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OPTDELITIO~ OF CO~L GASIFICATION PROCESSES 
PROGRESS REPORT ,NO. 47 

J~\UIARY 31, 1971 

to 

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

Gasification Phase 

Calculations of carbon uti!/zer/on without recycle in the gasification 

system are under study. 

The computer programs simulating ;the follo~ring Three cases have been 

completed. 

(i) gasification 

(2) ~asification 

(3) 

shifu conversion 

methanat/on 

shift conversion 

.._____> hydro~asification ------9 

• ° 

gasification u.-._-. 9 • shifu conversion --------7 

~ hydrogasi~icar/on -------> 

purification 

p i p e l i n e  Eas 

purification 

p~pe//ne gas 

p~/fication 

pipelLue gas 

p i p e l i n e  gas 

The program is ~o evalua=e the  effe~ ~ - of variations of parameters on 

me~haue produu~.ion. 

Accounuin~ Procedure 

Procedure  f o r  compuua1=iou o f  gas  p r i c e  i s  r ev iewed .  

Over~L1 p]~t  O , ~ = i ~ o =  Ph.~e 

Carbon ut~l~za=ion f o r  c o a l  ~ a z i f ~ c a t i o n  p roces se s  has  been s t u d i e d .  



-2- 

The number of moles of carbon required to produce one mole of methane 

was tentatively set as the objec~._ive function to be optimized. Before 

the optimization can be done, computer simulations of gasification , 

processes in terms of material and energy balances of each staEe, have 

been prepared- The possible optimization technique to be used for this 

study is so called, "Multilevel Opti=iration Technique.!' 

.~Y-p, Project Direc:or 
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Off Lee of {;o~I ~'--,'-,~ .n .... .~.', 
CO::L~'::cL :{o. i'~-01-0001-::~7 

Ce~up,1=~'." s/:~u!ations for a h:,,:rohaslflc~cic,:~ system ".,ins been ~:ade. 

The follo%:/n~ assump~ion~ ~¢r-i-e :had& for the ~i;::::].a~iun. 

I- Char usl~d fez" she secondary gasi~icatio-n ~s supp3xcu o; she 

Drim~:rv Kasi'/icat ioz ~ .... 7,..~ ~..,._oc=== chnr. -" eo_-:piere cnrbo~ ccn:-ei'sCcn 

in ~hu seco~daz'v 8asifica.'ie'.: is ass~.,.cd. 

2. Gas from the secondary gasification is shifted ~o a spec~fCed 

ra~e of CO/H 2 ratio (i/&, I/S an~4 I/IO). 

3. Ifater ~as-shift eq-ai![brium and hydro~e:,-me~hane-carbon pseudo- 

equili~'ium O..-it'--- an ap~roseh factor o~ 2) were assumed ~n th~ 

primary ~siflcat~on. 

4. The heat&n~ val%-e of pipeline Sas is about 900 B-~J/S-C.F. 

Based on above essu-ptio~--~: m.-teria! balance and ener~-: balance, e~u~l~br-um 

relations as well as heat~n~ value cossnraint :~ere used for se-.~in~ up 

the system equations. Ei~h~ equ.~ien.- for ~ishc. veriables have bead ob=a'~z~d. 
2 

A modified N~'~tOnmRapl%son r.,ethod yubrout'~ue frc~ the co,npurer c~nt~-r 

ll~rory has been usad ~o solve ~hase simul~necus equat£ons. 

~:rom ~|z~ a~ac.h~ fiEures, iC can be seen :i'at &f no excess char ~s 

ailuc~ ~o be pr.-~duc&-d from t.he gasificaC~on syste-~:, ~he optim~rm car~on 

ut~:liz~,~£on d~fin~d as lh-mole of carbon u~ad/15-mole of methez-e produced 

is a~ ti~e ra~Z~ of 0.25 -- 0.3 carbon convex'zion in the pr~un~-}- gas~fi~x-. 

A r~port~ "St,~dy of Cat'bt~n Utilization ~n Co:'l G~if~ca~on P~,~c~:ssos," 

i-; living prvpnred which will bc¢'t~ni: avnila!,l~ in :, sl,o~t ti:ne. 

1 

; ;  t ' '  • , . 

