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User Manual for MTG 

Use of Simulator 

a. Fluidized Bed Reactor Model 

This manual describes the use of the simulators. 

the user must provide the following information: 

• Design Parameters and Operating Conditions 

Length of reactor (cm) 

Diameter of reactor (cm) 

Reactor Pressure (pslg) 

Reactor Temperature (deg F) 

Charge rate of methanol (ml/hr) 

To use the simulator, 

Catalyst Properties 

Voidage at minimum fluldization 

velocity at minimum fluidization (cm/sec) 

• Physico-Chemical Parameter 

Diffusivity of gas (cm2/sec) 

The above input data are entered via an interactions program, 

INPUT.FOR. A file called FB.DAT is created on executing this program. Then 

the main program, FBMODL.FOR can be executed in a batch mode. Since the 

software package, COLSYS.FOR (Ascher et al. (1981)), which currently resides 

in the mathematical library at the University of Pittsburgh is used, the 

program is executed by invoking the command, EX FBMODL.FOR, MTH:COLSYS.REL. 
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The fo!iowing subroutines are used in the simulator 

SUBROUTINE PURPOSE 

INPUT 

FSUB 

DFSUB 

GSUB 

DGSUB 

Reads input data, calculates transfer 

coefficients. 

Evaluates the differential equations 

Evaluates the Jacobian of the differential 

equation 

Evaluates the boundary conditions 

Evaluates the partials of the boundary condition 

The subroutines, FSUB, DFSUB, GSUB and DBSUB are user supplied 

subroutines that are needed by COLSYS. 

The output from the simulator is contained in a file called OUTPUT.DAT. 

It includes concentration profiles along the length of the reactor, conversion 

of methanol and dimensionless concentrations of A (methanol and 

dimethylether), B (olefins) and C (paraffins and aromatics) at the exit. A 

typical run showing both input and output is given. 

b. Fixed Bed Reactor Model 

To use the simulator, the user must provide the following information: 

.Design parameters and operating conditions 

Length of reactor (m) 

Diameter of reactor (m) 

Reactor pressure (psig) 

Inlet temperaure to MTG reactor (deg F) 

Inlet temperature to dehydration reaction (deg F) 

Charge rate of methanol (kg/sec) 
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T~e kinetic data are stored in a file called MIH.DAT and the specific 

heats and heats of formation are stored in a file called PROP.DAT. The user 

does not have to input this information. The design parameters and operating 

conditions are entered via an interactive program, INPUTI.FOR and a file, 

DGN.DAT, containing this data is created on running this program. After 

creation of DGN.DAT, the main program, FXBR.FOR can be executed In a batch 

mode. The program is executed by invoking the command 

EX FXBR.FOR, MTH:DLSODE.REL 

The software package, DLSODE.FOR, resides in the mathematical library at the 

University of Pittsburgh and is used for solving the system of stiff 

differential equations. 

The following subroutines are used in the simulator 

SUBROUTINE NAME 

INPUT 

FCNI 

HEAT 

DHYDN 

PURPOSE 

reads in input data 

Evaluates the differential equations 

Evaluates the heat of formation and specific 
heats of reacting species at reaction temperature 

Evaluates the equilibrium conversion and outlet 
tempertaure from the dehydration reactor. 

The subroutine FCNI is a user supplied subroutine that is needed by 

DLSODE. 

The output from the simulator is contained in the following files: 

Dehydration reactor results: DHYDN.DAT 

MTG reactor resutls: OUTPTI.DAT 
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Input data: DATA.DAT 

Physieo-chemical and kinetic data: PARAM.DAT 

Note that the reactor can be simulated either as an isother~l or an adiabatic 

fez= ctOr, 
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I-A-2 Program Listing - Input Data to Fluidlzed Bed 

Reactor Module 
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C 
C 
C 
C 
C 

T h i s  program i s  used t¢ i r~Jt  d~¢a ¢o Ch~ m~In s in~J la¢ ien  
r = u ¢ t r ~ ,  i t  i s  ~ n ¢ ~ r a : ~ i v ~  a~d c r ~ 3  an i r ~ u t  f i l e  c a l l e d  FB.DAT 
¢n ex-~c~Jtlon. Ir~cut CaCa aro en te r~  in f r ~  ~ o ~ t .  

I ~ L I C Z T  RZAL=E(A-H,O-Z) 
CHARACTER=20 N~]I 
OPE~ (UN!T=2D, FILE=IF~.DAT I ) 

WR~TE(E,IO) 
10 FOR?~T~EX,'EHTER TH~ RUH I~-'JJ~R FRD~ TH~ ~DZZU REPORT ' $) 

READ(E.20) N~J~ 
WR~T~(20,20) N ~  

20 FOR~T(A20)  
WRITE{E,50) 

50 FOR~T( / /EX, 'EHTER THE FOLLOWING PARamETERS IN FREE FOR.~!~T',/, 
= 5X,'LE~GTH 07 REACTO~ ( ~ )  t / ,  
= 5X,'DZA,,H~T~ OF REACTO~ (¢¢~) s , / ,  
= 5×, 'DZFFUSZVITY OF GAS ( ¢ r n = = 2 / s ~ = ) ' , / )  

READ(5,=) AL,DT,DG 
WRITE(E, lC~) 

IOD FOR~AT(//EX,'E,~T~R THE FOLLOWING PARameTERS IN FREE FORMAT1,/, 
5X,'VOZDAGE AT M~NI~J~ FLUIDZZATZDN', / ,  

= 5X,'VELOCZTY AT ~ Z N ! P ~  FLUIDIZATZON ( c~ / s~¢ )  ' , / ,  
= EX,/REACT0~ PRZE~JR~ ( p ~ I g ) ' , / ,  
= 5X,'REACTD~ TE~ZR~TU~Z ( ~  F) i / ,  
= 5X , 'CHA~Z  RATE ( m l / h ~ )  i / )  

P T = ( P T ÷ 1 4 . ? ) / 1 4 . ?  
T E ~ = : ( T E ~ ; - 3 2 , ) = ~ . / S . + 2 7 3 .  
RHO~=C.TS2 ! DE~SZTY OF M Z T H ~ L  AT M~TERZNG COHDZTZO~S 
CHG=CHG=R~.~ /3~.  ! CO;~ERT CHaRgE RATE TO _c~/s~¢_ 
RP:~V=PT=32./82.C~/TE~ ! DEM3ZTY OF VAPOR AT REACTOR COHDZTZONS 
PZ=~,1416 
ARE~=PZ=DT==2./4. 

CA~=RHOV/32. 
A=EXP(1E .20~ )  
/ ~ I = A = D Z X P ( - I O 3 ~ 3 . / T E ~ )  
A~2=O.$$ 
WR~TE(20,=) U,U~?,E~?,AL,b"G,A~I,/~J:2,DT,CAD,TE~,pT 
WRZTE(~,SS) 

S$ FO~AT( / /EX ,  IIM=UT DATA H~VE EIEH EHTER~D IN FILE F B . D A T ' , / ,  
5X, 'FLUIDIZED B~D KODEL C~H I~W E~ RUH~, / / )  
CLOSE(UHZT=20) 
STD~ 
E?~ 
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I-A-3 Sample Run Showing Interactive Input 
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ENTER THE RUN NUMBER FROM THE MOBIL REPORT >CT-231-I-2 

ENTER THE FOLLOWING PAR~21ETERS IN FREE FORMAT 
LENGTH OF REACTOR (c=) 
DI~_METER OF REACTOR (cm) 
DIFFUSIVITY OF GAS (¢m**2/sec) 

>762. 10.12 0.18 

ENTER THE FOLLOWING P~A~/!ETERS IN FREE FORMAT 
V0!DAGE AT MINIMUM FLUIDiZATiON 
VELOCITY AT MINIMUM FLUIDIZATION (cm/sec) 
REACTOR PRESSURE (p~i~) 
REACTOR TEMPERATURE (deg F) 
CHA.~GE RATE (ml/hr) 

>0.53 0.15 25. 751. 22463. 

INPUT DATA HAVE BEEN ENTERED IN FILE FB.DAT 
FLUIDIZED BED MODEL CA~ NOW BE RUN 
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I-A-4 Program Listing - Fluidized Bed Reactor Module 
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C 
C 
C 
C 

C 
C 
C 

C 

10 

12 

13 

11 

2~ 

3~ 

2~ 

FLUZDZZ~D E~D R~ACTO~ ~D~L USZP~ FRV~R-SQTT~R'S 
C ~ U H T E ~ J ~ c r  BAC~C~ZXZI~ k~D~L 

Z~LZCZT R~AL=~(A-H,O-Z) 
DZ~3ZGH FS~CE(2CCCO),ZETA(S),TOL(S),Z(9),ZSPACE(2CCO), 

M ( S ) , Z P ~ ( l l ) , L T O L ( S )  
EXTE~'~L FSU~,DTSH~,GSU~,DG3U~,CJJ~' 

0~Z~ (UHZT=2~,FZLE='OUTFL~'.DAT / ) 
CALL ZN~UT 

M(Z)=I 

ARZGHT=I.D,:) 
CO 12 Z= l ,e  
ZZTA(Z)=O.D¢ 
GO 13 Z=7,8 
Z~TA(Z)=I.D~ 

C~ 11 Z=1,11 

ZPAR(5}:2CCCO 
Z P J ~ { E ) = 2 ~  

D0 4 Z=I,S 

T~L(Z)=I .O~-~ 

CALL C~LSYS(F~-~,M,ALEFT,ARZE~T,Z~TA, Ip~ ,LTOL,TOL,  

ZF(ZFLA~.N~.I)  GC~ TO S~ 

/ / / ,  TIO, "X t ,T20, nCAt ,T30, "CE', T40, ' C C ' , / / )  
X=C. O 
GO 31 Z=1,11 
CALL ~ L N ( X , Z , F S ~ C ~ , Z S ~ C ~ )  
WRZTE(25,27) X ,Z (1 ) ,Z (4 ) ,Z (? )  
X=X+0.1 
C~TZP~J~ 
CA=(U~O:Z(1)+(UD-UC-.-.-.-.-.-.-.-.-.~O)=Z(2))/U0 
C ~ = ( U ~ Z ( 4 ) + ( U 0 - U ~ D ) : Z ( S ) ) / U ~  
C C = ( U ~ C = ~ ( ? ) + ( U 0 - U ~ ) = Z ( 8 ) ) / U 0  
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88 
27 
99 

10 

10 

2O 

3O 

//,EX,'CONVERSTON OF METHANOL • ' ,F I2 .B )  
CLOSE (UN~rT-2S) 
STOP 
FORMAT(2(2X, E 12. §) ) 
FORMAT(T10,FE.2,T20,Fi.8,T30, Fg.8,T40,F9.8)  
HRZTE(B,:) 'ZFI.AG" ',:[FLAG 
STOP 
END 

SUSROUTZNE FSUB(X,Z,F) 
ZNPLZCZT REAL*8 (A-H, 0-Z ) 
DZllENSZON Z ( i ) , F ( 9 )  
C0il40N /AK/ AK1,AKBC,AKCP,AK2,AL.PHA 
COIIION /HYD/ EPSB, FW, UO, UGBQ, UQCO, IJ~0 

