographic examination 
and analyses of the scale formed during the test exposure. Methods 
for nondestructively determining remaining tube wall thickness and scale 
thickness were developed. 

Failure prevention and analysis work was aimed at several parts from 
the Solvent Rcfincd Coal Plant in Ft. Lewis, Wttsl~ingLun. 



3 .1  Pressure Vessel and Piping and Technology Assessment 

D. A. Canonico 

W e  a r e  continuing t o  use t h e  DATA TRAK c o n t r o l l e r  system coupled 
wi th  a Fast-response furnace and quench apparatus t o  simulate i n d u s t r i a l  
hea t  t reatment thermal cycling a t  various depths i n  t h i c k  sect ions  of 
2 114  C r - 1  Mo steel. The.cycling i s  represen ta t ive  of su r face ,  114  T, 
and 1/2T loca t ions  i n  approximately 12-in. t h i c k  p l a t e  subjected t o  an 
a u s t e n i t i z i n g  treatment followed by e i t h e r  quenching a i r  cooling o r  
furnace cooling. Charpy impact specimens made from thermally cycled 
b a r  s tock a r e  being t e s t e d  now t o  assess  t h e i r  f r a c t u r e  toughness from 
about room temperature t o  t h e  upper s h e l f .  The d a t a  a r e  not y e t  s u f f i -  
c i e n t  t o  y i e l d  t r e n d  information. 

3.2 Inspect ion Techniques f o r  Wear- and Process-Resistant Coatings 

R. W. McClung and G.  W. Sco t t  

Work i s  continuing i n  severa l  areas  t h a t  appear promising f o r  non- 
d e s t r u c t i v e  examination of coating mater ia ls .  The work i s  repor ted  
separa te ly  below. 

3.2.1 Review and Evaluation (G. W. ~ c o t t )  
--. . . 

From our l i t e r a t u r e  review, we have accumulated s u f f i c i e n t  informa- 
t i o n  t o  def ine  some p o t e n t i a l  flaw conditionS fo r  d l f f u s i v r ~  t l l l u r ~ i r l l i i i i  

a l l o y  coatings.  The fol lowine i s  a rough ou t l ine :  
. . 

A. Inadequate d i f fus ion by t h e  a l loying species ,  e .g. ,  aluminum 

1. I n s u f f i c i e n t  depth of penet ra t ion  

2. Incor rec t  a l l o y  concentrat ion 

B. Mechanical d q a g e  t o  t h e  d i f fused a l l o y  l a y e r  

1. Erosion by process exposure 

2. I s o l a t e d  cracks o r  holes exposing un-alloyed subs t ra te  
mater ia l  

C.  Micros t ructura l  damage . t o  t h e  d i f fused  l a y e r  

1. Corrosion, i n t e r n a l  o r  ex te rna l  

2. Diffusion zones f o r  contaminants 

3.  Grain s t r u c t u r e  changes from thermal o r  mechanical s t r e s s  
cycles 



This l i s t ,  when completed, .can be compared agains t  information developed 
by t h e  coating methodlmaterial screening programs t o  i d e n t i f y  those  
condit ions which we should t r j r  t o  d e t e c t  with NDT methods. . 

3.2.2 Specimen and Standard Fabricat ion (J. D.  Hudson and D. P. ~dmonds) 

Several specimens a r e  being prepared by t h e  Welding and Brazing 
Laboratory. A t e n s i l e  specimen has been prepared with a .254 mm (.010 i n . )  
t h i c k  cermet coating of 50% zro2/50% N i C r A l .  We a r e  a l s o  preparing 
u l t r ason ic  and thermal specimens using ceramic and cermet coatings.  

We contacted Alon Processing again on March 24 and learned t h a t  
they have ava i l ab le  a s tandard sample specimen, 2 x 2 x 118 i n . ,  o f ,  
alonized carbon s t e e l .  They agreed t o  send us one. 

We a r e  designing a charac te r i za t ion  scheme f o r  t h e  2 x 2 "alonized" 
specimen. Thus f a r ,  t h e  examinations proposed include NDT and a n a l y t i c a l  
techniques t o  study t h e  ex te rna l  su r face ,  t h e  surface  a l l o y  l a y e r  (by 
ex te rna l  methods), and a cross-sect ion ( a f t e r  c u t t i n g )  of t h e  specimen. 

- . 

3.2.3 'penet ra t ing  Radiation (B .  E. Foster  and G .  W.. ~ c o t t )  

I n s t a l l a t i o n ,  shakedown,'training, and c a l i b r a t i o n  work continue on 
our x-ray f luorescence syst&. 'We have made transmission radiographs 
of specimens planned f o r  u s e ' i n  x-ray fluores'cence experiments. 

, . 
. . 

3.2.4 Thermal Tes t ing (w. A.' simpson, Jr . ) 

We continued our experimental inves t iga t ions  of t h e  thermal detec t ion 
of nonbonds i n  Zr02 coating. We have been ab le  t o  image t h e  i n t e n t i o n a l  
nonbond i n  our standard sample under a f a i r l y  wide range of v a r i a t i o n s  
i n  t h e  heat  input  conditions. A s  expected, t h e  time .window i n  which t h e  
defect  could be seen remained qu i t e  small and e s s e n t i d l y  independent of 
heat  input  parameters. A number of add i t iona l  nonbond specimens has been 
ordered and should be ava i l ab le  soon. 

. . 

A'line-scanni,ng in f ra red  canera. has been obtained and w i l l  soon 
replace  t h e  imaging camera now being'used.  The former u n i t  has t h e  ' 

advantage of in te r roga t ing  any point  of t h e  scan 60 times per  second 
ins tead  of 16 times' per  second, a s  i s  t h e  case with t h e  imaging camera. 

3.2.5 Capacitance Test ing ( G .  W. ~ c o t t )  

Controlled standoff  experiments on our Zr02 standards were attempted 
using a polyethylene s leeve  mounted over t h e  probe panel and held  by 



s e t  screws. Preliminary t r i a l s  produced unstable  readouts from t h e  
instrument which were apparently due t o  continuous deformation of t h e  
p l a s t i c  b a r r e l .  The experiment w i l l  be rcpested,  p u s s i l ~ l y  with a 
modif ica t ion t o  ensure constant  pressure  on t h e  probe a s  it i s  pressed 
a g a i n s t  t h e  specimen surface .  

