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~\~ F~SiNG OF WORK FOR 
OPT~[ZA210N OF "COAL GAS~!CAT!OH PROCESSES 

i 
OC~ co~.cT '14-o~-~o~-4~ 

(A) Information ~atherimz and ass'.~milati.o_n. 

To consult,collect review and classify information relating to 
coal @~asiZication processes in the literature , from OCR contractors, 
or others. 

To study each step in the various gasifieatiom processes to determine 
steps and proces s, p srameters which are critical from those which are 
insignificant in the optimization of the processes. 

(C) Development of seheyal opt~,nizatiou technimue involving irz~ormation 
, , . • m'. ~,, 

uncertainity. 

To develop general mathematical optimization techniques applicable 
to the'o%timization of processes involving uncertain or changeable 
sys+~ £un~-tions, such as .heat and mass transfer coefficients, kinetic 
and ther~d~c, constlants, opt-sting conditions, marketing information, 
etc. 

(D) Am~_~, vsis and optimization of. various ~rocesses. 

To ama]~vze .var ious ga~ication processes and to determine the 
mos~ effectiv~ op~tion technique for each process and To develop a 

.n~ technique, if the ~ g  .ones a~':~inade.qu~te. 

(E) De~lo,omeut of computer pro r:a~ 

To develop comprehensiv~ com~uter programs to determine optimum 
operating conditions of the various gasification processes and 
subsequent gas treatment inc!u ~ding optimmu design of reactors and 
purification ~ ~  optS-mum coal supply, tTanspor~ation, by-product 
ut'1~!ization~ etc.~ ~o arrive, at the most practical and most economical 

. gasification process~. 

(F) Cox~ar'~o,',t~ev'~',~.t-ion~ar~com~u~:~.o ~ .  

. i c o ~ e ~  t~_n~ a n d ; t o , c o . ~ e  the va_~o~ propos~-~ s c ~ s  r e c o ~ g  
~'.- themost • economically attracted coal. -" ..~" icat..io.~o~rocesses. 

(3) F F ~ . i  ~report pre~ara'~.O~. ~. 

To prepare a complete, final tec~ica! report covering all phases 
of ".~rk under this contract. 



PROORAM FOR OPTIMIZATION OF COAL GASIFICATION I,ROO~SSES 

OOR CON~:RAOT lh-Ol-OOOl-h97 

A M" J J A S 

0 

D 

F 

o.s.o..~,ooo I I.O.s. 12 ~. g--DT,~,-..-~1-~TO~ a.s. 6 ~. ~ o,o,o., 8 ~ I  
o.n.n-- I : o O j ~  .. 

O.S. 12 E. 6 D.S.0,"~IOp00O ' 
o .n .n - -  1 ;Ann., 

. ,  i i 

to.s. l~ E. 6 D.s.c.--i'o,~Ol-- a-~-: 6 ~. 2 D . s . c . -~ ,  
• .. C~.D_n_. I ;nnn I o~n~c~" -- 

S.S°I2 E. ~ D,8,O,'II~O001 
.n_n_(L. 8{w~! 

io s 12 o.s.c., io,  I 
, O~D~N-,, 1 ;O/]O 

0.8.12 E. 6 D.S,O,-II~OOOI 
. O.D.O.- 1~000. 3 

O.S. 12 D,S.0.-~IljO00 
R~ 6 O.D~O.- I~000 

I 

].S,12 E. 6 D.S.O.'II~O001 
O°D,O," 1,000 I 

i o.s. YB D.s',o,. I~7~o] 
Ro 6 O,D,O~" 9001 
, , ii 

O.S. 12 D,S.O.- ll,OOOJ 
.F~__60.D.O.- ~OOJ 

Manpower shown in bobal man monbhsl 
E = Bngineers 
O,S,- Oraduate Students 

r o.s.6 o.s.d.,~n,ood 
E. 6 O,DoO." 3,000 

Costss 
D,@,G, - Direct Salaries and Consulting Costs 
O.D.O. - Other D~rsot Costs 



z 

O~--~ZATi~{ OF COAL ~<S~V~_~CATION PROCESSES 
P~O~. ~SS _REPORT ~.qO. 2 jA.k~jg~Y 1967 

to 

Office of Co~! Research 
Coutract :~o. !4-01-0001-497 

!~o_.-zation ~=atherin~ and asslr/!ation ?_~ve been eon~-~.ued, in 

this co~_.uectiom, -=~ofessors ~iie, Fan, $a!li and ~ p~tici_Dated 

at the Office of Coal Research co~tractors meetin~ on J~u=-~ 17 

z~d !8, 1967 at the Bi~cus Cos! Research~ !~corgorated in Pi~sburgh. 

Some of the i~o.~retion f_-on Pittsburgh Co~_so!idation -end Eit%u-~-r.ous 

Co-z! Research have been received ~d they ~-re no~." being, revie=-zed. 

Tae semsiti,~it~., study is a!sc being centL~a~d. .~.~ t~s of 

senslti~_ty stu~es are being conducted. One !~uvo!ves uncertaimty 

of pa~-eters :~nen eo~!ete d~ta are not -~iiWo!e. .:motb-~r one ~u~!ves 

c~mn~e~ole parameters which v=---!, acco.~g ~ time or lo -cm!ities. 

A psp=_r cn the sensitivity ~ua!ysis during o~tim~zation is being 

Vr~ared. ~aen this is co~leted, copie~ ~!I he sent !-~edi.~ely 

to th ~ - Office of Coal Researzh. 

Si~=d 

! 

C. Y. :'~A, Projec~ V~eader 
i/ 



OPTII-~.ZAT~ OF GOAL GASIFICATIC~i F~_-ST~-~-S 
• ERDGESS .=SPORT ~D. 3 ==-_B?I.~_~Y 1967 

to 

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

Imform_--tion g~thering and assi~nilatiom have been con ~tiuued. 

~,°.Tith an exceFtion of the moltea salt process of the ~. !.I. Eellog 

Co-~amy, the "current infor~,~tiom on the progress of coal ~sification 

from the OCR contractors, Institute of Gas Techzo!o~v, ~itmminous 

Coal Research~ and Comso!idmtion Coal Cor~amy~ have beea received 

regularly, -These reports ~ no-~ being revie,~ed a.ud classified 

tc evaluate the =ecessary. iufo ,r~=tion for ortimizatiom, The degree 

of progress of the first cu~er on the vaz~_ous ;bases of work 

have beau roughly esti-~ted amd are tabu!~ted on the atta ~ched page. 

Althou~-h the cha_~ indicates a slow start of the project, an acce- 

lermtion is e.xp.~ected i n  a few ,~onths when new staff ,-'~.rhers r e p o r t  

to ~ork. 

