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COAL TECHNOLOGY PROGRAM PROGRESS REPORT FOR NOVEMBER l975 

ABSTRACT 

This report - the sixteenth of a series is a compendium 
of monthly progress reports for the ORNL research and develop
ment projects that are in support of.the increased utilization 
of coal as a source of clean energy. The projects reported 
this month include those for hydrocarbonization, solid-liquid 
separations, chemical research and development, engineering 
evaluations of nuclear process heat for coal conversion, 
engineering evaluations of the HYdrocarbonization and Synthoil 
processes 

l. SUMMARY 

J. P. Nichols 

Highlights of our progress in November are summarized·below: 

o Two shakedown runs were completed in hydrocarbonization research. 
Five and twenty pounds of coal were P&rolyzed at ~l050°F under 5 atm 
nitrogen pressure. A third run is planned at 20 atm nitrogen pressure. 
Hopefully hydrogen will be introduced into the system in January. In 
the residua carbonization work design and operational data were reviewed 
and evaluated. 

o In su orting research and develo 
.batch settling test results indicated that with 20 o toluene, settling 
was faster at low temperatures than at high temperatures. Also, additives 
have been found which in parts-per-million concentrations give complete 
settling at very short residence times. A continuous laboratory-scale 
settling apparatus has been constructed to examine process operating 
parameters. 

o Activities in chemical research and development continue with 
the use of transmission electron microscopy to examine the microporosity 
of coals. Design has begun of an experiment which will use gas chromato
graphic detection of hydrogen sulfide. The sensitivity of the thermal 
conductivity detector will need to be increased because hydrogen sulfide 
requires a sensitivity of at least lO vol ppm which is beyond the present 
sensitivity of the chromatograph . 
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o Work is continuing in the engineering evaluations of nuclear 
process heat from coal conversion. Two new programs were transmitted 
and the materials evaluation effort reviewed. Design studies by 
United Engineers on two H-Coal plants and a steam gasifYing plant 
are described. 

o In the engineering evaluations work for Synthoil, design of the 
high-temperature shift section and analysis of unit reactor vessels 
were initiated. Data continue to be received and evaluated from various 
manufacturers on various sections of the process and are described. In 
the hydrocarbonization work flowsheet data have been firmed up and 
negotiations continue with a number of subcontractors for design and· 
cost estimate information. 

o In the MIUS program, a Request for Directive to proceed with 
procurement and construction activities of Phase III was prepared and 
submitted for approval. The AiResearch design study is well under way, 
and vibration tests of tubes within the fluidized-bed model and initial 
air-leakage tests of a flanged joint sealed with a ceramic gasket were 
completed. Installation of the coal feed and metering test equipment 
was completed and shakedown tests were initiated. 
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2. HYDROCARBONIZATION RESEARCH 

H. D. Cochran·, Jr. 

Summary 

During November the first two shakedown runs with the bench-scale 
system were completed successfully. In the first run, some 5 lb of 
pulverized coal was fed ~o the reactor and pyrolyzed at ~1050°F under 
5 atm nitrogen pressure. In the second run, 20 lb of pulverized coal 
was fed and pyrolyzed at similar conditions. Although some shakedown 
difficulties were encountered in the first run, these were readily 
corrected and the second run had no problems. A third shakedown run 
at 20 atm nitrogen pressure is scheduled for early in the nex.t month, 
and first operation with hydrogen is planned for the first week of 
January. 

Some results are reported from the atmospheric pressure reactor 
which is undergoing modification for the Residua Carbonization project. 

2.1 Review and Evaluation 

( Comple.ted) 

2.2 Experimental Development 

J. -B. Gibson, P. R. Westmoreland, and J. C. Rose 

Work Accomplished 

Ambient Mock-Ups. Effort on this part of the project has been 
curtailed. 

High-Temperature Studies. The material balance for Run AHC-6 failed 
to close; carbon recovery was only 83.9% of feed. Lack of closure is a 
result of tar and char losses in the line between the reactor and the 
cyclone. 

Two experiments were initiated in November, attempting to repeat 
Run AHC-6. Run AHC-7 was aborted because of a plug between reactor and 
cyclone shortly after reactor heat up began (at about 250°F). Since 
definite layering of impervious solid was found and since the line had 
not been cleaned since Run AHC-6, the bulk of the plug was evidently 
residue from the previous run, sealed by carryover of fines. Run AHC-8 
was completed successfully, and samples were submitted for chemical 
analysis. 
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Work Forecast 

Ambient Mock-Ups. No effort is planned in this area during the 
next month. 

High-Temperature Studies. Two runs are planned during the next 
month, in preparation for. the Residua Carbonization project. The second 
of these runs will utilize the modified reactor containing an axial 
draft tube. 

2.3 Bench-Scale System 

Work Accomplished 

Fabrication and Installation. The Bendix gas chromatograph was 
installed i~ the process exhaust line. The sample system was constructed 
to allow selection of either sample or calibration gas from the control 
room. Solenoid valves at both the sample inlet and instrument exhaust 
lines prevent over-pressure in the instrument during emergency purge. 
Valving for feed gas was completed. Two three-w~ valves in series first 
split the incoming gas between the preheater and pneumatic transport line 
and then provide a temperature trim by allowing a portion of cold gas to 
bypass the preheater. The line between the preheater and reactor was 
trace heated using three 2000-W resistance heaters. The connecting piping 
between the reactor and scrubber was heated with two 2000-W heaters to 
prevent liquid condensation. These two lines can be operated at 350 psi 
and l250°F. A pressure equalization line was installed on the char over
flow leg between the reactor and char receiver. It prevents overstressing 
the weld at the reactor due to the pressure reaction force at the expansion 
joint. A 2-in. ball valve was welded to the top of the feeU. hopper to 
facilitate filling with coal. Rupture disks and relief valves on each 
vessel were connected to a 2-in. header which extends 10 ft above the 
building roof. A coal flow monitor was fabricated and placed on the 
pneumatic transport line. Installation of the hydrogen supply station 
was resumed and will be completed in time for the first planned experiment 
with hydrogen. 