3.2.6 Surface Inspect ion Mater ia ls  (s. D .  ~ n y d e r )  

We have observed t h a t  a l l  of t h e  penet rants  used t o  inspect  t h e  
Zr02 ceramic coatings opera te  i n  reverse  t o  t h e  normal penetrant  behavior; 
i . e . ,  t h e  penet rant  washes from t h e  cracks and i s  he ld  by t h e  porous 
coating.  Even though t h i s  r e v e r s a l  p e r s i s t s ,  a l l  of the crack indi -  
ca t ing  mate r i a l s  a r e  valuable  a s  a q u a l i t a t i v e  t e s t  t o  show t h e  presence 
o r  absence of  cracks.  Cer ta in ly ,  they do not provide ally quan t i t a t ive  
information t h a t  can be r e l a t e d  t o  crack s i z e  o ther  than i n  general  terms, 

' 

such RS C08rSe vr f i n e  cracks.  

Since t h e  inspect ion mate r i a l s  a r e  r a t h e r  soph i s t i ca ted  dye formu- 
l a t i o n s ,  we decided t o  try a very simple product,  green food dye. The 
food dye was d i l u t e d  i n  a 1:l r a t i o  with water and a t r a c e  of Photo-Flo 
200 so lu t ion1  w a s  added as a wett ing agent .  This penetrant  w a s  applied 
from a medicine dropper i n  an amount necessary t o  have an even spread 
over t h e  e n t i r e  coat ing surface .  Af ter  a dwell time of about 5 min, t h e  
coat ing was washed wi th  water f o r  1 5  sec  from a spray head of t h e  type 
found on most k i tchen s inks ,  and dryed with forced a i r .  The coarse 
cracks became evident  as t h e  food dye penetrant  was removed from them. 
Another 1 5  sec water  spray wash and forced a i r  drying brought out  t h e  
f i n e r  cracks while smearing t h e  evidence of the cuarser  craelr3 by t h e  
overwash. Of a l l  t h e  products we have t r i e d ,  t h i s  simple, inexpensive, 
and non-toxic penet rant  has produced Lhe b e s t  1-esulto f o r  detec t ion nf 
cracks i n  t h e  Z r O p  ceramic coating and provides a deterrni~lation of r e l a -  
t i v e  crack s i z e s  by p r e f e r e n t i a l  washing. 

3.2.7 Ultrasonic  Methods ( K .  V.  cook) 

.An important problem i n  t h e  f o s s i l  energy program involves measuring, 
from t h e  ou te r  s u r f a c e , . t h e  presence of inner  surface  coatings on pipe, 
t.,-lhing, nr vessels, These coatings a r e  usua l ly  t h i n ,  compared with t h e  
base mate r i a l  t o  which they a r e  supposed t o  be 'bonded. Addit1ur~all.v. 
;some of t h e  c e r m i c  coatirigs have high dttenuslivrr cocffir . icnto for 
u l t r a s o n i c  energy. 

A commercial pulse-echo thickness gage was used, during a vendor 
demonstration, i n  an at tempt t o  measure a 0.25-mm (0.Oi0-in. ) ceramic 

l ~ a s t m a n  Kodak Company, ~ o c h e s t e r ,  .N.Y. 



coating sprayed onto a 3.18 mm (0.125 i n . )  1-800 base mater ia l .  The 
t e s t  was not successful ,  a s  was t h e  case with ORNL1s e x i s t i n g  thickness 
gage. Lower frequency transducers f o r  our u n i t  w i l l  be t r i e d  when new 
coated specimens become avai lable .  

A second double wedge contact  probe u n i t  which uses two 5-Mhz mini- 
t ransducers has been fabr ica ted .  The second wedge introduces 45' 
long i tud ina l  waves; whereas, t h e  f i r s t  wedge introduces 45' shear  waves 
a s  t h e  in te r roga t ion  energy. Preliminary t e s t i n g  with these  u n i t s  
ind ica te  t h a t  f o r  3.18 mm (0.12.5 i n .  ) o r  th icker  subs t ra tes ,  a 45' wave 
can be propagated; however, t h i n  mate r i a l s  generate multi-mode energy 
which i s  d i f f i c u l t  t o  i n t e r p r e t  and w i l l  r equ i re  f u r t h e r  study. Pending 
r e c e i p t  of t h e  various coated spec.imens, a study of these  u n i t s  w i l l  be 
continued. 

3.2.8 Electrochemical Testing (G.  W.  S c o t t )  

The hand-held d i f f e r e n t i a l  capacitance probe was t e s t e d  on a specimen 
consis t ing  of an IN-800 p l a t e  covered with mylar t ape  and containing 
"defects" made by cu t t ing  holes of known areas  i n  t h e  tape .  The response 
of t h e  probe i s  not a l i n e a r  function of t h e  exposed metal a r e a ,  but 
does increase  with increasing a rea .  We a r e  examining new'probe designs 
with a view toward producing a more uniform d i s t r i b u t i o n  of the ' r ' e ference  
e lec t rode mate r i a l  (platinum wi re )  t o  see i f  t h e  response can be smoothed 
out .  

3.3 Welding and Cladding . 

J. J. Woodhouse, J. D. Hudson, and D. P. Edmonds 

During t h i s  repor t ing perio'd'we have concentrated on gas metal-arc 
(GMA) and submerged-arc (SA) cladding of low-alloy s t e e l  with type  320 
s t a i n l e s s  s t e e l .  For t h e  GMA cladding w e  have experim,ented with severa l  
mixed shie ld ing gases,  including 98% Ar-2% 02,  95% Ar-5% 0 2 ,  75% hr-25% 
He, and 25% Ar-75% He. Best r e s u l t s  were obtained using 75% Ar-25% He 
mixture and we a r e  i n  t h e  process of preparing samples f o r  metallography 
using t h i s  gas mixture. W e  have modified e x i s t i n g  equipment f o r  welding 
by submerged-arc with a l t e r n a t i n g  current  ( a c )  and f o r  l a t e r a l  to rch  
o s c i l l a t i o n s .  This w i l l  allow us t o  c lad  using techniques more proto- 
typ ic  of a c t u a l  heavy sec t ion  f a b r i c a t i o n  shop p rac t i ces .  I n  addi t ion  we 
have reviewed an RFQ.concerni,ng development of automated f i e l d  welding 
technfques for .heavy sec t ion  low-alloy and Cr-Mo s t e e l s  in t h e  horizont ,~. l  
and v e r t i c a l  welding posi t ions .  



