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0PTI~IIZATION OF COAL COA"~ERSION PROCESSES 
9EOGKESS REPORT NO. 53 

JANUARY i~72 

to 

Office of Coal Research 
Contract No. 14-01-0001-497 

Duriu~ the last two months: two coal gasification processes 

proposed by the U. S. Bureau of .~£ines, kmo~n as the "Synthane Process" 

and the "Hydrane Process", have been studied and mathematically optimized. 

Their respecT/re thermal and carbon officiencies and their costs have 

been compared to the o~.her processes described in our lnter~-m Report, 

wz-ltten on SeptemBer 15, 1971. This study is almost completed and we are 

no% • dra/Lin~ a supplamemt-,.l report gi~ng the results of these evalua~/ons, 

the report to be completed ~ithin "~.~o ~eeks. 

The modified computer program to use ambient air instead of high 

pressure o.~.Igen to produce fuel gas in now operacio-ai. The program 

y~elds the calorific values of the produced gas, the air requirements 

and the ~xit 8as compositions for various steam-coal rat-los and carbon 

conversions. The inirlal calculations were made for a gasification 

r~action an 80 psi E and 1700°F. Since these units usua//y operate above 

2000°F, these calculations w~_ll be repeated for a range of higher reaction 

temperatures.. 

The efforts to use the new mathematical technique, "Complex Method 

of 0ptimiza:/o-", to more efficiently coordinate the various process 

~ub-sys~ezL~ into an optimized overall process is still conr_inuin~. The 

calculation =~thod has prove~ to'%~ s6dcessful; however, 4ifficulties 

~n cortain process subsystem simulations have prevented the obtainin~ of 

useful results. ~,ese problems are ~xpected to b~ solved soon. 



Process descriptions and operating data are being assembled for the 

various coal liquefaction processes now being actively developed for 

potential commercialization. The previous OCR reports concerning these 

processes have been requested and a literature search is underway to gain 

background knowledge in this reaction area. The first objective will be 

the survey of the various process flow schemes to determine which subsystems 

we have already evaluated during the g~sification study. 

C. Y. Men, Project Director 

,,// 
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OPTIMIZ~ION OF COAI C0~VERSION PEOCESSES 
PROGRESS EEPOET NO. 54 

FEBRUARY 1972 

to 

Office of Coal Research 
Contract No. 14-01-0001-497 

In the last few mouths, studies were made of the ."Hydrane Process" 

and the "Synthane Process", t~o coal gaslficar_ion systems developed by the 

U. S. Bureau of l~ines. A supplemental report ~ soon be issued describing 

the optimization of these processes and comparin E their carbon useaEe an~ thermal 

eff£ciencies with other coal gasification processes described in our Inrerium 
e. 

R~porr, September 15, 1971. To reduce the production of unwanted char, the 

overall process was reevaluated assumin E higher carbon conversions, up ro 

85~. The results of ~ study ~ be i n c l u d e d  i n  the supplemannary report 

a~ailaSle soon. 

The new mathemaEical Eechnique "Compl~ ~ethod of 0p~m~zat/on" was 

used 1:o coordinate the various subsys~:ems of the '~ydrane Process" into an 

opl:imized o v e r a l l  p r o c e s s .  The thermal  e f f i c i e n c y ,  de f i ued  a s ;  

Z Efficiency = "QG 

where; QG = Heat Content of Product Gas Leaving Plant 
Qc = Heat Content of Coal Used for Gasification 
E~R ="Energy Required for Process 

= Energy Recovered From the Process 



- (2) - 

This optimized value for the thermal efficiency ranges from 72 to 76Z~ varying 

wlth chang es  i n  the flow scheme. 

The costs of the sulfur recovery plants were not considered in the 

original process plant co~t stud/es and are now being sized and the es~aued 

inst la!led costs added to the already reported plant investments. The processes 

to convert the gaseous H2S to elemental sulfur represent a significant portion 

o f  t h e  o v e r a l l  p l a n t  c a p i t a l  i n v e s t m e n t .  A s e n s i t i v i t y  s t u d y  i s  b e i n g  u n d e r -  

taken t o  de te rmLne  the  e f f e c t  o£" v a r y i n g  t h e  v a r i o u s  b a r e  equ ipment  c o s t s  

p o r t i o n s  on ehe f i n a l  c o s t  o f  t h e  m a n u f a c t u r e d  f u e l  g a s .  

