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I-A-1 User Manual for MTG
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User Manual for MTG

Use of Simulator

INPUT.FOR.

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 (psig)

Reactor Temperature (deg F)

Charge rate of methanol (ml/hr)

Catalyst Properties
Voidage at minimum fluidization

velocity at minimum fluidization (cm/sec)

Physico-Chemical Parameter

Diffusivity of gas (cmz/sec)

To use the simulator,

The above input data are entered via an interactions program,

in the mathematical library at the University of Pittsburgh 1s used, the

I-A-4

A file called FB.DAT 1s created on executing thils 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

program is executed by invoking the command, EX FBMODL.FOR, MTH:COLSYS.REL.



The following subroutines are used in the simulator

SUBROUTINE PURPOSE

INPUT A Reads input data, calculates transfer
coefficients.

FSUB Evaluates the differential equations

DFSUB Evaluates the Jacobian of the differential
equation

GSUB Evaluates the boundary conditions

DGSUB 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, comversion
of methanol and dimensionless concentrations of A (methanol and
dimethylether), B (olefins) and C (paraffins and aromatics) at the exit. A
typicel 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)
Dizmeter 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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The 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

nmode. 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 PURPOSE

INPUT reads in 1input data

FCNI1 Evaluates the differential equations

HEAT Evaluates the heat of formation and specific

heats of reacting species at reaction temperature

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

The subroutine FCNl 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: OUTPT].DAT
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Input data: DATA.DAT

Physico-chemical and kinetic data: PARAM,.DAT

Note that the rezsctor can be simulated either as an isotherml or an adiabatic

reactor.
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I-A-2 Program Listing - Input Data to Fluidized Bed

Reactor Module
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o000 0

This pregram is ussd to input data to the main simulation
reutine. It is intzrastive and creates an input file calied FE.DAT
en exzcution. Input data are entersd in fras format.

T N L e 7 D e e ey D Y D 46 S T e = P P W A -

IMPLICIT RZAL*E(A-H,0-2)
CHARACTER=20 NAME
OPEN (UMNIT=20,FILE=/FB.DAT’)

WRITZ(E, 10)

10 FORMAT(SX, 'ENTER THE RUM MUMBER FROM THE MOBIL REPORT / $)
RZAD(E.20) NavEz
WRITE(20,20) NANME

20 FORGAT (A20)
WRITE(E,50)
g0 - FORMAT(//SX, 'ENTER THE FOLLOWING PARAMETERS IN FREE FORMAT/,/,

= BX,/LEMNGTH OF REACTOR (cm) /,/,
= EX,'DIAMSTER OF RZACTOR (em) ‘,/,
* BX,/DIFFUSIVITY OF GAS (em==2/s2c)’,/)
READ(E,=) AL,DT,DG
WRITE(E, 100)
100 FORMAT(//SX, 'ENTER THE FOLLOWING PARAMETERS IN FREE FORMAT/,/,
SX,’VOIDAGE AT MININUM FLUIDIZATION',/,
EX, 'VELOCITY AT RIMIMUY FLUIDIZATION (em/szz) /,/,
BX, 'REACTOR PRISSURE (psig)’,/,
EX, 'REACTCR TEMPZRATURE (dag F) 7./,
EX, ‘CHARGE RATE (ml/kr) /,/)
READ(S,=) EMF,UNF,PT,TENP,CHG
PT=(PT+14.7)/14.7
TEYP=(TENF~32.)=5./8.4+273.
REON=0.782 I DEMSITY OF METHAMOL AT METERING CONDITIGNS
CHE=CHG=RHOM/3800. | CONYERT CHARGE RATE TO cm/sec
REOV=PT=32./82.C3/TEMP | DEMSITY OF VAPOR AT REACTOR CONDITIONS
PI=3.1418
AREA=PI=DT==2./4,
U=CHE/R=0Y/AREA
CAD=RROY/32.
A=EXP(1B.2083)
AX1=A>DEXP(-10333. /TEXR)
AK2=0.88
WRITE(20,%) U,UN? EMF,AL,DG,AK1,AX2,D7,CAC, TEYR,PT
WRITE(8,S98)
gs FORMAT(//BX, /INPUT DATA HAVE BZEM ENTERED IM FILE FB.DAT’,/,
*  BX,’FLUIDIZED BED MODIL CAM NGY BE RUN/,//)
CLOSE(UNIT=20)
ToR
END

HOoH OB N N
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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-231-1-2

ENTER THE FOLLOWING PARAMETERS IN FREE FORMAT
LENGTH OF REACTOR (em)

DIAMETER OF REACTOR (em)

DIFFUSIVITY OF GAS (em™*2/sec)

>762. 10.12 0.18

ENTER THEE FOLLOWING PARAMETERS IN FREE FORMAT
VOIDAGE AT MINIMUM FLUIDIZATION

VELOCITY AT MINIMUM FLUIDIZATION (cm/sec)
REACTOR PRESSURE (psig)

REACTOR TEMPERATURE (deg F)

CHARGE RATE (ml/hr)

>0.53 0.15 25. 751, 22463,

INPUT DATA HAVE BEEN ENTERED IN FILE FB.DAT
FLUIDIZED BED MODEL CAN NOW BE RUN
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I-A-4 Program Listing - Fluidized Bed Reactor Module
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10

31

23

FLUIDIZED BED REACTOR MODIL USING FRYZR-POTTER’S
COUMTERCURREINT BACKMIXING KODEL

--—-------.---_----—-————-—----------------—----—------—--—----,—-

Tro Bzurdary valuo ODZ‘s aro ssived using tho sofivare
paskaga COLSYS. Feor doialis on COLSYS ang its pararators tho
raacor is roforred to tho papor by Caristianzson e:. ail. (ACH
Transastions en Mathomatical Seftwars, vol.z, 225(19881)).

INFLICIT REAL=E(A-H,5-2)

DIMINSICN FSPACE(2C0LD),ZETA(S),TOL(9),2(9), ISPACE(2C0D),
M(8),IPAR{11),LTCL(S)

EXTERMAL F3SUE,DFSU3, GSUS, DESUS, CUYY

CO=LN /MYD/ EF32,F9,UD,UGR0,UGEH, U

COSSCH /CQl/ CAD,C2D,CCD, AL

OFEN (UMIT=23,FILE=/CUTFUT.DAT/)
CALL INPLT
NCOEP =8

Lo 10 I=1,KCOP
M(I)=1
ALEFT=0.00
ARICHT=1.00

LS 12 I=1.,8
ZZTA(I)=0.00

&g 13 1=7,8
ZETA(I)=1.D0

EC 11 I=1,11
IPAR(1I)=D

IPAR(4)=23
IPAR(S)=2CLC0
IPAR(8)=20C0
IPAR(7)=1

Lo 4 1=1,8
LTOL(1I)=2
TOL(I)=1.0D-4

CALL COLSYS(MCOSP, M, ALEFT, ARICHT,ZETA, IPAR, LTOL, TOL,
FIXFNT, ISPACE, FSPACE, IFLAG, FSU3, DFSU2, GSUB, CESUS, BLINSY)

IF(IFLAG.NZ.1) €3 TO 83

WRITE(23,29)

FORT( 17,84, 'DINZNSICNLESS CONCENTRATICN PROFILES GF ALB & c’,
///,T10,7X7,T20, 'CA/, T30, 'CR’, 74D, 'CT’, //)

X=0.0

L0 31 I=t,11

CALL APPSLN(X,2,FSPACE, ISPACE)

WRITE(2E,27) X,2(1),2(4),2(7)

X=X+0.1

COMTINUS

CA=(UG20=2( 1)+(UD-UB2D)22(2))/US

Ca=(UG20+2(4)+(UT-US2D)=Z(8))/US

CC=(UG20=2(7)+(UD-UE20)=2(8) ) /UB

COMYMa (CAD-CA) /CAD

WRITE(25,28) Ca,C3,C0,Comv

FORAAT(//5X, EXIT COMOCINTRATIONS GF A,B AND c’,/,%5%,38(X,Fi2.8),
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1
27
1]

10

10

20

//,8X, 'CONVERSION OF METHANOL = ‘,F12.8)
CLOSE (UNIT=25)
sTOP
FORMAT (2(2X,E12.8))
FORMAT(T10,F8.2,T20,F8.8,T30,F9.6,T40,F9.8)
WRITE(8,*) ‘IFLAG = ‘,IFLAG
sToP
END

SUBROUTINE FSUB(X,Z,F)

IMPLICIT REAL*8(A-H,0-2)

DIMENSION Z(9),F(S)