/CN/ CAO, ClO, CCO, AL 

F(1)'-(AKIIC*(Z(1)-Z(2)))*AL*EPSB/UGIO 
F(2)'-(AKEC*(Z(2)-Z(1))+AKCP*(Z(2)-Z(3))+AKI=Z(2)*FW)*EPSB,AI./UQCO 
F(3)'-(AKCP'(Z(3)'Z(2))*EPSB+AKI"Z(3)*(1.-EPSB*(1.+FU)))*AL/UGP0 
F(4)''(AKBC=(Z(4)'Z(S)))'AL*EPSB/UGSO 
F(E)''(AKBC'(Z(B)'Z(4))+AKCP'(Z(B)-Z(8))-AKlsZ(2)iFW+AK2iZ(B)sFW) 

sEPSBsAL/UGC0 
F(8)''(AKCP'(Z(G)'Z(§))*EPSB-AKlsZ(3).(1.-EPSJIs(1.+FV)) 

÷AK2"Z(G):(1.'EPSB=(1.+FW)))sAL/UQPO 
F(7)'-(AKBCs(Z(7)-Z(8))):AI.IEPSB/UGIO 
F(8)''(NCBC*(Z(8)'Z(?))+AKCP*(Z(8)'Z(i))'AK2*Z(S)*FW)*EPS|*AL/UGCO 
F(g)'-(AKCP*(Z(S)'Z(a))JEPSB-AK2iZ(E)'(1.-EPS|8(1.+FW)))sAL/UGPO 

RETURN 
END 

SUBROUTZNE DFSUB(X,Z,DF) 
ZNPLZCZT REAL*|(A'H,O-Z) 
DZNENSZON DF(i,B),WORKI(i),WORK2(B),Z(8) 

EPS- I .D-?  

DO IO ~1-1,9 
Z(~) -Z(~)+EPS 
CALl. FSUII(X,Z,UORK1 ) 
Z(~J)-Z(~J)-2..EPS 
CALL FSUB(X, Z, HORK2) 
Z(LJ)-Z(~/)+EPS 
DO 10 2"1,9 
OF (Z. ~1) = (WORKI(Z)-WORK2 ( Z ) )* .  S/EPS 
RETURN 
EI~ 

UR0tr rzNE GSLm(Z,Z,G) 
ZlIMLZCZT REAL,I(A-H,0-Z) 
OZNDISZ0N Z ( I )  
¢ONdON /~1 /  CA0,CEO,CCQ,AL 

/HYD/ EPS|,FW,iJ0,UGB0,UQC0,UGPO 

Q0 TO ( lO,20,3o,40,BO,eO,T0, |O, IO) .Z  
G'Z(1) -CA0 
RETURN 
G'(UO-UGB0)'CAD-UGPO'Z(3)-UGCO*Z(2) 
RETURN 
G=Z(4)'CSO 
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4C 

S~ 

E~ 

7¢ 

$ :  

11 

C 
C 

lC 

2~ 

3~ 

4~ 

S~ 

E~ 

T¢ 

8¢ 

9~ 

R~T~H 

R~T~H 
G=Z(2 ) -Z (3 )  
R ~ T ~  
G=2(5)-Z(E) 

G=~(S) -Z(~)  
R~TU.~ 
EHD 

DZ~ZHSZ~H Z(9),DG(9) 

G~ TO (10, 2C,3C,40,SD, ED,TO,SD,S~)), Z 
i ~ ( 1 ) : 1 . 0  

1~(2) :'UGC~ 
D~(3 ) : 'UG~  
R2TU~H 
CG(4)=1.0 
R~TiJ:~H 
DG(E)=UC~D 
D G ( S ) = U ~  

C~(T) :1 .0  
RZTU~,'=] 

DG ( S ) =~JG;~ 

CG(2)=I .0 
DG(3) : -1 .0  
RT. ~'~JRP] 
DG(S):1.0 
I ~ ( E ) = -  1 .0  
RT.TU:¢~ 
I : ~ (a ) : 1 .0  
I ~ ( S ) : ' 1 . 0  

R~.TL~, ~] 
EHD 

S~]~OLTTZH~ ZF~UT 
Z~,=LZCZT R~J~.==(A-H,O-Z) 
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C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 

2 0  

23 

22  

3 0  

100 

AK1,AK2 - F i r s t  orchl r  k l ~ t t c  r a t e  r ~ n s t a n t s  ( l / s )  
N<IIC - T r a n s f e r  c o e f f i c i e n t  f~om ImJbIDle t o  clotJd-wakm ( l / s )  
AKCP - T r a n s f e r  c o e f f i c i e n t  f rom c loud-waks  to  emu ls ion  ( 1 / I )  
AL - l e n g t h  o f  r e i c t o r  ( ~ )  
CA0,CB0,CCO - Z n t t t l l  c o n c e n t r a t i o n s  o f  A,B,C. 
DE - I ~ l ~ l s  c l t m t e r  (cm) 
DG - d | f f u s t v | t y  o f  ga I  
DT - d taumte r  o f  r e a c t o r  (ca) 
EMF - Volclage a t  minimum f l u l c l t z a t t o n  
EPSB - I l u l ~ l e  p h a I I  votclage 
FW - I O ] t d  f r i c t i o n  
UO - I U p e ~ f l c | a l  gas v e l o c | t y  (cm/IeC) 
UGBO - I u p e r f l o t i 1  v e l c x : i t y  o f  txJIslsle phase ( ca / see )  
UGCO - S U l ~ r f l ( = t i 1  v e l o c i t y  o f  Cloud-wiLke phase ( c~ / sec )  
UGPO - s u p e r f i c i a l  v e l o c t t y  o f  p i r t t c u l s t e  phase (ca/s is=) 
UMF - I U l ~ r f t c t l l  v e l o c t t y  s t  minimum f i u t c l l z a t t o n  

COII#0N /AK/ AK1.AKBC,AKCP,AK2,ALPHA 
C01~ON /CN/ CA0, Cll0, CC0, AL 
COIIION /HYD/ EPSB, FW,UO, UGB0, U(;IC0, UGP0 
C I ~ E R ' 2 0  NAME 

OPEN(UNZT-20, FZLE" 'FB. DAT' ) 
READ(20,20) NAME 
FORMAT ( A20 ) 

REAJ)(20,  • ) U0, UMF, ENF, AL, DG, AK 1, AM2, DT, CA~'TD, TENP, PT 
CA0-1.0 
CII0 IO. 0 
CCOIO. 0 
G- I l l  1 .O 
FW" 1 . 0  
D6=7.S 
ALPHA" 1.0 
UIIRIO. ? 1" ( G ' D B ) ' "  .S 
ZDUN'O 
T 1 "U0+UMF" FW+UIIR 
T2"4.  "LIMF'UBR" ( 1. +FW) 

UAI (T I+SQRT ( T 1 . . 2 .  -T2 ) ) / 2 .  
UGSOI (UO-UNF) / ( 1.-UMF, ( 1. +FW)/UA) 
E P S B ' ~ 0 / U A  
ZF(ZDUN.EQ.I) GO TO 22 
Z F ( E P S B . L T . ( 1 . / 3 . ) )  GO TO 22 
FW- ( 1. -EPSB ) /2 . /EPSB 
ZDUItI 1 
GO TO 23 
CONTZNUE 

• FW* ENF . ~  
LIGPO-UIIF. ( 1. "EPSB" ( 1. +FW ) ) • ( 1. +EMF. FW ) -UO,FWsENF 
AKBC-4. II 'UNF/DII+5. I IB.Gs,.  211.OG, • .  B/011,. 1.25 
AKCP-6.78. ( ENFsDG.UA/DII..3. ) . , .  B 

WRITE (211,30) NAIl[ 
FORNAT(T30, 'SII~JLATZON OF NTG RUN # ' ,A20)  
WRZTE(2B, 1OO) TElilP,PT,IJ0,UGB0,UGC0,U~IP0,UA,EPSB,FW,AJ(BC,AKCP 

,AK1,AK2 
FORMAT(// / ,SX, 'LZST OF ZNPUT DATA: ' , / / / ,  
IlX.'TEMPERATURE OF FI.UZD BED (K) ' , T E O , F I I . 4 , / / ,  
SX, 'OPEARTZNG PRESSURE ( s t I )  ' ,  TIle, FS. 4 , / / ,  
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= 5 ~ , ' S U ~ Z C X A L  G33 VELO~ZT¥ (c~/s::~=) ' , T S O , F S . 4 , / / ,  
= 5 ~ , t E U ~ E  PHJ~$~ VELOCZTY (C~/S~--~)S,TSD,FS.4, / / ,  
= 5~,'CLGUD F ~ . ~  VELGCZTY (~"~/=~=)',TSO,FS.4,//, 
= E~,~P~T=CLILATE PH~S~ VELOCZTY ('~'~/s=-~=)',T50,FS.4,//, 
= 5 ~ , ' E ~ ] 3 L E  R~S~ VELOCZTY (~'n/S~=)',TSD, F3.4 , / / ,  
= 5 X , ' E ~ : ; E  F:'I~S~ VOZD~S,TSD,FS.4,//, 
= 5~,'SOLZD F ~ E ~ ' Z C ~ I , T S D , F ~ . 4 , / / ,  
= 5 X , ' I ~ S S  T R ~ S F ~  CF~>3T (E-T0-C)  (1/S:~=) ' ,TSD,Fa.4, / / ,  
= 5X, '~L~S TF-3~S~E~ CFT;~J" (C-T0-P)  ( 1 / S ~ : ) * , T S D , F ~ . 4 , / / ,  
= 5Z,~FZR3T O~=Z~ KZN~TZC C~NST~;" k l  ( 1 / £ : : : ~ ) ~ , T ~ O , F S . 4 , / / ,  

5X, 'FZR3T 0 R = ~  KZH~TZC C ~ T A 3 ~ "  k2 (1/S-~=)',TSD,FS.4,/) 

CLOS~ (U:HZT=20) 
RETU~#~ 
E ~  
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I-A-5 Sample Output from Simulation of 

Fluldlzed Bed Reactor 

l-A-18 



SIMULATION OF MTG RUN # CT-231-I-2 

LIST OF INPUT DATA: 

TEMPERATURE OF FLUID BED (K) 

OPE~/~TING PRESSURE (atm) 

SUPERFICIAL GAS VELOCITY (cm/sec) 

BU~BLE PHASE VELOCITY (cm/sec) 

CLOUD PHASE VELOCITY (cm/sec) 

PkRTICULATE PHASE VELOCITY (¢m/sec) 

BUBBLE RISE VELOCITY (cm/se¢) 

BUBBLE PHASE VOIDAGE 

SOLID FRACTION 

MASS TK~.NSFER CFFNT (B-T0-C) (I/sec) 

MASS TRANSFER CFFNT (C-TO-P) (i/sec) 

FIRST ORDER KINETIC CONSTANT kl (I/sec) 

FIRST ORDER KINETIC CONSTANT k2 (i/sec) 

672. 4444 

2. 7007 

39. 2286 

39. 1830 

16.1333 

-16.0877 

100. 0839 

0.3915 

0.7769 

i. 2091 

1. 0200 
¢ 

2. 2058 

0. 9800 
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DIMENSIONLESS CONCENTRATION PROFILES OF A,B & C 

X CA CB CC 

0.00 1.000000 0.000000 0.000000 
0.i0 0.536803 0.138476 0.324721 
0.20 0.299958 0.182407 0.517635 
0.30 0.167623 0.170766 0.661611 
0.40 0.093674 0.140452 0.765874 
0.50 0.052348 0.107941 0.839711 
0.60 0.029254 0.079585 0.891161 
0.70 0.016343 0.057083 0.926574 
0.80 0.009134 0.040145 0.950721 
0.90 0.005106 0.027847 0.967047 
1.00 0.002874 0.019535 0.977590 

EXIT CONCENTRATIONS OF A,B AND C 
0.002872 0.019528 0.977600 

CONVERSION OF METHANOL - 0.997128 
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I-A-6 Program Listing - Input Data to Fixed Bed 

Reactor Module 
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C 
C 
C 
C 

10 

21 

31 

11 

12 

13 

14 

Th|s program is  used to |nl~Jt the clestgn p a r m t e r s  r~:lUtrqKI 
f o r  the s i m u l a t i o n  of  the f i x e d  ~ Meactor. 
a H i l i m m m l l m l l m i m O l l t l l m l i  . . . . .  J l l .  I . . . . . . .  l l i O n l i l  . . . . . . . . . . . . .  