A study on op~mal desi~-u on coal gasification system invol- 

ving system ~ara~ter-unoertaimty has been made. A re~ort of this 

study is attached. ~.~ith the te=hmique deve!o_~ed, it is possible 

z~ to arrive at an ovt~mal design evem though some process imfor- 

marion ~ be umav~lab!e. 

c.   oject 



PSDG~ -92~SS OF ~:'D~E FO~ 
OPTIKV.2~_TION OF CO~T, GAS~iCATiON PF.O~'E~SF.S 

OOF~ CO.~K%CT 14-0!-000!-497 

(A) ~/o~tio= Catherin~ an§ AssLnil~_t~n. 

- - l 
15% - ~roposed, t ° be co~-Dleted in Zirst cuzr~r. 

g - wor~ actu~,.v co~m--leted. 

(B) S ensiti~ty StudE. 

,,, ! 

8% - -.-fork actma!ly completed. 

(C) Develop~nt of C~_~e---~l Optimization Tee/~i-Tue Y~r~olvimg 
Tnforzat.on U = . . e r t a i ~ . . ,  

I I  i i  i l l ,  i 

- , o ~ . ~  oo~_o~. 
h • 



OPTD'AL D-~IGN OF_. CO.~t C~r-.~i.3AT_~N 5%-~T~-.~ 

Two design criteria ~.~re ~_-~posed for the o~e! design of the 

coal gasific--tiou ~mte-_s i=~!viag ~arE.~eter-uncertainty. One of 

these design criteria rm~ be used to o'--~ a= al~ropriete decisio~ 

which "~i!I .keep ~ deviatio ~_ of the o~je~ve_ fro= the op'~imal be- 

harlot ~.~thin -- certain to!er-~uce. ~ ~t'ner crite.-;.on assures a 

mimi,~, awe.~ge deviutiou of the objective fru~_ the o.-%ima over t'.~-e = 

of unce:~,~_."~y. 

"Yax~.les -,:ere give: to de=onst.~te the a~-~.~c~ty of ~.hese 

criteria tc the oFti-a! E-~_Zic-~tion reactor design-~th ummar~uinty.: 

in kinetic co~-~s. 

~est, V~'~.nia U~ive.~'i'~ 
Morganto.~:, West 7 i rg iu i~ 



OPT~--MAL DESi~ OF SY_S~S 
INVOLVING PA~-~NCES~AINTY 

i n  op t imtza~on ,  one seeks f o r  an opt ims!  p o l i c y  containing var ious  system 

~ e r s ~  the  va lues  of -~nich  are  assumed f~ be accura te .  But o~te-n t he  

s ~  parameters of chemical processes such as, kiuetic co~stau~, h~_at and 

mass transfer coefficient~ etc. are u~own or know~ only appro.~.mately~ 

or are va~ within a certain range dne to the changing o~_rlti~g condif~ions. 

In order to determine these parameters accurately~ a great length of 

t ime and money ~ b e  spen t j  o f t e n  beyond the  j u s t i f i c a t i o n  ca~led f o r .  

UsuallTj a cost estimation is necessary he/ore arriving at a decision whether 

o r  ne t  t o  cons t ruc t  a c e r ~ i n  p l a n t .  To be sxqraay meauingi~l the  e s t ima t ion  

~ns t  be  obtained under  the  optimum cond.%~;..ous. I n  o t h e r  words~ to  determine 

how c r o ~ i ~ b l e  a chosen p rocess  i s  over  o ther  a l t e r n a t e  p r o c e s s e s j  an economical 

comparison should be made based on each process  opera t ing  a t  i t s  optimum 

cond i~ons .  This means t h a t  i t  becomes o~ten neces sa ry  t o  ol:d;imize the  

p rocesses  wi thout  accura t e  iu~or~t~-on o f  -these p a r a m t e r s .  Also ~ m=~  

instances, a process my have varying syste~ parameters lhich are ~"_~"Z 

due to operating conditions. In these c~ses, a reasonable design crif~_rion 

~ t  be e s t a b l i s h e d .  I t  i s  obvious t h a t  an opt imal  p o l i c ~  obta ined based  on 

an ~ppr~ima~e or a s ~ c  value of the parameter would not ne~-17 

~.ve the b e s t  profit obtainable. Co~eq~ it is not appropriate to 

der ive  an optimal p o l i c y  s imply based on some s p e c i f i c  value  o f  the  parameters  

when they involve a range of uncertainty. ThereXore, some sort of design 

criter~ must be de~eloped so that an ~propriate polic~ .(decimion) can 

be selected which ~ resu%.% in ~ profi% (cost) close to the m~i.m (minima) 

obtainable in t he  range of  parameters considered. 

There are several decision criteria available which provide economic 

s t r a t e g i e s  for d e c i s i o n  ma~g under u n c e r t a i n t y  (3)- The most com~on~ used  
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criteria for the design of processes involving parmmeter-~ncertaiut~ has been 

~m~n~ expected profits or minimizing expected costs (I). Accord~ +~ 

this criterion, an appropriate decision is the ome ~nich ~lves the lar~st 

(S~est) among all possTble expected profits (costs), In other vordsj the 

op t ima l i t y  of  a given d e c i s i o n  i s  measured by the expected value o f  the o b j e c t i v e  

funct iono Since we are looking f o r  a decis ion  ~ i c h  w i l l  give the  p r o f i t  c lose  

to  that resulted from every  opt -~al  pol~c7 over Che range of  parameters~ 

c r i t e r i o n  cannot assure us such a dec i s ion .  Moreoverj ~ e n  a ~ o l i c y  vhich  

keep the  dev ia t ion  from the optimal ~ h a v i o r  ~_th in  a ce r t a in  to le rance  

is to be chosen j some other  kind o f  criterion is needed~ 

In searching fo r  appropr ia te  design c r i t e r i a ~  ~e have no t i ced  the r ecen t  

york by. ~ohrer and Sobral  ( 5 ) .  They proposed desm~n ~ c i t e l ~ a  by  in t roduei1~ 

the  s o - c a l l e d  r e l a t i v e  s e n s i t i v i t y  f o r  designers  to  f i n d  • s ingle  c o n t r o ~ e r  

f o r  ma~ s imi la r  p lan ts  o r  t o  f ind  a con t ro l l e r  f o r  a s ing le  chan~aMle 

p l a n t .  These c r i t e r i a  may w e l l  be adapted in opt imal  p rocesses  design invo lv ing  

The r e l a t i v e  senr~t~.vity i s  def ined as the norma~ dev-~t ion ~m 

optimal value o f  the  obJect~Te ~ n c t ~ n  (~) .  Let  J, e ~and W be ob j ec t i ve  