Qperation. The first two shakedown runs were completed successfully 
during November.· For thes·e runs 25 lb of nominal -50 +140 mesh coal was 
charged to the feed hopper. (Subsequent particle size analysis indicated 
a larger than expected percentage of -140 mesh fines in the feed charge.) 

During the first rUn the system was brought to 5 atm pressure with 
nitrogen. The preheater and reactor were then brought to l250°F and 
l050°F, respectively, the system was leak checked, and coal feed at 
~5 lb/hr was initiated. Difficulties with the orifice flow meter on 
feed gas precluded accurate flow measurement or control. Consequently, 
the run was terminated after only about 5 lb of coal had been fed to 
the reactor. 
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Several other problems were encountered during the first shakedown , 
run. The most serious was that the coal feed rate appeared to be unstable 
(we had no direct measurement of coal feed rate other than feeder rpm for 
this first run). There also appeared to be significant fines carryover 
to the scrubber. Several minor difficulties with process instrumentation 
were detected and later corrected: 

Prior to the second 
inspected and repaired. 
heat transport principle 
feed line. 

run, the orifice flow meter. on the feed gas was 
In addition, a coal flow meter (based on the 
described earlier) was installed on the coal 

For the second run, the system was again pressurized to 5 atm with 
nitrogen. The preheater and reactor were then brought up to l250oF and 
l050°F, respectively, the system was leak checked, and coal feed was 
initiated at about lO lb/hr. The feed gas control was satisfactory, 
and the coal flow meter performed well. The remaining 20 lb of coal 
was transported to the reactor and ~ lb of char overflowed to the char 
receiver. 

During the second run there was some difficulty with plugging of 
the pressure taps used to measure differential pressure through the. 
fluidized bed in the reactor. Other parts of the system performed 
well. No attempt was made to recover products for a material balance, 
but some qualitative observations were made. The char from the char 
receiver was free flowing, arid the particle size distribution was 
similar to that of the feed coal. The liquid from the scrubber 
appeared to contain three phases - a lighter than water phase, an 
aqueous phase, and a heavy tar phase. The liquid was readily flushed 
from the scr~bber. (The cold trap was not cooled, and only traces of 
tar were recovered from this vessel. ) The filter on the effluent gas 
was slightly loaded with tar. 

In summary, although the expected types of minor problems were 
encountered during the first two shakedown runs, the overall performance 
of the system was satisfactory. Significantly, no problems with gas 
leaks, with accommodating thermal expansion of vessels, 9r with any of 
major process components were encountered. 

Work Forecast 

Fabrication and Installation. Installation of the hydrogen supply 
station will be completed, and a few remaining details of installation 

·of the bench-scale system will be finished. 

Operation. A third shakedown run, at 20 atm nitrogen pressure, is 
planned for early in the next month. If warranted, a fourth.shakedown 
run with nitrogen may also be completed. Product recovery and analysis 
for closure of the material balance will be the primary goal during the 
month. Plans call for the first experiment with hydrogen as feed gas 
dur:i ng the first week of' .ra.nua.ry. 
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2.4 Residua Carbonization 

H. D. Cochran, Jr. and J. B. Gibson 

Summary 

This project for supporting research and development on residua 
carbonization is supported by the Division of Coal Conversion and 
Utilization of ERDA. The work in the year beginning November l, 1975, 
consists of three tasks: (l) a review and evaluation of experience with 
the low-temperature carbonizer in the Cresap, West Virginia, pilot plant, 
(2) modification of an existing reactor to permit continuous feed of 
solids-laden residua, and (3) operation of the reactor with three feed
stocks (vacuum distillation bottoms from the H-Coal process and solvent 
extraction underflows from SRC and CSF_product liquids) at three 
temperatures up to l200°F. 

Work Accomplished 

During the past month, work began on the residua carbonization 
project. Design and operational data from the Cresap (CSF) carbonizer 
were reviewed. L·iterature reviewed included the appropriate sections of 
the 116 monthly reports of the Cresap project and OCR R&D Reports Nos. 39, 
45, 50, 62, and 70. 

Modifications to the design of the bench-scale reactor to allow for 
the continuous residua feed and a recirculating fluidized bed were estab
lished. The reactor design can accommodate either a slurry feed or a feed 
stream of finely ground solids. The reactor is currently designed for 
batch operation with respect to char, but with little modification can be 
made continuous. 

Substantial problems have been encountered in deciding the proper 
method of feeding residua to.the reactor and in the design of the feed 
vessel. These problems result from the lack of information on the 
physical and chemical properties of the three feedstocks. The only 
feedstock for which physical properties are available is the H-Coal 
vacuum tower bottoms. Conversations with Norman Feinberg of HYdrocarbon 
Research, Inc. (HRI) and the result of ORNL laboratory experiments with 
H-Coal vacuum tower bottoms indicate that feeding finely ground solids may 
be the best feeding method. Obtaining a. temperature high enough to ensure 
that the vacuum tower bottoms flow as a slurry would cause pyrolysis of 
the feedstock in the feed vessel. Since no properties have been available 
for the SRC and CSF feedstocks, it is not known if they can be fed as a 
solid. 