ZNPLZCZT REAL*8(A-H,0-Z) 
OPEN (UNZT-23,FZLE-'DGN.DAT') 
WR%TE(8,1O) 
FORMAT(SX,'%F SZNULATZON OF DEHYDRATZON REACTOR AND NTG', / ,  

BX,'REACTOR DES%RED, SPECZFY ZND-2. ZF ONLY MTG',/ ,  
SX,'REACTOR PRESENT, SPECZFY Z N D - I . ' , / ,  
SX.'kI4AT ZS THE VALUE OF ZND ? '$)  

READ(E,*) ZND 
WRZTE(B,21) 
FORMAT(//BX,'ZF PRZNTZNG OF PHYS%CO-CHENZCAL PROPERTZES',/, 
SX,'N~IO KXNETZC PARAMETERS ZS TO BE SUPPRESSED. SPEC%FY',/, 
5X,'%PRZNT-O,OTHERWZSE SET ZPRXNT.I ' , / ,  
5X,'k1~kT ZS THE VALUE OF ZPRZNT ? '$)  
READ(S,=) ZPR%NT 
WRZTE(8,31) 
FORMAT(//BX,'FOR %SOTHERMAL 0PERATZON SPEC%FY X S O - I ' , / ,  
5X,'0THERWZSE Z : B - 0 ' , / ,  
EX,'WHAT %S THE VALUE OF ZS0 ? 'S) 
READ(B,*) ZS0 
k'R%TE(23,*)ZND,ZPR%NT,XS0 
WRZTE(B,11) 
FORMAT(//IX,'LXST OF DESXON PARAMETERS:',//, 
mX 'SPEC%FY THE FOLLNZNQ PARAMETERS ZN FREE FORMAT',//, 
SX 'ZNLET TENPERATURE TO DEHYDRATZON REACTOR (clog F ) ' , / ,  
SX 'ZNLET TEMPERAllJflE TO NTG REACTOR (dog F ) ' , / ,  
5X 'OPERATZNG PRESSURE OF NTG REACTOR ( p s 4 g ) ' , / ,  
mX 'RECYCLE RATZ0 (mol recyclm gss/mol nmthanol f e d ) ' , / ,  
SX 'FEED RATE OF METHANOL ( kg /sec ) ' , / ,  
SX 'FEED RATE OF WATER ( k g / s o C ) ' , / ,  
5X 'LEHGTN OF NTG REACTOR (m) ' , / ,  
5X 'DZANETER OF NTG REACTOR ( a ) ' , / / / )  
READ(E,*) TZN,TZNR,PT,RCYCL,FNEOH,FH20,AL,DT 
T%N-(T%N-32.)*E./B.+273.1B 
TZNR.(TZNR-32.)*6./9.+273.16 
PT-(PT+14.7)/14.7 
WRZTE(230*) T%N,TZNR,PT,RCYCL,FNEOH,FH20,AL,DT 

WRXTE (8, 12) 
FORNAT(BX, 'SPECZFY COMPOSZTZON OF RECYCLE GAS XN TERNS',/. 

: •X,'0F MOLE FRi4C'rzoNS',//) 
NR%TE (0, 13) 
FORMAT(EX, 'MOLE FRACI"XON OF METHANE ' , / ,  
BX, "MOLE FRACTZON OF HYDROGEN' , / ,  

s BX,'MOLE FRACTZON OF CARBON NONOXZDE',/, 
: SX, "MOLE FRACT%ON OF PROPYLENE' , / ,  
t 5X, 'MOLE FRACTZON OF PROPANE',/, 
s 5X, 'MOLE FRACTZON OF ETHYLENE',/, 
* 5X,'MOLE FRACT][ON OF ETHANE',///) 

READ(S,*) CI,  C2, C3, C4, C5, C8, C'/ 
WR%TE(23,*) C1 ,C2,C3, C4, C~,CB,C? 

WRZTE(B,14) 
FORMAT(//SX,'ZNPUT DATA HAVE BEEN ENTERED ZN F%LE DGN.DAT',/, 
SX,'FXXED BED REACTOR NQDEL ~ BE RUN XN BATCH NODE ' , / / / )  
CLOSE (UN%T.23) 
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I-A-7 Sample Run Showing Interactive Input 
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IF SiMT/LATION OF DEHYDRATION REACTOR AND MTG 
REACTOR DESIRED, SPECIFY IND=2. IF ONLY MTG 
REACTOR PRESENT, SPECIFY IND=I. 
WHAT IS THE V~UE OF IND ? >2 

IF PRINTING OF PHYSIC0-CHEMICAL PROPERTIES 
AND KINETIC FARA/IETERS IS TO BE SUPPRESSED, SPECIFY 
IFRINT=0,OTHERWISE SET !PRINT=I 
W~T IS THE VALUE OF IPRINT ? >I 

FOR ISOTHERMAL OPERATION SPECIFY ISO=I 
OTHERWISE ISO=0 
WHAT IS TIlE V~UE OF ISO ? >0 

LIST OF DESIGN PARA.METERS: 

SPECIFY THE FOLLWING PARAMETERS IN FREE FORMAT 

INLET TEMPERATI/RE TO DEHYDRATION REACTOR (deg F) 
INLET TEMPERATURE TO MTG REACTOR (deg F) 
OPERATING PRESSURE OF MTG REACTOR (psig) 
RECYCLE RATIO (mol recycle gas/mol methanol fed) 
FEED RATE OF METHANOL (kg/se=) 
FEED RATE OF WATER (kg/se¢) 
LENGTH OF MTG REACTOR (m) 
DI~.METER OF MTG REACTOR (m) 

>608. 704. 300. 4.5 5.88E-05 1.204E-05 0.2395 0.033 

SPECIFY COMPOSITION OF RECYCLE GAS IN TERMS 
OF MOLE FRACTIONS 

MOLE FRACTION OF METF~E 
MOLE FRACTION OF HYDROGEN 
MOLE FRACTION OF CARBON MONOXIDE 
MOLE FILACTiON OF FROPYLENE 
MOLE FRACTION OF PROPANE 
MOLE FRACTION OF ETHYLENE 
MOLE FRACTION OF I-BUTENE 

>0.4 0 . i  0. I 0 . i  0. I  0. I  0 . i  

INPUT DATA RAVE BEEN ENTERED IN FILE DGN.DAT 
FIXED BED REACTOR MODEL CAN BE RUN IN BATCH MODE 
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I-A-8 Program Listing - Fixed Bed Reactor Module 
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C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

33 

11 

Illlllllllllllllllllillllllllliilllllllllll'lllllillililliillllllt 

Illllllllllllllilliililllllllllllllllllltllllilllllilllllllllllll 

~lllllllllllllll----iillllllllllllllllilillll~lllll__lllllliililllll 

OLEFI~$ -T ~ S 10 11 12 
P A ~ F I H 3  - 13 1~ 21 22 23 
A~;~,TZC3 - 23 2? 2~ 2~ 31 32 3~ 3~ 3~ 3~ 3~ 

illllllllllliilillli.lllllllllllllllllllllllllllllilllllllllllllll 

DZ~Z,~Z~H Y(45),ATOL(4~),R~(2~),I~(E~),~(45),~(45) 
E ~ T Z ~ L  F ~ I , ~  

~ / ~ I /  T Z ~ , F T , P A  
C ~ ¢ ? ]  /RC/ FC~,FC2,FC3,FC4,FC3,FC3,FC7 

CALL I ~ ; ~  

IF (ZH~.EG.1)  ~ TO 33 
CALL ~ [ T Z ~ , F ~ Z ~ , F H 2 0 , F ~ Z , ~ T , ~ )  
OPZH ( ~ T : 2 ~ , F Z L E = r ~ . D A T  t ) 

FT=ff~Z¢~<-,~2D+F]:~+~CI+~C'2+FC3+FP.~+FCS+FC~+FC7 
FA:(F~Z~H+FH20+F~=)=PT/FT 

T=0.O¢C 

Y ( Z ) ' O . C ~  

Y(2)=FC3/FT 
Y(3)=FC2/F7 

Y(5)=FH20/FT 
Y(?)=FC~/F7 
Y(8)=FC4/FT 

Y(13)=FC1/FT 
Y(21)=FC~/FT 
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55 

751 

FORMAT(/ / / / ,SX,  'HYDROCARBON DZSTR%ISUTZON ON WATER FREE ISASZS' 
t , / / , 5X , 'WT.  PERCENT OLEF%NS " ,TSO,F12.S,/ ,  
* Isx , ' t r r .  PERCENT PARAFFZNS ' , T S 0 , F 1 2 . 5 , / ,  
* Sx , , t r r .  PERCENT ARONATzCS ' , T S O , F 1 2 . 5 , / / )  

WRZTE(8,?SI ) 
FORMAT(///5X, '51rMULATZON OF FZXED BED COMPLETE',/, 

* 5X, 'OUTPUT CAN BE FOUND lrN THE FOLLOWZNG F%LE5: ' , / / ,  
* 5X, 'DEHYDRATZON REACTOR RESULTS : DHYDN.DAT',/, 
* SX, 'NTG REACTOR RESULTS : 0UTPT1.DAT' , / ,  
* ISX, ' ZNPUT DATA : DATA.DAT ' , / ,  
* SX, 'PHYSZCO-CHENZCAL & KIrNETTC DATA : PARAN.DAT' , / / / )  

CLOSE (UN%T-25) 
CL05E (UNIrT:28) 
STOP 

C 
C 

20 WRZTE(8, i 0 )  ][STATE 
IS0 FORNAT(////SX,'ERROR HALT. . .  %STATE, ' ,%3) 
41 FORNAT(SX, 'COND][T][ONS AT EXerT OF DEHYDRATZON REACTOR: ' , / / ,  

• SX, 'EXZT TEMPERATURE FRON DEHYDRATZON REACTOR ( K ) ' , T ? O , F g . E , / / ,  
• SX, 'EQUZL%BRZUN NETHANOL CONVERSZON %N DEHYDRAT][0N REACTOR (%) ' ,  
: T T 0 , F I I . 5 , / / ,  

5X,'FLOW RATE OF NETHANOL ( kmo l / s )  " ,TTO,E12.7 , / / ,  
: 5X,'FLOW RATE OF DNE ( k m o l / s )  ' , T T O , E 1 2 . ? , / /  

SX,'FLOW RATE OF WATER ( k l m l / s ) ' , T T O , E 1 2 . ? , / / )  
45 FORMAT(' 1' ,SX, 'TEMPERATURE ANO WETGHT PERCENT OF SPECZES ALONG', 

• ' REACTOR LENGTH ' , / / ,SX , 'X  • ',FG.3,SX,'TEMPERATURE • ' , F I I . 5 ,  
• 1 X , ' K ' , / / , E X , ' S P E C Z E S  NAME ',ISX,'WE%GHT PERCENT', / / )  

44 FORMAT ( SX, A30,2X, FS. IS ) 

11 

21 

STOP 
END 

SUBROUTZNE DHYDN (TZN, FNEOH, FH20, FDNE, ADT, CONVN ) 

Th41 subPout t rm eva lumte$  t he  eC lU t l l b r |um c~nve rs ton  and o u t l e t  
t e m p e r a t u r e  f rom t h e  ¢lahycIPatton Peac to r .  