The s t u d y  o f  t h e  p roduc t_ ion  o f  Iow-BTU f u e l  g a s  u s i n g  low p r e s s u r e s  and  

ambx-ient air / n s t e a d  of high pressure oxygen has now completed the reaction- 

model/ng of the gasification chamber and our interests are now concerned with 

t h e  p o s i t / o n / n g  o f  v a r i o u s  s t e a m  and  gas  ~ u r b i n a s  i n  t h e  e x i t  gas  1 / n e s  t o  

utilize the sensible heat ava//a~le from this process. 

The rev-iew of various coal I/quifac~ion processes have led us to choose 

two processes; "Project COED" (F.H.C. Corporation) and the "$olvent-Eef£ned 

Coal" (Pitnsburgh & Midway Coal Company): as our inlr_ial candidates for 

opt/m/~ae~on in this process area. The "Project COED" contains a number of 

process steps very similar to steps in the coal-gasificauion studies we have 

already undertaken in our optimization project. The "S.P-.C." Project is chosen 

because ir_s process steps are rauher simple and the ashless-low sulfur product 

can be used as a raw material for other coal-to-gas or coal-to-oil processes 

that we have already studied or intend to study in the future. ,m 

x C$~. Wen, Project Director 

Y 



OPTI~.~ZATION OF COAL COh~rERSION PROCESSES 

PROGRESS REPORT NO. 55 

MARCH 1972 

to 

Office of Coal Research 

Contract No. 14-.01-0001-497 

The %rrir.inE of the supplementary report to our September 15, 1972, 

Interium Repor~ is partially completed. This supplement will consolidate 

and up-date the findings given in =he previous detailed publication and 

is intended as a summary of our optimization investigations and will also 

include studies of some coal-to-gas processes not described in the pre- 

vious volume. 

In our previous studies, Consolidation Coal's "CO 2 Acceptor 

Process" was evaluau~i using lignite as the raw material. A mater~al 

balance has n~ been comple~ed on this process using bituminous coal, and 

the results of =his study -~il! be included in ~he supplemen~al report. 

Initial results indicate that the carbon ur/lization efficiency for 

biru=dnous coal lies between the Bituminous Coal's "BI-GAS Process" and 

=he U. S. Bureau of .~iines' "Synthane Process." 

Sensir/vit~ studies evaluatin~ the effect o:. ~ various individual cost 

factors on the overall gas cost indicates a 2.1 to 316 cent difference 

per million B=u will be reflected in th~i~l:~ro~uc~-i.'o.ns cos= by a 10% 

change In =he bare capital equipmen6 cos=. An inc.'ease of 2 =o 4 cents 

per million Btu £s ~he effect of a 10% decrease in the stream factor (using 



- (2)- 

95% on-stream time as the mean). The sensitivity of cost changes in 

the direct materials (catalyst and other chemicals, excluding coal) were 

found to be insignificant. The major overall cost effect is~ of course, 

r.he purchase price of raw coal. 

Studies on a process to produce iow-B_~u gas from partial air- 

gasificaLio= at realt.ively low operating pressures are now concerned 

with recoEnizing the eptimum process thermal efflciencies for various 

arrangements of steam and gas turbines in the effluent produce gas sr.ream. 

The studies of the coal-to-liquid fuel processes are still 

concerned %-ith collecting the current research and development data from 

the various investigators and to gaining a good basic understanding of 

the proposed processes and their alternar_ives. The formulation of a general 

material balance computar.io= progra_n has been started and integration of 

coal gasificar_ion processes with coal liquefaction processes will be 

attempted. 

! 
/ 
! 

~ . Wen, P r o j e c t :  D £ r e c 1 : o r  



OPTIMIZATION OF COAL C0~k~EESION PROCESSES 

PROGRESS EEPORT NO. 56 

APRIL 1972 

to 

Office of Coal Research 

Contract No. 14-01-0001-497 

The first draft of ~he supplementary report to our SeptemBer 

15, 1971, Interim Report is nearly complete. This report, consolldar/ng 

and updating the findinEs of the detailed Innerim Report, is expected uo 

be issued in the next few weeks. 