Work Forecast 

The first draft of the review and evaluation of the Cresap carbonizer 
should be completed in the next month. Modifications to the reactor and 
design of the feed vessel should be completed. 



Summary 

7 

3. SUPPORTING RESEARCH AND-DEVELOPMENT 
ON SEPARATIONS TECHNOLOGY 

B. R. Rodgers 

Results this month were obtained in five areas: batch settling 
tests, continuous settling tests, additive agglomeration, bench-scale 
development, and characterization analyses. 

Batch settling·tests surprisingly showed that when 2o%·toluene 
was present, settling was faster at low temperatures than at high 
temperatures. Low temperatures and pressures are desirable from a 
process design viewpoint. · 

A continuous settling apparatus at laboratory-scale was constructed 
to examine process operating parameters for a simulated full scale plant 
unit operation. Initial operation gave satisfactory results for short 
settling times. 

Additives have been found which in parts-per-million range concen
trations give complete settling at very short residence times. This 
represents a significant breakthrough in producing particle agglomera
tion in coal-derived liquids by modifYing the solid surface character
istics. 

The bench-scale apparatus for verification of solvent agglomeration/ · 
fractionation processes has been pressure tested, and initial results 
have been obtained for filtered oil from the Solvent Refined Coal Process. 

Characterization analyses on new samples of SRC process oils derived 
from Pittsburgh No. 8 coal showed that the materials were similar to the 
Illinois No. 6 derived liquids used in previous tests, except for lower 
ash and sulfur concentrations. Electron microscope studies showed an 
increase in particle size and a change in particle shape upon heating an 
unfiltered oil. 

3.1 Batch Settling Studies 

P. R. Westmoreland, S. Katz, and B. R. Rodgers 

Chemical analyses for ash and sulfur in a matrix of settling 
experiments (0-20% toluene, 150-250°C) indicate that optimal toluene 
fractionation occurred at 150°C with 20% toluene blended in Solvent Refined 
Coal Unfiltered Oil (SRC-UFO); this was the highest toluene concentration 
and the lowest temperature tested. Samples also were heated in a hood 
at 80°C for 16 hr to evaporate toluene, so that variations in toluene 
concentration after settling could be observed. Data scatter made 



8 

quantitative conclusions difficult, but when significant settling took 
place, toluene concentration decreased near the bottom of the settling 
tube. 

Low temperatures, such as 150°C, would benefit a separations process 
by allowing lower pressures during settling; the ·pressure for the best 
separation obtained above was 30 psig. To obtain equivalent settling 
without toluene would require a pressure of 75 psig, two and one-half 
times that of the toluene/SRC-UFO mixture. Although low temperatures 
and pressures are desirable, any gains due ·to the use of solvent must be 
balanced by the costs of solvent recovery. Future experiments will 
further investigate concentration and temperature effects on fractionation 
with toluene and other solvents, and will study solvent recovery. 

3.2 Continuous Settling Studies 

S. Katz and B. R. Rodgers 

The encouraging results from batch settling experiments prompted 
laboratory-scale studies to determine some parameters of a continuous 
flow system. A dynamic settling system has been constructed which will 
permit continuous feed and overhead removal at various feed rates and 
temperature conditions. The feed of unfiltered coal derived liquid is 
accomplished by using nitrogen pressure in excess of the vapor pressure 
over the unfiltered liquid as the driving force. The feed pot is a 
500-cc closed stainless steel container fitted with a mechanical stirrer 
through a teflon gland. The settling chamber is a 2.54-cm-ID stainless 
steel tube 44 em in length which is immersed in a silicone oil heating 
bath. The feed line enters the settling chamber at a point 9.6 em from 
the top of the settler, giving a settler volume above the feed point of 
41.8 cc. Flow rate of overhead "product" leaving the top of the settling 
chamber is controlled with a needle valve. 

Preliminary runs made with SRC-UFO indicate that operation is 
satisfactory for short residence times, but lorig residence times will 
require an improvement in flow control. 

3·3 Additive Agglomeration Studies 

S. Katz and B. R. Rodgers 

Screening studies have continued with the testing of 24 additives 
provided by the Tretolite Division of Petrolite Corporation. Additive 
concentrations were 4000 ppm in SRC-UFO derived from Pittsburgh No. 8 
coal. As in previous additive studies, tests were conducted for 60-70 
min at 280-290°C, which usually results in incomplete settling for 
unfiltered oil. 
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Since the surface characteristics and agglomerating tendencies of 
particles in coal-derived liquids is poorly understood, three broad 
classifications of additives were studied: anionic, nonionic, and 
cationic. Other materials tested include metal-organic salts, hydro
carbon copolymers, and crypto-anionic and crypto-cationic/nonionic 
additives. Ash analyses of the top fraction from each of' the 24 tests 
were used to determine the degree of settling; they ranged from 0.02 to 
2.5 wt %, i.e., from complete settling to no settling. ·Three additives 
gave nearly complete settling, three produced adequate settling, eight 
gave significant settling, and ten gave little or no settling. The best 
settling was given by two anionic types (0.02 and 0.03 wt% ash) and a 
hydrocarbon copolymer (0.09 wt% ash), followed by three nonionic types 
(0.18, 0.27, and 0.30 wt% ash). Further tests will examine the better 
additives at a concentration of 1000 ppm. 