COMMON /AK/ AK1,AKBC, AKCP, AK2, ALPHA
COMMON /HYD/ EPSB,FW,U0,UGBO,UGCO, UGPO
COMMON /CN/ CAO,CS80,CCO, AL

F(1)=-(AKBC*(Z(1)-Z(2)))=AL*EPSB/UGBO
F(2)=-(AKBC*(Z(2)-Z(1))+AKCP*(2(2)-2(3))+AK12Z(2)sFW)*EPSB2AL/UGCO
F(3)=-(AKCP*(Z(3)~Z(2))*EPSB+AK12Z(3)s(1.-EPSBs(1.+FW)))=AL/UGPO
F(4)s-(AKBC=(2(4)-Z(8)))*ALsEPSB/UGBO
F(5)=-(AKBC*(Z(8)~Z(4))+AKCP*(Z(5)-Z(8))-AK12Z(2)sFW+AK2+Z(8)*FW)
sEPSB*AL/UGCO
F(8)=-(AKCP*(Z(8)-Z(8))*EPSB-AK12Z(3)s(1.-EPSB=(1.+4PFW))
+AK2+Z(8)>(1.-EPSB=(1.+FW)))*AL/UGPO
F(7)=-(AKBC*(Z(7)-Z(8)))*AL*EPSB/UGSBO
F(8)=-(AKBC*(Z(8)-Z(7))+AKCP*(Z(8)~2Z(9))-AK2+Z(8)sFW)*EPSBsAL/UGCO
F(8)=-(AKCP*(2(9)-Z(8))*EPSB-AK2+Z(8)*(1.~EPSB=(1.+FW)))sAL/UGPO

RETURN
END

SUBROUTINE DFSUB(X,Z,DF)
IMPLICIT REAL*8(A-H,0-2)
DIMENSION DF(9,8),WORK1(8),WORK2(9),Z(9)

EPS=1.D-7

DO 10 J=1,8

Z(J)=2(J)+EPS

CALL FSUB(X,Z,WORK1)
Z(J)=Z(J)-2.EPS

CALL FSUB(X,Z,WORK2)

Z(J)=Z(J)+EPS

DO 10 I=1,8
DF(I,J)=(WORK1(1)-WORK2(I))*.5/EPS
RETURN

END

SUBROUTINE GSUB(1.2,G)

IMPLICIT REAL=8(A-H,0-2)

DIMENSION 2(9)

COMMON /CN/ CAD,CB0O,CCO,AL

COMMON /HYD/ EPSB,FW,UO,UGBO,UGCD, UGPO

@0 TO (10,20,30,40,80,80,70,80,90),1
G=2Z(1)-CAD

RETURN
G=(U0-UGBO0)*CAD-UGPO*Z(3)-UGCD=*Z(2)
RETURN

G=2(4)-C80
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€0

70

80

11

10

e

30

40

€d

70

Lo

-l

RETURY
GaLEFLaZ(€)+UESO+2(T) - (UD-UE2D)+L2D
RETURN

G=2(7)-CC0

RITURY
G=LOFD=Z{9)+UEL0sZ(8) - (UD-UB3B)=LB0
RETURN

G=Z(2)-2(3)

RETURM

G=2(5)-2(8)

RETURM

G=2(8)-Z(9)

RETURYN

END

SUBRCUTINMNZ DG3U3(I,Z,B8)

IMPLICIT RIAL=8(A-H,0-2)

DIHZNSION 2(8),B5(9)

CCE80N /HYD/ EPS3,FY,UD,UE3D,UECD,UERD

CO 11 u=1,8
B&(Y)=0.0

G0 TC (10,20,30,40,%0,80,70,80,50),1
bDG{1)=1.0

RETURY

DG(2)=-UEC

DG{3)=-UCFD

RETURN

| £G(8)21.0

RZTURM
CG(8)=UGFD
DG(E)=UEL0
RZITURY
DG(7)=1.0
RETURY
B&(8)=0CC0
BG(S)=UarF0
RETURY
LG(2)=1.0
BG(S)=~1.0
RETURY
oG(%)=t.0
£G(g)s-1.0
RETURN
bG(3)=1.0
CG(S)a-1.0
R2TURH
XD
SUBRDUTING CU=gY
RZTURY

ExD

SUZRDUTINZ IXFUT
IHPLICIT RIAL38(A-H,0-2)

List ¢f paravators:
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AK1,AK2 - First order kinetic rate constants (1/s)
AKBC - Transfer coefficient from bubble to cloud-wake (1/s)
AKCP -~ Transfer coefficient from cloud-wake to emulsion (1/s)

(s N e e N N Ne N Ne NN N R NeNe NN+ Ns]

20

23

30

100

]
L

AL - length of reactor (cm)

CAQ,CBO,CCO - Initial concentrations of A,B.C.

DB - bubble diamster (cm)

DG - diffusivity of gas

DT - diameter of reactor (cm)

EMF - Voidage at minimum fluidization

EPSB - Bubble phase voidage

FW - solid fraction

UD - superficial gas velocity (cm/sec)

UGBO - superficial velocity of bubblie phase (cm/sec)
UGCO - superficial velocity of cloud-wake phase (cm/sec)
UGPO - superficial velocity of particulate phase (cm/sec)
UMF - superficial velocity at minimum fluidization

S5 R N A Y R D R e e A R T e S W N R R T e P §E B WP W M e e

COMMON /AK/ AK1,AKBC, AKCP,AK2,ALPHA
COMMON /CN/ CAD,CBO,CCO, AL

COMMON /HYD/ EPSB, FW,UO,UGBQ, UGCD, UGPO
CHARACTER*20 NAME

OPEN(UNIT=20,FILE='FB.DAT')
READ(20,20) NAME

FORMAT (A20)

READ(20,%) UO,UMF EMF, AL,DG, AK1,AK2,DT,CACTO, TEMP, PT
CAD=1.0

C80=0.0

CC0=0.0

G=981.0

FW=1.0

DB=7.5

ALPHA=1.0
UBR=0.712(G*DB)*«.§

IDUM=0

T 1=UQ+UMF = FW+UBR

T2=4 . sUMF*UBR= (1.+FW)

UA=(T1+SQRT(T1222,.-T2))/2.
UGBO=(UO-UMF)/ (1. -UMFs(1.+FW)/UA)
EPSB=UGBO/UA

IF(IDUM.EQ.1) GO TO 22

IF(EPSB.LT.(1./3.)) GO TO 22
FW=(1.-EPSB)/2./EPSB

IDUMe 1

Q0 TO 23

CONTINUE

UGCO=FuW+EMF *UGBO

UGPO=UMF= (1. -EPSB*(1.+FW) )= (1. +EMF=FY)-UO*Fi=EMF
AKBC=4 . B=UMF/DB+5 . 8B2Gx=  282DGss . B/DB=x1, 28
AKCPs=8. 78 (EMFsDG=UA/DB*23, )»s 5

WRITE(25,30) NAME

FORMAT (T30, 'SIMULATION OF MTG RUN # ', A20)

WRITE(25,100) TEMP,PT,UO,UGBO,UGCO, UGPO,UA, EPSB, FW, AKBC, AKCP
»AK1, AK2

FORMAT(///,58X, ‘LIST OF INPUT DATA:’,///,

8X, ‘TEMPERATURE OF FLUID BED (K) ‘,T80,F8.4,//,

5X, ‘OPEARTING PRESSURE (atm) ’,TS8O,F8.4.//,
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B2, 7SUPZRFICIAL GAS VELOCITY (em/szs) /,T50,F8.4,//,
8X, 'BUSZLE PHASE VELCOCITY (cm/sze)’/,TS0,F8.4,//,

EX, /CLCUD PHASEZ VELGCITY (em/som)’,TS0,F8.4,//,

EX, /PARTICULATE PHASE VELGCITY (em/sz2)’,TSD,F3.4,//,
BX, /BU33LE RISZ VELGCITY (cm/szc)’,TS0,F2.4,//,

EX, BU23LE FXASZI VDIDAGE’,TSO,F8.4,//,

EX, /S0LID FRACTICN/,TSD,F8.4,//,

5X, ‘MASS TRAMSFER CFFNT (B-TC-C) (1/s2¢) /,TS0,F2.4,//,
£X, 'MASS TRAMNSTER CFFMY (C-TD-P) (1/s28)/,TS50,F8.4,//,
EX,’FIRST OFDZER KINEZTIC COMSTAMT ki (1/s22)’,7S0,F8.4,//,
8%, /FIRST CORDIR KIMETIC COMSTAMT k2 (1/s=s)/,750,F8.4,/)

CLOSE(IMIT=20)
RETURM
END

I-A-17



I-A-5 Sample Output from Simulation of

Fluidized Bed Reactor
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SIMULATION OF MIG RUN # CT-231-1-2

