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OPTIMIZATION OF COAL GASIFICATION PROCESSES 
PROGRESS REPORT NO- 3~ January 31~ 1970 

to 
J 

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

(A) Gasification Phase 

Computer program on flu/dized bed reactors ~ith solids gas 

react/on and mixing is being tested. 

(B) ~auer-gas Shift React/on ~hase 

A report on the op~mLization of water-gas shift conversion processes 

in fixed ~ed employing cold-quenching system ~s prepared. 

(C) Gas Purificat/on Phase 

Computer simulation of gas purification processes using hot carbonate 

solur/on has been completed. Three cases of gas feeds (I.G.T. char 

hydrogasificarlon, 7.G.T. lignite hydrogasification and B.C.R. two stage 

processes) under isothermal conditions werc treated. The computer simular/on 

for gas purification processes" under non-isothermal condir/ons has non been 

successful. The present method does nor offer quick convergence when hea~ 

transfer calculation involving iteration is required. Abetner numerical 

technique which eliminates iteration is now being tested. The case involving 

absorption with pure water is heine nested. The degree of removal of H2S is 

also being examined. Pressure drop in the packed column is usually very 

small to present any problem. 

(D) Hethanation Phase 

Revenue requirement for cold-quenching recycle system based on B.C.E. 

gasif~3"er effluent has been recalculated. The integration of subsystems, 

namely, gas purifieation~shifn-converslon and methanation is conducted and 

readjustment of heau recovery system is made where requited. 

C. Y.'W~n. Proiect Directo 



0 ~ ] : : 0 1 ~ Z ~  OF COAL GASIFICA~ON FBDCF.SSES 
:FB)G~SS ~tEPO~ NO. 3~ February 28, 1970 

to 

0 ~ t c e  of Coal Research 
Cont¢zct No. 14-01-0001-497 

(A) GesJ.~icatCon Phase  

Co,~ute~ sian~lat~Lon o f  solCd-1;as r e a c t i o n s  i n  c o n H - u o , s  

bed and ~ J ~ t d ~ e d  bed r e a c t o r s  ace  made t a k i n g  ¢n¢o account  = e s c ~ o n  

kCnetCcs as ~ as  heal: and mass l~ansfP..¢ phenomena. The models 

developed are s a t i s £ a c t o r y  f o r  d e s c r C b ~  the pe.t~o~aance of  the morons 

beds and ~ l u t d ~ e d  bed  r e a c t o r s  and a r e  now used  fo= scalCns-up o f  

c o a l  gas~gicat~on p r o c e s s e s .  

(B) ~aeec-Cas S h ~ t  Reac~on  Phase 

The opC~ad=aCCon r e s u l t s  o f  ~ratex-gas s h i f t  convers ion us ing  aCCabat~c 

¢eac¢o= sysCe~ ~ d  co ld -quench¢~  reac to r  system are  comb~ed tosecher ,  

and s=amarCzed ¢n p r e p a r a t i o n  f o r  t he  p resen tacCon  to  ACS Sy~pos¢~ .  The 

c o s t  ¢ufo¢mat~on ¢s  a=~mged f o r  the  p = ~  r e p o r t  on coa l  8asC~cal=[on 

p¢ocesses. 

(C) Gas I~z~CcaC£on Phase 

Compute= ¢ [ z a l a C i o n  o f  gas purLc~ca~on p r o c e s s e s  usual; t h e  w o  dCf~e ren t  

a b s o r b e n t s ,  h o t  p o ~  cazbona te  solul:Con and puce  v a t e z  has  bee= 

completed.  Also r2~ee  cases  o f  gas f e e d s  under  ¢ s o ~  and n o n - C s o ~  

cond~l:ions ve te  t:ceaCe¢l. TempexaCuce d~J~ecences a f f e c t  v e r y  :].¢t-r~e on  t h e  

r e s u l t s .  A be t - t e r  numer i ca l  technCque ~£Chout £ t e c a ~ o n ' ~ : u ~ e d .  

The ~e s ~Cs  agreed  w e ~  wCC_h Chose by ca~cula t - ion  ¢ n v o l ~  £ ¢ e ¢ a t ~ n .  

The d e , t e e  o f  renova~ o f  H2S ~r~h CO 2 i s  ~ar.her low so Chat nma p t o c e s ~  i s  

being r.aken :Luto c o n s i d e r a t i o n .  0 p ~ , ~  ope~l :Cn8 cond£1:Co=s Were" found by 

u.clng the sea~ch techn ique ,  l ~ e _ ~  report :  i s  bee= 8 prepmced. 
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(n) MethanaHon Phase 

The pteJ~fnal repocC f o r  0CE i s  "betns pzepaced. 