ZI4PLZC%T REAL,B(A-H,O-Z) 

FN0-FMEOH 
ZF(FH20.EQ.O.O) GO TO 11 
CONVN- ( -0.042.T~r N+ 101 . 80 ) / 1OO. 
ADT-0. 833*TTN+ 1113.82 
Q0 TO 21 
CONVN- ( -O. 031S,T][N+IIII. TII8 ) / 100. 
ADT-O. 818§.T][N+226.14 
FNEOH-FNO, ( 1. -C0NVN) 
FH20- FH20+FND. CONVN/2.0 
FDNE- FM0.CONVN/2.0 
RETURN 
END 

SUBROUTZNE DUtMY 
RETURN 
END 

SIJBROUT][NE FCNI(NEQ,T , Y,YDQT) 

Th i s  s u b r o u t i n e  p r o v | c l e l  t he  c l e f t n t t t o n  o f  the  d t f f e r e n t l a l  eClUattons 
raqu I ~ f o r  LSODE, 
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41 

C 

33 
31 

21 

'71 

8~ 

81 

S l  

I ~ L Z C 2 T  R~A~=~(A-H,O-Z)  

CC~I'~H / ~ /  T2D~,FT,P~ 
~ ' ~ H  /A'rP-P~/ TZi~, PT, F:~2~M, FH,?.O 
C:~;:~'C~ / H T /  D~.LHT,6"~ 

K ~ , : 1 . 5  

R ~ = I . S = ?  

! ~  41 Z : I , N S ?  
SL~=$ ~,~d+. y ( I' ) 

TE:~, =T2 P-L~= ( 1. O+Y ( H ~ } ) )  

P..,~L L H~AT(TE~,NS~:) 

71 Z : 1, F~:: 
SL~ ~ = $ ~  1 +Y ( Z ):C;= (Z )  

. . . . .  c ,~ lcu1=~o I - - ~  ¢-~ r ~ : ~ t c n  f©~ t ; ~  v - ~ J ~  r ~ : ~ t ¢ ~ = .  

DE LHR ( ~ ) : -  SlJ~12 
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C 

12 

C 
C 

8 |  

g l  

101 

21 

. . . . . .  The f o l l o w i n g  p a r m t e r s  a re  r e q u t r e d  as p a r t  o f  NTH:DL$ODE.REL 

TOUTmO.OIDO 
ZSTATE:I 
lOPTmO 
%TOL.2 
RTOL-t .D-4 
ZTASK-1 
NF-22 
LRW-24E2 
LXWmBS 

DO 12 %-I,NEQ 
A T O L ( I ) - I . O D - 6  

. . . . . .  To le rances  f o r  ~ ¢ t a n t s  and t o n i c  spec ies  a re  s p e c i f i e d  
s m a | l o r  than those f o r  prOciuctS. 

ATOL(1) - I .OD-10 
ATOL(4 )= I .00 -10  
ATOL(E)ml.O0-10 
ATOL(14)=1.OD-lO 
A T O L ( l S ) ' I . O 0 - 1 0  
ATOL(18) '1 .OD-10 
A T O L ( I ? ) ' I . O D - I O  

OPEN ( UNZT-20, FZ LE - ' 0UTPT 1. DAT ' ) 
DO 21 K - t , l l  
TOUT "O. 1DOsDFLOAT ( K- 1 ) 
CALL LSODE ( FCNI, NEQ, Y, T, TOUT, ZTOL, RTOL, ATOL, ZTASK, ZSTATE, zOPT, 

RWORK, LRW, ZW0RK, LZW, DUNiY ,NF ) 
ZF(ZSTATE.LT.0) GO TO 20 

DO 88 Zzl,NSP 
tr r (  z ) -Y(  z ) ,FT 

SUN-O, OD0 
DO 81 Zul,NSP 
tr r (  I ) , t r r  ( % ) , x l w (  % ) 
suN- SUN+VT ( Z ) 

WR%TE(28,4E) TOUT, Y (NEQ)*T%NR+T%NR 
DO 101 X-1,NSP 
t r r (  x ) - t r r  (%)/SLt l .  100. 
ZF(Z.EQ.8)  GO TO 101 
%F(X.EQ.14) GO TO 101 
ZF(Z.EQ.1E) GO TO 101 
ZF(Z.EQ. 18) GO TO 101 
1rF(Z.EQ.17) DO TO 101 
WRZTE(28,44) NAMI(Z) , t r r ( z )  
CONTZNUE 
WFREE- 100. - t i t  ( E ) 
OLFNS-(trr (7 )+ t r r  ( l l )  +WT(|) +trr (10) ÷trr ( 11 )+trr ( 12)÷trr  ( l l l ) + t r r ( 2 0 )  

+trr ( 24 )+trr ( 2s ) ) s 100./WFREE 
PRFNS. ( t r r (  13)+trr(  l i l )+WT(21 )+ t r r (22)+ t r r (23)  )slOO./WFREE 
ARNTCS- ( trr ( 28 )+b'r ( 27 )÷trr  ( 21i )+tiT( 29 )+trr ( 31 )+trr ( 32 )+tiT( 33 )÷ 

trr  (34) +~rr (3E) +trr (38) ÷WT ( 37 ) ) ,  100./WFREE 
WRXTE ( 26,6E ) 0LFN$, PRFNS, ARNTC$ 

~Z~E 
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e l  

Sl  

22 

11 

C 

¢ 

C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 

El  d :  1, F.'.'~ 
SL~=S~.';~A(d, Z ) =~ (d)  

ZF(ZSD.E~ .J )  ~ T~ 22 

RZTU~'~ 

Z~LXC~'T RT.AI=~ (A-H, 13-Z) 
DZ~]7..'~:~C~N C~.3(45), C;=3 (45 ) ,  C;=:(45) ,C~D( 45) ,  DZLHG(45), C;=(4~) 
DZ~I~.~ X L'N D~LH(45) 

C~:~Js~N /HT/ DZLH,C;: 

TR=:~S:~. 15 
A=T~J:~-TR 
B:T~.~==:2-TR=:2 
C=TE~==S-T~==3 

DO 11 Z : l , l ~ . =  
AZNT:=',=.% ( Z ) :A",C~3 ( l ) =~12. +Cr-C ( l ) =C13. +C~D~ l ) =D/4.  
DZL~( Z ) :DZLMS C Z ) +AZ;~'T 
C;: C Z ) = C;:.-% ( Z )+.=~:~ ( Z )=TE:~+C~=( X )=TE~'-'~= = 2+C'~ ( Z ] =TE~_~==3 

E~'-:D 

SU2~%~.42?Z;~2 Z ~.-"ziIT 

Ith r'~_-~*, | on. 

f©?'m ~P :~A+C~=TeC~C:T= =2+C~D: T== 3 
DT.iJ'~ - S%~n:~:~ l'~m% ¢~ f©~"-~%|Cn (2S~. 15 K) k;:al/~1 
E - Aa%:v-~%1~n er~, k=:I/~] 

¢ ~ : ~ s  a~3 w t ~ l o  n u = J : ~  s l n = ~  a l l  ma~:11©ns a m  
e l e s o n 1 = ~ , .  
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C 
C 
C 
C 
C 
C 
C 

81 

82 

NSP - Number o f  s p e c i e s  
PT - 0 p e r a t | n g  p r e s s u r e ,  arm 
RCYCL - Recyc le  ra%to ,  (mol r e c y c l e  gas/mol mmthanol f eed )  
TZN - Z n l e t  t m P a t u r e  t o  d e h y d r a t i o n  r e a c t o r ,  K 
TZNR - Z n l e t  t e m p e r a t u r e  t o  MTG r e a c t o r ,  K 
X I~  - M o l e c u l a r  v m t g h t s  

IMPLICIT REAL*B(A-H,O-Z)  

CHARACTER*7 kL&NE(45) 
CHARACTER:30 NAMI(4E) 
DZMENSZON A(BO,4S),AK(BO),E(BO),ZOR(B0,4E),ZZ(4),ZA(BO,4B) 
DZNENSZON CPA(45),CPB(45),CPC(4S),CPD(45).DELHG(45),XMW(4S) 

COmON 
C0mON 
COm0N 
COmON 
¢OtmON 
COm0N 
¢Oml)N 
COm0N 
COmON 
COmON 
COmON 
¢oteeN 

/PROP/ CPA, CPB, CPC. CPD, DELHG 
INANE/ NAMI 
/ A /  A,AK,E 
l INT~ ZOR 
l I N T 1 /  NR, NSP 
l I N T 2 /  ;ND 
/AN/ XIW 
/AZNP/ TZN, PT, FMEOH, FH2O 
/DGN/ AL, AREA 
/DGN 1/ TZNR, FT, PA 
/RC/ FC1 , FC2, FC3, FC4, FCE, FCO, FC? 
/NODE/ ZS0 

