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IV- SYNTH2TIC FUELS DEVELC~.NT 

SV.~UU~Y 

The objective of a Synthetic Fuels Development Office of the Coal 

Programs Divlsimn will be to develop a broad base of process chemist_~-J 

and engineering that ~ll provide a continuLng source of methods for 

pr~ces.~ i=?rovamemts amd sew process concepts. The types of projects 

to be managed through t~s office will consist of (!) laboratory and 

bench scale work to develcp_ process chemistry~ (2) work at the process 

develoument scale ~up_ to 10 tons coal/day) to provide engineering concepts 

and data for process evaluatioa and scaleup, am~ (3) supporting work in 

such areas as materials and component equipment. The projected ~ 1975 

funding for this office is sh~.m in the followin~ table : 

Liquefaction Process Development 

Btu C-as Process Development 

1975 
Transferred ObliFations 

Fro=: ($ millions ) 

ocR 30.6 
USBM 26.7 

0C2 17.7 
USB~t Z3.9 
AEC 3 .__AS 

T~tal ¢~2. ;. 

~?ZRODUCTION 

P.~troleum and associated gas. fortunately, often occur together in 

nature. A~ the ~-;el/. .~ead~ simple disengagement techniques c~% separate 

fixed portions of natural gas a~d crude oil. The oil can then be refined 

to a wide variety of liquid fuels. 

W~en coal ts converted into gas and liquid phase-=, the proportioms co.% 

be controlled by ml~_nt design. The goal of a p!~t for fuels production 

from coal is nob just producLng gas or liquids from coal, but produci.~n~ 

gas ~.ud liquids in ~he mDst desirable proportions. Thus, -,'e have proposed 

high BTU ~asification 9rod liquefaction of coal be cc~_bined in one EKD~ 

office in this report. E~_ch gasification s.~d liquefaction proce&c produce~ 
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a characteristic mix of solid, liquid, an@ gaseous ~aels in the initial 

reaction stages. This mix must be converted by subsequent reZining 

o~erations to the most profit~/ble product .mix. The optimum fla.-sheet 

for these o_meratlcns often a.~pears to be an integrated combination of 

current g&si~.'ation and liquefaction flowsheets. Liquefaction processes 

in particular, by ~udicicus alteration of controllable process parameters, 

can ~roduce widely varying proportions of char, heavy fuel oils, distillate 

fuels~ and gaseous products. We believe the best coal gasification ~Id 

liquefaction fuel plau~n_ing caL be accomp!is~hed by a single menagement group 

responsible for settin~ overall _oroject priorities ~ the light of the 

nations! need for coal derived z"uels. The o_Dtio~ of combiniug the best 

sets of unit gasification and liquefaction o_Derations to be responsive to 

national needs should m~l~e this group much more flexible tha~. two separaze 

liquefaction and gasificazioz~ groups. 

The primary focal point for coal liquefactioa and gasilicaticn in %h ~ . 

.~ederal Government has been and continues to be the Office of Coal Resea2ch 

(OCR), although the Bureau of Mines (USRM) plays a substantial role. NSF 

and AEC also have coal synthetic i~ue! projects. In 1975 OCR ~ill fund over 

half the goverraent F/cO in liquefaction and gasification am.d perha_os ~ of 

the ~ilot plant ~-nd larger projects in these areas. Interestingly~ OCR has 

~ust undergone a recrgar~ization which included transferring some key US~.[ 

personnel into OCR. This might reflect implementation of a plan to draw 

together all cc~l R&D under one group in the Department of ~he Interior. 

The new OCR organization is ~no.a~l in Fig. 4.1. 

.. OBJECTIVES 

The objective of the Coal Conversion P~%D 2rogram is to deve!o_~ --on 

an accelerated and cost effective basis -- a base of teci~nolc~ that will 

permit the ra~id co-~ercialization of coal conversion processes that are 

technically and economic~_l!y viable, are envirommentall~- acc~otable, and 

represenZ a ~¢ise utilization of national resources. In aci~ie%!.ag this 

objective, a development process is being conducted that evolves thro~h 

the stages of (1) laboratory .-nd bench scale, (2) process development 

scale, (3) pilot and protot-2~e plant scale, and (4)" demonstration and 

pioneer plant scale. 
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SCOPE 

The scope of this section is restricted to the first two stages of 

commercialization 3 the latter two being dealt ~.~th in a subsequent section. 

Here we deal with coal conversion programs on the process development scale 

an4 Below, including related applied research work deliLteate4 by problems 

antlclpated in the various considered processes. 

OVERVIEW 

For purposes of discussion and a broa~ overview the fol!c~'iug definitions 

are advanced to define these various scales of devel~mez~t in terms of capacit5 ~ 

s_ud capital cost. 

Table 4.1 Scales of Process Development 

Ca_waci~j Capital Cost 
Unit (to as coal/daT) (~ millions) 

Bench (~SU) <i <l 

Process Development (PDU) l-lO 4-10 

Pilot Plant 50-80 15-30 

Pr-oto~ype Plant 200-I~ OOO- 50-80 

Der.onstration Pl~m.t 5, 000-10~ 000 Z00-~00 

Pioneer Plmut 20, 000-30, 000 400-800 

Commercial Plant 50, 000 800-1, 500 

The fu-uction of laboratory and b~uch scale units is primsrily to 

establish the scientific feasibility of a process. ~"ne ,-ror~: normally is 

conducted in batch or semicontinuous units that represent only the ke:z 

steps of a potential process. 

The fum.ction of a Process Development Unit (PDU) is to es=ablish the 

engineering feasibili~ of a process. The PDU no_~./-ly provides the first 

o o_portu2i~- to evaluate ~_ngineering aspects such as component designs, 

materials of construction, and adaptability for scaleup. 

Pilot and prototype plants have the ~bjectives of detenmining the 

engineering viabilit:- of the process and providir~ data fo_ • se~ieuD. In 

g~neral, a protot.~e scale plant has the md-¢~utage that it needs to be 

sc~.!ed up by only a factor of 10"to 20 to the first'trains of co~_nercial 



pla~ts ~nC may u+.ilize the ~ma/_lest sizes of commercial equi_L~ent of the 

typ_e that would be utilized in a commercial plant. 

De~monstration ple.%ts ~nd _pioneer pla.%ts have the objective of estab- 

lishir~ the econo~dc viability of a process. The dz~onstration plauts 

normally consist of a first process train that later may be replicated to 

provide for zAI.LI commercial scale. A pioneer plant is the first co~m~erz_ial, 

multi-train ~lant of a given ~_-e. 

In Keneral, a strategy for process development (especially for liquefac- 

tion processes~ which are currently iu an early sta~e of decelc~ment) t.hat 

evolves through the stages of (i) bench, (2) process development, (3) protot~j!2e 

plant, and (4) pioneer pla-nZ iz recom_mezded. '5%e foli~in~ presents specific 

recommended str~.tegies ~_thin each scale of operation. 

Lz'corato_~-, BencL~., ~nd PDU Scale. - In view of ~he risks of failure 

in estab1_isb_inz coal conversion tecb~no!ogy, the complex_ity of conversion 

processes (e.g., effects of many t-jp.e$ of coal), and the very hi~a costs 

cf pilot, protot~rpe, demonstration and pioneer plants, we believe that it 

is i~andamenta.lly sou~l policy and ine.k_~ensive ins,uramce to provide for 

(i) a broad e/.d deep base of supporting tec~ology in process che~aistrj, 

process engineering , ~nd envirorumental effects, (2) support of many 

alternative ~nd competing concepts through the PDU scale, ~_nd (3) multiple, 

i'~lep=ndent PDUs for each of the prime candidate processes- 

~ne benda scale '~.it ~nd the PDU are the basic tools of process 

Geveiopraent. They must ccntin'~ to operate even durir-~ ~ t.he o_oeration 

of larger plants to protide a testin~ ground for proce~ va/'iations. 

Dup_lica~ioz of effor~ at 5he bench and PDU sc~!~ iu noZ necessarily 

western!. We need tc d!vers'~- our process develo~men~ base; we should 

have =_ large number of bench end PDUs t.hrou~hoht t2qe coum.t_~'. Different 

qualified i_nvesti~etors do not "duplicate" each other's work; their eff:.-ts 

inev~tabls, diS.'~r im smali~" but often vitaS.ly significant details. 

