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APPENDIX A

PROPERTY DATA BANK

The symbols and equations are shown below.  The
enthalpy and Gibbs energy of formation at 298.2 K are for
the ideal-gas state. The reference states chosen for the
elements are as follows

MV = Molecular weight, g/mol
Te = Critical temper cure, K
Pc = Critical pressure, bar
VC = Critical volume, cm3/mole
7c = Critical compressibility factor,
POVCIRTC
Omega = Pitzer's acentric factor
Dipm = Dipole moment, debyes
A B ¢ D = Constant to calculate the isobaric

heat capacity of the ideal gas with
Cp in J/(mol.K) and T in Kelvins

Cp = A+ BT + CT2 + DT3
AHf = heat of formation, kcal/g-mol
AGf = Gibbs free energy, kl/g-mol



Table A-1 Physical

COMPONENT

HYDROGEN

METHANE

ETHANE

PROPANE

BUTANE

n-PANTANE

n-HEXANE

CYCLOHEXANE

METHYLCYCLOPENTANE

2-METHYLPENTANE

3-METHYLPENTANE

2,2-DIMETHYLBUTANE

2,3-DIMETHYLBUTANE

BENZENE

TOLUENE

METHYLCYCLOHEXANE

ETHYLCYCLOHEXANE

n-HEPTANE

2-METHYLHEXANE

3-METHYLHEXANE

MW

44.094

58.124

72.151

86.178

84.162

84.162

86.178

86.178

86.178

86.178

78.114

92.141

98.189

98.189

100.205

100.205

100.205

33.0

190.4

305.4

369.8

425.2

469.7

507.5

553.5

532.7

497 .5

504.5

488.8

500.0

562.2

591.8

572.2

569.5

540.3

530.4

535.3

properties

Pc

bar

12.9.

46.0

48.8

42.5

38.0

33.7

30.1

40.7

ey

30.1

31.2

30.8

31.3

48.9

41.0

34.7

34.0

27.4

27.3

28.1

constant(Reid et al. (1987))

cm/mole

64.3

99.2

148.3

203.0

255.0

304.0

379.0

308.0

319.0

367.0

367.0

359.0

358.0

259.0

316.0

368.0

375.0

432.0

421.0

404.0

Zc

0.303

0.288

0.285

0.281

0.274

0.263

0.264

0.273

0.272

0.267

0.273

0.272

0.269

0.271

0.263

0.268

0.269

0.263

0.261

0.255

Omega

-0.216

0.011

0.099

0.153

0.199

0.251

0.299

0.212

0.231

0.278

0.272

0.232

0.247

0.212

0.263

0.236

0.271

0.349

0.329

0.323

PP AHf
debyes
kcal/mo]
0
0
0
-17.88
-20.23
-24.82
0
-30.15
-35.00
0 -39.96
0.3 -29.43
0 -25.50
0 -41.66
0 -41.02
0 -44 .35
0 -42.49
0 19.82

0.4 11.95

0 -36.99
0 -30.37
0 -44 .91
0 -46.63

0 -45.98



Table A-2

(Reid et al. (1987),

COMPONENT

HYDROGEN
METHANE
ETHANE
PROPANE
BUTANE
n-PANTANE
n-HEXANE

CYCLOHEXANE
METHYLCYCLOPENTANE
2-METHYLPENTANE
3-METHYLPENTANE
2,2-DIMETHYLBUTANE
2, 3-DIMETHYLBUTANE

BENZENE
TOLUENE

METHYLCYCLOHEXANE
ETHYLCYCLOHEXANE

n-HEPTANE

2-METHYLHEXANE
3-METHYLHEXANE

Heat capacity,

A
2. 114E+01
1.925E+01
5.409E+00

-4.224E+00

9.4 87E+00

-3.626E+00

4.413E+00

-5.454E+01
-5.011E+01
-1.057E+01
-2.386E+00
-1.663E+01
-1.461E+01
-3.392E+01
-2.435E+01
-6.192E+01
-5.531E+01
-5. 146E+00
-3.939E+01
-7.046E+00

Cp = A+ BT + CT2 + DT3

B

9.274E-03
5.213E-02
1.781E-01
3.063E-01
3.313E-01
4.873E-01
5.820E-01
6.113E-01
6.361E-01
6.180E-01
5
6
6
4
5
7

690E-01 -
.293E-01 -
150E-01 -
T39E-01 -
125E-01 -
.842E-01 -
7.511E-01 -

6.762E-01
8.642E-01
6.837E-01

Jlg-mole)

C
-1.381E-05

1.197E-05 -

-6.93SE-05
-1.586E-04

-1.108E-04 -

-2.580E-04
-3.119E-04
-2.523E-04
-3.642E-04
-3.573E-04
.870E-04
.481E-04
.376E-04
.017E-04
. 165E-04
.438E-04
.396E-04
-3.651E-04
-6.289E-04
-3.734E-04

e S ) N 76 B JC B o B h S

—~ [a>] [=p] o oo [ee] — [op] o o [F%) oo — —~

(o R

.645E-09
.132E-08
.T13E-09
.210E-08
.822E-09
.300E-08
.490E-08
.321E-08
.041E-08
.058E-08
.033E-08
.580E-08
.820E-08
.130E-08
.911E-08
.366E-08
.004E-07
.658E-08
.310E-07
.834E-08
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Table A-3 Gibbs free energy of formation of gas (Yaws and

Chiang, (1988)), AGf = A +BT +CT2, kJ/g-mole),

by T in kelvins.

COMPONENT A B c AGf at
208 K
n-HEXANE -170.447 5.5417E-01 5.0303E-05 -0.84

5
2-METHYLPENTANE -177.675 5.6303E-01 4.8313E-05 -5.60
3-METHYLPENTANE -174.861 5.6271E-01 5.0351E-05 -2.70
2, 2-DIMETHYLBUTANE -189.225 5.8649E-01 4.7623E-05 -10.22
2, 3-DIMETHYLBUTANE -181.310 ©5.7783E-01 4.9722E-05 -4.70
METHYLCYCLOPENTANE -110.437 4.7401E-01 4.9123E-05 35.18

BENZENE 81.512 1.5282E-01 2.6522E-05 129.41
n-HEPTANE -191.520 6.5052E-01 5.6444E-05  7.35
ETHYLCYCLOPENTANE -131.223 5.7136E-01 5.4772E-05 43.91
METHYLCYCLOHEXANE -160.038 6.1255E-01 4.6303E-05 26.61
TOLUENE 47.813 2.3831E-01 3.1916E-05 121.66
2-METHYLHEXANE -198.645 6.5837E-01 5.6475E-05  2.56
3-METHYLHEXANE -196.032 6.5427E-01 5.6454E-05  3.95
2,2-DIMETHYLPENTANE ~ -209.894 6.8563E-01 5.6352E-05 -0.57
2,3-DIMETHYLPENTANE ~ -203.028 6.6456E-01 5.6286E-05 0.0l

2 ,4-DIMETHYLPENTANE ~ -205.762 6.8189E-01 5.6332E-05  2.44
3,3-DIMETHYLPENTANE ~ -205.762 6.7887E-01 5.6327E-05  1.98
2,2,3-TRIMETHYLBUTANE -209.101 6.9811E-01 5.2621E-04  3.61



