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Programs for Synthetic

This report was prepared as an account of work
sponsored by the United States Government. Neither
the United Sumtes nor the United Ststes Energy
Research and Devel Administration, tor any of
their employees. nor any of their contractors,
subcontmciors, or their employees, smkes any
warmnty, express of implied, or assumes ony legat
liabllity o1 responsibility for the accuracy, completeness
or usefulness of any inforrmtion, apparatus, product or
P disclosed, o rep. that its use would no:
infringe privately owned rights.
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IV. SYNTEETIC FUELS DEVELCRMENT

SEAMARY

The objective of a Synthetic Fuels Develovment Office of the Coal
Programs Division will be to develop a broad base of process chemistry
and engineering that will provide a continuing source of methods for
preccess improvements and pnew prcecess concepts. The tTypes of projects
to be maraged througn this office wiil consist of (1) laboratory end
bench scale work to develcp process chemistry, (2) work at the process
develozrent scale {up to 10 tons coal/day) to provide englneering concepts
and data for process evaluatioa and scaleup, and (3) supporting work in
such areas as materials and component eguipment. The projected FY 1975
funding for this office is shown in the following table:

FY 1¢75

Transferred Obligations

From: ($ millions)
Liguefaction Process Development OCR 30.5
: UsasM 26.7
High Btu Cas Process Development ocR 17.7
US3M 13.9
AEC 3.3
Total 52.2

IFTRODUCTION

Petroleum and associated gas. fortumately, often occur together in
nature. Al the well ne=2d, simple disengagement techaniuues can separate
fixed portiions of natural gas and crude oil. The oil can then be refined

to a wide variety of liquid fuels.

vhen cozl is converted into gas and liquid phases, the proporiions can
be controlled by piant design. The goal of a plant for fuels production
from co2l is net just producing gas or liguids from coal, but producing
gas and liquids’ in the most desirable proportions. Thus, we have Droposed
high BTU zasification and liguefaction of coal be ccmbined in one ERDA

olffice in this report. Each gasificailon and liguefaction process produces
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a characteristic mix of solid, liquid, and gaseous fuels in the initial
reaction stages. This mix must be converted by sibseguent refining
operations to the most profitable product mix. The optimum flowsheet

for these operations ofiten appears %o be an integrated combination of
current gasii.:ation and liquefaction flowsheets. ILiquefaction processes
in particular, by judicicus alteration of controllable process parameters,
can produce widely varying proportions of char, heavy fuel oils, distilizste
fuels, and gaseous products. We believe the best coal gasificatior and
liquefection fuel plamning car be accomplished by a single mamegsment group
resporsible é‘or settins overall project vriorities in the light of the
nationz2 need for cozl derived fuels. The option of combining the best
sets of unit gasification and liquefaction operations to be responsive to
national needs shovid make this group much more flexible than two separate
liguefaction and gasificacion groups.

The primery focel point for coal liguefacticn and gasificaticn in Ehe
Federzl Government hzs beer and continues to be the Office of Coal Research
(CCR), although the Bureau of Mines (UsEM) plays a substantial roie. NSF
and AEC also have cozl synthetic fuel projects. In 1975 OCR will fund over
half 'lfhe goverrment R&D in liquefaction and gasification and perhaps 904 of
the pilot plant and larger projects in these areas. terestingly, OCR has
just undergone a recrganization which included transferring scme key USBM
personnel into OCk. This might reflect implementation of a plan tc draw
together all coal R&D under one group in the Department of the In.terior.
The pew OCR organization is shown in Fig. 4.1.

OBJECIIVES

The objective of the Coal Conversion R&D Program is to develop — on
an accelerated and cost effective basis — a base of technolc;;f that will
permit the rzrid commercizlization of cozl conversion procasses that are
technically and economically vizble, are envirommentally ecczptable, and
represent a wise utilization of national resources. In achieiiag this
objective, a development process is being conducted that evolves through
the stages of (1) laboratory and bench scale, (2) process cevelopment
scele, (3) pilot and prototype plant scale, and (4) demonsiration and
picneer plant scale.
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SCOEE

The scope of this section is restricted to the f{irst two stezges of
commercialization, the latter two being dezlt with in 2 subsequent section.
Here we deal with coal conversion programs on the process development scale
and below, including related applied research work deliueated by problems

anticipated in the various considered processes.

OVERVIEYW

For purposes of discussion and 2 breoad overview the following definitions
a2re a2dvanced to define these variosus seales of developmernt in terms of capacity
and capitai cost.

Table 4.1 Scaies of Process Development

Cepacity Capital Cost
Unit (tons coal/day) ($ millions)
Bench (ESU) Pl ' <4
Process Developzment (PDU) 1-10 L-10
Pilot Plant 50-80 15-30
Prototyve Plant 200-1,00C" 50-80
Deronstration Plent 5,000-10, 000 200~500
Pioneer Plant 20, 000-~3C, 000 400-800
Commercizl Plant 50,000 800-~1, 520

The function of laboratory and bench scale units is primarily to
establish the scientific feasibility of a process. The work normally is
conducied in batch or semicoatinuous units that represent only the key

steps of a potentizl process.

The function of a Process Development Unit (PDU) is to esvablish the
engineering feasibility of a process. The PDU pormally provides the first
opportunity to eveluate engineering aspects such as comporent designs,
materials of ccnstruction, and adaptability for scalsup.

Pilot 2nd prototype plants have the cbjectives of determining the
engineering vizbilit:- of the process and providing data fo. sczleun. In
general, o prototype scale plant has the a2dvaniage that it needs to de’

scaled up by only 2 factor of 10'to 20 to the Tirst trains of commercial




plants and may utilize the smallest sizes of commercial equiument of the

tyre that would be utilized in a2 commercial plant.

Demonstration pleats and sioneer plaats have the objective of estad-
lishing the economic viability of a process. The demonstration plants
normally consist of a first process itrain that later may be replicated to
provide for full commerciel scale. A pioneer tvlant is the first commerzial,

oulti-train plant of 2 given tyze.

In general, a strategy for process development (especially for liguefac-

tion processes, which are currently in an early stage of develcpment) that

evolves throuzh the stages of (1) bench, !2) process development, (3) prototyve

plant, and (L3 vioneer nlant iz recommeanded. ‘The following presents specific

recomnended strategies within sach scale of operation.

Lavoratoxy, Bench, anéd PDU Scale. - In view of the risks of failuxe

in establiisning coal conversion technology, the ccmplexity of conversion
rrocesses (e.g.. effects of many types of coal), and the very high costs
¢f pilot, prototype, deronstration ané pioneer plants, we believe that it
is fundazmentzally scund policy and inexpensive insurance to provide for

(1) 2 broac and deep base of supporting technology in procass chemistry,
process engineering, and environmental effects, (2) support of many
alternative and competing concepts thrcough the PDU scale, and (3) multiple,

i-dep=niert PDUs for each of the prime candidate processes.

