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Thls subpro~'ram involves technolo..qy develop=rent and support!~',g researci~ for the larger 
.rogram on coal and simle nroceseinK and combustion. Most of the quantitative da~a shouin~" 
he eta:m-it beheld'is of the program and the U. S. foreign policy strategic need for th~s " 
~regran are given in the fact sheets for the coal gasification, coal liquefaction, coal 
:o.-..bustion and environ.-:ental sub-programs in this overall program. Ti~ese data will not be 
"epeated here. The justification for =he presc~,t sub-program is that the other sub-progra = 
n this co.,~-~ and shale ~ro~.ra- . . . .  could not he Dursue'J economically or raIionally without Dare 
:echno!o.qy dave!aprons and suppc:~tin.~ ~csearch in these areas, iq~e chemical processes, kin 
md thermodynamic data, e~uip-.e~:t components and zaterials required in all the various typ 
~f coal and shale processing systc=~ ",.:ave nu-~,erous co_-~on features and arc not ~ruly separ~ 
iron one system 50 anoti~er. Thus, U:ese are all treated together in this sub-program. 

AlthouGh the basic feasibility ef producing gas and oil from coal and shale has already 

u ...... ~ cc one-~.~a Dra==ica!itv.o~ these energy, zuurces may depend either on't 
:;evelo?:::en~ of new ~rocedure; for aE iea~t ;art of thusc processes or on t h e  gradual dr.=pro% 

• t ~qu_: . . . . .  at. Specific areas ~here technology develop-e~ ~f e: i ic t in ; -aroce~cs,  .-~ eriai~ and -~ ~ - - ~  

~nd support resezrch ar ~ _ needed include: 

Ti~e objecclve of zke equipment development program is to develop ,independent of pilot 
de-onstraticn ~ian~s, no'.- reiiab!e coal injections systems for high pressure, char and- 
~ithdra~¢l systems. , solids m~.._-~i'~o_~noo instruments, valves and other key componen=s reou~ 
for coal prccessi.'.E. 
(I) Lock hoppers " ~ ~ " , s=a__n 6 devices, valves and slurry pumps used to feed coal in~o pres. 

reaction vessels have been found subject ~o fzeq'aen ~ - failure. Reliable feed device 
are needed as well as reliable devices to discharge char and ash from the reactor. 

(2) Improved ~quipment for fi!~ration and separation/purlfic~tion processes is needed. 

(3) Instru=en~a~ion is needed for continuous men, taring and manag':ng of :solids and gas, 
~Ln high tempera~_ure, high pressure syste=s. 

(4) Improved stack gas cleaning devices are needed, as described in the subprogram on 
I 

envlron':.ental aspects of coal and shale proaessing and combustion. 

Eaterials 

The objective is ~o develop me=hods for service life prediction, fast'methods for motel 
and improved materials for coal processing equip=ant. 

(I) Improved materials are needed ~'hich can vithstand th~i highly erosive, corrosive, 1 
temperature, high pressure environ-eats used in conversion devices. Critical propertie 
~nclude: 
(a) Resistance to erosive ";ear 
(b) Resistance to stress corrosion cracking 
(c) Resistance to sulfida~ion and other general corrosion processes il 

(d) Stability ~,'hen in contnc~ x-ith ".'.o!'.en slag and coal ash/materials 

I (e) Resistance to Various types of slo'-" mechanical failure 
(f) Insulati.~g properties in firebox refra=~ories 
(g) }.'.eat ~ : - • ~- t..ns,e, caara~ceL,=~ies in heat =_:-:cha.-.~e tubes 

(2) Short-time me=hods ~--Le needed which ;:ill -r.~d=c " r  - - . !on~-ri~e mechanical durability 
reliability of =a~erials in highly erosive, corrosive environzen~s. Better =easur 
and ~ethods of =easuring critical properties li&~cd above in Section B.I, a-g, at 
needed ~o allow improved screening ef materials used in conversion devices. 

C, D1~a co.n~ilati~-~ ha-dbooks and anal-:ses 
| 



• ICll A~:D DC%'EL[;;;.~[~,| FACI "=~'" 

- - ~ l , l l "  | I l l '  %~*" . ' l l i~  "11"11:7 [ . , ' ~ | , t . i l l  II1 ( i ' " " l ' i l l  "e'. . i l l lJ %p"g l iW tllll%" I |  I'~ Pl~"lt~%%**1%'t, I I  l~-II~'f ' | i u l ~  I I  "i l i i l "  . . ' l l l l l l i : l  , ) r  l l t , ,  l l l i i i l l i - I ~  
i ~  ~d.<...-l-~.~% i l i t - i i~ , l .?  i~ . . , . .~ l l i  i , . - , i ,  l . . ~ l , i  I I I - . - i l . c  ".*ill':ll~ :,,#~',~ 2 ; ' . ' t l ' . h  I1 ~'l~,'f ~.'l='~f . | i : , : ' . , l . -~1-% ;l f ' . .~ llm.:.li~.= l ~ l , ' l . - j t , . I . I ~ .  

i l l - , ;  i l  I ' t l i  t l l i ' i ' l l l ~ r  I l i ~  II~ £i  I'i.i~.'~l I ' ~1%l l i i l l ' -  I I|11" l l l ' ~ l l l , ' l l ~ i  ! i l l  t%=llli..I.: : f i l l  l l l l l l l - f t  I~ I l l  l I ill%l i J, O I l l | l l .  I 1.1,¢ l l , ~  %l~Mi~l" l l ,~ l l l | i i21 

i t l l ~ l l :~ "  [ 4 J U .  ,~l l~ l .~ l i l $  I j r  |~ f~&l  i-i-lira t l i i  | . l l ~  I . l |  | i ~ U .  O. . i . i l l l l l .~ l l , ,T  l ] J l~ l  i h . . l l i ; l l  l, i f  i i l l ' l l  IO I | l ~  | l i l l l ' l l  I : l ,  l l ' l l l .  

' . li 

tel;ran invalve~ techno!o.~7 develcl'.~:en." and suppoz'lJu~; research for ~lle larBer 
on]  anJ shale processln~, and coz..hust~on. ~' . . . .  . ,.as: of ~l.e qua:Iti...~Eve da:a showing 
hcnefi'~s of ~ h e  program and she U. S. :" "" ~orezzn "..~ollcy straro.~'~.c n~'ed for r,'-'i'~s 

-ivan in the fa¢= s:ic-z~s, for ~he coal .,.:'-is~fiea'~io:h. coal l~cuc[:tc=ion,, coal 
nd e - ' , ~  ..... o....=n.nl, ~ " sub-progra-:s in ~his overall prog:'an. The~e d:ita ~ill not bc 
.,. Tile jug=i~ica=ion for .'he ?resen~ ::.ub-progra..n i~-. the= the amber sub-prozrams 
and ~ha.~e proDram could n_~ be .r.ursued econo:.:ica!!v, or ra=-/onaiiv° ~ithou= .~...a±_.'~ ":--i 
.~vc!o;,aen: end supped[i::.-, research in ".Lose =ireas. i'no chc.-..ica] proce:.scs, ":~ne.'ic 
nanic da~a, eq'~J",.-:e::~ ce.-..po::u:1~s and -auerials --equircd ~.n all i;.-"le various '~7pus 
si, aie processing s~:st~'z.~ have ;~u_nerous co:.-on fe::.'urus aug are not tr~:ly separable 
~o~ ~0 anozher. Thus, ~hcse arc all ~rca~.ed together ~n t h ~ s  sub-program. 

:he basic feas~b,-'!i£'." ef prod~c'~n.~ _..".as and oil fro= coal and shale has already been 

, u!t ~ ..... uc~u:ozic Drnz:ical~--:.o~ -" " "' ""~" ........... de-~.-e,~d eivhor on" ~:-.- 
)f .-.ex" procedures f~r ar l e a - :  "ar~ cf .~'-':,cse i::'o..'e~es or o n  the ~radua! i:--prov-.',-:e.nz 
~rocesseS, .-.~'.-2-i~ic~ ,-~ ann' =q-_:" ",,~---,-~. ........ Specific areas ::here ~echnology dave!op-en~ 
research are necked i.-.ciud._': 

u~u~•_z,., deva!o:~.-z.en," prozram is to develop ,independent of pX!ot = ~ 
" " • " ~ . :% ~ "'%t '.['.c.-- pianos, n:.~- ra.'-nD-e coal !njeczlcn~ systems ~o- ,.-~.. pressure, char and -.~;h 

. s?sbe=s, solids ~.oniuorir.g ins~rum~nvs~ valves and o=her key components requlr.d 
o[ccess =-~ 
hoppers, -' " ~ se~-n~, device =-, valves ans slurry pu~..ps used ~o feed coal i n - ' . o  pressure 
:~on vessels hzva been found subjcc= =o frequcn ~ - fai!urc. .~,e!iabie feed dev'_'ces 
:ceded as well as re!|able devices =o discharge c.:ar and a~h from =he race=or. 

,'ed equlp--an: for -'¢ ...... .... , - . = ~ . . o n  and separation2pu'clfic.-~icn processes is needed. 

~.-..~n~a~en is needed for con=inuous =cnitor~n~ and n~na,~ing of :solids and gases 
'~']i tenpera~-ure, h~gh pressure sys.-or..~. 

.od ~ack gas e!ea~n~ devices are needed~ as described ~n the subpro~,ra-, on 
)n.~an~al aspeczs of coal and shale processing and co-bus:ion. 

:ire is =o develop methods for service life predic=ion, testDme=hods for materials 
.d materials for coal processing ec.uipmen=. 

~ved materials arc needed ,,:hich can withstand the highly erosive, corrosive, high 
re, high ~ressure environments used in conversion devices. Critical prop~r=ies 

~s~;,,nce :o s~ress corrosion crack|n3 
.s~ance ~.o su!_~ig:,-~¢n and o='~.cr general corrosion processes 
ilia:: when in conznc= with :~,o!:en sia.~ and coal ash/materials 
&cance [o various types of sic:," mechanical failure 
latir.~ provertie~ in fir~5ox refractories 
[ransfer charac~e21szi¢3 'n ~..~az =-xchan.De ~ubes 

~i~e ~e:ho/s are neeied which uilÂ ~redic". long-time mechanical durability a:'d 
• l£~y of =a~erials in highly erosive, corrosi-,e environments. Be~er measure~-..~:z~: 
• Lheds of zeasuriz~ cri=ical prGper~ics listed above ~n Section E,I, a-K, are 
~o allow iv.proved screening of ~.a~erlals used in conversion devices. 

A. 
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b, 
repeated here. The jusnification+for the preach= sub-program is the= the other sub-progr 
:~n this coal and shale program csuld no~ be pursued economieall~ or rationally withou= pa 
i:echnology development and supportlnZ research in these areas. The chemical processes, k 
md thermodyna~ic da~a, equipme:%t componen=s end ma~erials required in all the various ~y 
~f coal and shale processing systems have numerous cordon features and are not truly sepa 
from one sys=em to another. Thus, shese are all treated ~ozether in this sub-program. 

Al%hou~h the basic feasibility of producing gas and oil from coal and shale has alread 
1~monszrated, uitlma~e economic " "'" = + ~=" +~ "-~" may p~as~ca!.ty.oi ~..=~_ e._e~.~ .sources dew,and either on 
~evelopment of new procedures for a~ least par~ of th~se procesaes or or{ the gradual i::pr 
~f existing processes, mmteriais and equipmen=. Specific areas where ~chnolugy develop= 
~nd suppor~ research are needed include: 

The objective cf ~he equipment development Vrogra~ is to develop ~ndependent of pilot 
demcns~ra=ion planus, new reii~b!e coal injectioDs systems for high pressure, char ar 
~Ithdrawl sys[ems, solids monitoring Instru~en=s: valves and o~her key components re~ 
for coal processing. 
(1) Lock hoppers, - ~ ~ sea._n~ devices, valves and slurry pumps used to feed coal into pr( 

reaction vessels have been found subjec= to frequent failure. Reliable feed day: 
"ere needed as well as reliable devices =o discharge char and ash from the reacto: 

(2) Improved equipment for fii=ration and separation/purification processes is neede, 

(3) Instrumentation is needed for continuous monitoring lad managing of 'solids and g; 
~n high =emperanure, high pressure sys=ezs. 

(4) Improved smack gas cleaning devices are needed, as described in the subprogram o 
environmen=ai aspecns of coal and shale processing and combustion. 

B, }[aterials 

The objective is to develop me=hods for service llfe predict{on, test/~methods for m~ 
and improved materials for coal processing equipmen=. 

(I) Improved materials are needed which ~an withstand the highly erosive, cbrrosivc 
temperature, high pressure environments used in conversion devices. Critical prope= 
~nclude: 
(a) Resistance ~o erosive wear 
(b) Resistance zo stress corrosion cracking 
(c) Resistance to sulfide=ion and ocher general corrosion processes 
(d) StabiliLy when in contac= ~ith molten slag and coal ash/materials 
(e) Resimtance =o various types of slow mechanical failure 
(f) Insula=ing properties in firebox refractories 
(g) }~eat transfer characteristics in heaz exchange tubes 

(2) Short-=i:e me=hods are neeied which %:il! predic= long-mime mechanical durahili! 
reliability of materials in highly erosive, corrosive environmen=s. Be=tar mea~ 
and methods of =easurinB critical properties lisKed above in SecKion B.I, a-g, , 
needed to allow improved screening of me=oriels used in conversion devices. 

C. Dzcn ~o~pi]ations , handbooks and ana]-.'ses 

The objective is to advance the development of coal processing hy developing a tech 
design and economic information data base. 

(I) Data ~olleotions and measurements are needed on ~ ,  

(n) Pr-',pertles of coal 

(h) K~uctic and r.her:-:odyna:,.;[c dat,~ on process che'--,Istry 6[ congers~on 
(c) }'.ix;tile anti thc."m~,'ynar:£c 4ate on :mlfur compounds nnd cti:er pollutants 

rc~.;ultiug from coal ¢ouverslon 
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• .. The jus=ifica=ion ~or the present sub-program is that the'other sub-programs 
and shale program could not be pursued economically or rationally withou~ parallel 

~.~ve!o~.-..cn~ and suppo~tinz research in these areas. The chemical processes, kine*.Ic 
nanin data. equip-meet componen=s and materials required in all nhe various ~ypes 
shale processing systems }-ave numerous co.=on features and are not =rely separable 
tern to another. Thus, these are all treated together in this sub-program. 

~the basic feasibi!i~7 of preducin~ gas and oil from coal and shale has alre.~dy b(:en 

, uit,~-~nze uco:~.enic pra:ticali:y.o~ ~hese'e~.~.~,.-g:r. suurces may depend eiEher o?Z the 
of new procedures for a= i~ast :-art of these processes or 0,% the gradual -':.'.prove.-.en~ 
processes, z---=ar~als and equip:an=. Specific areas where technology de.velopmenc 
reset_rob ~.. .... ~ nee/ed ...~-*~_u~._.';,: 
~ ~a-: eler~e~ t 
c=ive of ~he equlpmenE dove!up:eat program is to develop ,independemE of pilot and 
:arian pianzs, no': --~-" ~ coal inj " ~._=m--~ ac~c-'~s systems for high pressure, char a n d  asn 
~'l systems, se!igs monitoring ins=rumenEs, valves and other key componen=s required 
• processi~. 
hoppers,. .~._~'-~ _.~n "~ devices, valves and slurry DU~T.,DS. . used to feed coal into pressure 

:=ion vessels ~-"e--. been found subj~e= to frequent failure. .,-___.__~=~,],= feed devices 
~eed~d as "~eil as reliable devices =o discharge char and ash from the reactor. 

rove~ equlp"ent for filtration an~ separationPpurlfication processes is needed. 

tru.-..entatien is neede ~ . for continuous =o.-%itoring and .nmnaBing of 'solids and gases 
~igh temperature, high pressure sys=ems. 

eyed s=~ck ~as ___=.~..=e~-~ devices are needed, as described in the subprogram on 
~ron=ental aspects of coal and shale processing &nd c.ombus=io~, 

Is 

Lctive i~ to develop methods for service lif-e prediction, =asthma=hods -'or materials 
roved materials for coal processing eq,aip.-.e=t. 

q~roved ~ter-z!s ere needed which can uithstand ~he highly erosi~:e, corrosive, high 
ture, high pressure environments used in conversion devices. Critical properties 

• esistance to erosive wear 
esistance =o stress corrosion cracking 
.esis~ance to sulflda~ion and ocher general corrosion processes 
~tab~l~=-:- unen in con=ace "-'ith :col:on slag and coal ash/ca=oriels 
~esist.,nee =o varleus types of sio'~ mechanical failure 
~nsulab~ng Frc~erE~es in firebox refractories 
~eat transfer characteristics in heat e:.:eha~e tubes 
~r=-=i:e ~..e'.ho/s are needed which ;:ill predlc~ lon~.-~ira~ mechanical d~rahility and 
~ability of .-a~erlals in highly erosive, corrosive environments. Better measure=an=~ 
~ethods of measuring =rizical proper=los lis".e4 above ~n Section B.1, a-g~ are 

~ded to allow improved screening of materials used in conversion devices. 

b,~pi]ati.ons, handh~oks and ana]':.=.es 

,active is So advance the development of coal processing by developing a technical, 
and economic information d.~ta base. 

i 

~ta collections and measuremen=s are needed on 

) Propertle~; of coal ~ 

) K~i.:ti< a~Id tl;~'r:.:o,_'v~ami.c datfl on process thor',Jr;try of coal conversion 
") Ki~:etic and t~c:',':.,)dynar:ic data on ::elf=n" co:.-.l:ounds and other pollutant.-. 

r¢.:~ult ~ ug f r o ~ . :  c o . ~  i cunvcr.~lon 
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(a) Eng~uc:er~ub'~nta l,oOt-:J on cou] conversion p:'oce.~ses should be published 

(b) Computer modeli~.g ~hould be dot:e to evaluation conversion processes and 
where E-rcn~er accuracy is ~',ceded in da~a. 