In the ~roposed fuel-Eas genemation systems, the required steam 

and electrical power can Be Eanerated usin E differenu kinds of fuel, 

such as raw coal, char produced from the gasificar/on reac~on and 

~ e s  of the two fuels-raw coal and char. The char is the partially 

reacted solid by-product produced in the hydroEasifier. The computations 

of the thermal efficiency of hie "Hydrate Process" (U. S. Bureau of Mines) 

were studied using the three sources of fuel for steam an~ electricity. 

The results of this optimization study indicated that the highest thermal 

effic/enc/es can Be realized by using mixtures of raw coal and char. 

The study of the production of low BTU fuel Eas using air and in 

a low pressure reactor continues, with emphasis on the placement of the 

steam and gas turbines to realize the opt/mum efficiency from the overall 

system. 



A process performance s tudy  has been made of the "Project  COED" 

(F.H.C. Corporation) process. A number of interrelationships of its 

several subsystems have been recognized and understood. In the next 

few months, this process and the "S.R.C. Process" will be studied in 

Ereater detail. 
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0PZI~IZATION OF COAL CO~'ERSION PROCESSES 

PROGRESS REPORT NO. 57 

~LIY-JUNE 1972 

to 

Office of Coal Research 

Contract ~o. 14-01-0001-497 

Our efforts in the las~ ~,.'o months have bean mainly directed 

at preparing and releasing several papers a~nd reports describing our 

studies of the coal gasification processes. 

(a) "Efficiency of Coal Gasification Processes", Paper ~o. ~K 

In it the thermal efficiencies of eight al~e~--na~ive 

processes to produce high'Btu pipeline gas from coal are 

computed and compared. 

(b) "Optimization of _~!Kernate Coal Gasification ?recesses for 

Pipeline Gas Production", This supplementary report summarizes 

the study results contained in the comprehensive 0.C.~. 

Interim Report; "0pti~ization of Coal Gasifica=io~ 9recesses", 

E & D Report ~o. 66, Interim Report I~o. i, 1972; recently 

published on this project. In the Appendix of the new 

report are process descriptions and optimization study resui=s 

for three alterna=ive processes studied afKer the Interim 

Repor~ was submitted for publication. These recently studied 

processes are similar to, hut not identical ~th, the U. S. 

Bureau of Mine's "Hydrane" asd "Syn~hane" Processes and 

Consolidation Coal's "CO 2 Accepter Process" using hi~unLinous 

coal. 



(c) "Comparison of Alternate Coal Gasification Processes for 

Pipeline Gas Production", Paper submitted for presentation 

before the 65th Annual Nearing, ,%r.erican Institute of Chemical 

Engineers, New York, New York, November 26-30, 1972. This 

paper is basically the same as the above report, Item [b), 

except ~he Appendix has been deleted. 

The initial emphasis in the study of low Btu fuel gas produc=iom has 

been concentrated on the arrangement of ~arious gas and ste~ turbine 

units in the gas stream following the co=$ouscion chamber =o recogrize 

the =~mum overall efficiency of the energy recovery~ system. Our interests 

are now centered on =he low-Btu gas genera=or sys=eD, investigating several 

reactor arrangements, such as a coal pyrolysis unit whose produc: char is 

gasified in a separate sTnthesis gas generator (fed with steam and air) to 

provide the inert fluidizing and heaE-supplying gases for the pyrolyzer. 

Our efforts will be concemtraued im this study area for the next several 

months to optimize and compare the thermal effieiencies of the many 

me~hods by which this low-Btu gas can be produced from the coal. 

The study of the coal liquefaction processes remain concentrated 

on the various reaction systems of the "C0-ZD Process" (Y.~I.C. Corporatlo~) 

amd the "S.K.C. Process" (Pittsburgh & Mid~-ay CoalM-ining Company). 