APPENDIX B

GROUPS IN KINETIC EQUATIONS
Table B-1  Groups in kinetic equation for reactions on
solid catalyst (Yang and Hougen (1950)).
DriYtng-Force Groups
Reaction A=1? AMRAS A431"R AA3NRA
. : PtP PtP
Adsorption of Acontrolling ps_ ¢! p, - k- PA ,{J . Ktpf
Adsorption of 3 controlling 0 0 Pt - Pt - _PP_Z\
Pt Pa _Pj_ PaPb Pt
Desorption of 3 controlling oA~ o T PP - ey
Pt PtP PR
Surface reaction controlling Pa~K P ~K ! K PaPo - | P
Impact of A controlling 0 0 R PtPz
(A ot adsorbed) PP - P  PaP.- P
Homogeneous reaction P PtPz paps . PP
controlling — ‘ PaP' - & ars -

Replacements in the General Adsorption Groaps
(1 4+ KAx+ Kspn+ KrPk + Ksps b K,p,)*

Reaction Aeefl AesRb  AA3—R AF3 "R s

\Where adsorption of A is rate  X/Pt XAPtPz XxPt XAPtPz

controlling, replace KApAby K K Kp. Kp.
Where adsorption of 3 is rate 0 0 X,Pt XtPtPz

controlling, replace K.,pn by ~*Ta XPa
Where desorption of R is rate

controlling, replace K.p. by XX.Pa KK' R KXtPzPt XX.A
Where adsorption of A is rate :

controllmg W|thd|ssomat|on J ¥ \XAP tPz [xJt Xﬁp s

of A, replace Kxpx by V-ip7 p.
Where equilibrium adsorption

of Atakes place with dissoci-

ationof A, replace KAAby JXaPa I x7a J X ApA Ix MA

and similarly for other
companents adsorbed with
dissociation
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Table B-I (continued)

Where A is not adsorbed,
replace KApAby 0 0 0 0

and similarly Tor other
corftponents that are not

adsorbed
Kinetic Groups
Adsorption o A controlling kA
Adsorption Or Bcontrolling k.
Desorption of R controlling kK

Adsorption of A controlling with dissociation kA
Impact oCA controlling \
Homogeneous reaction controlling k

Surface Reaction Controlling
AR A”R+S AAB?R A+ 2R+

Without dissociation K,K, KKa k,KAKt KKaK,
With dissociation of A KKa kwKAK, KK.aK1
Bnot adsorbed KKa kK],

B not adsorbed, A dissociated K K a KKA KKa kwkA

Exponents of Adsorption Groups

Adsorption of A controlling without dissociation
Desorption of Rcontrolling
Adsorption of .4 controlling with dissociation

Impact of A without dissociation A + B12R

linpucl of A without dissociaton A+ B ?R+5 I
Homogeneous reaction

OO == N e =

Surface Reaction Controlling
A?R A?R+S A+ ?R A+B?R+

No dissociation or A 1 2 2 2
Dissociation of A 2 2 3 3
Dissociation of A

(B not ads_orbedg 2 2 2 2
No dissociation of A

(B not adsorhcall 1 1



where

APPENDIX <

EQUILIBRIUM CONSTANT

The equilibrium constant can be calculated from
AGtp = -RTIK (c-1)
For any given reaction

AG = Y, npAGf - | nrAGr (C-2)

AGF is the standard free energy of formation of
component i (Table A-3).

np is stoichiometric coefficients of moles for
product.

nris stoichiometric coefficients of moles for
reactant,



APPENDIX

VISCOSITY OF GAS MIXTURE

The viscosity of gas mixture in reforming system
is predicted by method of Wilke (Reid et al. (1987)).

g Vi ni

R (D-1)

where

AL+ (nimj)I2 (il Mi)i4 ) 2
| +(n['881+)|v|i5 Vil i D)

Oji is found by interchanging subscripts or by

(D-3)

where — m is the viscosity of- the mixture.
ni 1S pure component viscosity of i in the mixture
yi is the mole fraction of 1 in the mixture.
Mi is the molecular weight of i in the mixture.

The pure component viscosity, nj_ is predicted by
method of Chung et al. (Reid et al.(1987)).
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40'7™ [T),"

where Is the viscosity, JjuP.
M is the molecular weight.
T is the temperature, K
ve 1S the critical volume, cm3/mole.
is viscosity collision.
Qv = A(T*)-B + ¢ [exp(-DT*)] + Efexp(-FT*)] (-9

where T* = 1.2503, A = 1.16145, B = 0.14874, ¢ = 0.52487,
D = 0.77320, E = 2.16178, F = 2.43787
Fc = 1 - 0.2756. + 0.05905 * + k (D-6)

Is the —acetric factor and k is a special

correction for highly polar substances is shown in
APPENDIX A.

* - (VcTecr

is dipole moment, debyes
is a dimensionless dipole moment



Table E-I

Case

O 00 N oo O BB LW O

—_ =
_ O

—
[S)

13

14

15

16

17

18
19

Feed

-Hexane
-Hexane
-Hexane
-Heptane
-Heptane
-Heptane

MCH

MCH

MCH

MCH

MCH+Tol
(0.14:0.16)

MCH+Tol
(0.14:0.16)

MCH+Tol
(0.14:0.16)

MCH+Tol
(0.14:0.16)

MCH+Tol
(0.11:0.34)

MCH+Tol
(0.08:0.52)

MCH

MCH

MCH

n
n
n
n
n
n

Temperature

APPENDIX E

Input data used in the simulation

Pressure  Hz/Hydrocarbon

c bar
500 1 11
505 5
505 15
480 10 10
490 10.5 20
500 1 8
325 1 5
350 1 5
375 1 5
425 1 5
325 1 5
350 1 5
375 1 5
425 1 5
350 1 5
350 1 5
400 8.15 53
400 8.5 16
400 9 8



Table E-2 Input data used in the simulation of case 20

Composition of mixed c6to C/7hydrocarbon feed

Hydrocarbon type Volume %

n-hexane 10.00

2MP 2.15

3MP 2.15

MCP 10.30

n-heptane 24.40

shp7 13.40

mbp7 13.40

5N7 7.35

MCH 7.35

benzene 1.70

toluene 7.30

100.00

Operating Condition
pressure, bar 14.7

temperature, ¢ 505
WIF°, ¢ 20

Hydrogen/Hydrocarbon 4



Table E-3 Input data used in the simulation of case 21

Composition of mixed Cg to C/7hydrocarbon feed

Hydrocarbon type Volume a

n-hexane 30.75

MCP 11.20

n-heptane 30.75

MCH 11.20

benzene 3 .10

toluene 13.00

100.00

Operating Condition

pressure, bar 1
temperature, C 490
W/FHC 40

Hydrogen/Hydrocarbon 1



APPENDIX F

PARAMETER ESTIMATION

1. Introduction

Parameter estimation arises in fitting models
containing several unknown parameters to experimental data
through adjustment of these parameters. Model formulation
IS not a unique process; many different formulations may
be used to fit the data and optimize model parameters. Of
particular concern are formulations that are sufficiently
accurate to represent physical or chemical phenomena.

Model formulation can Dbe grouped into linear and
nonlinear. The parameter estimation technique use to

identify the parameter is therefore based on the types of
the models.