.~roto~2-ge g zzle. - A prototype scale plant is generally rec0~nded 

as the next scale c~ develo;zen~ after a PDU based upon the following 

considerat!o~s : 

(!) IZ represents a technically fe,-sible scaleup by a factor of 

abouz lO0 ~;ith :~_ relaziveiy acceptable co~t of failure. 
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(2) Such a pignut (n~--nzl!y a factor of i0 larger tha~ a pilot 

plant) normally is !~rge enough to utilize the ~/pes of 

equilmment (vessels, pumps, filters, compressors, heat 

exchangers, etc. ) that ~¢ould be e_~Dloyed i~ a co~rcial 

plant ~_nd would rec-aire a sc~-leup to s~_n==le tr ~ains of 

full-sized commercial plants by factors of o.n15 r !0 to 20. 

(3) ~ opposed to the direct scaleup fro~ pilot _Dls.nt size to 

.~he first train of a co~uercial unit (e.g., a ~Jpica! sca!elzp_ 

from 90 to 5000 tons coal/day), the proto~-~_e plant provides 

for (a) eonsidergo!y less technological risk~ (b) lower capital 

imves~3ent (e.g.3 $60-80 million vs $200-500 mi///on), (c) faster 

ccmpletion (perhaps 30 months vs 36 m~nths)~ and (d) greater 

facil--ity for rapidly making necessary process and equilmzent 

modifications. 

Damonstra~ion/Pioneer Scale. - .~[ormal!y~ sufficient data would be 

available from prototyp_e sc~-!e operation to enable the construction of 

~ioneer commercial plants ~¢hich would be constructed with a vezs~ high 

percentage of .~rivate fun~s. 

The PDU~ proto~jpe, pioneer pl~--nt strate~/ ot~tlined above is %he 

strate~, thaz has been chose.n by Hydrocar'Don Research Inc. for develop- 

ment of ~heir K-Coal process and, also~ is tbm announced strate@y of 

EXXON for development of their extraction-cerbonizatio-n process. One 

propose! for developme_nt of the solvent refined co~-! process is based 

upo~ an existinz 6-ton/d~y (.iilson'ri!-le, ~la'oamz) ~nd a 900-toa/d~-y 

prototype pl~nt that :;ould be Wne forertu-mer of a pioneer pl~nt. 



PEES~--~f ~_~D ~=ROPOSED F!~fE-_v~2 PROGP.~,:S FOR 
SYNTB~T!C FUELS PROCESS DE%~_IOF..LEIIT 

Funding obligations for FY 1974 and the period FY_ 1975-FY 1979 for 

proposed synthetic fuel develolmuent projects that ~ould be transferred 

from the 0CR, US~[, and ~C are shown in Table 4.2. The followinK sections 

will proviie brief descriptions of the individual projects in liquef-ction 

and hi@h-Btu gasification. 

Liquefaction Process Development 

I. Direct F~vdro~enation Pr_ocess~s FY 1974 ~.71 million 
FY 1975 $19.8 

This activity involves the continued developzent of processes for the 

c~ta/~vtic hydrogenation of coal in coal-oil slurries. It has ~e objectives 

of providing basic support for the H-Coal process and continuing the devm!o_m- 

merit of fixed bed processes such as those currently under development by t~ 

Bureau of Mines (Synzhoil) -~ud Gulf Oil. 

This is the hi~est priority liqtlefaction activity and embodies projects 

invol~rir~ su~.porti.-~ tec_~mology 8.nd process devel _opment t~ts of various sizes. 

~drogen, at elevated pressure and tempera~-ure, is added directly to co~_! to 

liquefy and desuSv'urize it, first to provide a c!e~% heavy fuel oil e_nd then 

to upgrade the •ael. Various catalysts and various reactor styles are be-i_ng 

evaluated. Processes for power pla~t fuel oil will be emphasized in the 

classification, as well as ancillary projects to also refine the product 

Lnto gasolLne and diesel fuel, and to use some product oil ar~! waste solids 

to m~e the needed hydrogen from steam. These processes use a fixed or 

eb lu!lated catalyst beds in the reactor with turb'alent flow of hydrogen ~-nd 
o 

coal slur_~- to maintaia operability. New throw-a:~ay cate/yszs wiS! be 

evaluated in a Berguis-type reactor wherein catalyst is slurried vritJq th~ 

coal. A few %mcsual catal~ic systems are also included. Use of nascent 

hydrogen as obta~_ned from carbon moaoxide and water will be evaluated for 

coal !iquefaction. 

The process development work being performed by Gulf 0il ~_nvolves 

fixed-bed catal~-~ic h.vdro~enation of coal in a ~al-oil slurry. Key 

feature& of this proces.~ ,~me: [i) use of z sL~.ple, ue.ique reactor desi~ 



Table 4.2 ~en,Lr¥ of Proposed IT 197~-~'/ 1~7) /,ut'~,~rl~-~Ltan~ for ~ b - i ' i l o t  ! 'J 'mt ~c:~le, 
~ o c c n  13e~elop_-.ent ProJeet~ in  Syntt~etic ~ e l ~  t!~t,  ~c~Id be 'fr~m,-ferred to  ~:fLL',', U~,,ler l/~ 11~10 u 

t~met~ ubtt!;at[~,t~ by i ' l rcn l  ye.~ ~:~ nll!|o~ ~ 

/~.ene~ 191h 1~1~ 19~6 1917 19~8 19"19 1975-1979 

L lq~e fae t ton  '~rOeesa I~eve lo~ent  

1. Oirect I~dro~en~tton proce|ae= OOH IJ0~ ~' |leo 1~.0, 38.0 ' ~,1,0 6.0 
U ~ t  1,95 15 ,0  13.9 10.9 lO.5 1~.o 

2. I~xtraet lon-l lydrogenat tou Proceesae OCn O.O 3.0 I..~ - 

3 ,  ]Vrol,yels t~'oces~es O~R 1.P 7.6 9.0 8.0  ' 5 .0 . - 

h. Ftaeher-Tro~meh Vextatl.en~ OOH 2.0 T.8 G.O - 

% Heu ~ c e e a e ~  OCn • 1.01 ~.~ 1~,0 7. 7 7. ~ 7. J. 
U.~l~q - 1.5 2.0 1.3 1.O 

6. ~ngineerln8 6up?ort OCR .' 0 .9  2.~ 8 .7  h ,8  3.0 3.0 

7. Proceaa ~evelopment ~upporl~ OC~I l , ' r  1.5 h,p I . o  I . o  ' I~:o 
u a ~  , _ : . _  ~....~ ~ 9.o 9.0 ,~,_..~o 

Toter  ~,t~.7~ 63.0 9~.6 9o.9 6:~.0 he.~ 

IILG,~_BL.U Oaa Process P,.ve!oD~..en~ 
1. ~ L e ~ - I r o n  Proceas (~R I h ~  "~,O 3.~ " " 

2. Liquid  Pha~e l.leth=nntion OC~ 0,31t L'.O 0 .~  - ' - 

3. 5elf-~.E~lIlor, ara~!n~ Process  OC!: O . ~  1.O ),.~ - - 

.5. Ilydt~Pgen (:,..nernLton II,:,t.*l O,(~ 1.6 3 ,0  ~.~ 3.O 3 ,0  

~. S t ! f red  & .,te/:~.,. ,,, t'l~ed ",edn P~;:~;I ~ ~ 6,0 0.~ ~.0 (;.0 

7. l,re~ J 'roeeases 02n 0.7 - - 
u:v.~:t . 1 .o ~ . o  1.3 1.8 

O, 1Peoeer~ ])evelo.~cuut fiuppot't O~g ~,1~0 ~.0 ~:0,0 10,0 l~J,O 10,0 
U~!~ T. o t|. o O. ,~ 9. o ~. o 

9. In  6 t t .  c o a l  On~*.fte~ien tF.C b " 3,~ ~.1 1;~,~ 11,,0 lh .  7 
uan~:t 1..;...~ :'.__9 ~ lo.._.po 3.o ~..___oo 

To~al X3.t "...~.O G~,.l 61.6 53.6 ~3.o 

Tota l  Process Develop~;~t Pvo~re~ ~'(,OP ~.?.o ISP.7 155.5 l I~ .h  ~3.11 

8~. 0 

~ , 6  

13,0 
16.0 

1~.8 
6.6 

21.0 
IJl.___.~6 

35o,7 

~.~ 
;~.~ 

~0.o 

13.x 
3o:'t 
0.7 

~ . 0  
3'1.~ 

53.7 

~6~.3 
~;t5.o 

, I  
co 

• ~ , s e d  upon ~'{ 197~ bu~:e~ dnt~ i,rovlded to Int~r.~'eney Col l  Con;'ers~.on Ta~k Force an Hay 9 end I ~  16~ 197h, 

bu$~  In St tu Gastf ieatLon ProGr~ p:'.:.;en~Ly or iented to',ru'd prmt=e',ton Of 1o~ |~tu 6nJ. 