Areas of immediate conccrn for mathematical modeling are the coal 

dissolvation and coal pyrolysis syster~. 
i # 

(. &'. I', 
i l /  ~_.. 

C ~ilWen , -  Proj e c t  D i r c c ~ o r  

/ i 
. p  



OPTI~.[rZATION OF CO.%L COk"~ERSION PROCESSES 

PROGRESS REPOP~T NO. 58 

JULY 1972 

to 

Office of Coal Research 

Contract ~o. 14-01-0001-497 

Coal Gasification =o L~-Bru Gas 

The e f f o r t s  i n  t h i s  s tudy  are now concent ra ted  on ~ e  coa l  p y r o l y s i s  

and g a s i f i c a t i o n  s teps  t o  ma_xi~ize uhe Chermal and carbon e f f i c i e ~ c i e s .  

Two gas producriou schemes are being studied iuit_~ally. In one, Case I, 

all the gas is produced in an air-fed, low-pressure (i00 psi~ gasifier 

consuming raw coal. In the second scheme~ Case If, the raw coal ~s fed to a 

devolat~lizer which is fluid/zeal By synthesis gas. This synthesis gas is 

generated in an a~r-fed, low pressure gasifier which is fueled by the devolatE- 

zatiom char. 

Preliminary resul~s indicate that ~he devolatilizer-gasifier system, 

Case II, has a s//ghrly higher ~Lhermal efficiency (by 4%) than does ~he single 

chamber gasifier, Case 7. Also the product gas from the Case II system has a 

higher calor-lc value which my beueflcialiy affect the combustion chamber 

efficiency and/or equipment cost in the power generation section of the overall 

pro cess. 

Next, the gas generation sect/on will be coupled ~ith the gas combustion 

and electrical power generation sections To optimize the overall low-Btu gas 

production and power generatioD process. 



Conversion of Coal to Liquid Fuels 

After a preliminary investigation of some typical coal-to-liquid 

conversion processes now under development (COED, H-Coal, SRC, Un£vers£cy of 

Uuah Process~ enc.), we are now in the process of d/vidin 8 the various process 

schemes into subsystems so char each subsystem can be examined in deEail, 

modeled and finally opuimized. Completing the study structure will be the 

fact chat many different producus can be produced. The qu~n~t~ disLrlburion 

of these producr_s can be arbitrary, within certain limir_s set by the mass 

balance relationsh£ps, and will be likely jusLified mostly by r/~e assumed 

economic criteria and product demand. ~_is analysis to define the subsyst~.s 

be finished by Septenber Ist. 



OPTIMI~ITION OF C02~. CO.~RSIO~¢ PROCESSES 

PROGRESS R EPOF~ NO. 59 

AUGUST 1972 

to 

0ff~ce of Coal Kesearch 

Contract ~o. 14-01-0001-497 

Coal Gasifica=ion to Low-Btu Gas 

The efforts in this study continue to.be concerned %rith ~,,~-ing 

t:he thmrma! and carbon efficiencies of the coal pyrolysis and/or gasifica- 

tion st--~es of the process. 

Amon& a number of alternate schemes considered, concepmml flo%~cheme of 

the overall process to generate elect.~-icai po-zer via coal-derived low-Euu 

synthesis gas is illustrated in the au~ached Figure i. Raw coal is fed ~nto 

e/ther a pyrolyzer or Into a ~asifier or into both. "Tn the combina~/on gasifier- 

pyrolysis system illus~razed in Figure i, the pyrolysis char and supplemen- 

ta~;- raw coal (if needed) is gasified with air and steam to fur= a synthesgs 

gas compose~ of X 2, CO, C02 and R 2. This synuhesis gas is fed to the 

pyrol)~er ro ac~ as a carrier to remove the volarcLles evolve~ from the 

ra%- coal fe~o The gasifier operates at 1800-2300°F ~n~ the p)Tolyzer 

operates a~ 1400-1500°F- Heat is removea (steam be/n~ generated) before 

r.he gas enuers r.he char separators, l'ne char ~s fed into the Easif~er and the 

solid-free fuel gas then. enters the puz-ificat/on units wher~e the CO 2 and 

sulfur compounds are removed to accepDable fuel gas concentran~ons. The 

clean lou-Btu K~. is then burned in the comubsEion cham~er with excess air. 