3.4 Bench-Scale Development 

B. R. Rodgers, S. Katz, and D. A. McWhirter 

The bench-scale apparatus described in ORNL-TM-4968 for solvent/ 
agglomeration fractionation studies was debugged and in-situ pressure 
tested during this report period. Initial tests with SRC-filtered oil 
demonstrated operability. Tests with SRC-unfiltered oil are scheduled 
to begin next month. 

3.5 Characterization Studies 

B. R. Rodgers and D. A. McWhirter 

Analyses of coal liquefaction process streams have engendered large 
quantities of data, but little attention has been given to the effect of 
sampling techniques and aging on the resuits. The effect of sampling 
will be ascertained by comparing "on site" analyses of SRC liquids by 
Catalytic, Inc. to those at ORNL after the samples have been confined 
and transported in drums or steel cans. The effect of aging will be 
determined by bimonthly analyses of samples from the SRC (Wilsonville) 
process streams before and after the filtration section. The effect of 
storing the samples in steel cans at room temperature, 30°F, and l40°F; 
and at room temperature with a N2 blanket will be determined. 

Other characterization studies underw~ include electron microscope 
particle size distributions, inorganic particle identification by scanning 
electron microscope, low-temperature ashing analyses, petrographic analyses, 
and gel permeation chromatography of unfiltered and filtered oils. 
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Aging Tests 

Results of base line analyses for SRC-FO was presented in last 
month's report. These results were averaged and the standard deviation 
of each analysis determined. There was little change after two months at 
any of the previously mentioned storage conditions; the most significant 
changes were slight increases in the carbon/hydrogen ratios, viscosity, 
and acetone solids content. 

The drum of SRC-UFO derived from Pittsburgh No. 8 coal was received 
from Wilsonville, and base line analyses were run. The material was 
similar to the unfiltered oil derived from Illinois No. 6 coal, but 
contained more saturated material; consequently, it was less dense and 
less viscous. The sulfur and ash contents were also significantly lower. 

Electron Microscope Characterization of Solid Particles 

A sample of SRC-UFO derived from Illinois No. 6 coal was examined 
by an electron microscope before and after heating for 1 hr at 300°C. 
The electron microscope at 24,ooox and 48,ooox magnifications showed 
that the unheated SRC-UFO sample consisted of a broad range of particle 
sizes, some with diameters as small as 0. 01 1-L· The particles with 
diameters near 0. 8 1-L appeared to be rough at the edges and may be made 
up of smaller particles. Small particle bridges between large particles 
were common in the unheated sample. In contrast, the heated sample 
contained particles which were highly agglomerated and there were few 
particles less than l 1-L in size. The surface edges of these particles 
appeared smooth, and there were no small particle bridges. 

These results are consistent with previous results which indicated 
that restructuring of the particulates occurred with heating. The fact 
that these materials have undergone a similar heating experience in their 
conversion from coal in the pilot plant suggests that some conditions in 
the temperature and pressure let-down system caused the larger particles 
and agglomerates to break into smaller particles. 
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4 . CHEMICAL RESEARCH AND DEVELOPMENT 

G. P. Smith 

The following report on the physical structure of coal is supported 
by the Fossil Energy branch of· ERDA while the report on catalysts is 
supported by the Division of Physical Research of ERDA. 

4.1 Physical Struct~e of Coal 

L. A. Harris and C. S. Yust 

The use of transmission electron microscopy to examine the micro
porosity of coals is continuing. ·channel-like pores whose diameters 
range from 200 R to 1 ~m have been observed in spore exines. Fine gran
ular material (micrinite) with particles as small as 50 R is intimately 
associated with the spore exines. 

In coal petrography we are attempting to establish the reliability 
of the Quantimet image analysis instrument in doing pyrite and inertinoid 
volume, and size-frequency determinations. Data recently-processed on a 
sample of Illinois No. 6 coal showed excellent agreement with chemical 
analyses. 

4.2 Removal of Heteroatoms from Coal 

R. A. Strehlow and P. A. Agron 

Earlier work showed that a solid cobalt molybdate catalyst could be 
titrated with hydrogen sulfide at elevated temperatures to yield a sul
fided form of the catalyst~ The work also showed that hydrogen could 
then be used to titrate the sulfided catalyst and that the reduction of 
the catalyst strongly affected the catalytic activity. The essential 
finding was that a minimum in the activity of the catalyst for reduction 
of butene to butane occurred at a hydrogen sulfide content of about 90-
100 vol ppm, the level of an endpoint in the titration by hydrogen. 

Since simple techniques such as gas-phase titrations might be useful 
as measures of the concentration of catalytically active centers, we have 
begun design of an experiment which will use gas chromatographic detection 
of hydrogen sulfide and permit titration studies to be carried out with 
greater facility. 

In the projected gas chromatographic studies, however, a sensitivity 
for hydrogen sulfide of at least 10 vol ppm is needed which was beyond 
the sensitivity of the chromatograph. We have, therefore, been modifYing 
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the gas chromatograph in order to eDhance the sensi ti vi ty of the thermal 
conductivity detector. A preamplifier with variable gain factor up to 
ten was installed by the Electronic Services Department. Tests indicate 
that the existing 4-ft-long Porapak T column alone or in series with a 
10-ft-long Porapak Q column will be satisfactory for these equilibrium 
studies. Since simultaneous water analysis would be desired, a 3-ft-long 
Teflon column packed wit~ Porapak Q was prepared and tested under a vari
ety of conditions. Optimum conditions were determined, and it appeared 
that a sensitivity of about 10 vol ppm could be obtained. This would be 
a useful level if the resolution of the column for water and hydrogen 
sulfide were adequate. Some further trials will be conducted. We had 
planned on using a hydrogen sulfide-hydrogen mixture (2% H2S) to sulfide 
the catalyst initially. The occurrence of a small leak in the gas cylin
der safety relief occasioned the venting of the gas mixture. Thiophene 
will therefore be used as the source of sulfur. Design of the catalyst 
reactor is continuing. A quartz tube reactor and gas manifold assembly 
with a recycle capability (to assure ~quilibrium) is contemplated for 

. this study. 