LIST OF INPUT DATA:

TEMPERATURE OF FLUID BED (R)
OPEARTING PRESSURE (atm)

SUPERFICIAL GAS VELOCITY (em/sec)
BUBELE PHASE VELOCITY (cm/sec)

CLOUD PHASE VELOCITY (em/sec)
PARTICULATE PHASE VELOCITY (cm/sec)
BUBELE RISE VELOCITY (cm/sec) |
BUBELE PHASE VOIDAGE

SOLID FRACTION

MASS TRANSFER CFFNT (B-T0-C) (1/sec)
HASS TRANSFER CFFNT (C-T0-P) (1/sec)
FIRST ORDER KINETIC CONSTANT k1 (1/sec)

FIRST ORDER KINETIC CONSTANT k2 (1/sec)

I-A-19

672.4444

2.7007

39.2286

39.1830
16.1333
-16.0877
100.0839
0.3915
0.7769
1.2091
1.0200
2.2058

0.9300



DIMENSIONLESS CONCENTRATION PROFILES OF A,B & C

X Ca
0.00 1.000000 O
0.10 0.536803 O
0.20 0.299958 0O
0.30 0.167623 0
0.40 0.093674 0
0.50 0.052348 0O
0.60 0.029254 0
0.70 0.016343 0O
0.80 0.009134 ©
0.90 0.005106 ©
1.00 0.002874 O
EXIT CONCENTRATIONS OF A,B
0.002872 0.019528
CONVERSION OF METHANOL =

.000000
.138476
. 182407
.170766
. 140452
.107941
.079585
.057083
.040145
.027847
.019535

CB

OO0 O0OO0OO0OODODOOO

AND C
0.9776

0.997128

ccC

.000000
.324721
.517635
.661611
.765874
.839711
.891161
.926574
.950721
.967047
.977590

00
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I-A-6 Program Listing -~ Input Data to Fixed Bed

Reactor Module
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o000

10

21

31

11

12

13

14

* W B % RN

This program is used to input tha design paramsters required
for thea stmulation of tha fixed bed reactor.

R . L L L L L L L L L T T e R L L L L .

IMPLICIT REAL*8(A-M,0-Z)

OPEN (UNIT=23,FILE='DGN.DAT')

WRITE(S, 10)

FORMAT (5X, 'IF SIMULATION OF DEHYDRATION REACTOR AND MTG',/,
BX, 'REACTOR DESIRED, SPECIFY IND=2. IF ONLY MTG’,/,
5X, ‘REACTOR PRESENT, SPECIFY IND=1./,/,
5X, 'WHAT IS THE VALUE OF IND ? ‘S$)

READ(SB,*) IND

WRITE(B,21)

FORMAT (//8X, 'IF PRINTING OF PHYSICO-CHEMICAL PROPERTIES',/,

5X, /AND KINETIC PARAMETERS IS TO BE SUPPRESSED, SPECIFY',/,

5X, 'IPRINT=0,0THERWISE SET IPRINT=1/, /,

55X, 'WHAT IS THE VALUE OF IPRINT ? ‘s)

READ(S,=) IPRINT

WRITE(S,31)

FDRNAT(//BX, ‘FOR ISOTHERMAL OPERATION SPECIFY ISO=t’,/,

5X, ‘OTHERWISE I®920',/,

BX, ‘WHAT IS THE VALUE OF IS0 ? ‘%)

READ(S,=*) ISO

WRITE(23,=)IND, IPRINT, ISO

WRITE(B,11)

FORMAT (//8X, ‘LIST OF DESIGN PARAMETERS:',//,

5X, 'SPECIFY THE FOLLWING PARAMETERS IN FREE FORMAT’,//,

SX, /INLET TEMPERATURE TO DEHYDRATION REACTOR (deg F)‘,/,

5X, 'INLET TEMPERATURE TO MTG REACTOR (ceg F)’,/,

5X, 'OPERATING PRESSURE OF MTG REACTOR (psig)’,/,

5X, ‘RECYCLE RATIO (mo! recycle gas/mol! methanol fed)’,/,

§X, ‘FEED RATE OF METHANOL (kg/sec)’,/,

5X, 'FEED RATE OF WATER (kg/sec)’,./,

5X, 'LENGTH OF MTG REACTOR (m) /,/,

5X, ‘DIAMETER OF MTG REACTOR (m)’,///)

READ(B,=*=) TIN,TINR,PT,RCYCL, FMEOHN, FH20, AL ,DT

TIN=(TIN-32.)+5./9.+273.18

TINR=(TINR-32.)*5./0.+273.18

PT=(PT+14.7)/14.7

WRITE(23,*) TIN,TINR,PT,RCYCL,FMEOH,6 FH20,AL,DT

WRITE(S, 12)

FORMAT (8X, ‘'SPECIFY COMPOSITION OF RECYCLE GAS IN TERMS',/,
SX, 'OF MOLE FRACTIONS',//)

WRITE(S,13)

FORMAT (8X, ‘MOLE FRACTION OF METHANE ‘,/,
8X, ‘MOLE FRACTION OF HYDROGEN',/,

SX, MOLE FRACTION OF CARBON MONOXIDE’,/,
SX, ‘MOLE FRACTION OF PROPYLENE',/,

5X, ‘MOLE FRACTION OF PROPANE’,/,

5X, ‘MOLE FRACTION OF ETHYLENE',/,

5X, /MOLE FRACTION OF ETHANE’,///)
READ(S5,=*) C1,C2,C3,C4,C5,08,C7
WRITE(23,=) C1,C2,C3,C4,05,C8,C7

WRITE(S, 14)
FORMAT(//8X, 'INPUT DATA HAVE BEEN ENTERED IN FILE DGN.DAT’,/,

5X, ‘FIXED BED REACTOR MODEL CAN BE RUN IN BATCH MCOE './//)
CLOSE (UNIT=23)
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1-A-7 Sample Run Showing Interactive Input

I-A-24




IF SIMULATION OF DEEYDRATION REACTOR AND MTG
REACTOR DESIRED, SPECIFY IND=2, IF ONLY MTG
REACTOR PRESENT, SPECIFY IND=1,

WHAT IS THE VALUE OF IND ? >2

IF PRINTING OF PHYSICO-CHEMICAL PROPERTIES

AND KINETIC FARAMETERS IS TO BE SUPPRESSED, SPECIFY
IFRINT=0,0THERHISE SET IPRINT=1

WHAT IS THE VALUE OF IPRINT ? >1

FOR ISOTHERMAL OPERATION SPECIFY ISO=1
OTHERWISE IS0=0
WHAT IS THE VALUE OF ISO ? >0

LIST OF DESIGN PARAMETERS:
SPECIFY THE FOLLWING PARAMETERS IN FREE FORMAT

INLET TEMPERATURE TO DEHYDRATION REACTOR (deg F)
INLET TEMPERATURE TO MTG REACTOR (deg F)
OFERATING PRESSURE OF MTG REACTOR (psig)

RECYCLE RATIO (mol recycle gas/mol methanol fed)
FEED RATE OF METHANOL (kg/sec)

FEED RATE OF WATER (kg/sec)

LENGTH OF MTG REACTOR (m)

DIAMETER OF MTG REACTOR (m)

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

SPECIFY COMFOSITION OF RECYCLE GAS IN TERMS
OF MOLE FRACTIONS

HOLE FRACTION OF METHANE

MOLE FRACTION OF HYDROGEN

MOLE FRACTION OF CARBON MONOXIDE
MOLE FRACTION OF FROFPYLENE

MOLE FRACTION OF PROPANE

MOLE FRACTION OF ETHYLENE

MOLE FRACTION OF 1-BUTENE

>0.4 0.1 0.1 0.1 0.1 0.1 0.1

INPUT DATA HAVE BEEN ENTERED IN FILE DGN.DAT
FIXED BED REACTOR MODEL CAN BE RUN IN BATCH MODE
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o000

o000 00

0OO000O0000

[A]
[A]

11

ONZ-DIMENBICMAL PSZUCD-HOUEDAENIDUS FIXED BID
RZACTCR KODZL

This pregran me2ols tho fixod bod roactor uszd in tho MTG
precass with a ona-dimonsional psauds-hemesangsus mesel. TRo
roaction ssroma is that of Mihail el. al (1533b). Tho eontinuity
ezuations fer tho szozies eenzris2 a sot of stiFfF first-ordor
difforantial eguations. TRo sofiwars pasitago BTH:DLSODE.REL is
usad for tho soiution ef thoso ecuations.