1 .  Some info~mation of  t he  ~ l t e r n a t e  methods o f  coa l  gas~l~tcacton 

tslve been c o l l e c t e d .  

2.  Using hey cost  yea¢ index and cos t  facCoc the  ~P_sults of  Ohm 

ZlmthanaL~on processes i n  old ~epor¢ were. r e c a l c u l a t e d .  

3. ~2e cos ts  o£ c o o ~ 8 :  water  and pcocess ~raCer have been 

~LuvesCCsated. 

C- Y Project :  D i rec to r  
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OPI~ i IZ~ ION OF COAL GASI~ICA.TION PROCESSES 
~0GRY--~ REPORT. b'0. 3~ AprL1. 30, 1970 

to 

O f f i ce  of  Coal Research 
Contrac~ No. 14-01-0001-497 

(&) Gasi f fcat~on ~hase 

Off~.ee of Coal Research pre-fCual reporn ~s being prepared. 

Approximately 80Z of "GasC_fCca1:~on" part: (Chapne.T 4 of ehe report) 

has been completed. Flo~r sheets of aiternanCve menhods of coal  

8as//icat~on are  be ing  prepared. 

(B) Water-Gas Shi~t Eeact~on Phase 

The pre-fiual report on the op1:SuCzat~on of f/xed-Ded water-gas 

shiIEt conversion processes is prepared. Cost ~u~forma1~on, a part to 

appear in r3e pre-fiual report:, is b e r g  prepared. 

(C) Gas Purifica~on Phase 

~/_.e-f/nal report :I~ be ing  prepare¢1. Simula1:ion of H2S and suJ! 'ur  

compounds removal :Is be-YulE performed :in a computer. In normal opera1:ions 

act:Lvateg carbon bed is used for removal of ILIS. The cataly l :¢c 

action of acLiva1:ed carbon promo1:es ~he oxida1:ion of ~2 S t:o e lementa l  

sulfur at too= temperature° 

Iron oxide bed is better for complete removal of H2S. Zt is possl~ble 

to reduce the concentration to less than 0.01 Erain per hundred cubic  

f e e t .  

(I)) Hethanat~on ]~hase " 

~ae pre-f/nal report ~-~ completed.. 

C. Y- We~.', P ro j ec t  D i r e c t o r  
/ 



OPTIMIZATION OF COAL GASI.FICAI'ION PROCESSES 
PROGRESS REPORT NO. 40 June 30, 1970 

to 

Office of Coal Research 
Contract No. 14-01-0001-~97 

(A) Overa l l  P lan t  Opt_imizar/on 

Branch and bound o p r _ i ~ z a t i o n  techn/ques  have been s r u d i ~ i .  These 

merhod~ ~ be app:]~ed t o  r.he o v e r a l l  plant o p t i o n .  

(B) Gas Purification Phase 

(i) The advan~aEes of the improved hot potash process by uhe 

addit/on of certain organ/c or inorgan£c substance for acid gas 

removal were examined. The following findinEs were obtained: 

(a) The use of amine promoted hot potash sol~.t/ons ~ increase the 

liqu/d side mass transfer coeffic/ent ~ by 1 to 5 ~imes. This 

greatly reduce the slze of the absorber for CO 2 removal from 

low pressure gas stream bur will not offer much advantaEe for CO 2 

removal from high pressure Eas s~ream. 

Co) The g r e a t e s t  advanr.age of ~he G£ammarco-Verrocoke process, which 

uses arsenic - connainin8 aqueous solut/ons for acid gas removal, is 

ir~ capability of prov~d/x~ a ~reated gas con~ainiug less than 1 p~ 

H2 S even when absorp~on is carried out at elevated ~emperat~re and 

atmospheric pressure. However, the kinerlcs of th£s process is 

non c l e a r .  This process cerraialy ~eserves further inves~a~on. 

(2) The steam-~o-CO ra~o$ required for the regenerator ~ri~h 
2 

and withou t  the assumption of non-volatile solvent were compared. 

It was found that the ra~o calculated for vola~Lle solvent is more 

than t~rice of the rat/o with non-volatile solvent. Therefore, this 

simpl/fyiug assumption should not be used in the desiEn of the ~-_~ge~eratOro 
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(3) AdsorpC/on processes for removal of H2S and C6H 6 - the 

followlng points are clarified: 

(i) Iron o~de processes can be used for removal of H2S. This 

process can completely remove small to reed/urn concenrrauions of 

~S without removing CO 2. 