~ o n ,  decision variable and system parameter, respectively. ~e ralative 

s e n s i ~ v ~ t y ~  $,  ~s then ~ e d  as 

sCw, e) - i~w,  ~)  - JCu, e)l C~) 

~ i s  t h e  optimal dec i s ion  f c r  lmrameter V i n  i t s  a ~ i s s u ~ l e  domain @ 

and, 

e~@ ee~ 

Note tha t  the optimal value of  S(N~ e~ is  zero and tha t  S(N, ~) i s  a l w ~ s  

pos i t i ve .  One of ~he design c r i t e r i a  proposed i s  to  f i n d  a decision so as to  
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the maximum relative sensitivity. Namely, this decision, ~** is 

obtained ~rom 

C3) 

In choosing e*~ first we find. the largest normalized deviation over the 

range 02 the pa~--ame ~ter. This assures that no matter how the t~e value of 

the parameter turns out to be~ as long as the true v-.!ue exists in this range, 

the normalized deviate'on ~ not be larger ~ this largest value. Con- 

sequently~ the decision that ~izes the m ~  relative sensitivity is 

appropriate for the design of the system involv~_ng parameter-uncertainty~ when 

a critical tolerance must he satisZlm~ 

The other design criterion is to find a decision so as to minimize the 

average deviation from optimal be.ha'r3..o:~, The average deviation (or the ~xpected 

deviation)way be defined according to the probabilistic distribution of the 

system parameter~ mamely~ 

where f(W) is a den~-ity function of N and f(.q)d~ is defined as the probability 

T~a~ W will fall in the range between W and W + dN. The proper decision 

according to the second criterion is then obtained from 

Name~, the decision ~ is  the one ~ i c h  ~ e s  the  expected relat ive 

sensi t iv i ty .  Dtfferemt from the expected p ro f i t  c r i te r ion  mentioned above, 

the optimality of  a given decision according to the cr i ter ion of Eq. 5 i~ 

measured by the expected deviation from optimal behavior. In other ~ords~ we 
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are always tryin E to keep the process %0 perform as close as possible to the 

optimum over the range of uncertaizty~ Since the optimal performance of a 

process is what we are seeking for, the design criterion of Eq. 5 is more 

meaminsful in co=parison to that ---ini~zing (maximizing) expected costs (profits). 

When no critical tolerance is required in the design problem, this criterion 

is useful for the design of a process with parameters that are (a) inaccurate 

or (b) va~.~ying due to the changing operating conditions. 

In the follow~_ug, we .D~sent ~.~ examp, les showing bow these criteria can 

: l :e  applied to the oFti~al reactor design with uncertaiuty in ~netic constants. 

Example I Optimal Temperature for an Exothermic Reversible Reaction 

Recently Ray and Aris (4) have investigated the effect of %he elTors in 

the kimetic constants on the maximum reac~on rate fo r  a general homoEemmous 

ex~the.~mic reaction. Their results allow one to decide# in order to keep the 

deviation from the maximum reaction rate wifJ~in a certain tolerance, (a) bow 

ti~t the ~ control should be if kinetic constants are known exactl~j 

(b) how accurate the estimates of kinetic constants should be if the temperature 

is perfectly controlled at its o.oti.c,-m corresponding to the approximated 

values of kinetic constants and (c) the combined effect of parameter and 

control errors. However, a question may be asked: "~hat will be the best 

choice of the reactor temperature so that the devia%ion ~rom the 

reaction rate is within a critical Tolerance when the kinetic constants are 

not kzown exactly b u t  a r e  known t o  fall within a ce.-~in range?" A reasonable 

criterion is to choose a temperature which minimizes the maximum deviation 

from the maximum reaction rate, namely, the criterion as given in Eq. 3. 

An illustration is shown below. 

Consider a first order, reversible reaction A = B. Let x be the mole 

fraction of B, and k and k' be the forward and backward reaction rate constants 9 



respectively. If the Ax-rhenius form is employed~ they a~e expressed as, 

Then the reaction rate expression is 

rC , x) -k(l - x) - C6) 

For an exsthermic reaction, E'> E, at ~ given composition~ there ex i s t s  an 

opt imal ~ t u r e  f o r  the maximm~ reac t ion  z~te° I t  may ~e oStaiued from 

~ r / ~ T  = O, am~is  give= ~ 

C7) 

~ m _ - m ~ o  eomstan~j 6H and X o are easiem to  obt~niu than the k i n e t i c  

c o ~ t s  and are  ~ known. I f  an experimen~ i s  per/onmd and a ra te  

eon~ant  k a t  a ce_~-~  te~ema%ume i s  o b ~ i n ~  then A cam be re l a ted  to E. 

C o n s e ~ l y ,  %he f ou r  i~ -ame~rs  are now ~educed to  one iude~penden% ~p~l-ameter, 

E .  

As a numerical example, let AE = -I0,00@ Bta/!b mole~" ~ - A/A' = 0.0126 

and from an .experLment.~ A = "1690 exp(E/2000). Consider E as the ludependen~ 

pa~-ameter which i s  estimated to  f a l l  i n  the range from ~,000 to  16,000 3 ~ i b  ~ole, 

The mazimm reaction rate is then expressed as rCTm~ x) by substituting 

Eq. 7 into Eq. 6. The system paramet-~rs of this ~eaction are E, Et, A 

and A'~ but they. are related to the thermodynamic constants. The a~tivation 

e~_T~.es E and E I are 1~la~ea by E - E' = ~ [ ,  whe_--e ~ i s  the heat o f  rea~onj 

aria A/A' - K* can ~e obtaiued f~om the e~libri~ ~m~ut of the reason, 
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For a specific value of E and for x = 0.8, we can calculate the optimal 

temperature T m from Eq. 7 and the reaction rate from Eq. 6. Now the appro- 

priate temperature for this reactor design with umc~. in E may be 

fou.ud from F.,q° 3 

s(~-') = , , , -~  ~ [l - r(~, E) (~ E)] (8) 
T 000 ~E ~16000 

As shswm in Figure I, the minimax of the relative sensitivity., S(~), is I~ 

o c c u r r i n g  at the i n t e r s e c t i o n  of E = 4,000 and T* = 775eR. This simply 

, means that if we control the reaction temperature at 775"E, we will obtain 

a deviation of at most I0% from the maximum reaction rate for the range of 

E considered. Any. other choice of temperature will cause larger maximum 

deviation. 