In the pulse catalytic microreactor, the water saturator has been 
used for initial study of the equilibrium for hydrolysis· of a partially 
reduced cobalt molybdate. No significant replacement of sulfur by oxygen 
was observed, but since equilibrium might not have been attained, the 
system is being adapted to permit variable recycle of the gas with the 
catalyst. 
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5. ENGINEERING EVALUATIONS OF NUCLEAR PROCESS HEAT 
FOR COAL CONVERSION 

W. R. Gambill 

Summary 

Two new program proposals were transmitted and the materials evaluation 
effort reviewed. An ongoing design study by United Engineers on two H-Coal 
plants (all coal and VHTR driven) is described, as are preliminary design 
results for a plant steam gasifYing coal directly with VHTR heat. 

Two revised program and budget proposals, one covering the period 
January 1976 through September 1976 and the other the interval January 
1976 t~ough September 1977, were reviewed and formally transmitted. 

The materials evaluation program for three processes (steam/carbon 
reaction, steam/CH4 reforming, and thermochemical H2 production) was 
reviewed with Metals and Ceramics Division personnel. 

We visited United Engineers and Constructors in Philadelphia on 
November 20 and discussed the status of their subcontract work on the 
preliminary design of two variations of an H-Coal plant producing crude 
liquids: an all-coal unit and a second unit utilizing the thermal and 
electrical energy delivered by a Very High Temperatur~ Reactor (VHTR). 
The mixed-liquid output will be a heavy oil with a gravity less than 20° 
API and a total sulfur content of "-'3/4 wt ofo. Design data have been taken 
from HRI reports,. the independent Amoco review, the 1973 NPC evaluation,
and the 1974-75 DCCU Annual Report. 

The all-coal plant will produce -v200,000 BPD from a coal feed rate of 
54,000 TPD. The coal feed will be the same for the VHTR-driven plant, 
but the net increase in liquids production has not been calculated. 

There will probably be nine processing lines beyond the coal storage 
area. The coal selected is a hvbb coal with an HHV of 12,080 Btu/lb and 
containing 7.5 wt% water, 9.5 wt% ash, and 3.5 wt% sulfur. An air-blown 
fluid-bed coker is used to crack the residual oil (975+°F) to a high 
HV, 4 wt % sulfur coke. The chemical reactors operate at 780°F, 2700 psig, 
and a space velocity of 28 lb coal/hr ft3. Williams stated the total H2 
consumption to be 0.052 ton H2/ton coal, which corresponds to 18,500 scf 
H2/ton coal. The reformer is fed with c1 -c6 gas and operates at an exit 
condition of -vl400°F and 350 psig. The utilities balance had not been 
closed, and values for overall energy-conversion efficiency were not 
available. By-products will be coke, liquid NH3, and sulfur. 

The nuclear variant will include a 3000 MW(t) VHTR, an intermediate 
heat-exchange loop, and a reformer convectively heated by He. The 
corresponding core-exit He temperature will probably approach 1700°F. 
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The larger plant United Engineers/Constructors (UE/C) is evaluating will 
require more than the 384 MW(e) generated and used in-plant in the 
General Atomics/Stone & Webster (GA/S&W) reference design for coal to 
SPG. Following considerable discussion, we agreed that the VHTR plant 
would be based on power from the VHTR and the all-coal plant on power 
from a coal-fired power plant, using a 38% net efficiency in each case. 
Since this ground rule is somewhat arbitrary, it was agreed that the basis 
and consequences would be clearly stated in UE/C's report. Newman said 
their schedule calls for completion of the report by December 19, and that 
we should meet again in Philadelphia or Oak Ridge to review the draft on 
December ll. 

A brief discussion was held with Wiggins and Frey concerning the 
other portion of this subcontract: to identify, quantify, and compare 
the pollution outputs and water usages of the GA/S&W, H-Coal, ijygas, K-T, 
and Lurgi processes. They are looking at SQx, NOx, NH3, HCs, particulates, 
and trace elements. Emphasis had been placed on Lurgi and K-T because of 
the broader data base. They had located very little information on coal 
conversion plant solid-waste leaching rates. 

In addition to the above, we asked UE/C to review and revise their 
report to ORNL of June 30, 1975 ("Engineering Evaluation of Process Heat 
Applications for Very High Temperature Nuclear Reactors") with regard to: 

(1) the process efficiencies, especially their relative values for 
syngas, H2, and SPG products from a given process. 

(2) using a fixed gas delivery pressure of 1000 psig rather than 
the range of 100 to 1400 psig in the subject report. 

(3) the hydrogen purities, which in some flowsheets may be six or 
seven percentage points lower than those indicated. 

(4) responding to a GA letter (Oct. 28, 1975) stating that GA/S&W 
syngas is more suitable for methanol production than indicated 
by the June 1975 UE/C report (since C02 as well as CO can be 
used for methanol ~ynthesis and because the syngas is available 
at 300 psi rather than 100 psi). 

Newman agreed to issue a revised report, addressing these points 
and including revised economics, on January 15, 1976. 

The UE/C work seems to include sufficient detail to evaluate more 
realistically the relative promise of the crude liquids VHTR case 
identified in their June 1975 overview report. 