Dofinition of ecrzononis:

CH3O0H ~1 CHE0CHE -4 HRD -5 €0 -2 H2 -3
CLEFIME -7 &8 © 10 11 12

PARAFFINS - 18 19 21 22 28

ARDHEATICS - 28 27 28 25 31 32 83 34 35 33 237
DIEMES & CYCLODIEMES - 18 20 24 23

IKPLICIT REAL=S(A~H,0-2)

CHARACTER=3D MAM1(43) ,

DIMINIION Y(4E),ATOL(45),RYORK(2482), IWORK(EB3), X9 (45), WT(45)
EXTERMAL FOM1,BUSHY

COECM /NMaNE/ Mo
COMNCY /IMT1/ MR,MEP
N /IMTR/ IND
COMNCH /AINF/ TIM,PT,FNE0R,FH2D
CO.=DN /CEY/ ALLARZA
CoER0N /DENY/ TIMR,FT,PA
CCCY /RG/ FC1,FC2,FC3,FC4,FCS,FC3,FCY
COMECN /AY/ XiFd

CALL INMPUT

FLZ=20.0

IF(IND.EQ.1) G0 TO 38

CALL THYDM(TIN,FHI0H, FH2D, FINE, ADT, CONYN)

CPZil (UMIT=23,FILE=/CHYIH.DAT/)

WRITZ(23,41) ADT,COMYN=1CD.,FHIDH, FEIE, FHRD
FT=FNE0+FHR0+FLAS+FL1+FC2+FL3+FCA+FLO+FL+FLT
PA=(FUAZDOM+FHR0+FLIE ) =PT/FT

MZIQ=NE®+1
T=0.0C0

Lo 11 I=1,MER
Y{(I)s0.050

Y(4)=SFAION/FT
Y(2)=FC3/FT
Y(3)=FC2/FT
Y(4)=FCHE/FT
Y(E)=FH20/FT
¥{(7)=FC3/FT
Y(&8)=FC4/FT
Y{18)=FCT/FT
Y(13)=FC1/FT
Y(21)=FCS/FT
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55 FORMAT(////,5X, ‘HYDROCARBON DISTRIBUTION ON WATER FREE BASIS’
x ,//.,5X,’WT. PERCENT OLEFINS ‘,T50,F12.85,/,
5X, ‘WT. PERCENT PARAFFINS ' ,T50,F12.5,/,
SX, ‘WT. PERCENT AROMATICS ‘,T50,F12.5,//)
WRITE(8,751)
751 FORMAT (///5X, 'SIMULATION OF FIXED BED COMPLETE’,/,

* 55X, ‘OUTPUT CAN BE FOUND IN THE FOLLOWING FILES:‘,//,
* B5X, 'DEHYDRATION REACTOR RESULTS : DHYDN.DAT',/,
* 8X,’MTG REACTOR RESULTS : OUTPT1.DAT’,/,
=  BX, "INPUT DATA : DATA.DAT’,/,
= BX, /PHYSICO-CHEMICAL & KINETIC DATA : PARAM.DAT',///)
CLOSE (UNIT=25)
CLOSE (UNIT=28)
sSTOP
20 WRITE(8,90) ISTATE
80 FORMAT(////8X, 'ERROR HALT... ISTATE = / 13)
41 FORMAT (5X, ‘CONDITIONS AT EXIT OF DEHYDRATION REACTOR:‘,//,
* 5X,’EXIT TEMPERATURE FROM DEHYDRATION REACTOR (K)‘,T70,F98.5,//,
*  BX, 'EQUILIBRIUM METHANOL CONVERSION IN DEHYDRATION REACTOR (%),
* T70,F8.5,//,
* BX,’FLOW RATE OF METHANOL (kmol/s) ‘,T70,E12.7,//,
* BX,’FLOW RATE OF DME (kmol/s) ‘,T70,E12.7,//
x

85X, ‘FLOW RATE OF WATER (kmol/s)’,T70,£12.7,//)
45 FORMAT ( ‘1’ ,8X, ‘TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG',
’ REACTOR LENGTH',//.,8X,’X = ' F8.3,58X, 'TEMPERATURE = /', F9.5,
= 1X,’K’,//,5X, 'SPECIES NAME ‘, 15X, 'WEIGHT PERCENT’,//)
44 FORMAT (5X,A30,2X,F8.5)

»

STOP
END

SUBROUTINE DHYDN(TIN, FMEOH, FH20, FDME , ADT , CONVN)

c This subroutine esvaluates the agquilibrium conversion and ocutlet
c temperature from the dehydration reactor.

IMPLICIT REAL*B(A-H,0-2)

FMO=FMEOH

1F(FH20.EQ.0.0) GO TO 11
CONVN=(-0.042:*TIN+101.80)/100.
ADT=0.833*TIN+1083.682

Q0 TO 21

11 CONVN=(-0.0315sTIN+88.788)/100.
ADT=0.8185*TIN+225. 14

21 FMEOH=FMO= ( 1. ~-CONVN)

FH20=FH20+FMO*CONVN/2.0
FDME=FMOsCONVN/2.0
RETURN

END

SUBROUTINE DUMMY

RETURN

END

SUBROUTINE FCN1(NEQ,T,Y,YDOT)

c This subroutine provides the definition of the differential equations .
c required for LSODE.
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41

33
31

21

71

&o

&1

ICFLICIT REAL*S(A-H,6-2)

DIXZMNSI0N Y(MZQ),YEOT(NZQ)
DIMEMNSION A(€D,43),ICR(80,45),A%(60),E(80),R(80)
DIMZNSION DELMF(43),0ILHR(ED),CP(45)

COZCY /A7 ALBYLE
COL=ty /IMT/ I0R
CC20M /7IMT1/ MR, M37
DG RSN/ ALLARZA
COCH /DEMY/ TIMR,FT,PA
COMTN /AIMR/ TIM,PT,Fa30H,FH2D
CCIZCY /HT/ DELHF,CP
COZCN /EORE/ 18D

AZ8=1.8
R3=0,082037
RG=1.827
SU3=0.0T2

GO 61 I=1,N8%
SLH=S+Y(3)

TESFaTINR=(1.0+Y(NEQ))

...... Dofino roogtion ratos for tho varicus szzeies.

EC 21 J=1,8%
FRCOD=1.0TD

Lo 21 I=1,N87
COME3Y(1)=PT/ (RR=TENP28LET)
IF(I0R{J,31).EQ.0) €3 TO 31
TER=COMC==I0R(M,I)
PROD=BRODTER

CCMTIrUE

AACHNS=AX(J)*DEAF (~E(V) /RE/TED)
R{J)=AXQiS=PROD=( 1. +8KA) /(1. +AXA=PA)
COTIRUE

CALL HEAT(TEZ®, MSP)

SU9=0.000

£O 71 Isi,M87
SIS 1+Y(I)2CP (1)
Lt b B b b ES o)

..... exleulaio honts ef roacticn for tha varicus roastiens.

Lo 8% J=1,KR

SiM2=0.0

EC 80 I=1,NSF
SUNAZ=SINR+A(J, 1)*DILHF(I)
DELHR(J)=-8U2

CONTIMNUE

SUNS=0.000

CO §1 I=1,MR
SUM3=SUH3+R(1)*DILER(1)
COMTINUE
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12

81

101

21

...... The following parameters are required as part of MTH:DLSODE.REL .

TOUT=0.01D0
ISTATE=1
IOPT=0
ITOL=2
RTOL=t.D-4
ITASK= 1
MF=22
LRW=2452
LIw=8%

DO 12 I=1,NEQ
ATOL(I)=1.0D-8

...... Tolerances for reactants and ionic species are spectif {eod
smaller than those for products.

ATOL(1)=1.0D-10
ATOL(4)=1.0D-10
ATOL(8)=1.0D-10
ATOL(14)=1.0D-10
ATOL(15)=1.0D-10
ATOL(18)x1.0D-10
ATOL(17)=1.0D-10

OPEN (UNIT=2€, FILE=’OUTPT1.DAT')

DO 21 K=1, 11

TOUT=0. 1DO*DFLOAT (K~1)

CALL LSODE(FCN{,NEQ,Y,T,TOUT,ITOL,RTOL,ATOL, ITASK, ISTATE, I10PT,
RWORK, LRW, IWORK , LIW, DUMMY , MF )

IF(ISTATE.LT.0) GO TO 20

DO 88 I=1,NSP
WT(I)=Y(I)*FT

SUM=0.0D0
DO 81 I=1,NSP
WT(1)=WT(I)sXMW(1)

SUM=SUM+WT (1)

WRITE(26,45) TOUT,Y(NEQ)*TINR+TINR

DO 101 I=1,NSP

WT(I)=WT(1)/SUM*100.