(3) SLaudard reference materials are need to aid in chemical analyses for trace p 
and toxic efflucn:s from. coal or shale conversion, 

(4) Central information cen:er is acceded to provide ready access, probably compu 
to all data feinted to ¢5n! conversio:~. 

(5) An=]ysea of economic and manpower implication of coal conversion programs are 

D. Catalvs=s nnd chemical kinetics for conversion ~rocesses. 

Improved catalys~ ~. are needed for r..eLi-anation, coal gasificatioz and !iquefac~ 
i:l~e che-:ical kfn~tics necessary for :.-...-.roved coal processirll systems mu.~t 1 ) e  ( 
(1) Yethar.a[iot: ca=alTsts and procc.~es need con~'idarabio work, including 

(a) Mechanis.n of .~ulf,.:r poisc'.',i:- B or zrnce r_eral poisoning of presently 
based ca=alysts and way of altering the catalyst or the process s~r" 
such poiso::in'< 

(b) Methods of increasln~ hea: flow fro:, catalyst 
(c) l let]rods of a!io-.,in~ ,-.e~hz:'.ation cataiTs~s "-o o nara~e at a higher te~ 

good ~c~hane yield, !nciuiing T.ethod-- of preventing carbon deposit 
~empera~ures. 

(d) Altern.-~ ~ _ r.ethcds cf ~e~'.,-nna:ion 5- catalysts flowing in a process 
conversion of producer ~---z to ~eth.zne in one s=ep~ and non-catalyti 
methods re1",in Z on vibrat-enal exciuation. 

(2) Catalysts for coal !iquefactic~ processes need ~ork to establish optimum con 
develop £=proved catalysts, inc!udin; 

(a) Coha!t molybda:e ca~aiynts for Synthsil process 
(5) Catalys~s to improve hydrccracking processes and the up-grading of 

liquids. 
(c) Improved catalysts for Fisher-Tropsch process 
(d) Other coal liquefaction ca~aiys~s 

(3) CatalFsts for the shift reations in high B~J processes should be optimized. 

P 
(4) Basic studies of ¢hemicni kinetics are neede~ inc!udin~ s~u~ies on: 

(a) Phys~cal/mhemicai modifica:ions of coal to control its reactivity (] 

l 

(s) 

(c) 

(a) 
(e) 
( f )  

(s) 

(h) 

( i )  
( j )  

coal) 
Co.-;oustion ~ coal vith pre-:reatmc,nt or additives being applied to 
tent emissions. 
Kinetics and r.ech~n!s.~s of hydrogenation, carbonizazion and methana 
in conversion of coal 
Reaction of char with carbon dioxide flue ~as to yield fuel 
Extractivc-dist~!lazion proces~ for ash/coal oil separation 
Determination of properties and eonzLituenzs of coal-derived liquid 
of polymerization a?.~ dapoll--erization. 
Develop-.ent of liquid/solid ~eparatlon =ezhods by fil~ration, precJ 
centrifu,~atlon and use of h':'droclones. 
Kineticz of reactions by solids in car.tact wi:h gases, includin~ fJ 
dilute phase o£ enE~ain£d be/s, and fixed beds. 
Kinetics of co, a! agglomera-~ion 
Side and am-produce reac~J.o::s fro~ trace amounts of nitrogen and h ~ 
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nuering data books on coal conversion processes should be published 

uter modeling should be done to evaluation conversion processes and to determine 
e gl'ea~er accuracy is nee¢led in da~a. 

reference mat~.r~als are need to aid in chemical analyses for trace pollutants 
effluents from coal or shale conversion. 

nformation center is neeeded to provide ready access, probably computer-aided, 
ta related to cbai conversion. 

~f economic and manpower implication of coal conversion programs are needed. 

end chemical kieetics for conversion processes. 

~=a!ysts are needed for methanation, coal gasification and liquefaction, and 
~:I kinetics n~cessary for -,-.proved coal processing systems must be developed. 
".ation catalysts and procasses need considerable work, including 
~echanis~ of s'alfur poisoning or .-race metal poisoning of presently used nickel- 
)ased catalysts and way of altering Lhe catalyst or the process stream to avoig 
~uch po!sonin~ 
[ethcds of increasing heat flow fro'.~ catalyst 
~ethods of aliowin~ r-echanation catalysts "-o operate at a higher temperature ,.¢iz'- 
;ood n~-thane y~eld, including v.er.hods of preventing carbon deposition at higher 
~emperatures. 

;iternatc m£thods of me~han'-=ion by catalysts f!o~:ing in a process stream, direc 
:on%'ersion of producer gas to methane in one s~ep, and non-catalytic methanation 
:ethods relying on vibra:ional excitation. 

ies of chemical kinetics are needed including studies on: 

for coal liquefaction processes need wobk to establish optimum conditions and 
~prcved catalysts, inc!uding 
:oba!t molybdaze catalys~s fo~ ~ynthoil process 
:atalysts to !=~prove hydroeracking processes and the up-grading of coal derived 
.iquids. 
improved cata!ys~s for Fisher-Tropsch process 
,thor coal liquefaction cmtaiysts 

for the shift reations in high BETJ processes should 5e optimized. 
# 

ysical/zhemical modificazions of coal to control its reactivity (pretreatme:.t c 
el) 
mbustion of coal with pro-treatment or additives being applied to reduce poi!u- 
nt emissions. 

ne~ics and mechanisms of hydrogenation, carbonization and methanation reae~ion~ 
conversion of coal 

~ction of'char with carbon dioxide flue gas to yield fuel 
tr~ctive-d~sti!la~ion process for ash/coal oil separation 
termlna~ion of properties and consLituencs of coal-derived liquids and rates 
polymerization and dapolymerization. 

uelap~ent of liquid/solid separation methods by filtration~ precipitation, 
Rtrifugacion and use of hydroclones. 

~etics of reactions by solids in contact with gases, including fluidized beds, 
lute phase or entrained beds, and fixed beds. 
~etics of caal agglomeration 
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to all da,:a related to ¢Oni conversion. 

(5) Analys,3 of economic and manpower i:.~plica~.ion of coal conversion programs are needed. 

D. Catnlv:~t~ n-~d c~%c~ice] "-'~,'r-t'.'es .Cur cen-:e:-s'c.~ :;roce:=ses. 

I~provcd cn:,.~y~;-s are n._.e:ied for =:e'hana=io::, coal gasification and !'-'quefaction~ and 
zl~.e cho::icn! k.:n%Lics :~.cc¢.~.~ary for "~'%?rov._-d con" processing.: .~ys~o~s =,,-at be d~ve!oped 
(I) v - , :  . . . . .  "~, " :..o . . . . . . . . . . . . . . . .  ! nc l-:c'.in Z .~, ~,, ....... i.n c-:~::~-n=n :.::- .... ~ .... " " need cc:'.;i/erabic'. ..... ~" 

(n) :'[czi~.::i:m of ~:.,if-,r poi~:._u{:'.. 5 or Lt'nt.e ::.oral pc~:-:enin.~ of prva:en~ly used sic 
b:'~cd ca'.aly~t.~; nnd :,ay of nlt.ar-p.g L } ' e  catalyst or the process stream .to av 
such poino::i:~i[ 

(b) Hc~hcd~ 0.:. in~r-~'.':~ing ileal flow fro::~' catalyst 
(c) L ' c t h : , d s  of =. i lo :c ' : . : . "  : . :e~'La::a~.~on cataJ.ys~s : o  operate at a higher ter.perature 

. goad ::ethane yJc!d, inci::/i:~. Z ~ethods of preventing carbon deposition at hi 
ter~paratures. 

(d) AILerna=e -.c:~:c..j$, of .-..ati:a::a=ion by catalysts f!o:.ing in a process stream, 
conversion of .-.,reducer ?us to .T.e~!:ane in ene step, and non-catalytic .-..e-hens 
methods relying on vibrational excite=ion. 

(~) 

O) 

(4) 

Cataly:=ts far coal !iq,,efaczicn ?rczesses need work to establish optimum conditions a 
develop _..~- "~-o.,e ~ .  . ~ catalysts, inc!ulir.:~ 

(n) Ceba![ =olybd:-e ca-ai'.'s:s for c,,.~.-'. "~. ~2 .-u-.el- process 
(b) Catalysts to i:azrove ir;droerac<inz "-recesses and the up-grading of coal der~ 

liquids. 
(c) Improved catalysts for Fi~her-Tropsch process 
(d) Other coal liquefaction catalysts 

Ca~al~s:s for the shift reaLions in high BTU processes should be optimized. 
# 

~usic studies of chemical kinetics .-~-e ne~d-~d ~-. ,'~-~ _..clue_.._ studies on: 
(a) l:hy~cal/cbe-ical =od.~ficazions of coal to con.~rol its reactivity (pretreat.-_e 

coal) 

(b) Combustion of coal ==ith pro-treatment or additives being applied to reduce pc 
ta~t c~issions. 

(c) It~aetics and r.echani=-s of hydregen&cion~ carbonization and =eEhana~ion react 
in conversion of co.~l 

(d) Reaction of char ~'i=h carbon dlox'.'.de flue gas to yield fuel 
(e) Extractive-dl-_-.tJl!a=ion process for ash/coal oil separation 
(f) Determi:ta:ion of preper:ies and con.-=-ituen:s of coal-derived liqulds and rat: 

of poly=:erization acd depoi'..-_erization. 
(g) Devclopz.ent of " "  "'~/ I"~ ~q ..... so_.. sep.-ra~-:on me=hods by filtration, precipitation, 

centrifugation and usa of h/:droc!ones. 

(h) Kinetics of reactions by solids ~n o¢:'.=act %'!oh gases, including fluid!zeal b. 
di~_ute phase or en':a,.'ned beds, and fixed beds. 

(i) Kinet,lcs of coal agglcmera:ion 

(j) Side and ¢o-produc= re.~c=bc.ns from =race -',=ousts of nitrogen and hydrogen in 
prr, dt,.ct stream fo]!e::fng meCmnation, :'n order =o avoid am:aonia formation 

~N:e objective is to adv:,.nce ",~ . .. ~,.~ deve!o:-:=ent of coal processin B by research on the uni 
operation:= ~,f coal ........ ,.~.,.,st,=," .... (i.e,, flu~di=ed had technology) and by deveioping new 
proces . .~ , : :=  f o r  produc£r.g hydroc;u'be:-s from coal. 

Processes which shot, ld be inves=ig;;Led Enclude ~ ' ~  

( 1 )  I : .~ ; t  f l u i . ! . ~ . : , ' d  i~ed r v a - t h , , ~ : ;  f o r  r a p i d  e:,.:'i;on[:::zL!on o r  h ' . : d r o ~ ; e n : t t i o n  
( 2 )  F ! t x i , ] i : . . . . l  ! , . . [  o r  =.ntrai l~, .=!  f l u , :  r , . : ' = b u : ; t i o n  r , - . ~ c t i c m : ;  w i t h  : n , l f u r  . ' ; c a v u n g e r s  

, w  - . - e ~  . . 

( 3 )  h ' : p z , : v c , l  i ' !  m '  t , , m E  ,.n,~. t c c l m ~ ' l , L , : : ,  i : l g ] l | d i : I L ;  flY;: ;:;c[ht;~.]:l fOl" hg.~,-ldlalti~, cz)llvv'; ' .!!lC 
• * , ° . . .  . I  

• - ' .. : '. !T . . . .  -" "" 

[ 
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of ~conomic and manpower implication of coal conversion programs are needed. 

.~nd chemical k~net~c5 for con':ersien r~rocesses. 

cat:+lyntn are , ~ - , ~ e d  for methana~io::, coal gasification and liquefaction, and 
cal kin2~ics nuces~ary for improved coal processing systems ::c.st be developed. 
an~ioa ca:al:?~:s an/ procc..~es nec, d cen~idarable ~.'o-'k, including 
5[eci:-:ni~m of sulf..:r pcis~-~i::g or ~race =e~al poisoning of pr~-sently used nickel- 
5asud catalysts nni ~ay of a!~ering the catalyst or ~he process stream to avoid 
such [~o i~o:'.in:~ 
::cthcds of increasing h_~at flo'~, fro::: catalyst 
• '[cti:o~s of alle'.,in Z =e~hn:,.an!on catalysts to operate at a higher temperature ::iz" 
good :"ethane 7J21d, including ?.e-hods of preventing carbon deposition at higher 
tempera Eures • 

Alternate _-.e=hods of :ethn'~ation by catalysts f!o::ing in a process stream, dir---.- 
cmnversion of producer ";~s --_o met-~ane in one step, and non-catalytic .-..ethanaticn 
methods relying on vibrational excitation. 

s for coal !iquefaet~on ~ro=esses need ~ork to establish opt~_~num conditions and 
~=proved catal3~ts , inc!u~i:~ 
Coba!~ ~olybdz:e cabaiy&ts for Synthoi! process 
Catalzsts ~o improve hvdrocrackln: processes and the up-gradin~ of coal derived 
liquids. 

Izproved~ata!ys~s for Fisher-Trobsah process 
Other coal liquefaction cazaiysEs 

for the shift reations in high BTU processes should be optimized. 
7" 

kdies of chemical ~inetics are ne~_d:~d ir:cludin~ studies on: 

'hy~]cal/chemical ~-oiificazions of coal to control its reactivity (pretreat.-_ent c 
:o~I) 
Zo~bus~£on of coal x:ith pro-treatment or additives bein=~ applied to redu=e poliu- 
:ant emissions. 

l~;~e[ics and mechanis=s of hydrogenat!on~ carbonization and methanation reaction.: 
n conversion c.f coal 

:eaction of char with carbon diox,.'de flue gas to yield fuel 
~-'~tr~ctivc-disti!Ir~zlon pre:ess for ash/coal oil separation 
)etermi'.:atien of properties and con.--.t~tuenzs of coai-derived.liq~ids and rates 
~f po]y~erizaticn and depel::.--erization. 

~evclo?zen~ of iiquid/so!~d s.apsra:~.on me~hods by filtration, precipitation, 
:entrifuga~/on a:~d use ef hydroclones. 

[~nezics of reac=:ens by solids ~n co:react wi~h gases, including fluidi=-:ad beds, 
]'-'lute phase o r  entraincd 5~ds, and fixed beds. 
"inetics of coal a~,~Icmera=~on 

"ida and co-produc~ re.%cc]ons from =race a~.oun~s of nitrogen and hydrogen ~n 
~roduc ~ . stream fo]!o,2in S me~hana~ion, in order to a%~oid a~nonia formation 

: v , ?  ] O :~,2.erl ~, 

° 

£.-e is t o  advance tee 4eve!o~::ent of coal processing b y  research on the unit 
of caal ~roe,.~sin:~ (i.e., flu~dized l;ed technology) and by developing ne~" 

for pzoduc£z~.[: hydr,~caz-bons from coal. 

h should bc Investigated "-':~clude 

,I i ::~{ hod re.~ic~ ~en:~ ,rot ra~ d cgt'.-ho~: [::at.;on o,- hydroben;zt ion 
| l , ' , [  *~r ( 'nt l ' ,~{r~,,~| ] '10 ~.: C,":~bL':;E~OE-" I'~'CsCL~CllI,'-; % ' i t h  ; : h ] f U r  ;~cavczlp, e r s  

',I.x,l,L " f r , ~ : z t  ,~'. , |" / L ' c h : ~ ] , > b y  , 

4 
£~c]ud.::l~; ,ivw ~.;,..'thod:: for l.~andlin~:, cc, nvL..y,:nce 
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gryit~g, surface oxidaLlou, ~:~c., processes. 

(5) Study of con!/oil slurries(formatiou, sin:bill=y, flo~: characLeristics, e~c.) 

(6) Combuntio~ e. ~ Chars and syr.lhctic fuels 
(7) Aeo~ylc:,e froz~ coal by the arc-coal process 
(g) ~:etho~'.~ of handli;~ Z coal fine:; in g:~ifiers 
(9) " ~ ' , . e t n o c ,  s for removal of char and tar from reactors ! (I0) ['t~it operations involved in !iquefac~.io:~ 
(11-) High pressure fluidizcd bed rcacLors 
(12) ~:u]uip.~a~;e flow caa.~uc~eris~ias i n  coal iiqucfac~ion 
(3.3) Us.eful by,rod'.rots from coal tom,version processes 
(its) E=~issi~ cen~-oi processes, =s described in sub-program on environmental aspects ~ 

and s.hal~: processing and co-.bu.~=ion "t 
I 

F. 1.b{+'~roscn preduc,.!on for use in coal conversion ~roccsses I: 

The objective is the deva!opm~.nt of lo---cost on-site processes for producing hydro! 
rich gases fro.-., non-:~-atroieu-, sources for n~-...==~ and ~i£-'.erm coal and oil shale pro! 

i I. C--'ndida~e processes should be inves'.igated on a laboratory scale first with a I 
plant o:~.ly for t':'.e zo~[ pro_~izi~Z techniques, i 

(a) plantStea~:-°:':YZenstuiies)Pr°cess for "{2 production from coal and resi4ue chars (ready for I 

i 
(5) }~e the ds =~ - - u .... = nhermocher_ical eye.los at io'-" temperatures so that heat from met ~ 

or el|mar process heat -+-: -~.~.:t be used to drive =h= H 2 reaction (laboratory seal: 
at this time) 

(c) Eiectrother-~_i generation from coal ! 
(d) S tea.-~-iron ;recess I 

The reeo-----~..endcd s-"an~nb"" ~ rate for FY75 benefits and ris~s/uncertainties in each of the I 
objectives areas A-F above are: "" ! 