Tne bench scale unit and the PDU are the basic tools of process
cevelopment. They must ccntinue to orerate even during the ojeration
of largex plants to provide a testing ground for process variatiocns.
Duplication of effort zt the bench and PDU scale in not necessarily
wasteiul. We need to Civersify our process develozment base; we should
have 2 larze nurber of Yench and PDUs throughou% the country. Different
qualified investigators do not "duplicazte” each other's work; their effc-ts

.o

inevitably diil.er in small but often vitally significant details.

Protovyne {tale. - A prototype scale plant is generally recommended

as the next scale c{ develogrment after a PDU dased usncn the following

considerations:

(1) It represeats 2 technically feasible scaleup dy a factor of

ebout 100 with 2 relatively cceeptadble cost of failure.
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(2) such a prant (acmin2lly a Sactor of 10 larger than a pllot
plant) normally is large enough to utilize the types of
equipment (vessels, mumps, filters, compressors, heat
exchangers, ete.) that would be employed in a commercial
plant and would recuire a ;caleup to single trains of

full-sized commercial plants by factors of only 10 to 20.

(3) As opposed to ths direct scaleup from pilot plant size to
the First train of 2 commercial unit (e.g., 2 typicel scaleuwp
from 50 to 5000 tons coal/day), the s;rototype plant provides
for (2) considersbly less technological risk, {b) lower cepital
investment (e.g., $60-80 million vs $200-500 million), (ec) faster
completion (perhaps 30 months vs 36 months), and (d) greater
facility for rapidly making necessary process and equipment
modifications.

Demonstration/Pioneer Scale. - Normally, sufficient data would ve

availeble from prototype scale operation to enable the construction of

nioneer commereial plants which would be constructed with a very high
percentage of private funds.

The PDU, prototype, Dioneer plant strategy ovtlired zbove is the
strategy that has been chosen by Hydrocarbvon Resesrch Inc. for develop-
ment of their H-Coal process and, also, is the announced strategy of
EXXON for development of their extraction-cerbonization process. One
propesal Tor develogment of the solvent refined coal process is daced
upon an existirg S-ton/day (iilsonville, Algbamz)} and 2 900-too/day

prototype plant that would be the forerunner of a pioneer plaunt.
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PRESENT AND PROPOSED FIVE-VEAR PROGRAMS FOR
SYNTHETIC FUELS PROCES3S DEVELOPHEIT

Funding ooligations for FY 1974 and the period FY 1975-FY 1979 for
proposed synthetic fuel development vrojects that would be transferred
from the OCR, USEM, and AEC are skown in Table 4.2. The following sections
will provide brief descriptions of the inc::ividue.l projects in liquefaction
and high-Btu gae.s:?.fica.=.1:icn'xT

Liquefaction Process Develovment

1. Direct Hydrogenation Processas FY 1974 $6.71 million
FY 1975 $19.8
This activity involves the continued devel;apnent of processes for the
catalytic hydrogenatior of coal in coal-0il slurries. It has tﬁe objectives
of providing basic support for the H-Coal process and continuing the éevelop-
ment of fixed bed processes such as those currently urder development by th:
Bureau of Mines (Synthoil) and Gulf 0il.

Tals is the highest oriority liquefaction activity and embodies projects
involvirg suznorting technology and vrocess develovment units of various sizes.
Hydrogen, at elevated pressure and temperature, is added directly to cozl to
liquefy and desulfurize it, first to provide a clezan heavy fuel oil and then
to upzrade the fuel. Various catalysts and various reactor styles are being
evaluated. Processes for power plant fuel oil will be emphasized in the
classification, as well as ancillary projects to also refine the prodwvct
into gasoline and diesel fuel, and to use some product oil and waste solids
L0 maxe the needed nydrogen from steam. These trocesses use a fixed or
ebullated catalyst beds in the reactor with turbulent flow of hydrogen and
coel slurry to maintain operability. New thro':v-away catalysts wilt be
evaluated in a Berguis-type reactor wherein catelyst is slurried wita the
coal. A few uncsual catalytiz systems are 21so included. Use of nascent

hydrogen as obtained from carbon monoxide and water will be evzluated for
coal Yiguefaction.

The process development work being performed by Gulf Oil involves

fixed-bed catalytic hydrogenation of coal in 2 coal-o0il slursy. FRey
features of this orocess are: (1) use of a simple, unigue reactor desizn




Toble 4.2 Luranry of Prososed 1Y 1975-F 1J7) Autisrizations for Sub-iilet Mlant Seale,

Procass Davelopzent Projects in Synthetic Fuela that ewld be ‘[vanule

rred to ER: Under MR 11510%

funding Lalluationa by Firenl Year (& nillioas)

Azency w1575 196 97 198 1979 1975-197%
Liquafaction Procesa Bevelanuent s
1, nirect fydrogenation Frocessaa OCH h.‘fB’ ’ L0 15.0. 38.0 21.0 6.0 85.0
. usy 1,95 15.8 14,9 10.9 10.5 12.0 68.1
2. Extractlon-ilydrogenation Processss ocn 0.8 3.0 1.5 - - - h.5
3. Pyrolysis Processes ocr 1.5 7.6 9.0 &0 50 .- 29,6
L. Ylecher~Tropsch Variations oc 2,0 1.6 6.0 . - - 13.8
usmt 013 L0 2.5 6.4 L5 1.5 16,0
5. HNew Processes ocR - 1,01 8.5 2.0 1.7 'y 7.1 2.8
s us - - 1.5 2.0 1.3 1.8 .
6. Engineering Support R .~ 0.9 2.2 8.7 L.8 3.0 3.0 2.7
7. Froceas Development Support oCH AT L5 b5 Lo o ho 21.0
we - w6 %0 20 20 10 1]
Total . 15 61,0 1.6 9.9 6.0 h2.b 350,7
Hish Btu Gae Progess Prvelopcend .
1. Steau~Iron Proccas oeR h. o7 3.0 3.5 - - - 9.5 ¥
' 2, Liquid Phase Methzantion oen 0.3 t,0 0.5 - - - iy
3. 8elf-rgpglonerating Process ocl 0.5¢ 1.0 1.5 - - - 2.5
i, liydrane Procesa unn 0.33 5.0 '8 1.9 1.5 3.5 28.0
5. Illydrogen Generntion e 0.0 1.5 3.0 1,49 3.0 3.0 13.1
6. Stirred & Sleguing Fixed Tads [URIN] - 1.2 6.0 8.y 9.0 6.0 30:'1
7. New Processes ' och - o - - - - 0.7
B3| - - 1.0 2.0 1.3 1.8 6.1
0. Procass Develovrent tivgport oo 5.h0 5.0 70,0 10.0 10.0 10.0 55.0
VIR - 7.0 8.0 8.5 9.0 9.0 3.5
9. In Situ Coal Gns!ification RC - 15 0.1 12,6 1,0 .7 3.7
va® - 280 20 %0 200 3.0 20 220
Totnl 13.1 35.0 6l 6.6 53.0 5.0 264.3
Toto)l Process Developtient Prosren 2685 2.0 15%T 159.% 1134 88.h 615.0

. Bpased upon K 1975 budget dala provided to Interagency Coal Converston Tavk Force an May 9 and Moy 15, 1974,

busa:-x In Situ Gasification Prograa proasntly oriented toward pruduction of o# BtV gnge

g=%
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thet allows processing of the cosl slurry without vlugging of the bed of
pelleted catalyst, and (2) use of a commercial catalyst for desulfurization
of heavy peiroieum 0il. The expected primary product is a No. 6 fuel oil.
frocess development should be completed by FY 1975, inciuding design of the
pilot plent, with construction to start in FY 1975.