3.4 Fires ide  Corrosion 

R .  H. Cooper and J. H. DeVan 

The analysis  of Alloy 800H, Alloy 600, types 304, 316, and 310 
s t a i n l e s s  s t e e l ,  and Alonized Alloy 8 0 0 ~  and type 310 s t a in l e s s  s t e e l  
tubing from a f lu id ized  bed combustion experiment i s  i n  progress. 
The tubing was.exposed t o  gas temperatures of about gOO°C f o r  a 500 hr  
trial burning I l l i n o i s  No. 6 coal ,  with 250 t o  450 ppm average SO2 
contents and 2 t o  3% excess oxygen. I n i t i a l  examination of t he  tubes 
suggests t h a t  CaSOq deposits  may have protected t h e  tubes from erosion. 
Measurements of s ca l e  .thickness, by metallographic methods, and develop- 
ment of eddy current  techniques f o r  nondestructively measuring remaining 
w a l l  thickness and s ca l e  thickness a r e  i n  progress. 

3.5 Fa i lu re  Prevention and Pn~.l.ysi.s 

R .  T.  King 

Examination of components from t h e  Solvent Refined Coal Plant  a t  
F t .  Lewis, Washington, and r e l a t ed  development work i s  i n  progress. 
Specif ic  a c t i v i t i e s  include: 

( a )  Development of u l t rason ic  t e s t i n g  methods t o  determine t he  ' 

presence of coked so l ids  i n  process l i n e s .  

(b) Preparation ot' gu5dellnes for dc?.Lt?ruini~lg tllc presence of 
coked so l i d s  i n  process l i n e s  by radiographic examination with 
an i r idium source. 

( c )  Petrography t o  determine t h e  extent  of coking of mater ia l  i n  an 
elbow i n  t h e  process stream j u s t  ahead of t h e  dissolver .  

( d )  Development of high temperature brazing mater ia ls  f o r  joining 
tungsten carbide valve stem t i p s  t o  t he  stem. 

( e )  Esramination ot' a Ylapper valve from the wash solvent d i s t i l l a t i o n  
tower f o r  corrosion/erosion mechanism. 



4. ALKALI METAL VAPOR TOPPING CYCLES 

R. S. Holcomb and G. Samuels 

4.1 Potassium Vapor Topping Cycle 

R. S. Holcomb, D. B. Lloyd,' and R. H. Guyman 

Contract Objective 

~esign, construction, and testing of a' full-pcale potassium bdildi 
tube bundle and burner module on water and 'then to determine 
the performance and operating characteristics. 

4.1.2 Status Summary 

A test was run to determine if the empty boiler tube.bundle could 
be heated with the burner prior to filling with potassium and hold the 
temperature distribution uniform enough to avoid excessive thermal stresses. 
Runs with the main burner at its minimum stable. power level and with the 
pilot flame operating at maximum power both resulted in excessive tempera- 
ture differences. It was concluded' that an external air preheater will 
be required for filling with potassium. 

* .  

The mechanical design of the system was completed with the issue of 
the last four drawings this month. One electrical and five instrument 
and control drawings were completed. 

Fabrication work completed includes attaching heaters and thermo- 
couples on the drain tank and insulating it, welding of'piping and fittings 
on the sample box, and initial work on the main control panels. 

The installation of the propane tanks and was completed. The 
potassium condenser, condenser enclosure, inlet air duct, and inlet air 
plenum were installed on the equipment tower. Work was started on erecting 
the structural steel for the tower extension. 

. . 

Plans for Next Month. Fabrication of the sample box piping will be 
completed; design work will be continued on the electrical systems and 
instruments and controls; fabrication of the main control panels will 
continue; construction on the tower will be completed and installation 
of the potassium components will be c.nntinued; 



4.2 Coal-Fired Alkali Metal 

G. Samuels 

4.2.1 Contract Objective 

The objective of the Coal-Fired Alkali Metal Power System Design 
Study is to.establish a reference design for a 200-MW(e) alkali metal 
vapor/steam Rankine cycle system employing a coal-fired fluidized bed 
furnace and to prepare a preliminary design of a fluidized bed furnace. 
This will be accomplished by studying the relative merits o£ both potassium 
and cesium vapor cycle systems and making a comparison of these systems. 
The results will be analyzed and potassium or cesium will be chosen as the 
cycle fluid and one of the systems will be selected as the reference. The 
reference system will be used for the preparation of a preliminary design 
of a fluidized bed furnace-boiler. 

The initial scope of this study was curtailed in late March 1977. 
The program is now limited to a study of an atmospheric fluidized bed 
system using either cesium or potassium as the working fluid. The new 
schedule also changed the study from the two-phase approach which was to 
be completed by December 31, 1977, with an interim report to be issued by 
August 31, 1977. The work on the atmospheric system will be covered in a 
single report to be completed by September 30, 1977. The scope of work 
for the revised program includes the following major tasks: 

1. Parametric cycle analysis for cesium and potassium power systems. 

2. Conceptual designs for an atmospheric pressure fluidized bed 
furnace. 

3. Condenser-steam geaerator conceptual desigus f u.c cesiulu aild 
potassium at several condenser temperatures. 

4. Metal vapor turbine design and analysis. 

5. Conceptual layouts of overall system. 

6 .  Preliminary design of an atmospheric pressure fluidized bed 
furnace for either a cesium or potassium power system. 



4.2.2 Status Summary 

The first phase of the cycle analysis has been completed. This was 
a parametric analysis of the three basic systems of the plant, i.e., 
atmospheric, intermediate, and high pressure fluidized bed combustion 
systems. The results of this analysis were reported in the January 1977 
monthly report. 

The first phase of the metal vapor turbine design and analysis has 
been completed. This effort was restricted to a determination of the 
number of stages, hub diameter, blade height and stress and turbine 
efficiency. The results of this analysis were reported in the December 
1976 and January 1977 monthly reports. . 

The work on the fluidized bed furnace during the first six months 
of the project was concentrated on a vertical tube boiler arrangement 
for a pressurized furnace and is thus invalidated by the change in 
direction of the program. The atmospheric furnace will require a , 

different concept and this work is just getting started. 

Work on the alkali metal condenser-steam generator was continued. 
A computer code has been prepared to analyze a reentry tube type unit 
for this application. The code has now been checked against previous 
hand calculations and is in good agreement with the prior results. 