A. Equipment ($9 }f in YY75) I 

I. Benefits--Frequent breakdo~:n of equip-~en= or inefficient operation coal and shal, ~ 
. . . " c/ i version planz= h=rausa of Door e~-uia.-.ent could easily• raise costs i0~.- If coal 

D~±_"_o.-.s el c--~'ars'dz-cosu savln~s. 
2. ~izhs/uncer--ainties--DeveloTzent of aqui~-en~ is subject =o some uncertainties: 

high temperature reactors under pressure are often involved. Nevertheless, th~ 
possibility of significant achievement appears good, as high pressure technolo~ 
U. S. is an acE.~ve field. 

a:o~ion and corrosion of materials used in coal conversic 
might require unnecessarily frequent rabui!dinz of conversion reactors mng =he: 
accessories and pos_~ibly cause frequemE unex-p, ecned shut do,.ms, all of ~,'hlch ¢o~ 
easily raise costs lOZ. If coal and shale conversion became a pr~.mnary source ¢ 
gas and oil, a i0% reduction in price would resul~ in Billions of dollars of cc 
savi,~gs. 

2. R-isks/Unc~rtainties -- k'onitoring £ezerioration and measurement of properties 
materials is a straight f=---'ard procedure. The major uncertainty here lies inl 
who[her new and improved ~est me~hods and materials eat 5e developed. Based 
previmus experience, the :zssibi!i=y of siBnificant achievement here appears gi 

C. Data co.-.pila=ions, handbooks and analyses (=~.-. in r'.- 75) 
I. Benefits -- in designing ;ilo= and de-eta=ration plan=s, engineering data are 

on the construction materials used, coal itself and chemical processes. Econo~ 
analyses also are needed. Serious enBineering problems and inefficient design~ 
result Item lack of suitably analyzed data, "~hich might lead to long delays in 

B, 
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rfnce oxidatlou, etc., processes. 

of coal/oil slurries(formation, stability, flo~: characteristics, etc.) 

aries o! Chars and synZ!:ctic fuels 
le:,e fro=~ coal by ~he arc-coal p:'ocess 
d.~ of handli~ coal ~'-ines in gasifiers 
~s for removal of char and tar from reactors 
~pcrntions inve!vcd in !iquefac.zion 
Pro&sure fluidized bed rose=ors 
' :n.~_,-~.,. flow caaractcrib~ias in coal !iquefac~ion 
I byFro~-'cts "~-"-~.~_~ coal ear, version .nrecesses 
~.~,n centre! proccssc~, as described in sub-program on environmental aspects of coal 
~ale processing and co_-,bustion .= 

=n production for use in co-~l conversion Processes ,, 

jcctlve ic the deve!ogmen= of !6~'-cos~ on-site processes for producing hydrogen- 
~$en from no~-patroieun sources for .-.ear and ~.;i~-~_erm coal and oil shale pro=es~ing. 
Ididarc processes shDzid be inves-igazed on a laboratory scale first with a pile= 
)nly for the mo~= pro=isin,3 techniques. 
• e.,:'-- o..;'-'"-.'-=_.~ .mrozess for :.!~ production from coal and residue chars (ready for pilot 
.ant ~tulies) 

.~ti~ods usin?~ 5her~_ochezical cycles at low temperatures so tha= heat from methanazlon 
• other process hea~ --i~h= be used to drive the H 2 reaction (laboratory saa!e only 
: this ti=e) 
ectro=her=.zi generation from coal 
e~=~-iron process 

s m ....... ~, raze for FY75 benefits and risks/uncertainties in each of the 
areas A-F above are: "' 

• nt ($8 x~ in F',.'75) 

• ~its~Fre~ucnt breakdo'¢n of equipment or inefficient opera,ion coal and shale con- 

;ion plat.no h=~ause of poor equipman=" could easily, raise costs i0%.- If coal and sh~"_,e 

'-= ~ 9r~-~_~v source, o=-. t'. S._~as a.~.d oil. a i0[{ redudtion in price would 
u!t in D~l-'lOz.S oz ~o-,'-ars or-cost say!asS. 
ks/unto ...... ~,~s ~=,ea~: ....... of mquipmenu is subjec= to soma uncertainties since 
n tempara~.ure reac-ers ,anger press,~re arc often involved. Ne~,er£heless, the 
~ibility of "" ~:~ - ~ sl=n~.~c=n~ achieva-_ent appears 8004, as high pressure techno!ogy in the 
~, is an active field. 

.s.. ($7 X }~ n'75, ~ ' 
:~ts -- F.a~urc, erosion ~nd ~orrosion of ma~eria!s used in coal conversion device 
it require unnecessarily frequen= rabui!dinB of conversion reac~ors and their 
~_ssories ani possibly cause free.men= une:v~ec=ed shut do%-n.s, all of which could 
fly raise cos=s 10Z. if coal and shale conversion became a pri.-,ary source of U. S. 
and oil, a 10E reduo=ion in price ~-culd result in billions of dollars of cos= 
.ngs. 

:s/Uncerta'_'ntles -- l~onitoring 4eteriorat&on a ~; measurement of properties of 
.rials is a strai~h~ fo~--;ard procedure, lque major uncertainty here lies in 
:her new and improved =as= ,__=nou= and ma=er~a!s can be developed. Based on 
ious experience, she /~ssibi!iry of si~nifiean= achievement here appears good. 
.~.pila~ions, " ~ . . . . . .  ' nan~_-oo .... and analyses (S,..~ in ~Y 75) 
~fits -- in designing ;iloE and dozens=ration pianos, engineering data are needed 
ac construction za~eria!s used, coal !=self and chemical processes. Econe=ic 
,sos also are needed. Serious enDinee!ing problems an'd inefficien= designs can 
~t from lack of sui£ahiy analyze:.' data, which =igh= lead to long delays in aci:ievi:,. 
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(10) Unit opcrn~i~ns involved in lique~ac~'i°n 3 
(II) HiDh pressure fluidizad bed reactors 
(12) Hultiphase flow ci~aracreriszic-.-- in coal liquefaction 
k13) Useful byproducts fro'-, coal ccnversion prncesses 
(I~) Emission control proc,~sses, as described in sub-program on environmental aspects o: 

and shale processing and combustion .-" 

p. I b{,,drozcn production for use in coal conversion orocesses 

~he objective is the deve!op-:~-nt of low-cost on-site processes for produc-?.Z hydrog, 
rich oa.:s ~ ~ from non-p--zroieu-, sources for near and mid-term coal and oil sha!a proo 
I. Candidate processes should he inves:izated on a laboratory scale first with a p: 
plant only for ."ha .-..os~ ~romisinz ~echniques. 
(a) Stca::-o:.:y~,an process for H 2 production from coal and residue chars (ready for • 

s~u_ies) plant " '~ 
(5) Heth0ds usin~ ~hermochemical cycles a£ low temperatures so that heat from moth. 

or other process heat mi-~ht be used ~:o drive ~hc H 2 reaction (laboratory scale 
• at this time) 
(c) Ele~ro~herm..zl generation from coal 
(d) Stea~.-~- iron process 

%%e reco~---~_ended s~andlnZ rate for FY75 benefits and risks/uncertainties in each of the 
objectives areas A-F above are: . "" 

A. Equipment ($S ~-~ in YY75) 

i. Benefits--.Craq,_,ent hrhmk£o:¢n of equipment or inefficient operation coal and shale 

%-ersion plant~ h=causa of poor e~uip--.ent could &asilv~ raise costs i0%;- If coal 

became ~. ori:r_%rv source, o-. ~'. S._~as and o'ii. a 10% red{~£ticn in 9rice would 
resuzt zn co±moons oz ~c~_zars oz  cost savlnzs. 
l~s..s/~.nc~..~..$~es- ..~e±o:__;.n of aoui~-=en ~ . is subjez ~ - ~o some uncertain~!cs 
~igh temperature teat:ors under press~ra are ofnan involved. Ne~,erthe!ess, the 
possibility of significant achieve-eat appears good, as high pressure te.~hno!og 
U. S. is an act.~ve field. 

Z. ~,_tezla±s. ($7 -. 22.I I~. " "752 
l,- ~eneaits -- :rac=ure, aro~ion and corrosion of materials used in coal eonversio 

might require unnec.essariiy frequen~ rebuildin~ o£ conversion reactors and thai 
accessories and pos~ib!y cause frequen= unexpected shut do%ms, ail of which con 
easily raise costs 10Z. if coal and shale conversion became a prim.~ary source o 

. zas and oil, a 10% reduction in price would resu!~ in billions of dollars of co 
savings. 

2. P~isKs/U~.eertainti~s Monitoring deterioration a n d  measurement of properties o 
materials is a straight fo~--'ard procedure. The major uncertainty here lies in 
,~hether new and improved ~est methods and materials can 5e developed. Based on 
previous experience, the :ossibi!i=y of siznifica::t mchievement h~.re appears go 

C. Data compilations, handbooks and analyses ($3".'! in FY 75) 
I. Benefits -- In d~signin~. ;ilot and demonstration plan~s, engineering data are n, 

on the construction materials used, coal !:self and chemical processes. Econo-- 
analyses also are needed. Serious e.1zineering problems and inefficient designs 
result from., lack of sui~abiy analyzed data, which migh~ lead ~o long delays in 
sultahle cperation. Loss of tl-c even inca.orderly program is irreplaceabl~, %" 
~nefficien~ design or ~he need for costly design could oasily raise costs for p 
and d,:~:on~[ration pian~ by 20 to 50 per cent, equal ~o many millions of dollar 

2, lllsks/Uucernai.nties -- .,-~.~ collection and analysis of da~a although time-consum 
~s more certain of acco.-..p!ishment than mos~ R&D work. 

D. Catalyst~ and chemical kinetics for conversion proeesses i$13H in FY75) 
i. ~rncflt~ -- Some of the ..~.o:~t import:mr eactions in coal and ]iquefaction dope 

Cata]y:;ts ~,ith catai'/~ic star, es representing pcrhap.~ 30Z the total cost in th,:s 
proc¢.:mes. ~'ven mimer .~r.,provc:zun'~s in ca~a]ysis OF in chemical processes would 
:In m,l:;:;ivv :~.v:'[zbv~ [n Cod] told :A;a]~, proccs:;in:'. 

2 .  I H : ~ , k : , / . n c ~ , r l a ; . : : t ~ , , : ;  . - -  As " - ' i t h  a l l  r ¢ , , ; e a r c i ,  p ro : - r a . - . . ~ ,  t h e  f r a c t i o n n l  Improvr-r~c.:" 
will I-' ;~ro,:;;,li:fl,,'d in ~h~:; ar¢::i ¢:;,:v~,~t be dt.:initcly stated. S~ill dct inltL: 

1 r : -. .- • "." ,, I f . . . .  .:' :% ;, t .".., 
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pressure fluidized bed reactors 
pha~e flo~ ci~aruc~eristlcs in coal liquefaction 
,i ~yproduets from coal conversion processes 
ion control processes, as " -~ -' aesc~e~ in sub-program on environmental aspects of coal 
hale processing and cozbuszion 

on production .:or uge in coal conversion processes 

bjective is the development of 16w-cost on-sine processes for producing hydrogen- 
~,.~ses from non-pe'.ro!eun sources for .-.ear and .-.;id-term coal and oil sha!a processir.~. 
=ndidete processes should be inves-lgazed on a !aborarory scale first with a pile" 
ouly for uhe ~s~ promisin~ ~ecSniqu~s. 

5tea;z-oxygen process for H 2 produc~-'on from coal and residue chars (ready for pilot 
plant s=udies) 

~ethods usin~ therzochemical cycles at lo%- te--"-pera=ures so that heat from methanatlon 
)r other process hea= .nigh. ~ be used ~o drive the H 2 reaction (laboratory scale only 
~t this ti-e) 
Electrothe_r~.~-_l genera*tier from meal 
5 teed.n-iron process 
rended spendin~ ra~e for FY75 benefits and " ~ " - rms.~s/uncertamntles in each of the 
areas A-F above are: "" 

.'.eat ($8 M in FY75) 

refits--Frequent hreakdo'~'n of equipment or inefficient operation coal and shale con- 

rsion plant= h=rau_=a of poor eauip~_en= could easily raise ~.osts i0%.- If coal and s-ai~ 

CsZuf ~ %~'.-~_~v source, o - ~'. S._~as ~.n;. oil. a lO~ redudtion in price would 
o~_L.~Io~-~5 o£ GO.u-'~.rS OZ-COSE SaV~_n~s. 

[sks/uncer'.ainties--Develo?=anE of equip-on ~ _ is subject to some uncertain=!es s~nce 
[gh tempera~_~re reaczors under pressure are often involved. Ne~erKheless, the 
)ssibillty of si~ni_=icant achievemen= appears good, as high pressure technology in the 
S, ix an actgve field. 

~i 5 ($7 Z-~Sn ~'752 = 
merits -- =rac~ure. are_mien and corrosion of materials used in coal conversion device 
*.ght require unnecessarily frequen= rebuilding of conversion teat=ors and their 
:cessories and possibly cause frequent une:~-p, ec=ed shu= do%ms, all of wh$ch could 
sily raise coezs i DZ. if coal and shale conversion became a primary source of U. S. 
Is and oil, a 10% reducKion in price %'ou!d result in billions of dollars of cost 
:rings. 
sks/U,.certazntxes -- Xonitor~'ng deterioration ans measurement of properties o 
.terials ix a straight for--'ard procedure, iq'~e .-2_njor uncertainty here lies in 
ether new and improved tes= ~..e~hods and zateria!s can be devel$,oed. Based on 

e.~per ..... e, the :zssihi!ity of significant ac-~ieve.m.ent here appears good. 
conpilations, handbooks and analyses ($3M ~- FY 75) 
refits -- in des.g ..... ~ ~ilor and d,a-onstratiou plants, engineering data are n=eded 
the construction zaseria!s used, coal izself and chemical processes. Econo-_ic 

alyses also are needed. Serious engineering problems and inefficient designs can 
suit from la='~: of suitahiy analyzed dab_a, "~-hich migh= lead to long delays in achieviz 
~table operation. Loss of Ei-e even inan.order!y program is irr.oplaceable, wherea. 
e[iicient degign or the need for costly design could easily raise costs for pilot 
d dc'r~on$~ration ~-..- p-~h~ by 20 to 50 per cent, eq,,a! ~o many millions of dollars. 
sks/Un~er~ainties -- "~",e col!co:ion and analysis of data althoug!: tlme-co;~su=ing 
=ore certain of accomp!ishment than most R&D'~,ork. 

y.uts and chemical k~netlcs for conversion processes(S13:.! in FY75) 
~Lcflt~ -- Som~ of ~h~" ~r.o.~;~ ~.-a..portant reactions in coal and ]ique[action depend on 
~aly:;ts ~,ith cntaiytic stag~s represcnrin:l .~u.h..p.,,~ -,' " 30,% ~he to~al cost in these 
)cc.~;:.,~G. Even ~:~i~:or i;.,~rovvr;.u:]is in cdt:i)ysis or in chemical processes would resu!r 

i ,r,;l:;:iivv :;avi,:~.; in co.,J .~::d :,hal~ procu~:;in;~. k:~/l],~'z.rr.,i,lti,.,: -- ,'..~; '-'ith all r~..;~'.:irch l, ro::ra.~.~, the fractio~1:ll Improw...-~ent that 
~I ]~" ,*,'¢,,: :;,] ~:,h,'d it* [,*~:~ nrva ~::,:%:;,~t be: dL':~nJtC]y St;~tUd Still ' ~ • ue. ini ~.v 
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sci~alti fi¢ br~.akthrough. 

E. Procuss DevO!op.-.'-~nt ($20L' in FY75) 

io BenefILs -- Even i,~ cxistin~ pilot plants, a number of individual process 
b~cn optimized. Individual optimization of various processes as listed a 

easily reduce costs by 10%. If coal and shale conversion become a primer 
U. S. gns nnd oil, a 10% reduction in price could result in billions of 4 

cost sav1:;,~s. 
2, Risk~/u,~curtaiuEics -- DcvcloT.-:enE progra.-.s have inherent uncertain.'ies, 

l&stcdln this section s~'ou!d [;ie!d s'_'.gnificant rcsui~s. 
F. }lyd~:e.g£:~, Production for use. in Ccal Conv.zrsicn Processes ($4M in FY75) 

!, ~¢nefits -- The econc-ical production of hydregen from residue chars or ¢ 
~'.'c.ential for the eco:-or.ical develcp-ent of the Synthoi! coal liquafac=~ 

t'l[~ Eydranc and "''z}g==-- coal .sasificat!on proces~& in general, sources of 
- necessary fo:" any proce3s ~-hich converts coal to gc.s or oii, since the c'." 

~ifference bc-t:.een coal an-~ these other fuels is ~he deficiency of hydro~ 
2. K~s.1".-/uncerzni.n~ies -- "~ nu-ber of 5l,'dre~en production processes can be .~ 

teehnlcally :.~ ~" ":~ ~e_S_Dl_. The main uncerzain~y lies in =he selection of an e 

for particular coal conversion syster~. 
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20.~I in FY75) 

existing pilot plants, a number of individual processes have ~1ot 
dividual op~imiza=~on of various processes as listed above could 
by !0,'~. If coal and shale conversion become'a primary source of 

a 10% reduction in price could result in billions of dollars of 

-- Develo~.-:ent. p.o=~ ~-~s have inherent uncertainties, but all i ~e_s,~ 
on s.:ould yield significant results. 