The hea~ generated in the chamber an~ t~e h~t effluent g a s  are used ~n 

cycles involving the most op~-imum combinauion of steam and E-as turbines 



to  g e n e r a t e  the  e l e c t r i c a l  power. 

At the  p r e~en t  ~/=c we a re  e v a l u a t i n  E t he  ~ a s i f i c a t i o n - p y r o l y s ~ . s  

steps, comparing a fuel-gas g e n e r a t i n g  system ~nvolvlng bor.~ gas:L~:Lez" 

and pyrolyzer (as illustrated) w~th a system un~llzin g an ,~ir and steam- 

fed synthesis Eas generator alone. Preliminary computations, without 

mathemae~cal opnimiza~/on, ind/cate that these t~o systems have v e r y  c lose 

thermal and carbon efg£cicucy values. One choica of opera~ing condir.io~s 

may favor one system while another operar_Ing cond/~Lon choice may swing 

the system favori~is= in reverse. Upon coupling ~he gas general/on 

systems with the rest of nhe gas combust/on-elecur~cal power genera r /on  

subsys tems,  we will employ mar3ema~ical opr.imlza~on on both gas genera-  

rin~ alternates using e/ther the lowest capital equ~pmen~ cost or the lo~st 

gas ~mau~acrur-i~g price ~s r3e objec~ve func~on of ~he op~imiza~on. 

Included in the overall process economics ~ be ~he gas purif~ca~on 

and "..he s u l f u r  recovery  cos ts .  

Conve/. s ion  o f  Coal. To L~quid 

The p r ~ l ~ - ~ v y  r e s u l t s  of  uhe st~xly to  d /~ ide  uhe v a r i o u s  c o a l -  

t o - 1 / q u / d  p r o c e s s  schemes i n t o  subsys tems ha s  iud /ca~ed  t h a t  t h e  u r ~  

p r o c e s s e s  o f  l o w - t e m p e r a t u r e  c o a l  p y r o l y s i s ,  c o a l  d / s s o l ~ a r / o n  i n t o  

organic solvents with or ~rlnhout hydrogenolysis and heavy o i l  hydro- 

genanion ,  among o n h e r s ,  are d e f l u / t e  subsysuems wb/ch must be inves~gated 

i n  d e t a i l .  Our i n i r L ~ l  e f f o r t s  w i l l  be d / r e c t e d  a t  ~he l o w - t e m p e r a t u r e  

coal pyrols~is , inves~iga~iv~ not only the recent research in nb/s step 

in the "COED Process" a~d in the "Project $eacoke", but also analyring 

and uLilizi~g the rezearch resul~.~ produced over ~he lash fifty years. This 

detailed analysis of research da~a to be used to formulate the various 



r e a c t i o n  mode-~  a r e  now u n d e r w a y .  

C. Y. Wen, l~ojecu Director  
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OPT~.~IT]ON OF CO;~ COk~=KSION PROCESSES 

PROGRESS REPOr~T EO. 60 

S -~TT D~EK 1972 

..~o 

0ffice of Coal Kesearch 
Contract No. 14-01-0001-~97 

Co~vers~ouof Coa~ t o  Low-~c Gas 

Current efforts in this s~udy continue to 5e concerned ~rh 

deriv~ a conceptu ~I flo%-scheme for the production of low-Btu gas by 

coal gasiflcar~o~, and in e%~luatiug some of tha al~ernative choices 

~n th~ process path. , 

~ne zener-=.lized conceptual flo~-sche~e ~ illustrated and described 

~n our last moat.his report (Progress Report No. 59, August, 1972, O.C°R. 

Contract So. !4-01-0001-~97). Some o£ the al~er~ative suSsystems 5ein~ 

~amlucd are: 

(a) Coal F}-rolyzin~ Reactor: ~¢iI! £ts presence in coordinauion 
%n%th an air- and steam-fed Gesifler (for the pyrolysis char) 
mean higher carbon and/or th~r~al efficiencies ~han ~-he 
efflc~enc/es ohio/ned ~hen rau" coal is directls- Easified in 
a single hi~h-~emperature reacuor? 

