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APPENDIX A

PROPERTY OF DATA BANK

The simbols and equation 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:

MW = Molecular weight, g/mol

T_ = critical temperature, K

P_ = critical pressure, bar

V_ = critical volume, cn’/mole

Z_ = critical compressibility factor, P_V_/RT_
Omega = Pitzer’s acentric factor

Dipm = dipole moment, debyes

A, B, C, D = constants to calculate the isobaric heat capacity of

the ideal gas with Cp in J/(mol.K) and T in kelvins:

3

“Cp = A + BT + CT" + DT

aH heat of formation, kcal/g-mol.

aG Gibbs free energy, kJ/g-mol.
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Table A-1 Physical properties constant (Reid et al., (1987))

COMPONENT M¥. Te Pc Ve Zc Opega Dipm Va Hfo
(X) (bar) cn /nole debyes  kcal/g-mol

HYDROGEN 2.016 330 429 64.3 0.303 -0.216 0 0
METHANE 16.043 180.4 46.0 99.2 0.288 0.011 O -17.88
ETHaﬁE 30.07 205.4 48.3 148.3 0.285 0.099 O -20.22
PROPANE 44.094 3G§.8 42.5 203.0. 0,281 0.153 O -24.82
BUTANE 58.124 425.2 38.0 255.0 0.274 0.199 O -30.15
n-PENTANE 72.151 469.7 33.7 304.0 0.263 0.251 O -35.00
n-HEXANE 86.178 507.5 30.1 370.0 0.264 0.299 0O -39.96
CYCLOHEXANE 84.162 553.5 40.7 308.0 0.273 0.212 0.3 -29.43
METHYLCYCLOPENTANE 84.162 532.7 37.8 319.0 0.272 0.231 O -25.50
2-METHYLPENTANE 86.178, 497.5 30.1 367.0 0.267 0.278 O -41.66
3-METHYLPENTANE 86.178 504.5 31.2 267.0 0.273 0.272 O -41.02
2,3 DIMETHYLBUTANE 86.178 500.0 31.3 358.0 0.269 0.24T7 0 -42.49
2,2 DIMETHYLBUTANE 86.178 488.8 30.8 359.0 0.272 0.232 0 -44.35
BENZENE 78.114 562.2 48.9 259.0 0.271 0.212 O 19.82
TOLUENE 92.141 591.8 41.0 316.0 0.263 0.263 0.4 11.95
n-HEPTANE 100.205 540.3 27.4 432.0 0.263 0.349 0 -44.89
METHYLCYCLOHEXANE 98.189 572.2 34.7 368.0 0.268 0.236 0 -36.99
ETHYLCYCLOPENTANE 98.183 569.5 34.0 375.0 0.269 0.271 O -30.37
3-METHYLHEXANE 100.205 535.3 28.1 404.0 0.255 0.323 0 -45.96
2-HETHYLHEXANE 100.205 530.4 27.3 421.0 0.261 0.329 O -46.60
0-XYLENE 106.168 630.3 37.3 369.0 0.262 0.31 0.5 4.54
M-XYLENE 106.168 617.1 35.4 376.0 0.259 0.325 0.3 4.12
P-XYLENE 106.168 616.2 35.1 373.0 0.260 0.32 0.1 4.29

Note: a H'° from Perry’s Chemical Engineers’ Handbook (1984)






Table A-3 Gibbs free energy of fnrnatioﬁ of gas

lYéus and Chiang,

1988), aG, = A + BT + CT" , (ki/g-nol), by T in kelvins.

Conponent, A B aG, at 298K
n-Hexane —nmu?sjunmlsmw%4§ -0.84
2-ethylpentane - ~177.675 5.6303E-01 _4.&315@-03'* -5.60
3-nethylpentane -174.861 5.6271E-01 5.0351E-05 .  -2.T0
2,2-dimethylbutane -189.225 578649E701 4.7623E-05 i_ -10.22
2,3-dinethylbutane ~ -181.310- 5.7783E-01 1.9T226-05 " ©  -A.T0
Hethylcyclopentane ~110.437 4;7401E—01‘ 4.9123E-05 35.18
Benzene 81.512 1.5282B-01- 2.6522E~05 L129.4
n-Hepatane -191.520 6.5052E-01 5.B444E-05 7.35
Ethylcyclopentane -131.223 5.7136E-01 5.4772E-05 43.91
Methylcyclohexane —169.038 8.1255E-01 4.6303E-05 26.61
Toluene 47.813 2.3831E-01 3.1916E-05 121.66
2-nethylhexane ~198.645 ‘6.5837E-01 5.6475E-05 - 2.56
3-pethylhexane -196.032 6.5427E-01 5.6454E-05 3.95
3-ethylpentane -193.374 6.6687E-01 5.6450E-05 - 10.37
2,2-dinethylpetane -209.894  6.B563E-01 5.8352E-ps -0.57
2,3-dimethylpetane -203.028 6.6456B-01 5.6286E-05 0.01
2,4-dimethylpetane -205.762 6.8189E-01 5.6332E-05 2.44
3,3~dinethylpetane -205.327 6.7887E-01 5.6327TE-05 1.98
2,2,3-trinethylbutane -209.101 HS;SBI;E-Ol 5.2621E-05 3.61
0-XYLENE 17.048 3.3940E-01 3.9428E-05 122.09
H-XYLENE 15.063 3.3452E-01 4.1387E-05 118.87
P-XYLENE 15.763 3.3952E-01 4.2301E-04 121.13
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APPENDIX B
GROUPS IN KINETIC EQUATIONS