• *.¢ r use in Coal Conversion Processes ($~.: in FY75) 
ncmical production of "zydregen from residue chars or coal is 
eccc~-nical development of the Synthoil coal liquefaction process and 
-~s coal gasification process-_~s in general, sources of hydroBan are 
rocess which cenverns coal =o gas or oil, since ehe chief ch~mica! 
coal and ~hese othar fuels is the deficiency ef hydrogen in coal. 
-- A number of hydrogen production processes can be shown to be 

e. l~ne main uncertainty lies in the selection of an economic process 

.f °'-. ..°. ..--* *- .~ 
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i. Star~ of coal ~rocezsln Z supvor~in~ research 

~rojc=ts. 
2. i~iti~l decision point on coal processin~ suppor~ 

projects. 
3. Decision poin~ on second ~eneratlon coal processing 

suppor£. 
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~q~s :::LDr¢,:'.z-'- i'.:voivc:: teal,no]aT':" devclo.?-:=:n[ and :;upportir+K research for the large: 
:'~'::.~. o:'+ co~l n::~ n+..~.! • ",roc,.:;.-.in~i :lad ceT-bu~tSon. ~:on, of the quantitative data sh~2" 
.i:c (-Co::c.:zlc bu:'+'~fiL~ r.." : ' . ' c  prod.ran: and t':c U. ~ foreign policy strategic need for thi: 
,o,::.-n rife c.ivc:" zn =..,' ','act sh,-ets for :he coal ~"~ficatie|~:,~.,. coal -~ iquefaction, coal 
• c:;,,usLio:~ and cn,+i:'o::.-.c:~tai sub-pro&=a.-.s in :his overall ~ro,~ram. The++e.data will not , 
"epc- :~ tcd  !:~:c. T h e  jt:sti."iC.-'ion for :'.:e present sub-~rozram is that the other sub-pro~" 
;',.. thi~ co;;J c,::~ =.._.-~,-~c n~o~-c + - :  . .,.. cDuld net be .-vrsued. economically or rationally, without p 
.ech::~ic{.v d~-,',-'?:::=;:= :,::d &u.r.?cr:J::% _-e':carch "_':: :hose areas. The chemical processes, 
nd "~-~-"++~..~.. .... ....... ... ...... ~c ,+late. "-'CL::.').--+C:I~. ~ co::::'e~e.n-~ end -a=crlals rccuired. ~n all the various t'. 
• .[ cc:~l ::.2 ch.-::e [,rocc~gin?. :,>sl~-+'~ i.ave nun-crees co::::on features and are not truly sop; 
[:'o:'. Or*~ &'.'Stem =o anozhcr. Yhus, :hose arc all trea~od [o~ezher in this sub-program. 

Althcu:Lh LL. ~ +:asia fcasihi]!'-', of pro4zci.n S -a:, = and oil from coal ~,i ~hale has alrea 

~c-o::nt---:.~d, u~:.:maze ccc;:c.~..ic zreczlcalit-.: o r, [h.+se-enzrsy_~.ut:rcos ~.ay deoend either o, 
[eve]cL:.'-':;~ of ::~-+~ :-,:'cccdu:es for ar less: -'--: cf these };rocu-;scs or on t h e  gradual i:np: 
>f (.x+:s:/a:.< p.-c,z..'~.e.~, ::-.:crial~ and cqui.---~ut. S.~ccific areas ~:+here technology develop, ~ 
:.'nd . <u? ie ' . ' :  -~e.-,..:.:':c:: --re ::eedei incl'-'dc: 

%'}re oDj2c:ivc ~: "-!~: equipr..cn= dev:.!o."-cn= pro~ra.-a is t o  develo F ,independent of pile 
~cno::s:rn:-:cn ?!n.n~:;, ::c.: reliable coal ~njectlo::s systems for ]:i~h pressure, char a 
vithdr.-.'-l ::T-=za.~, so!dis -oni-c-r~ng in.~=ru-enzs, valves and ozher key cot.portents re¢- 
~or cocl -" ":"~'". W" (% ~ - " ~ - " m  

(I) Loch h.~:~.-.=rs~ sea!in3 device.~, valves and slurry pu=ps used to feed coal into .Dr 
reoction • ...... i.~ have been zounc su'~jec~ :o Lrequcn- .... u~e. Reliable feed dev 

are needed a~ =:e!l c s  reliable devices :o discharge char and ash from ~he reac:c. 

(2) l.-+proved equie~-en: for fi!tra:ion and separation/purification process~ is neede; 

(3) In~-tru~..en=azion is needed "for continuous =onitoring and managing of solids and 
ia high rcr.~era:ura, high prcs&ure sy~=c=s. 

(~) Improved snack ~a~ cleaning devices are needed, as described in the subprogram C 
environ-~-n=al aspects of coal and shale processing and cot-bus=ion. 

L 

l-:a te-z'als 

Tr~e oS_iec~ive is : o  6evelo.D merho£s for serv'ice life 9redictimn, test methods for ma~ 
and !.-..~,rove~ :~-:eriais for coal processing equip.-.ent. 

(I) improved r-a~ria!s are needed which can wiahs=and the highly erosive, corrosive 
temperature, high pressure environments used in conversion devices. Critical prope r 
Include: 

(o) F.esiszauce to erosive -~ear 
(b) Resistance :o szress corrosion cracking 

(c) P, es~.~tzr, ce to sulfid--=ion and other general corrosion processes 
(d) Stabz'!i=y "-hen in co.".tac= %:i=h --.0lzen slag an4 coal ash/materials 
(e) Resista.-.ce ~o various ~ypes of sicw ~echanicnl failure 
(~) In-~ula=Cn~ prepcr=ies in firebox refr.-czories 
(g) 

(2) 

> 
}Iea~ ~ rcn~ fe r  c h a r a c r e r i s z i c s  i t .  hear a-:than.be tubes 

5hort-ri=.~ ::.c=hods ere needcd ",'hlch "~ill predict lon,3-time mechanical durabilit 
rcliahili_'F of r.a-eriais in hithi-." erosive, corrosive environn..ents. Better mea. 
and methods o~ ..-+¢asurin 5 cri=i~'al'prcper~ics lis=cd above in Section B.l, a-g, 
needed to al!cu, i-proved sczecnin D of materials used in conversion devices. 
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-ubpro?ram involves technology development and supporting research for the larger 
~n c o a l  and shal<' r.roc~,:;~in.", and ce:nbust$on. :test of t .he qua:lLitative da=a sho~;ing 
~:.~ic bcncfi'ts of the pro.gram and the U. S. foreign policy strategic need for this 
re givc,n in =he fact =ht.ezs for =he coal gasificntim~ cenl liquefaction, coal 
n and ec, v~ron~,_'uta! sub-programs in this overall program. %qlese data will not be 
here. T.":e jus~ifica~-ioa for the present sub-program is that the ether sub-programs 
:eel a;~d shale pro~ra~ cpuld net >=.,_ .~ursued. economically or rationally withou= Daral!el 
; y  dcvc]o':::ent a;:d supp~rt~n3 re[;earci~ z':: these areas. The chemical processes, kinetic 
._~}n~m.u da~.a, cquipzen~ co.-.::~onent.~ and materials recuired ~n all the various ~es 
nd shale proce.~sinZ systems have numerous cezm:on features and are no= £ruly separable 
system to another. Thus, these are all trea=ed =oge=her in this sub-program. 

,zh she basic feasibility ef p~o~c_.~ gas and oil from coal and shale has already been 

led, ultimate ~conomi¢ practicality ~r ~hese-energv. sot:rces ~v deDen~ either on'the 
. ....p~o~= ....... n~t of ne~ proce=ures for ~--~ !east ?art of these ~roc~sscs or on the gradual ~ ..... ~-'n-" 

nB processes, x,~Eerials and cqui~en=. Specific areas ~here technology development 
~r~ res.:zrcn are needed include: 

,b~_e=.~ -~ve uf ~he =~u-e...en-~" ¢-- * ~eve!opzent program is to develop ,independene of pi!o= and 
tstratien Dlan~s,. ~:c~ re!labia coal injecEions svs=ems, for hSgh pressure, char and a~n-' 
ira~l sy~:e.~a, solids ~oni:orlng instruments~ valve9 "and o~her key components required 
:eel processing. 
.ock hoppers, sea!in Z devices, valves and slurry pumps used to feed coal into pressure 
~eaction vesseiz have been found subject =o frequen= failure. Reliable feed device~ 
re needed as ::ell as reliable devices to discharge char and ash from the reactor. 

~mprovcd equipzen= for filtration and separation/purification processes is needed. 

[nstrumanta=ion ~s needed =or con=inuous monitoring and managing of solids and gases 
high temperature, high pressure systems. 

mproved s~ack Bas cleaninB devices are needed, as described in the subprogram on 
n,ironmental aspects of zoal and shale processing and combus=ion. 

A 
,bjectSve is Co develop :~echods for service life prediction~ test =e~hods for materials 
~prcved materials for cc~l processinB equipmen=. 

Xnproved 7.aterials are needed which can withstand the highly erosive, cbrrosive~ high 
.rature, high pressure environments used in conversion devices. CriKical properties 
~de: 
Resistance to erosive wear 
Resistance t~ stress corrosion cracking 
Resistance =o sulfidation and other general corrosion processes 
gtabili= F uhen in contact uith molten slag and coal ash/materials 
Resistance ~o various =ypes of si~w mechanical failure 
Insula=ing vrover~ies in firebox refractories 
Neat transfer charac=eris=ics in hear exchange tubes 

herr-lice methods are needed uhich uiil predict long-time mechanzcal durability and 
/liability of me=oriels in hi~hiy erosive, corrosive environments. Better measurements 
~d methods of measuring critical ?roper=des listed above in Section B.l, a-g, are 
~eded to allow improved screening of materials used in conversion devices. 
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in tlt~s coal and shale program cpuld not be pursued economically or rationally without D 
! " . . 

:ethnology development and supporting research ~- ~hese areas. The chemical processes, 
~nd thermodynamic dame, equipmen~ components and materials required 5n all the various t 
~f coal and shale processing systems have numerous coma:on features and are not truly sap 
~rom one system to another. Thus, these are all treated together in ehis sub-program. 

Although the basic feasibility ef producing gas and oil from coal and shale has alrea 

~emonstra~ed, ul~bmz=e economic Dr"~ct~c~--~" ~",c~c -'~n=seo -en~>.~ot~ces--~,- - - may depend either o 
de~elo?~e~t of new procedures for ae least par5 of ~hese procusses or on the gradual i:np 
~f ex~stinB pr0cesaes, ma~erials and equipmen=. Specific areas where technology develop 
nnd support research are needed include: 

The objective cf =i~e equipment development program is to develop ,independent of pile 
demonstration plants, new reliable coal 2njections systems for high pressure, char a 
withdraul syatems, solids monitoring instruments, valves and other key components re 
for Coal .... ¢~o pro.=s~_.,o. 
(I) Leak hoppers, sealing devices, valves and slurry pumps used to feed coal into pr 

reaction vessels have been found subject co frequen~ failure. Reliable feed dev 
"are needed as well as reliable devices to discharge char and ash from the reac=o 

(2) improved equip=eat for filtra=ion and seoaration/purification processes is neede 
o 

(3) Instrumentation is needed for continuous monitoring and managing of solids and g 
in high tempera=ure, high pressure systems. 

(4) Improved smack gas cleanin~ devices are needed, as described in the subprogram o 
envlronz~mta! aspects of coal and shale processing and co~ous=ion. 

B. }~terEals 

# 
~ne objective is to develop methods for service life prediction, test methods for ma 
and improved ma~erials for coal processing equipment. 

(I) . Improved =ataria!s are needed which can witbstand the highly erosive, corrosive 
temperature, high pressure environments used in conversion devices. Critical proper 
include: 
(a) Resistance to erosive wear 
(b) Resistance ~o stress corrosion cracking 
(c) Resistance to suifida=ion and other general corrosion processes 
(d) Stability when in contact with =oi=en slag and coal ash/materials. 
(e) Resistance =o various types of sicw mechanical failure 
(f) Insulat!n~ ~r~per=ies in firebox refractories 
(g) Heat transfer characteristics in hea: exchange tubes 

(2) Short-time methods are needed which ~ill predict long-Kime mechanical durabilit 
reliability of materials in hiBhly erosive, corrosive environments. Be=tar meas 
and methods of measuring critical properties listed above in Section B.I, a-g, a 
needed to allen improved screening of materials used in conversion devices. 

C. Data comni~nt~ons, handbooks and ana!vses 

The objective is =o advance the development of coal processing by developing a tech= 
d e s i g n  and economic infor.-.a.~ion data base. 

(I) Data col!cctions and measurements are needed on - ~  

(2) Properties of ~'oal 
( b )  K.~ne t ,¢c  ~,nd " , • , '  . . . .  ; ,.,~..rr....,.::x.z..:.c dnt.~ on proec-.~,~ c| ~stry,-.. ." • of co,~.I con,.ror.~;~on 

(C) K i n e t , ~ c  a n d  ch~: : : :~ ,d ' . ' ,m: : : i c  d . :Le  o:~ ~ , u i t ' u r  CO:::[*Otn;t]:; : :r id o t h e r  p o l l t ; t a n t s  
r e s u l t  iag / r o i . ' _ . . c o a l  c t ,  n v e r : ; ' : o - i  
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and shale pro~ra~ cpuld not be pursued economically or rationally without parallel 
~evelop~en= and support±n~ research in ~hcsc areas. The chemical processes, kinetic 
~namic dare, equipmenz components and materials required Jn all the various =}~es 
ishalc processfng systems have numerous common features and are not truly separable 
:tern to another. Thus, these are all trea~ed together in this sub-program. 

~the basic feasibility of producing gas and oil from coal and shale has already been 
"~. ultimate economic nractical!ty~e~ these-e~ergy:sources may depend either on" ~he 
of new procedures fo~ aE least part of these processes or on che gradual i:nprove~enz 
!processes, materials and equipment. Specific areas xchere technology deve!opmen~ 
~escarch are needed include: 

Du.=_e.....~nt 
~c~iva cf the aqu~pmen£ development program is to develop ~independent of pilo~ and 
• aticn p!ancs, ne~ rel~abie coal injections systems for high pressure, char and ash 
[i systems, solids ~oni~or!ng £ns~ru~en~s~ valves "and o~her key components reef,!red 
processing. 
hoppers, seal~n Z devices~ valves and slurry ~umps used to feed coal into pressure 

-tion vessels have been found subjec~ to frequent failure. Reliable zeed devices 
needed as x:cll as reliable devices =o discharse char and ash from ~he reactor. 

~ve~ equipment for fil=ration.and separation/purification processes is needed. 

rumen~acion is Heeded for co6tXnu0us monitoring and managing of ~olids and gases 
igh temperature, hEgh pressure syszems. 

red stack gas cleaning devices are needed, as described in the subprogram on 
~orunen=al aspects of coal and shale processing and combustion. 

:~ive is to develop methods for service life prediction, test methods for materials 
.ed :a~erials for coal processing equipment. 

:oved=a~erials are needed which c~wi~hstand the highly erosive, corrosive, high 
re, high pressure environments used in conversion devices. Critical properties 

istan~ to erosiv~ wear 
istance to stress corrosiom cracking 
'istance to sulf£dation and other general corrosion processes 
bility when in contact with moi~en slag and coal ash/materials 
istanee ~o various types of sic~ mechanical failure 
~lating prepertieE in fireboz r~fractories 

transfer characteristics in heat exchange tubes 
-time methods are needed which will predict long-time mechanical durability and 
~ility of materials in highly erosive, corrosive environments. Better measure=cams 
:thods of neasurin5 cuitical properties listed above in Section B.1, a-g, are 
i to allow i~proved screening of materials used in conversion devices. 

.],_2ations, handbooks and a.?.,a!::ses 
i 
tire is to advance the dev elnp.-..ent of coal processing by developing a technical, 
• economic infor==tion data base. 

collections and measurements are needed on 

ropertics of coal 
:Inet~c :a~d ~herr,:.,dyn:.,m[c data on proce=s chc.mffstry of coal eon,.,er:;ion 
"Ix;erlc a-d thc:::+,dy:la::lc da-a o:x sulfur co:::pound:; +rod oCl,er pollutants 

- - ' c su l t Jng  frgz~_+cual conve r s ion  
4 
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(a) E~gince[it~5 data books on coal convcrsizn processes should be published 

(b) Co~.~puter r odcliu.~ should' be done to evaluation conversion processes and to 
where grea"er accuracy is needed in data. 

(3) Standard reference materials are need to a~d in chemical anaSyses for trace poll 
and toxic effluents from coal or shale conversion. 

(4) Central information cen=er is neeeded to provide ready access, probably computer 
to all data related to coal conversion. 

(5) Analyses of economic and ~anpower implication of coal conversion programs are ne 

D. Catalysts and che:.~ical kinetics for conv e.rsion processes. 

Improved cnta!ys~s are needed for eethanation, coal gasification and liquefactioz 
the chemicn! kinetics necessary for i~proved coal processin~ systems must be deve 
(i) ~,~ethanation c::a!':'szs and prozesses need considerable work, including 

(a) L~[echanlsm of sulfur poisonin~ or trace metal poisoning of precently use 
based catalysts and ~ a y  of alterin G the catalyst or the process stream 
such poisoning 

(h) D~ethods of increasinB heat flow fro~ catalyst 
(c) ~Jethods of a!!c~ing neEi~ana~ion catalysts to operate at a higher te~pez 

good methane yield, including methods of preventing carbon deposition 
temperatures. 

(d) Alternate methods of ~ethanatien by catalysts flowing in a process s=r 
conversion of producer gas to mezhane in one step, and non-catalytic =~ 
methods relying on vibrational excitation. 

(2) Catalysts for coal liquefaction processes need work to establish optimum conditJ 
develop improved catalyses, including 

(a) Cobal~ no!ybdate catalysts for Synthoil process 
(b) Catalysts to improve hydrocracklng processes and the up-grading of coal 

liquids. 
(a) Improved catalysts for Fisher-Tropsch prozess 
(d) Other coal liquefaction catalystz 

(3) Catalysts for the ~hift reations in high BTU processes ..hound= ' be optimized. 