A PDU unit wili be constructed to sc.;_le up the USBM Synthoil process
(turbulent catalytic reactor) capeble of processing 6 to 10 tons of coal
rer day. The Synthoil process has proved in the laboratory that high sulfur
and ash coal can be converted into a pre:m‘um. qﬁ&h‘.ty fuel o0il that cen be
burned in power and industrial plents without exceeding pollution emission
standards. Fuel tests on Synihnil pro.ducts will be demonstrated anéd research
conducted to optimize conversion of selected fractions to gasoline and to
hydrogen. Direct hydrogenaticn R&D will 2lso include scaleup of the Costeam
process. The Costeam process converts coel to clean liquid fuel by reacting
it with carbon monoxide and steau. In addition, 2 process will be develdpe .

for direct catalytic hydrogenation of coal using inexpensive catalysts.

2. Extractiion-Hydrogenation Processes FY 1974 $0.8 million
. ‘ FY 1975 $3.0 million
This activity will continue to support the development of extraction
processes such as Solvent Refined Coal (SKC), Consol Synthetie Fuel {CSF),
and a similar process under develorizeut by DXON. During sclvent extiraction,
hydrogen is transferred from the solvent to ccal yielding a product that is
fluid at elevated temperatures where it can be de-ashed ‘o remove pyritic
sulfur as well as the other inorganic solids. Pressures and temperatures
are advantageously lower, but removel of organic sulfur is not as efTective
as direct hydrogenation, requiring 2 second stage o hydrogenation for high
organic sulfur coals.

One objective of this activity will be to investigate tre techmical
feasibility and economic poitertial of the conversion of cozl to distillate

fuels by extraction and thermal cracking in 2 delayed coker. The key Teature

of this process is the use of z delayed coker for carrying out most of the
operations including removel of the char and ash. The char and ash would
be removed in the delayed coker by conventional hydraulic drilling. IS

successT™l, this process could be readily scaled up with a high degree of

confidence becaus2 the eguinment and tlie related tecanoclogy are 2lre=dy
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3. Pyrolysis Processes . CFY 197k $1.50 million
FY 1975 $7.00

This activity will involve continved development of alternative
processes for production of clezn coke a2nd clean licuid fuels by fluidized-
bed pyrolysis under =2 controlied aimesvhere of hydrogen.

Clean Cocke Process. - Bench-scale research by U. S. Sieel hzs teea

completed and the prosess develomment work will be completed zbout the end
of FY 1974. The process development unit is being operated tc estahlish
the feasibility of the operation, and studies are being made of process
water streams to avoid water pollution and corrosien of plant equipment.

The project will be ready for pilot plant in FY 1975. Costs are being shared
by industry cosponsorshis. )

The objective of this project is to enable use of high-sulfur coaj.ls for
coke production, =znd to avoid poliution in the coking process. Tt will 21359
imorove the economics of OCR's project for solvent refined low-sulfur, low-ash
co2l. The clean coke process combines low-tempsrature carbenization and
hydrogenation of coz2l. The process emphasizes the production of coke and
chemical prodvets, but production of ligquid fuels can readily be included
if desired. The amount of hydrogen required for the chemical products is
zbout one-n2lf that required for liquid fuels. The process reguires no

external hydrogen supply, and is essentially non-volluting.

Hydrocarbonization-Hréroliquefaciion Process. ~ Develompent of a liguid
)

fuels version of the clean coke process and preliminary design of 2 small

(10 ton/day) pilot »lent will begin. Lete in FY 1974 commitaents for ecuipment
items for the pilo® pilant will be mede. Utilizing technolesgy developed on
Project COZD and the clezn ccke process, the Ozk Ridge Wational Lakboratory
will coenstruet a process development unit for .low tem, srature cardenization

2t about 10 aimospheric pressure. Concurrently, an engineering evaluation

of the process will be completed for large-scale use of eastern coal to

menufacture clean liguids, solids; and gases for use in eastern power plants.
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L. Fischer-Tropsca Prcessses FY 1974 $2.10 million

FY 1975 $11.80

Development work will be carried out on the production of lignids from
coal by the catalytic conversion of CO and Ez produced by gasification of
coal. This work will include the production of synthetic oil by the Fischer-

Tropsch process, and the production of alconol fuels, incluiing methanol.

5. New Processes FY 1974 $1.0 million
) FY 1975 $6.50
Molten Salt Processes. - This project is oriented to produce leced-free

gasolire of Q0 octane or higrer Irom coal. Basic tests show that through
the use of zine chloride as 2 bydrocrackizg catalrst the cbjectives can be
achieved. It is irtended to carry this project further to provide its
feasidility for ccmmercial zpplicatior. This process has heen satisfactorily
cemoastrated at sm2l? scale. Major problem encountered was the recovery cf
tre catalyst. '

Flash Hydrogenation. - This project will investigate a ligquefaction

rrocess which provides for rzpic and direct contact of gaseous hydrogzen with
£oli?d coal 2% high temperature. Very short contact time for hydrogenation,
followed by rapid ccoling of the products, is known io minimize repolymeriza-
tior of the products and favor the production in highk yield of light oils
(benzene, toluene, 2nd xylene) together with some hydrocarbon gases. A&
rotating fluidized-ted reactor has a2 high capacity for coal conversion at
short ccntroiled contact tiae favorazble for high yields of ligquid products
thile heating finely divided coal to reaction temverature rapldly with
hydrogen gas. Catalytic or noncatalytic processing is compatible with

this rezction systenm.

Chericals from Cozl. ~ &L project by Dow Cherical Ccmpa:x:} to stuedy the

feasihiiity of using coal ligquefaction products for the manufacture of
chemicalgs is proposed which will provide a basis for czpital and cost
estimates for 2 commercial chemicals plant. This work will define the
economics, estimated prelininexry capital reguirements, and operating costs
for e cemmercial plan® which would use coal liguefaction products for the

oroduction of useful 2iiphetic and aromatic ceompounds. Produst samples
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from several coal liguefaction processes will be subjected to process
studies, analytical inspections, and otherwise subjected to laboratory
evaluations for characterization. Utilizing data obtained from these
studies, inspectioms, and process evaiuations, preliminary process flow-
sheets, and materials balances will be prepared. Capital and cost estimates
will be generated for a commercial chemicals plant.