design c r i t e r i o n  given above can provide ~t only an appropr ia te  

choice of the decision variable but also the maximum deldation from the optimal 

value. If this ~v~.~ dev ia t ion  i s  more than that can he toleza%edj more 

accurate estimates of the paxma~ters is needed. Using the above example, if 

the maximum deviation of 10% is too large, the range of E ~ be further 

narrowed, for ~ o e  to between 6,000 and 14,000, then T* becomes 780"~ 

and the ~ deviation is reduced to 5%- 

The necessary equations for finding an appropriate temperance for a 

ganex-=l homogeneous reaction may be d e r i v e d ,  it has been shoz: (4) that the 

optimal temperature for a Eeneral homogeneous, revers~ble~ exothe~¢ic and 

elementary reaction can be obtained from 

T m = x + i/n I.(I + I/p) (9) 

and the relative sensitivity of the maximum reaction rate is 

sC T; n. p) = I - r( T~ z, p)/~ Tin; =, p) 
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= 1 ÷ ~ e . ~ , [ -  " 0 -  * ~ , ) (  -r - - r = ) l  - C]- + ~,) ~ [ - z~C T - T = ) ]  

~here  

T . . ~ ,  ~ ,. / r ~ ) '  ' ~ "  (~',1 - a ~  ~ , -  - ~ / : ~  

Substi~uting Eq. y in Eq. I0, one obtains 

s(T ; . , ,  ; ,) - ~ + (~+P)~*P ~.:~l: - ~ ( ~  - z ) ]  • { , , q , [ - . ( ~ - -  x ) ]  - ~.} 

~he_~ n and ~p a r e  independent  pa rame te r s  o f  the  r e a c t i o n  wh ich  a r e  r e l a t e d  

t o  t h e  r e a c t i o n  o r de r s  and t he  a c t i v a t i o n  e n a r ~ ,  ~c~civel.v. ~hese t~o 

parameters mnst be obtained experimentally, and are usua~ very dlfXicult 

to determine accurately. Their valuesj however, may be es~imatel within a 

c ~  rasgej as n~ ~n ~ andp~ ~p ~p . 

• "3ea the design cEiterion of Eq. 3, becomes 

s(~) .- ~ ~ ---- [s(T ; p, : ) ]~ t  

J 
Numerical  computa t ion  has  shown ~ t h e  ~ o f  S(m ; p j  n )  f o r  any T 

makes t h e  t a s k  o f  f i n d i n g  a ~ , ,~ ,~ ,T  =rich easier  since F,q° 12 n ~ -  = ~  

"De reduce1 t;o 

Be 

Cio) 

( ~ )  

C ~ )  

(]3) 

To obtain- m~$ one has only to calculate t~ose four values ofS for each m 

and f i n d  .s t ~ co:c2-es~nds ' ~  t h e  ~ e s t ;  v-~ue 8nong t h e  ~ S .  

Exmm~le 2 Optimum Over-Design o f  a Reactor 

To i l l u s t r a t e  the a p p l i c a t i o n  o f  the expected relative sensitlvitT 



criterion of Eq. 5 and to compare i% with The expected cost cri%erion, ~e 

consider %he following numerical example originally ¢onsidere~ by Levenspiel (2) 

and later used by Kit~rell and Watson to illustrate the expected cost criterion (I), 

Consider a reaction A--~R with rate r = kO A where k = 0.2(hr)'i, 

The production ra%e of K is I00 E-molest. The feed consists o£ a sa%mrated 

solution o f  A(CAo = 0.I g-mole/1.). The cost of the reactant in the saturated 

solution is c a = $O.50/g-mole of A. The cost of the complete mixing reaetor 

inclu ~diug installation, azodliary equipment, instrumentation overhead, labor, 

depreciate.on, etc., is c b = $O.Ol~r.l. Wha% size of reactor, feed rate FAO , 

and conversion X A shoul~ he used for optimum operations? The total hourly 

cost is 

% = v% + = o.ol  v + o.5 FAO 

For the ¢o.~plete ~ zeac~rj  

 Ao% CzS) 

Noting FA0 = 100~A~ The total cost can be expressed as a i~nction o£ V and 

k, 

%Cv, ~) - o.ol v ÷ 50 ~/C~ - Iooo) 

d% 
The opti~m ~Z~e, T, is obtained by let~iuz -~ = 0, ~ ,  

C16) 

Crz') 

The opt;ia=, ate found %o Toe: 

x A - o .~ ,  £A0 " 2OO '--,Ze A / ~ ,  V = Z0,000 z . ,  % = 2oo $/z,z-. 

optimum reac%or s ize  i s  10j000 liTars provided we ha~e confidence iu %~e 

accuracy  o f  the r a t e  c o n s t a n t ,  k ,  Howe~_.r, k i s  determined expenizee~a.l .7 



I0. 

is known to fall i~ a certain range with some_ probability, density function. 

Kittrell and Wa%son (I) have solved such parameter-uncertainty proble~ by 

applying the expected cost cri%erion. The optimnm desiEned volume, V*j was 

obtained from 

V ~ ~-~ ct(V' k)f(k)dk} (18) 

where f(k) is a density function for k. If k is distributed rectangularly 

i n  the  i n t e r v a l g ( 0 . 2  - 8k) t o  (0.2 + 8k),  f ( k )  i s  de f ined  as fo l lows:  

I 1 

f(k) = 0 

0.2- Ak<k~O~2 + Kk Crag) 

~S.~e  al~p~bag the expected ~ela%ive s e ~ - - ~ 3 "  c r i T ~ - o n j  the  o p t i ~ m  ~ d  

~l~m~,  V*, is  obtained Z~om 

V 
C~O) 

m S(V, k) i s  t he  r e l a t i v e  s e n s i t i v i t ~  of  the t o t a l  cost;, =ame/,T, 

sCv, k) %(v, k) 

%~, k) 
Cn) 

~=,m~u& that k is  ~ ~ r  cListr~uted, ~ e  ~ o ~ r - a e s ~  was 

otrta.iza.d ~ e~=ected z~la'=L~e se=s£t~vtty c~ ter lcm of  Fa=. 20, as sbmm 

Table 1, and is  coqxa-ed ~Lt.~ ttmt ~ ~ n ~ = w . n  azd watson (1) 

expected cost c r i t e r i o n  o f  Eq. IS.  I t  i s  see= t h a t  t h e  ~ c r i t e r i o n  I~ves 

~ o ~  1~&r...t~ ex l~ - ' t ~  eos¢ criCer'~m, '~e  d:t~e~mee lx, c ~ u  

c r i ~ - ~ o n  g!~s  ~ m m = ' - d u ~  is  that  a r e a c t o r  ~ o l ~ e  i 8  ma.-ebed ~ "  



Table 1. Comparison of optimum over-desi~ bbtained from expeoted cost or~erion 
and expeoted relat ive senst~£vtt¥ ort terion.  