1F(1.2Q.8) GO TO 101

1F(I.EQ.14) GO TO 101

IF(1.EQ.18) QO TO 101

IF(I.EQ.18) GO TD 101

IF(I.EQ.17) GO TD 101

WRITE(26,44) NAM1(X) WT(I)

CONTINUE

WFREE=100. -WT(8)

OLFNS=(WT(7)+WT(8)+WT(8)+WT(10)+WT(11)+WT(12)+WT(18)+WT(20)

+WY (24)+WT(25))%100. /WFREE

PRENS= (WT(13)+WT(19)+WT(21)+WT(22)+WT(23))*100./WFREE

ARNTCS = (WT(28)+WT(27)+WT(28)+WT(29)+WT(31)+WT(32)+WT(33)+
WT(34)+WT(38)+WT(38)+WT(37))%100. /WFREE

WRITE(26,85) OLFNS,PRFNS, ARMTCS

CONTINUE

I-A-30



€1

81

22

0000000000000 00O0 0

11

Lo 81 I=1,M57
S1=0.000

CC 81 Jda1,MR
SIIRSURA(Y, 1) *R(J)

YLOT(I)=SUNsARIAAL/FT
IF(ISD.EQ.1) GO TO 22

YIZOT(MNZR) =ARIASUNS/SIZISAL/TIMR
RZTURY

YZOT(MZQ)=0.05D

RITURM

EXD

SUBRCUTINE HEAT(TEYNR,NSP)

Toais subrsuting evaluatos tho hoats 6F formatier and the spooific
3213 ef tho szociss at tho roastion tCeporaturo.

INPLICIT RIAL#2(A-H,0-2)

DIMZNSITH CPA(45),CP3(4S),CPC(4S),CPD(45),DELKG(43),CP(43)
DINZNSICM DELH(43)

COMECM /PRDF/ CPA,CP3,CRC,CPD,DZLRSG

CC3MLN /HT/ DILH,CP

TR2233.12

A=TEXR-TR

B=TEXr=22-TR222

CaTESP==3-TRx=x3

D=TEZP224-TR=24

E0 11 I=1,K57
AIMT=CPA(I)=A+CP3(1)%3/2.+CPC(2)2L/3. +CPD(I ) =D/ 4.
DELH(I)=DILRE(1)+AINT
CP(I)=CPA(I)+0P3(I )= TEIRP+CPO(T )= TEMP=+2+CPD( 1 )+ TENP=+3

RITURM
ExXD

SUBRCUTINZ Ia7UT
Tnis ig tho irzut subrsutins thaot roads in tho treut data.

List ¢* varianins:
A(1,d) - Steichizzoiric ceotficiont of jih sz38ies in tho
ith roastien.
A = Arrhonius frocuancy fasier, 1/ o musl/kzel s
cazending en tha ordor of ths rozctien.
AL - Lersih of roasizr, m
ARZIA - Crenz-ascticnal aros of roacior, m2u2
CPA,CP3,CPL.CPD - polvynmenial ccafficionis of szeeific Roat im the
form CP=CPA+LRPaaT+IPLsT22+0PDaTE=3
DELEG - Standard hoat of formatien (293.15 K) keai/kool
E - Aztivatien erorgy, ksal/kae!
FHEZCH ~ Foog rato ef ksthanel, kooi/s
FH2D - Foed roto of waior, kzol/s
ICR(I,d) - ordor of 1th rosstien with raszset to jth szocies. Al
CrEIrs aro whitlo ruskors sineo all mroactiens ara
elerontary.
MR - Kumknr of poagtiens
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81
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NSP - Number of species

PT - Operating pressurs, atm

RCYCL - Recycle ratio, (mol recycle gas/mo! methano! feed)
TIN - Inlet temperature to dehydration reactor, K

TINR - Inlet temparature to MTG reactor, K

XMW - Molecular weights

IMPLICIT REAL*B(A-H,D-2)

CHARACTER=*7 NAME (45)
CHARACTER*30 NAM1(45)
DIMENSION A(B0,45),6AX(80),E(80),I0R(80,45),11(4),IA(80,48)
DIMENSION CPA(45),CPB(45),CPC(48),CPD(45) DELHG(45),XMW(45)

COMMON /PROP/ CPA,CPB,CPC,CPD,DELHG
COMMON /NAME/ NAM1

COMMON /A/ A AK.E

COMMON /INT/ IOR

COMMON /INT1/ NR,NSP

COMMON /INT2/ IND

COMMON /AM/ XMW

COMMON /AINP/ TIN,PT,FMEOH, FH20
COMMON /DGN/ AL, AREA

COMMON /DGN1/ TINR, FT, PA

COMMON /RC/ FC1,FC2,FC3,FC4 FC5,FCS, FC7
COMMON /MODE/ 1SO

OPEN (UNIT=23,FILE='DGN.DAT’)

READ(23,+) IND, IPRINT,ISO

READ(23,*) TIN,TINR,PT,RCYCL, FMEOH, FH20, AL, ,DT

READ(23,s) C€1,C2,C3,C4,C5,08,C7

CLOSE (UNIT=223)

OPEN (UNIT=24 FILE='DATA.DAT’)

WRITE(24,81) TIN,TINR,PT RCYCL, FMEOH, FH20,AL,DT
WRITE(24,82) C1,C2,C3,C4,C5,C8,C7

FORMAT (//SX, ‘LIST OF INPUT DATA:‘,//,

5X, 'INLET TEMPERATURE TO DEHYDRATION REACTOR (K)’,T60,F9.S,/,
85X, 'INLET TEMPERATURE TO MTG REACTOR (K)‘,T80,F8.5,/,

5X, OPERATING PRESSURE (atm)’,T80,F9.5,/,

SX, ‘RECYCLE RATIO (mo! recycle gas/mol MeOH feed)’,T80,F8.85,/
SX, ‘FEED RATE OF METHANOL (kg/sec)’,T80,F9.8,/,

SX, 'FEED RATE OF WATER (kg/sec)’,T80,F9.8,/,

SX, 'LENGTH OF REACTOR (m)’,760,F9.5,/,

5X, ‘DIAMETER OF REACTOR (m)’,T80,F9.5,///)

FORMAT (85X, ‘COMPOSITION OF RECYCLE GAS IN MOLE FRACTION’,//,
BX, ‘METHANE ' ,T50,F5.2,/,

B8X, 'HYDROGEN’ , T80 ,F85.2,/,

BX, ‘CARBON MONOXIDE’,T30,F8.2,/,

BX, ‘PROPYLENE’ ,T80,F5.2,/,

BX, ‘PROPANE’ ,T80,F5.2,/,

BX, 'ETHYLENE‘, TS50 ,F5.2,/,

85X, 'ETHANE' ,T850,F5.2,/)

CLOSE (UNIT=24)

AREASDATAN( 1.0D0 )*DT+DT

OPEN (UNIT=20,FILE=‘MIM.DAT’)
OPEN(UNIT=21, FILEs ‘NAM.DAT /)
OPEN(UNIT=22 FILE=‘PROP.DAT’)
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81

432

-
o~

188

10

78

RZ2D(20,%) MR, NSF

Lo 21 I=1,N3P

RZAD(21,8) NAME(I),MAM4(I)
FORMAT(AY,A30)

CONTIRUZE

IF(IPRIMT.EQ.Q0) GG TG 78

CPZM (UMIT=15,FILE='PARAY.DAT/)
WRITE(15,32)

FORMAT(//10X, 'SPECIES ID/, 10X, /FORNULAY, 10X, 'NaNZ/,//)
CO 22 I=1,M37

WRITE{135,8%9) I,MANZ(I),N8M1(D)
FORIAAT(/1EX, 18, 184, A7, 10X, A3D)
COMTIPUE

CLOSE(LMIT=21)

LQ 31 I=1,M37
RZAD(22,%) X3W(I),CPA(I),CP2(1),CPC(I),CPD(T),BELRE(I)
DELHG(I)=DELEG(I)= 108D,
COMTIMUE
FHIZOH=FOITH/ X0 1)
FH2D=FHRO/XT9(E)
RC/CL=REYCL=FIZCE
FC12C1=RCYCL
FC2=L2xRCYCL
FL3=2C3=R/CYCL
FCa=Cax=RCYCL
FC3=C3=ROVCL
FC3=CE8=RCYCL
FLC7=C7=R3VCL

IF(IPRIMT.EQ.Q) CC TO €7

WRITZ(1E,432)

FORUAT(/17,8R, /SPECIES ID/,2H4, /KOLECULAR WT.’,8X%,/CPA’,8X%, 'CP3!
, 10, /CPT/ ,BX, 'CPD/ ,8X, '"HEAT GF FORMATIGN/,/,
&82x,’ keal/kzel 7,/7/7/7)