Conceptual design and layout work for the overall system was initiated 
this month. However, this was directed toward the use of three pressurized' 
furnaces and is thus being stopped. This task will be delayed until a 

. new concept of the furnace arrangement is prepared. 

5. CRITICAL COMPONENTS TEST FACILITY 

R. E. MacPherson 

The'report, X-UE-40, entitled "Critical Components Test Facility 
Advance Planning for Test Modules," has been edited and is now in the 
process of being reproduced for publication. 

No further progress on the Critical Components 'lest Facility work 
is expected until results of the survey by another contractor are 
available. 



6. ENGINEERING STUDfES AND TECHNICAL SUPPORT 

6.1 Process Modeling 

R. Salmon and D. M. Lister 

6.1.1 Contract Objective 

To assist Purdue and Lehigh Universities in the development of 
computer programs for the simulation of coal-conversion plants. 

6.1.2 Status Summary 

1. The final report on che computer program PRP was i33ucd (ORNL-5251). 
PRP is a discounted cash flow program for calculating the manufacturing 
cost of a product when the investments and operating expenses are known. 
The program is being made available through ~rg'onne Code Center., 

2. Work continued on the development of the process piping cost 
estimation program PPL. New cost data were obtained from.manufacturers 
of valves, insulation, and pipe supports. The routines for estimating 
installation costs were improved. An example problem containing 25 
process equipment items and 20 process lines,was run. The output cost 
tabulations were discussed with ITT-Grinnell and Rust Engineering. Work 
WRS starred on a report describing the program. 

3. Development of the heat exchanger design'and cost estimation 
program HDC continued. Tube count data were obtained from Nooter Corpor- 
ation and were found to check qiiire well with L11e Lube C O c i i l t  routine in 
the program. Costs of tubing were obtained, from Allied Tube Company. 
Information on flange design and prices of klange forgiags were obtalned 
from Taylor Forge. The calculation routine for tubesheet thickness is 
being improved to include checking the perimetral shear stress as required 
by 'I'm. 

4 .  The DSS program for solving large sets of differential equations 
was received from Lehigh University. The package included 16 example 
problems. Work was started on adapting DSS for installalioa on the ORML 
computing syoecm. It ib: expoclblcl that the f i r s t  test. run0 will be made 
by the first week of April. 

6.1.3 Problem Areas 

Acquisition of process data on the ICGG gasification system remainti 
a problem. The data are needed by Purdue and Lehigh in connection with 
the development of their simulation models, which are to be based on 
the ICGG flowsheet. 



6.2 Synthetic Fuels Process Research Digest 

J. R. McWherter and Alan Spiewak 

One of the four articles to be included in the first issue of the 
Digest was sent to ERDA for review.   he subject of this article is 
"Conversion of Methanol to High Octane Gasoline." A second article, 
"Flash Hydropyrolysis of Coal," was edited and will be sent to ERDA 
for review in April. The other two articles are being prepared by a 
technical writer, F. J. O'Hara, under subcontract. 

6.3 Survey of Industrial Coal Conversion'~~ui~ment Capabilities 

J. M. Holmes 

6.3.1 Contract Objective 

The objective of this project is to conduct surveys of industrial 
equipment capabilities that will identify the present capability of 
industry to supply .th'e equipment needed. The project will also determine 
research and development needs, including lead time requirements, for 
producing equipment of advanced design for'the various unit operations 
of critical importance to the Major Facility Project Management Division's 
(MFPM) programs. 

6.3.2 Rotating Components (J. R. Horton, M..Siman-Tov, and-W. R. Williams) 

During March, the lists of process conditions for both pumps and 
compressors were completed. Questionnaires' for both categories, which 
were prepared by J. R. Horton and W. R. Williams,.were finalized after 
extensive review by Union Carbide Corporation--Nuclear Division (UCC-ND) 
personnel. The pump questionnaire and corresponding equipment. lists were 
mailed to industry on March 31. Compressor information should be sent out 
on April 1. 

A visit was made to TVA's Bull Run Steam Plant on March 11 by 
J. R. Horton and W. R. Williams to discuss the capabilities of pumps in 
service at that location. Information obtained indicated that several 
high-pressure pumps (over 4000 psi pressure head), as well as some high- 
flow (over 100,000 gpm), low-pressure pumps should definitely be within 
the present capability of industry. 

A meeting was held with T. K. Lau of MFPM of ERDA/FE on March 29 at 
ORNL. The status of this and several related studies being conducted at 
ORNL was reviewed. 

Expander and turbine lists and questionnaires are now being finalized. 
This material should be ready for mailing by mid-April. 

8 



Industry responses to the questionnaire on pumps will be received 
during April. Compressor information will be received late in April and 
during early May as will expander and turbine data. As these responses 
are received, analysis of the present capability of industry to provide 
rotating equipment for coal conversion plants will begin. Areas requiring 
research and development will be identified; these areas include both 
development of new equipment and investigation of methods for improving 
pump reliability and performance. 

6.3.3 Valves and Other Pressure Let-Down Devices 
(W. A. Bush, E. C. Slade, and J. D. Wisner) 

Valve sizes were calculated and process conditions determined including 
pressure, temperature,' and flow mediums from studies of seven different 
concepts (Hygas, Bigas, Synthoil, Coalcon, Lurgi, Hydrocarbonization, and 
Fischer-Tropsch) . 

These values are being summarized and will be used as the parameters 
for directing "availability questionnaires" to industry and manufacturers. 

Lists of manufacturers have been compiled and exploratory letters are 
being prepared. 

6.3.4 Hot Gas Cleanup Devices (J. P. Meyer and M. S. Edwards) 

During the reporting interval, the following work has been completed: 

Questionnaires have been drafted and submitted to the major vendors 
of.pollution control devices as identified in the Thomas Register 
and Chemical Engineering's "Guide to Pollution Control Equipment." 

In cuxlcert wit11 Lhe Lash US i d e ~ l ~ i f y i u g  applicable coatl-01 equip- 
ment io the nccd to quantify c~ri~ting and projected turbine 
specifications. To this end, a questionaire has been prepared 
and sent to a list of major turbine manufacturers requesting such 
information. 

A follow-up letter has been drafted to be sent to designer- 
constructors (D-C) and A-E firms who have been derelict in 
responding to our initial request for information on hot gas 
cleanup devices. It has been reviewed and will be posted 
shortly. 