Expeoted 0ost, Oritep10n (l) .Expeoted Relative Sensi~ivi~ Criterion 

Range of Unoe.rtai_nt¥ Optimum designed Amount of Optimum designed Amount of 
28k# (hr) "I volume, liters p.ver~i, esi~n, % volume t !iters over-design, % 

0.0~ lOpllO I,i lOpO90 0,9 

o.i5 ii,~o li.~ io,95o 9.5 

0,19 12,100 21,0 II~780 17,8 

o ,zo iz ~4z~ zh.3 Iz,075 zo.8 . 

@ 



rang~ of uncertainty. This can be further discussed based on Figure 2. As 

shown in this figure, Curve A is the total cost over the range of k resulted 

~rom the expected cost cri%erion, Surve B is that resulted from the expected 

relative sensitivity criZerion and Curve C is the locus of the ~--~ total 

cost corresponding to each k. In choosing an appropriate volume, we %~nt to 

mhoose the resulted curve, for example, Curve B, to be as close as possible 

Curve C. Therefore, the clcseness between Curves B and C has to be defined 

in a meaningful way. The closeness may be measured by the difference between 

the %~o curves for each k. However, this does not take into account the 

~aguitude of the cost for each k. A larger difference may be allowed if the 

cost is highe r . Therefore, it is more meaningful to measure the closeness 

by the relative sensitivity., the fractional difference between Curves B and C, 

as given in Eq. 21. Curve B is obtained by. choosing a ~olume such that %.he 

average of this fractional differemce is a .-,r~.-~,,,.,. Comse~, the o ~  

desigz volume obtained from the present criterion, can assure us a smallest 

average ~eviation from the mim~um total costs over the rmm~e of k considered. 

Conclusions 

The design criteria of Eqs. 3 and 5 have been meamin~ully ~li~ to 

the ~td~ml design of the systems involving ~ ~ ?  1 ~ t ~ ~ O f 

parameters. The design criterion of Eq. 3 gives the minimax of ~e ~riltion 

from the optimal behavior, from which ome can decide whether a mare 

estimate is needed by. comparing the ~.4~v with the tolerance limit. When 

one is seeking a decision for the system with imaccura%~ or mtm~.~ val~ms 

o£ the parameters i n  which mo c r i t i c a l  to lerauce i s  present, "the design critmr£om 

of Eq. 5 should be o a r t i c u l ~ l y  eZ fec t i ,e .  

Some examples i l l m ~ a t e d  bare have de~z~m~ated the ~ o f  

proposed design cri1~m~ia~ The ogtimal ~ for a reversible amd 



' by  o x p o o t e d  o o s ~  o r z ~ e r l o n  . 

400~II- ~ . , - - - -  BS = 12075 I., optimum desi~nod voll.t~lo 
' ~ by expeoted relative senfJitivity 

I ~  " o r i t e r t o n  : " , 

| ~ . . . .  0¢  loo,Ae o f  mtn i sum ¢o8~ o o r r e e p o n d i n g  ~o 
~ eaoh  v a l u e  o f  k 

• ="300 

I 

• _ _ _  _ 0 . . . . . . . . . . . .  

o;z  o. ~ 
rate oonet~nt, k , (  ~r2 -I 

e 

F i b r e  2, Deviation from minimum t o t a l  ooete 

0.3 



exothermic reaction has been detez~.ued by the proposed design criteria. The 

~in~mx of the deviation from the ~xi~mm reaction rate is 10% for +_ 60% 

error in the activation energy. This indicates that a large error in estimates 

of activation energy can give the deviation from the ~ reaction rate 

within a few p~centage, agreeing with the results obtained by Ray and Ar!s ('_). 

~auwhile, the necessary equations for finding an appropriate temperatv_~e for 

a general homogeneousj reversible and exother~c reaction by using the proposed 

design criterion have been obtained as indicated by Eq. 3_I ~d 13. 

Optimum over-design for a reactor was obtained by. the expected relative 

sensitivity, criterion. The optimum over-design so obtained is lower than that 

obtaiued by the expected cost criterion. By ~ this criterion, designers 

can make sure that the result obtained has a sma!le~ aTerage deviation from 

the optimal behavior over the range of uncertainty. 
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No~e~clatmre 

A, A' = frequency factor for forward, back~-=rd reaction 

C-- cost 

CAjC j = concentral;ion 

Ej E n = activation energy for forward, b a ~  reaction 

f(W) = density, function £or W 

J 

k~ k' 

K 

r 

R 

S 

T, T* 

v,f" 

w~W 

X 

X 

= feed rate of component A " 

- obJe~ive function 

= reaction rate consTmnt for forward~ backward reaction 

= A / A  ' 

= chemical equ i l ib r ium constant 

= r e a c t i o n  r a t e  

= gas =onstant 

= expec t ed  'value o f  S,  ~ o  4 

.. t em/ :~ 'Cure  

= op t ima l  teml:~.~l;ure 

- ~ e s s  ex tan t  o f  reac t ion  

= coawu's2on o f  cosponen'C A 

16. 



Gz~eek Lettez~, , 

¢ j  = s to ich iome~ic  coef£ ic ient  of  species j 

= forward react ion  order ~ i t h  respect to  species J 

yj = baekamrd reaction order with respect to species j 

AH = heat of reaction 

Ak = ramge of k 

@- domaim of decision variable 

8 = decision variable -' 

= optimal decision 

T = dimemsiomless temperature 

7.- 
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PROGRESS RF/0RT ~D. 4 ~RCH 1967 

to 

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

!~forma~ion gathering and ass~_mi!ztion have been continued. 

The mcnthiy progrms~" reports of the molten salt process of the 

M. Ti. Kellogg Cor@~any. are now being received. Meetings and dis- 

cussions, among the investigators here and personnel from the " 

0CR contractors and the U. S. Bureau of ~es,~-ere held. It 

been teatative!y decided that the optimization of the gas c!eaa- 

up. process and the methamation process should be conducte~ first 

sin~-e these processes zre co,men ±o all the ~ification process- 

es uuder currem~ studies. For this purpose, the imsti~ute of Gas 

Techmolo~ in Chicago -~as ~Lsited and their ~ork on the methaua- 

tion project -~s examined. The ~xperimemtal data obtained by the 

iusti~ute of Gas Technolo~ has been gathered~ and ~ t i o m  is 

~tly undex~.v to determiue whether or not the methsmatio_ ~ 

process can be optimized at this stage. 

Studies o n  t h e  sausitivity -~m---------------~/vsis have a l s o  beau c o n t i n ~ e ~  

Sensitivit 7 of the objective function to the v-~ziation of the 

p~--ameters in "~erms of absolute sens~_tivity (as o~posed 

to the relative sensitivity.) is considered. The absolute sensi- 

tivity for (!}-c~ntimuous .process, (2) discrete process, and 

(3) process describable :oy a set of algebraic equations, are de- . 

rived ",rith nt~z"3.ca~. ~ies" ~u~timg application of the 

% C.X. , Project Director 



OFTY~ZAT~N OF COAL ~.S~iCATION PRDCES -~S 
PROr~ESS REPORT NO.-h- ~_=.~IL 1967 

to 

Office of Coal .Research 
Contract No. !4-01-0OO1-~97 

Ir~ormatioz gathex~-uE amd assimilation have been continued. 