(4) Basic studies of chemical kinetics are needed including studies on: 
(a) Physica!/che=ical modifications of coal to ¢on=rol its reactivity (pret: 

(b) 

(d) 
(e) 
(f) 

(h) 

• (i) 

(J) 

coal) 
Combustion of coal With pro-treatment or additives being applied to red. 
tent emissions. 
Kinetics ani mechanisms of hydrogenation, carbonization and methanation 
in conversion of coal 

.Reaction of char ~fth carbon dioxide flue gas to yield fuel 
Extractive-distillation process for ash/coal oii separation 
Determine[ion of properties and constituents of coa!-deri~ed, liquids an 
of polyzerization and d~polymer!za~ion. 
Development of liquid/solld saparatlon methods by filtration, precipita 
centrifugauicn and use of hydroclones. 

Kinetics o~ reactions by solids in contact ulth gases, including fluidi 
dilute phase or entrained beds, and fixed beds. 
}~netics of coal agglomeration 
Side and co-prc/uc~ reactions from trace azounts of nitrogen and hydro~ 
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~uc~*ing data books on coal conversion processes should be published 

~ter mcdulinB should be done to evaluaLio:% conversion processes and to determine 
z greater accuracy is needed in data. 

reference materials are need to aid in chemical anaSyses for trace pollunants 
effluents from coal or shale conversion. 

~formation center is neeeded to provide ready access, probably computer-aided, 
ha related to c6al conversion. 

~f economic and manpower inpllcation of coal conversion programs are needed. 

nnd chemical kinetics for conversion processes. 

nta!ysts are needed for methanation, coal gasification and liquefaction, and 
~I ,.-~o~-.~l,.__x~s necessary for improved coal processing systems must be developed. 
na$icn ¢ata!ys~s and processes need considerable work, including 
~echanism of sulfur poisoning or nrace metal poisoning of presently used nickel- 
~ased ca~21ysts and way of altering the catalyst or the process stream to avoid 

polsoL.__~ 
>fethods of ~.creasing hea~ flow from catalyst 
flatbeds of ai!swlng menhananJon catalysts to operate at a higher temperature with 
~ood ne~hane yield, including methods of preven$ing carbon deposition at higher 
Eemp~ratures. 
~Iteruate me~hods of me=hana~ion ~y catalysts flowing in a process stream, dire~ 
:onversi~n of producer gas ~o methane in one step, and non-catalytic methanes!on 
nethod$ relying on vibrational excitation. 

r 

for coal liquefaction pro~esses need wo~k to establish optimum condigions and 
nprovad catalyszs~ including 
Zobalt =o!ybla=e ca=alys~s for Syn~hoil process 
Zatalysts to inprove hydrocracking processes and the up-grading of coal derived 
liquids. 
Improved catalysts for Fisher-Tropsch process 
9that coal liquefaction catalysts 

for the shift reations in high BTU proc&sses should 5e optimized. 
P 

~ies of chemical kinetics are needed includin~ studies on: 
nys!¢al/chemicai modifications of coal Zo con:tel its reactivity (pre~reatmen~ o: 
~al) 
~mbustion of coal with pre-treatment or additives being applied to reduce pollu- 
~nt emisaion~. 
inetics and mechanisms of hydrogenation, carbonlzation and methanation reactions 

conversion of coal 
~act~on of char xi~h carbon dioxide flue gas ~o yield fuel 
~tractivd-distil!ation process for ash/coal oil separation 
~terninan!on of properties and cons=i~uenzs of eoa!-derived, l~quids and rates 
[ polymerization and depelymerization. 
~velopm£nt of liqu£d/solid separation me=hods by fiitration~ precipitation, 
~ntrifuga~icn and use of hydroclones. 
[netics of reactions 5y solids in contact with gases, including fluidized beds. 
[lute phase or entrained beds, and fixed beds. 
ine~ics of coal a~lom~ranion 
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(4) Central informal!on center is 7~eeeded $o provide ready access, probably computer- 
to all data relate'a Lo c6ai conversion. 

(5) /~nalyses of e c o ; . o n i c  and =anpower ~,.p!'-.ca.~ion"" " of co~__ conversion programs arc no,. 

~. C*'<~"~L'~ nn:l :'he"~cn! t::',.~-ic9 for , "  - , " , - "  , '* ~ ,=, ~ -- . . . . . . . . . . . . . . . . .  u ...... ~ ~.~. x processes. 

I~proved c~ [ .~ ] [ , ' : ; ~ .~  at,_ ~ needed for r'e:':=r, atio7, coal g.nsification and liquefaction 
the chc-:::i,'...! k'::¢-!cs nec..:.-::ary for ~.-.?rovei con] ?roc._':s:~i::~ sys~em.~ mush be 6e.vel 
(i) : - : , 2 t h . m : ' . h J . . . n  c:'-.-'.!:::~s and proc-~_:se.~ :;.a,.-.d co::sid~r..-ie work, ir, ci,:ding 

(a) : - ; , : : c ' : : - ~ : f : , -  of ~.u]:'ur l--~iso:-'n% or trace .'.-e'-ai /oisoning of prc:se~.rly use: 
basc:i aa"aiT~rs . - h i  ::ay of ainarin Z the canaiysn or the process snrc:a::. 
such poisoning 

(b) Yc:thc, dS of incz-~usi:-g beau flow from catalysn 
(c} H-a'b._~/~ ¢~f :.'_'!u.-.:'in~. z:a:a".:aua."io:: ca~a!y~.:-_s =o o.--..~ra~a at a higher ~emper 

[:oo~ :'ethane 7ie!c'., including methods of prev~n.zln.Z carbon deposit!on 
taz~p~ra Cures. 

(d) Alter::.:~a -.ethods of nethan:~tion 57 catalysts flowing in a process str 
conver&io:- of ~'oducer [..:as to =a~hane in one s~ep, and no~-,-cataly~i¢ -a 
~,.eth~.ds relying on vibra~ionai excitation. 

(2) Catalysts -'or coal !iqu~,factlon processes need work to establish op~imur,~ conditi 
deve!ep i::Lzro-¢zd ca~a!ysus, ina!uding 

(a) Coba] t z:o!vbC'~'~:c cazaivs=s 2or Synthoil process 
(b) Catalys~s =o improve hydrocrac',inz processes and the up-grading of coal 

liquids. 
(c) Improved catalysts for Fisher-Tropsch process 
(d) O£1,cr coal liquefaction catalysts 

Cata!yst~ for ~he shifv .reatiens in hJgh B~J processes should be optimized. 
f- 

Basic studies of chemical kinetics are needed inc!udin~ 5=udi~s on: 

(a) l'hysic--!/ch;_~..ic~.i m.odifica~ions of coal to conzrol i~s reactivity (pre~ 
coal) 

(h) Ccr.:bus~ion of coal '.,'i~h pre-treat~_ent or ad;~i~ives being applied to redu 

(c) Kinetics and =.cchanis:.ns of hydrogenation , carbonlza~.ion and methana~on 
in conversion of coal 

(d) _?~eaction of char with carbon dioxide flue g.-.s to yield fuel 
(e) Ex~r:a~iv.----~is=-.'!!az!ou pro--ass for ash/coal oil separation 
(f) Deter:nine-ion "of ..-.rcper~ies and cons'-ituenZs of coal-derived liquids an< 

of po!y:7.cri-ation and dep~iy---riza.'ion. 
. . o . . t  • ~ 

(g) Dc.velo~:.:unn o~ -,.~qu_c:/so!:e se=ara:'mon ":eta-otis 5y fiitrmtion, preeipita~ 
can~-ri:u.~ation az~ use of i:ydroc!ones. 

(h) Kinetics of reazticns by solids ~n cor.zact "~:irh ~ases, includip.g fluidi~ 
dilute p!,a:q-u or entrained beds, and fixed beds. 

(i) itine.'.'ics of coal a~z!om-:.ra~ion 

(j) Side and co-:rc.duc.~ race:ions fro.-., trace az:ounts of nitrogen and hydro~ 
produzt s~rean .:~-.'--u~_u,~.,= m-2~hanatlon, in order ~o avoid ammonia formati~ 

Z, Pro~_c::; ~: D:-'ei, . at. 

%'no objc, cti:,c is to adv~.ncc t,,e 4eve]o..-,:nen~ of coal proce~sin.2, by research on th, 
operati~t::~ of uo.:l :'r.'..:c:'::'[nA (i.e- :~, q-::-, " " • - ~  ........ "d bed Lec.uno:.-,gv) and by dev~-!op~ng 
procu~.~;,..s fo; prod-:ci:~ hydro¢;~.:'bon:~ fro:., c.~al. 

d Proce~se:~ ~:hich ' ~ " sn._u,d be 2nves~i~:a~d include 

(1) ;.,:~t f!::~J~;-v~! [-:$, :t-a~.-: :'~,:::; f~,z" r d p i d  carl,ouizatJon or hydro[~u:iation 
(2) Fl, idi:',~.,l l,,d ~,:+ e:::.:'.~**:.d fluw c,,:::bu¼:tion ru.,ctions will, ~t,:~ ' fur scav.ln~'~r.~; 
(3) l:.::r,~u,_.{ :.I.,;,,. "f:-~,:,t : ' ; :  :": tc'c.;l:,:,[ogy, ]nclud~'l~ 1~c%; ..: .... ~;. lur ......... ,,, 
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_i data relatea to cone co.-.verslo,n. 

sos of eeo::omi¢ and ~..anpower implication of coal" cnnversion programs are needed. 

• .,;t,; n~:J, che::ica! ::Jnetles for conversion .nronesses. 

'ed cdaa]l,'n~.s azc ~eeded for methanation, coal gasification and liquefaction, and 
~c-~ica! '.-;~.n,-':!cs --_..'ces~:ary for it.proved ccal proc-.':s~in~ systems mus~ 5e develop~/. 
;cthanahi~:n c:'.al':~':s and procci:$e. ~, :~ee~ considers:hie ,garb, including 
~) :-:cchan~s~ ~,- ~u]fur poise::in Z or ~raca me-ai poisoning of presently used ?.luke:- 

based cag~i,'y,:.q and ::ay of a!~ering the cataly-:= or .-he process sgrea-a to avoi d 

such pei~on!nZ 
_..c ..... n~, hea: flow from catalyst 

[c) IIethod_~ of a!!c--~n~ -:et]-anauion ca.'.a!ys~s to a-,crate at a higher tempernt%,re ::ith 
g o o d  :methane yield, including ~.cnhods of preventing carbon deposition a= hlg'-÷r 
tempera tutus. 

:d) Al~cr::atn zeti~o/m cf r.ethanation by catalysts flowing in a process stream, dire: 
conversion og producer gas to methane in one step, and non-catalytic mathematic'.'. 
meth,',da re!y!n~ on vibraglona! excitation. 

L v s t s  for coal liquefaction processes need work to establish optimum conditions and 
top i~>ro#e/ catalyscs~ including 
:a) Cobalt no!ybdat<~ c~taiysts for Synthoil process 
~b) Catalysts :a it, Drove hydrocracking processes and nhe up-grading of coal derived 

liquids. 
[e) Improved ca~a!ysts for Fisher-Tropmch process 
(d) Other coal liquefaction catalysts 

l y s t ~  for the shift rear-'ions in high BTU procSsses should be optimized. 
[- 

stadics of c-c:-.'ca! ~'~.~_ne~cs'" are ~e;~d .......... inc~ud ~-.~= .~=udies on: 
~) Physical/chenlcal .-..edifications of coal to con=tel its reactivity (pregreatment o: 

coal) 
~) Combustion of coal ~:ith pro-treatment or additives being applied to reduce pollu- 

tant e.niasiens. 
z) Kinetics ann .-.:echznzsms of hydrogenation, carbonization and me~hana~ion rune=ions 

in convcrsi:a of coal 
J% ~) Reach!on of char ";izh carbon dioxide flue g~s to yield fuel 
_~) E:~eract,.'ve-_a'.'s~iii~:ion process for =.-,,,--:'l-̂~1~v .... o~i se.~araticn. 
f) Dcter~iza~10n of prcper~.ies and cons--itueats of coal-derived, liquids and rates 

of poly:~erizatlen and '= "~ .... "~"-~'" 
;) DcveloF:zc:ln of !iquLd/solid separa-ion co:hods 5y filtration, precipitation, 

centrifu~auioz an.i use of hydroclene.=.. 
n) }~il:etic- ~ of reactions by seiids in con:act with gases~ including fluidized beds, 

di!u:e pha~c ~r entrained beds, and fixed beds• 
i) ~ine.:ics of coal ag.21omerazion 
j) Side and ¢c:-prciuct rose.clans from trace amounts of nitrogen and h.x~.o~.~n in 

product ~trca.-~ 5el!ou'i::g m.ezhanarion, in order to avoid ammonia formation 

bjecrivc i~ ~.o ad':~.nce :he develepmen~ of coal processing by research on the unit 
tin:::~ of coal ;~rocc.~:;~n? (i.e.. Z!uidined bed :.'.chno-,og',) and by developing no:: 
s~.s for produ~n~ itydr,~carbon~ fro::, coal. 

~.•hieh s h o , f l d  bc  i n v e s t i g a t e d  include 4 f l u ; d i : ' . , J  b-.d :,:.~.~ iL.'n:; f o r  r a p i d  c ; ~ : ' [ , o u [ z a t J o n  o r  h y d r o g e n a t i o n  
i : ' , 'd hod t ,r  ,,;~::'.,Y,,~.d fl~,w c, , : : :bu:; t i¢,n r c , ~ c t i o n s  w i : h  s , , I f u r  s c a v c n ; : c r s  

~v~J i,l.,a," " t , . , ~ t  : : : ] ' :  t v u n : , , , l o g y ,  j n c J u d J u . 4  n,..w m....,thod.~; f o r  h a n d l i n F ,  , c (~uv , :yancc  
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[ylu[~, '~urfacu oxidation, e.'c., processes. 

: % 
,- S=udy of coal/oil slurries(fern.ration, stability, flo~," cl,arcc~eris=ics, etc.) 

~,) Coub~;stion of Chars and sy:~tbetic fuels 
?) Ace:ylcme fr~::~,c~al by the .~rc-coal process i~ 
-:) ~'~c~hodz of ha~:~iling coal fines in ga,~ifiers % ~') ~r.:b.od~ fur rcr:,oval of char and tar from reactors 
10) [!~i- opera[ions involved i~" !iquefae~ion 
~!) Hi~:h prcr.:~u:-c f!uidized bed reac:~ors 
L2) 'iuln'_p!:ase flo~.' ci~aracterisfics in coal liquefaction 
i3) Useful byproducts frcm coal conversion processes 
~4) Z.-:ission contrc~l procc~se.--., as described in sub-program on environmental aspects of 

a~d shale processing and cc-'.bustion 

}iy~ro[.cr. prod,ction fur use in coal conversion .~recesses 

The objective is the develoT-"nt of lo-~,-cost on-site processes for producing hydrogen- 
rich gases fron non-pe-_roleun sources for near and mid-term coal and oil shale process 
I. Candidate >recesses sho~;!d be investi~a.ted on a laboratory scale first with a pile 
plant o:-iy fur the n-os~ pr~nisin~ techniques. 
(a) Stcan-o:-1:Zen process for H 2 produc=ion from coal and residue chars (ready for pi]. 

p l,".n t studi~s) 

(b) :'~ethods us!r,f~ thermochenieal cycles az io~ temperatures so that heat from-.ethan~ 
or other pro--~ss heat miBht be used to drive the ~!9 reaction (laboratory scale o: 
at this fine) 

(u) Electrothermz! generation from coal 
(d) S ~ca:..~-ircn ~roeess 

,c reco.--.r.e:.ded spendin~ rane for FY75 benefits and risks/,uncertain~ies in each of the 
:jec~ives areas A-F above are: '" 

Equipment ($.:.. ~n 

i. Benefits--Frecucnt breakdo:,~ of equipment or inefficient operation coal amd shale ¢c 

version plant= h=~ausa.of poor equlp~an~ mould easily, raise costs i0,~.~ If coal and 

~%%cd~ft ~ ~iz~_'v ~ource.e$. U. S. _~as ana oil. a !0% radudtion in price would 
Ill DIIIIO~S ~ CO~_~rs OZ~'COSK ~a'JlnZS. 

2. Rib':s/uncertainties--Development of equi2ment is subject to some uncertain=des sis 
~igh temperature reactors under pressure are often involved. Nevar=heless, the 
possibility of sizniflcanz achievement appears good, as high pressure technology i 
U, S, is an active field. 

I.. Benefit ;rac~ure, erosion and corrosion of materials used in coal conversion d 
might require unnecessarily frequent - "- ~ "~ ~ of conversion reactors and thai ~ 
accessories and possibly cause frecuenz une:.~ected shu~ do~s, all of vhich could • 
easily raise costs 10%. if coal and shale conversion became a primary source of 5@~ 

• ga s and oil, a 10% redue=ion in price would result in billions of dollars of cos= 
savings. 

2, Pisks/Unccrtainties -- ~[onitoring deterioration and measurezen~ of prop~rtles of 
materials is a s~raight fom;ard procedure. The major uncertainty here lies in 
~hether new and improved ~ast methods and materials can be developed. Based on . 
previous experience, the 2~ssibili~y of significant achievemen~ here appears good. 