To date, responses received from A-E and D-C firms complying 
with our initial request for hot gas cleanup information has 
yielded little additional data, thus indicating that our 
original appraisal of available equipment and vendors was 
fairly complete. 



In terms of performance, data on the particulate removal efficiency 
of the Aerodyne Tornado and the Donaldson Tanjet in high tempera- 
ture applications has been obtained. Further work on acquiring 
similar performance data for other cleanup devices is being 
pursued. 

A new dimension in this study has been added by considering the 
question of the availability of instrumentation suitable to high 
temperature--high pressure particulate measurement. Contact has 
been made with Nancy O'Fallon at.Argonne National Laboratory in 
ascertaining the state-of-the-art of this technology. 

A questionnaire was drafted and sent to individuals and organizations 
specifically requesting information relating to hydrogen sulfide removal 
at high temperature. 

As additional organizations are identified with information in the 
area of hot gas hydrogen sulfide removal, they will be sent the question- 
naire on H2S removal. For example, if responses from persons contacted 
for particulate removal information indicate that data are also available 
for gaseous impurity removal at high temperature, they will be recontacted 
via the H2S removal letter for such information. 

A meeting with the ERDA Project Manager, T. K. Lau, was'held in 
Oak Ridge on March 29. 

6.3.5 Heat Recovery Equipment Survey (W. R. Gambill) 

Heat exchanger tabulations were extracted from'the draft report on 
three coal conversion processes - Synthoi1,'Fischer-Tropsch, and Hydro- 
carbonization. 

Critical units - i.e., those in the most severe service - are being 
identified. Detailed information concerning their Organic Rankine Cycle 
(ORC) units for generating power from waste heat was obtained from the 
KiueLics Co~poraLioil (Sarasota, Florida) . 

W. R. Gambill attended the A.1.Ch.E. meeting and Petrochemical 
Exposition in Houston, Texas, from March 19-24, also participating in 
a short course titled "Process Design for Energy Conservation" and 
attending a panel discussion on heat exchangers and current energy 
conservation practices. Discussions were held with J. T. Taborek, 
Technical Director of Heat.Transfer Research, Inc. (Alhambra, California), 
Anthony Docherty, President of Thermex, Inc. (Houston), and Ed Hansen, 
President of Engineers and Fabricators Company (Houston) regarding topics 
relevant to this survey. Catalogs describing the products of 27 heat 
exchanger fabricators have been received and more are forthcoming. 

The information obtained during the Houston visit was summarized at 
a meeting held for T. K. Lau in Oak Ridge on March 29 and will be outlined 
in further.dotai1 in a trip report to be prepared in April. 



6.3.6 Changes 

. , 
A r eques t  was made t h a t  t h e  a v d i l a b i l i t y  of i n s t rumen ta t i on  be  

cons idered  i n  t h e  h o t  gas  c leanup s tudy .  

6.3.7 Problem Areas 

1. Ro ta t i ng  Components 

The ma i l i ng  of q u e s t i o n n a i r e s  t o  i n d u s t r y  is  approximately 
6 weeks behind schedule ;  however, compi la t ion  of  responses ,  
when completed i n  mid-May, w i l l  be  on ly  2 weeks behind schedule .  

2.  Valves - None. 

3 .  Hot Gas Cleanup Devices 

Because of t h e  d i v e r s i t y  o f . s e r v i c e  encountered by t h e ' w i d e  
ranging  d i f f e r e n c e s  i n  t h e  q u a l i t y  of g a s i f i e r  e f f l u e n t ,  i t  may 
b e  necessary  t o  " typ i fy"  one o r  ,perhaps two g a s i f i e r  e f f l u e n t  
s t reams.  This  w i l l  enable  manufacturers  , who b u i l d  c leanup 
dev ices  on a s p e c i a l t y  b a s i s ,  t o  comply w i t h  our in format ion  
r e q u e s t s  p a r t i c u l a r l y  a s  r ega rds  c o s t  d a t a .  I f ,  on t h e  o t h e r  
hand, we d e s i r e  t o  cons ider  on ly  t hose  vendors who s e l l  packaged 
o r  of f  - the-shelf  i t e m s ,  t hen  t h i s  r e s t r i c t i o n  is. unnecessary. 
I n  making t h i s  choice ,  some f l e x i b i l i t y  is  l o s t .  I n  any even t ,  
a d e c i s i o n  must be  made. 

6 .4  Large A i r  Sepa ra t i on  P l a n t  S.tudy 

W. R. Gambill 

A summary of  t h e  in format ion  obta ined  a t  ORNL through February was 
p re sen t ed  a t  a meet,ing h e l d  f o r  D r .  T. Simpson, ERDA/FE/MFPM, dur ing  h i s  
v i s i t  t o  Oak Ridge on March 9. No f u r t h e r  work was done on t h i s  s t udy  
du r ing  March. 

6 .5  Review of State-of-the-Art of Processes  f o r  Heat Recovery 

6 .5 .1  Cont rac t  Ob jec t ive  

The o b j e c t i v e  of t h i s  review i s  t o  survey ,  a p p r a i s e ,  and c a t a l o g  
t h e  p roces se s  f o r  hea t  recovery  which i n d u s t r y  o f f e r s  o r  p l ans  t o  o f f e r  
o r  may l o g i c a l l y  be  expected t o  o f f e r .  These processes  w i l l  be  a p p l i c a b l e  
t o  t h e  recovery of h e a t  i n  process  s t reams from primary exothermic c o a l  
convers ion  and combustion process  s t e p s .  Simple unaugmented a p p l i c a t i o n  
of convent iona l  h e a t  t r a n s f e r  equipment w i l l  n o t  be  inc luded .  The review 



will distinguish between presently installable technology, near term 
developable technology, and future prospects. Consideration will be 
given to possible transfer of technology from other industries. 

6.5.2 Status Summary 

The early work on this review was described at a meeting held in 
Oak Ridge on March 9. .The work statement was tentatively reworded and 
the time schedule revised slightly. Papers and reports concerning direct 
contact cooler-condensers, slurry heat transfer, augmented tubular 
exchangers, and heat pipe arrays were located, ordered, and received. 

The information obtained by W. R. Gambill during a 6-day visit to 
Houston (see Sect. 6.3.5) will be outlined in some detail in a trip 
report to be issued in April. . .  . 