A red-oft on absolute sensitivity is being prepared ~aich will be- 

come available in the next mozthis re_tort. The absolute sensitivity 

analysis will .yield ~,~ormation which cam be used to differ~ ~tiate 

the parameters and vm~_ables th~-t are critical to ~ economy of 

the plaint from those which rough estimation is sufficient for 

opti~dzati:m. 

In addition, optimization of methana~on processes has been 

.~udied. The processes chosen are (1) mu!±itube fixed bed re.achier 

and (2) .~cltitray fixed bed reactor. The stu~ includes process 

ar~alysis, ~hermodymamics and kinetics ar~vsis, ~terial and heat 

balance, ecouo.~ic ar~vsis and method of op~t~-zation. The necessary 

equations for optimization are derived using +.he maximum ;rinciple. 

-Nmn~cal computation will begin as soon as the necessary da~a 

are collected and accuracy checked. Gas clean-up process ama~vsis 

is also started. The hot-c~bon~-te p~cess is being studied and the 

formulation of equations mecessary for optimization has beau started. 

i.. ( ", .,'.il.i.Z'i--J 
C. Y. Wad, Project Director 

/ 
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r.-~OG.w~SS P.~D~ hD. 6 May 1967 

to 

Office of Coal Research 
Co..tract No. Ih-01-000!-497 

~mfo~2.mtion,~athsring stud assl,mi!aticn have been continued. 

A report on absol~e semsit!vity is a%tached. The ~bsolu~e sen- 

sltivitv ~naivsi.~ developed can he us=_d to obt~- -~.r.forr, =tiou on 

how c_~_t!cal the Darm~eters. ~_d variabl~.s s~cd!ed are to the 

e~ono~ of the pl.~r.t. Also atta~ed is a re~o~ on ~,'~_ImmishiTs 

secu.e~i'=l optir&zation te~hrlque %-hich can %teat =or.tl..-uous~ 

discrete and ~cchastic Vrocesses ~_-~.c!ved :_n ~.-.zi~icctiom oZ' coal. 

Opti~'_=.zati_~n of matha~azion processes is :oein~. oor.tirued. 

~m r.=_ces3~ i equ~_tior~ for opt~zation .--re h¢~_n~ d=_rived usin.Z 

the r~_xi..~,~ p~_ncim!e. Gas claom-u~, process sm-~sis is also heine 

co ~_-.ued. 

~.e ~mount o£ ~rogress of the ~cond qua.~sr on t h e  va-~ious 

Fhases of %Drk brave_ bee.-, rcu~-~y estivmted sund sre ~zbu!zted o= 

the attacb.~.d page. -~q.ne ~-=~r5 !ndi~tes ti-~ ~rogr.ezs of the project 

to he s l o w ,  but ~ accelerzti~n is e.x~_~ected as soon as new staff 

me~2oers are employed° 

¢ 
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OPTIMIZATION OF COAL GASIFICATION PROCE.SSES 
PRDGRESS R__~RT ~0. 9 AUGUST 1967 

to 

Office of Coal Res~-~rch 
Contract ~. 14-O1-0001-497 

Opt!mizatio= of met~cat~on processes is being conducted. 

The c ~  =~ogrmmmi=g for a fixed bed multitrsy metbmnator 

~s been c~,,-~lete~ Par~i~.  r e s u l ~  of the co.~utation have been 

~ ~ .  F.~,~ver due to the fact that the University's Co,_~-u~er 

Center has been ~ ~th the work t hat accompanies the close of 

S==~r Session and the_ be~_nning of the fall Semester and 

also ~e to the co~er breakdown, we were umable to use the 

c~er for ~.--oro~_mately ~d~ree ~eeks. Imstead of re~orting the 

.~snl~ here, it will he compiled as a .cuarterlyx~port in the 

Se~.embe-- re~_-t. ~ sensitivity, study is -=Iso beimg co='~ined. 

A ~cd_~.on mL~ug criterion is pro.Dosed for syste.ms -~hich are 

sensi~iv~ ~o chauges in par~me~_rs. Thiz criterion is to ~m~_mimize 

a mew c~.~ective function which is composed of the original ob- 

.~-c~on fumc~ioz and the se.~si~i~ty f~i~. The decision 

o ~  from this ~-iterion is c~m~romisely eg_~ b~t less 

sensitive. This ~iterion is useful in making a suitable decision 

for a sys~en whose .;erformuce i s  very. sensitive to the changes in 

system Im~-ameters. A .-~lified algorithm of the maximum principle 

is ~-val~ged to o'~"~aio an optimum trajectory, of sequence ac¢ordiug 

t o  ~ e  ~ c~i~,er~on. The a ~  of .wro~ress of the third 

qmmrter of  v'arious ~oh~se~ of work have been estimated and are 

tahnl~ted on the attached ~a~eo 

C. Y. W~n, Project Director 
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r~s~.~ication process. The o.c~J.~.:ation of ~cb-s~:s%er.~, r~-.,ely the 

~.._ reaction ~. ste=, the ~,~ro~en ~ro- p~r~i~tior...-rocess, ~ sb!!t . . . 

duction ~y~-~e..n, a~d h- m-~zatio- -. _-~ .... 

interim re~ort on the ~z~=.-r.ess o-" ~T,~i..nization of ..~et'-~n~tio-proces~.es 

~s attached, it is ~ ~z~m the st~.~, he~t removal is tha .-~-jor 

problem and the- cost of ~-~- t~be becomes ~ l~r~ portion of .h 

total co~.. it is believed t~t ~'~eJ-'. cold sho~ e o o l i r .  C ~ s t e ~  w~c~ 

d~es not ~se iuter~.~l nea~ exchanger :~!I be better ar.d opt~zatioz 

of ±his sys~em is no~ be~--ug ~n~cted. 

r 
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~.'~, ~.~r  ~ .,- r ~  . . . .  = ~- "" ~'" v £  : ; , : . : ' . -  ~ -?IC'f.32LS 

. . . . .  or .  h e  ac'.-_~e-'=d 

~ "  ~, c c . - . ~ i d e . - ~ l e - " . - r . _ -  ~ .  , o t  .~f r - ~ = ~  --. , ~  ! ~ t  ~ , 

: u . - ~ ' e r t l 7  ~ n i e r  e : . : ~e rs i ' . ' e  s~-~d~- u n d e r  t h~  ~ o n = = . ' ~ h i F  o f  t h e  , 9 ~ i c e  

.~f C o : !  P~sea rch )  iL ~ = - e  .-s,  ~ :  s--s~.e= in'~!.~..-.g =~nve.-sio~ o f  

wi!"_ re c3:ire add!tio-a'_, nr.i~s "-'or cer.':ersio: ;'2 excess ca~:o.-. :cmo.~_£e 

~-.d hy~_~oFe= tc ~t.~e in or6er z e  -ro~cce ~ ~=s ~itL r/.~e_ heatir4z 

:°~iu~ ec--~ivale~t to z~=nra! Fas. 