• 4-9 

that allows process~_ug of the co~l slurry without pluggi~ of %~he bed of 

pelleted catalyst, am~ (2) use of a commercial catalyst for desulfurization 

of hea~, petroleum oil. The expected primary prod-act is a No. 6 fuel oil. 

Process development should be completed by FY 1975, including design of the 

pilot plant, ~cith construction to start in FY 1976. 

A PDU unit will be constructed to scale up the US~M Sy~.t~hoil process 

(turbulent eata!y~.ic reactor) capable of processin~ 6 to I_O tons of coal 

per day. The Synthoil process ~ proved in the laboratoz3r that ~ sulfur 

and ash coal can be converted into a premium qualit-j fuel oil that c2_% be 

burned in power mud iudustrial plants without exceeding pollution emission 

standards. Fuel tests on Syn~h~oil products will be demonstrated and research 

conducted to optimize conversio~ of selected fractions to gasoline an~ to 

hydrogen. Direct hydrogenation R&D will also include scaleup of the Costeam 

process. The Costeam process converts coal to clean liquid fuel by reacting 

it with carbon monoxide and sterna. In addition, a process ~rill be develope . 

for direct catalytic hydrogenation of coal using inexpeasive catalysts. 

2. Extraction-Hydrogenation Processes ~ 1974 $0.8 million 
FY z975 $3.o million 

This activi~j will continue to support the develoument of extraction 

processe.~ such as Solvent Refined Coal (SRC), Consol Synthetic ~h/el (CSF), 

and a similar process u~nder development by EXXON. During solvent extraction, 

hydrogen is transferred from t~.e solvent to coal yieldizg a product that is 

fluid at e!ev~ted te _opera,ares where it cam be de-ashed to remove p3Titic 

sulfur as well as the other inorganic solids. Pressures and tem_uera~es 

are advanta~eous!y lo,~er, but removal of organic a,'~!/~Ar is not as ez~'ective 

as direct hydrogenation, reqtliring a second st.age of hydrogez~ation for high 

organic sullen ~ coals. 

One objeciLve of tD~is activity 1~ill be to investigate the technical 

feasibility and economic potential of +..he conversion of coal to distillate 

fuels by extraction and the_~mal crac.kin~ in a de!a~-ed coker. The key feat~re 

of this process is the use of a delayed coker for carrying out most of the 

operations including r~ova! of the ~har and ash. _~he ~har and ash would 

be removed in the delayed coker by conventional hydraulic drilling. If 

sucees-~dl, this process could be readily sceled up :pith a i:igh degree of 

confidence because the equipr..ent and the related technolo~ ~ ,~re already 
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3- P~ol~,sis .~roqesses ~/ 197~ $!. ~0 "~mi!/ion 
FY 1975 $7.60 

This activi~" ~rill involve cor~t~.~ued development of altez~ative 

processes for ~roduction of cle~. coke and clea~ ~ic_~id f~e!s by .fl~idized- 

bad pyr_olysis under a controlle& a~mosphere of hydrogen. 

Clea~ Coke Process. - Bench-scale research by U. S. Steel has beea 

completed amd the process develo_~ment work will be comg_leted about the end 

of FY 197~- W_ne process development unit is.beiz~ operated tc establish 

the feasibility of the operation~ and studies are being made of process 

water streams to avoid water pollution and corrosion of plant equipment. 

• he project ~!l be rez~ for pilot pla~t in FL 1975. Costs are being shared 

by imdustz,j cospo~_sorship. 

The objective of tb~s pr6ject is to enable use of high-sulfur coals for 

coke production~ ~%d to avoid l~llution in the co ~kir~ process. It ~ril! als9 

i~grove the economics of 0CR's project for solvent r~fined !~-sul.~, l~-ash 

coal. The clean coke ~rocess combines low-temp_eratt~, e carbcnizatio~ and 

hydrogenation of coal. The process emphasizes the productiom of coke and 

chemical products; but produc~o~ of liquid fuels cau readil~ ~ be included 

if desired. ~e amo~-t of hydrogen reqaired for the chemical products is 

about one-half that recked for liquid fuels. The process requires no 

external hydrogen supply, ~ud is essential!~- non-pollu~_~. 

F~dr~_~bonizatio.~-B~vdroliouefaetion Process. - Develo_~ment of a lio_~id 

fuels version of the c!e~n coke process and prelimin~a~j design of a smell 

(I0 ton/day) pilot pl~r.t will beg~__~.. Late in FY 1974 eo~tments for e_cuipment 

items for the pilot plant ~ri3_! be made. Utilizing tecbmo!ogy developed on 

Project COED amd the cleau coke process, the Oak Ridge i{ational Laborato-~/ 

will ceastruct a ~rocess development trait for low t e~, .~rature ca~ocnization 

at about !0 a+,~ospheric pressure. Concurrentl~ a~_ emgineering evaluation 

of the process ~ll be completed for large-scale use of e~stern coal to 

m~-nufacture cle~n liquids, solids~ and gases for use ~n eastern power pl~-~ts. 
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h. Fia~.'qer-Trocsch Prcc-~sses F£ 197h $2.10 million 
FY 1979 SU. 8O 

Development %'ork -sill be carried out on the production of liq, lids from 

coal by the catalytic conversion of CO ~n~ ~ produced by gasific~i%io~i of 

coal. This work :.-ill include the production of synthetic oil by the Fisci~er - 

Tropsch process, and th~ pro~iction of alcohol fhle!g, incl~Eing methe_nol. 

5. New Processes FY i97'4 $i.0 million 
FY 1975 $6.50 

Mo!tez Salt Processes. - This project is oriented to produce iea~-free 

gasoline of 90 octane or higher from co~l. Basic tests sh~- that- t.~ough 

the use of zinc chloride as a bydrocrac.king catal~rst the objectives can "De 

a~3nieved. Tt is inte~e~ to carry thi.~ .project further to provide its 

feasibility for cc=zercia! application. ~_nis process has b~en s=.tisfactorii~ 

de~o.%aZrated at sm~_l, scale. M~or problem encountered wa~ the reeovel~, cf 

the catalyst. 

Flash _'<vdrogenat-o~. - .~lis project ~rill investigate a liquefaction 

process :~hiah provides for rapid and direct contact of gaseous hydroge= with 

goli ~ _ Coal at high temlpere.tlire. Very short contact ti~e for hydrogenation~ 

followed by r~pid coolim.~ of ~he products~ is kno~m, to mir~imize repo!~-~_eriza - 

tion of hhe products e.n ~ _ favor the prod'action in high yield of !i~=ht oils 

(benzene, ~oluene~ ~_nd xylene) to~ether :~th some _~ydrocarbon ~ases. A 

rotating fluidized-bed reactor has a high capa2ity for coal conversion at 

short cGntro'~_led conzzc± time favorable for hi~ yie!<s of liquid products 

~;hile heating f~,ne!y di~Tided coal zo reaction te=perature r-~_.Did!y with 

.~drogen gas. Catali~ic or nonc~tz!~/t~;.c processing is compatible ~t~h 

tb.is reaction sys~. 