7. PROCESS AND PROGRAM ANALYSIS 

J. R. McWherter and R. Salmon 

7.1 Low Btu Coal Gasification 

H. F. Hartman, J. P. Belk, and D. E. Reagan 

7.1.1 Summary 

Activities in March 1977 involved agreement on work reporting plans 
and preparation for a March 31 status presentation to UCC-ND pers,onnel. 
Activities forecast for April 1977 include completion of a draft of the 
one-page summaries in the process survey section and acquisition/review 
of additional process data. 

7.1.2 Work Reporting Plans 

Agreement on the approach to reporting was reached with 
Dr. L. M. Joseph of ~~~A/FE/office of Program Planning and Analysis 
at a March 1, 1977, meeting in Washi.ngton, D.C. A draft of the process 
survey section will be prepared and distributed at a convenient date, 
now planned for April 1977. This section will contain one-page summaries 
of approximately 53 gasifier processes. A final report will be prepared 
near the end of the contract period which is September 30, 1977. The 
final report will contain an introduction and summary, process survey, 
process data, comparisons, conclusions, and recommendations. Certain 
sections of the final report might be distributed as interim drafts for 
information and review. The final report (1) is intended to provide 
information and additional insight on the processes, and (2) could be 
used by persons wanting data and a basis for additional evaluation. 
Gasifiers will be included that produce both low (air feed) and inter- 
mediate (oxygen feed) Btu coal derived fuel gas. 



7.1.3 Status Presentation 

Information on the status of the low Btu coal gasification study was 
presented to UCC-ND personnel on March 31, 1977. The study was described 
and introductory material included on coal conversion, coal gasification, 
gas uses, and relative costs. Gasifier types were then described; namely, 
the fixed bed, fluidized, entrained, and molten. The screening procedure 
was mentioned and consisted of reviewing 88 processes, summarizing 53 of 
them, and selecting 21 for detailed evaluation. Outlines of the process 
summary and detailed process data section were discussed; examples of these 
sections were shown. Gasifier factors of interest were listed; these 
factors consisted of status, economics, site related, technical, and 
s n c i a l . .  Technical parameters were described in more detail and then 
compared for the gasifier types. Criteria for rejecting certain processes 
were discussed. The criteria included items such. as low efficiency, low 
capacity, and major technical problems. The 21 processes selected for 
detailed evaluation were listed. Future work was mentioned and the 
presentation was summarized. 

7.1.4 Other Work 

Additional process information was collected in March. Certain of 
the information was reviewed in preparing for the March 31 status presen- 
tation. The one-page summaries for 53 processes were reviewed. Addi- 
tional work will be done as part of their preparation for the draft report 
section. 

7J.S Work For-es,ajiA 

Work planned for April includes completion of approximately 53 one-page 
summaries and publication in draft form of the process survey section con- 
taining the summaries. Process infurmation will be added to that already 
included in the process data section. uaea collecrion and revlew,wlll Le 
emphasized for the following gasifier processes: 

Fixed bed: Lurgi-dry ash, ERDA-MERC 
Lurgi-slagging, .Woodall-Duckham 

Fluidized bed: Westinghouse, BCR ~ri-  as 
U Gas, Winkler 

Entrained flow: .Texaco, Koppers-Totzek 
Combustion Lngineerfag, FOOKC~ Wheeler 



7.2 Direct Combustion 

E. C. Fox, T. D. Anderson, H. I. Bowers, and J. R. Tallackson 

United Engineers and Constructors has begun work on the subcontract. 
. The revised work scope is to include the costing of small industrial1 

commercial size steam and hot water units firing pulverized and stoker 
coal. Also, they are to arrive at cost estimates for small industrial 
size fluidized bed units. 

Other work accomplished includes the gathering of data concerning the 
environmental regulations in the key industrial regions, collection of data 
concerning the availability of coal fired packaged boilers, and the gathering 
of technical information from the few vendors that offer these systems. 
Several industrial contacts have been made. Corporate level contact within 
3-M Company has revealed that they are very interested in coal fired units for 
their industrial operations (50-250 x lo3 lblhr steam). Also, the Texas 
Industrial Commission is interested in this area and each seems agreeable 
to provide input into our user assessment. 

7.3 Advanced Power Conversion Systems 

* 
A. P. Fraas, G. Samuels, M. E. Lagkey, 

W. M. Wells, and S. Thompson 

A draft of the fourth topical report, "Summary of R&D Effort on 
Ceramic Gas Turbines," was issued during the month. The current effort 
is primarily on the reports for water-cooled gas turbines, fuel cells, 
open cycle MHD, and combined cycles. Most of the information on MHD 
systems has been obtained. This includes some foreign results; however, 
we will probably not be able to get budgetary data on the cost of the 
foreign work. At least 24 U.S. organizations have'received contracts 
for work on various aspects of MHD. The project goals, costs, and 
operating times obtained under these contracts have been accumulated. 

7.4 Liquefaction 

This work is being done under subcontract by The Ralph M. Parsons 
Company (J. B. O'Hara, Project Manager). 

7.4.1 Activity Summary 

A. Survey Liquefaction Processes 

1. Objectives 

To review and evaluate the various coal liquefaction processes 
available in che world. Determine the most promising tech- 
nologies for further detailed study. 

. . . . - --. . - * 
Consultant. 



2. Activity Summary 

Ten processes were reviewed. The information and references 
on each process were prepared in a standardized data format. 
The processes included: 

HRI's H-Coal 
Pittsburgh Energy Research Center's Synthoil 
Gulf Oil Corporation's Catalytic Coal Liquids (CCL) 
Exxon Donor Solvent (EDS) 
Arthur D. Little's ADL Extractive Coking 
Brookhaven National Laboratory's Rotating Fluidized Bed 
The Oil Shale Cnrpnratinn's Tnsrnal 
U,S, Steel's Clean Coke 
Thc Coalcon Pyrolyoio proccoo 
The Corisol Synthetic Fuel (CSF) process ' 

All data and information hove been filed according to the 
type of process. 

B. Establish Uniform Data Format 

1. Objectives 

To serve as a check list to assure that pertinent data, as 
available, is obtained on each process, and (2) to provide 
a uniform method of presenting data in the Source Data Book. 

2. Activity S~~mmary 

This task has been completed.   he' bniform data format has 
been prepared and is in use. 

C. Establish Standard Techniques for Process'EvaLuation 

1. Objectives 

To establish standard techniques for process evaluation and 
ranking of the various processes. 