A small program to produce olefins by fast contact and <recycle
through a multiple stage combustor/reactor is in the planning stage.
Preliminary cesign and evaluation of reactor chemistry, rates, and

yields will be accomplished this fiscal year.

Methanol Liquid Catalysts. - This project hes the objective of
developing a process for conversion of methanol to high cctene gasoline

in a catalytic process, using a new catalyst. This process may have the

potential for earlier commercial applicatior than other cozl liquefaetion
processes, since the remaining research and develomment required might be
completed in one to two years.

Kuse (Nuclear-Coel) Process. - This nuclear-coal conversion process

has high yields of oil and gas with less ecological impact. In this drocess
cne-half to two-thirds of the process coal is replaced with nuclear enexgy,
reducing the ash and carbon dioxide. It may be competitive by 1985. ©rPhase I
for two years is for demonstrating unit selection, techkaiczl and eccnomic
verification, development of a detailed program plant, and to define the
probability of success.

6. Eazineering Suovort Projects FY 1974 $0.90 million
FY 1975 $2.20

Liauefaction Data Book. - Hendbooks are essential aids to enginese

iy

S3
however, hondbooks must present data in condensed forms and witn litile
eritic2d evaluztion. They are thus prone to be outdated and are not
sufficiently compreheasive for the task at hand. This has led the :“La'ge
engineering firms to develoo data books of technical and design inforaation
for the specific design and eveluation efforits of interest to them. Thais
is cccomplisned by groups of experts who evaluate 211 availzble fundsmentel
data on o subject, correlate them within the most advanced framework, and

then present their findings in the most convenient formg for design eujincers

:zincers
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to use. Designers are thus Ireed from tne tasks of searching for ixifomation;

errors of interpretation, extrazpolaticn, and interpolation are pininized;

uniformity of design bases is ensured; znd greater accuraecy of desipgn is

achieved. This project would initiate and continue the compilation of =2

data book for use by the naru organizers parvicipating in the national

progran for conversion of coal to clean fuels. The first year or two :
will be used to cover existing data. A continuing effort is necessary to

keep up with new data and to replace obsolete data.

Keat Exchanger. - The synthesis of rueis from coal, both liquid and
gas, 1s dependent on the addition of large quantities of energy supolied
a2t high temperature for the endothermic reactions of char and steam and
the devoletilization of char. 3In conventional processes, this energy is
supplied by the combustion of oxygen with the char, by electric energy, or
by an intermediate heat caxrier whick releases either latent heat or chemical
energy. Process chemistry is often adversely affected by the method to
supply this energy. Heat pipes can transfer large amounts of thermal energy
over their lengtk and through a2 partition with virtually no temperature
drop, and at high heat-transfer efficiency. Thercfore, they 2llow the
isolaticn of the heat scurce from tne heat sink; in this wey, heat {rom
an energy source can be transferred from the source and released ian areas
where a careful control of the process composition is importart. The
attractive heat transfer properties of the heat pipes are the result of a
closeC system in waich a transfer fluid is continually veporized, absorbing
large gquantities of heat at the heat input end, 2nd is condensed, releasing
that heat at the output end. Because of the energy transfer copabilities
of heat pipes, the eveporator end can be nezted by thermal energy in a
system that is physically and thermally isclated from tiae condenser end

of tne heat pipe where the energy release occurs.

VCoal Liquid Pipelining. - After cozl has been converted from a solié
state to a2 gzseous or liguid state the products must be transported tc the
point where they will be used. There are problems which must de solved
concernir.g “*his traaspcrtation. These consist of ecology, visccsity,

punping recuirements, friction losses, the volatile nature of some of

the by-products, etc. This program will enteil engineering and economic
studies directed to solving these problems. The end product will be an

engine:ring data bock which will be available to design=2rs of future

Drejects.
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Characterization of Licuid Fuels from Cozl. ~ It is necessary to

determine the physical and chemical characteristics of samples prepared
under differen: conditiorns of temperature and pressure and ilow rate.

The products must also be characterized in terms of refining properties
and suitebility for upgrading into quality liquid fuels. The work of this
project is to éeveiop the required analytical methods for accomplishing
these purposes. The objective is to enable the selection of Lhe tyve of
conversion process and operating conditions that would provide liquids
frem coal having the most favorable refining characteristics. The Bureau
of Mines facility at Bartlesville, Oklahoma, will be used for this purpose.

7. 2Process Development Swoport FY 1o7h $1.70 million
FY 1975 $4.50

Specific Purpose Coal Preparation. - This project is gener=ting new

knowledze as to the impeact of coal composition, coal mining, znd coal
preparation on the practical aspects of gasification and liguefaction.
Gasirication and ligquefaction processes will be mzde more atiractive
econcmically, and more trouble-free operationally, if the raw meterial

fed into the system can be mede uniform in character and near optimum in
composition. Current research objectives include: (a) establisznmens of

the relationship between 2 coal's ccmposition and its behavior and yield

in conversion processes, (b) development of commercially feasible metheds

fer centrolling the composition of raw coal to provide process feedstocks
which can be wnifcrmly meintained 2% the desired quality, (c} developzent

of mining and preparation technigues which will increzse productivicy without
.decreasing the quality of the product and which will vrovide for reclemaziion
of +he mined land and provide for the useful dispesal of refuse meterials,
ané {(d) development of fully identified and representative samples of the
nation's coal seams for expverimenital use in defining the utilization poterntial

of various coal Types.

Lignite Pesource Develooment. - This -project is directel toward develop-

ment of processes for upgrading lignite into fuel gas, liquid fuels, chemicals,
and releted products. Tais reguires RiD to determine technologically cobtainable
economic yields of useful products from lignite, and four types of research

are contemplated: (1) metiods of dissolving lignise in the presence of

hydrosen, carioon wonoxide, and mixtures of corvon monoxide and steam,
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(2) carbonization studies tc determine yields, and methods of upgrading
products, (3) hydrogenation-distillation studies on extract using various
catalysts, and (4) studies in continuous low-pressure hydrogenation of
lignite under a range of operating conditions. 'The products will be
determined, using typical ideaiificatiorn techniques, and tyoical results
will be analyzed for possible development of an integrated process
developrert and possible pilot plant application.