Chemica!x ~ Co=_l. - A project by Dow Cheeical Comps.ny to study the 

feasibii±~j of "~,s~ng coal liquefaction products for the m~nufic~ure of 

che'-icz!s is oromosed ~-:hich will provide a basis for e~ital and cost 

estimates for a commercia! chemicals p!snt. Thiz ~ork ~ci]_l define the 

economicz~ estimated prelimina_--j capital requirements, ~d operating costs 

for a ccrJzercial p!~.nt w~ich would use coal licuefacmion products for the 

produztlon of use~al ziiphatic end aromatic cczpouD.ds. Product sa~D!e$ 
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from several coal liquefaction processes will be subjected to process 

studies~ analytical inspections, and othe~rise subjected to laboratorj 

evaluations for characterization. Utilizing data obtained from these 

studies, inspections, ~nd process evaluations, prelimiuary process fl~.~- 

aheets~ and memorials balmnces ~rlll be prepared. Capital and cost estimates 

will be g~nerated for a commercial chemicals plant. 

A small program to produce qleflns By fast contact and E recycle 

through a multiple stage combustor/reactor is in the planning stage. 

Preliminary design and evaluation of reactor chemistry, rates, and 

yields will be accomplished this fiscal year. 

Methanol Liquid Catalysts. - This project has the objective of 

developing a process for conversion of methanol to high octane gaso ~line 

in a catalytic process, using a new catalyst. This process m~y have the 

"potential for earlier commercial application than other co~_l !iquefact" on 

processor, since the remaining research au~ develo_unent required might be 

completed in one to ~o years. 

I~CO (~.[uclear-Coal) Process. - This nuclear-coal conversion process 

has high yields of oil s/Id gas ~ith less ecological impact. In this process 

one-h~!f to ~-o-thirds of the process coal is replaced %~ith nuclear er.er~j, 

reducing the ash and carbon dioxide. It may be competitd ve by 1985. Phase i 

for two years is for demonstrating unit seleotion~ teck.nical and ecor.omic 

verification, development of a detailed program plant~ and to define the 

probability of success. 

6. En~ineerin~ Supcort Projects FY_ 1974 $0.90 million 
~!975 $?.2o 

Liquefaction Data Book. - Handbooks are essential aids to engineers; 

howe%er~ h.,.n~books must .present data in condensed forms ~nd with little 

critical evaluation. They are thus prone to be outdated ~nd are not 

sufficiently comprehensive for the task at h~.nd. This has led the i~ze 
engineering firms to develop data books of tec/~nica! and desi~n i.nfor-~tior. 

for the specific design and evaluation efforts 'of interest to th~.. ~.qis 

is accomplizhed by groups of e~_~erts who evaluate all available fund~_--_ent-_l 

data on e. ~ubjec% correlate them ~,'ithin the most adv.~.uced fr~nework, m~d 

%hen prmsent their findings Ln the most convenient fo.nu= for dcsi£~, e~:linoer." 
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to use. "-Designers are thus ~reed from Lhe tasks of se~_rchi.ug for info.--aztion; 

errors of intergret~tion, extrapolation, and interpol~tion are ~zed; 

uniformity of design bases is ensured; and greater accuracy of de~i~ is 

achieved. This project wou!Id ~_uitiate ~.ud continue the compilation of a 

data book for use by the many organizers participatimg im the national 

pro6r~u for conversion of coal to clea.u fuels. The first year or two 

will be used to cover exi~in5 data- A continuing effort ~ s necessary to 

keep up with net; data and to replace obsolete dat~. 

Keat _W~.char~gr. - The symt6esis of 1~eis from coal~ both liquid and 

gas, iz dependent on the addiction of large quantities of energy su.Dp!ied 

~t high temperature for the emdother~ic reactions of ~h~r ~_~ steam em.d 

the devolat~_lization of char. in conventional processes, this energ,I is 

su.~_olied by the combustio~ of oxygen ~_th the char, by electric emery,, or 

by an imtermediate heat ca'Tier ~faieh rele~-~es either latent heat or chemical 

e~erg~'. Process chemi, s~_-y is often adversel~" affected by t.he method to 

su.mply this e~erg~t. Hea~ pipes can transfer large amouzts of tbe_.~ma! energy 

over their length snd through a partition vith virtually no reap.creature 

drop, ~nd at high heat-tr=.~nsfer efficiency. Therefore, they allow the 

isolation of the heat source fro~ the heat SiP_k; in this way, heat from 

~u energy" ~ource can be transferred from +-he source and released im areas 

".here a csreful "~ontrol of the process oc~_oosition is import~rt. _"/he 

attractive heat tram~fer pro merties of the heat pipes are the result of a 

clo~ed ~jstem in -#nieh a transfer fluid is oon.t/.r,-aa.Ll,',,- vaporized, ahsorbimK 

large quantities of heat at the heat input end, and is condensed, re!easimg 

that heaz at the out'put e.~l. Because of the energy traasfer c~_mabi~--ities 

of heat pip_~s, the evmporator end ca~ be heated by %_hermal energy in a 

system that is pD4fsica!ly 8.~d thermally isolated from the condenser end 

of the heat pipe ;.-here the energy releas~ occurs. 

Coal Liqu~.& .mipe~__i_nE. - After =oal has been converted from a solid 

sta~e to z g.--~eous or liouid state the prod-acts must be transported to the 

point wherF, the)" ~;i_~! be used. There are problems whic~h ~_ust be solved 

conceruin~ this transportazion. These consist of ecology, viscosity, 

pu~min~ requirements, friction losses, the volatile nature of some of 

the by-i0roducts , etc. This program will entail engLneerin~ ~nd economic 

studies directed to so!v~--.E these problems. The end product %~ll be an 

e~ne._.no data book which will be available to desi~n~_z's of future 

projects. 



4-14 

Characterization of Lipuid Fuels ]from Coal. - It is necessax-j to 

determine the physical and chemical characteristics of s&mples prepared 

under different conditions of tempera~are and pressure and fl~ rate. 

Th~ products must also be characterize~ in terms of refining pro_berries 

and suitability for _upgradiD~ into quali~" liquid ~aels. The wore of this 

project is to develop the requi-~ed analytical methods for accomp!ishLng 

these p,arposes. The objective is to enable the selectiom of the tyge of 

conversion process and operatiug conditions that wo ~u!~ pro Kde liquids 

fr_~n coal h~ving the most favorable refinim~ characteristics. ~n_e Bureau 

of Mines facility at Bartlesvil!e, Okl~homa, ~ill be used for this purpose. 

7- .=~zce.ss .D.evelo,~nent Suoport FY 1974 $!.°/0 m i l l i o n  
H z975 $4.30 

Spec i f i c  I~_~ose Coal Pre~.o~ration.. - ~n is  p r o j e c t  i s  genez~.ti~=g new 

knowledge as to  the impact o f  coal  composi t ion,  coal  mining,  and coa l  

preparation on the practical aspects of gasification and liquefaction. 

Gasiz'icat!on and liqmefaction processes ~.~'ill be raade more attractive 

economically, and more trouble-free operationally~ if the raw material 

fed into the system car. be made uniform in character an~ near optimu~ in 

composition. Current research objectives include: (a) establish.me~.t of 

the rel~-tionship bet~¢een a coal's composition ~ud its behavior ~nd yield 

in conversion processes, (b) development of cc~ercially feasible methods 

for ccntroll/mg the composition of raw coal to provide process feedstockz 

~;i-_ich can be uniformly maintained at the desired qu'~-lity, (c) de~mlopment 

of mining and preparation te~uniques ~,"nich will increase productivizy ;.,~thout 

decreas~.g the quali~y of the product ~ud which will prot~de for reclmmation 

of the mined lan~ and provide for the uaefu! dispos=--I of z'cfuse materialsj 

anE ~dj developm=~ut of zkully identified ~d representative s=_mmles of the 

nation's coal seams for e~.erimental use in defining the utilization potential 

of v~ious coal types. 

i:isnite Ee~ource Develcpr~ent. - This-project is directed to~'o-rd develop- 

.merit of processes for ~kwgrading lignite ~nto fuel gas, liquid fuels, chemicals, 

-ud related products. This requires R&D to determine tecb-uologicall~., " obtainable 

economic yields of useful products from. lignite, and four ~3~es of research 

~ro contemplated: (!) methods of diszo!;~ng lignite in the prese~_ce of 

hydrogen, c~--~bon monoxide: 9rod ~-ctt~es of co-~bon monoxide ~nd steam~ 
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(2) carbonization studies to determine yields, and method~ of upgrading 

products, (3) hydrogenation-distillation studies on extract usimg various 

catalysts, ~u~ (4) studies ..-. continuous low-pressure hydrogenation of 

lignite under a re.nge of operating conditions. The products will be 

deterred-ned, usimg typical i~e_ntification techmiques, and ~piaal results 

• ti!! be analyzed for possible development of an integrated process 

develo~_ent and possible pilot plamt application. 