C. Y. "'" " 

o" 

Reproduced from 
best available cop~ 
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OPTIMIZAIION OF COAL GASIFICATION PROCESSES 
PROGRESS REPORT NO. 49 

MARCH 31, 1971 

to 

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

E f f e c t s  of  temperature  on a s e l e c t e d  g a s i f £ c a t l o n  system~ c o n s l s t l n g  

of  pr imary g a s ~ f l c a t / o n ,  secondary g a s l f l c a t ~ o n ,  s h i f t  convers ion ;  

p u r l f / c a ~ / o n  and mer3auar/on,  have been s t u d i e d .  Based on s e v e r a l  

d / f f e r e n t  tempera tures  a n d  a s e t  o f  cons t an t  i n l e t  c o n d / t i o n s ,  the  hydro-  

s a s s i e r  s ul ted i .  a Co=p ,t . r ults Sbo  ,:be 

a t t a c h e d  fS~ures .  Tons of  coa l  used  fo~ each u n i t  and f o r  the  e n t i r e  

system per ~SCF of pipe//ne gas are plotted versus carbon conversion 

in the hydrogas~fier. The 5alance oper--~_ng line reprasentin~ the 

cond/~on of no excess or addlr/onal char needed for the eRr/re gaslfi- 

c a t / o n  system i s  a l so  shown ~n ~ I g s .  I and 2.  

f s /m.t lar  s~stem, hut wlthouc hydrogasifler, has a l so  been srud£ed. 

system ~s arranged ~n such a way that the gas I ~  the gaslf~er 

~s sh~ted to achieve a H2-CO rar/o approximately equal to 3. Tb/s gas 

is subsequently methanated aZter purification to remove CO 2 and H2S. 

Fig. 3 presents the thermodvnam/C efficiency of the systa= i n  terms of 

number of tons of coal requS.red to feed per thousand standard cublc feet 

of pipel/ne gas produced. 

Apparently, more oxygen is requ/red if the reacLion is to  be ma/n- 

ta/ned at a h/gher temperature. Tt is also evident from the f~Eure that 

for the same amount of the pipel/ne gas produced, the amount of coal 

r equ / r ed  I n c r e a s e s  ~r~th an ~Lncrease tn  t empera ture .  

C. Y. ~en,  ~ o j ~  D i r e c t o r  
f / 
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OFZIKIZATTON OF COAL GASIFICAIq0N PROCESSES 
PEOGEESS EEPORI NO. 50 

APRIL 30, 197] 

to 

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

A gasification process closely relat¢~1 t o  the B. C. E. 

• T ~ - S t a g e  S u p e r - P r e s . s u z : e  ~as:Lfica,-ron l~ocess ~ s  been s ~ e < t .  

T h e  sysce= was SC~LI~Ced i n  a computer. Assmapt~ons ~ d e  f o r  

the  s t=u la l~o~ are:  

I. The 1:empera~uce-of the" Ist stage ¢s 230OAF and that 

of  the 2rid s~cage i s  I700°~ '. 

2. Carbon /s completely c o n v e r t e d  ~ the ].st: stage. 

5. No free o x y g e n  ~-s presenu in the Isn stage 

e f f l u e n t  g a s .  

4. l~e .~ te r -o~as  s ~ ' %  e ~ z - ~ u =  i s  assu=e~ i n  the 

]st stage. .  

5. Both water-gas shift and carbon-hyclrogen-me-J~ne 

eqoil~r¢,~ are ass--ea l, the 2rid stage. 

Parameters scud/ed in the simulation are the amount of 

steam In~:roclu¢-_~ in the Isr stage and the carbon conversion in 

the 2nd stage. 3~sulcs are sho~n in the attached flgoze. 

~o; a constant carbon conversion in 1:he 2nd stage, an 

increase;in the amount of steam incroduce~1 into ~_he 2st stage 

increases the amount of coal required per unCt a~o~nt: of p~jpe- 

gas producl;~Ono ~or a conslmnn steam rare a h/she r carbon 



- 2 -  

¢ouve~sion i u  t h e  2nd s t a g e  d e c r e a s e s  t h e  amount o f  c o a l  r e q u ~ e d  

p e r  un£t~ amount o f  p£pel£ue gas p roduc l~on .  