2. Review of Numerical Methods for Nonlinear Model

In the studying of kinetic , rate coefficient
(k) and the adsorption coefficients (KA KR, Ks) are the
parameter in the rate equation which is nonlinear model,
the word nonlinear has meaning as applied to the indepen-
dent wvariable of the model and also as applied to the
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parameter. The nonlinear estimation problem appears
as simply an optimization problem.  The optimization
techniques are following

1. Direct Search Method Direct method do not
require the use of derivatives in determining the search
direction. A direct search method simply selects a
starting vector x°, evaluates f(x) at x°, and then selects
another vector Xi, and evaluates f(x) at X1.  The both
search direction and step length are chosen simultaneously
After one or more stages, the value of f(xk) is compared
with the best previous value of f(x) from among the
previous stages, and the decision is made to continue or
terminate the procedure.  The disadvantage of direct
search method is that they are slow in comparison with
derivative or simplex methods, especially as the number of
parameters hecomes large.

2. Simplex Method  The second method of minimiza-
tion of a nonlinear objective function is by using a
reqular geometric patterns (a simplex) to select points at
the vertices of the simplex at which to evaluate f(x).
Each search direction points away from the point yielding
the highest wvalue of the objective function, point A in
Figure F-l, through the centroid of the simplex, termed a
reflection, is formed composed of the remaining old point
and one new point, B.  Thus, the direction of search

changes, but the step size is fixed for a given size
simplex.
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Figure F-1 Regular simplexes of two and three
independent parameters.
(@) two variable simplex
(b) three variable simplex

Certain practical difficulties in the original
procedure, namely that it did not provide for acceleration
of the search, and encountered difficulty in carrying on
the search in curving valleys or on curving ridges led to
several improvements. In general it is recommended as
better than the previously described direct search method

because it takes less computer time even though the
convergence to termination is slow.

3. Gradient Method This gradient(steepest-descent
[ascent) method wuses only the first derivatives of the
f(x) in the calculations,
The gradient is the vector at a point X that gives
the (local) direction of the greatest increase in f(x) and
Is orthogonal to the contour of f(x) at X.  For maximiza-
tion, the search direction is simply the gradient (when
used the algorithm is called steepest ascent); for minimi-
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zation, the search direction is the negative of the
gradient(steepest descent).

k = Vi(x)k (F-1)

In steepest descent at the kth stage, the tran-
sition from point xk to another point Xk#l can be viewed as
given by the following expression:

xk+l = xk + Axk = xk + Aksk = xk - Ak Vf(xk) (F-2)

where Axk= vector from xk to xkl

k = search direction, the direction of
steepest descent
Ak = scalar that determines the step

length in direction Kk
The negative of the gradient gives the direction
for minimization but not the magnitude of the step to he
taken, so that various steepest descent procedures are
possible, depending upon the choice of Ak4

4. Newton®s Method Newton's method makes use of
the second-order approximation of f(x) at xk , and thus
employs second-order information about f(x), that s,
information obtained from the second partial derivatives
of f(x) with respect to the independent variables.

The minimum of f(x) in the direction of xk is
obtained by differentiating the approximation of f(x) with
respect to each of the components of X and equating the



resulting expressions to zero to give

VE(xk) = VF(xk) + H(xk)Axk= 0 (F-3)
or

xktl - xk = Axk= - [H(xK)]_1VF (xk) (F4)

where [H(xx»y_a is the inverse of the Hessian
matrix H(xk).

Note that Dboth the direction and step length are
specified as a result of Eg. (E-3) . If f(x) is actually
quadratic, only one step is required to reach the minimum
of f(x). However, for a general nonlinear objective
function, the minimum of f(x) will not be reached in one
step, so that Eq.(E-4) can be modified to

kil xk = -AK [H(xk -1Vf(xk) (F-5)

where Ak is the step length. The search direction
is given (for minimization) by

k = - [H(xk)]-!VF (xk) (F-6)

For the initial estimates of the parameters far
from the final estimates, it is a characteristically slow
method but converges rapidly near termination (in contrast
to the gradient method which converges very slowly).

5. Marquardt's Method Marquardt, Levenberg, and
others have suggested that the Hessian matrix of f(x) be
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modified on each stage of the search as needed to ensure
that the modified H(x), H(x), is positive definite and
well-conditioned. The procedure adds elements to the
diagonal element of H(X)

H(x) = [H(x) + 01] (F-7)

where /3 is a positive constant large enough to
make H(x) positive definite when H(x) is not. Also it is
possible to use

HX)ro= [H1x) + yl] (F-8)

Marquardt's method is definitely superior to
either the Newton method or the Gradient method.  Because
either analytical or numerical derivatives at the minimum
of f(x) are available. It is superior to the simplex
method in that subsequent estimates of the precision of
the parameters are easy to make.  On the other hand,
the simplex method has the advantage that the partial
derivatives of f(x) need not be calculated at all, thus
saving considerable computer time in estimation. For very
complex models, the simplex method has proved the more
effective in estimating the parameters in simulation
studies.



3. Step of Parameter Estimation

1. Let Y[ is observation from experimental data
and Y is expected response from the models.

For Cg hydrocarbons
Yi = _déj)ﬂ-g(mj = -rate [1]-rate [2]-rate [6]
Y2 = H( /Fr—c):rate [1]-rate [3]-rate [4]-rate [8]

i = H(W/a}&ﬁc) = rate [2]+rate [3]-rate [T]
Ya = d((j% ~ rate [’5]]-rate [EO]

Q— wd X ZSPMB

d("'/Fi‘Tc) = rate [4]-rate t’5]

Ye = _d(A A/’\ﬁw_c) = rate [6]-rate [7]

d(d’)ﬂi:hc) = ratem

-~
1

Ye = 3(7' /Fﬁﬂ = rate [8]+rate [9]+rate [10]
For C7 hydrocarbons
e = H( /ﬁa = -rate [11]-rate [13]

Yo = d( /ic) rate[15]
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Yn = a( /FFE) = rate [14]-rate [19]

Yiz = d( /ic) = rate [13]-rate [14]

Yu

_d( /FE) rate [12]-rate [17]

Yid

rate [16]+rate [17]

AW TR

2. Let err is error between observation with
expected response.

err-L2 = (Y] -Yi)2
3. Let E is total error

E;2 = () erri?
i =0

4, Optimization of E by wusing least square
function in  MATLAB program (Marquart' method-which is the
best method as shown in the review of numerical method for
nonlinear equation).
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AT***************************************** * kkkkkkkkkkkkkk_ * * *__k_k%k_ * * *

rogram to simulate reforming processes for C6 to C7 hydrocarbons*
ource file name is SIM.C

|
|

le data bank for specific heat, Cp.is cEmlxdat i
|e da a bank for yﬁgﬁkiily**iﬁ**yi&s mijvgsc*Qﬁk kkk_k__k_kkkkkkkk_ ~k *kk_k__%k *******/

% 3k X * T

P
S
Fi
Fi

#include<stdio.h>
#|nclude<mathh
#include<conio.h>
#include<string.h

#include "sim.h"