~- Researc~a utilizimg western U.S. coals in a direct first-st~e 

hydrogenation Drocess to yield synthetic crude oil, solid char .~ael end 

fuel Eases is the ~ objective of this project. Certain properties of 

this raw synthetic crude (math as low ~drogen costent, high o.~jgen co.-.~ent, 

~ul~ar cont~lt, etc. ) would prohibit feedir~ this material into a conventional 

oil refinery. A second stage, therefore, Luvolves hydrotreating to y~_eld a 

s:mthetic cr'~de oil which could serve as a feedstock for a modern conventional 

refizerj. ~arre~t investigations are also beir~ conducted relative to the 

~roduction of high quality gasolil~e in substantial yields from westel~l 

~cals. 

Des~izatiom. - This ongoing project is a laboratory-scale investi- 

gation of process variables ~:hich affect the degree of desu!~arizimg of 

solvent refined coal emd other 1/quids. (This ,,~/ll be a supporting effort 

to coal liquefaction projects. Desul~rizi_ng is a very significant pzrt 

off those processes. ) Various coals are beir~ tested ~br these purposes. 

The contractor is investigating the independent variables affecti~ the 

degree of ralfur removal by hydrog~u treating ~;laile in solution -- to 

identi~" those 7ariaoles si~uificant enough to warr~ut more c~mplete 

stud~. .~bcut 25~ of t~neir study may be completed in ~-uffi=ient detail 

to develop m~_thematical or graphic model of the effects of the significant 

variables. The results will be used to develop the process desi~n, of a 

c0al desul.~/rizztion process in sufficient detail to estizzte its econo--ic 

feasibili~.y. %.~_%s projec: supp_orts OCR's project for solvent refiniI~ 

of coal. 



High Btu Gas Process Development 

i. Steam-Iron Process FY.-~7~ $4.6T million 

This activity will continue the develo_oment of an aloeraative process 

for the productio~ of a hydrogen-steam mixture for use in zhe P~gas hydro- 

gasif!er. In this process, hydrogen is produced by alternately reducing a 

hot bed of iron oxide ~.~th producer ==as manufactured from coal or ¢oke: and 

then decomposing steam by reaction" with the reduced iron, thereby reoxidizing 

the iron and producing hydrogen. The specific objective is the desiga~ 

construction, and operation of a pilot facility to obtain process and desig~ 

data for scaleup. 

~. Li~_uSd Phase Meth~n.ation Process FY-1974 $0. ~4 mil/~o~ 
FY-19r9 $4.00 

The Liquid Phase ~.Iethanatio~ l~rocess is being developed for the produc- 

tion of high-Btu gas from coal-derived gases. The process is capable of 

a/most completely converting gas streams containing b_~h concentrations of 

carbon monoxide into methane in a single pass thro~$h the reactor. 

_Tn this process, inert liquid is pumped upward throu~a the reactor at 

a velocity sufficient to both fluidize the catalyst amd remove the reaction 

heat. The iow-Btu feed gas is also passed concurren ~tly upward throu==h the 

reactor where it is converted to a high-co.~centration methane stream in the 

presence of the cate/~st. The exothermic reaction heat is ta/~en up by the 

liquid as sansible heat and by va~orization. "The overhead product gases are 

condensed to remove the ;roduct water ~d to recover any vaporized liquid for 

r~cycle. Tae main fl~ is circulatory through a heat exchanger for %e.moerature 

control. 

~ature work -~.ll be aimed at selectim~ a preferred reaczion liquid amd 

cat~.vst to use in a more detailed reaction-variable study. A larger scale 

process-development unit is under construction. 

3- S elT-Ag~lom_eration Process FY°lP74 $0.67 million 
FY-!975 $I.00 

-~h±s project is for development of a coal gasific~-tion fluidize~-bed 

coal burner to provide the heat for ste~-m gasification of co~ for producinl. 

a "~u]~e" ;.%s intended I"o,." aubzequent co:~vern~on to },ip,.! i.l, ~ ..~z. A najo:" 
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feature of the process is th~ method of combustion, which applies hhe "self- 

a~@lomera~iu~" fluidize~-be~ technique for burning coal with simultaneous 

pelletization of the azh duriD~ the combustion. 

I~ "~ddition to ~r0vidlv_E a pelletized hea%-transfer ~_edit~ t~ the 

gasifier, the self-agglomeratinE fluidized-bed burner is effective for 

collectisg the ash co,tailed in the incoming fuel. Thus, the fuel c~n be 

bttrned to ~ield a combustion gas essenti3J_iy free of flyash. ~ais particulate- 

Tree hot Combustion gas can then be expanded in an open-cycle ~as ~rbine 

for recovery of kinetic energy. 

~% prel/mi~ary design of the pilot plant is being prepared_ The 

objective, is to obtain operating data sufficient for tech~nical and economic 

a~sess~ent of the process applied to commercial production of pipeline gas. 

(The preseaz scope of the program does n&t include conversion of the g~sifier 

p~oduct, for example, through methanaticn. ) 

4. ~ n e  Process FY-197h $0.36 million 
FY-1975 $3. O 

This hydrogasification process handles all tD_~es of coa!s~ requires no 

pretrea~r-ent of the coal to destroy its caking properties, and prcduces a 

high z~ethane yield in the gasifier. A laboratory unit is now operating, and 

a large scale PDU will be designed: constructed~ aaG ~perated. 

5. ~ydrogen C~neration :'T-1974 $0.06 million 
FY-1975 ~" " 

/_reproved methods are needed for the generation of process hyd.rcge~ zt 

reasonable cost. ~lais is of great i=port~nce to hydrc~a-~ifi=ation processes. 

This program will include laboratory~ bench ~cale. and pilot plant efforts. 

6. Stirred ~q.d Slag~_.~ Fixed Beds FY-1975 $1.2 r--~lllo -% 

The ~ure~u of ~.'~nes has processed American cakin~ coals -~ith a fixed- 

bed ~asifier tbmou~h the use of a stirrer in the g--sifier. Past efforts were 

aLmed at prcducin~ lo::-Btu gas. This project ~_ll develop the stirred-fixed 

bed to ?-~oduce hi~b-Btu C.as; by introducing ~nd testing d_~sigr, ch~--uEes in the 

ox!sti:~S Z~_zifier. Sz~!e 'ap to a larger ~.it is p!~-~-".~d. 
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Also, begi~-uin~ in FY-1976j the USMB ~.d/! reinitiate the deve!opmemt 

of a sla~ing fixed bed gasifier at the Grand Forks Energy Research Center. 

7- New p~c~sses FY-197.4 $o.oomillion 
FY-1975 ~9- 7 

Novel gasifiers -~il! be t~sted, including modifications of the Lur~i 

ga~ifier, to allow commercial gasification plants to be developed earlier. 

8. =~rocess Deve!omment Suop0rt FY-!97~ $5.40 raison 
FZ-!975 $13.0 

The suPi0ort l~rojects are for equil~n~ut deve!olmnent~ materi~--Is develogmer~, 

an~ process development, found to be necessary during the execution of the 

pilot plan~ ~rogram. 

Eou!~ment Development. - Production of high-Btu gas from coal "will 

involve large scale (from 16,000 to lO0~O00 tons per day) feeding of coal. 

The coal must be reduced to--and controlled at--closely graded particle sizes. 