CO 35 I=1,N87

WRITEZE( 15, 183) I,X%53(1),CPA(2),CP2(2),CPC(T),CPD(2),DZLEG(T)

FORGAT(/5X,13,84,8(3%,E12.5))

CONTIMUE

B0 10 J=1,N87
CC 10 I=1,KR
I0R(I,4)=0
IA(3,Jd)=0
A(1,4)20.0

IF(IFRINT.EQ.0) GD TO &3
WRITE(15,78)
FORAAT(/1/,8X, '"REACTICN NU.’,BX, /COMFONENTS/,//)

0O 20 J=1,KR

READ(20,=*) AX(J),E(J)
AX(J)=DEXP (AX(J))
E(U)=E(J)/4. 187

READ(20D,=) NSEX

B0 30 I=1,N37PR

READ(20,=) II{(I)

READ(20,=) A(J,11I(I1)) ’
IA(J,II(1))=INT(A(V,11(1)))
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30

77
78
80

20

100

88
44

8s
45

IF(A(J,II(I)).LT.0.0) IOR(J,II(I))=ABS(IA(J,II(I1)))
CONTINUE

IF(IPRINT.EQ.0) GO TO 20

IF(NSPR.EQ.2) WRITE(15,77) J, (NAME(II(I)),1=1,NSPR),
(IA(J,II(1)),I=1,NSPR)

IF(NSPR.EQ.3) WRITE(15,78) J, (NAME(II(1)),I=1,NSPR),
(IA(J,II(1)),I=1,NSPR)

IF(NSPR.EQ.4) WRITE(15,80) J, (NAME(II(I)),I=1,NSPR),
(IA(J,II(1)),I=1,NSPR)

FORMAT (/8X, I3, 10X,2(A10),/,22X,12,8X,12)

FORMAT (/8X, 13, 10X,3(A10),/,22X,12,8X,12,8X,12)

FORMAT(/8X,I3,10X,4(A10),/,22X,12,8X,12,8X,12,68X,12)

CONTINUE
IF(IPRINT.EQ.0) GO TO 89
WRITE(15,100)

FORMAT( 1/,5X, ‘REACTION-NO. /,5X, ‘ARRHENIUS FREQENCY' SX,
'ACTIVATION ENERGY',/, 25X, 'FACTOR', 15X, ' kcal/kmol’,//)

DO 44 J=1 ,NR

WRITE(15,88) J,AK(J) ,E(J)
FORMAT(/8X,13,10X,E12.5,11X,E12.5)
CONTINUE

CLOSE (UNIT=1S)
WRITE(G,45)

FORMAT( ‘1)

CLOSE (UNIT=22)

CLOSE (UNIT=20)

RETURN

END

I-A=34




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 : DHYDN.DAT
MTG REACTOR RESULTS : OUTPT1.DAT
INPUT DATA ¢ DATA.DAT

PHYSICO-CHEMICAL & KINETIC DATA : PARAM.DAT
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. SPECIES ID FORMULA NAME

1 CH30H Methanol
2 co Carbon Monoxide
3 HZ Hydrogen
4 CH30CH3 Dimethylether
5 H20 Hater
6 :CH2 Carbene ion
7 C2H4 Ethylene
8 C3H6 Propylene
9 C4H8 1-Butene
10 C5H10 - 1-Pentene
11 C6H12 1-Hexene .
‘ 12 . C7HL4 1-Heptene
' 13 CH4 Methane
14 C2u5+ Carbenium ion
15 C3H7+ Carbenium ion
16 C4HS+ Carbenium ion
17 C5H11+ Carbenium ion
13 C6H10 1,5-Hexadiene
19 C2H6 Ethane
20 C7H12 1,6~Heptadiene
21 C3H8 Propane
22 C4H10 - n—Butane
23 C5H12 n-Pentane
24 C6H8 1,3-cyclohexadiene
. 25 : C7H10 1,3-cyclcheptadiene
26 C7H8 Toluene
27 CeHé Benzene
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28

29

30

31

32

i3

34

35

36

37

C10H8

C9H8

c

C8H10

CO9H12

Cl0H14

Cl1H16

C12H18

C1l1H10

Cl2H12

I-A-38

Naphthalene

Aromatic compound

carbon

o—-xylene
1,2,4~trimethylbenzene
1,2,4,5-tetramethylbenzene
1,2,4,5,6-pentamethylbenzene
i,2,3,4,5,6-hexamethylbenzene
l-methylnaphthalene

1,2-dimethylnaphthalene




REACTION NO.

10

11

12

13

14

15

16

17

18

COMPONENTS
CH30H co
-1 1
CH30H CH30CH3
~2 1
CH30CH3 :CH2
-1 2
:CH2 CH30H
-1 -1
sCH2 CH30CH3
~1 -1
:CH2 CH30CH3
-1 -1
sCH2 C2H4
-1 -1
:CH2 C3Hé
-1 -1
:CE2 C4HS
-1 -1
:CH2 C5E10
-1 -1
:CH2 C6H12
-1 -1
:CHZ HZ
-1 -1
C2H4 CZH5+
-1 1
C3H6 C3H7+
-1 1
C4H8 C4HO+
-1 1
C5H10 C5H1l+
-1 1
C3H7+ C3H6
-1 -1
CL4HO+ C2H4
-1 -1
C4HO+ C386

H2

H20

H20

C2H4

C2H4

C3H6

C3H6

C4H8

C5H10

C6H12

C7H14

Cué

H20

CH30H

H20




20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

C5H11+

C5H11+
-1

C5H11+
-1

C3H7+
-1

C3H7+

C5H11+
-1

C5H11+
-1

C3H7+
-1

C3H7+

C5H11+
-1

C6H10

C7H12

C6H10

C7H12

C6H10

C7H12

C6H1O0

C7H12

C3H8

C3H8

C4H10

C4H10

C5H12

C5H12

C3H8

C3H8

C4H10

C4H10

C5H12




40

41

42

43

44

45

46

50

51

52

53

54

35

56

57

58

C5H1l+

Cl0H14
-1

Cl1Hlé
-1

C10H3
-1

C11H10
-1

C4H8
1

C3Hé
1

C2H&
1

C7H8
1

C2H4
1

C2H4
1

C7H8
1

C8H10
1

Co9H12
1

Ci10H14
1

CilH16
1

Cl2H18
1

CillH10
1

C12H12
1

CH4
1

CH4
1

CH&
1

CH30CH3 HZ0

C5H11+
-1

-1
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C5H1Z

= 0

H20

H20

HZ0

H20

H20

K20

HZ0

H20
1



REACTION NO.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

FACTOR

.11077E+04
. 79426E+04
.35874E+02
.57935E+10
.11667E+11
.51384E+10
.19821E+11
«33339E+11
.38735E+11
«11637E+12
.70579E+11
.12860E+12
.55023E-01
.80252E+00
.18221E+01
.25857E+01
-53104E+05
. 53104E+05
. 53104E+05
. 53104E+05
.39239E+06
.17585E+07
+39239E+06
.17585E+07
.39239E+06
.17585E+07
.39239E+06

.17585E+07

ARRHENIUS FREQENCY

I-A-42

ACTIVATION ENERGY

kcal/kmol

.99952E+04
.39981E+03
.21989E+04
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.49976E+03
.29986E+03
.19967E+03
.19967E+03
.00000E+00
.00000E+00
.00000E+00
. 00000E+00
.00000E+00
.00000E+00
. 00000E+00
.00000E+00
.00000E+00
. 00000E+00
.00000E+00

.00000E+00




29
30
31
32
33
34
35

36

38
39
40
41
42
43
44
45
46
47
43
49
50
51
52
33
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+10
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+10
0.26704E+04
0.36693E+01
0.36693E+01
0.36693E+01

0.36693E+01

I-A-43

0.00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00
0. 00000E+00
0. 00000E+00
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
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00




hHh-v-1

SPECIES ID MOLECULAR WT.