(ii) Activated carbon bed can be used for removal of organic compound, 

especially, for the recovery of C6H6, ether~ CS Z, acetone etc. Tf 

the nreated gas contains o~Tgenp this process is appllcable ro removal 

of H2S~ because carbon acts as catalysts for the reaction betwean 

]LzS and 0 2. 

Since nhe eoar/n~ of the iron sponge with en~ra/ned oll or 

distillate will resul~n lowering of the acr/viny of iron sponge 

the ac~/vated carbon bed should be used pz-ior ~o the iron oxide 

process. 

The designing procedure was established as follows: 

(£) Ac~vated carbon bed is used For removal of C6H 6. 

(i~) Iron oxide 5ed :LS used for removal of ~S. 

(i~/) Concen~raC/on of C6H 6 in the gas produced iu gasif~er /s 

still unknown. 0-3Z at iule~ of adsorption process is assumed 

(this value may be chaugec~.fn the future)° 

C. "£. W ~  Project D~Tz:ector 



OPTIMIZATION OF COAL GASIFICATION PROCESSES 
PROGRESS REPORT NO. 41 July 31, Ig70 

to 

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

(A) Gasification Phase 

The bubble assemblage model to simulate the f luidized bed reactor has 

already been proposed. I t  was found that the conversions predicted using 

this model agree well ~ t h  the actual performance of both cataljrtic and non- 

catal)~cic reactions in the fluidized beds. The phenomena of solid dispersion 

in a f luidized bed was studied. Since the conversion of solids for non- 

catalyt ic reaction is dependent on the reaction rate of particles and the 

residence time of sol id particles in the reac:tor~ ,we must predict the length 

of stay of solid in the f luidized bed gasif ier. I t  was shown that the bubble 

assemblage model can be used also well to simulate the solid dispersion in 

f luidized beds in the l i g h t  of several reported experimental data. The 

results wi l l  be presented at the AlCbE Meeting in Chicago. This may 

contribute to the optimization of fluidized bed gasi f ier .  

(B) Water-Gas Shif t  Reaction Phase 

The steam, gas ratio of the water gas sh i f t  conversion has been 

studied and bSe computer calculation has been completed. The result wi l l  

be reported separately. 

(C) Hethanation 

The waste heat recovery in the methanation system has been re-designed. 

l~ne calculated ar, ount of low pressure steam required in the puri f icat ion 

system is  larger than the (xpected amount set for the original design of the 

mthanation syst~,~. Therefore the above change has to be done. 



(~)) Gas Purifica~on 

Optimization in the d~sign of an absorber-regenerator system without 

the assumption of non-volatile solvent was performed. Op~imiza~on of the 

iron oxide process and the activated carbon process have been completed. 

The final report on the whole gas purlfic~tion system is being written. 

(E) Overall Plant Optimization 

A simplified case with three reactors in series has been studied. 

In order to optimize this problem the discrete maximum principle has been 

applied. Due to some technical diff icult ies the result has not been 

obtained ~ t .  

Kunio Yoshida fo r  
C. Y. Wen, Project Director 



OPTLV/ZATION OF COAL G~IFT-CATION PROCESSES 
PROGRESS REPOR/ NO. 42 August: 31, 1970 

Eo 

Office of Coal Research 
Contract ~o. 14-01-001-497 

(A) Gasification Phase 

Simulation of primary gasification phase is being made. 

The compl~?_i~, of r~ction klnetlcs coupled ~-iuh flow behavior 

of the reactor has been the major problem Lu arriving ar rea//stic 

design procedure. 

(B) Gas Purification Phase 

Optimization of gas purification proce.~ses is completed. 

Hot carbonate process followed by monoerhanol am/~e process seems 

co provide -~he best scheme for simultaneous removal of CO 2 and ~S 

from the system. In this manner, hot carbonate process is primarily 

responsible for re, oval of CO 2 and the amine process is used for 

removal of H2S without involving iron oxide process. Although 

iron-o~de process is op~./m/zed to reduce ~_S con~ent to below 0.01 

grain/100 SCF, it is not included as parr of the opt/mum process. 

Removal of benzene and other organics can be achieved by ~he acti- 

vated carbon ~owers. l'nis process is also optimized. The final 

report on this phase is now complete. 

(C) Coal Pretrea~ment Phase 

Econom/c analysis of coal precreatment phase has been started. 