(b) Coal l~ncolysis (if n=-eded) and Gasifier Reactors: T~U~at are 
the rues ~ . ~%-antageous design an~ operating cond/t~ons? 

Gas ~urification Subsystem: ~nat purificar/on techniques ~Ii 
yield the highest overall plant efficiencies? The sulfur 
compou~nds must be removed, ~u= the presence of carson dio~e 
in the ~as entering the co=Sustion chamber ray or -~y non be 
uduanLa~cous to the efficiency of Lhe overall process. In 
our suudies of the high-Btu gas-from-coal processes C'Opr£mizn- 
tier of Co~.~l Gasification Processes", R & D Report No. 66, 
intez-ils Report No. l, Office of Coal Research, 1972, w~ limited 
our coas;derations in the gas purification subsystems to only 
a few well-kno~m alt~_rnatix, e scrubbing techniques, l~is study 
will he bro-.=;ened. 



(d) Combus=ion Chamber and Power Generation Subsystem: ',..-nat 
is the optimum a,,ong thr- power c>'clc arrangements? In thls area 
we will have to rely on the publishud expertise of the p~,,er 
~ndustry; hen-ever, we can evaluate several of their recommended 
alternati%.es with regard to the rest of our gas production 
flowscheme. 

The statements above list some of the various questions we are 

seeking t o  answer in our study. We have made considerable progress in 

resolx'img Qu~zion (a). It seems that the pyrolyzer does indeed add in 

increasing the overall thermal efficiency of the gas production subsyste=. 

However, the quo_stion is unresolved as to whether t.his efficiency i-crease 

%qll j~stify the additional costs of the separa=e pyro!yz~ng reactor. 

Questions (b) and (d) have been incorporated into a generalized calculation 

procedure in prep=ration for mathematical op~-i~-izetlon. Ke are now i=L~tiat~ng 

the new stud}" into the various lo%'-Bru gas purlflcar.iou processes. 

Conversion of Coal to i/ouids 

A study leading to =he preparation of a math~_at!ca! =od~l simu/~=Ing 

the low-t~-pera=ure ps-rolysis of coal has been initiated. Eelatio~nshil~s 

involving the =aterial and heat ~a!ances arc be/ng derived. In addi t ion,  

the available reports of the "COED Process" and the "Project Seacoke" are 

Being searched to extract experimenual information which can be used 

in deriving and co=puting the "quasi-equiliSrium" and -kinetic relationships 

~uvolving the aqueous, cil and gaseous products in the relatix'ely io~ ~- 

temperature (600"-1200~F) teat=ion regi=e. .' 

¢ /. 
"I 

/ ¢  

C. Y .  T:~-,~n, P r o j e c t  D~ ' r ec to r  



OPTIMIZATION OF COAL COA%'ERSION PROCESSES 
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The efforts conzinue in dQveloping process systc=$ Eo produce 

low-B~.u ~as by air-fed coal p~rolys~s a~/or gnsiflca~ion reactions- 

Durin~ October zh~ model of the CO 2 Accep=or Pzocess (Consolida- 

tion Coal Co-pany) was s~udied to determine if the sulfur removal can 

be nero efficiently accomplished by the adsorpzion-reae~on of the sulfur 

compounds "~'ith dolo~/=c during Eha cee_l ~as&fica~ion, than ~f the sulfur 

were reuoved as B2S ~n Kha reactor effluent stream and then zhe fuel 

gas cleaned in a separate, later purification subsys~, l~nis study is 

s~ill ccntinu/ng %'i~z t~_ results eu(pec'.ed soon. 

The kinetic =~ge! of coal pyrolysis ~r. the high temperature range 

(above lO00°- =) ~s also umber in%-esn~ga=ion for ,use later ~n des~=~n~ng the 

reactor subs}'s~. 