FILE *printer

struct — cpm cgmlx[MAX COMPONE N&,

struct data_bank physical[MAX_COMPONENT];

double [ EACTION];

static char *feedname[MAXFEEDl (
Hydrog NCE o C6" "n-Hexane", "MCP" _"2MP",
"IMP" “"22DMB", 23DMB'. "Bz", "Toluene", "ECP",
"MCH", "n-Heptane", "SBP7" "MBPT"):

void main() [* main program */

ouble heatreaction REACTION]; /* for heat of reaction */

static double rate REACTION]; [* for rate of reaction */

double partialp[MAXFEED]; [* for partial pressure of C6 to C7*/

double m0|efeed[M0AXFEED+1] = (

/*h%drogen*/

, [ *Ch or” C6*/

,%,0,0,0, 8 0, /*n-Hexane ,MCP,2MP,3MP,22DMB,23DMB, Bz*/
| .0, 0,00, [*Tol,MCH, ECP, n-Heptane, SBP7,MBP7*/

double h2 c6 = 0; [*H2 in CG*/

double ¢67c6 = 0 [*Co In 8?*/

double h2_c7 = 0; [*H2 1n CI*/

ouble s = [*C6 In Cl*/

double MOLEFE D[M l

static double Ie|n|t|a [MAXFEED];

double sIope[MA ED];

double totalmole : ;

double h2_hydrocarbon;

double cpmixture, vismixture;

static double k[5]&MAXFEED+1]; [*slope k[1]...k[4]*/

double slopetemp ="°0;

double VISCOSIty;

double temperature;

double tempi;

double pressure;

double Tfeedhc = 0
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I A-A-A-A-A-A-A-*A-A-*A-A-A-*A*A-A-AA-A-AAAA*A-A-A*A-A-A* + AAA* + *** AAAAAAAA AA- AA AA

Array of mole feed is '
molefeed[0] = Hg/drogen »
g molefeed|[l = A
molefeed|2 = n-Hexane A
molefeed][3 = MCP A
molefeed[4 = WP A
w o molefeed[b = W A
molefeed[6 = 22DMB A
molefeed(7 = 23DMB A
1A molefeed(8 = Bz A
molefeed[9 = Toluene >
A molefeed[10] = ECP A
* molefeed[1l] = A—
molefeed[12] = n-Heptane t
¥ molefeed[13] = SBP/ >
* molefeed[14] = MBP7 A
int feed count;
Int compo count;
Int d
int ||| : 0 =0 ,
Int row = 1 [*row of the monitor*/
Int coI =1
int unt =0, 7%
float |n|t|al, final, h, printin;
Int nnp, nnc;
|fe()$??n(1fo count = read_datafile(NULL,NULL))<1)
print(’ !\Pumber of component re d from tables = %d\n",compo_count);
If ((printer = setoutput() )==NULL)
exit(2),
ecieve temperature, pressure etc.*/
cIrsc f),
r0V\tl = I clol =1
otoxy(col, row);
cprint ¥é“INP6JT FEED ");
= | =

while (KMAXFEED% (
char namebuf[20];
double feedvalué:

gotoxy(20,1); cprintf("count = %2d" 1),
gotoxy(3,row+l); cprintf(space);
gotoxy(3,row+2); cprintf (space);
gotoxy 3,row%; cprint("\nFeed name(ctrl-z to exit):");
Tf(( "= scanf("%s",namebuf)) == EOF) {
bgeak; )
else
if(( = check feedname(namebuf))>=0) {
?get8\>/<g/ (3,row+1 \’/aCIB“% r((;l\>vn+1e)?d[%d] value @ "1 );
scanf(" ) I %feedvame ! '
molernitial[ ] = molefe ed[n = feedvalue;
gotoxy (55 row+l); cprintf("%-10.10s %If",feedname[ ] molefeed[ ])



else
}gg%%%(s,rowﬂ); cprintf("Invalid feed name. Press any key...")
}gotoxy('3,row+4); cprintf(space);
}

|d< ou1t =
,r)nt (stderr,"%s","No input feed, Program stop.\n"

f
i )
) g?(sletu{); [*no feed value inputed*/
gotox” JTOW);
Drintt("Number of feed |nput = %d\n", feed count);
fo,r(f|:0; I<MAXFEED;
| T (feedname( NULL) break;
gotoxy(3,row+l+i);
cprlntfg"%-lo.los lit, feedname[i],molefeed[i]);
otoxy(3,row+2+i); cprintf("\nPress any key to continue...");
éetcm)(; w+2+i); cprintf(" y key inue...")

" Inpu Data for Slmul_atlon A
variable : meaning "
temperature degree ¢C A
P]ressure baf A
2 hydrocarbon H2 to Hydrocarbon ratio
initial [Hydrocarbon flow rate - 0
final [Hydrocarbon flow rate at / *

A prlntln Print interval i

oA, ArA-A-AFA- + -A-A-A-A-A-A- -ATACACAT AASAA-A-AARAT + ACACATA-AA-AA--A-AAATA-AAARA-A- + A-AARA-A-A-A-A-A-A-A- /

ue(C())’I+30,row);

e)get\)alae(col+30 row+1);

gotoxy%col row+1);
grlntf "H2 to Hydrocarbon ratio "):
h2_hydrocarbon = (double)getvalue(col+30 row+2);

gotox“co ,TOW+3);
cprin (" nitial ‘condition<0> 5
|n|t|a (d oubIe)getvaIue(coI 0, row+3);

col,row

% F|naI condltlon 0 2
flna = (double)getvalue(col 30,row+4);
otoxy(col, row+h
%prln}“(st |z) 2
h = (double)getvalue col+30,row+5);
otoxy(col.row+6
%prln“‘( "Print H%ferval "):



printin = (double?getvalue(col+30,row+6);
printf("\n %It %If %It %It %If %If %If\n",

getch();

Rrinti = ﬂrintin ==0?L:printin;
Final i sorinting st

nnp = inal-initi rintin)+1;

nng = EPrintin/h)+1; d

temperature = temperature+273.16;

[*Mole of feed into the reactor*/
for(i=0,feedhc=0.0; I<MAXFEED; i++) (
feedhc = feedhc + molefeed[i];

)

[*Use hgdrogen/hydrocarbon ratio to calculate h2 input*/
molef,ee,{, =" h2 h¥drocarbon*feedhc;

moleinitial[0] = maleteed[0];

JAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

*

Working Program

*

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAL

%ptoxyél,m);

ighvideo();
textbackground(GREEN);
text,colorWLl K);
cprintf("Working");
o
textbackgrou’nd%CYAN);
text_coloréBL_U ;
cgtrol)r(]tf{"ﬂl)nl.sh at W/Hydrocarbon feed = %d",nnp);
gprin“("lntérnal Loop =\ ");
[*Calculate and print output*/ :
c?mlxture = (4 ?cpmlxtur%(tem?epture-z73.1P,cgm|x, MEE
vismixture = cal-vismixture(molerteed,physical, temperature
[*print output data*/
fprintf(printer, "7.4f" 0.0);
for(i=0; I<MAXFEED; i++) { ,
fprintf(printer, "%7.4f" molefeed[i]);
%printf printer, "%7.4f", temperature-273.16)
fprintf(printer, "%7.4f", cpmixture);
fprintf(printer, "%7.4f" vismixture):
fprintf(printer, "\n");
X Loop for Fourth-order Range-Kutta
Meaning of array k[1] of Range-Kutta
' kI%O - E% or Cb
A 2 uekans
K = MCP
Akl = 2w
Akl = 3w
A kl{e] = 220MB
A kIl = 23DMB
A kI8 =B

ED
-21

m

3.

temperature,pressure,h2_hydrocarbon, initial,final,h,printin);