From t h e  r e s u l t s  o f  t h e  above s-Zau~t:Lon, ~ t  v a s  found  

t ha t  most of  the s t e ~  iu t=oduced  i u t o  the 2nd s~ge  ~ used f o r  

CO01S~g, i . e . ,  the desree o f  steam ~ec (~po~ron  i n  the 2nd $1:age 

i s  n o t  ht@h. I n  o r d e r  ~o ~ ; ~ l y  t h e  e ~ e c t  o f  r.he amount o f  s t eam 

~Luccoduced ~ C o  ~he 2nd s ~ e  on t h e  p ~ l ~ l i n e  gas  p r o d u ~ r c n ,  a 

heac  exchansec  ua~C i s  ~nsecce~ be tween the L~c sC~se and 2nd 

s t a g e  S a s i f ~ e c .  3y  ~ t h e  hoc  l s c  ~ e  e ~ u e n c  gas  

r~r 'oush t h e  h e a t  exchanse~,  t h e  cempecacuze o£ che 2nd s r ~ e  

~ l e C  gas  can  b e  c o n j o i n e d  t o  any po~ut  a s  one  d ~ - ~ e s .  The 

tesq~_~t~z~es u sed  f o r . t h e  cc~put~_r s ~ u l a ~ o n  a~e 2300° ,  2100 ° 

and I900°~.  A cyp~ca~ ~ t  ~s shown ~u T a b l e  ]:. The =esu~= 

shows chac  t h e  s team used  ~u t h e  2nd s t a g e  dec=eases  ~_r.h a 

d e c r e a s e  i n  t h e  t e m p e r a t u r e  o f  ~ e  ~ sCase ~ e c  8 a s .  As a 

¢ousequence o f  t h i s  zedu~ '~on ~u s t eam c o n s u ~ t ~ o n ,  a h ~ ; h e r  

p £ ~  8as  p c o d a ~ o n  p e r  un~c ~ o u n c  o f  c o a l  ~s o b ~ -  

C. Yo We=, i ~ c ~ e ~  I ) ~ e c t o =  



;arbon ConvaraLon 
in 2nd 8teSs 

I 

• p | H 

:on1 fed into 
Oastftar lb.  

i i |  

3team used in lo t  
8tese lb--mole 

- -  i t 

temperature of 2rid 
StaBs Znlet OaB *? 

Steam used In 2nd 
erase 1b-mole 

H. 80F" P,peltne Oes 
1 Ton of Coal 

2300 

7,103 
i i 

16,572 

0.3 

100 

6 

J 

2100 1900 
, , J  

5.333 3.432 

17,156 17,029 

0.35 

100 
| 

6 

2300 2100 

5.496 3.654 

17,404 10,064 

1900 

1.536 

18.880 

i 

Table Z, Btleot ot Temperature o! 2nd 8tasa Znla~ Oas on Pipel ine Gee 
Produotlon. 
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OPTID~ZATION OF COAL COI~'EP~ION 
PROGRESS REPORT NO. 51 

NOV~I~E~, 1971 

PKOCESSES 

to 

Office of Coal Research 
Contract ~o. 14-01-0001-497 

The gasification process proposed by the Bureau of ~nes, "Hydrate 

Process" was studied. Bused on the available ~.~erlmental data on Hydro- 

Easificrs and Devolat/zers, the m~rerial and hea6 balances on shif~ con~erslon, 

purification gasification and mothanation =~cre calculated. The intaErated 

~as~.fication process has been developed and the price of pipeline gas was 

e s ' J i m a t ~ .  -- 

New opt~-~zation techniques for the complex system have been studied. ~Fne 

opt/mizat/on ~thod used in the pre~ious work is not as efficlent as it ~-a~ 

e~ected. The problem of t~- /ng  up the sub-s}~tem optimizations to,ether 

obtminin~ am overall optimiza~on is not an easy task. ~e multilevel 

opr/mizat~on techniques d/scussed in an earlier report is one of the attract/re 

nethods to be used for this type of probl~. However, ~'hen the number o~1. 

%'a~-~aBles in the systems are ~nteractiuE, the multilevel method Becomes too 

~omplicated and the efficiency ~ecree_~es. l'ne new approach is based on a 
h 

simpllfied coal conversion plant such that all parts of the plant czn ~e 

considered s~multaneously. Usin E scram sort "of effz'eiency factor as an ohject-/ve 

.muuc~ion ~he plan~ will ~e opt lmlzed. ~t ~s hoped that some relar/on can be 

established 5e~en this efficiency factor ~md . 'he  gas price. The new 

opt£=iz~ion techniqu~ under study are: the Carroll-F~acco penalty- function, 

the created response surface, the ~av~ana, and the complex methods. 



The p roduc t ion  of  f u e l  ga s  in  ~hc a t m o s p h e r i c  p r e s s u r e  gas p roduce r  i s  

co~pared wiLh the p r o d u c t i o n  of  high p r e s s u r e  p i p e l i n e  gas from v a r i o u s  c o a l  

g a s i f i c a t i o n  p r o c e s s e s  s t u d i e d .  