-~o=.~. ,~.-r.it~de, ~f ~etha-a~i.-n ~ries =~r. aat!y de=erdinc. _ ~9. on ~s- 

"'et ~nsettled ~,oice of the process i~ ~n= :rir~j gasi:'ic=%ion ohases. 

3-~._ of the r~.-'nr a_~e~s in "h~ = selection ~-f ~he best -,-ay to ac~om~li_~h 

the ~ri~rT gasificc=ion p r o c e s s  i s  t o  find t h e  ~mc~r . t  e c .,n~ior_ 

w : i c h  ..~ust be ~ r r i e d  o,~t f o r  +~ne m ~  c c o n o ~ c a l  ~rou~cc~ion o f  pi~Te- 

line ~as. 

~'-r this regard, r=rious ca~.~ic meghanation =rocesses. =ust be 

examined and co n~_=_-ed = = d e r  their o.-,tinum desig=e;, con£i%ior.s. ;.cco,-~i- 

in~!y, t/'~-ee li~el.v feod~ as shown_ on Yahle I are se!ected for the 

op-%~--~iz~tiom study. Since it is ~_~ossih~le to rr~=+., the exact 

composition of the ~aseous ef~_ue~ from the p -; . _ r ~  coal gasifica~=io= 

vrocesses~ the compositions of the +~.hree feeds listed on Table i 

are a p p . - - ~ - ~ t e  gas =ixt=res l i k e l y  t o  come from ~he ~ y  gasi£i- 

¢ a % i o =  p,hase, after t h e  subsecue=~ adjusting o £  t h e  co~ositio- by. 

the water-gas shiest reaction amd ~ification. 



.~.-~.t~ t~ -~es  oE S'~.-~'r~- ~o.-~.. f-~..'ed Led ~e~'o. . f !o~ c-~-.]~-'t~-c_ _ r e a c t o r s  a r e  

con,-derek. ~.ey ar~ (I) the in~e_-na! h~t rem~'al m..stem, (_9) the 

~!~ salt coo!~.ng s}stem, and (3) ~he recycle s[:~te~. The distln~uis'n-'_n~ 

features ~-,.nonS the tb_-ee s::ster~ are the ~r-~ers h-.; Wal. ch heat is 

.~emm~e~ and te.-~erat'~e is co-t~!led in ~ reactor. The Eoal is 

eva!uz÷e their relati,~ t~c'.-mical ~erits for prospective apFiication. 

in the l~ll~-i.-~ the res-c!ts of the economic optim-zati=n ~sir.~ the 

i.n~e..~nal he mt removal ~stem are briefl~ ° stu-m.e-~zed. Study of other 

~o ~jste~ns is rmw uzder way and a conpreh~-~i~ re~orh =n this y-'bjec~ 

is heine prepared. 

Tb.~ r~_ae~or for the i-ter~2i heat removal ~:'stex ccnsists of 

~!ti-tr~.~- f~_xed bed pa~-ed with I/~-inch Hars_hoz ca~all¢sts. So=2 

e.xr~.--i.neztal data on reaction kinetics and activi~i,, -'or ~his catzlyst 

are r~ported ~- T~G.T. For conver&ezce in regene.~tlon of c a t a ~ ' ~ ' ~ ,  

=z!ti-tra.: %~_'th embedded ,%-~dmpln fin tu'zes ha.~ng equal heat tr~_.ns_~r 

~rea in each t.~ay is used. De~a~-Is of the_ desi~-- of the system im- 

clu~iu5 ki=etic ~nal~sis ~nd economic ~-nzl3'sis ~II be given in a 

conp rehensive =e?o~ and therefore :nhll not be discussed here. in 

~nls study~ o~ly those v-~riaS!es that ~ll affect the optimal design 

of the process ar~_ ~o~idered. The c~Icu!at!on is based on the pla=t 

capa~ city. of 25~ x !C 9 Btu/Day of gas haviz== ~eat-:_ug, v-~ue of appro~.mately 



TA3LS i C~OSITZ9?,.: O_ =" ~ S ' ( N O L E  .P'~.2/~','T) 

Lnt e.~r~diz:e 
CO Feed~ CO Feeh~ 

CO ~, = 8.C 4 - ~ t  d 

"~2 17.5 27.7 

C~ 2 %2 9.2 

E23 O.l O.! 

v 2.1 !.~ ~"2 

" -'- O.2 0.2 "-'2"'6 
T'3Y.&L(Eh .wmie/hr) 3h,lC7 39,792 

0 - !  

0-3 

0.2 

2.5 

0.2 

~t,75,-, 



?RODUCT -0AS CO)~OS_,-TION 

intermediate 
Low CO Cases CO Cases 

?rod-aotioz Pate 
~u/D~F 25o x lO 9 25o x !o 9 

Oper~_ng Te~. 

0;~ eratin Z Pressure 

- ,  _~r6du~ Gas 
C~.~yosition 

(%). 

CO 

H 
2 

CO 2 
v 

_;r20"^" 

High CO Cases 

69 -7 

850 

69-7 

" "  ["_, . .  2~ " 109 

850 

~9.'t 

92 .loU 

o.156 

~.oa5 
0.23., 

0.0 

2.425 

o2.1oo 

0;098 

5-~ ~7 

0.264 

0.0 

z.37z 

92~Q99 

o.!24 

4.?~8 

o.5o5 

0.0 

2.524 



Reactor Diameter 
6 6 7 

Reactor EciEht 
ft . 18.7t " ~.5 

Reactcr ~ci~e 
ft ~ 526, 

33-2 " 

9~7. 

C~_ta!yst w~ , 
Ib 12,390 18,620 

Total Heat Removed 
~.~.I st~/~ ~ ~o 

~;cer of Tr_ays 5 

63 

9,800 

~ress~re ~,ro~ 
psi 

Total =-eat Tramsfer 
Area of Fin T,uhes 
(Based on ~_re Tube) 

ft 2 

Wearing Value 

Production ?~te 
lb.moles/br 

296 

i0 

20,600 

95O 

28,9L0 

!,635. 