08 ez
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kI [8]. = Toluene H
Lo *
Pkt = - Heptane ¥
COETHE e i
g 15T IR LYY TIZIIE: t
Ak D RRERLRRLL ALLN ’*+++*++++**+ R R T
for(itii=l; lii<=nnp; ++iii) { [*print interval*/
otox
ggtr(;)rgylé )ydrocarbon feed =");
gprint ("% |||)
foirn(g'jjglraejrmnnc +4]1]) [“internal loop*/
otoxy(23, 21);
gprin}lf(("%dl, 'g’);
tempi = temperature;
for(order=1; order<=4; order+t) (
totalmole = 0
for (1=0; KMAXFEED +41)
tofalmole = totalmole’ + molefeed[i]:
for (1=0; KMAXFEED: ++1)
partialp[i] = molefeed[i]*pressure/totalmole;
ratecoc7(partialp,rate,(double)(templ-273.16));
heat(temé? 273, 1p6 heai#eactlon))( d )
h2 c6 = (rate[5]+3*rate[6] rate57]-rate[8]-rate[9])*feedhc;
co_co = (rate[7 +rate[[8 +iate[9 B 2* feedhc;
h2=c7 = (rate[l ]]3*ra 14)] raté[15]-rate[16))* feedhc;
¢6 ¢7 = (rate [15] -t-rate [16] )*2* feedhc;
k[order] [0] = h2_c6+h2_c7;
k[order %
k[order = rate£0] rated]-rate [5] )*feedhc;
klorder] [3] = (rate] } rate[6])*feedhc;
klorder] [4] = (rate[0]-rate[2]-rate[3]- rateJY]) feedhc;
k{order] [5] = (rate[l]+rate[2]:r ?te 8])* feedh
klorder] [6] = (rate[4]-rate 9_; eeahc;
klorder][7] = (rate[3]-rate[4])‘feedhc;
k[order] [8] = rate[bll eedhc;
klorder] [9]. = rate][! l‘feedh ;
klorder] [10] = (rate[l -rate[l3 ‘feedhc;
klorder] [11] = (rate[13]-rate[Ll4])*feedhc;
k[order] [12] = -rate{l J-rate[12])" feedhc;
k[order] [13] = rate{ 0]]-rate[ []-rate[L15])‘feedhc;
k[order][14] = (rate[l1]-rate[16])" feedhc;

[*Call cp mixture func tion*

cpmixture = cal cpmlxture templ 273.16,cpmix,MAXFEED, molefeed)
forfl 0; sIopetem =0; KREACTION; i+t)
slopetemp - slopetemp heatractlon[l]*ra efi];

[order][15] = slopetemp/cpmixture;



sw&;c% der)
for (=0 n<MAXFEED n++)
molefeed[n] = moleinitial[ ]+h* k[order][ 112

g = temperature+h*k[order][15]/2

for( =0; <MAXFEED; n++2 (I
molefeed[n] = moleintial[ ]+h* k[order][ 112

E{)I.: temperature+h*kforder] [15]/2

Cel G

for( ' <MAXFEED; n++2 ﬁ
molefeed[n] = moleintial[ J+h*k[order][ ];

} regli;: temperature+h*kforder][15];

[*end switch*/

?or( =0;  <MAXFEED; n++) [.
molefeedln] =moleinit |aI[ Jth*slope[ |
moleinitial[ ] = molefeed[n];

emperature = temperature+h*sIoEete :
Ioop internal of RK*
gotox%/ (23,20);

cprin ")
gotoxy{23 21);
cprintrf" ")

[*Call: heat capamty functlon and
aII: viscosity of mixture*/

cpmixture = cal _cpmixture(te

mpe
vismixture = cal-vismixture I\Q\)Cg E

FEE

rat e 273.16,cpmix, MAXFEED, mo Iefeed)
FDI)E D physical, temperature-273.16,

[*Print text file to output*/

fprintf(printer, %'7d li*printin));
for(i=0; I<MAXFEED: g
fpnnt(m|Mer\n% ,molefeed[i]);

%prnnf printer,”%7.41" temperature-273.16);
fprintf(printer,"%7.4f" cpmixture);
fprintt prlnterﬁ'%'Z 4t" vismixture);
forintf(printer,"%\ ")

? [*End loop external of RK*/
cIoseéBrlnterL

sound(200);

delay(100) ;

nosound();

) /*End main program?*/
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il I AT S R | IS kB el Al K T [ B Bl Sl W s '
* CPMIXTURE FUNCTION *
* degree =temperature(C) *
* cpmix =AB,c,D _ *
¥ = total number of component(int) i
*******QQU&***iﬁpmu’aiJcocQ*QI*Wﬂuﬁ*******************!

double cal_cpmixture(douté!)ened[]e)gree,struct cpm cpmixv(],int nc,double

int I
double cptemp; , ,
double [*temperature in Kelvin*/
double total = 0
double cpmixture = 0;
K= ,deélree+273.16;
for(i=0"; i1<nc; I++ _
total = total+conc[i];
?Or(l,[:oa i<nC; i++) {[ +( 7 [] b)*K+( . [] )*K*K
cptem = cpmixcli].at(cpmixc[i]. cpmixc[i].c
D T PR R P e
cpmixture = cpmixturetcptemp*conc[i]/total;
) eturn cpmixture [*return value of the cp mixture*/
/**********************************************************
* Function equilibrium(temperature keq) *
* Equilibrium constant is depend on temperature *
* Call by: temperature ¢, array of kequilibrium x
* function is not return value but use pointer *
\(oid equilibrium(double t,double Kef])
glo%%tle R = 1.987, [*Gas constant 1,987 cal/mol.K*/
T = t+273.16: [*change Temperature ¢ to K*/
¥ ReaCtlon n-Hexane <==> ;ME**************************
Ke[0] = exp(-(—.228+(8.86E-03)*T-(L1. 99E-06)*T*T)*1000/R/T/4.1841;
_A_***************************
* Reaction n-Hexane <==> 3MP *
Ke(l] = exp(-(-4.414+(8.54E-03)*T-(4 80E-08)*T*T)*1000/R/T/4.1841;
Jkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk T+ttt + + ot
* Reaction MP <==> 3WP Ik
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkKkkKkEKEKkFKKK mk-kk-k-k-k-k-k-k-kk-k-k*k-k-k-kkr-k-Jc-k-ickr-k-k k-k*k-Kk j

Ke[2] = exp(-(2.814-(3.20E-04)*T-(2. 038E-06)*T*T)*1000/R/T/4.1841;

* 1 - *
kkkkkkkkkkkk*k%x *e*a*c*th[ll****Z*ME*E;;i*2%3*D*M*§***************************/

Ke[3] = exp(-(-3.635+(L.48E-02)*T-(1.409E-06)*T*T)*L000/R/T/4.1841:
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Reaction 2,3DMB <==> 2,2DMB *
Ke[4] = exp(-(-7.915+(8.66E-03)*T-(2.099E-06)*T*T)*1000/R/T/4.1841;
Reaction n-Hexane <==> MCP + H2 kbl
Ke[5] = exp(-(60.01-(8.016E-02)*T-(1.18E-06)*T*T)*1000/R/T/4.1841;
Reaction MCP <==> Bz + H2 ;
Ke[6] = exp(-(191.949-(3.21E-01)*T-(2.26E-05)*T*T)*1000/R/T/4.1841;
Reaction n-Heptane <==> SBP7 *
Ke[7] = exp(-(-4.497+(8.98E-03)*T+(1.60E-08)*T*T)*1000/R/T/4.1841;

>***********£Q@QLM***§@PJ* {{?*MBPJ******'k**********************7
Ke[8] = exp(-(-10.605+(2.20E-02)*T-(1.36E-07)*T*T)*1000/R/T/4.1841;

t************Bﬁﬁﬁi@cﬂc***ﬂ?hﬁ/@@ﬁa@**%f?*wl*#*h?—********************;
Ke[9] = exp(-(60.297-(7.916E-02)*T-(1.672E-06)*T*T)*1000/R/T/4.1841;