I~ must then be fed into reactors operating at high pressures and temperatures 

(1500 psi and 3000°F). Particulate matter must be separated from product 

gases. Char and ash must be discharged from the reactor. Equipment such as 

grlnders, pumps, valves, separators, ~_ustruments, etc., to meet all these 

zequiraments of capacity ~d conditions do not e:cist. Concepts must be formed; 

the most nearly suitable equipment must be modified, ne~¢ equipment must be 

deSigaed and all these tested and developed before large plants cs~u hope to be 

opera~ed. 

r Jaterials Development.. -- The new processes being developed for the generation 

of hi~h-Btu gas from coal utilize combinations of tem_me_~atuzas, pressures, and 

operating conditions that create considerably more stringent requirements for 
D 

materials of construction than are required in other sectors of chemical ~rodu-_t 

m~nufacturing. In order to specify the materials that can surv~_ve these 

cond/tions for the lifetime of the plant ~ith a high degree of reliability, ~t 

is nscessazS" ~o ~uow and understand the behavior and resistance of many candid .to 

metals ~ud ceramics under actual use conditions. A construction materials test 

aud deve!o~ment pro~ram has been initiated to subject a ~ide r.~uge of materials 

to actual conditions (temperature, pressure, gaseous components) existing in 

each of the coal gasification pilot pl~_uts now being or to be operated. ~e 
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respomse of these materials (signs of corrosion, weight loss, embrittlement) 

to their enviro-~_men~ will be recorded, correlated, am.d ~dll become the basi~ 

for mat~.rials specification. 

Process Develo~-ent. -- A program, has been iritiated to study, o;arate, 

evaluate, ~und compare various techniques that can be used ~o m~_ufac~are 

hydrogem in large volt~es. Processes now under investigation include the 

electrothermal ~asification of char, the steam-iron process, and the stem.m- 

oxygen process. As other ca~ndidate processes become kno,wn and appear 

suitable for similar evaluation, they will be included in this process 

aevelopment progr~_m. The data generated will be .ased to establish ~d%ich 

process for the manufacture of .hydrogen shculC be included as part of a 

co~zercia! coal conversiom plant. 

9- In-Si~u Coal Gasification Ff-197h $1.60 mi/_l_ion 
FY-1975 $5.3 

The Bureau of :tines and the AEC propose st-adi~. ~ of the in situ gasific~- - 

tion of coal. Laboratory aad field wof.~ ~zill be conducted leading to large 

scale demonstration projects before 1980. The AEC concept envisions the 

in situ production of high B~a gas in deep coal deposits (500 - 3000 It 

depth) t.hrough the introduction of ste~.m-oxT/gez mixtures to a burring coal 

region that has been artificially fractured ~rith chemical ex~olosives. The 

US~.4 prcgra.n is aimed at the production of !~; Btu gas im shallower coal 

see..~s (0-500 ft depth) usin~ the natural pe_~eability of ~he coal sea_~ to 

free reactant gas a.nd rezove product gas. 

RE CO.~qlATI 0N S 

The requested 1975 ~unds for coal liquefaction ~-nd hig$a-Btu gasification 

are we/_l over tw~_ce the 197h federal 9u_nding left! and there is a hi~% 

probability Zhat most, if not all, of these ftunds ~ill be appropria-~d. Thus, 

there is a stlfficien~, of projects ~_-.d c-oncepts being consfdered for :-Y-1975 

ftunding. The z~e,~cr need is not for additional none[;. 

A key area of c~nc=.rn in theze greatly accelerated prosTams is the 

ndeq,:acy of the zech.-.ic~l b.-:~e for !au.'.zh±nz ~;~ltivle pilot ~_nd de_~_~nstra~ion 
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scale plants. Of further concern is the small number of people sufficiently 

experienced to ex~_and this limited technical base. We believe the whole 

ques~io~ of maintaiming a proper balance of priorities between large 

empirically orier~ed p!e_~ts and the supporting ~D necessa.~j to keep these 

plants on stream is critical. 

Also critical is the question of -which processes to accelerate~ ~n~ 

when and how fast, i.e., an overall cost-benefit analysis of the ~tional 

coal ~D options available. The results of this ~ualysis could help set the 

tone of the long range suDport~ng ~D activities ~u~ the allocation of the 

few coal knowledgeable people available to most effiaier~ly pursue coal ~/D. 

In brief, the most important need i= coal liquefaction and gasification is 

establishment of a good mechanism for picking the optimum ~D route. 

The OCR report ~mitten to support the :-"/-1975 budget proposals is a" 

good start in the direction of a more balanced and orderly notional coal 

~D progr=~m. However, there appears to be considez-~ble room for im_proving 

project selection criteria and quantifying priorities between various I~D 

opzions. We believe this expansion of top level objective program evaluation 

is a prime requirement of the coal synthetic fuels program. 

AEC Laboratory Contributions 

The ~EC Headquarters' staff has been concerned for over a year with the 

problem of optionally appl3~ng the considerable talents of the national labora- 

tories to the critical area of coal ~D. TauPe are a number of high ~sibilit-j 

areas ~here the la'~ora+~ries could ~ .~ticipate in coal ~D, evidenced by the 

LLL proposed in situ gasification program and %he proposals to O~ from O~L, 

A~F~ B:~ and L~BL. 

Last summer a request was sent to the national laboratories asking ~hem 

to evaluate their own potential for doing coal related R/D. ~ne reques$ was 

made to provide information for George ~//_l, then Director of the Office of 

Coal Eesearch~ sc that he would be cognizant of the national laboratories' 

capabilities during the national interagenc~; ener.~ p!a~ning activities conductea 

last f~O/3!. Since these self-ev~Jh~at!ons probably eontai:~ the mo~t camprehe.-.::~v." 

list o/ .'::3 coal .~'D c:~::'J.:lities, ~: co.~.pendiur~ of th:'z:" ev:~l-u~ti~,:u; ~s i:'.clu~..': ' 

~z Appe=J:z AA. 
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P r o g r  m,~ Balance 

i. Overall program has been brought into apparently reasonable balance 

~_~hin the broad areas. With c,urrent information we cannot provide 

a bett~-r balance be~ween @asification, liquefaction, am4 com- 

bustlonthan existing inhouse government/industry ad hoe pam_els now 

serving in DOI. 

2. A more sophisticated systems approach will be needed now to gaide 

management in relating ftuading to often conflicti~ demands such 

as those of commercial economics, coal supply, product marketWs~_lity, 

capital availability, interaationai policies, national economics, and 

national security. 

M a m a g e m e  .-. r. 

i. AEC, and DOT to a lesser extent, must press Co~ress fr, r 

more reasonable m~uag~ent situations if we are to ex~erieace results 

comparable to those of other national commltmen~s, (Manhattan Froje6t, etc. ), 

whare loc-~l autonomous control by tecb_nical manag_~ment • la!!owed the 

necessarj flexibility of effort. Currently. there is overcontro! in 

timing and funding. Lesson from industry: sir/: or s~Ln in in-~ividual 

projects ~rill encourage individual productivity. 

2. Allow management some flexibility to ~and ~mergen~¢ tec.hnolo~', i.e., 

have sufficienc~j of discretionarj dollars. 

3- Other institutional bottlenecks should be relieved: llberal~ze patents, 

and con: sharing rules, forge~ simplistic 1/2, I/3 cost sharim~ rules, 

and 4evelop rational criteria. 
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Miscellaneous 

Large E&D centers give flexibility, prow-lde fo. ~hifts of effo--t between 

projects and conserve resources and manpower. The present empirical 

prozrammatic philisophy may be less fruitful than maintainin~ broad 

research base. We submit that the nationa~ labs should be an integral 

part of the government fossil program. 

OCR preoccupation -~.~%h boiler fuels should be reexamined; distillates 

are a bigger national problem th~.n o ~'I to electricity. 

Low Bt,: gas and meth?_no! ~Ie fruitful areas for RiD. ~,le suggest tha~ 

the national laboratories should set the following priorities: 

ist - Supporting Tec~/%olo~" - bits ~-ud pieces of l~rger projects. 

2nd - Liquefaction - sm" It!! scale projects sti1_.l eye-liable. 

3rd - Pressurized CoWoustion - small scale projects still available. 

4th - New power systems, MHD, etc. - room for bench scale work. 