(D) Overall P l a n t  Opnimizanion 

Subsystem op~[mizarions are now near completion. Th/s 3u~for- 

ma~on are now combined to arrive ar the overa/_l plan~ optimization 

computer technique for ch/s phase is now being developed. I 

" C.Y. ~.e~, PTcject Director 
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0PTIHIZATZON OF COAL GASI2TCAIION PROCESSES 
FROGEESS REPORT NO. 43 $EPTE}~ER 30, 1970 

to 

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

(A) Coal Pretrea~menL 

Various modes of coal pretreatmenr, feeding systems are studied. 

The types of coal to be fed and the me~hods of gasifica~&on ~o 5e 

employed will make consideraSla difference in th ~ _ extent of coal pre- 

treatment required. 

(B) Gasification Phase 

Computer programm/ng of hear and m a ~  balance in a gaslfica~ion 

reactor for various gas feed, solid feed and solid conversion is being 

prepared. Simulaz/on of two-zone reactors in series is also under study. 

(C) Gas Purification 

A report on gas purlficat~on phase is completed and is attached with 

report. 

(D) Overall Plant Opn/m/za~/on 

Feas ib i l i ty  of applyinE the multilevel technlque to uhe overall plant  

opt/mizanion has been studied. The study included ~he me~hods of system 

simplification, ~he techm/que of reducing sna~e var/ables and use of cue 

sta~e variables in systems with a recTcle. 

C- Y. Wen, Project Director 



OPTIMIZATION OF COAL GASIFICATION PROCESSES 
PROGRESS REPOKT NO. 44 OCTOBER 31, 1970 

Eo 

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

Coal ?rerreatment Phase 

Bea~ an~ material balances  for fluidized bed coal pretreecment 

opera~ons have Been formulated. Models necessary for simulation 

are being developed. 

Co-o/ Gasif£ca=ion Phase 

Mate r ia l  "balance, heat balance:, carbon conversious, gas 

product ddst~u~ion, amcl heat losses are be ing  computed for a few 

of commercial Easif£ers invest/gate~. They are ~inkler generators 

produc/n~ synthesis gas, Koppars Dust Gas~.f~ca=ion process, lur~i 

Pressure Gasifica~-'on Process an~ Leuna Slagging generators. 

, ~ a . u  Plau=  op~~o= 

O p t i o n  ~eehuiques u s e f u l  f o r  a l a r g e  complex system 

are mostly rela~e~ to multilevel op~im/za~on methods. AmO~ them~ 

method of comB:i~iz~ ~-'-acI~.em.l: technique and Lagrange mulZ:;ip/ier 

techu/que.Es:most prom/sing. ~ method takes the advantages of 

its easiness ~n formulatinE equar/ous an~ the inera~ons method 

of search/ng for optimal points along the Eradient of LaEras~n 

with respect to dec/sion ~-/eBles. 

& 

C- Y ~J",z~ ~ c irector 

/ 



OI~I~IA~ION OF COAL GASI/ICAIION PEOCESSES 
PROGRESS EEPORI NO. 45 

FOR qOARIER ENDED NOVEMBEE 30, 1970 

t o  

l ~ r e ~ r e a t ~ e n t  :Phase 

Off:Lce o f  Coa l  R e s e a r c h  
C o n t r a c t  No. 14-01-0001-497 

C u r r e n L l y ,  work  i s  b e i n ~  c o n d u c t e d  on t r r i u i n g  a compu te r  p rogram 

t o  E~ive the composit/on of off-gas ~rith £ts heat/ng value for any 

composition of coal fed in the unlt. ~ proEram wo-ld lead to sizinE 

t h e  u n i t  and c o s t  evalua~on of this p h a s e .  

G a s i f i c a ~ o n  P h a s e  

Carbon  u t L l / z a ~ o n  f o r  a c o a l  g a s f f £ c a n i o u  s y s t e m  ~ a s  s t u d / e d .  

The p u r p o s e  o f  ~ s t u d y  i s  t o  d e t e r m ~ e  the  m/n/mu~ c a r b o u  r e q u / r e m e n t  

for producLug I lb.-mole of meuhane in varlous coal gas//ical=ton systems. 

I n  o r d e r  t o  s / ~ p l : r ~  t h e  c a 2 c u l a ~ o n ,  only t h e  m a t ~  b a l a n c e  

was  c o n s i d e r e d  f o r  s h / f u  c o n v e r s i o n ,  p u r / f i c a ~ o n ,  and  menbana~ ton  p h a s e s .  

- I ~  g a s  a l s o  assumed u h a t  r e g a r d l e s s  o f  ~he mode o f  h e a t  a d d / ~ o n  t o  a 

Easif/er, all the heat required for gasifgca~£on comes from combust/on 

of coal. Different efficiency factors were assf~ned for different 

methods of heat addle/on." 