OPEN (UNZT=23, FZLE- 'DGN.DAT' ) 
READ(23, • ) ZNO, ZPRZNT, Z$O 
READ( 23, * ) TZN, TZNR, PT, RCYCL, FMEOH, FH20. AL, DT 
READ(23. = ) C1. C2. C3, C4, ClS, C8. C? 
CLOSE (UNZT-23) 
OPEN (UNZT-24, FZLE- 'DATA. DAT ' ) 
WRZTE ( 24,81 ) TZN, TZNR, PT, RCYCL, FNEOH. FH20, AL, DT 
WRZTE(24,82) C1 .C2, C3, C4,C5, C8, C7 
FORNAT(/ /SX, 'LZST OF ZNPUT D A T A : ' , / / ,  
SX 'ZNLET TEMPERATURE TO DEHYDRATZON REACTOR ( K ) '  ,TEO, F 8 . 6 , / ,  
5X 'ZNLET TEMPERATURE TO NTG REACTOR ( K ) ' , T I I O , F g . E , / ,  
SX "OPERATZNG PRESSURE (rata) ' , T E O , F g . E , / ,  
5X 'RECYCLE RATIO (tool r e c y c l e  ElSE/tool MoOH f e e d ) ' . T O O . F g . E , / ,  
SX 'FEED RATE OF NETHANOL ( k g / s e c ) ' , T E O , F g . E , / ,  
5X 'FEED RATE OF HATER ( k g / s e c ) ' , T O O . F g . 8 , / .  
5X 'LENGTH OF REACTOR ( m ) ' , T E O , F g . S , / ,  
SX 'DZMIETER OF REACTOR ( m ) ' , T e O , F g . S , / / / )  
FORMAT(EX. 'COMPOSZTZON OF RECYCLE GAS ZN MOLE FRACTZON', / / ,  
6X. 'METHANE' ,TEO, F 5 . 2 , / .  
SX. 'HYDROGEN' ,TOO, F E . 2 , / ,  
lSX, 'CARBON 140N0XZDE' ,TEO,FE .2 , / ,  
BX, 'PROPYLENE ' ,110,  FE. 2 , / ,  
6X. 'PROPANE ' ,  TO0, FE. 2 , / ,  
EX, ' ETHYLENE ' ,  TBO, FE. 2 , / ,  
6X, ' ETHANE ' ,  TO0, FE. 2. / ) 
CLOSE (UNZT-24) 
AREA. DATAN ( 1. ODO ) sDT.DT 

OPEN (UNZT.20,FZLE- 'NZH.OAT' )  
0PEN(UNZT=21, FZLE. "NAN. DAT' ) 
OPEN ( UNZT-22, F Z LE • • PROP. OAT' ) 
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21 

3~ 

':-2 
8S 
7~ 

3~ 

432 

E7 

10 

7~ 

E= 

2 1 Z = 1 , H ~  

O~Z~ (UNZT=lS,FZLE='P~%.~%~.DAT') 

CO 22 2 = ~ , H ~  

FOR:-I~T(/15~,Z3,13~,A~,lO~,A30) 
CO~2P~ 
CLOS~(L~27=21) 

DZLH~(Z)=DZL~(Z)=IO~O. 

FH2D=FHS.D/X.h'~(S) 

FCI=~1=~YCL 
FC2:C2=~CYCL 
FC3=C3=RCYCL 
FC4=C~=~CVCL 

FC~=~*~CVCL 
FCT=CT=RCYCi 

ZFCZP~XNT.E~.O) GO TO e7 
WRZTE(I~,432) 
FG~]IT('I',3X,'S~ZCZES ZD',2X,'K~LECUL~ WI".',BX,'CPA',SX,'CP~' 

,ICX,'C~',EX,'C;:D',SX,'HZ~7 OF FO~IATZGM',/, 

DO 3~ Z=I,NS~ 

F~;.2i%T(/SX,Z3,5~,6(3X,E12.5)) 

C~ 10 d=l ,KS~ 
C~ 10 Z=I ,F~ 
ZC~(Z,d)=O 
ZA(Z,d)=~ 
A(Z,d)=O.O 

DO 20 0:I,1~ 
R~D(20,=) ~Y,(d),E(0) 

E(d ) :E (d ) / 4 . 1E7  

DO 30 Z = I , N S ~  
R~AD(20,=) ZZ(Z) 
R~D(20 ,= )  A (d ,ZZ(Z ) )  
ZA(d ,ZZ(Z ) )=Z i~ ' (A (d ,ZZ(Z ) ) )  
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30 

Z 

";7 
78 
80 

20 

100 

88 
44 

89 
45 

Z F ( A ( d , Z Z ( Z ) ) . L T . O . O )  ZOR(d ,ZZ (Z ) ) zABS(ZA(d ,ZZ (Z ) ) )  
CONTZNUE 

ZF(ZPRZNT.EQ.O) GO TO 20 
ZF(NSPR.EQ.2) WRZTE(15,77) d 

(ZA(d 
ZF(NSPR.EQ.3) WRZTE( t5 ,? | )  

( I A ( d  
ZF(NSPR.EQ.4) HRITE(15,BO) d 

(ZA(d 

(NANE(ZZ(Z ) ) ,Z : I ,NSPR) ,  
ZZ(Z) ) ,Z -1 ,NSPR)  
(NANE(ZZ(Z) ) ,Zs l ,NSPR) ,  
ZZ(Z ) ) ,Z ,1 ,NSPR)  
(NAME(ZZ(Z) ) .Z ,1 .NSPR).  
Z Z ( Z ) ) . Z - I . N S P R )  

FORNAT(/SX,Z3,10X,2(AIO),/,22X,Z2,|X,I2) 
FOIUIAT(/SX,X3,1OX,3(AIO),/,~:X,Z2,SX,Z2,SX,Z2) 
FORNAT(/EX,Z3,10X,4(AlO),/,22X,Z2,BX,Z2,BX,X2,BX,Z2) 

CONTINUE 
ZF(IPR]rNT.EQ.O) GO TO 811 
WRITE(15,100) 
FORNAT( ' 1' ,SX, 'REACTZON-N0. ' ,SX, 'ARRHENIUS FREQENCY' ,5X, 
'ACTZVATZON ENERGY' , / , 2 5 X ,  'FACTOR' , 15X, ' k c a l / k l m l  ' , / / )  

DO 44 d ' I , N R  
HRZTE(15,88) d , A K ( d ) , E ( O )  
FORNAT ( /9X ,  Z3, lOX, E12. S, 1 IX,  E12.5 ) 
CONTZNUE 
CLOSE (UNZT" 15) 
WRZTE (8 ,45 )  
FORNAT ( ' 1' ) 
CLOSE (UNZT'22) 
CLOSE (UNZT'20) 
RETURN 
END 
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i-A-9 Sample Output from Fixed Bed Reactor Simulation 
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SIMULATION OF FIXED BED COMPLETE 
OUTPUT CAN BE FOUND IN THE FOLLOWING FILES: 

DEHYDRATION REACTOR RESULTS 
HTG REACTOR RESULTS 
INPUT DATA 

PHYSIC0-CHEMICAL & KINETIC DATA 

: DHYDN.DAT 

: 0 U T P T I . D A T  

: D A T A . D A T  

: PARAH.DAT 
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SPECIES ID FORMULA N~_ME 