Data compilations, handbooks and analyoes ($i~! in FY 75) 
I. Benefits -- lu designin:~'pilo[ and demonstration plants, engineering data are need 

on ~he construction me,crisis used, coal itself and chemical processes. Economic 
analymcs also are needed. Serious en~ineerin~ problems and inefficient designs ca~ 
resu]t from lack of suitab!y analyzed data~ which mi%ht lead ~o lon~ delays in ach 
suitable ~peration. Luss o£ ~ime even inar orderly program is irreplaceable, ui~er. 
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ce o x l d a ~ l o n ,  e ~ c . ,  p r o c e s s e s .  

coal/oil slurric~(fozmatlon, s~abiliLy, flo;¢ charac~eristics, etc.) 

on of Chars and synthetic fuels 
¢ fro.-;.conl by ~,he arc-coal process 
of hnnd!in.z coal fine~ in gasifiers 
for removal of char and tar fren, reactors 

rations involved i:" !iquef~"crion 
s ' ~ u : - c  f!uidized b e d  reactors 
~e flow charaeteri~'-'ics "fn coal liquefaction 
,:produtts from coal conversion processes 
control procc~sea, ns described in sub-program on environmental aspecKs of co-i 

2 processing and c~:,bu£l~on 

~red,acti~n for l,~. ~ ~:: c o a l  conv-2rs!on r, recesses 

:ivz ~s ~ | : e  deuele-~-mnv of low-cost en-si-~c processes for producing hydrogen- 
fro- nen-pezroicuz s~urces for .-.ear nnd ~d-=erm coal and el! shale, proces~E::~. 

_~a~e prcc~s2~ s:ae~ii he inves~i~q~ed on a laboratory scale firs.-- ~;~-zh a pi!c= 

., fur the ~:o~ t :  prD=isir.z ~ec'~.-,iques. 
~-o::ygen process for H 2 production from coal and residue chars (ready for p-7!o= 

_ s'.u~i=s) 
~d= u~in~% ~hcrm~eh~-nical cycles at io:: tempera"ures so tha~ heat from =.e'~hana-.icn 
:her process haa~ -i~."%~ b~ used so.drive the },." raae~ion C!abora~ory scale only 

:rothcr.-,zl gemerazi~n ~rom coal 

~ r~n process 
.d speniln~ raze for .=Y75 "~enef~=s and rlsksl.vr.=er=ainties :in each of the 

_as  A - F  above are: '" 

( $  2-'~ ~'n FY75)  
:s~Frcqucnt break!c::n of equipr,:en~ or inefficient opera,ion cos]. and shale cc-i- 

% pla~ "-.~r&.uaa.ef ?~cr ecuin--.an~ eou!;~ easily raise cos~s ]0.".'-° Zf¢o-"! and she'- 

s ~r~ ..... "~.ou-..~ ~-- T:, S..nns ~,.:d oil. a !0Z redudtion in DrEce would 
~6 ~i'-?lc!~ h-f-dollars as'casE 5av~_n:js. 

u.,c~.t~ ..... .~ J~.u~o~__..~ of csuln.-.'-nr is subject to some. uncerzainries since 

cmperature roan'ors unEer pressure are .often involved. Xever~he!ess, ~'5= 

iiity of s~n~-'dc ~-'~. .._ ~.. achieve--en~ appears, good, as high pressur~ ~echno!ogy in th- 
is an ~c~_ve zield. 

(S2 ;-[ i n  ~_ "75) ' 
~s -- ?racaur~, er=slon and corrosion of ma~e,.-iais used in coal conversion de;"_'za 
require " - '~  ~<-~:" ~,..ee :_., .... frequn~ -~-,.,4 ~ Ad,~ .u .......... ,, of c~nversion roan:ors -.d "h=i_ 
arie~ and nes- ~''''ic=~; cause .-'re "~,,n'~- ,,'~'--...~....,~_~_d:----~ she= downs e 11 of ~'h'_'ch could 

"~'~' -- coal and shale conversion became a pri--.ary source of U. S. raise costs ~,~. .~ 
oil, a 10.~' rodeo=ion in price would result in billions of dollars of cask 

/nccrta!nt'." es "-~ ~ ",, . . -- ~.on_tor~_g deferrers=Con and r.easurement of proPer=los of 
. . 

• . i s  is a soreLy, hE ~o.'--'ard .nroe_d~.~ The major uncer=a!nzy i~ere lies in 
- new and ~.proved -esz methods and nazeri,:ls can he deveioped. ~.ased on 
,s e::perierce-, ,-h o -~4" " I  4 - - ,  _ ,~o.-D~.-~- Of s~gnificant achieve.?.en ~. here appears good. 

la/i~ns, hnndbcm'..:_~ and anall,~es ($i.~ in FY 75) 
,s -- In desig::i:::~ piloE and de.-.onszraz-on plants, eng&neer~ng dare are nee~-.e~ 
construe=ion v.at~rials used, zeal i=seif and che.-..~cal processes. Eeonor-ic 

:s  , ~ l s o  are needed. _=er':cus enzi.-uerin,.% problems and ineff~c!en~ designs can 
fro v, lack of sui~nb!y analyzed, da~a, %'hlch miT, ht lead =o long delays in aeh-evl- 
c eper;~r~cn. Lo:~ of ~i=~a even ina.n.orderiy program is irreplaceable. ~i~ea'.. 
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:I , : , - '~  ~" bed rencLors ,II) H i B h  pres~;ure ,_u~,.zue 

~ 2) .'.:ultiphasa flo:- char--cteris{ics in coal l~quefaction 
3) Useful b,:produa~ from coal conversion processes 

i4) ~ir:ission coatrol processes, as described in sub-program on environmental aspects of coa. 

and shale l ' r o c e - ' - s ~ - n ~  ~ and co::bust~on 

}ij~rog¢ n p ruduc~!on {or ~:ze 5n coal conversion processes 

The objective i~ the deve!ey-en~ of 16w-cos~ on-si~e ~rocezses for producing hydrogen- 
rich gases from non--.~etro!eu- sources for near and .-.Jd-nerm coal a:-d oil shale, proo-ssin! 
l Candi/a[e :~-^~c.-s.--s she:rid he inves-:~--:-,: on a laboratory scale first with a 9ilo~ 

plant ¢,'~:!y far "".~ -.~su prcaising --'.~"-~ ...... 
(a) SLe:m-o:-ygen process for "{2 production from coal and residue chars (ready for pi!o~ 

pl,-.n t .~Lud!zs) 
(h) ....... .~,~nod~ UgZT..', -.hermoche.--ical cycles a~ Io:," temperatures so that heat f-~:..,~, -.~h--='-" 

~'¢e race=ion (laborazory scale o.-."y or other process heat mi-~h~ be used ~o.d.~ the "" 
::2 

a~ this tire) 
(~) ~lectroLhern~_l g-_-neraZion from coal 
(d) S tea..~- i r.".n yrocess 

,c reco.~a:zande/ s:_n- ..... .... ~-~ raze for FY75 benefits and risks/:.'.nzertaint~each of the 

:jec~iv~s areas A-F above are: . "" 

Equip~..2nt ($ .. " ,. ~'~ in FY75) 

i. Eer.afits--Fr~:quent breahdo-.'n of equi~r,:ent or inefficien~ operation coal and shale can- 

version planz= :-,=rauae.~cf peer eafaiF-an~ could easily raise costs ]0Z. If coal and sh 

rc~u!~ l:l Di_~=.~.n~ o z  eo.-_ars o r  cosz sa:$'ln::s. 
2. Ris~:s/u::cer~alnzi~$--Dcveiou-~n~ ~ . of e~u,_D:an~" "is s~-..'--e-_u ~ tO so'~e unc~rZain~ie-~ ~ince 

high far,erasure race-.ors, under pressure are of=en i.~volved. ~:ever~he!ess, ~he 
possibility of siznificanz achieve-en~ appears good, as high pressu.r~e technology in 
U. S, is an active field. 

~.:ate:'5",is. ($~ :,[ .in ~ "75~ : " 
i. ~e:~e:its--- ~rac:ura, ar~s-_on and corrosion of materials used in coal conversion day 

• . .q °. 

~.ight require u.nnece~sari!y frequent remu~-'c:ng of conversion teat:ors a::4 their 
accessories and possibly c--.-u_~e frequenz ..... - ..... i - -..u....,=u,..<. Fnu," do%-a.s, all of --'hich could 

easily rais-a ao_~s 102, if coal and shale conversion became a primary source of U. 
• ~,=s and oil, a ida reduction in price would resui: in billions of dollars of cos$ 

s~vinsg. 
2. P/s~:s/~ncer~,az:;~zes -, ~.:onitor!ng deterioration and measurement of properrles of 

materials is a s~r~.i~,h~ fo.'--ard ..nrccedure. Yhe major uncertain-zy here lies in 
~h~her neu" and ~-m~o -.~-~ ~=~: .-..erhods and ....a:erials can be d,_-velomed Based on 
prcviou~ ex~,erience, -,~.~.~ 2~sihiiizy of significant achievement h~-re appears g0o~. 

, Dnta co~?ila~icn~, h-ndbcoh~ and ana!-.sus (al~" in ~v 75) 
I. Benefits -- in des;g:: ~ .... .... , 9i!o-. and. £c:m~nszra:" n mlan.'s, engineering ~z~ are .... 

on ~hc ccnslrua~icn ~.'.crials used, coal irseif and chemical processes. Economic 

analy~c:~ a1~o are neec{.c. Serious e-.-i-.~e-j..,. ,._ . .... ...., problems, and ~ ~¢~"'." ' designs can 
re~u] t fret: iv.c~= of suJt::biy a::a!yze-! ~a~A -a, ~-'.':ich miz:..', ~ lead ~o lo.ng delays in -'hl 
s~dzable opcr.:~iun. Lu::s of ~i:.e even ina-.or/eriy program is irreplaceable, wh~-raa 
~ncff~cie::z Je::;-::n or :!..2 need for cc~'-17 d-:;i.'¢n could easily raine costs "-'or ~.f!o- 
and dc:zo:;s~rat~on piano:; b': ZO to 50 :~,-'r Ce::t, equal to many millions of dollars. 

2 .  R~h~/U.,c~rt.~i::~ies -- "!:,re collection and anal'y:;is of da~a although tir..e-censu:'ing 

is ~ o r c  certu~.n of acco::~:ii~hu-e::L ~:',nn -osr F.&') "~ 'o .  ,~. 

Catal[:~t~ and chemical kinu~ics for co::vcrs'-'.~n proeesses t$ .~.',' in FY75) 
I. lk, uc'flt.,: -- Soz:~ of the r.~::t i::::,or~::::~ ru::c'.~ou:~ in eo~i and liquufnction d~pend cr. 

Ca~n]y::t:; wi~!: c.:ta]v'.ic .; t .: .:,-:; :',:-~r,--:un:':!:. ?,'_.rh,'.~.: 3D:: ~|:~: tot:x] ce::t ~:1 "h.-::e 
procv:::.,.::. }iv,.:: :::':::.~r .::.":'.,v..:':-:~t:; .;:% ~:-'-~-*]Y:J': or ~n el:arnica! proce:,sen u'uuid t'us~ 

2. ]{J:.~.::/~.:~t.],. :~::~i,-., --- ,'..:..--i~.h .:!] r...;,-.J::'-h l,r~':'rn..-.;, th,, fract~o::';] ~.-nprov,.-.,.n! Lb." 
% : I l l  1,,' : , ' . ~ ; - * : . i . ; ' . h , ' . l  i:x t h i ' ~  : ~ r , . : l  c . . : , : , o (  ! , -  . : . . f , . ' , i z , . ] v  : : t n t , - d .  . ' - ; t , . ' ] l  d c f l n i v . -  

. , .. -. : • : . ,:.. ~ ...... : . , -'~ .-- . ',,. .t " , 
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- c . ~ s u r c  fluiEized bed reactors 
,a~e flo~," characnerls~'ics in coal l,_'quefaction 
byproducts from e~al conversion processes 

.bn coazrul procc~ses, as described in sub-program on environmental aspeets of coal 

ale processing an'l c~-_~bus~ion 

Drcdt~ct!cn for u~e i n  coal con'~_o~.s ~-on processes 

-'ctive is ~he fevelD[r~ent of low-cost en-si~-e processes for producing hydrogen- 
-as fre~ non-pezrolcum sources for near and mid-term coal and oil shale processing. 
lidaz¢ processes should be inves=!~azed on a laboratory scale first ~ri~.h a pilo~ 
fly fur the r-.o~= prc-_i_=ing techniques. 
-~a.n.-oxy~n process for H 2 production from coal and residue chars (reedy for pilot 
~nt studies) 
:h~ds usin~ thermechemical cycles a~ low temperatures so that hea ~ . from =ethanat!cn 
other process heat miDht be used Eo.drive the H 2 reaction (lahora=ory scale only 
this rite) 
-'ctrothermal generazlon from coal 
:am-iron ?rDcess 
dad spending rate for FY75 benefits and risks/,uncertainties in each of the 
:yeas A-F above are." '" 

it ($.~" in FY75) 

~its--Frequent brea'zdc~:n of equipment or inefficient operauion coal and shale ecn- 

ion plant~ "~rause.ef poor eoui?ment could easili- raise costs 10%. If meal and shale 

,~ a ~r~TD_T~ .~ource. o$. TT. S ...... S a _ " ~ and o<!. !0% redudtion in price would 
i-£ In D~'~±lOnB C'-" ~o_,,ars o-~cosz savings. 
/uncertainties--Development of equipment is subject to soma uncertainties since 

temperature race=ors under pressure are of=on .involved. Nevertheless, the 
!bi!ity of "~ ~"~ --" slon_z,c .... achievement appears good~ as high pressure technology in the 
, is an active field. 

• . J 

Fracture, erosion and corrosion of materials used in coal conversion devi.za 
7 require unnecessarily frequent rebuilding of conversion reactors and their 
series and possibly cause frequenE unex-pected shut do%~-ns, all of which could 
y raise c~sts 10~..'. if coal and shale conversion became a pri-_ary source of U. S. 
*nd oil, a 16% reduction in price would result in billions of dollars of cost 
gs. 
./Uncertainties --~ ~4onitoring deterioration and measurement of properties of 
~ials is a straighE fo~,,ard procedure. ~ne major uncertainty here lies in 
er ne~" and !-_proved =as." methods and materials can 5e developed. Based on 
[ous experience, the 2oss!bi!i.'y of significant achievement here appears g=od. 
pilations, handbczhs and analyses ($I~'! in FY 75) 

-its In dosz~ ..... := pi!o~ and de:mensuration nlanzs, engineering da.'a are neede~ 
canstrutticn men,rials used, coal 4~ n "= and chemical processes Economic 

yes also are needed. Serious en~.inecrlng problems and inefficien~ designs can 
t fro~ lac~ of sui~-biy analyzed data, ui~ich mizh~ l~ad ~o long de!eys in ~chi~v%- 
~le oper~.~ion. Lo:~s of =ice even incr..orderly program is irremiaceabie, "~'i~erea ~. 
~c~cn£ dc~izn or zhe r.ec4 /or c~s~iv desi.~n could easily raise costs for F.!!o- 
:mensuration planzs by 20 to 50 per conE, equal to r.:any millions of dollars. 
'Unccrt~inKies -- "i~e collect-ion and analysis of data although tir_e-censu:zing 
.'e certain of acco::.~:lis.hment ~han mos~ ?.LD "--orb. 

; and chemic_el l:luctics for conversion processes k$ 3:.: in FY75) 
t~ -- Some o( ~|,e r..~s£ !r.:porl:,:~t rct:ct~o:,:.~ in coa~ and liquefaction depend on 
nl~ wit}, catn]::[ic ";t',....'o.~. ,-~:-rc:;enti:l;:. 7.crhap.; 30[: ~he tot:*] ccs~ ~n ~h,:::e 
~.c:;. Ev,:u ;:~in,~r j::~:'ov~'.-:..:~£:; .;n "¢.~[a]';;[.~ or in chcmica! processe:: =uuid r~su]~ 

; i v t -  s . ~ : , i n ; : : ;  J~: cc.,.,l a n d  :I~l:l[C p r o c c . : : : ; i ~ i ; : .  
- , ~ , ' . u r t . ~ i , t i ~ . i  - -  A:~ ~ - i t h  .~1] r t . . : t . a r - ' i ,  l , , ' ¢ ' z r : : = : ; ,  t h . :  f r a c t / o : : : ~ ]  improv , . : - . . -n t  t h a t  

, ~l~-~.,~:',i,'.,.~.:l~,,,I i n  r h i  ~, a r , . .~  ~':,r, n n t  b. d 0 , f i z ~ i t v ] v  ~ y n t ~ ' d .  S t i l l  d e f l n i ~ , .  
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~c~i~Lilic D ruai~Lh ro,gh. 