After assembling available data on steam gasification rates (percent 
carbon per minute) vs temperature for various coal types, a preliminary 
flowsheet was prepared for a VHTR-driven direct steam-coal gasifier. With 
a 3000-MW(t) VHTR (1800°F core-exit He temperature), 7163 TPD of coal would 
be converted to 6120 TPD of clean syngas (79.3 mol% H2 and 20.7 mol% CO). 
The fluid-bed temperature is 1472°F, and the preliminary energy conversion 
efficiency 78%. Of the 3000 thermal MW, 1200 MW(t) would be available 
outside the gasifier, producing, e.g., 456 MW(e) for a 38% net power 
generation efficiency. 
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6. ENGINEERING EVALUATIONS OF THE HYDROCARBONIZATION 
AND SYNTHOIL PROC:E;SSES 

J. M. Holmes, R. Salmon, and E. G. St. Clair 

Summary 

Synthoil. Computer programs were written for calculating the overall 
block flow material balance and the heat and material. balances for the 
high-temperature CO shift unit. Design of the high-temperature shift 
section was initiated. An analysis of the design, fabrication, and 
operation of the Synthoil unit reactor vessels was initiated. 'l'he 
completed analysis will treat hot-wall.vessels and refractory-lined 
vessels with regard to materials of const~uction, code requirements, 
fabrication techniques, vendor capabilities, and costs. Capital, utility, 
and chemical make-up costs for the potassium carbonate scrubbing units 
were received from the Benfield Corporation. The Pennwalt Corporation 
provided all available data on the testing of Synthoil liquids in Sharples 
centrifUges at about 200°F. The Johns-Manville Company supplied a con
ceptual design of a rotary drum precoat filter specifically designed for 
coal~derived liquids. 

ijYdrocarbonization. Flowsheet data have been firmed up based upon 
estimated yields from U.S. Steel's "Clean Coke" process. Preliminary 
process flowsheets and material balances were prepared by McNally-Pittsburg 
Corporation for the coal yard and coal beneficiation plant. Linde Division 
of Union Carbide Corporation agreed to prepare a design and cost estimate 
for a cryogenic system to separate the hydrocarbonizer make gases into a 
pipeline gas and a hydrogen stream. Subcontract negotiations were initiated 
with Fluid Bed Combustion Company for the design and cost estimate of an 
atmospheric fluid bed combustor. HYdrocarbon Research, Incorporated, agreed 
to provid~ the design and cos·t estimate for an R-oil hydrotreater for the 
tars and liquids produced by the hydrocarbonizers. 

6.1 Synthoil Procesa 

R. Salmon, M. S. Edwards, D. E. Reagan, E. G. St. Clair, and w. C. Ulrich 

A computer program was completed for calculating the overall block 
flow material balance and the material balance calculated by. this program 
was incorporated into the overall flow diagram. 

The R. M. Parsons Company was contacted regarding the sulfur plant, 
and they·expect to have the design and costs to us in about three weeks. 

Compressor and driver selections and costs were received from the 
Elliott Company. Similar selections are expected from Dresser-Clark in 
about two weeks. 
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A Fortran program was written for the heat and material balance 
calculations of the high-temperature CO shift unit. The flow diagram 
is being completed using the tabulated material balance from this program. 
The results agree well with those of the Girdler program. It was necessary 
to write our own program because the Girdler program provides only the 
information around the reactor and does not include a material or a heat 
balance. 

A Lawrence Livermore Laboratory computer program for multicomponent 
fractionation was tested and ran successfully. It was then used to check 
the Synthoil recycle gas methane absorber. The results agreed well with 
those of our own calculations. 

The PDA (Process Design Analysis) computer code of McDonnell-Douglas 
Automation Company was used to determine coefficients of a cubic equation 
for the effect of temperature on the enthalpy of a number of compounds 
and petroleum fractions at four pressures (2, Boo, 1600, and 2499 psia) 
for use in heat balance calculations. The coefficients were determined 
for the compounds and petroleum fractions for both the gaseous and liquid 
states (i.e., there are eight coefficients for each compound or petroleum 
fraction). 

A subroutine was written to calculate the enthalpy of a given compound 
at a specific temperature and pressure for use in heat duty calculations. 
The subroutine calculates the enthalpy at the temperature for all four 
pressures and then uses the Lagrangian interpolation method to determine 
the enthalpy at the desired pressure. 

The various sections of the Synthoil flowsheet have progressed as 
follows: 

(1) Synthoil Reactor Vessel: As presently conceived, the Synthoil 
unit will require 36 reactor vessels, each with an 8 ft, 4 in. internal 
diameter and a 14 ft, 6 in. catalyst bed depth. Process conditions 
dictate that the reactor vessel be designed to operate at approximately 
4250 psig and 860°F and to resist attack by high partial pressures of 
hydrogen and the corrosive ~ffects of hydrogen sulfide. An analysis 
of the design, fabrication, and operation of the reactor vessels is 
currently underway. The completed analysis will treat hot-wall vessels 
and refractory-lined vessels (both with alloy liners) with regard to 
materials of construction, code requirements, fabrication techniques, 
vendor capabilities, and costs. The intent of the brief analysis is not 
to provide a detailed design, but rather to survey the problems involved, 
develop an acceptable solution, and provide a cost estimate for use in 
determining the overall Synthoil unit capital investment and layout. 