i 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

II 

12 

13 

14 

15 

16 

"17 

18 

19 

2O 

21 

22 

23 

24 

25 

26 

27 

CH30H 

CO 

H2 

CH3OCH3 

H20 

:CH2 

C2H4 

C3H6 

C4H8 

CSElO 

C6H12 

C H14 

CH4 

C2H5+ 

C3H7+ 

C4H9+ 

C5Hl1+ 

C6HI0 

C2H6 

C7H12 

C3H8 

C4HI0 

C5H12 

C6H8 

C7HI0 

C7H8 

C6H6 

i-A-37 

Methanol 

Carbon Monox£de 

Hydrogen 

Dimethylether 

Water 

Carbene £on 

Ethylene 

Propylene 

1-Butene 

l-Pentene 

l-Hexene 

!-Heptene 

Methane 

Carben£um £on 

Carbenium £on 

Carben£um £on 

Carben£um ~on 

1,5-Hexad£ene 

Ethane 

1,6-Heptadiene 

Propane 

n-Butane 

n-Pentane 

1,3-cyclohexad{ene 

1,3-cycloheptad£ene 

Toluene 

Benzene 



28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

CIOH8 

C9H8 

C 

C8HI0 

C9H12 

CIOH14 

CIIH16 

C12H18 

CIIHI0 

C12H12 

Naphthalene 

Aromatic compound 

carbon 

o-xylene 

1,2,4-trimethylbenzene 

1,2,4,5-tetramethylbenzene 

1,2,4,5,6-pentamethylbenzene 

1,2,3,4,5,6-hexamethylbenzene 

l-methylnaphthalene 

1,2-dimethylnaphthalene 

1-A-38 



REACTION NO. COMPONENTS 

4 

I0 

ii 

12 

13 

14 

15 

16 

17 

18 

19 

CH30H CO H2 
- i  1 2 

CH30H 
-2 

CH3OCH3 
-1 

:CH2 
-1 

:CH2 
- I  

:CH2 
-I 

:CH2 
-i 

:CH2 
-i 

:CH2 
-i 

:CH2 
-1 

:CH2 
-i 

:CH2 
-1 

C2H4 
-1 

C3H6 
-1 

C4H8 
-I 

CSHI0 
-i 

C3H7+ 
-I 

C4H9+ 
-i 

C4H9+ 
-i 

CH3OCH3 
i 

:CH2 
2 

CH30H 
-1 

CH30CH3 
-i 

CH3OCH3 
-1 

C2H4 
-i 

C3H6 
-I 

C4H8 
-I 

C5H10 
-I 

C6H12 
-i 

H2 
-i 

C2H5+ 
1 

C3H7+ 
i 

C4H9+ 
i 

C5H11+ 
i 

C3H6 
-i 

C2H4 
-i 

C3H6 
-1 

H20 
1 

H20 
I 

C2H4 
1 

C2H4 
i 

C3H6 
1 

C3H6 
i 

C4H8 
I 

C5HI0 
1 

C6H12 
1 

C7H14 
1 

CH4 
1 

C6H12 
i 

C6H12 
1 

C7H14 
i 

~-A-39 

H20 
1 

CH30H 
1 

H20 
1 



20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

CSHII÷ C2H4 C7H14 
-I -I 1 

C2H5+ C6H12 C2H6 
-I -i 1 

C2H5+ C7H14 C2H6 
-I -i i 

C3H7+ C6H12 C3H8 
-I -i I 

C3H7+ C7H14 C3H8 
-i -i 1 

C4H9+ C6H12 C4HI0 
-I -I 1 

C4H9+ C7H14 C4HI0 
-1 -I 1 

CSHII+ C6H12 C5H12 
-I -i 1 

C5H11+ C7H14 C5H12 
-i -i 1 

C3H7+ C6HI0 C6H8 
-I -I 1 

C3H7+ C7H12 C7HI0 
-I -i i 

C4H9+ C6H10 C6H8 
-i -I 1 

C4H9+ C7H12 C7H10 
-I -i 1 

C5Hl1+ C6HI0 C6H8 
-i -1 1 

C5Hl1+ C7H12 CTHI0 
-i -1 1 

C3H7+ C6H8 C6H6 
-I -i 1 

C3H7+ C7HI0 C7H8 
-1 -I 1 

C4H9+ C6H8 C6H6 
-i -i 1 

C4H9+ C7HI0 C7H8 
-1 -I 1 

C5HII+ C6H8 C6H6 
-i -i 1 

I-A-40 

C6H10 
1 

C7H12 
1 

C6HI0 
1 

C7H12 
1 

C6HI0 
1 

C7H12 
1 

C6HI0 
1 

C7H12 
i 

C3H8 
1 

C3H8 
1 

C4HIO 
1 

C4HI0 
1 

C5H12 
I 

C5H12 
1 

C3H8 
1 

C3H8 
1 

C4HI0 
I 

C4HI0 
I 

C5H12 
i 



40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

C5HII+ 
-i 

C6H6 
-2 

C6H6 
-2 

CH30H 
-I 

CH30H 
-i 

CH30H 
-i 

CH30H 
-I 

CH30H 
-i 

CH30H 
-I 

CH30H 
-i 

CH30H 
-i 

C5H12 
-i 

C4H10 
-I 

C3H8 
-i 

CH30H 
2 

C2H4 
I 

C3H6 
i 

C4H8 
I 

C5H10 
1 

C7HI0 
-i 

CIOH8 
I 

C9H8 
I 

C6H6 
-i 

C7H8 
-I 

C8HI0 
-i 

C9H12 
-I 

CIOHI4 
-I 

CIIHI6 
-i 

CIOH8 
-i 

CIIHI0 
-i 

C4H8 
I 

C3H6 
i 

C2H4 
I 

CH30CH3 
-i 

C2H5+ 
-I 

C3H7+ 
-i 

C4H9+ 
-I 

C5HII+ 
-i 

C7H8 
i 

C2H4 
1 

C2H4 
1 

C7H8 
1 

C8HI0 
1 

C9H12 
1 

CIOHI4 
1 

CIIHI6 
I 

C12H18 
i 

CIIHI0 
i 

C12H12 
i 

CH4 
i 

CH4 
1 

CH4 
1 

H20 
-I 

C5H12 
i 

C 
i 

H20 
1 

H20 
i 

H20 
I 

H20 
1 

H20 
1 

H20 
i 

H20 
1 

H20 
I 

I-A-4! 



REACTION NO. ABRHENIUS FREQENCY 
FACTOR 

ACTIVATION ENERGY 
kcal/kmol 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I0 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