E. l~rocc,.:s Dc%01o:,.-.cn:. (>~._']'- ~ it| FY75) 

Y. 

i, ]'t:',C[its -- E"cu it~ :'::-5"ing ,ni~c,t~ .uh-nts, a nun-her of india|dual processes 
b¢.et] 6pti!~.-.cd. Individual oiiLi.-.liz.ntion of varlou.~ processes eS listed abe 
easily reduce costs bv ±U:~. If coal and shale conver.~ion become a primary 

U. S. gas and oil, a 10% reduction in price could result in billions of do1 

cost $nviu-.~.. 
2. l,].~::-~/uuc,~rzaxn~ies -- ~ "-~ ~', ,~.~o,.~:_,nt prog'~a~; have inherent uncertainties, bu 

listedi'.: El:is section ::hou!d ".icI(. si?.nificant resu!ts. 
}'[ydrogeu Preduz=ion fo;- use in Coal C.3::versic,:, Processes ($!:'[ in 5"~-'75) 

i, Done[its -- ".,i:e cc~:,.c-icai -~roduct~cn of ".':-:-dro3en fro.-., residue chars or tea 
C-~senti21 for ~:,~ ecc:'c~..ical de', '~I.'~-,--'-~ of the c"-";-o~l coal "_icucfaction 

th'e ][3'dranc and ~-]'<zas cca! -';asific:,~ien preces.--~s in ~en,_'ral, sources of by, 
neccs.~::u'y for an':' '..,rocc:cs -ci:ici~ cc:~verts coal to g<s or oil, since :he chic 
difference bc~.-,-een cezi and these other fuels i~ the de.ficiancy cf hydro-sen 

2. T'~-~/:,-o, ..... izr4ec -- -~ .".an'per c-" "-'"'J~'o-t': 9roduc'.i~-', Droca~.~.es cZ,~ 5c she: 
technica!!}- fez.iibJ c. l~e main u:~cer=--in/)" ]ies i:~ the selection cf an econ 

for particulor coal com,.version systcr_s. 
. •.-. ,o 

f 
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l~cneflts -- Even i,a c:•:-_'.~:in 5 pilot plants, a number of individual processes have not 

been opti./,~.-.cd. Indiv!dua± op~J-:izatEon of various processes as listed above could 

easily ruduce co~t:; ~v ICY.'. If coal and shale conver:;ion become a orimarv source of 

U, $. gas and oil, a I0," reduction in price could result in billions of dollars of 

• ¢.~ . . . 0 
! -'," "-'% ~ "%~,g, f- r~l~:;s/uncerEelr~rles --,D_~o, .... .n. Drogra.-..s have "-~ ~-o 

ma.~--.,.nt ,.n~-~,-,~-~:,~ 5u~ all items 
listed "'" allen ::'.uould ":laid ~iz::ificant resulEs. z . .  t ! : i C  r , , +  • ~' ............. • 

~rogen Produc~!cn for u--e in Coal ........ - < - u.~a.,..s.oa "racesses rc-~,¢ • ~Y75) % ~._.% Ill 

Benefits --- ~i:e cconcnicn! orodt;c~ion o: ":-:drosen from. res-'due ~ha--- or coal is 
e.-~sential for ~he ecc:'.~.-z._¢a_ :~-,.~i --.~ 

-, c ~  ,-.o.. .... nt of rne S':nzho':! coal !icuefac~ion Process a::z 
t ' l{e t l y c r 2 n c  ~_.a E':z,a~; t- ~: " • 

. . . . .  r,__ "--:asif!e:tioa ~rocesea~ in general sources" of --'d-c-j~ • - , ~,; -- ..... are 
nece_~ary for any "?roc:'zs ":h£ch cunverLs coal ~o g&s or ell s'~nce "he chief c~--~¢~ -, 
difference b , : ' - : ¢ e e n  coal and . ' - ! ' e s e  ~;,~- , ~  

o...u, fuels !- the deficiancv .'- hydrogen in coal 
P~isks/uncurrc!:.,-.~__,s -- A number of h:rdroze-: produc[ic.:: proces---es can be sho%-n zo be 
technically fea.~ib~c line main . . . . . .  ---~--,, 

• u..~_..~_,,~ ]ies in =he selection of an eeono::.-.'c ...,r~-=x_~ 
for v,-: ~'~ coal pa_ ~ c ..... convers ion sys ter_s. -- 
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P~nC~aLS ~2PH~IX D 

~ub-prc~rr.: ~ ~-m. Title 

. I. Base ~_~-_-o!o~y Ceal 
Laborato~_¢ - Prcc~s 
Engire~__ri.~g 

2. Base Y~/~,no!c~y Coal 
:Lal~ra~, - Prc~,~s 
D~_velo=-n.,~nt 

3. P2~_ ~_2..~o!o~y C~al 
Laborabo_~.: - ~.~terlais 
T~2molc~y 

4. Flu/dized 
O m t x ~ t i c n  

5. Flash ~;d_--og~_~mt/~ 
of Coal 

6. Coal St_~.~cture and 
Peactivi~y 

7. Base T~-._~o! _oqy 
Iaboratcry- . _~c~s 
Chsnistrj 

8. Ease ~"~/~.o!o~y Coal 
Iehorato,~, - Proc~_ss 
Instru~-~_ntaticn 

9. Process D~-,~!~-.t of 
a Fluldized--~ ~-st=--. for 

nat/on F-~ac-~ien 

1O. Early Cp-~_i~,!zat/cn of 
}~'C~....q Frc.z.~_ss for Co~,--_~t- 

~al. ~_2 ~.-~!e P=o~es.~irq .aid Cc~.bustion 

Id~_n~icnticn L'~ber ~__~_ponent 

0501-1410-1055- 0202-0293 AEC 

0501-1410-!155-0202-0iqi AEC 

0501-0003-i055-0202-01S6 AEC 

0501-1403-]!85-0201-08!7 AEC 

0501-1203-1055-0202-0188 AEC 

0502-0003-2055-0~02-0i89 DOI 

0501-1410-205~0202-0!92 ADZ 

0501-i103-1055-0202-0193 AEC 

0514-!405-I!55-0302-0183 BitumL~us 
Peseard~, 

Inc. 

0515-Ii03-I18 5-0301-0183 Xnstitute 
of Gas 
Tec~l~, 
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Subrpro~.r~- ~ TiZle 

li. Equ~pzenc Szmndardl- 
ration, Eeiiabi!izy and 
~a~ntainabi!£ty Program 

12. Pisher-Tropseh 
Synthc_-.is 

13. Heth--nol From Coal 

!4. Clean Cohe Process 

15. Direct Hydrogezation 

16. Demons&rat!on of a 
Co=bined Coal Convmrslon 
Facility - the COZD Process 

17. Commercla!iza=ion of 
Coal L2quef~czion 

18. Zinc Cn!oride Conver- 
sion Process Coal to 
Gasoline 

19. Demonstration 
BT0 gasifica=~on Plane - 
Constructi:,:~ am~ Opera=ions 

20. Self-Az~lozerat!ng 
Process for $:.~=hesis Gas 
Production 

21. Eydro~en Donor 
Extraction 

Identlf~ca'~ion Number 

0522-1403-1055-0!02-0143 

0520-1202-!255-0!0!-0144 

0522-1203-12S3-010!-0145 

0520-1203-1155-5501-0146 

0520-1203-1235-5501-0!47 

0520-1203-!2S5-530!-0148 

0501-1203-1281-0201-0155 

0521-I!03-!27S-550!-0122 

0521-1103-1283-0301-0123 

O52!-II03-1!S0-0301-0!24 

052!-1203-!2E5-0!01-O127 

Proponnn~ 

D01 

DOI 

DOI 

DO! 

DOI 

D0! 

AEC 

DOI 

DOI 

DDI 

DOI 
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Sub-proBram Title 

2 ~ Simul£ancous Stack 
Gas E~-Issicn Ce.ntrol and 
Was ter-~ate r Yur~Zication 

2 I .~7/A (Op.~,.i..~izntion Of 
Coal Cle2_ ~nir.~ Circaits 

24. High T~mp~ra~ure 
LaSoratory to Test 
Co=ponents to Contain 
Liquid Cca! Ash Ingredients 

25. Electroszatic Be.n-~i- 
icatien of Fine Dry Coal 

26, 300 zo I000 %bs/Hr" 
Pulverized Coal-fired 
Research Boiler 

27, Effec=s df Coal 
Cleaning cn Trace 
Element Removal 

2 ~  ~emcva! of SO~ from 
Induszrlgl S~ack Gases 
with Si:ulzanccus Puri- 
fication of Waste ~'ater 

29 Stac~ Gas Cleanup 

3 0 SO Removal Using 
Alkaline Ash Slurry 

Identification Number 

0514-0009-1278-0301-0128 

0514-1403-2055-0302-C130 

0514-1403-1055-0303-0131 

0514-1403-1155-0303-0132 

0514-1403-1155-0303-0133 

0514-1403-2055-0302-0134 

0504-0009-1279-550!-0135 

0502-1409-1275-5502-0!36 

0522-1409-1178-5501-0137 

Proponent 

Chemsoi! Co. 

Bituminous 
Coal Research, 
Inc. 

Bi=umLnous 
Coal Research, 
In=. 

Bituminous 
Coal ResearcL~ 
Inc. 

Bituminous 
Coal Research, 
Inc. 

Bituminous 
Coal Research, 
Inc. 

NASA 

DOI 

DOI 



Subpangl5 

SubTpro~ram T_itle 

3 ~ Coal Liquefaction 

3 2 Coal Gasification for 
Production of Chemicals 
and Oi!~ 

3 ~ Nul~iple ~rocess 
Testing - Cresap 

3 $ Coal Conversion 
Process Develop=ant 

3 ~ Solvent Refined Coal 
(SRC) 

3 ~ Overall Program 
Summary; "Clean Liquid 
Fuels: 

3~ Coal Conversion 
Engineerizg Data Book 

3 ~ Exploratory Research 

3B Hygas Process 

4 0 . App!Xoation of Heat 
Pipes in Coal Conversion 
Plants 

41, Supporting Basic 
Eesearch~. 

-4- 

Identification Number 

0515-1203-12S6-0301-0141 

0515-1103-1281-0301-0142- 

0521-1203-1185-550!-0102 

0521-1203-1255-5501-0103 

0521-1203-1285-5501-0104 

0521-1203-1281-0101-0105 

0521-1403-2055-0302-0106 

0521-1403-1055-0302-0108 

0521-1103-1180-0301-0109 

0521-1203-i!55-0301-0110 

0521-i403-I055-0302-01!I 

Proponent 

Inst. of Gas 
Te~,nology 

Tnst. of Gas 
TechDology 

DOI 

D0I 

D01 

DOI 

D01 

DOI 

DOI 

DOI 

DOT/ 



Subpnncl 5 

Sub-pro~rmm Title 

42, Waste Disposal and 
Byproduct Recovery 

43. Characteriza~icn, 
Handling, and Pretreat- 
=ant of Coal 

44~ Improved }:aterials for 
Energy Conversion Syster.s- 
Firebox Rafrac=ories and 

...c,l~.=_. Tubes 

45. Fluidized ~=.=~; Co=bus- 
tlon Boiicrs--Developzant 
of a Fluid Be~ C~-ubus~ion 
Eoiler De=ons=ra~ion 2~ant 

46 Cost Estimatiou: 
Computer Program 

47. Production of Liquid 
Hydrocarbons from Coal 

4 B. Advanced HydrocarSon 
Syntheses 

-5- 

COAL & SHALE PROCESSING & CO:-,'~USTIO:" 

Identification Nu-ber 

0521-1403-1080-0302-0112 

Proponent 

DOI 

0521-1403-1055-0302-0113 

0522-1405-1055-0102-0120 

DOI 

DOI 

0507-1405-5555-0102-0121 TVA 

"~---1203-20 85-0 i02-0~ 80 

0514-1203-1283-O301-0092 

052 i-0003-1255-5502-0093 

DOI 

A t o n e s  
I n t  ' 1 

DOI 
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Subpanel 5 Coal  & Shale Processin$ & CpmbUl~iO ~ 

Sub-prq~ram Title 

4~ Catalytic Hydrocracking 
Process 

50 Fluidlzed-Bed Boiler 
(Atmospheric) 

51. Pressurized Fluidfzed- 
Bed (AdiabaKic) 

52. Pressurized F!uidized- 
Bed 

53. Pressurized Fluidlzed- 
Bed (Supporting Studies) 

54. Combus=ion of Chars 
and Synthetic Fuels 

55, S~mthoi! Process 

56- Solvent Refined Coal 
Pilot Plant 

57- Development and/or 
0perat~on of Processes ~o 
Generate Eydrcgen Kequired 
in Cual Conversion Plants 

58. Materials Development 

59. Thermal Efficiency and 
Availability of Eoilers 
Burfilng ~estern Coals and 
Lignite 

60- Effects of Coal Cleaning 
iT% Trace Element Removal 

Identification Number 

0521-1103-1255-5502-0094 

0521-1405-!255-0101-0095 

0521-1405-1281-5501-0096 

0521-1405-1255-0101-0097 

0521-1405+1255-0102-0098 

1522-1405-1055-0102-0099 

0522-1203-1280-0101-0!00 

0521-1203-I!85-0101-0!01 

0521-1103-1155-0502-0169 

0521-1103-1085-0302-0170 

%522-1105-i155-0302-0173 

0514-1402-2055-0302-0175 

Proponent 

DOI 

DOI 

DOI 

D01 

DOI 

DOI 

DOI 

D01 

DOI 

DOI 

DOI 

Bituminous 
Coal Research, 
Inc. 
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SuSpancl5 Coal & Shale Proccssinn & Ce=bustlon 

.Sub-pro:ram Title 

61" 300 to i000 lbs/Hr 
Pulverized Coal-fired 
Research Boiler 

62. Electros=ati= Bane- 
flcia~ion cf Fine Dry Coal 

63. Eigh Temperature Labora- 
tory to Tes~ Cow,cheats to 
Contain Liquid Coal Ash 
InEredients 

6~ Optlmizaticn of Coal 
Cleaning Circuizs 

6~ l~ovel Liquefaction 
Methods 

6~ Devalop=znu of the 31- 
GAS Coal Casificaticz Pro- 
cess for the Generation of 
Substitute i~a~ura! Gas 

6~ The Investigation and 
Deve!opzent of a Liquid 
Phase l.[ethanation Process 

68 • Equipment Development 

69. Development of the 
Ca:ben Dic:dde Accepter Ccal 
Gasificat±on ~rocess 

[~ S)-n~-hane Process for 
sifyin~ Ceal zo 5u'Dszitu~e 

Natimna! Cas (S~'~G) 

71. Hydrane Process for 
Hydrog=sifica~icn of Coal 
to SXG 

72. Process Develop=eat of 
a Fluldized-Sed S':'stem for 
Combined Shift and He=hanatlon 
Reactions 

Identlficat~on ?:u~b er 

0514-1405-1155-0303-0179 

0514-1403-1155-0303-0150 

0514-1403-1055-0303-0181 

O514-1403-1155-0303-0182 

0522-1203-1155-5501-0163 

O521-II03-!IS0-0301-0164 

0521-1103-1180-0302-0165 

0521-1103=1080-0302-0166 

0521-1103-1180-0302-0167 

0522-1103-1180-0301-0168 

0522-1103-1182-0101-O161 

0514-II03-i155-0202-0178 

Proponent 

Bituminous 
Coal Research, 
~nc. 

Bituminous 
Coal Research,  
Inc. 

Bituminous 
Coal Research, 
Inc. 

Bituzlnous 
Coal Research, 
Inc. 

DOI 

DOI 

DOI 

DOI 

DOI 

DOI 

DOI 

Bituminous 
Coal Research, 
Inc. 



Subp~nel 5 

Sub-program Title 

73 Nuclear Heat Coal 
@asifica~ion 

74 Sulfur Dioxide Re- 
Moval 'Uoint EPA/TVA 
Ammonium-Bisulfate Program 

75 Smcond Generazlon: 
Advanced Techno!o~y 

7~ Liquefaction 
Engineering Evaluations 

77. Fixed-Bed Hydrogenation 

78. Production of Chemicals 
from Coal 

7~ Centrifugal 
Eydrogenation 

80 Extension of the Cnar- 
Oil-Ener~y-Davelopmen~ (COED) 
Program for the Conversion 
of Coal 

8~ Steam-lron Process 
for~y~ro~en Production 

8~ Financial Aspects of 
Coal Processin~ 
Commgrclalizauion 

83 ' Fuel Derived from Coal 

84. Utilizing Devices and 
Testing Equipment usin~ a 
New Synthetic Fuel Derived 
from Coal 

85 Sulfur Dioxide Removal, 
"TVA's I-}S~ Pilot Plant 
Operation and Supporting 
Research ~o Define ~he Mos~ 
Econo~nical SO 2 Removal 
Processes" 

-8- 

• Foal & Silal9 Processin~ & Combustion 

Identification Number Proponent 

0522-1103-1055-0101-0162 D01 

0522-1103-1055-0101-0162 EPA 

0521-1203-i185-0101-0154 DOI L 

0521-1203-1285-5502-0155 DOI 

0521-1203-1285-5501-0156 

0521-1203-1285-0101-.1i57 

DOI 

DOI 

0521-1203-1285-0101-0158 DOI 

0521"-1203-1285-0102-0159 D61 

0521-1103-1180-0301-0161 DOI 

0521-II03-2055-0102-0171 

0532-1408-i055-0131-0373 

0532-1468-1080-5503-0374 

DOI 

DOD 

D0D 

0507-1405-1155-0102-0151 TVA 
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Subpane! 5 Coal & Shale ProcessinB & Combustion 

Sub-pro~r2m Tit!e 

8~ Sulfur Dioxida Removal 
"TVA's I0-~-! Pro=o=ype Wet 
Scrubbing Program" 

87. Base Technolo~- Coal 
Labora=ory - Component 
Development 

88. Evaluation 

89 Fluidlzed Bed Com- 
bustion (Supportizg Study) 

90- Co~--~ercia!ization of 
Coal Processing 

91- ~ydrocarb~n B3~roduc~ s 

92. Durability and Relia- 
bility of Xanerials for Clean 
Energy from Coal 

93. Envirentental Problems 
of Clean Energy from Coal 

94. Coal Processing 

95. Evaluation, Develop- 
ment and Dem=nstraticn for 
Shale Oil and Al~ernate 
Sources of Fuel 

Identification Number 

05C7-1405-I155-0!01-0152 

0501-0003-1055-0202-0190 

0521-ii03-1180-C302-0139 

0521-!405-2055-0i02-0126 

0521-Ii03-2055-0302-0177 

0521-1103-1155-0301-0176 

0503-1403-1055-0102-0681 

0503-1&03-2055-O102r0680 

0505-1403-1279-0103-0750 

0505-2203-1285-0105-0751 

Proponent 

TVA 

AEC 

DOI 

DOI 

DOi 

DOI 

D OC 

DOC 

EPA 

EPA 

| 



Subnane] 5 

Su:~-~-c"ra~ T9 t! e 

96. Air Pollution Centre! 
Technolor]" - Dcveic~cnc of 
a C!cune~i, Solid ~'~cl via 
chemical Treatnent of Coal 

97, Air ~ ~ ~" o__u~cn Centre! 
Teehno~c~D" - Fuel Processing 
Control cf Fine ~:ar~icu/a%es 
froz Flue ~<trac~icn Fro- 
cczz~n G ~iants 