- Research utilizing western U.S. coels in a direct firsi-siage
hydrogenaticn process +o yield synthetic c;rude 0il, solid caar fuel and

fuel gases is the main objective of this project. Certain properties of
this raw synthetic crude (such as low hydrogen content, hizh oxygen content,
sulfur content, ete.) would pronibit feeding this material into 2 conventional
oil refinmery. A second stzge, therefore, involves hydrotreating to yield a
syatnetic crude oil which could serve as a feedstock for 2 modern conventional
refinzery. Current invesiigations are also being ccaducted relative io the
production of high quality gasoline in substaatial yields from western

coals.

Desuifurization. - This ongoing project is a lzboratory-scale investi-~
gation of process variables vhich affect the degree of desuliurizing of

solvent refined coal and other liguids. (This will be 2 suuporting effort

to coal liguefaction projects. Desulfurizing is a very significant part
ol those processes.) Various coels are being tested ior these Durnposes.
The coniractor is investigating the independent variables affecting tne
cdegree of sulfur removal by hydrogen treating while in solution — to
identify those variables significant enough to warrant more campleta
study. fbout 25% of their study may be completed in suificient deteail

to develop mathematical or grapnic model of the effects of tre significant
veriables. The results will be used to develop ithe process design of 2z
coal desulfurization process in sufficiznt detail to estimzie its economic
feasibility. 4his project supports OCR's project for solvent refining

of cozl.
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High Btu Gas Process Development

1. Steam-Iron Process Fy-l1a7k $k.67 million
FY-iy. $6.00

This activity will continue the development of an alternative procass
for the production of a hydrogen-steam mixture for use in the Eyges hydro-
gasifier. 1In this process, hydrogen is produced by alternately reducing 2
hot bed of iron oxide with producer gas manufactured from ccal or coixe, and
then decomposing steam by reaction with the reduced iren, thereby reoxidizing
the iron ard producing bydrogen. The specific cbjective is the desizm,
construction, and operation of a2 pilot facility to cobtain process and design
data for scaleup.

2., Licuid Phese Methenation Process FY-197% $0.3% million
FY-1975 $4.CO

The Liquid Phase Methenation Process is being developed for the produc-

tion of high-Btu gas from coal-derived geses. The process is capable of
almost completely converting gas streams containing high concentrations of

carbon monoxide into methane in a single pass through the reactor.

In this process, inert liquid is pumped upward througa the reactor at
a velocity sufficient to both fluidize the catalyst and remove the reaction
hezt. The iow-Btu feed gas is also passed concurrently upward through the
reactcr where it is converted to 2 nigh-concentration methane stream in the
Dresence of the catalyst. The exothermic reaction heat is taken up by the
liguid 2s sensible hest and by vaporization. 'The overhead product gases are
condensed to remove tue product water and to recover any vaporized liguid Tor
recycle. The main flow is circulatory through a heat exchanger Ior temnperature

control.

Future work will be aimed at selecting a preferred reaction liguid and
catsyst to use in 2 more detailed reaction-varizble study. & larger scale

process~-davelopment unit is under construction.

3. Self-Agglomeration Procesz FY-197% $0.67 million
FY-1975 51.00

‘This project is for development of a coal sgasification fluidized-ped

coal burner tc provide the heat for steam gasification of coxl for producini

2 "moke" 2o intended Tor subsegquent coaversion to pipeline s, A najor



feature of the process is the method of combustion, which applies the "self-
agglomerazing” fluidized-bed technigue for burning coal with simultaneocus
Pelletizetion of the ech during the combustion.

Ir addition to providing a pelletized heat-iransfer medium tc +he
gasifier, the self-agglomerating fluidized-bed burmer is =ffective o=
collecting the ash contained in th= incoming fuel. Thus, the fuel can be
burned to yield a combustion gas essentialiy free of flyash. This particulate-
free hot combustion gas can then be expanded in an open-cycle zas turdine
for recovery of kinetic energy.

A preliminary design of the pilot plant is being prepared. The
objective is to obtain operating data sufficient for technical and economic
assessyent of the process zpplied to comaercial production of pipeline gas.
(The presen: scope of the program does nct ineclude conversion of the gasifier
Droduct, for example, through methanaticn.)

4. Hydrane Process ' FY-197% $0.36 millioa
FY-1575 $3.0

This hydrogasification process handles all t,pes of coals, recuires no

Pretreatma2nt of the coal to destroy its czking properiies, and prcduces a
high methane yield in the gasifier. A laboratory unit is now operating, and
a4 large Scale FDU will de designed. constructed, and -perated.

5. Hydrogen Generation FY-1974%  $2.00 million
FY-1975 31.6

Improved methods are needed for ihe generation of process hydrogen 2t

rezsonable cost. Tais is of great importance o hydrcgesifization processes.
b

This program will include laboratory, bench scale, and pilot plant efforts.

6. Stirred and Slagzinz Fixed Beds FY-1975 s1.2 =ili<oa

The Burewzu oI Mines has processed American caking coals with 2 fixed-
bed gasifier through the use of 2 stirrer in the gasifier. Past efforts were
aimed at prcducinz low-Btu gas. This project will develop the stirred-fixed
bed to produce high-3tu ges, by introducing and testing design chazges irn the

existing zasilier. Scale up to 2 larger unit is planned.



Mlso, begianing in FY-1976, the USMB will reinitiate the development
of a slagging fixed bed gasifier at the Grand Forks Energy Research Center.

7. New Processes FY-1974% $0.00 nmillion
) FY-1975 $0.7

Novel gasifiers will be tested, including modificabtions of the Lurgi

gasifier, to allow commercial gasification plants to be developad earlier.

8. process Development Support FY-197% $5.40 million
FY-1975 $13.0

The support projects are for equipment development, meterials developmers,
anq process development, found to be necessary during the execution of the
pilot plant program.

Equipnent Develozment. — Production of high-Btu ges from coal wiJ_'L_
involve large seaie (from 16,000 to 100,000 tons per day) feeding of coal.
The co2l must be reduced to--and controlled at--closely graded particle sizes.
It must then be fed into reactors operating at high pressures and temperatures
(1500 psi and 3000°F). DParticulate matter must be separated from product
gases. Char and ash must be discharged from ‘the reactor. Equipment such as
grinders, pumps, valves, separators, instruments, ete., to meat 211 these
reQuirenants of capacity and conditions do not exist. Concepts must be formed;
the post nearly suiteble equipment must be modified, new equipment aust be
designed and 211 these tested and developed before large plancs can hope to be
operated.

Materials Develooment. — The new processes being developed for the generation

of high-Btu gas from coal utilize combirations of temperatures, pressures, and
operating conditions that create considerably more stringent requirements for
materials of construction then are required in other sectors of chemical product
menufacturing. In order to specify the materials thet can survive these
conditions for the lifetime of the plant with 2 bign degree of relizbilily, it

is necessary o kiow and understand the behavior and resistance of many candid te
metals ond ceramics uader actual use conditions. A construct.on materials testc
and developmeni program has been initiated to subject a wide range of materials
to actual conditions (temperature, pressure, gaseous corponents) existing in

each of “le cozl gasification pilot plants now teing or to be operated. The
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response of ithese meterials (signs of corrosion, weight loss, embritilement)

to their environment will be recorded, correlated, and will become t22 bas

[

)

(2]

for materials specificatiorn.