0.II077E+04 

0.79426E+04 

0.35874E+02 

0.57935E+10 

0.I1667E+11 

0.51384E+I0 

0.19821E+11 

0.33339E+II 

0.38735E+11 

0. I1637E+12 

0.70579E+11 

0.12860E+12 

0.55023E-01 

0.80252E+00 

0.18221E+01 

0.25857E+01 

0.53104E+05 

0.53104E+05 

0.53104E÷05 

0.53104E+05 

0.39239E+06 

0.17585E+07 

0.39239E+06 

0.17585E+07 

0.39239E+06 

0.17585E+07 

0.39239E+06 

0.17585E+07 I-A-42 

0.99952E+04 

0.39981E+03 

0.21989E+04 

0.00000E+00 

O.O0000Z+O0 

O.O0000E+O0 

0.00000E+00 

0.00000E+00 

O.O0000E+O0 

0.00000E+00 

0.00000E÷00 

0.00000Z+00 

0.49976E+03 

0.29986E+03 

0.19967E+03 

0.19967E+03 

0.00000E+00 

O.O0000E+O0 

0.O0000E+00 

O.O0000E+O0 

0.00000E+00 

0.00000E+00 

0.O0000E+O0 

0.00000E+O0 

0.00000E+O0 

0.00000E+00 

0.00000E+00 

0.O0000E+O0 



29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

0.35321E+08 

0.35321E+08 

0.35321E+08 

0.35321E+08 

0.35321E+08 

0.35321E+08 

0.31795E+10 

0.31795E+10 

0.31795E+10 

0.31795E+10 

0.31795E+I0 

0.31795E+10 

0.83226E+13 

0.28547E+13 

0.18535E+06 

0.44686E+06 

0.32775E+06 

0.29954E+06 

0.22866E+06 

0.14952E+04 

0.44686E+06 

0.11242E+06 

0.25393E+08 

0.19529E+09 

0.26825E+I0 

0.26704E+04 

0.36693E+01 

0.36693E+01 

0.36693E+01 

0.36693E+01 

I-A-43 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

O.O0000E+O0 

0.00000E+00 

O.O0000E+O0 

O.O0000E+O0 

0.19967E+05 

0.29986E+05 

0.40980E+04 

0.36982E+04 

0.32984E+04 

0.31985E+04 

0.30985E+04 

0.36982E+04 

0.39531E+04 

0.38481E+04 

0.22989E+05 

0.26187E+05 

0.29486E+05 

0.59971E+03 

O.O0000E+O0 

0.O0000E+00 

0.00000E+00 

0.00000E+00 



SPECXE5 XD MOLECULAR t iT .  CPA CPB CPC CPD HEAT OF FORNATXON 
k c a l / k m o l  

~-4 
I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

0 . 3 2 0 0 0 E + 0 2  

0 . 2 8 0 0 0 E * 0 2  

0 . 2 0 0 0 0 E * 0 1  

0 . 4 6 0 0 0 E + 0 2  

0 . 1 8 0 0 0 E 4 0 2  

0 . 1 4 0 0 0 E ÷ 0 2  

0 . 2 8 0 0 0 E + 0 2  

0 . 4 2 0 0 0 E ÷ 0 2  

0 . 5 6 0 0 0 E + 0 2  

O.?O000E+02 

0 . 8 4 0 0 0 E * 0 2  

0 . 9 8 0 0 0 E + 0 2  

0 . 1 8 0 0 0 E ÷ 0 2  

0 . 2 9 0 0 0 E + 0 2  

0 . 4 3 0 0 0 E + 0 2  

0 . 5 7 0 0 0 E + 0 2  

0 . 7 1 0 0 0 E * 0 2  

0 . 8 2 0 0 0 E + 0 2  

0 . 3 0 0 0 0 E + 0 2  

0 . 9 6 0 0 0 E ÷ 0 2  

0 . 4 4 0 0 0 E + 0 2  

0 . 5 8 0 0 0 E + 0 2  

0 . ~ 2 0 0 0 E + 0 2  

0 . 8 0 0 0 0 E ÷ 0 2  

0 . 9 4 0 0 0 E + 0 2  

0 . 9 2 0 0 0 E ÷ 0 2  

0 . 7 8 0 0 0 E + 0 2  

0 . 1 2 8 0 0 E + 0 3  

0 . 5 0 5 2 0 E + 0 1  

0 . 7 3 7 3 0 E + 0 1  

0 . 6 4 8 3 0 E + 0 1  

0 . 4 0 6 4 0 E + 0 1  

0 . 7 7 0 1 0 E + 0 1  

O.52f f60E+O0 

O. 90900E+00 

O. 88800E+00 

- 0 . 7 1 5 0 0 E ÷ 0 0  

- 0 .  32000E-01  

- 0 . 4 1 7 0 0 E + 0 0  

- 0 .  78900E+00 

0 . 4 5 9 8 0 E + 0 1  

0 . 1 1 3 5 3 E ÷ 0 1  

0 . 1 5 2 9 8 E + 0 1  

0 . 1 9 2 4 3 E + 0 1  

0 . 2 3 1 8 8 E + 0 1  

0 . 1 3 4 3 8 E + 0 1  

0 . 1 2 9 2 0 E + 0 1  

0 . 1 7 3 8 1 E + 0 1  

- 0 . 1 0 0 9 0 E + 0 1  

0 . 2 2 6 6 0 E + 0 1  

- 0 . 8 6 8 0 0 E + 0 0  

- 0 . 1 3 8 5 5 E + 0 2  

- 0 . 1 1 2 1 8 E + 0 2  

- 0 . 5 8 1 7 0 E ÷ 0 1  

- 0 . 8 1 0 1 0 E + 0 1  

- 0 . 1 8 4 3 3 E ÷ 0 2  

0 . 1 6 9 4 0 E - 0 1  

- 0 . 3 0 7 0 0 E - 0 2  

0 . 2 2 1 5 0 E - 0 2  

0 . 4 2 7 7 0 E - 0 1  

0 . 4 5 9 5 0 E - 0 3  

0 . 1 8 3 5 7 E - 0 1  

0 . 3 7 4 0 0 E - 0 1  

0 . 5 6 0 2 0 E - 0 1  

0 . 8 4 3 8 0 E - 0 1  

0 . 1 0 3 4 0 E + 0 0  

0 . 1 2 8 8 0 E + 0 0  

0 . 1 5 0 4 0 E + 0 0  

0 . 1 2 4 5 0 E - 0 1  

0 . 3 9 7 9 0 E - 0 1  

0 . 6 1 1 5 3 E - 0 1  

0 . 8 2 5 2 0 E - 0 1  

0 . 1 0 3 8 8 E + 0 0  

0 . 1 1 1 8 9 E + 0 0  

0 . 4 2 5 4 0 E - 0 1  

0 . 1 3 3 2 5 E + 0 0  

0 . 7 3 1 5 0 E - 0 1  

0 . 7 9 1 3 0 E - 0 1  

0 . 1 1 6 4 0 E + 0 0  

0 . 1 4 1 0 8 E + 0 0  

0 . 1 5 8 3 0 E + 0 0  

0 . 1 2 2 4 0 E + 0 0  

0 , 1 1 3 3 0 E ÷ 0 0  

OA20300E+O0 

0 . 8 1 7 9 0 E - 0 5  

0 . 8 6 8 2 0 E - 0 5  

- 0 . 3 2 9 8 0 E - 0 5  

- 0 . 1 2 5 0 0 E - 0 4  

0 . 2 5 2 1 0 E - 0 5  

- 0 . 9 5 4 0 0 E - 0 5  

- 0 . 1 9 9 4 0 E - 0 4  

- 0 . 2 7 7 1 0 E - 0 4  

- 0 . 4 7 5 4 0 E - 0 4  

- 0 . 5 5 3 4 0 E - 0 4  

- 0 . 6 4 9 0 0 E - 0 4  

- 0 . 8 3 8 8 0 E - 0 4  

0 . 2 8 6 0 0 E - 0 5  

- 0 . 1 8 0 6 0 E - 0 5  

- 0 . 3 0 0 3 0 E - 0 4  

- 0 . 4 2 0 0 0 E - 0 4  

- 0 . 5 3 9 7 5 E - 0 4  

- 0 . 8 2 3 0 0 E - 0 4  

- 0 . 1 6 5 7 0 E - 0 4  

- 0 . 7 4 2 7 0 E - 0 4  

- 0 . 3 7 8 9 0 E - 0 4  

- 0 . 2 6 4 7 0 E - 0 4  

- 0 . 6 1 6 3 0 E - 0 4  

- 0 . 9 0 2 7 0 E - 0 4  

- 0 . 9 8 9 1 0 E - 0 4  

- 0 . 6 8 0 5 0 E - 0 4  

- 0 . 7 2 0 6 0 E - 0 4  

- 0 . 1 5 5 4 0 E - 0 3  

- 0 . 6 8 1 1 0 E - 0 8  

- 0 . 3 0 3 7 0 E - 0 8  

0 . 1 8 2 6 0 E - 0 8  

- 0 . 4 5 8 0 0 E - 0 9  

- 0 . 8 5 9 0 0 E - 0 9  

0 . 1 9 5 0 0 E - 0 7  

0 . 4 1 9 2 0 E - 0 8  

0 . 5 2 6 6 0 E - 0 8  

0 . 1 0 6 6 0 E - 0 7  

0 . 1 1 1 8 0 E - 0 7  

0 . 1 1 5 3 0 E - 0 7  

0 . 1 8 1 7 0 E - 0 7  

- 0 . 2 7 0 3 0 E - 0 8  

0 . 1 3 3 0 0 E - 0 7  

0 . 1 5 8 9 6 E - 0 7  

0 . 1 8 4 9 2 E - 0 7  

0 . 2 1 0 8 8 E - 0 7  

0 . 1 3 4 5 2 E - 0 7  

0 . 2 0 8 1 0 E - 0 8  

0 . 1 6 0 5 0 E - 0 7  

0 . 7 8 7 8 0 E - 0 8  

- 0 . 6 7 4 0 0 E - 0 9  

0 . 1 2 6 7 0 E - 0 7  

0 . 2 1 6 7 3 E - 0 7  

0 . 3 3 5 8 2 E - 0 7  

0 . 1 1 7 3 0 E - 0 7  

0 . 1 7 0 3 0 E - 0 7  

0 . 4 7 3 1 0 E - 0 7  

- 0 . 4 8 0 8 0 E ÷ 0 5  

- 0 . 2 6 4 2 0 E + 0 5  

O.O0000E+O0 

- 0 . 4 3 9 9 0 E + 0 5  

- 0 .  57800E÷05  

O. 81900E+04  

O. 12500E+05 

0 . 4 8 8 0 0 E + 0 4  

- 0 . 3 0 0 0 0 E + 0 2  

- 0 . 5 0 0 0 0 E + 0 4  

- 0 . 1 2 5 1 0 E + 0 5  

- 0 . 1 4 8 9 0 E + 0 5  

- 0 . 1 7 8 9 0 E + 0 5  

- 0 . 4 0 6 0 0 E + 0 4  

- 0 . 9 0 0 0 0 E + 0 4  

- 0 . 1 3 9 4 0 E ÷ 0 5  

- 0 . 1 8 8 8 0 E ÷ 0 5  

0 . 2 0 0 0 0 E + 0 5  

- 0 . 2 0 2 4 0 E ÷ 0 5  

0 . 1 5 2 2 0 E + 0 5  

- 0 . 2 4 8 2 0 E + 0 5  

- 0 . 3 0 t 5 0 E + 0 5  

- 0 . 3 5 0 0 0 E + 0 5  

0 . 2 5 2 8 0 E + 0 5  

0 . 2 2 8 7 0 E + 0 5  

0 . 1 1 9 5 0 E + 0 5  

0 . 1 9 8 2 0 E + 0 5  

0 . 3 6 0 8 0 E ÷ 0 5  



29 

:30 

31 

32 

33 

34 

35 

36 

37 

0.11ROOE~03 

0 .  t2000E~02 

0 . 1 0 6 0 0 E ÷ 0 3  

0 . 1 2 0 0 0 E ÷ 0 3  

0 . 1 3 4 0 0 E ÷ 0 3  

0.14hOOEY03 

0 .18200E+03  

0 .14200E~03  

0 .15600E+03  

-0 .1R43RE+02 

0 . 4 ~ 4 4 0 E ~ 0 !  

-0,37860E-e01 

-0 .11150E÷01  

O.39400E+01 

-0 .53552E÷01  

-0 .40776E+01  

- 0 . 1 5 4 8 2 E ÷ 0 2  

- 0 . 1 0 0 5 9 E + 0 2  

O.~0300E+O0 

O.O0000E+O0 

0 .14240E+00  

0 .14900E÷00  

0 .15570E÷00  

0 .20211E÷00 '  

0 .21955E+00  

0 .22420E+00  

0 .21241E+00  

- 0 . 1 ~ 5 4 0 E - 0 3  

O.O0000E400 

- 0 . 8 2 2 4 0 E - 0 4  

- 0 . 7 7 9 3 0 E - 0 4  

- 0 . 6 0 7 6 0 E - 0 4  

-O. IOR3nE-03 

- 0 . 1 1 5 2 6 E - 0 3  

- 0 . 1 6 5 n O E - 0 3  

- 0 . 1 2 9 5 0 E - 0 3  

0 . 4 7 3 1 0 E - 0 7  

O.O0000E~O0 

0 .179ROE-07  

0 . 1 5 2 3 0 E - 0 7  

0 . 7 7 7 9 0 E - 0 8  

0 . 7 3 0 3 0 E - 0 7  

O . n 4 0 5 4 E - 0 7  

0 . 4 8 1 4 0 E - 0 7  

0 . 5 0 1 7 2 E - 0 7  

0.380hOE+05 

O.O0000E÷O0 

0 .45400E~04  

-0 .33300E+04  

- 0 . 1 0 n 2 0 E ÷ 0 5  

- 0 . 2 0 2 3 0 E ~ 0 5  

- 0 . 2 8 2 0 0 E + 0 5  

0 .27930E+05  

0 ,19180E+05  

I-I 
I 

¢,, 
t,n 



LIST OF INPUT DATA: 

INLET TEMPERATURE TO DEHYDRATION REACTOR (K) 
INLET TEMYERATURE TO MTG REACTOR (K) 
OPERATING PRESSURE (arm) 
RECYCLE RATIO (mol recycle gas/mol MeOH £eed) 
FEED RATE OF METHA~NOL (kg/sec) 
FEED RATE OF WATER (kg/sec) 
LENGTH OF REACTOR (m) 
DIAMETER OF REACTOR (m) 

603.15000 
615.37222 

19.02721 
3.30000 
0.00012 
0.00002 
0.23950 
0.03300 

COMPOSITION OF RECYCLE GAS IN MOLE FRACTION 

METHANE 
HYDROGEN 
CARBON MONOXIDE 
PROPYLENE 
PROPANE 
ETHYLENE 
ETHANE 

0 40 
0 I0 
0 i0 
0 I0 
0 I0 
0 I0 
0 i0 

I -A-46 



CONDITIONS AT EXIT OF DEHYDRATION REACTOR: 

EXIT TEMPERATURE FROM DEHYDRATION REACTOR (K) 

EQUILIBRIUM METHANOL CONVERSION IN DEHYDRATION REACTOR (%) 

FLOW RATE OF METI4_~OL (kmol/s) 

FLOW RATE OF DME (kmol/s) 

FLOW RATE OF WATER (kmol/s) 

696.04395 

76.46770 

.8918374E-06 

.1449003E-05 

.2829003E-05 

I-A-47 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X " 0.000 TEMPERATURE ~ 615.37222 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 6.43100 
Carbon Monoxide 7.89107 
Hydrogen 0.56365 
Dimethylether 15.02000 
Water 11.47489 
Ethylene 7.89107 
Propylene 11.83661 
l-Butene 0.00000 
l-Pentene 0.00000 
l-Hexene 0.00000 
l-Heptene 0.00000 
Methane 18.03674 
1,5-Hexadiene 0.00000 
Ethane 8.45472 
1,6-Heptadiene 0.00000 
Propane 12.40026 
n-Butane 0.00000 
n-Pentane 0.00000 
1,3-cyclohexadiene 0.00000 
1,3-cycloheptadiene 0.00000 
Toluene 0.00000 
Benzene 0.00000 
Naphthalene 0.00000 
Aromat i c  compound 0.00000 
carbon 0.00000 
o-xylene 0.00000 
1,2,4-trimethylbenzene 0.00000 
1,2,4,5-tetramethylbenzene 0.00000 
1,2,4,5,6-pentamethylbenzene 0.00000 
1,2,3,4,5,6-hexamethylbenzene 0.00000 
l-methylnaphthalene 0.00000 
1,2-dlmethylnaphthalene 0.00000 

HYDROCARBON DISTRIBUTION ON WATER 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

FREE BASIS 

22.28484 
43 .93297 
0.00000 

I-A-48 



TEMPERATURE ~ND WEIGHT PERCENT OF SPECIES 

X = 0.!00 TEMIERATURE = 704.73718 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 5.95009 
Carbon Monoxide 8.26504 
Hydrogen 0.27249 
Dimethy!ether 6.59213 
Water 14.80284 
Ethylene 8.10305 
Propy!ene 10.07161 
l-Butene 2.66401 
l-Pentene 0.34828 
l-Hexene 0.70105 
l-Heptene 0.22541 
Methane 21.15327 
1,5-Hexadiene 0.00938 
Ethane 8.48784 
1,6-Heptadlene 0.01319 
Propane 11.75799 
n-Butane 0.09121 
n-Pentane 0.01755 
1,3-cyclohexad~ene 0.00010 
1,3-cycloheptadiene 0.00014 
Toluene 0.00813 
Benzene 0.00775 
Naphthalene 0.00133 
Aromatic compound 0.00001 
carbon 0.00000 
c-xylene 0.00947 
1,2,4-trimethylbenzene 0.01078 
1,2,4,5-tetramethylbenzene 0.01443 
1,2,4,5,6-pentamethylbenzene 0.35817 
1,2,3,4,5,6-hexamethylbenzene 0.02443 
l-methylnaphthalene 0.00499 
1,2-dimethy~naphthalene 0.02989 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

25.98236 
48.71977 

0.55092 

I-A-49 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X = 0.200 TEMPERATURE = 730.46444 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Hethanot 4.35988 
Carbon Monoxide 8.71097 
Hydrogen 0.20774 
Dimethytether 3.11258 
Water 16.77223 
Ethylene 9.52376 
Propylene 9.10728 
l-Butene 3.48747 
1-Pentene 0.63552 
l-Hexene 1.04343 
l-Heptene 0.40272 
Methane 23.33448 
1,5-Hexadiene 0.01385 
Ethane 8.52298 
1,6-Heptadiene 0.02406 
Propane 9.09177 
n-Butane 0.31864 
n-Pentane 0.08179 
1,3-cyclohexadiene 0.00015 
1,3-cycloheptadiene 0.00026 
Toluene 0.01268 
Benzene 0.00803 
Naphthalene 0.00293 
Aromatic compound 0.00003 
carbon 0.00000 
o-xylene  0.01496 
1,2,4-trimethylbenzene 0.01712 
1,2,4,5-tetramethylbenzene 0.02307 
1,2,4,5,6-pentamethylbenzene 0.92859 
1,2,3,4,5,6-hexamethylbenzene 0.i1849 
l-methylnaphthalene 0.01106 
1,2-dimethylnaphthalene 0.10822 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT 0LEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