Reaction 5N7 <==> MCH ;
Ke[10] = exp(-(-28.815+(4.119E-02)*T-(8.469E-06)*T*T)*1000/R/T/4.1841

/*****i*****i**********ﬁ*********ii*****ﬂ*****iii*****i&*i**&*i**ii**

* Reaction MCH <==> Toluene + 3H2 L

e e de de de de de g de g e ke ke e e ke ke e e e e e e e e e e e e e e ke e e e e e e e e e e e ek ek ke ke ke ke ko ke ke ok ko R

Ke[11] = exp(-(207.851-(3.74E-03)*T-(1.439E-05)*T*T)*1000/R/T/4.1841;
)

* Function viscosity pure() to calculate viscosity of pure component*

¥ viscosity_pure(physical properties, temperature” Kelvin) X
* parameter use are *
* Tc *Critical temperature(fK) Tc

* 2 Ve *Critical volume(cmA3/mole), tk
* 3. *Acentric factor k
g Wloem *Dip oIe momentgde es) ‘
* . Mo ecular weight(MW)

K
T A ok |

#define NC 20 ,
double wviscosity pure(double t, struct data_bank physic_constant)

(

int

ouble \ [*fc = 1-0.2756W+0.059035urAd*/
double tstar; I*dimension less temperature*/
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[*¥T* = 1,2593Tr*/
double omega; Iy VISCOSIty collision*/
double ur; [*ur = 131 3*d|polemoment£VcTc )*0.5
double vis_pure; 1 V|sc05|ty pure component*/
double T;
T = t+273.16; /v change temperature c to K/

= 131.3*physic constant.dipolem/ double)physic constant.tc
p‘ %Jhysw constant.V pC 0. 55? Wil Jphysic.

fc = 1-0.2756*physic_constant.acentric+0.059035*pow(ur,4);

tstar = 1.2593*(T)/physic_constant.tc;

omega -116145*(? (ktstar 14876)+ 52 *exp((double)-0.77320*tstar)
16178 43 ;

exp((double)-2.4378 sta
vis_pure = 40 785*fc ouple)physic_constant.mw*t 0.5
F [pow((do Sé) ysIC % tant. VC,édoubIe)Z/S)/%mega,
) return vis_pure; [“return viscosity of pure component*/

* Function V|sm|xture(l) Is to calculate viscosity of gas mixture*
* Call: Vismixture(molefeed,temperature,number of component)

#define MAXMIX 40

double cal_vismixture(double c[],struct data bank physical vis{],
double temp_mix,int “count)

( %){Jble n]ylscos[MAX COMPONENT] [*viscosity of pure component*/
double {ofal mole - [*total mole*/
double y| AX~CO ’\l [*mole fraction*/
double phe[MAX COMPONE TI[MAX_ COMPONEN l;
double phel, phez; ,
double visc_mix = 0; [*viscosity of ?asmlxture*/ ,
double  sumphe; [“summation of the mole fraction

multiply with pfe*/

*  kkkkkkkk L%k * kkLkk  kkk kLkkkkk LhkoLkkkkhkkkk kkkkk Lkk
+Ftt + +*4 +*4 ++ +¥F 4R

/
* Search all viscosity of pure component *
*

and save in array of nviscos T

for(i=0; i<count; i++) {
nviscos[i] = viscosity pure(temp_mix,physical_vis[i]):

[ FHFF pHLpIHE LH g pp KNI e hk Rk bk Pk L phk
Yo pOfakeN AL gle, Lragtion. and Sauk. 0B O Y pynig]
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for([i,:o; iccount; i++) {
yli] = c[i]/total_mole;

Search all phe

'|
for(i=0; i<count; i++) { [*first loop*/
for§J(=i(lJ;j5<count; 1) { [*second loop*/
| =
f(j< :
TS = aviscosqipoysical vish] musphel 1
se | Imviscos[] ]/physical vis[i].mw;
e
hel' = pow((double)(L+(sqrt(nviscos[i]/nviscos]j
: %p%vg()g)(dzo)qbl)eSph(ys%ca(l_vis[j].[m]vv/physicam)i)s[i].mw,
phe2 = sqrt(('dodble}B*(HS hysical vis[i].mw/
. physical vis &].mws);
phe[i][]] = pheTlphe2;
) [*End if i=]*/
) [*End second loop*/
) [*End first loop*/
Search for viscosity of gas mixture
for(i=0; i<coupt; i++) (
sumphe = y[i]; ,
for€J=.91.3<count; jt) |
" Slimple = sumhe + y[j1*pheli[j}
visc_mix = visc_mix + y[i]*nviscos[i]/sumphe;
eturn visc_mix; [*return viscosity of gas mixture*/

Function heat(temperature, heat of reaction)
Because heat of reaction i1s depend on temperature
Call by: temperature c,array of heat of reaction
function is not return value but use pointer

void heat(double temp, double heat reaction[])
int i;
temp = temp+273.16;

fgfjactlon n-Hexane <==> 2MP

ro+

heat reaction[0] =-1.70*1000+ ((-6.15*£tem9-298)) +E(3.60E-02)*
pow(temp,2)-pow(298,2))/2 + (-4.54E-05)*
pow(temp,3)-pow(298,3))/3 + (1.568E-08)*
pow(temp,4)-pow(298,4))/4)/4.1841;
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t'Ah ARNAA A AAAAANLAAAANAAA AAAAAANTD rkekkekrkrkrkrk-kkrkr-kkrk-kkk-kkr-kk
Reaction n-Hexane <==> 3MP
heat reaction[l] -1.06*%1000 + ((2.027* gtem -298)) + ( -02)*
pow(temp 2 pow(298, 49E-0
pow temp 3 pow 298,3 + 457E 08)
pow(temp,4)-pow(298,4 / )14, 1841,
rkrkrkrkrkrkrkrkrkrkrke-kkr-} ﬁ%A\'l")W r-kke-kkrkrkrkckrkrkrkr
Reaction MP <==> 3IWP
rkcke-kkr-kkekri rkrkrkr-k-kkrkrkrkekrkr-kkckrkckr-kkr-k-kkkrkrk: 1
heat reaction[2] 0.64*1000 + (8 184*(temp 298 490E 02)
powtemp -pow(298,2 2 + 05)*
pow(temp,3) -pow (2983 3 + 3025E 08)*
pow temp -pow(298,4))/4)/4

Mk-K-k-k-k-k-k-k-ke kR Rk k-k -k -k K-k -k k- kk-k- kA kKK k- kkkk-k-k-k-k-kAk-k-k-k-k-kk-k-k-k-k-k-kkkkkkkkk-k-k-kkk

* Reaction 2MP <==> 2 3DMB *

kekrkrkrkekrkrkrkr-k-k-kkrkrkc-kkc-kkrkrkckrkrkc-kkr-kkrkrkrkrkrkr-kkrkrkrkrkrkrkekrkrkrkrkrkrkrkr-kkrkrkrkrkrkr-kkrkrkkk-kk'kkrkk- j

heat reaction[3] = -0.83*1000 + ((-4. 04*g 20 298{ + (-3.03E-03)*
powtemp2 pow / 97E -05)*
pow(temp,3)-pow(298,3))/3 + (-1.236E-08)*
pow(temp,4)-pow(298 4 /4)/4 1841,

kkr-kkr-k-kkr-kkrkrkrkrkr-k-kkrkrkr-kkrkrkrkr-kkr-k-kkrkr-kkr-kkrkrkrkrkrkrkrkrkr-k-kkrkrkrkrkkr-kkr-kkr-kkrkkrkkkk-kkkkrkkk