23,8~0 

602 

13 

75 

h3,?O0 

2 8 , 9 4 0  



T~A.~ I_V_B COSTS OF E~b~!~FME~T ~ UT~IES ~:~TH 

!nterm_~diate 
Low CO Feed CO Feed. High CO Feed. 

Total Fin Tube 
Cost .~ 

Catalyst Cost 

~ea~or Cost, $ 

Tray Support Co~ 

~.~ro! Valve 
Co~ $ 7,00C 

2,300 

"Eater Cost 

E!ec~v~city Cost 

~te~u Recovery 

47,7~ 104,100 2~3,000 

31,000 47,000 60,000 

37,0~ 55,009 91,000 

3,700 6,100 

11,,0~3 18,000 

11.68 

6,2OO 

24.74 

16,2oo 

o.o?~, o.6h 4.99 

5~ 



TABLE IVa OPT.Z~!'~.( REAGIOR PS~L-e~'7.--:~..,rYs ~ THi{KE 

?~eactor D i&~e~- 
ft 6 5 7 

Reactcr F~ight 
ft 21 

P---actor Vol~-.~ 
ft3 5~'~ 

!b 12,390 

Total ~eat Removed 
:_.S,~. L~u Ant 

40 5O 

i~i3o z,3oo 

18,620 23,840 

lh0 296 6~ 

6 12 17 

. _~ressure ,Drop 
=si 68 

Total Heat T~fer 
Area of Fin l~ches 

- 1 2 , 5 0 0  

Total Fin Tube 
Vol~ze ~3 310 

Ib .moles/n_- 2B,94C 

.~tu;SCF 95O 

lZ~ ".o5 

28,200 70,700 

700 1,760 

2~,,94o zS,y:.,o 

QSo 950 



TABLE iVb COSTS O? EOVI.~'.'~NT A.~D UTI~'.J..~iZS FOR :~=~.I~N..'.TiO~" 
P.EOCr.SS -~.~.." T.:~-TS D---~;T ~S 

USI_.~TG 'Z~.','~-.~-~..-~"= ' A AS CDOT.~\"~ 

Total Fin -~o~e 
Cost $ 

~atal: st Cost .¢ 

~eactor C o s t  

T~S~o~ 

Co=~--o! "Valve 
Cost $ 

Co.--.de.-.ser ~'.-it 
Cost $ 

8 

~ct~c~tp Co~ 

~L~tmr 
Cost 

Steam ~_scow~r 

Lm~ ~ Case 
Intermediate 

GO Case ;-~Mu CO Case 

5h,000 !i8,600 278,E00 

3!,000 ~'T,O00 60,000 

L2,0C0 67,0~D 129,0'00 

2~190 ~',3~D 8,000 

8,~C0 !6,800 23.~00 

5,0~-C 7,7~0 I!,~ClO 

42,~ 55,o0o 79,5~ 

2,260 6~_0 16,220 

O.C7~ 0.~_, 4-99 

3,,,,~.J.8 7.727. ~.70~ 



OPTIMIZATIOr~ OF COAL ~SIFICATIOtl PROCESSES 
PROGRESS REPORT NO. 11 OCTOBER 1967 

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

O ~ z a ~ o n  of  mel:hanal~ion process is  being ¢m~nued. 

Process analysts and economic evaluation of the gas pu r t f i -  

cation process, the shi f *  react'ion process, and the steam - 

carbon ~ - t t o n  process are being co.ducted. The informt"ion 

necessary f o r  the ~zalysts of" these processes have been 

evaluated. The sea-it-ivOry study Js now near comple~lon 

and applicaL-ion to coal ga.~fication processes ts betng 

made. 

H 
d 

k ¸ 



OPT'~IZATiO.~ OF COAL C~-~IFICATiD~ P.~OCESo~ 
PRD~ESS ~.=OR2 .NO. "-~.NO~EW~'ZR 30, 196-" 

to 

Office o£ Coal Research 
Co=trac~ ~ .  ~4-01-0C01-497 

theoretical study, on the sensitivity ana~-s and deveiopment 

of a technique useful for optinization ~-. coal ~asifica~io= ~roc?sses 

are ~r~ co=pleted. A repo!~ .e~..itled "Sersitivity/um3~s-is in .~imm: 

Process Design for Coal Gasi/icatio: Processes", Paper No. V is 

enclosed. ~ techni.cue deve! .o~e~ is now beln.g used to analyze the 

A re-port i s  ~ ~ - ~ . i c h - < ~ 3 . 1  ~ availab!e sbo r t~ .  

T~e results indi~ -.~a~ the col~ cuench =rocess to be ~nch superior 

£or inter=ed~te CO ar~ ~ CO co_-~ent fee~ and on!y ~/ghtly 

su~rior f~_= low CO feed. The re~.,cle process Eives ~he most i~'erior 

resul~s, altbo _ugh for low CO feeds, ~he differauce a~on~ the -~ree 

processes, heat ~ n ,  cold quench2nE, and reeycle~ is 

.~o~ ~e!s ~ for gas pm-iDica~ion p~ocesses are bei~g es- 

tablished for oF~-~-n. In/~n g~_-~_~-~ and ~-~-~ion 

are ~ cont~mne~ A char+. ~ ~ ~-o~w~s of work for 

~ o n  on coa l  ~ c a ~ o n  ~ ~s enclosed. 
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OFT. ~.q~ %T ION OF ~.kL ~%S~"iCATi3N P,gDCESSES 
..~..cRESS .WSPOF~_ ~'~ -,,~. ~ DECE_~ 31, 1967 

to 

~fice of Coal .~search 
Comtract No, 14-01-0001-497 

A .~-o.-t of the optimization of metharmtion ~rocesses is 

h-_~-~ co,'4~!eted. ~-,e final dr~t is no~-being .typed and copies 

~-~.I! be -rode for "~c!s~rlbu~ion. The ~ purification .-rocesses 

inc!u~i-F. ~he ~t ~rhozate ~.-ocesses~ ~-~D:--~ processes are being 

a~l.vze~ ~ terns of .nathe,~ati~! models useful for optimization. 

De~e~ the_.~rm .dyr2_mic and .~_me~tic ~a+.a as ~I! as ~ysical 

conse~.-ts .-.ecessa_~7. for ~--9_-~er ~rogrm-~ui-g have_ bean ass~nilated. 

Also a .~_inetic stud-, on ~.~ter &-as shil~ reac~ior, processes a~d 

carho ~- stea~ .~eac~.ion ~.rocesses in the fluidized bed are beimg 

co~uc~ed. Info:mmtiom ~__~_t.ha.~ir~T ~ud assi,-ilation are being 

-- " °- 

C. Y. ",Tan, .~roject D-:_rezmor 

z . 
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