5th - Low Btu Gas 

6th - High Bt'a 

7th - Pioneer plants 

C05.~E~2S BY L~/BORATOEY REPRESE'-'~I~4ES 

The following are cawmeats on the Synthetic :-~ae!s Pro~m that vere 

contributed by representatives of the coordinating ~ud supporting laboratories. 

i. We believe that a major deficiency of the present prod-ram is that it 

does not provide for the creation of a permane-~-t centralized coal ~rocess 

resear~/~ and deve!o~ent faci!i~'. ~.le mea_n~ for exar~o!e~ a facili~y 
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comparable to those owned by the ma.jor oil companies. Such fae~_lities 

have the advantages of (1) continuity of personnel, resultin~ in 

thorou~ fauiliarity with all aspects of petroleum (or coal) process 

research end development~ (2) strong s:Ipportin== facilities (an~_l~cical, 

chemistr/~, product testi~,~ and evaluation, process design, engin~erin Z 

design, instrumentation, etc.), (3) centralized organization, so that 

when a problem is encountered (process~ materials, cat la!yst, etc. ), 

the entire resources of the laborato~ can be mobilized, if necessa_~,, 

to attack the problem ~ithcu~ delay, and (4) flexibility, so that 

process design, process conditions, catalyst formulation, etc., cam_ 

be modified, ~lhen necessa_~-, in accordance with day-to-day results, 

rather tha~ bei~4E locked in accordimg to a predeterminem course_. Such 

faci~__ities typically have a large ~umber of bench-scaJ.e a~.~ process 

develcument units~ end ~j~_~cally are working on a number of _~roc~sses 

simultaneously. Typic ~a!ly also, the people "~orki:~ with the bench-scale 

and ~rocess development units have a close workin~ relationship ~rith the 

9rocess and mechanical ep~ineers who desi./n the pilot plants an~ demonstra- 

tion units. Throughout the develomment phase, tbese engineers csrry out 

design studies and econo~c studies related to process opti.~ization a~d 

full-scal~ app1_ication. The same e~ineers are frequently involved in the 

s~up of demonstration plants. 

In contrast to this approach, the present prograr~ is a/_~.ed at the develop- 

ment of specific processes~ and pays virtually no attention to the need 

for developir~ per~,..a-nent large-scale research and development f-~_ilities. 

~'[e feel that this subprogram is intern ~a/~.y reasonably in b~_lance. The 

point has been made that there is real need for many diversified, relatively 

small (bench a~.d process develo_~nent u_nl~) scale efforts oa coal conversion. 

Levels of effort proposed by ORC a~nd NSF would seem to be adequate to ~upport 

this effort. If a process innovation leads to reducing the ccsz of syr.zhetic 

nat'~ra! Zas as little as I# per ~-~i'.__Lion Btu, a~.d that innovation_ is ap_olied 

to two±re 250 ~','~'! ~" ,-~.~/~j plsu~ts, then cons,~ners :.~ou~d be st-cad ~IO .~ per year. 
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We have been unable to identify any ~.mportant missing tasks within 

this subprogram. However= there are many areas vital to the 

co~mercia!ization of coal gasification that are outside the scope of 

this subpro~-r~m. For ex--mple: critical shortages in process e~inee_~_ng, 

minin3 engineering, minin~ ~ud construction m~u.oo~;er ar~_ anticipated. 

Th~ Project Ym.dependence .Regort on Synthetic Fuels fr3m Coal contains 

much more information on these issues. 

Eumerical modelin.~ is higb_~y useful ~-~hen closely tied to a,u exT_~e.~lmemta! 

program. Our consensus was.~ .however: that it could not be used to ski9 

any of the steps in the bench-PDU-pi!ot ple~nt-demonstration plant sequence. 

It has been strongly suggested that ne-~ pilot 9!ants shoul~ be sited 

~;here their can make use of a technolo~ and labor base. It is ~:nefficient 

to have pilot ~lants so r~otely located .that for example~ mainten'.~_ee 

persop_ne! can be used o~_y at that plant. ~so: nearby availabilit-# .:f 

feed-stocks sz~.~ markets is not im_mort~.ut for ~ilot plam_t location. 

We should _~lan to build on the stren~th of the national laboratories in 

basic and applied research. It ~.rould seem at eve~" opportunity ~e should 

include ~ro~ision for a research input in our planning. In the case of 

coal liquefaction~ our laboratories have more in c&mmon ~t.h the B~reau 

of ~nes than ~.:ith OCR. Perhaps ~.;e should be su~Eesting the merging of 

the Bureau :-ith the national laboratories um.der a siug!e administ:'ztion: 

to pro-tide the research plus f~n-J2_nental develo~em~ com.ponent ve need. 

Othem;ise: ~e may f~-nd the Bureau ~nd laboratories in co~R_etition. 

We should also reeo~nize the urgent nee~ for m~po'.~er development in mi..".ing: 

er~ineezing and other energy-related disciplines. Special attentio~ ne~dz 

to be given to the education and training of the people in ~hese categc_~ies 

~;ho ~,'ill be needed in incres~i-~ n~mbers. ~.ie have in mind a zeparatel~- 

reeo~uized progr~--m ~:hich voluld pro-..~-de ~uuiversity grsm.ts a.~_d matcili.~ ftv:dz 

for tr~inimg, equipment: facilities~ etc. Tae pattern to be foi!o~.red vo'.~, L 

be sLm!l~-r to t~zt found in the past in the'Divisio.n ~ Nuclear Suergy 

and Trainiu~ and in NSF. 
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Su-~naries of Capabil£~ies for Coal Related Research and 
Development at : 

Argonne ~at!o?ml Laboratory (~NL) 

Brookhaven ~ational Laboratory (B~.) 

Oak Ridge ~ational Laboratory (0E~, ~ , 

Lawrence Livermo_-a Laboratory CLLL) 

Los Alamos 5cientlfic Laboratory (LASL) 

Sand~a Laboratories 
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SYATEMENT OF THE AKGONNE NATIONAL LABORATORY'S COAL R&D CAPABILITIES 

The 

re levant 

in-house 

program. 

I. 

brief statement below indicates areas of work that are 

and ~hat as an integrated effort would provide an excellent 

capability in support of the expanded coal-use development 

An integrated program containing the following elemen=s, 

chemistry programs in the areas of process steps, 

impurity effects, catalysis, advanced amalytiza! 

techniques, and new process concepts, 

2. chemical engineering programs on unit operations and 

process steps, 

3. materials studies in the areas such as corrosion, 

mechanical properties, failure evaluation and system 

studies, and 

4. component development programs containing components 

design and evaluation, 

provides a very pewerful tool 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 an 

in-house capability that could be used in technical evaluation and 

program planning. 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 by DBER completes the resources 

of Argonne. 



e@e_qen~t Brookhaven National. Laboratory Pip,rams and. _CaPabilitlos_ P grtinent_ to Coa___~1 Resesrch.. 

. . . . . .  Prcx~rams .. 

, Dispersion from tall s t a c k s .  

Oxidatlon of SO_ in coal 
and oil fired p~umes 

Oxidation o f  ao[d mine 
drainage 

Development of pumpable 
bolts for coal mine roof 
support 

Studles of coai-nuclesr 
H H D  c y c l e s  

Dates 

1969-73 

1969-73 

1969-70 

1970-73 

1969-71 

• Total program 
nests to date Supported 

thousands of dollars .~ b y  _ _  

1,000 

1,000 

100" 

1,500 

25 

ArC 

AEC-EPA 

;&EC-FWPCA 

Bu.Mines 

ArC 

Remarks 

Advanced .capability oE modeling 
plume dispersion 

SO 2 oxidizers less rapidly in 
coal fired plumes 

Several reports on ozOnatlon and 
limestone treatment were publishe. 

Prototype machine being developed 
by industrial co,, DNL "is sub- 
contractor 

Several publlcatloms in llteratur 

4> 
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The Department o£ Applied science conducts programs in: 

1) Dasic cl-omtstry research Inchlding work in polymer cbem|stry, organic chemLstry, surface 
chemistry, orgnnic crystallography aud fast reaction k~.nutics. 