Table B-1 Groups in kinetic equation for reactions on solid

catalyst (Yang and Hougen, (1950))

Driving-Force Groups

Reaction A=R A=R+85 A+B=R A+ B=R+ §
. ; Pr PrPs Pr PrPs
A . PR -— — — -—
dsorption of A controlling P4 X Pa K Pa Kpn A Kpn
Adsorption ol B controlling 0 0 Ps — 22 Ps— fafy
Kp, Kp,
3 s Pr Pa  Pr Pr PaPs  Pr
Desorption of R controllin - = = - = - — - =
P & Pa K s X PaPs X Ps X
; ; Pr PrPs Pr PrPs
Surface reaction controllin - — - - — - —
E /Fa % Pa K PaPs X Pals X
Impact of A controlling Pr PrPs
(A not adsorbed) g 0 Pabs = Pals = ~g
Homogeneous reaction Pr PrPs Pr PrPs
controlling fa=x D8 e G T

Replacements in the General Adsorption Groups
(I + Kypy + Kypy + Kppr + Ksps + Kip)"

Reaction A=R A=R+5 A+B=R A+B=R+S
Where adsorption of 4 israte K, pg K, prps K.pr K.prps
controlling, replace K,p, by K K Kpg Kpg
Where adsorption of B is rate 0 Kspr Ko Prps
controlling, replace K,p, by Kpa Kpa
Where d i fRisr
ere desorption of R is rate KKxp.s KK Pa RKonidi KKy PaPn

controlling, replace Ky pg by Ps

Ps
Where adsorption ol A is rate
controlling with dissociation | <APx [KaPrps [Kap [Kaxps
K K Kps Kpa

ol A, replace K,p, by

Where equilibrium adsorption
of A takes place with dissoci- -

ation of A, replace K,p, by /K,p. VKiPa VKP4 ' KaPa

and similarly for other
components adsorbed with
dissociation




129

Table B-1 (continued)

Where A is not adsorbed,
replace K, p, by 0 0 0 0

and similarly for other
commponents that are not

adsorbed

Kinetic Groups
Adsorption of 4 controlling k4
Adsorption of B controlling kg
Desorption of R controlling kg K
Adsorption of 4 controlling with dissociation  k,
Impact of A controlling k. Ks
Homogeneous reaction controlling k

Surface Reaction Controlling

A=R A=R+S§ A+ B=R A+B=R+ S

Without dissociation KoKy k, K, k, K,Kg k., K, Ky
With dissociation of 4 kK, kK, k,K.Kg k,K,Kg
B not adsorbed kK, ke K BN k. K,
B not adsorbed, A4 dissociated  k_ K, k. K, k. K, k. K,

Exponents of Adsorption Groups

Adsorption of 4 controlling without dissociation n =1
Desorption of R controlling n=1
Adsorption of 4 controlling with dissociation n=2
Impact of A4 without dissociation 4 + B=R n=1
Impact of A without dissociation 4 + B=R+ S n=2
Homogeneous reaction n=20

Surface Reaction Controlling

A=R A=R+S A+B=R A+B=R+S§

No dissociation of A 1 2 2 2
Dissociation of A 2 2 3 3
Dissociation of 4

(B not adsorbed) 2 2 2 2

No dissociation of A4
(B not adsorbed) | 2 I 3




where
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APPENDIX C

EQUILIBRIUM CONSTANT

The equilibrium constant can be calculated from

aG° = -RT 1n K (c-1)

T.P

For any given reaction

AG” = En_ aG", - En_ aG" (C-2)
P £ » 4
product reactant
aG” is the standard free energy of formation of

| 4

compound i (Appendix A-3).

n_ is stoichiometric coefficients of moles for product.

n_ is stoichiometric coefficients of moles for reactant.



APPENDIX D

VISCOSITY OF GAS MIXTURE

The viscosity of gas mixture in reforming

predicted by method of Wilke (Reid et al., (1987)).

Ly, o,

2

vhere ¢, =01+ (n/np""* a/mp*"" 3

i/2

[8 (1 + M /M) 3

, 1s found by interchanging subscripts or by

where n_ is the viscosity of the mixture.

y, is the mole fraction of i in the mixture.

M is the molecular weight of i in the mixture.

131

system is

(D-1)

(D-2)

(D-3)

n, is pure component viscosity of i in the mixture.