® 8 N0 N s WN -

NN N N RN N RN NN @ a @ o - o o = o =
® N O Ns W N e O B O N N s W N = O

0.32000E+02
0.28000E+02
0.20000E+01
0.48000E+02
0. 18000E+02
0. 14000E+02
0.28000E +02
0.42000E +02
0.58000E+02
0.70000E +02
0.84000E +02
0.88000E +02
0. 18000E +02
0.
o
o
o
o
)
o
o
)
o
o
o
)
)
0

29000E+02

. 43000E+02
.S7000E+02
. 71000E+02
. 82000E+02
. 30000E +02
. 98000E +02
. 44000E+02
.58000E+02
.72000€+02
. 80000E +02
. 94000E +02
. 92000£+02
. 78000E+02
. 12800E+03

(4]
0. 13438E+01
(o)
0

CPA

0.50520E+01
0.73730E+01
0.84830E+01
0.40840E+01
0.77010E+01

0.52880E+00

0.90900E+00
0.88800E+00

~-0.71500E+00
~0.32000E-01
-0.41700E+00
-0.78900E+00

0.45980E+01
0. 11353E+01
0. 15298E+01
0. 19243E+01

.23188E+01

. 12920E+01
. 17381E+01

-0. 10090E+01
0.22680E+01
-0.88800E+00
-0.13855E+02
-0.11218E+02
-0.58170E+01
-0.81010E+01
-0. 18433E+02

|
o o

© 0 00 0 0 0 0 0 0 0 0 06 00 0 0 0 0 0O 0 0 0 o0

0.

CPB

. 16940E-01
.30700E-02
.22150E-02
.42770E-01
. 45950E-03
.18387E-01
.37400E-01
.58020€-01
.B4380E-0O1
. 10340E+00
. 12880E+00
. 1S040E+00
. 12450E-01
.39790E-01
.811583E-01
.82520€-01
. 1038BE+00
. 11189E+00
.42540E-01
. 13325E+00
.73150E-01
.79130E-01
. 11640E+00
. 14108E+00
. 15830E+00
. 12240E+00
. 11330E+00

20300E+00

CPC

.61790E-05
.88620E-05
.32980E-05
. 12500E-04
.25210E-05
.98400E-05
. 19940E-04
.27710E-04
.47540E-04
.58340E-04
.84900E-04
.83880E-04
.28600E-05
. 18080€ -05
.30030E-04
.42000E-04
.53975E-04
.82300E-04
. 18570E-04
.74270E-04
.37880E-04
.26470E-04
.81830E-04
.90270€-04
.98910E-04
.660S0E-04
. 72080E -04
. 15540£-03

© 0 0 06 © © 0 © 6

!
(=]

©C 0 0 0 © o

CPD

.68110E-08
.30370E-08
. 18260E-08
.45800E-09
.85900E-09
. 19500E-07
.41920E-08
.52660E-08
. 10860E-07
. 111BOE-07
. $15830E-07
. 18170E-07
.27030E-08
. 13300E-07
. 15896E -07
. 18492E-07
.21088E-07
. 13452€E-07
.20810E-08
. 16050E-07
.76780E-08
.87400E-09
. 12670E-07
.21873E-07
.33582€E-07
. 11730E-07
. 17030£-07
.47310€-07

HEAT OF FORMATION
kcal/kmol

. 48080E+05
.26420E+05
. O0000E+00
. 43990E+05
.57B800E+05
.81800E+04
. 12500E+05
.48800E+04
.30000E +02
. S0000E +04
. 12510E+05
. 14890E+05
. 17890E+05
. 40800E+04
. 90000E +04
. 13840E+05
. 188B0E+05
. 20000E+05
.20240E+05
. 15220E+05
.24820E+05
.301S0£+05
. 35000E+05
.25280E+05
.22870E+05
. 11950€E+05
. 19820E+0S
. 36080E +05




C=V-1

29
<[]
31
32

34
as
as
37

0. 11B00E+03
0. 12000E+02
0. 106800E+03
0. 12000E+03
0. 13400E+03
0. 14RO0E+03
0. 186200E+03
0. 14200E+03
0. 15800E+03

-0. 18433E+02
0.48440E+01
~0.37880E+01
-0. 11150E+01
0.30480E+01
-0.53552E+01
-0.48778E+01
~-0.15482E+02
-0. 10050E+02

0.20300E+00
0.00000E+00
0. 14240E+00
0. 14900E+00
0. 15570E+00

0.20211E+00"

0.21955E+00
0.22420E+00
0.21241E+00

. 15540F-03
. 00000E +00
.B82240E-04
.77930E-04
.B8780E~-04
. 10R38E-03
. 11526E-03
. 16580E-03
. 12950E~03

0.47310E-07
0.00000E +00
0. 17980E-07
0. 15230E-07
0.77790E-08
0.73030E-07
0.84054E-07
0.48140E-07
0.50172E-07

0.3808B0C+05
0.00000E+00
0.45400E+04
~-0.33300E+04
-0. 10820E+05
~0.20230E+05
-0.28200E+05
0.27930E+05
0. 19180E+05



LIST OF INPUT DATA:

INLET TEMPERATURE TO DEHYDRATION REACTOR (K)

INLET TEMPERATURE TO MTG REACTOR (K)

OPERATING PRESSURE (atm)

RECYCLE RATIO (mol recycle gas/mol MeOH feed)

FEED RATE OF METHANOL (kg/sec)
FEED RATE OF WATER (kg/sec)
LENGTH OF REACTOR (m)

DIAMETER OF REACTOR (m)

COMPOSITION OF RECYCLE GAS IN MOLE FRACTION

METHANE
HYDROGEN

CARBON MONOXIDE
PROPYLENE
PROPANE
ETHYLENE

ETHANE

I-A-46

OO0 O0OO0OO0O0OO0

.40
.10
.10
.10
.10
.10
.10

603.
.37222
.02721
.30000
.00012
.00002
.23950
.03300

615

[
OO OO WV

15000




CONDITIONS AT EXIT OF DEHYDRATION REACTOR:

EXIT TEMPERATURE FROM DEHYDRATION REACTOR (K) 696.04395
EQUILIBRIUM METHANOL CONVERSION IN DEHYDRATION REACTOR (%) 76.46770
FLOW RATE OF METHANOL (kmol/s) .8918374E~-06
FLOW RATE OF DHE (kmol/s) . 1449003E-05
FLOW RATE OF WATER (kmol/s) .2829003E-05
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X = 0.000 TEMPERATURE = 615.37222 K
SPECIES NAME WEIGHT PERCENT
Methanol .43100
Carbon Monoxide .89107
Hydrogen .56365
Dimethylether 15.02000
Water 11.47489
Ethylene .89107
Propyliene 11.83661
1-Butene . 00000
1-Pentene .00000
1-Hexene .00000
1-Heptene .00000
Methane 18.03674
1,5-Hexadiene .00000
Ethane L45472
1,6-Heptadiene .00000
Propane 12.40026
n-Butane .00000

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
2,4,5,6-pentamethylbenzene
»3,4,5,6~hexamethylbenzene
ethylnaphthalene
~dimethylnaphthalene

*
b4

ODO0OO0O0O0O0OO0OO0OODODOOOOONOVOMOOOOR I WULO IO

1
1,2
1-m
1,2

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

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

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
. 00000
.00000
.00000
.00000
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

¥ = 0.100 TEMPERATURE = 704.73718 K
SPECIES NAME WEIGHT PERCENT
Methanol 5.95009
Carbon Monoxide 8.26504
Hydrogen 0.27249
Dimethylether 6.59213
Water 14,80284
Ethylene 8.10305
Propylene 10.07161
1~-Butene 2.66401
1-Pentene 0.34828
I-Hexene 0.70105
l-Heptene 0.22541
Methzne 21,15327
1,5-Hexadiene 0.00938
Ethzne 8.48784
1,6-Heptadiene 0.0131¢
Propzne 11.7579¢
n-Butane 0.09121
n~Pentane 0.01755
1,3-cyclohexadiene 0.00010
1,3-cycloheptadiene 0.00014
Toluene 0.00813
Eenzene . 0.00775
Naphthalene 0.00133
Aromztic compound 0.00001
carbon 0.00000
o-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-hexarethylbenzene 0.02443
l-methylnaphthalene 0.0049¢9
1,2-dimethylnaphthalene 0.02989

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

WT. PERCENT OLEFINS ’ 25.98236
WT. PERCENT PARAFFINS 48.71977
WT. PERCENT AROMATICS 0.55092
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X = 0.200 TEMPERATURE = 730.46444 K
SPECIES NAME WEIGHT PERCENT
Methanol 4.35988
Carbon Monoxide 8.71097
Hydrogen 0.20774
Dimethylether 3.11258
HWater 16.77223
Ethylene 9.52376
Propylene 9.10728
1-Butene 3.48747
1-Pentene 0.63552
l1-Hexene 1.04343
1-Heptene 0.40272
Methane 23.33448
1,5-Hexadiene 0.01385
Ethane 8.52298
l,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 0.11849
l-methylnaphthalene 0.01106
1,2-dimethylnaphthalene 0.10822