Reaction 2,3DMB <==> 2 2DMB *

vkkkeke-kkrkrkrkrkrkrkrkrkr-kkrkrkrkrkrkrkrkrkrkr-k-kkrke-kkrkrkrkrkrkrkrkrk-kkrkrkrkr-kkrkrkrkrkrek kr-k-kkrkrkr-k-k-kkrkrkrkrkrkck-k

heat_reaction[4] = -0.86*1000 + ((202*&

*

mg-298)) A (1430E-02)°

pow(temp,2)- 298 1.05E-05
pow(temp,3)-pow(298,3))/3 + (3.005E-10)*
pow{temp,4)-pow(298,4))/4)/4.1841:
k-k-kkekrkrkekrke-k-kkrkrkr-k-k-kkrkrkrkrkrkrkrkrkr-k-kkrkrkr-k-kkr-k-k-kkrkrkrkrkr-kkrkr-k-k-k-kkk®-kkr-kkrkrkrkrkrkrkrkk-kkrkrkk
* Reaction n-Hexane <==> MCP + H2 *

ekke-kkekckekckrkrkckrkekekr-kkckrkekrkr-k-k-k-k-k-kkekckcke-k-kkrke-kkr-k-kke-k-k-kkrkr-kkr-k-k-k-kke-kkr-kkrkr-k-k-kkrkr-kkrkr-kkr-kk*

heat reaction[5] = 14.46*1000+(((-1. 8557E+01/) (temp- 298E))+g6.54E-02)
*(pow(temp,2)- pow(298,2)2 + (- 05)*
pow(temp,3)-pow(298,3)]/3 (l 316E -08)
pow(temp,4)-pow(298,4 /4)74 g41:
rkrkrkrke-kkrkrkrkrkrkrkr-i ckkrek-k o+ kk--k-k-k-k-k-k-k-kke-kkrk-k-k-kke-k-k-kk-kkrk-kkkkk:kkk

Reaction MCP <==> Bz + H2

rkrkrkr-kk-krkkke'kkrkrk

eat_reaction[6] = 45.32*1000+(((9.76E+01)*(temp-298))+(-1.36E-01
! :
*(pow(emp 2)- pow£298 f [2 + iZ TE-05)*
w(temp 3)-pow(298,3)1/3 + (1.38E-08)*
pow temp4 -pow(298,4))/4)/4.1841;

Tkekrkrkekrkfkr-k-k-kkeke-kke-kkrkekr-k-kkrkrkrkrkrkekr-kkrkekekr-k-kke-kkrkc-kkr-kkekr-k-k-kkr-kkeke-kke-k-kkr-k-k-kkkr-k-kkke-kke-kkr

* Reaction MP + H2 <==> 2(C5- *

vkkrkekrkr-k-k-kkrkrkrkrkr-kkrkrkrkr-k-kkr-k-k-kkrkr-k-kk-kk-k-k-kkr-kkkkkr-k-k-k-k-k-k-k-kkkitkrkrkrkrkkkk-kk-kk-kk-k-kk*

heat reaction[7] = -7,02*1000 + ((-9.9647*(temp- 298)2 + (-1.08E-01)
*(pow(temp,2)-pow (2982 )/2 (1.472E-04)*
pow(temp,3)-pow(298,3) JI3 + (1-5.80E-08)
pow(temp,4)-pow(298,4)) /41/4.1841;



***********************************************

Reaction WP % L5

;;**Zgg*******************++-k*+*

heat reaction[8] -7, 66*1000+S(( 1.81E+01 *(temp-2983 +(-5.94E-02)
*(pow(temp,? -pow£298 2 )/2 + (7.692E-05) *
pow temp,é}-powg 98,3; 3+ (-2.78E-08)*
Epow((temp,zl -pow(298,4))/4)/4.1841;
Reaction 2,008 + K <<= 205
heat reaction[9] -4.327%1000 ((-3.905*(tem p298)% + (-1,19E-01)
*(pow (tem 2)- pow£298 2 )/2 + (1.38 0E—4)*
}powétem 3% Do % 9832 3 + S—4.59E—98)
pow(temp,4)-pow(298,4))/4)/4.1841;

Z**************************************************** k__k kkkkkkkkkkk_* k%

UTTOTRS Reaction  n-Heptane <==> SBPT ey

heat reaction[10] = -1.399*1000+((-18. 072E+01)*(temp 298{ +69 TTE-01)
*(pow(temp 2)-p0w§2982 ) 2 4 5-1.36 4)*
pow(temp,3)-pow 98133 3 + S 076E-07)*
}powtemp,43-pow$298,4 [4)/4.1841:

Reaction | SBR <e=> VBT .

heat reaction[ll] 2181*1000 4.382 * tem§-298g) +E( 3.42E-02)
* (pow(temp p 29 )/ + (6.150 05;*
pow(temp 3 08 33 3 + 82.920E 08) *
Epow}temp 4} pow%298 [4)/4.1841;

fra r********************************************

Reaction n-Heptane, <252 I5N7 T H ek ktkktkk ko ko

heat reaction[12]  14.57*1000 + ((-23.024* temp-298)8) + E8'417E-02)
*(pow(te p2)-pow§298 2 )/2 + g 831E-05)*
powtemp,é%-pow% 98,3; 3+ (3.147E-08)*
fpow%temp,4 -pow(298,4))/4)14 1841
pREERRR IR R AKK_] e e
Reaction |§w**<*:*:>?**w-i************ e e e e e e e e ]
heat_reaction[13]  -6.62*1000 + ((-6.6L* Z(temp-298)) + (3.31E-02)
pow(temp,2)-pow(298, [2°+ %-4.20E-06;*
pow(temp,3)-pow(298, 3 I3 + (-6.74E-09)*
pow{temp,4)-pow(298, 4 [4)]4.1841;

JoK-k-k-k-k-k-kkr-k-k-k-k-k-k-k-kke-k'kkekc-k-k-k-k-kkeke-k-k-k'k-k-kke-k-k-k-k-kkc-k-k'k-k-k-k-k'k-k-k-kke-kke-k'kkeke-k'k-k

i*************iﬂﬁ@“l@ﬂ«*_ + IYEH ﬁ_i%*lpiuﬁm*i*gt@k****** $EEKIRKIE Kkkkk )

heat reaction[14] = 48.948*1000 + ((118.99* temp-298)% + (-2.439E-01)
*(pow(temp 2)-pow§298 2 )/2 + (1.259E-04)*
pow(temp,3)-pow(298,3)1/3 + (-2.162E-08)*
pow(temp,4)-pow(298,4))/4)/4.1841;



roAKAAKK TAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Reaction SBP7 + H2 <==> 2C6-

nt +ItlitiHr +iHrjr'/r +it +iHr +itiHr

heat reaction[15] = -4.957*1000 + ( . *Stemg 2989 + é—Q 412 E-01)
*(powaemp 2)-p 5298 )/ §11E-04)*
fpowpemp gpow$ 98,3; 3+ ( .068E- 07)
pow(temp,4)-pow(298,4))/4)/ 4.1841;
/******ﬁ*&****ﬂAAAAAA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
L Reaction MBP7 + H2 <==> 2C6-
heat reaction[16] = -2.776*1000+((2.214.99*(temp- 298Q+é-20697E-01)
*(powgemp,zygow(2982)/2 + (2.196E-04)*
pow(temp,3)-pow(298,3))/3 + (-7.758E-08)*
Epow&emp,4%powf298,4 [4)]4.1841;

"AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
rateC6C7() *
Function to calculate rate of reaction of C6 to C7 hydrocarbon*
Because heat of reaction is depend on temperature *
Call by : ratec6c7(partial pressure, rate, temperature *

rAAAAAAAAAAAAAAAAAAAAAAA!