(2) Gasification: A computer program was developed for calculating 
the raw gas production and composition for various combinations of coal 
and char feed rates to the gasifier. Work continued on sizing equipment 
·(heat exchangers, pumps, etc.) for the gasification section. 
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(3) Carbonization: A computer program was developed for calculating 
material and energy balances for the low-temperature carbonizer section. 
Work continued on sizing equipment (heat exchangers, pumps, etc.) for 
this section. 

(4) Acid Gas Removal: The Benfield Corporation provided capital, 
utility, and chemical make-up costs for the Synthoil facility K2CO~ 
scrubbing units, and similar estimates for the Bydrocarbonization facility 
are expected soon. Flowsheets and equipment sizing were not provided 
because of the nonproprietary nature of our agreement, but could be made 
available under a contract which includes a secrecy agreement. 

Several manufacturers of towers and tower internals were contacted 
with regard to the design of a DEA regenerator. The Glitsch Company sent 
details for the design of such towers. This, when combined with the 
technique for tray design in multipass towers of William L. Bolles of 
the Monsanto Chemical Company, should provide a firm basis for design. 
A letter was sent to Koch Engineering Company detailing the tower specifi
cations, and they have agreed to design a tray or packed tower, whichever 
is more suitable. 

When the design procedure for the DEA regenerator internals is 
complete, the DEA computer model can be reassembled. It will then be used 
for design of DEA plants in both the Synthoil and Bydrocarbonization 
facilities. 

(5) CO Shift Conversion: Design of the CO shift sections of both 
the Bydrocarbonization and Synthoil facilities is well underway based on 
data supplied by the Girdler Company and the use of the Girdler catalysts. 
The BASF representative in Washington, D.C., Jack Dart Associates, s~ated 

that they completed the evaluation relating to BASF shift catalysts 'in 
our system and mailed it to us. Any new info.rmation provided will be 
incorporated into our present designs. 

Design of the high-temperature shift section of Synthoil facility 
was recently initiated. Because the pressure drop through the reactors 
is excessive when only one or two trains are used (about 200 psi or more 
across the high-temperature shift plant), a design using four parallel 
trains was proposed. The pressure drop through this system appears to 
be less than 30 psi overall. In all cases, three reactors in series with 
inter-reactor cooling to permit maximum CO conversion are provided. 

(6) Solid-Liquid Separation: Two centrifuge vendors were contacted 
to establish a firm base for the evaluation of centrifugation. The Bird 
Machine Company was unable to help us with data but may be able to provide 
information at a later date based on a reevaluation of the operation of 
the Bird centrifuge at Cresap, West Virginia. 

The Pennwalt Corporation (Sharples-Stokes Division) provided ORNL 
with all available data on the testing of Synthoil liquids in Sharples 
centrifuges. However, all the data are at temperatures of about 200°F, 
and at the conditions expected to be required (about 600°F), no data 
are available. 
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The Johns-Manville Company provided us with the conceptual design 
of a rotary drum precoat filter specifically designed for coal-derived 
liquids. This design was prepared under a contract with EPRI. Stearns
Roger provided the expertise in equipment design for the report. Although 
the filter design was not for the size expected to be needed in a 
commercial facility, it does give many of the filtration parameters 
required for such a design. 

The Envirotech Corporation (Goslin Division) was visited to acquire 
background on their experience in the area of coal liquids separation 
problems. Information on the design, modifications, and operations of 
Goslin-Birmingham filters in the coal liquids area was obtained, and is 
currently being evaluated. 

6.2 ijydrocarbonization Evaluation 

J. M. HQlmes, D. S. Joy, G. R. Peterson, M. S. Edwards, 
C. B. Smith, D. A. Dyslin, and J. R. Johnson 

Flowsheet data have been firmed up based upon estimated yields from 
U.S. Steel's "Clean Coke" process. Material balance information derived 
from the PDU experiments will be used for the first stage yields but 
estimates will be employed for the yields from the second stage carbonizer. 
These estimates will be based upon the reported volatile matter content 
of the feed and product char, and the rates of gas production, since the 
tar yields are not available. Overall estimated yields of coal liquids 
for the two stages are in the range of 15 to 16% of the moisture and 
ash free coal feed. 

The various sections of the hydrocarbonization flowsheet progressed 
as follows: 

(l) Coal Beneficiation: Preliminary process flowsheets and material 
balances were prepared by McNally-Pittsburg Corporation for the HYdro
carbonization Facility coal yard and coal beneficiation plant. The coal 
yard includes coal unloading facilities, crushers for reducing the ROM 
coal to 2 in. x 0, and three parallel coal storage piles, each with 
stacker-reclaimers. The coal cleaning plant consists of three parallel 
lines, each having a capacity of 850 TPH. Generally, the beneficiation 
process involves primary and secondary heavy-media separation of the 
coarse coal (2 in. x 28 mesh) and froth flotation of the fine coal 
(minus 28 mesh). 

Initial design showed the primary and secondary heavy media 
separations operating at low specific gravities (1.325 and 1.50 
respectively), and the refuse stream contained about 6% maf coal which 
is considerably higher than expected. McNally-Pittsburg agreed to 
increase the operating specific gravities to 1.40 and 1.85 which will 
lower the refuse stream to about l-2% maf coal containing 67.4% ash 
and 9. 35% sulfur. 
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The final moisture contents of the high-grade coal and low-grade 
coal streams after beneficiation are l9.9 and 24.7%, respectively. These 
high moisture contents present handling problems in the storage silos and 
the Petrocarb coal injection system. Predrying of the coal to 2% surface 
moisture will be needed to eliminate the problem. 