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

WT. PERCENT OLEFINS
WT. PERCENT PARAFFINS
WT. PERCENT AROMATICS
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

. X = 0.300 TEMPERATURE = 735.91673 K

SPECIES NAME WEIGHT PERCENT
Msthanol 3.12931
Caerbon Monoxide 9.06266
Hydrogen 0.20259
Dimethylether 1.50736
Wzter 17.86647
Ethylens 11.07319
Propylene 8.54527
1-Butene 3.53741
i-Pentense 0.69190
1-Hexene 1.26257
l1-Heptene ' 0.43643
Methane 24,96464
1,5-Hexadiene 0.01749
Ethzne 8.56283
1,6-Heptadiene 0.02755
Propane €6.39341
n-Butane 0.52043
n-FPentzne 0.14515
1,3-cyclohexadiene 6.00019
1,3-cycloheptadiene 0.00030
Toluene 0.01682
. Benzens 0.008%4
Nzaphthelene 0.00545
Aromztic compound 0.00006
carbon 0.00001
o—xylene 0.01598¢
1,2,4~trimethylbenzene 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-dimethylnaphthalene 0.21550

EYDROCARBON DISTRIBUTION ON WATER FREE BASIS

WT. PERCENT OLEFINS 31.15938
WT. PERCENT PARAFFINS 49.41522
WT. PERCENT AROHATICS 2.49576
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X = 0.400 TEMPERATURE = 737.25428 K
SPECIES NAME WEIGHT PERCENT
Methanol .21006
Carbon Monoxide .31422
Hydrogen .21195
Dimethylether .72739
Hater 18.52703
Ethylene 12.25055
Propylene .12156
1-Butene .32542
1-Pentene 64354
1-Hexene .40491
1-Heptene : .39518
Methane 26.08731
1,5-Hexadiene .02046
Ethane .60695
l,6~Heptadiene .02641
Propane .48797
n-Butane .65288

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

OO0 OOOO0OOO0DODO0O0O0OPrO0ODWMORCOHOWRRNOOOOWODN

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

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

.18501
.00022
.00029
.02071
.00986
.00950
.00010
.00001
.02447
.02798
.03768
.92438
.36419
.03431
.34462
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

= 0.500 TEMPERATURE = 737.88206 K
SPECIES NAME WEIGHT PERCENT
Methanol 1.52168
Carbon Monoxide 9.48878
Hydrogen 0.22393
Dimethylether 0.33887
Water 18.95406
Ethylene 13.109¢°1
Propylene 7.74659
1-Butene 3.03387
1-Pentene 0.56121
1-Hexene 1.50346
1-Heptene ) 0.33128
Methzne 26.87060
1,5-Hexzdiene 0.02307
Ethane 8.65418
l,6~Heptadiene 0.02342
Propane 3.22350
n-Butane 0.72229
n-Pentane 0.20155
1,3-¢cyclohexadiene 0.00025
1,3-¢ycicheptadiene 0.00025
Toluene 0.02474
Benzene 0.01064
Naphthalene 0.015%6
Aromztic compound 0.00015
carbon 0.00002
o-xylene 0.02912
1,2,4~trimethylbenzene 0.03317
1,2,4,5-tetramethylbenzene 0.04449
1,2,4,5,6-pentamethylbenzene 2.29446
1,2,3,4,5,6~hexzmethylbenzene 0.46708
l-methylnaphthalene 0.05529
1,2-dimethylnaphthzlene 0.48931

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

WT. PERCENT OLEFINS 32.49183
WT. PERCENT PARAFFINS 48.95017
WT. PERCENT AROHATICS 4,27463
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X = 0.600 TEMPERATURE = 738.52277 K
SPECIES NAME WEIGHT PERCENT
Methanol 1.00517
Carbon Monoxide 9.60628
Hydrogen 0.23467
Dimethylether 0.14687
Hater 19.24419
Ethylene 13.74935
Propylene 7.39683
1-Butene 2.73092
1-Pentene 0.47455
1-Hexene 1.57148
1-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-Pentane 0.20077
1,3~cyclohexadiene 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 32.49091
WT. PERCENT PARAFFINS 48.87986
WT. PERCENT AROMATICS 5.01314
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TEHPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

= 0.700 TEMPERATURE = 739.32211 K
SPECIES NaME WEIGHT PERCENT
Methanol 0.62022
Carbon Monoxide 9.68158
Hydrogen 0.24286
Dimethylether 0.05617
Hater 19.44780
Ethylene 14,23913
Propylene 7.06683
1-Butene 2.44314
1-Pentene 0.39507
1-Hexene 1.61352
1-Heptene 0.21708
Methane 27.87690
1,5-Hezadiene 0.02759
Ethane 8.75479
1,6~Heptadiene 0.01713
Propane : 1.82051
n-Butane 0.73114
n-Pentane 0.18883
1,3~eyclehexadiene 0.00030
1,3-cycloheptzdiene 0.0001¢
Toluene 0.03673
Benzene 0.01160
Naphthalene 0.04387
Aromztic compound 0.00026
carbon 0.00003
o~xylene 0.04186
1,2,4~trimethylbenzene 0.04638
1,2,4,5-tetranethylbenzene 0.06052
1,2,4,5,6-pentamethylbenzene 2.79798
1,2,3,4,5,6-hexamethylbenzene 0.60131
l~methylnaphthalene 0.12889
1,2-dimethylnaphthalene 0.78707

HYDROCAREON DISTRIBUTION ON WATER FREE BASIS

WT. PERCENT OLEFINS 32.30200
WI. PERCENT PARAFFINS 48.87783
WI. PERCENT AROMATICS 5.65653
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X= 0.800 TEMPERATURE = 740.24221 K
SPECIES NAME WEIGHT PERCENT
Methanol 0.34230
Carbon Monoxide 9.72601
Hydrogen 0.24829
Dimethylether 0.01739
Water 19.59075
Ethylene 14.62580
Propylene 6.75449
1-Butene 2.18006
1-Pentene 0.32651
1-Hexene 1.63235
1-Heptene 0.17600
Methane 28.22622
1,5-Hexadiene 0.02951
Ethane 8.80718
1,6-Heptadiene 0.01467
Propane 1.43582
n-Butane 0.69635
n-Pentane 0.17069
l1,3-cyclohexadiene 0.00032 .
1,3~cycloheptadiene 0.00016
Toluene 0.04859
Benzene 0.01179
Naphthalene 0.07462
Aromatic compound 0.00032
carbon 0.00003
o~xylene 0.05253
1,2,4~trimethylbenzene 0.05597
1,2,4,5-tetramethylbenzene 0.07066
1,2,4,5,6-pentamethylbenzene 2.94731
1,2,3,4,5,6-hexamethylbenzene 0.63572
l-methylnaphthalene 0.18639
l,2~dimethylnaphthalene 0.91251

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

WI. PERCENT OLEFINS
WI. PERCENT PARAFFINS
WT. PERCENT AROMATICS
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TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X = 0.900 TEMPERATURE = 741,17266 K
SPECIES NAME WEIGHT PERCENT
Methanol 0.1579¢
Carbon Monoxide 9.74888
Hydrogen 0.25130
Dimethylether _ 0.00383
Hater - 19.68503
Ethylene 14,93961
Propylene 6.45864
1-Butene 1,94351
1-Pentene 0.26907
1-Hexene 1.63020
1-Heptene 0.14428
Methane 28.51759
1,5-Hexadiene 0.03120
Ethzane 8.86057
1,6-Heptadiene 0.01271
Propane 1.16952
n-Butane 0.64826
n-Pentzne 0.14995
1,3-¢cyclohexadiene 0.00034%
1,3~cycloheptzdiene 0.00014
Toluene ' 0.06946
Benzene 0.01183
Nzphthalene 0.13014
Aromztic compound 0.00039
carbon 0.00004
oc—-xylene 0.06735
1,2,4-trimethylbenzene 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-dimethylnsphthalene 1,00223

HYDROCARBON DISTRIBUTION ON WATER FREE BASIS

WT. PERCENT OLEFINS 31.66247
WT. PERCENT PARAFFINS 48.98948
WT. PERCENT AROMATICS 6.69203

I-4-57



TEMPERATURE AND WEIGHT PERCENT OF SPECIES ALONG REACTOR LENGTH

X = 1,000 TEMPERATURE = 741.99935 K
SPECIES NAME WEIGHT PERCENT
Methanol 0.05594
Carbon Monoxide 9.75841
Hydrogen 0.25261
Dimethylether 0.00051
Water 19.73760
Ethylene 15.20095
Propylene 6.17718
1-Butene 1.73209
1-Pentene 0.22161
1-Hexene 1.60976
1-Heptene 0.11958
Methane 28.76809
1,5-Hexadiene 0.03269
Ethane 8.91475
1,6-Heptadiene 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 31.27927
WT. PERCENT PARAFFINS 49.07446
WT. PERCENT AROMATICS 7.09977

I-A-58