2) Matct'[als re~eiltch including supereondqcting marerials, high temperattt':e materials, Bad 

concrete-polymer materials. 
3) Cryogenlcs rusearch including superconducting magnet desiga anO construction. 
4) Process chemistry including separations chemistry, polymer synthesis. 
5) Mecbanleal Qngineerlng including stress ann]ysls, structural design a, nd reactor dosign. 
6) Chemical engineering Inoludlng heat transfer and reaction vessel dasign. 

The De|Dartmont in conjunction with Burns and Roe, Inc., has submitted a proposal to OCIL on a process fo 
coRvertlng coal to liquid hydrocarbon products in a rotating fluldlzed bed reactor. 
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~apaSil!t~es of the Oak R/dge National Laboratory £or 
~esearch'a~d Development on C~al-Related Activities 

The Oak Ridge ~ational Laboratoz 5" has recently proposed research and 
development programs on a number of coal-related activities. The largest 
of these consists of a comprehensive program aimed at the development and 
early demonstration o~ practical 3 economic processes on a c~mercia! scale 
for converting coal to clean liquid fuels for the transportation sector. 
Smaller efforts are being proposed o= the development of advanced under- 
ground miuinB techniques and on the commercial-scale demonstration of the 
production of =ethanol from coal. 

% 

The detailed formulation and execution of these aetiv£ties would be 
carried out primarily by a grou@ of chemical engineers in OP~NL's Chemical 
Technology Division ~o are experienced in process development and demon- 
~tration. Over a period of 25 years~'the Division has taken a "number of 
Tnajor processes of world-wide importance from basic chemical studies .through 
the successful 6esign and operation of !arge~ complex demonstration plants. 
The Division's capability for successfully developing processes through all 
stages of research and development including the design and operation of 
mul~imiliion-dollar demonstration plants is believed =o be particularly 
relevant to the proposed coal-related activities. The Division is e>peri- 
enced in the deve!spment of equipment and control me=hods for individual unit 
operations important to coal convers£on processes. The Division is also 
adept at makin~ in-d(pth ~£udies and projection~ in areas such ~ ~nerEy 
supply and uemand~ and is familiar with modern techniques for cost-benefit 
analysis. A notable example is a recent study for defining alternatives 
.,dhereby a iar~e~ coal-fired steam plan= could moo= proposed Indiana emission 
standards. Although the Division's activities are related primarily to 
aqueous-based processes for the nuclear industry, a considerable amount of 
experience also exists on high =emperature~ non-aqueous processinZ and in 
diverse areas such as bioengineering and the development of high-speed 
automated analytical techniques for biomedical and environmental applies- 
tions. 

The Oak Pddge National Laboratory has an unparalleled col!eerie= of 
supportive disciplines and facilities that x~!l be indispensable in the 
successful e:=ecuEicn of the proposed activities. These include chemists~ 
metallurgists~ ceramicists, biologists: and an integrated central design 
organization, in particular~ the Analytical" Chc,-tical Division is experi- 
enced at developTnZ techniques for monitoring and analyzin~ various streams 
and materials associated ~th process development. There are important 
enviroz,~ental considerations associated ~<=h the proposed activitios~ und 
the Laboratory" has experience in assessing the impact of large3 complex 
operations onthe environment. 

Finally~ the Laboratory has strong ties with the Tennessee Valley 
Authority and with the University of Tennessee whose central opcra~ions are 
located con%'cnien=ly to the Laboratory. The L~.bdra~'ory is also located near 
important coal-mining operations in the Appalachian region. 
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LLL CAPABILITIES FOR COAL AND OIL SHALE RESEARCH AND DEVELOPMENT 

LLL is uniquely qualified to conduct complete research processes 

from ccncept through inhouse laboratory research to full scale 

field execution and demonstration. LLL has ext~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 on oil shale, including those developed 

during our recent feasibility study on in situ coal gasification 

a/e: 

1. High pressure, high temperature equipment for studies of 

coal and char gasification reactions with steam, hydrogen 

and carbon dioxide. 

2. Extensive analytical capabilities for coal gased chemicals 

including mass spectrometry and on-line chromatography 

facilities. 

3. Complete thermal and physical property measuring techniques 

plus the differential scanning, calorimetry specifically 

designed to measure water content in natural material, and 



4A-5 

equipment do to simultaneous DTA, TGA, and RGA measurements. 

4. Calculational thermodynamic capabilities include computerized 

calculations of equilibrium multi-phase compositions in a code 

to model simultaneous heat and mass transfer: chemical kinetics, 

am.d a fl~id £1~w in I, 2 and 3 dimension is being written for 

in situ gasification of coal. 

5. A high pressure rock mechanic laboratory for measurement of 

mechanic properties and equation of state of natural materials. 

6. Complete metallurgical labs and extensive experience in 

problems of hydrogen embrittlement and hydrogen containment 

of high pressures. 

7. A background in computerized control of lab experiment and 

automatic data acquisition systems. This experience is being 

applied to a large scale adiabatic reactor expeximent to simulate 

in situ gas and shale retorting processes. 

8. Extensive radiochemical and tritium handl~g facilities providing 

the capability for chemical tracer studies with hydrogen and 

carbon isotopes at very low radioactivity levels. 

9. Experience in economic assessment of in situ processes relate~ 

to coal. 

10.The laboratory Biomedical Division and Environmental Group 

can perfo1~extensive and environmental impact evaluations. 
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CAPABILITIES OF THE LOS ALAM6~ SCIENTIFIC LABORATORY IN 
COAL UTILIZATION RESEARCH AND DEVELOPMENT 

Many of the technical problems which have been traditionally solved 

at the LASL have involved difficult aud unique materials developments 

and ~aterials handling involving remote operations, experimental 

diagnostics in extremely adverse environments, and design for hlgh 

temperature - high stress applications involving nickel base alloys, 

refractory metals, ceramlcs, and refr~ctorles. 

The LASL is a self-contalned RBD organization having on-slte an architecEorial 

end englneerlnE staff, a standards lab, a large technical llbr~ry, one of 

the largest computer facilities in the nation, shops, graphic arts ~nd 

purchasing departments which support twelve technical divisions (Physics, 

chemistry, theoretical physlcs,etc.), 

Specific Areas of Possible LASL Research and Davelopmeut in Coal Utilization 

I. Physlcal-chemlcal measurements (thermochemlstry, electrochemistry, 

physleal and mechanical propertles.) 

2. Heat pipe cooling of methanators 

3. Thermal decomposltlon/electrolytlc recombination ~opplng sys~.ems 

for production of electrlcal energy from coal. 

4. Fuel cells indirectly powered by coal 

5. Production of stable isotope as tracers 

6. Numecical fluid flow simulation 

7. Fate in the envlrorment of sulfur 

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

selenium and radlonuclldes) 
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9. Hydrofracturing tech~niques to aid In-situ extractlcn 

I0. Study of the f@rmaclon and asElomeratlon of fines in coal combustion 

11. In-Situ Easlflcation usinE suction flow 

12. High temperature 8as loop heat exchanEer test facilluy 

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

I. Physlco-che~Ical measuremeuts 

a) Thermocheudstry (particularly with respect to the oxides, carbides 

of refractory metals) enthalples of formation, hear of vaporization 

and reactions, specific heat measurements. 

b) electrochemistry 

molten salc electrolytes 

¢) Physical and mechanical property measurements 

examples: thermal conductivlty, elasrlc constraints, surface 

characterlstlcs, crystal sEructure, hish pressure studies, etc. 
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Capabilities of Sandia Laboratories in Coal Related Projects 

Sandia has a strong background in both basic materials R&D 

and physical testing of materials. On the basic research 

side it is more physics than ch_=~istry oriented. They have 

also been involved in field programs to study environmental 

pathways of pollutants. 

Sandia is currently performing a feasibility study of in situ 

coal gasification utilizing high explosive fractured coal se~ms. 

The study is based on sophisticated computer codes for respo~:se 

of materials to shock waves. Similar codes are being used to study 

optimum water jet drilling techniques with possible coal 

mining applications. 

Another potential Sandia project involves recovery cf methane 

for fuel use from certain Eastern coal mines. If am.y of these 

feasibility studies appear promising Sandia hopes to participate 

An joint industry government projects in these areas. 
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