2. Activity Summary 

The preliminary ranking factors were completed. These factors 
will be used in ranking the various processes soon. 

D. Establish Uniform Economic Comparison Basis 

1. Objectives 

To provide techniques and methods for economic comparison 
of the most viable processes on a uniform basis for the 
detailed process analyses. 



2. Activity Summary 

A preliminary procedure has been prepared for the economic 
comparison of the processes. This procedure is being 
refined in preparation for transmittal to ORNL'for review 
and discussion. 

7.5 High Btu Gas 

This subprogram is being analyzed under subcontract by the Scientific 
Design Company, Inc. (A. S. West, Project Manager). A report was prepared 
as the first part of the.effort, "Evaluation of Literature Sources for a 
Bibliography on Production of High Btu Gas from Coal." Evaluation of one 
of the processes was initiated. 

7.6 In Situ .Coal Gasification, 

W. C. Ulrich and G. J. ~ac~enzie 

The draft report, "Evaluation of In Situ Coal Gasification Processes 
on a Regional Basis," was completed on schedule, and copies were submitted 
to OPPA and others for comment and review. Also submitted were draft copies 
of "Suinmary Data Source Sheets for the In Situ Coal Gasification Evaluation 
Project." 

We started assembling information,that will be needed to perform the 
economic analysis of the regional processes.selected in the evaluation 
report mentioned above. This includes, for example, coal analyses, process 
data (such as raw gas compositions and yields), and reports on.drilling 
costs. Contacts were also initiated with manufacturers and vendors to 
obtain cost data and operating information on drilling rigs and associated 
equipment . 

G. J. MacKenzie traveled to Laramie Energy Research Center on March 1, 
1977, and to Lawrence Livermore Laboratory on March 2, 1977, to discuss 
field test programs and plans with representatives of these organizations. 

7.7 Coal Beneficiation 

G. R. Peterson and S. P. N. Singh 

7.7.1 Contract Objective 

To identify and analyze various currently used and potential coal 
beneficiation techniques. 



7.7.2 Status Summary 

The following items have been completed: 

1. Economic analysis for the mild and deep cleaning modes of the 
wet beneficiation process and the Battelle Hydrothermal Coal 
Process (BHCP) for plants producing 1,500 and 15,000 TPD MAF 
coal using Pennsylvania coal. 

2. Process description for the Ledgemont Oxygen Leaching (LOL), 
the BHCP and the Pittsburgh Energy Research Center (PERC) coal 
beneficiation processes. 

' The following items are currently being developed:' 

1. Process descriptions for the SURC Chemical ~omminutio~ and the 
High Gradient Magnetic Beneficiation processes. 

2.  The preliminary report on the coal beneficiation study is 
expected to be ready for delivery'to ERDA/OPPA in April. 

7.8. Gas Cleanup Studies 
I 

M. S. Edwards 

Low-temperature gas cleanup processes were under evaluation. 
Correspondence with Eickmeyer and Associates in regard to the Catacarb 
'process of activated hot carbonate is continuing. Several questions 
delayed the conceptual costing being provided by Eickmeyer and Associates 
to aid in evaluating the Catacarb process. The latest'design questions 
were answered by letter on March 29 and should allow completion of the 
costing-of an example Catacarb system. Respon'ses have not .been received 
at this time from American Eurgi, Peabody Engineered Systems or Ford, 
Bacon and Davis, Texas, regarding their respective licensed systems: ' 

Rectisol, Stretf ord, or ~akahax. Follow-up letters and/or telephone 
contacts are planned in April to get information from'these vendors. 

Letters were sent to all identified organizations involved with high- 
temperature gas cleanup process development. All available information 
on such efforts was requested. Responses are expected in April. 

The final screening of processes to reduce the number of candidates 
to below 10 is incomplete, awaiting the remaining responses detailed above. 
However, there are several processes, based on presently available data, 
which appear likely candidates. To avoid undue delay while waiting on a 
final determination of candidate processes, detailed descriptions of these 
tentative se.lections were initiated. As these descriptions are completed 
and final candidate processes selected, the chosen process vendors will 
be recontacted for their comments on the detailed descriptions. This 
will hopefully prevent any obvious technical errors from influencing the 
results of this study. 



7.9 Coal Prices and Volumes 

* 
0. L. Culberson 

Correlations were completed for the mine-mouth prices of "eastern" 
and "western" coals as a function of higher heating value, and sulfur and 
ash contents. 

For 

MM$/T = mine-mouth cost, dollars/short ton 
H = higher heating value, lo3 Btu/lb 
A = percent ash , 

S = percent sulfur 
N = number of data points from which correlation was derived 
R~ = multiple correlation coeff-icient, the percentage of. the 

variation in MM$/T explained by the model 

the correlations are: 

Eastern Coals (east of Mississippi River) 

MM$/T = -9.91.9 + 2.2068 - 0.248A - 0.4548 2 

N = 139 
R~ = 43.5 

Western Coals (west of Mississippi River) 

The data points used were June 1976 contract purchases for steam coal 
reported in the August 30 and September 6, 13, and 20, 1976, issues of 
Coal Week (McGraw-Hill). 

7.10 Energy Transportation Costs 

* 
0. L. Culberson 

. No progress was made on this project because the limited manpower 
was concentrated on the project for coal volumes and prices. 

* 
Consultant, University of Tennessee. 



7.11 The Potential of the Synthesis of Chemicals 
from Coal as an ERDA Research Program 

This work is being done under subcontract by the Radian Corporation 
(D. N. Garner, Project Director). 

7.11.1 Task Status 

Task 1. Survey of Primary Feedstocks for Chemical Production 

Completed. 

Task 2. Identitications of the impediments to tlie Uellizarion 
of Chemical Feedstocks from Coal and Oil Shale 

The preliminary results for Task 2 have been reported in the 
Mid-Project Report, which includes technical results through the month 
o£ March. 

Task 3. ERDA Program Considerations, , 

. A low-level information gathering effort concerning present ERDA 
programs has begun. By completing a small part of Task 3 ahead of 
schedule, Task 2 can be extended slightly, with a minimum of disruption. 
This will allow completion of any additional Task 2 work that was 
identified as necessary from the Mid-Project Report. 