Process Davelosment. — A prograr has been initiated to study, ozzrate,
evaluate, and compare various techniqueé that can be used to menufacture
hydrogzan in large volures. Processes now under investigation includs the
electrothenial gasification of char, the steam-iron process, and the steax-
oxygen process. As other candidate processeé become known and appear
suitedble for similar evaluation, they will be included in this process
development progrzm. The data generated will be used to establish winich
process for the manufactiure of hydrogen shculé& ve included as part ol 2

commercial coal conversion plant.

9. In-Situ Ccal Gasification FY-1974 $1.80 miilion
FY-1975 $5.3
The Bureau of Mines and the AEC propose studies of the in situ gasifice-

tion of eoal. Ileburatory zad field worx will be conducted leading to large
scale demonstrztion projects before 1980. The AEC concept envisioas the
in situ production of nigh Btu ges in deep coal deposits (500 - 3000 Tt
depth) through the introduction of steam-oxysen mixtures to 2 burning coal
regien that has been artificially fractured with chemical explosives. Tae
USS prcgram is aimed a2t the production of low Btu gas in shallower coal
seans (0-500 ft depth) using the natural permeadility ol the coz2l sezn to

free reactant gas and remove product ges.

RECOMMENDATIONS

The reouested 1975 funds for coal liguefaction and high-Btu gasification
2re well over twice the 1G74 federal fundinz level and there is 2 Rizn
probadility thet most, if not all, of these funds will be appropriaced. Taus,
there is = sufficiency of projects and concepts being considered for F¥-1975
funding. The m2jcr need is not for additional nconey.

A key area of eoncarn in thege greatly accelerated programs is the

adagnaey 0f th2 tachaical base for lasnchiny multizle pilot and densnstraction

e ® wa pey



scale plants. Of further concern is the small number of people sufficiently
experienced to ewpand this limited technical base. We believe the whole
question of mainteining a proper balance of priorities between large
empirically oriented plants and the. supporting R/ D necesszry to keep these
plants on stream is eritical. )

Also criticel is the question of which processes to accelerate, and
when and how fast, i.e., an overall cost-benefit analysis of the national
coal R/D options availsble., The results of this analysis could help set the
tone of the long range supporting R/D activities and the allocation of the
few coal xnowledgeable people available to most efficiently pursue coal R/D-
In brief, the most important need in coal liquéfaction and gasification is

esteblismment of a good mechanism for picking the optimum B/D route.

The OCR report written to support the FY-1975 budget proposals iz a
good start in the direction of a more balanced and orderly netional coal
R/D program. However, there appears to be considergble rocm for improving
project selection criteria and quantifying priorities between varlous R/D
options. We believe this expansion of top level objective program evaluation

is a prime requirement of the cozl synthetic fuals progran.
AEC Laboratory Contributions

The AEC Headguarters' staff hes been concernsd for over a year with the
problen of optionally applying the considerable talents of the national labora-
tories to the critical area of coal R/D. Thefe zre z number of high visibility
areas where the laboratories could participate in coal R/D, evidenced by the

11 procosed in situ gesificabtion program and the proposals to OCR from ORNL,
ANL, BIL, and LASIL.

lest summer 2 request was sent to the national laboratories asking “hem
to eveluate their own potential for doing coel related R/D. The request was
made to provide information for Georze Kill, then Director of the Office of
Co2l Research, sc that he would be cognizant of the national jaborateries’
capabilitiss during the national interagency eneriy planning activities conductest
ast foill. Sipee these self-evaluations probably contain ihe most comprehensiv.e
1ist o 72 eoal B/D cupibilibies, u compendiwm of thoss cviluations is incliin

in Apperdix 44,
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Program Balance

Overall progfam has been'brought into a2pparently reasorable valance
within the broad areas. With current information we cannot provide
a better balonce between gasification, liquefaction, and com-
bustion than existing inhouse government/industry ad hoc panels now
serving in DOI.

A4 nore sopnisticated systems approach will be neaéed row to guide
nanagement in relating funcding to often confliicting demands such

as those of commercial economices, coal supply, product marketabdility,
capital availability, internationzi policies, national economics, and
national security.

Manageme:

AEC, and DOI to a lesser extent, must press Congress for

more reascnable management situations if we are to exyerience results

comparable to those of other national commitweats, (Mennattan Project, etc.),

where loczl autonomous control by technical manzzement 23lowed the
necessary flexioility of effort. Currently, there is overcontirol in
tinming and funding. Lesson from Industry: sink or swim in indivicdual
projects will encourage individual productivity.

Allow management some flexibility to fund emerzency technology, i.e.,
have sufficiencr of discretionary dollers.

Other institutlional bottlenecks should be relieved: 1liberalize patents,

and ces: sharing rules, forget simplistic 1/2, 1/3 cost sharing rules,

and develop rational criteria.
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Miscellaneous

1. Large RiD centers give flexibility, provide for hifts of effort between
projects and conserve resources and manpower. The present empirical

programmatic philisophy may be less fruitful thon maintaining broad
research base. We submit that the national labs should be an integral

part of the government fossil program.

2. OCR preoccupation with boller fuels should be reexamined; distillates

are a bigger natlonszl problem than 0il to electricity.

3. Low Bt.: gas and methanol 2re fruitful areas for R&D. We suggest that

the national laborztories should set the following priorities:

b
ot
1

Supporting Technology - bits and pieces of larger projects.

1y
[*]
'

Iiguefaction - small scale projects still available.

1
=7
'

Pressurized Combustion - small scale projects still available.

=

ct

=2
)

New power systems, MHD, ete. - room for bench scale work.

0

<k

b
!

Low Btu Gas

[5)

ct
[ny
1

High Btu

Tth Pioneer plants

COMENTS BY LABORATORY REPRESENTATIVES

The following are camments on the Synthetic Fuels Program that were

contributed by represeatatives of the cocordinating and supporting lazboratories.