In order t o  i d e n t i f y  problems assocCated ~ith large scale units, 

mat~-ial and heat balances of five industrial proce.~sesj ~iu~cle generator, 

Lurgi Fixed Bed, Eopper's Injection process, Leuna Bed and Bureau of 

H i n e s  process have bee~ c ~ l ~ L l a n e d .  

C. Y. T~e~/IProject Director 
" /: :" ." 
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(A) INFORMATION GATHERING AND ASSIMILATION 

~,I00% proposed to be completeo ! I 
/ / / / / / / , ,  / / / 

7 I t t I / I I I I i  ~ ~ 
I //95% actually cGmpletedl ! I I / / / / / / / / / /  

(B) SENSITIVITY STUDY 

/ / I I I I I / '  i "  "' / . . . . . . . .  ll,.00,,,,,-<>,>o-~tob.:o~,.,.<, / ,  / / ,  / / / / / J  
V t  I t / I  I ! f i 1 i i  t l l  I / / !  
[/_,~, .~..,,, oo.,,o<~/ / / i / /  / / /  / / / ,  I 
V.-I f i /, 1 1 ,! ! ! !  I I ! 1 t i ! , , i  I 

(C) DEVELOPMErlT OF GENERAL OPTII41ZATIOII 
TECHNIQUE INVOLVING II~FOR~4ATI01I UNCERTAIi~TY 

i , , , , , , , ,  ,////,,,,.,,,.,/,//jl IO01 proposed to be c/ompl'eted / I 

/ / / i / 1 / / /  
'! ~ i  l l t_ L ! ! i I t i / I i / i i  ! 
i l s i i , , , i i ! ' l ! /  ! L. . . . .  i . . . .  

[D) ANALYSIS AND 0PTIMIZATIOIi OF VARIOUS PROCESSES 

1 7 t i  1 I I i . i ! I /  ~ I i / !  
400% proposed to" be completed / ! 

, i , i t . . I  

" " "  " " "  / / / / / / / / i f  /g5% actua l ly  completed / / / / 
t l  / i ! i - . ! 1 /  ! .. 

(E} DEVELOP~I~T OF COMPUTER PROGRAM 

• " " J"  I " ; " I • • t / • oI | 

/ # t /. , "  / x I l I • ; , # i i .ii ' 
I 90~ proposed to be completed I ; ! I / I / ~ I 
! t  / i f / i ~  1 ! ! I I I  i ,i i l  ~ 

,~ i .  "# t i i f i I i t I i i t i  I ~ iw 
90% actually completed .," ! ! I / I / I I i 

i ; i  ! i . i  ! I f ! ! ! 1 I  / ! f ~ , 
. , o . 

(F) COF, IPARISON, EVALUATIO)I AND REC0t.I~ErlDATI0tC 

! ' G / f i i i f i  ' ~  
l _ i  / i f - / I / i ,, 

/ 0 propused to be camplete~! / -'.." ; .  . I 
i t  I i i/ .; 

/ ,, i , i . / ,~ i i t i / / / i  70~ actually comoleted / / i I / 
- -  s 1 t i = !  I t i ~ !  ! :  , , • 

. , .  , . . . .  . 

'I "" i i / ,  
! 
I 
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to 

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

Gasification Phase 

Simulat/on of secondary g a s i f i c a l l i o n  phase to produce hydrogen 

rich gas suitable for hydrogasificar/on has been performed. Based 

on material and heat balance, together ~rinh thermodynamlc considera- 

r_ions, it was possible to select cond.ir_ions favorable for production 

of ~ and CO while lowering 0 2 requirement. 

Pretrea~ment Phase 

Various coal  prerreatmenu schemes and r_helr advantages and 

d.isadvenr.ages are s tud . i ed  quan~itar_ively. 

O v e ~ ' ~  P lan t  O p ~ l ~ o n  

F a c t o r s  a f f e c ~  nhe gas p r i c e  based  on O ~  a c c o ~ = ~  procedure 

i s  being sL'ud~e~ to  e : c a ~ e  i f  any poss ibL l~c7 of  mod~r~ng the 

a c c o , , - t i . g  p r o c e d . r e  exist.5 i n  order  to prov ide  a reasonable sr.andoxd 

f o r  t he  c o m p u t a ~ o n  o f  e c o n o ~ c  f a c t o r s  such  a s  i n t e r e s t  r a t e ,  r e t u r n  

r a t e ,  t a x ,  d e b t  f z ~ c r ~ o n ,  e t c .  

C. Y. Wen, P ro jec t  D i r e c t o r  
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