8. FOSSIL ENERGY ENVIRONMENTAL PROJECT 

C. R. Boston 

8.1 Landfill Storage of Coal Conversion 
Solid Wastes/Information Assessment 

H. M. Braunetein 

Technical editing of the first draft of.the information assessment 
was completed and copies were delivered 0.n March 14, 1977. The document 
was also distributed for in-house review with comments due April 15, 1977. 
Initial comments from ERDA have been quite favorable. 

8.2 Environmental Monitoring Handbook 

M. S. Salk 

Work continued on the preparation of Part I, Baseline Monitoring. 
A slip in schedule of one week from April 15 to April 22, 1977, is now 
expected for review and finalization of this part of the Handbook. 
Outlines were prepared for the socioeconomic and aquatic sections of 
Parts I1 and I11 of the Handbook. 

8.3 Programmatic Assessment/Pipeline Gas 

L. H. Stinton 

Work continued on the Pipeline Gas Programmatic Assessment through the 
month of March. A detailed working outline was assembled and sites have 
been identified on a township level. Process descriptions, effluent 
identification, and site descriptions are about 50% complete and should 
be completed by April 8. It now appears that document preparation will 
not be complete until May 6, 1977, and completion of the draft document 
will be postponed for 2 weeks allowing delivery on June 1, 1977. 



9. COAL-FUELED MIUS 

R.  S .  Holcomb and W. R.  Mixon 

This  p r o j e c t  f o r . a n a l y s i s ,  de s ign ,  and demonstrat ion of a concept 
u t i l i z i n g  a f luidized-bed c o a l  combustion system a s  a h e a t  source  f o r  a 
gas  t u r b i n e  genera tor  s u i t a b l e  f o r  a p p l i c a t i o n s  i n  Modular I n t e g r a t e d  
U t i l i t y  Systems (MIUS) i s  c a r r i e d  out  under t h e  ORNL-HUD-MIUS Program 
w i t h i n  t h e  Energy Divis ion .  Work is  supported by t h e  U.S. Department 
of Housing and Urban Development under HUD , Interagency Agreement No. 
IAA-H-40-72 and by t h e   her^^   eke arch grid Deve1opmen.t Administrat ion , 
O f f i c e  of F o s s i l  Energy (formerly Of f i ce  of Coal Research, Department 
of t h e  I n t e r i o r ) ,  under ERDA Cont rac t  No. 'E(49-18)-1742.   he pi-bject 
oonoiof o of four  ph,nooo r I - Conoaptunl ~ r o l i m i n a r y  Evaluat ion!  ' 
I1 - Conceptual Design; I11 - D e t a i l e d  Design and Cons t ruc t ion ;  and 
I V  - Shakedown, Performance, and Endurance Tes t s .  

. . 

9.1  Coal ~ e t e r i n ~  and Feed Systems 

Following completion of t h e  1000-hr endurance run ,  p re s su re  drop and 
a i r  l eakage  a c r o s s  feed  components were measured and t h e  a i r  leakage 
a c r o s s  t h e  r o t a r y  f eede r  had . inc reased  from 0.75 t o  1 cfm.. 

. , 

The system was then  disassembled f o r  i n spec t ion .  No wear was v i s i b l e  
on t h e  c o a l  feed nozz les  o r  on t h e  r o t a t i n g  p a r t s  o r  housings of t h e  feed  
components. The only f a u l t  found.was i n  a r e a r  s h a f t  s e a l  of t h e  screw 
f e e d e r  t h a t  had been i n s t a l l e d  f o r  t h e  endurance t e s t .  About 4 l b  of f i n e  
c o a l  d u s t  had leaked t h r o u g h , t h i s  s e a l  and accumulated w i t h i n  t h e  motor 
and d r i v e  s h a t t  housing.. The screw feede r  was included t o  provide a 
p e r f e c t l y  uniform flow a t  low feed r a t e s ,  b u t  endurance t e s , t  r e s u l t s  i nd i -  
c a t e  t h a t  t h e  system would b e  more t roub le - f r ee  i f  t h i s  f eede r  .is not  used. 

9.2 'Supplemental S t u d i e s  

Meta l lographic  examination'  of samples ' c u t  from t h e  co r ros ion  specimen 
tubes  has  been n e a r l y  completed. Pre l iminary  f i n d i n g s  i n d i c a t e  no ev i -  
dence of e ros ion .  A s u r f a c e  depos i t  o r  s c a l e  composed of about 60% CaS04 
was p r e s e n t  on a l l  cube ina~er la ls ,  bu t  t h e  s c a l e  was about twice  a s  t h i c k  
on t h e  Inconel  600 tube.  Pre l iminary  measurements show no r educ t ion  of 
w a l l  t h i ckness ,  b u t  t h i s  w i l l  be checked f u r t h e r  by more exac t  techniques.  
The samples wi th  Alonized coa t ings  show s e p a r a t i o n  of t h e  Alonized l a y e r  
from t h e  base  m a t e r i a l ;  t hus ,  Alonizing does no t  look very  promising. The 
Incoloy .800  specimen shows i n t e r g r a n u l a r  co r ros ion  a t t a c k  f o r  a depth of 
about  0.0012 i n .  Fu r the r  a n a l y s i s  w i l l  be .done-  t o  determine i f  t h i s  is  
s u l f i d a t i o n  o r  ox ida t ion  a t t a c k .  No i n t e r g r a n u l a r  co r ros ion  was observed 
i n  304 and 310 s t a i n l e s s  s t e e l s  and Inconel  600. 



The r e s u l t s  of t he  500-hr exposure a r e  encouraging and warran t  con- 
t inued exposure of t he  12 remaining tubes  f o r  an a d d i t i o n a l  500 h r  t o  
observe t h e  t rend  i n  cor ros ion  r a t e .  Negot ia t ions  have been i n i t i a t e d  
f o r  FluiDyne t o  run  the  second co r ros ion  t e s t .  

A second h e a t  t r a n s f e r  tube  i s  being prepared a t  ORNL w i t h  tube w a l l  
thermocouples i n s t a l l e d  f l u s h  wi th  t h e  o u t s i d e  s u r f a c e  of t h e  tube.  A 
s e r i e s  of 16 d a t a  p o i n t s  w i l l  be obtained t o  check t h e  r e s u l t s  of t h e  
f i r s t  h e a t  t r a n s f e r  t e s t .  The hea t  t r a n s f e r  t e s t s  w i l l  b e  run  p r i o r  t o  
t he  second co r ros ion  t e s t  under t h e  same subcon t r ac t .  
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