Insce---d of  oxygen which i s  used f o r  p i p e l i n e  gas  p r o d u c t i o n ,  a i r  fro~" a 

blower is introduced into a gas producer wbere coal and steam are added to 

pror/uce the raw gases. To ob=ain a cold clean gas from a hot raw gas, ~he 

raw gas =my be passed ~hrouEh the gas cleaning s~'stem to remove impurit&es 

from the raw Eas. The economic evaluation of fuel @as prod~uc~ion processes ~rlll 

be made based on cr£ter~a developed for the coal gasification processes. 

C. ;~///~en: P r o j e c t  D i r e c t o r  



Ot~I'IMIZ~ITION OF COAL CO.~'F.RSIOE PROCESSES 
PROGRESS R~.TORT I~.O. 52 

DECE~E~, 1971 

to 

Office of Coal Research 
Contract No. I&-01-00!-497 

A study is being made of the coal gasification system developed by the 

U. S. Eureau of .~Lines known as the "Synthane Process." This process scheme 

is similar to the "Altern~te I" System described in our Fi=~=l Report, Oontrac~ 

No. 14-01-001-~97. September 15~ 1971, except that the pretreatment ar~ gasi- 

flca~Ion sections, considered as separate uuics in "Alternate i", is c~b~n~d 

i~to on~ st~p in the "Sbm~hane Process". The material and hear balances have 

Been completed for ~his process, using bituminous coal as the [eed, and -_he 

opr_~mization of this syste~ and ir.s comparative e~-=luation :o o~er gasification 

processes are now being undertahen° 

Th= previous computer programs for the high pressure coal E-~sif~icatio~ 

processes usi:A~ o~'gen co produce p~/pl~n~ gas have been reviewed ~-~;h ='he 

intent.ion of zodifylng the progr~zs to use amBr~ent air at atmosphe.~-c pressure. 

~'ae modified co=purer .programs are no= ~ainE wri=:en =nd d~buEged. 

A~ d~scu.~sed ~_n Progress Report 51. the mar he.marital opt-'-"~zation technique 

u~ed up ro ~he pre.~en~ has been quite satisfactory in opE~miz/ng the iud'-".-iduai 

uu/ts, hut its eff~c~enc%" in coordi.na~_~.ng ~he sub-sysr=m optEmizations to 

produce an overall optimized process ~_s l~*ss than s.~sfacte~--y. ~ ne:= op=i=~- 

.~'~l::io:~ tachr~iqu~ call'~d d,~ "Complex ~ethod", proven by o~her iu%.es~-/~a=ors t o  

coordinate sub--s~¢sZc=~ more effic~n-'-ly, is b e i r ~  ~e.~ted for its useful~ess "n 

=he snudy of r_he propose~ coal gesification oper~,~io~- The U. S. Bureau of 

.~[in~s" "bydrane Process" has bean chosen as tI,~ f~rst p~oaess =o be t~s~ed by 

~h[s  n'-'w opt~m~z-~=~on m~=h~l. Th.- "'|lydres(' .*'~'<-cus.-:" l,:~s been ~.uthe~ntic:~]!y 



simulated and is no~ being optimized, using the process overall thermal e£ficiency 

as the objective function to be optim2zed. At this ti~e the precise opti~u~ 

Independent parar.eters for the overall process have not been pinpolu~ed; however, 

enough evidence have been gathered to prove that ~he "Comp1~ ~e~hod of 

Optimization" can be used effectively in evaluating coal utilization processes 

of the type ~e are s~udying. Preparation of a supplemental report to our interi~ 

report oa "Opr-ir~iz~ion of Coal Gasi£icar.~ou Processes" 2s being cont~lated. 

The aex~ phase  o£ r.his p r o j e c t  invol-¢es a p p l y i n g  the  p r e v i o u s l y  deve loped  

op~imiza~on ~echn/que$ ~o evaluate uhe coal liquidi~ica~ion processes. Some 

of ~he processes ~o be studied are; H-Coal Process (Hydrocarbon Research, Inc.), 

COEDProcess (F. M. C. Corporz~ou), and ~he Sol, eat-Refined Coal Eroc~-ss 

~Piu~burgh & ~.I/d~-ay Coal i-lining Company). The aaxt uon~h~rill be devoted ~o 

the collection of process data from ~he resp. ec~£ve conpanies and ~rom publ/$hed 

literature, and to the~_a~he~a:ical sinulatio~ of th~ various p~ocess sub-s3-ste-us. 

! 

I 
-7 

C. Y~,~en,  P r o j c c t  D i r e c t o r  
I .  
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