(2) Hydrocarbonization: Recent data from U.S. Steel confirmed our 
earlier suspicion that a significant amount of the light hydrocarbons 
in the recycle'gas stream will be coked in the fluid bed combustion 
unit. The original flowsheet heated a recycle gas stream to l759°F to 
provide sufficient heat for the second stage hydrocarbonizer. The 
recycle gas stream will contain a significant amount of light hydro
carbons (Cl through c4). From the U.S. Steel data it is apparent that 
the recycle gas stream cannot be heated beyond l450°F. A quantity of 
steam must also be added to the recycle gas stream to react with any 
coke formed. 

The material balance computer program is being revised to reflect 
the composition change in the recycle gas stream upon heating. A char 
burner is also being included to supply the additional heat required by 
th~. second stage by recycling hot char and ash. · A rough calcUlation 
shows that approximately l.5% of the. char product will be b~ned. 

(3) Cryogenic Separation System: Linde Division of Union Carbide 
Corporation agreed to prepare a design and cost estimate for the cryogenic 
system to separate the hydrocarbonizer make gases into a pipeline gas 
product and a hydrogen stream suitable for use in hydrotreating. Prep
aration of thts estimate is currently underway. 

(4) Fluid Bed Combustor: Subcontract negotiations were initiated 
with Fluid Bed Combustion Comp~y for the design and cost estimate of an 
atmospheric fluid bed combustor. This system was revised io provide 
heated gas for drying the coal feed to the hydrocarbonizers in addition 
to the recycle gas heating and high pressure steam requirements. 

(5) Tar Hydrotreater: Hydrocarbon Research, Inc., agreed to provide 
the design and cost information for an H-oil hydrotreater for the tars 
and liquids produced by the hydrocarbonizers. An advantage of the H-oil 
system is its capability for hydrotreating liquids containing significant 
concentrations of solids since it utilizes an ebullating bed type re~ctor. 
Therefore~ solids-liquid separation can be performed on the hydrotreated 
liquids which will be far less viscous and easier to filter than the 
tars prior to hydrotreating. 
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7. COAL-FUElED MIUS 

A. P. Fraas and W. R. Mixon 

This project for analysis, design, and demonstration of a concept 
utilizing a fluidized-bed coal combustion system as a heat source for a 
gas turbine generator suitable for applications in Modular Integrated 
Utility Systems (MIUS) is carried out under the ORNL-HUD-MIUS Program 
within the Energy Division. Work is supported by the U.S. Department of 
Housing and Urban Development under Hun Interagency Agreement No. 
lAA-H-40-72 and by the Energy Research and Development Administration, 
Office of Fossil Energy, under OCR contract No. 14-32-0001-1742. The 
project consists of four phases: I- Conceptual Preliminary Evaluation; 
II - Conceptual Design; III - Detailed Design and Construction; and 
IV- Shakedown, Performance, and Endurance Tests. 

Summary 

A Request for Directive to proceed with procurement and construction 
activities of Phase III was prepared and submitted for approval. The 
AiResearch design study is well under way, and vibration tests of tubes 
within the fluidized-bed model and initial air-leakage•tests of a fJanged 
joint sealed with a ceramic gasket were completed. Installation of the 
coal feed and metering test equipment was completed and shakedown tests 
were initiated. 

Detailed Design and Construction Phase 

A Request for Directive to proceed with procurement and construction 
of the coal-fueJed MIUS test un:Lt was prepared by General Engineering and 
forwarded through channels to ERDA/ORO for approval Procurement of long 
lead-time components and materials, to include the Incoloy 800 tubing, 
will be initiated on receipt of authorization from ORO. 

Layout Studies 

A revised furnace design was completed which reduces the number of 
flanged joints and the requirements for small dimensional tolerances. Re
view by three steel fabricators resulted in suggestions for additional 
modifications. 

Turbine-Generator Unit 

·work at AiResearch on their design study contract is well under way. 
They have prepared new models for the analysis of the stability and con
trol of the system and are supplying detaiJed performance characteristics 
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of both the compressor-turbine-generator unit and the recuperator so 
that the ORNL computer program can be refined. AiResearch has also advo
cated making more use of the compressor bypass valve as opposed to feed 
and bJeed control of system pressure. This would be applicable to both 
open and closed-cycle operation. They aJso recommend that the large vent 
valve be available for emergencies and plan to use a pneumatic starter 
motor which can drive the unit up to 30% speed for long periods. 

Coal Flow Tests of a Fluidized Bed 

Preliminary data on tube vibration indicate that the frequencies 
vary from 8 to 16 cycles per second depending on the air flow rate through 
the bed. In no case were large amplitudes of vibratory motion measured. 

The 4-ft square cold flow test unit is being instrumented for inves
tigations of the rate at which coal particles will be dispersed in the 
bed. Tests are scheduJed to resume early in December 1975. 

Test of Furnace Gasket Material 

The initial test of a flanged joint employing a ceramic gasket mate
rial has been completed. The unit was operated for 250 hr through 20 ·full 
thermal cycles. No increase in the leakage rate was detected throughout 
the course of the test. A new test will be conducted to determine the 
effect of clamp.pressure on leakage rate using thicker gasket material. 

Coal Metering and Feed System 

Installation has been completed of the Iron Fireman and the vibratory 
coal metering unit together with the necessary lines, cyclone separators, 
and other equipment for recirqulating the material. Initial shakedown 
tests were started the last week in November. Some difficulty was en
countered with the Iron Fireman motor because of the much higher blower 
load when handling room temperature air than when handling the 400°F 
(200°C) stack gas f'or which the unit was designed. A larger motor will be 
installed next month. 

:~_. 
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