29.12309 
49.68254 
1.49610 

I-A-50 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X = 0.300 TEMPERATURE = 735.91673 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 3.12931 
Carbon Monoxide 9.06266 
Hydrogen 0.20259 
Dimethylether 1.50736 
Water 17.86647 
Ethylen~ 11.07319 
Propy!ene 8.54527 
l-5utene 3.53741 
i-Pentene 0.6.9190 
!-Hexene 1.26257 
l-Heptene 0.43643 
MethAne 24.96464 
1,5-Hexadiene 0.01749 
Ethane 8.56283 
1,6-Heptadiene 0.02755 
Propane 6.39341 
n-Butane 0.52043 
n-Pentane 0.14515 
1,3-cyclohexadiene 0.00019 
1,3-cycloheptadiene 0.00030 
Toluene 0.01682 
Benzene 0.00894 
N~phth~lene 0.00545 
Aromatic compound 0.00006 
carbon 0.00001 
c-xylene 0.01989 
1,2,&-trlmethylbenzene 0.02277 
1,2,4,5-tetramethylbenzene 0.03071 
1,2,4,5,6-pentamethylbenzene 1.46668 
1,2,3,4,5,6-hexamethylbenzene 0.24277 
l-methylnaphthalene 0.02026 
1,2-dim~thylnaphthalene 0.21550 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT ~OMATiCS 

31. 15938 
49.41522 
2. 49576 

i-A-5i 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X = 0.400 TEMPERATURE = 737.25428 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 2.21006 
Carbon Monoxide 9.31422 
Hydrogen 0.21195 
Dimethylether 0.72739 
Water 18.52703 
Ethylene 12.25055 
Propylene 8.12156 
l-Butene 3.32542 
l-Pentene 0.64354 
l-Hexene 1.40491 
1-Heptene 0.39518 
Methane 26.08731 
1,5-Hexadiene 0.02046 
Ethane 8.60695 
1,6-Heptadiene 0.02641 
Propane 4.48797 
n-Butane 0.65288 
n-Pentane 0.18501 
1,3-cyclohexadiene 0.00022 
1,3-cycloheptadiene 0.00029 
Toluene 0.02071 
Benzene 0.00986 
Naphthalene 0.00950 
Aromatic compound 0.00010 
carbon 0.00001 
o-xylene 0.02447 
1,2,4-trimethylbenzene 0.02798 
1,2,4,5-tetramethylbenzene 0.03768 
1,2,4,5,6-pentamethytbenzene 1.92438 
1,2,3,4,5,6-hexamethylbenzene 0.36419 
l-methylnaphthalene 0.03431 
1,2-dimethylnaphthalene 0 .34462  

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

32.14384 
49.12073 
3.43402 

I-A-52 



TEMPERATURE ~_ND WEIGHT PERCENT OF SPECIES ALONG REACTOR 

X = 0.500 TEMPERATURE = 737.88206 K 

SPECIES NAME WEIGHT PERCENT 

LENGTH 

Methanol 
Carbon Monoxide 
Hydrogen 
Dimethylether 
Water 
Ethylene 
Propylene 
l-Butane 
i-Pentene 
!-Hexene 
l-Heptene 
Methane 
1,5-Hexadiene 
Ethane 
1,6-Heptadlene 
Propane 
n-Butane 
n-Pentane 
1,3-cyclohexadlene 
1,3-cycloheptadiene 
Toluene 
Benzene 
Naphthalene 
Aromatic compound 
carbon 
o-xylene 
!,2,4-trimethylbenzene 
1,2,4,5-tetramethylbenzene 
1,2,4,5,6-pentamethylbenzene 
1,2,3,4,5,6-hexamethylbenzene 
l-m~thylnaphthalene 
1,2-dimethylnaphthalene 

1.52168 
9.48878 
0.22393 
0.33887 

18.95406 
13.10991 
7.74659 
3.03387 
0.56121 
1.50346 
0.33128 

26.87060 
0.02307 
8.65418 
0.02342 
3.22350 
0.72229 
0.20155 
0.00025 
0.00025 
0.02474 
0.01064 
0.01596 
0.00015 
0.00002 
0.02912 
0.03317 
0.04449 
2.29446 
0.46708 
0.05529 
0.48931 

HYDROCARBON DISTRIBUTION 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROiI~TICS 

ON WATER FREE BASIS 

32. 49183 
48.95017 
4.27463 

!-A-53 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X ~ 0.600 TEMPERATURE ffi 738.52277 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 1.00517 
Carbon Monoxide 9.60628 
Hydrogen 0.23467 
Dimethylether 0.14687 
Water 19.24419 
Ethylene 13.74935 
Propylene 7.39683 
l-Butene 2.73092 
1-Pentene 0.47455 
1-Hexene 1.57148 
l-Heptene 0.26913 
Methane 27.44086 
1,5-Hexadiene 0.02544 
Ethane 8.70366 
1,6-Heptadiene 0.02011 
Propane 2.38439 
n-Butane 0.74364 
n-Pen tane  0.20077 
1,3-:yclohexadiene 0.00028 
1,3-cycloheptadiene 0.00022 
Toluene 0.02964 
Benzene 0.01122 
Naphthalene 0.02641 
Aromatic compound 0.00020 
carbon 0.00002 
o-xylene 0.03454 
1,2,4-trimethylbenzene 0.03900 
1,2,4,5-tetramethylbenzene 0.05184 
1,2,4,5,6-pentamethylbenzene 2.58278 
1,2,3,4,5,6-hexamethylbenzene 0.54609 
l-methylnaphthalene 0.08580 
1,2-dimethylnaphthalene 0.64086 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

32.49091 
48.87986 
5.01314 

I-A-54 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH 

X = 0.700 TEMPERATURE = 739.32211 K 

SPECIES N~E WEIGHT PERCENT 

M~thanol 0.62022 
Carbon Monox{de 9.68158 
Hydrogen 0.24286 
Dimethy!ether 0.05617 
Water 19.44780 
Ethylene 14.23913 
Propylene 7.06683 
l-Butene 2.44314 
l-Pentene 0.39507 
l-Hexene 1.61352 
l-Heptene 0.21708 
Methane 27.87690 
1,5-Hexadiene 0.02759 
Ethane 8.75479 
1,6-Heptadiene 0.01713 
Propane 1.82051 
n-Butane 0.73114 
n-Pentane 0.18883 
1,3-cyclohexad~ene 0.00030 
1,3-cycloheptad£ene 0.00019 
Toluene 0.03673 
Benzene 0.01160 
Naphthalene 0.04387 
Amomat£c compound 0.00026 
carbon 0.00003 
o-xylene 0.04186 
1,2,4-trimethylbenzene 0.04638 
1,2,4,5-tetramethylbenzene 0.06052 
1,2,4,5,6-pentamethylbenzene 2.79798 
1,2,3,4,5,6-hexamethy!benzene 0.60131 
i-methylnaphthalene 0.12889 
1,2-d£methylnaphthalene 0.78707 

HYDROC~BON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PAR~2FINS 
WT. PERCENT ARO~.TICS 

32.30200 
48.87783 
5.65653 

Z-A-55 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X 0.800 TEMPERATURE = 740.24221 K 

SPECIES NAME WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 
Carbon Monoxide 
Hydrogen 
Dimethylether 
Water 
Ethylene 
Propylene 
l-Butene 
l-Pentene 
l-Hexene 
l-Heptene 
Methane 
1,5-Hexadiene 
Ethane 
1,6-Heptadiene 
Propane 
n-Butane 
n-Pentane 
1,3-cyclohexadiene 
1,3-cycloheptadiene 
Toluene 
Benzene 
Naphthalene 
Aromatic compound 
carbon 
o-xylene 
1,2,4-trimethylbenzene 
1,2,4,5-tetramethylbenzene 
1,2,4,5,6-pentamethylbenzene 
1,2,3,4,5,6-hexamethylbenzene 
l-methylnaphthalene 
1,2-dimethylnaphthalene 

0.34230 
9.72601 
0.24829 
0.01739 
19.59075 
14.62580 
6.75449 
2.18006 
0.32651 
1.63235 
0.17600 

28.22622 
0.02951 
8.80718 
0.01467 
1.43582 
0.69635 
0.17069 
0.00032 
0.00016 
0 04859 
0 01179 
0 07462 
0 00032 
0 00003 
0 05253 
0 05597 
0.07066 
2.94731 
0.63572 
0.18639 
0.91251 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

32.01108 
48. 92008 
6.21372 

I-A-56 



TEMPERATURE 

X = 0.900 

SPECIES N~_ME 

~D WEIGHT PERCENT OF SPECIES ALONG REACTOR 

TEMPERATURE = 741.17266 K 

WEIGHT PERCENT 

LENGTH 

Methanol 0.15799 
Carbon Monoxide 9.74888 
Hydrogen 0.25130 
Dimethylether 0.00383 
Water 19.68503 
Ethylene 14.93961 
Propylene 6.45864 
l-5utene 1.94351 
l-Pentene 0.26907 
l-Hexene 1.63020 
l-Heptene 0.14428 
Methane 28.51759 
1,5-Hexadiene 0.03120 
Ethane 8.86057 
1,6-Heptadlene 0.01271 
Propane 1.16952 
n-Butane 0.64826 
n-Pentane 0.14995 
1,3-cyclohexadiene 0.00034 
1,3-cycloheptadiene 0.00014 
Toluene 0.06946 
Benzene 0.01183 
Naphthalene 0.13014 
Aromatic compound 0.00039 
carbon 0.00004 
o-xylene 0.06735 
!,2,4-tr~methylbenzene 0.06712 
1,2,4,5-tetramethylbenzene 0.08079 
1,2,4,5,6-pentamethylbenzene 3.03711 
1,2,3,4,5,6-hexamethylbenzene 0.65398 
l-methylnaphthalene 0.25431 
1,2-dlmethylnaphthalene 1.00223 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFiNS 
WT. PERCENT PAF~.FFiNS 
WT. PERCENT AROMATICS 

3 i. 66247 
48.98948 
6.69203 

I-A-57 



TEMPERATURE AND WEIGHT PERCENT OF SPECIES 

X = 1 . 0 0 0  TEMPERATURE = 7 4 1 . 9 9 9 3 5  K 

SPECIES NAHE WEIGHT PERCENT 

ALONG REACTOR LENGTH 

Methanol 0.05594 
Carbon Monoxide 9.75841 
Hydrogen 0.25261 
Dimethylether 0.00051 
W a t e r  1 9 . 7 3 7 6 0  
Ethylene 15.20095 
Propylene 6.17718 
l-Butene 1.73209 
l-Pentene 0.22161 
l-Hexene 1.60976 
1 - H e p t e n e  0.11958 
Methane 28.76809 
1,5-Hexadiene 0.03269 
Ethane 8.91475 
1,6-Heptadien¢ 0.01116 
Propane 0.98274 
n-Butane 0.59372 
n-Pentane 0.12904 
1,3-cyclohexadiene 0.00035 
1,3-cycloheptadiene 0.00012 
Toluene 0.10425 
Benzene 0.01177 
Naphthalene 0.22542 
Aromatic compound 0.00046 
carbon 0.00005 
o-xylene 0.08371 
1,2,4-trimethylbenzene 0.07657 
1,2,4,5-tetramethylbenzene 0.08791 
1,2,4,5,6-pentamethylbenzene 3.07921 
1,2,3,4,5,6-hexamethylbenzene 0.66169 
l-methylnaphthalene 0.31685 
1,2-dimethylnaphthalene 1.05062 

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS 

WT. PERCENT OLEFINS 
WT. PERCENT PARAFFINS 
WT. PERCENT AROMATICS 

3 1 . 2 7 9 2 7  
49 .  07446  

7 . 0 9 9 7 7  

I-A-58 