Co n~-ers~on of Coal =o Lian~ds 

Efforts are unaer~-ay =o develop a ~ne~-Ic =odel for later use in 

pred£ct~ng n|-e production rates, versus temperature, of the se%,eral 

produc~s .~rom coal p~-rolysis. In this first si~:p]ified version of the 

nodal, these potential products ere s'ubdivided ~nto four divisions; (a) 

aqueous products (5) l~quld h}-drocar5ons, {c) ~aseous hydroearbons~ and 

(d) char. Reported e~.~rimun~al da~a from early %'ork in th~ "Project 



COED" (F.M.C. Corporazion) are being utilized, as well as data reported 

in l~terature by other research invcstiEators; Tests for the reliability 

of ~he model for various reactor systems are planned as soon as the model 

has been prepared. 

/ 

C. y. j}:e~u, Projec~ Director 
/ 

/ / 
/ / 
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Conversion 9f Coal to Lo~-Btu Gas 

Th/s study con=inues to concen=raue Its effort on the developmen= 

of a kinetic model for the pyrolysis of =he coal~ parr_icularly an the 

higher temperatures above 1000°Y. Although ~e are e.x~pel-lencing some 

difficulties in del-iving the form of the model, some general reaction 

trends seem apparent. In order to maximize the production of non-con- 

densiSle caloric compounds (the gaseous fuels; C0, K2, CH4~ C2~6~ etc.), 

one should (a) approach a high temperature, flash reaction for the 

evolution uf the volatile product effluent from the sol/d coal parLicle, 

and =hen (5) hold this evolved ~olar/le matter in the high temperature 

range for a prolonged time period, after it has lefn the solig, in order 

to "crack" as much of =he higher-=olecular weight molecules into the 

non-condensible synthetic fuel compounds. Work in deriving and 

utilizing this pyrolysls kinenic model ~Ii 5e conr.inued. 

Conversion of Coal into Liquids 

Efforts continue in developing a kinetic model to use in 

predicting the production rates of the several products; non-condensible 

compounds, condensiSle hydrocarbons, aqueous co�-poun~s and residue char; 



from the pyrolysis reaction of coal, particularly in the lower temperature 

range ~elo'; !O00°F) ~here each compound class has a significant evolution 

rate. The teat=ion system is quite complex which has hindered the 

theoretical derivation of the kinetic model. Certain simplifying 

assumptions are nuw being proposed and tested against the experimental 

data available in litera=ure. 

S C. Wen, Projec~ Director 
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Cgnversion of Coal to !o~-Dtu Gas 

Efforus in this study continue in tha developing and refining 

of =~dels to predict the production of low-~tu gas via the high-temperature 

pyrolysis (above 1000°F) of coal and the later gasification of the char 

to produce the fluidizin~ Eases for the coal p)Tolyzer. A paper entitled 

"Production of Low Btu Gas Invol~'ing Coal Pyrolysis and Gasificat/on" has 

been ~rr~tten and submitted to O.C.~. for p~rmission ~o present at the 

Dallas, Texas, ACS Meeting in April 1973. In r/~s paper, some ~pez-imental 

coal pyrolysis da~a, obtained earlier at ~est ~irgiuia University, are 

presented an~ analyzed. Zrom =his data analysis, some general reaction 

trends, which- the pyrolysis model must simulate, ~ere derivea and d~scussed. 

The e~phasis of this s~udy %~ilI no-~ concentrate on the refinement 

of the coal p}~roiysis model and then shift to the use of the nodel to 

des&gn, optimize and economically evaluate ~he entire (coal)-to-(iow Btu 

gas)-to-(elec~.--ic power] conversionsystem. 

Conversion o[ Coal Snto Liquids 

The goal of this study has been shifted slightly to involve the 

optimization of a coordinated multi-product coal conversion system similar 



t o  ~he c o n c e p t u a l  f t o ~ s c h e ~ c  o f  t h e  COED P r o c c s s  (P.~C Co . '~ ,o ra t l on ) .  Th~ 

emphasis of this study will be mainly directed at the optimized u~ilization 

of ~e large amount of char being generated in the present process design. 

Some char utilization alternatives co be ey~min~d are (a) con~'ersfon to 

high-Btu gas, Co) conversion to low-Btu gas for elec=rica! po~'er genera- 

tion, and (c) production of hydrogen. 

/ 

C. Y. W~ I, Project Director 
b" 
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