1. We believe that a major deTicieney of the present prosram is that it
does not provide for the creation of a permanent centralized ccal process

resezran and development facility. We mean, for example, a facility
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comparzable to those owned by the mejor oil companies. Such facilities
have the advantages of (1) zontiruity of personnel, resulting ia
thorough familiarity with all aspects of petroleum (or cozl) process
research and Cevelomment, (2) strong supporting facilities (an2l;tical,
chemistry, product testing and evaluation, process design, enginsering
design, instrumentation, etc.), (3) centralized orgenization, so that

vhen a problem is encountered (process, materials, catalyst, eic.),

the entire resources of the laboratofy can be nobilized, if necessary,

to attack the problem withcut delay, and (4 flexibility, so that

process design, process conditions, catelyst formuiation, etc., can

be modified, when necessary, in zccordance with day-io-day results,

ratner than being locked in according to 2 predeterminea coursa. Such
facilities typically have a large number of tench-scale and process
develcpmert units, and typically are working on @ number of proczsses
simultaneously. Typically also, the people worki-gz with the bench-scile
and process deva2lopment units have a close workinz relatioanship with thz
process and mechanical engineers who desizn the pilot plants and demonstrz-
tion units. Throughout the development phase, these engineers carry ou®
design studies and economic studies releted to process optimization and
Tull-scele application. The same engineers are fregueatly involved in tae

startup of demonstreation plants.

In contrast to this approach, ihe preseat program is aimed at the develop-
ment of specific processes, and pays virtually no attention to the need

for developing permanenl large-scale reseasrch and developnent facilities.

W2 feel that this suborogram is intermally reasonably ia balance. The

point has teen made that there is real need for many diversified, relatively
small (bench and process development unii) écale effor*s oa coal conversion.

Levels of effort proposed by ORC and NSF would seem to ve adeguzie to suppori
this effcrt. If a process innovation leads to reducing the cost of synthetic
natural zas as little as l¢ per million Btu, ard that inngvation is apdlied

to twelve 250 }Mcf/day plants, then consumers would be saved $1C WM per year.



We have been unable to identify any important missing ftasks within

this subprogram. However, there are maay areas vital to the
cormercialization of coal gasification that are oubside the scops of
this subprogram. For exzmple, critical shortages in process enzineering,
mining engineering, mining and ccnstruction manpower are anticipated.
The Project Independence Report on éynthetic Fuels from Cozl contzins

much more information on these issues.

Nmericel modeling is highly useful Whén'closely tied to an experimental
program. Cur consensus was, hawever, that it coudld not be used to skip
any of the steps in the bench-PDU-pilot plant~demonstratica plant segueace.
It has veen strongly sugzested that new pilot plants should be sited

where theyr can meke use of a technology and labor base. It is in=2fficient
+to have pilot plants so remotely located thet, for example, mainterance
personnel cen be used only at that plact. Also, nearby evailsbility .2

feed-stocks and markets is not important for pilot plant location.

We should plan to build on the strength of the nationa2l laboratvories ir
basic and zpplied research. It would seem at every opportunity we should
include mrovision for a research input in our planming. In the case of
cozl liguefaction, our laboratories have more in cemmon with the Bureau

of lines then with OCR. Perhaps w2 should be suggesting the merzing of "
the Bureau with the national lzboratories under z single aéninistsation,

to provide the resezrch plus fundamental development component e nead.
Othervise, we may £ind the Burezu and leboratories in competition.

We should also recognize the urgent nesd for maapower develcpment in micing,
ensineering and other energy-related disciplines. Speciel atvention nsesds
40 be given to the education and training of the pecplz in These categories
vho will be needed in increating numbers. We have in mind 2 ceparately

recognized pregram vhich would provide uwaiversity grants and matehing funds

f=

for trzining, equipmen:, racilities, etc. The patiern te be Joilowed wowind
be similar to that found in the past i the Division of Nuzlear fuergy
Trai

and Training and in NSF.



APPENDIX 4A

Summaries of Capzbilities for Coal Related Research and
Development at:

Argonne National Laboratory (ANL)
Brookhaven Xationzl Laboratory (BNL)
0ak Ridge National Laborzrory (CRN.
Lawrence Livermore Laboratory (LLL)

Los Alamos Scientific Laboratory (LASL)

Sandia Laboratories
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STATEMENT OF THE ARGONNE NATIONAL LABORATORY'S COAL R&D CAPABILITIES

The brief statement below indicates azreas of work that are
relevant and that as an integrated effort would provide an excellent
in~house capability in support of the expanded coal-use development
program. An integrated program containing the following elerents,

1. chemistry programs in the areas of process steps,

impurity effects, catalysis,_ advanced amalytizal
zechniques, and new process concepts,
2. chemical engineering programs on unit operations and
process steps,
3. wmaterials studies in the areas such as corrosionm,
mechanical properties, failure evaluatior and system
studies, and
4. component developmert programs containing components
desizrn and evaluation,
provides a very powerful tocl to program management. In addition to
the specific areas mentioned, all of these groups would provide an
in-house capability not only for performing research but also au
in~house capability that could be used in technical evaluatica and
program plamning. A complementary area where Argonne has done work is
the problem of strip mine land management and reclamation. We believe
our efforts in this area could be expanded significantly. The Argonne
effort on noxious pollutants supported bv DBER completes the resources

of Argonmne.



Recent Brookhaven National Laboratory Programs and Capabilities Fertinent to Zoal Research

-Total program

Remarks

aosts to date Supported
Programsg Dates thousands of dollars by

. Dispersion from tall stacks.] 1969-73 |’ 1,000 AEC
Oxidation of SO, in coal’ 1969-73 1,000 AEC-EPA
and oil fired plumes
Oxidation of acid mine 1969-70 100 AEC-FWPCA
dralnage ‘
Development of pumpable j 1970-73 1,500 Bu.Mines
bolts for coal mine roof
support )
Studies of coal-nuclear 1969=71 25 AEC
MHD cycles

The Department of Applied Science conducts programg in:

i) BDBanic ckemlstry rcscarch including work in polymer chemistry,
chemistry, organic crystallography and fast reaction kinectics.

—

Advanced 'capability of modeling
plume dispersion

50, oxidizers less rapidly in
coal fired plunes .

Several reports on ozonation and
limestone treatment were publishe

Protot&be macliine being'developcd
by industrial co., DNL is sub-
contractor

Several publications in literatur

organic chemistry, surface

2) Materials rescareh inecluding spuperconducting materials, high temperatu:e matexials, and

concrete-polymer matervials,

3) cryorenics rescarch including superconducting wagnet design and construction,

4) Process chemistry including separations chemistry, polymer syntliesis.

5) Mechanical engineering including stress analysis, structural design und reactor design.
6) Chemical engineering including heat transfer and reaction vessel design. '

The Department Ln conjunction with Burns and Roe, Inc,, has submitted a proposal to OCR on a process fo
converting coal to liquid hydrocarbon products in a rotating fluidized bed reactor.

-y
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Capabilities of the Oak Ridge National Laboratory for
.Research ‘and Development on Coal-Related Activities

The Ozk Ridge National Laboratory has recently propos2d research and
development programs on a number of coal-related activities. The largest
of thesc consists of a comprehensive program aimed at the development and
early demonstretiocn of practiczl, ecomomic processes on 2 commercial scale
for converting cozl to clean liquid fuels for the transportation sector.
Smaller efforts are being proposed on the development of advanced under-
ground mining techniques and on the commersial-scale dememstration of the
production qf methanol from coal.