98. A~r ~ol!uticn Con=roi 
Techno!c~: - Zn~riD" Conserva- 
tion ~n£ ~nv!rerneuz~! i~reve- 
men~ by the Eecovc~: of Pe~ro- 
le~m Refinery Ht:dro-carbon losses 

99- En,,.o . . . . . . . . . .  Centre! 
in ~ ....... _ Coal Ccr,'cus~in Z 

100. ~hynlcz! and Chemic~ ~ 
Removal of Sulfur frc= Coals 

101. Separation Tec.~L~I-'~-i • 

I02. Liquid ~uels frc= .Oil 
Shale Synthetic -~ .... 
fron Coal: ~=zcjeneus 
Cata!y%ic an~ Solvgticn 
Processes 

I03. Deve!c;zen% of Jet 

~roccss~u 

of Coal in a F!u!dized Sod 

103. H~gh Grzd!unt ?re- 
conversion ~[zcnzcie Separation 

Coal & Shale Processin~ & Cot:bust!on 

Ident~ ficatCon ",--~=~ 

0305-Ih03-1280-5503-0752 

ProPonent 

~A 

0 3 0 ~ - 1 ~ 0 3 - 1 2 7 9 - 0 ! 0 2 - 0 7 5 3  ~PA 

L 

0~0~-2103-2055-5502-075~ ~PA 

0302-i~05-I093-0102-0756 D0I 

0522-i~03-i053-01e2-0757 D0I 

0521-'0003-1133-5301-0620 

0532-2202-!055-0302-0763 

DOI 

DOD 

0333-1203-1055-0102-0795 DOD 

050~-!h!0-I035-0!03-0760 NASA 

0321-1h02-!lB0-550Z-0761 D0I 
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Su~ane I 5 Ooal & Shale Processln~ & Ccmbustlon 

Suh-~re£r~ T i : l e  

105. Pressurized F!uidized 
Bad (Kescarch) 

i07, Air Pol!u~icn Control 
Tuchzo!ogy-Ccnh~stion Fossil 
Fired Furzaca u&im~ ~ura 
.Oxygen Instead cz A~r (Coal 
or Oil) (i) Freccss or 
?roduct development 

108. Air ~ ~1,-- .o_.u~i0n Control 
Technm!o~? Di~sai of Hi~h 
Sulfur Keflnery Kesidues by 
Gasification in a F!uldized 
Bed and Combustion in a ~oiler 

lO~ Air Pollution Control 
Techmoiegy - Flue Gas Cleaning 
Electric Power Gazematicn from 
Coal ComSustizn with A~equate 
Fine Particulate Coztro! usin~ 
Electrostatic 2reci;itazcrs 

iIO, Air Pol!uzion ConcrDl 
Technology Flue Gas C~e ....... 
Electric Povez Geneza~ion from 
Coal Combustion wi~h Adecuaze 
Fine Partinula$c Con=to! Usizg 
FaBric Fil:ar Systems 

I]~ Air PQl!uzicn Ccn~ro! 
Technology - Flue Gas CleanlnE 
Electric ?o=ar Generation from 
Coal Cczbustlcn ui:h Adequate 
Fine Particulate Ccztrci by 
Development and Use of Novel 
Devines 

I~enti f!cation Nu.-her 

0521-1402-1295-0103-1762 

0505-1405-1281-0102-0730 

0505-2105-1279-5501-0733 

0505-1405-1278-5503-0734 

0505-1405-1279-5503-0735 

0505-1405-1276-5503-0792 

DOI 

S 

~ A  

EPA 

EPA 

KPA 

~A 
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~ubpan,el 5, 

Sub-program. Title 

Coal & Shale Processin$ & Cgm.hust~on 

Identification NurSer Proponent 

Ii~. Air Pollu~icn Control 
Technology-Flue Gas Cleaning 
Electric l'cw~r C~ncraticn from 
Coal Combustion wi~h Adequate 
Fine Particula:a Control Using 
Low Energy Szrubber Systems 

0505-1405-1278-5503-0736 EPA 

ll3. Air Po!lu~ion cun~rol 
Technology-Flue Gas Cleaning 

11 ~. Air Pollution control 
Technology-Flue Gas Cleanin~ 
Demonstration of zhe corbined 
Wallr_mn-Lor£/Ai!ie~ Flue Gas 
Desulfuriza~ion Process wi~h 
Modifications ~ l~nimiza 
Energy Consumpzions 

0505-1405-1277-5501-0737 

0505-1405-1279-5503-0738 

P.PA 

EPA 

115. Air Pollution Contzol 
Tcchnology-Flue Gas Cleaning 
Demonstrntion of a Coal-fire@ 
Uzili~y flue Gas Desulfuriza- 
tlon Process Integrated ~ith 
the ~oxer Cycle for l.~xizum 
Energy Conse-~-vati~n and 
Utilization 

I1 o . Incrcasmd Utilizazicn 
of Yessil fuel Reserves as an 
Energy Source ~hrou~n Adequate 
Control of Gaseous Toxic and 
Carcino~cnic Emissions 

ll~ • ~ir Poilu=ion Conz:ol 
Techno!osy- D~ve!opmen= and 
Demonstration of X~dified 
ComBustion Technology for 
U=ili~y Boilers 

i18 ~ir Pollutlon Control 
Technology-Flu!dined Bed 
Co~_~us~ion 

0505-1405-1280-5502-0739 

0505-1405-1279-5503-0740 

0505-1405-127~-5503-0741 

0505-1405-1276-550!---0742 

EPA 

EPA 

EPA 

EPA 
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Subpanel 5 goal & ShaJc Processin~ Combustion 

.119, Air Pol!ution Control 
Technolozy Deva!c~ment and 
Demonstratic~ of :':odiflcd 
CombusEicn coL~rol Tech- 
nology for ~tility Cas Turbines 

Ident!fic~:len Nu=ber 

0505-3105-1283-5503-0743 

123. Clean-Fuel Cozhusticn 
Technulozy for Power S'ys~ems 
Lcw-~70x Combustion of Re- 
fo~rmad Fuels 

0504-2105-20S0-0102-0746 

i~ Control Tech=olo~y By- 
Product U~ilizazion Develog- 
men~ and Demonstration of 
Technology- for zhe Prc/uc:ion 
of Elemen~a! 5ul~ur from Re- 
generabl~ Flue Gas Desulfuri- 
~aticn S~'s~er_s hy Use of 
Alternate Reduczants 

0505-8209-1278-5502-0717 

12 2 Control Techzo!o~y Ey- 
ProHuct U~ilizaticn Usin~ 
Sulfur By-Produ~:s from Flue 
Gas Desulfurizat!cm of Coal- 
Fired Electric Utilities to 
Supplant 0that ~.~terials 
Requiring Energy to Produde 

0505-0009-1295-5502-0716 

Proponent 

,~=BA 
J 

NASA 

EPA 

EPA 
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Subpanel 5 Coal & Shale Processing & Combustion 

Sub-program Title 

i~ ~. Alternative Energy 
Sources High Sulfur Ccm- 
bustor Po::er Boiler 
Dem0ns~ra~ion 

124. Water Pollution Control 
TechnoloDy-Use of Chars in 
Wastewater Treatment 

12"~ Air Poilu=ion Conuro! 
Technology Developzen= and 
Demons=rag!on of }fodified 
Combustion Technology for 
Industrial 9rocess Furnaces 

126 Air Pollution Control 
Techno!o~y Flue Gas Cleaning 
Development au~ Demonstration 
of Flue Gas Desulfuriza=ion 
Process for App!ica=ion to 
Coal-Fired Xndus=rial Boilers 

12-~ Air Pollution Ccntro! 
Technology - industrial 
~oilers 

i~. Air Pollution Control 
Technology Development and 
Demonstration of ~-[od!fied 
Combustion Technology for 
I11dustrial Boilers 

Identification Number 

0505-I~ 09-1285-5501-0718 

q 

0505-!~09-1255-5503-0720 

0505-140$-IZ 80-5502-0721 

0505-i¢07-1275-5501-0722 

0505-1407-1277-5503-0723 

0505-1407-1277-5503-0724 

,PrOponent 

F.PA 

EPA 

EPA 

EPA 

EPA 

EPA 



--2..) -- 

Subp~uel 5 

SuS-proBr~n Title 

Coal & Shale Processing & ComSustion 

Identlficaiton :{umber Proponent 

~29. Air Pollution Consrol 
Technology-flue Gas Cleaning 
Minimizin~ Energy Required 
Desulfuriza~icn of Flue 
Gas from Coal Fired Utility 
Boilers 

0505-1405-1278-5502-0726 ~.PA 

130.. Air Pollutio~ Control 
~echnoloEy-F!ue Gas Cleaning 
Denonstra~ion ~f an Ad- 
vanced ~e~enarabie Flue Gas 
Desulfurizc~ion Process for 
Coal-Fired U~ili~y Zoilers 

0505-1405-1220-5502-0727 EPA 

131. Air Po!lu~ion Conzrol 
Technolgoy-F!ua Gas Cleaning 
Lime/Li~estnne ScrubSin~ of 
Flue Gas-Advanced Pr¢cess 
Developz:~n~ and Waste Dis- 
posal Evaluatioz/Demonstra:ion 

0505-1405-1276-5501-0728 EPA 

132. Fluidized Bad Oil Gasi- 
fica~icn: U$ili~aticn of High 
Sulfur Refinery Kesidue for 
Clean Po~-er Genera:ion bY" 
Fluidized Bed Gasification 
Desulfuriza~£on 

0505-2403-!078-0302-0917 EPA 



_Subpan~l ,5 

133. Simultaneous S02-N0x 
Removal 

i3~. Fluidized B~d 
CombusticnBoiler 

135. Simultaneous Cata!}~ic 
Reduction of S0 x ~d ~0x in 
Stac~ Gas. 

1~g. Coal LiquefaCtion 

137. ~jnthetic Pipeline Gas 
from Coal 

- 16 - 

Coal & Shale Process!n~ & Ccmbuzt!on 

Prononent 

0522-1402-1278-0101-0948 DOI 

0514-1405-1280-0301-0909 ~estinghouse 
EFI,, 0CR, TVA 
Argonne ~, 
ORs ~CL, Esso, 
BCUPA, etc. 

051~-0005-2G55~0302-!088 A!F-Combustion 
DiV. 

0514-1103-1055-0303-1093 

05!4~!I03-!055-0303-!093 

AiF-Combustion 
DIV. 

AZF-Combustio~ 
Division 
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Sub.anal 5 Coal & 5halc Processing & Combustion 

Sub-program Ti~!e 

138. Air Pollution Control 
l echno!ogy Fua! Gas 
Cleaning fine Particulates- 
Cor~ercial & i{cme l{ea$ing 
Units 

139. Chemistry of Process 
reactlcns for Clean Energy 
from Coal 

lhO. Uraniu= Recovery from 
Coal Ash & Other Waste Pro- 
4ucts 

lhl. Research in Support 
of Cenverting Coal zo Clean 
Liquid & Gaseous Fuels 

lh2. Hydrogen From Coal 

i~3. Hydrogen Production by 
Coal Gasification 

144. Catalyst Development 

145. l~proved Gas/Solid/ 
Liquid Separsticn Eyst~ • " 

I~6. Process Research 

Ident if icat ion .~Tur-b er 

0505-1407-1278-5502-0896 

q 

0503- 1493- I0~- 0102- 0682 

0514-4101-1053-0302-1048 

0501-1203-I055-0202-0633 

0522-II03-Ii80-0301-0599 

0504-0003-1255-0101-0601 

050B-1410-I055-5502-0528 

0508-1410-1055-5503-0526 

0521-0003-2055-5502-06!4 

ProDonont 

EPA 

DOC 

ANS 

AEC 

DO! 

NASA 

NSF 

NSF 

DOI 

$ 
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S~.u~panel 5 Coal and Shale Processi.~. and Combustion 

$ub-Pro, zKam Title 

147. Utilization of a Sludge- 
T)~e Waste Produced through 
Eeutralization of Acid Coal 
Mining Drainage 

.Vd en tl f'." ca t ion Number 

0514-1409-2055-0302-0033 
q 

148. Reclamation of Coal 
Mining Waste Areas 

0522-1402-2072-5502-C040 

149. Support Studies for 
ILining Systems Tech. 

0521-1410-5501-1072-0041 

150. Production of Hydrogen 
Methane and "~etharel from 
Coal 

0514-1103-1283-0301-0598 

151. Acetylene from Coal by the 
Arc Coal Process 

0521-1103-1155-0101-0236 

152. D~ve!opmen= of Ceutral 
~uel Processin E and Cleanup 
TecLniques 

0514-3305-1077-0301-0261 

153. Utilizatio~of Coal in 
Intermediate and Small-Sized 
Power Plants 

0532-1405-1055-0302-0713 

154. Hydrogen Production by 
Thermozhamical Process 

0504-0003-1155-0202-0602 

155. Flue-Gas Cleanup System 
Waste }~n~gement 

0514-1405-1255-0303-1075 

• 56. Innovative Approaches 
to Coal Conversion 

0508-1410-1055-5503-0522 

157. Fundamentals of Chemical- 
Physical Processes and Pro- 
perties of Coal 

0508-1410-1055-5503-0523 

158. Utilization and Dis- 
posal of Conversion Plant 
Wastes 

r 

0521-8209-2055-5501-0043 

Proponen t 

DOZ 

'i 

L 

DOI 

D01 

DOI 

IND 

DOD 

NASA 

IND 

NSF 

NSF 

DOI 



APP E.kTD I X D 

B. PROPOS~IL ASSIC'C~-NT BY SUBPROG~21 

. 

Subpre~rem 

Pipeline Quality Gas from Coal 

2' Clean Burning Liquids from Coal 

3. 0il Shale Processing and Development 

4. improved Co~Sustion Process 

5. improved Environmental Control 

. Support Research to Achieve Coal and 
Shale Processing and Combustion 
Program Obligations 

Proposals 

9, 19, 20, 39, 66, 67, 69, 
70, 71. 81, 88, 137 

5, 12, 13, 14, 15, 16, 17, 
18, 21, 31, 32, 33, 34, 
47A, 47B, 55, 56, 65, 75, 
76, 77, 78, 80, 83, 84, 
103, 136 

102A 

4, 45, 50, 51, 52, 53, 59, 
104, 106, 117, 118, I19, 
120, 125, 128, 153 

29~ 30, 42, 74, 85, 86, 94, 
95. 96, 97, 98, 99, i00, 
105, 107, 108, 109, ii0, 
iii, 112, 113, 114, 115, 
116, 121~ 122, 123, 124, 
126, 127, 129, 130, 131, 
132, 133, 138, 140, 145, 
147, 148, 155, 158 

2, 3, 6, 7, 8, ll, 24, 37~ 
38, 40, il, 43, 44, 46, &8, 
49, 54, 57, 58, 68. 73, 82, 
87, 90, 91. 92, 93, 135, 
139, 141, 142, 143, 144, 
146, 149, 151, 154, 156, 
157 

Note: Rejected Proposals not listed above, 



APPENDIX D 

Subpanel #V: COAL & SI!%LE PROCESSII~G & CO~IBUSTION 

LIST OF REJECTED PROPOSALS 

Subprogram I Pipeline Quality Gas from Coal 

No. I0 ~7ork is covered in No. 39 

No. 72 is a duplicate of No. 9 

SubDrozram II Clean Burning Liquids from Coal 

No. 35 is a duplicate of Do. 34 

No, 56 is a summary only and therefore rejected 

No, 79 is a duplicate of No. 5 

No. !02B covers catalytic process of liquid from coal. 

Insufficient data is presented ~o judge the merits of 

the proposal. 

Subprogram IV Improved Combustion Processes 

No, 26 - The proposed effort was to construct a pulverized 

fired test boiler. A similar facility with the same 

capabilities is currently in operation. Proposal is 

rejected as unnecessary. 

No. 61 is a duplicate of No. 26 

No. 89 is a duplicate of No. 53 

Ko, 13~ is a duplicate of No. 45 
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Subpro~r~ V Improved Environmental Control 

No. 22 ~as rejected on basis of very low apFlicabiliny if technology 

was developed. 

No. 23 proposed effort would no= advance technology to a degree that 

is not avail~mle or is being developed. 

No. 25 ~as rejected as =echnology hasprinarily been investigated. 

The potential does not warrant support. Other technology 

that would achieve improved results are more advanced in 

development. 

No. 27 work is already being developed. 

No. 28 is similar to No. 22 and rejected on the same basis -- 

questionable technology and low potential. 

No. 60 is a duplicate of Eo. 27 

No. 62 is a duplicate of No. 25 

No. 64 is a duplicate of No. 23 

Subprogram VI SupporL to Achieve Coal and Shale Processing and 

Combustion Program Objectives 

No. I is a duplicate of No. 2 

No. 63 is a duplicate of No. 24 

No, 101 addresses the problem of using perm selective membrane for 

separating and upgrading hydrocarbon production. Conv~:tional 

distillations processes are Judged to be satisfactory for this 

purpose. Cost of research does no= match benefits. 
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No. 152 supported ~orh in development of eenzral fuel processing 

and cleanup techniq~les for applicnt~o~ in fuel cells. The 

panel could not identify specifics of ~he proposal and did 

nc~ fee! that the work e%'cn if specific, merited consideration. 

No, 154 Hydrogen production 5y thermochemieal processes. Initial 

phase of program ~as included to dc~er~-tine economic 

feasihiii=y. Balance of program was not recommended. 
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