¥ % X *

TAAAAAAAAAAAAAAAAAA

Reaction of C6 hydrocarbon &

TAAAAAAAAAAAAAAAAAAAAA]

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

n-Hexane <==> 2MP *

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAL

const double Al = E+ /*kmolﬂkg cat.hr*/
const double El = E+05; [*JImole*

n-Hexane <==> 3WP *

const double A2 = . E+ |

const double E2 = E+05!

TAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

IMP <==> 3WP *

KAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA]

const double A3 = E+
const double E3 = E+05;
WP <==> 2, 3DNB

const double A4 = E+
const double E4 = E+05;

krAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

r*g\—%éD*Mg*f**z*;*iZcQM@******************-
J

const double A5
const double Eb

E+ ;
E+0&



kK-k-k-k-k-k-kkkkkrk-k'kkkk-kkkr-kk-kkkkkkkkk-kk-kkkkkkkkkk

* - *
***********Q%(gng******W*****g*************

const double A6= . E+
const double E6= . E+05;

A k-k-kk-kkrkkkk kkrkkrkk'kk-kk-kkkkkkkkkkkkkkkkkkkkkkk
********WE******&A*** Zc********************
const double A7= E+
const double E7= . E+05;

Ik +kk'kkkkkkkkk-k+"-kk-k +k-kkkkkkk-kkkkkkkkkkk-kkkkk
* 2MP + H2 <==> 2(5- *
kk-kk-kkkk-k-kkrkkkkrkkkk-kkkkkkkkkkkkkkkkkkkkkkkk
const double A8= E+
const double E8= . E+05;
Akkkr-kkkkkkkkkkrkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
* SMP + H2<==> 2C5- *
k-kkr-k-kkkkkk-kkkkkkkkkkkkkkkkkkkkkkbkkkkkbkkkkkkj
const double A9= E+ | :
const double E9= .  E+05;
I"kkkk'kkkkkkkkkkkkkkkkkkkkk'kk-k-kkkkkkkkkkkkkkk
* 2,2DMB +H2 <==> 2C5- X
kr'kkkr-kkr'kk'k'k-k'kk-k-kk-k-kkkkk-kkkkkkkkkkkkkkkkkkkkk
const double AL0 = E+
const double E10 = .  E+05
* Reaction of C7 hydrocarbon *

k-kKkrk-kkkk-kkkkkkkkkkkkkkkkkkkkkkkkkkkkk-kkkkkk

J-k-k-kk'kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

* n-Heptane <==> SBPY -
L I T T A L B I R BE A IE LA S B B B R R A L
const double All = E+ /*kmole/kg; cat.h*
const doubleEll = . E+05; [*JImole*
jkk-k-kkkkkkkkkkkkkkk-kkkkkkkkkrkkkkkkkkkkkkkkkk
* SBP7 <==> MBP7 *
k-kk-kkk-kkkkkkkkkkk"kkkk-kkkkkkkkkkkkkkkkkkkkkk j
const doubleAl2 = . E+
const doubleEl2 = .  E+405°
k-k-kk-kkkk kk-kkk-k-kkkkkkkkkkkkkkkkkkkkkkkkkkkkk
* eptane <==>5N7 + H2 ¥
************ ER R I S S S ******+++*+*++***++
const doubleAl3 = E+
const doubleEl3 = E+05!

kkkkkkkkrkkkkkkkr-kkk-kkkkkkkkkkkkkkkkkkkkkkkkk

;*******iNL*iii&*N&u***********************7

const double Al4 E+
const double El4 E+05!



12

[ ] A-KERERRERREIRRE K KRRK_K KK RERRIRIEERIRRE_K Kk

MCH <==> Toluene + 3H2 *

const double Alb 1 E+
const double E15 . E+05:

/******************i*****ﬁ**i****}**i—i—i****i—

x SBP7 + H2 <==> 2C6- *

********-ﬁ******&i*i***f*******ﬁ*i***w&****&/

const double Al6 =
const double E16 =

MBP7 + H2 <==> 2C6-

const double Al7 E+
const double E17 E+05:

void ratec6c7(double partial [], double rate[], double temp)

1

int i
double phe;
double acid ad, metal ad;
double R =1.987%4.1871 [*R = ges constant*/
[* = 1987 cal/mole*/
[*1 cal = 4.1841 J*/
[“common adsorption term for C6 hydrocarbon*/
const double  Khex = )
const double Kmep = E+
[“common adsorption term for C7 hydrocarbon*/
const double” Kc6- = . ;
const double Kp7 = ;
const double Ktola = ;
const double Knhep = :
const double Kmeh = ;
const double Ktolm = )
[*for C6 hydrocarbon*/ _ , , ,
phe = pow((l + ;Khex*(p_artlal[Z]tpartlal[4]tpart|al(5]+,part|al
tpartial[7])/partial[0]) + (Kmcp*partial[3]/partial[0]))

[*tor C7 hydrocarbon*/

acid_ad "= (partial 0]+Kc6-*partia|[[I_]+Kp7*(pa[tial 12]*partial[13]
+Eart|al 14]2,+Kto|a*par |aI[9]l*part|aI[[ ])/EartlaIFO ;
metal _ad = L+Knhep*partial[12]+Kmch*parfial[ll]+Ktolm=~partial[9];
[*Call_function equilibrium)) for Ke[]*/
equilibrium (temp, Ke);
[*1somerization*/
temp = temp + 273.16;
Rate equation for C6 hydrocarbons s
FATAATA-A-h” AR ATA-A 4 A" AR LA A AT-A-AT-AeAerA A A A A TA- Ao AR oA Ao AT- AR Ao A A-'A-ATA 1

rate[0] = Al*exp(-E1/(R*temp))*(partial[2]-(partial[4]/Ke[0]))/
(partigl[0]*phe); , ,

rate[l] = A2*exp(-E2/(R¥temp))*(partial[2]-(partial[5]/Ke[1]))/
(partial[0]*phe);

5
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cprintf(" " -
ggtoxy(x(ﬂ, Y )

if(c>'0' & c<='9" ¢==1") {
eptintE("*e" cl;

=04, ‘
gl [“remove character*/
se (
delay (100)
il
By
) ) [*end while*/

num = _atoi( )
return(num),

double atoi()
char 11

int |
Int |,
double =, nl =0

forli=gp slip=pae glile=vaa [i]i=i+1)
r(m Tlu [l & <0 i)



= + 1 :

Peturn ;
int check feedname(char *fname)

for r(i—O; _ IKMAX_COMPONENT, i+t)
| (s%rlcmp(fname,feedname[l])::0)
return I,

?f(i>:MAX_COMPONENT)
return=-1;

128



VITA

Miss Aussanee Wapakpetch was born October 5,
1967 in Bangkok, Thailand.  She finished her primary
school from Somthawin Rachadamri and secondary school
from Bordindaja. she earned her B.Sc.(Chemistry) from
Srinakharinwirot University, Bangkok.  After graduated,
she joined The Shell Company of Thailand in Marketing
Department for a half year. She then pursues her post-
graduate study at the Department of Chemical Engineering,
Faculty of Engineering, Chulalongkorn University.



	REFERENCES
	APPENDICES
	VITA