‘The detailcd formulation and execution of these activities would be
carried out primsriiy by z grcus of chemical engineers in ORNL's Chemical
Technnlogy Division who are experienced ia process dsvelopmert and demon-
stration. Over a period of 25 years, the Division has taken a2 number of
major processes of world-wide importance £rom basic chemical studies -through
the successful cesign and operation of large, complex demonstration plaats.
The Divisicnls capability for successZully developing processes through all
stages of research and development including thc design and operation of
multimiliion-dollar demonstration plaats is believed to be particularly
relevant to the proposad cozl-related activities. The Division is evperi-
enced_in the development of eguipment and control methods for individual unit
operations important to coal conversion processes. The Division is also
2dept ot making in-dfpth studies and projections in areas such as energy
supply and aemand, and is familiar with modern techniques for cost-benefit
analysis. A notable example is a recent study for defining alternatives
whereby a large, coal-fired steam plant could mcet proposed Indiana emission
standards. Although the Division's activities are related primarily to
aqueous-based processes for the nuclear industry, 3 considerable amount of
experience also exists on high temperature, non-aqueous processing and in
diverse areas such as bioengineering and the developmeat of high-speed
automated analytical techniques for biomedical and envirommental applica-
tions. i

The Oak Ridge National Lzboratory has an unparalieied collection of
supportive disciplines and facilities that will be indispensable in the
sucecessful executicn of the proposed activities. These include chemists,
metallurgists, ceramicists, biologists, and an integrated central cesign
organization. In particular, the Amalytical’ Chemical Division is experi-
enced ar developing techniques for monitoring and analyzing various streams
and materials cssociated with process development. There are important
environmental considerations associated with the proposed activities, and
the Laberatory has experience in assessing the impact of large, complex
operations on the enviromnment.

Finally, the Laborztory has strong ties with the Tennessee Valley
Authority and with the University of Tennessce whose central owcrations are
located cenveniently to the Laboratory. The Laboratory is also located near
fmportant coal-mining operations in the Appalachian region.
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LLL CAPARILITIES FOR COAL AND OIL SHALE RESEARCH AND DEVELOPMENT

LLL is uniquely qualified to conduct complete research processes

from cencept through inhouse laboratory research to full scale

field execution and demonstration. LLL has exter~sive laboratory

and experimental field testing facilities well supported by one

of the largest scientific laboratories in the nation. The laboratory
is specifically qualified in the area of natural resource
development based on long experience in conceptualizing and

executing programs on the massive breakage of rock materials.

specific abilities to do research and development on coal
conversion processes and or. oil shale, including those developed

during our recent feasibility study on in situ coal gasification

are:

1. High pressure, high temperature equipment for studies of
coal and char gasification reactions with steam, hydrogen
and carbon dioxide.

2. Extensive aﬂélytical capabilities for coal gased chemicals

including mass spectrometry and on-line chromatography

facilities.

3. Compleie thermal and physical property measuring techniques
plus the differential scanning, calorimetry specifically

designed to measure water content in natural material, and
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equipment do to simultaneous DTA, TGA, and RGA measurements.

Calculational thermodynamic capabilities include computerized
calculations of equilibrium mglti—phase compositions in a code
to model simultaneous heat and mass transfer, chemical kinetics,
and a_f£luid flow in 1, 2 and 3 dimension is being written for

in situ gasification of coal.

2 high pressure rock mechanic laboratory for measurement of

mechanic properties and equation of staté of natural materials.

Complete metallurgical labs and extenéive experience in
problems of hydrogen embrittlement and hydrogen containment

of high pressures.

A background in computerized control of lab experiment and
automatic data acquisition systems. This experience is being
applied to a large scale adiabatic reactor experiment to simulate

in situ gas and shale retorting processes.

Extensive radiochemical and tritium handling facilities providing
the capability for chemical tracer studies with hydrogen ard

carbon isotopes at very low radiocactivity levels.

Experience in econcmic assessment of in situ processes relate-

to coal.

10.The laboratory Biomedical Division and Environmental Group

can perform extensive and environmental impact evaluations.
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CAPABILITIES OF THE LOS ALAMCS SCIENTIFIC LABORATORY IN
COAL UTILIZATION RESEARCH AND DEVELOPMENT

Many of the technical prcblems which have been traditionally solved
at the LASL bhave involved difficult aud unique materials developments
ani raterials handling involving remote operations, experimental
diagnostics in extremely adverse enviromments, and design for high
temperature - high stress applications involving nickel base zlloys,

refractory metals, ceramics, and refractories.

The LASL is a self-contained R&D organization having cn-site an architectorial
and engineeriny staff, a standards lab, a large technical library, one of

the largest computer facilities in the nation, shops, graphic arts and
purchasing departmeats which support twelve technical divisions (Physics,

chemlstry, theoretical physics,ete.).

Specific Areas of Possible LASL Research and Developmeut in Coal Utilization

1. Physical-chemical measurements (thermocheaistry, electrochemistry,
physical and mechanical pfoperties.) ‘

2. Heat pipe cooling of methanators

3. Thermal decomposition/electrolytic recombination topping systems
for production of electrical energy from coal.

4. Fuel cells indirectly powered by coal

5. Production of stable isotope as tracers

6. Numeilecal fluid flow simulation

7. Fate in the enviromment of sulfur

8. Fate in the enviromnmeut of trace elements (mercury, lead, arsenic,

i

selenium anc radionuclides)



9.
10.

12,
13.
L
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Hydrofracturing techniques éo aid in-situ extractic;z

Study of the formation and agglpme’:at:ion of fines in coal combustion

Ir;-sn:u gasification vsing suction flew .

High temperature gas loop heat exchanger test facility

Broad-based research support for the Four Corners power plant.

" Physico~chemical measurements

a) Thermochemistry (particularly with respect to the oxides, carbides
of refractory me:alns) enthalpies of formation, heat of vaporization
and reactions, specific heat measurements.

b) electrochemistry
molten salt electrolytes

¢) Physical and mechanical property measurements
examples: thermal conductivity, elastic constra;nts, surface

characteristics, crystal structure, high pressure studies, ete.
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Capabilities of Sandia Laboratories in Coal Related Projects

Sandia has a strong background in koth basic materials R&D
and physical testing of materials. On the basic research

side it is more physics than chemistry oriented. They have
also been involved in field programs to study environmental

pathways oi pollutants.

Sandia is currently performing a feasibility study of in situ

coal gasification utilizing high explosive fractured coal seams.
The study is based on sophisticated computer codes for resporse

of materials to shock waves. Similar codes are being used to study
op£imum water jet drilling technigques with possibie coal

mining applications.

Another potential Sandia project involves recovery cf methane
for fuel use from certain Eastern coal mines. If any of these
feasibility studies avpear promising Sandia hopcs to participate

in joint industry government projects in these areas.
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