The pure component viscosity, n, is predicted by

method of Chung et al. ( Reid et al., (1987)).
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n = 40.785 F¢ (/D >"" (D-4)
2/3
v Qy

vhere n is the viscosity, uP.
M is the molecular weight.
T is temperature, K.
V_ is critical volume, cm”/mole.

Qy is viscosity collision.

Qv =2 (™™ 4 C Cexp(-DT")1 + E [exp(-FT )1 (D-5)
vhere T = 1.2593 , A = 1.16145, B = 0.14874, C = 0.52487,
D = 0.77320, E = 2.16178, F = 2.43787.
Fc =1 - 0.2756-@ + 0.05905 4" + k (D-8)

w is the acentric factor and k is a special correction

for highly polar substances is shown in APPENDIX A.

i, = 1.313 4 (D-7)

i/2

(Ve Te)

M4 1is dipole moment, debyes.

u_ is a dimensionless dipole moment.
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APPENDIX E

PROGRAMMING

f********#*****xt**ﬂW** ARk Rk kR o st e sk o ook ok ok ok ok R kR ok

* Program to simulate reforming processes for C6 to C7 hydrocarbons *

* Source file name is SIM.C *
* File data bank for specific heat, Cp is cpmix.dat *
* File data bank for viscosity is vismix.dat *

tx***3*******t*t***xﬂt*****t**t**tl’!tt#*!**8!3**3***#*tt‘t****x*t**t*!

/* include standard file */
#include <stdio.h>

$include <math.h>

#$include <conio.h>

J* define global variable */
#define MAX 100

#define NAME 20

#define COMPONENT 30
$define REACTION 30

.

struct data_bank { J/* structure for physical properties */
char word[COMPONENT]; /* name of component */
float mw; /* Molecular weight, MW. */
float tc; /* Critical temperature, Tc K */
float vc; J* Critical volume cm"3/mole, Vc */

float acentric; /* Acentric factor w */
float dipolem; /* Dipole moment ,unit debyes */
1

struct cpm { /* structure for heat capacity */
char word[COMPONENT]; /* name of component */
double a,b,c,d; /* cp= a +bT +cT"2 +dt"3 */
1

/* function */
double viscosity_pure(); /* function for viscosity of pure component */

double vismixture(); J/* function for viscosity of mixture #*/
double cpmixture(); /* function for heat capacity of mixture */
void heat(); /* function for heat of reactions */

void equilibrium(); /* function'for equilibrium constant */
void ratecbcT(); /* function for rates of reactions */
double getvalue(); J* function for input value from keybroad */
void checkfile(); /* function for open file */

double atoi(); J* function for change string to numeric */

void textbox (); /* function for draw box */



/* array variable #*/

double heatreaction[REACTION];
double kequilibrium[REACTION];
double rate[REACTION];

double partialp{COMPONENT];

FILE *printer;

/* for
/* for
/* for
/* for

heat of reaction */

equilibrium constant */

rates of reactions */

partial pressure of C6 to C7 */

main() /* main program */
{

FILE #cpdatabank;

FILE #physical_property;

struct cpm cpmix[MAX];

struct data_bank  physical[MAX];

double a, b, c, d, e;

double temperature;

double templ;

double pressure;

double vismix_ture;

double feedhc=0; £
JEEEEAR KKK KKK K A K ek oKk
* Array of mole feed is *
* molefeed[0] = Hydrogen *
* molefeed[1] = methane *
* molefeed[2] = ethane *
* molefeed[3] = propane *
* molefeed[4] = n-butane *
* molefeed[5] = n-pentane *
* molefeed[6] = nHexane *
* molefeed[7] = 2MP *
* molefeed[8] = 3MP *
* molefeed[9] = 22DMB *
* molefeed[10] = 23DMB *
* molefeed[11] = MCP *
* molefeed[12] = BZ *
* molefeed[13] = Toluene *
* molefeed[14] = MCH *
* molefeed[15] = ECP *
* molefeed[16] = n-Heptane *
* molefeed[17] = SBP7 *
* x molefeed[18] = MBP7 x

062000 0 0 O O 2 3 6 e 0 30 200 S 0 e R R R Rk t"'

double molefeed[COMPONENT]={

0, /* hydrogen */

0,0,0,0,0, /* Cl-C5 =/

0, /* nhexane */

0,0,0,0,0,0, /* 2MP,3MP,22DMB,23DMB,MCP,BZ */
0,0,0,0,0,0 /*Tol ,MCH,ECP,n-Heptane,SBPT ,MBP7*/

b

134
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double h2_c6=0,h2_c7=0;
double «cl_c6=0,cl_c7=0;
. double c2_c6=0,c2_c7=0;
| double ¢3_c6=0,c3_c7=0;
double c4_c6=0,c4_cT=0;
double c¢5_c6=0,c5_c7=0;
double c6_c6=0,c6_c7=0;
double mole_feed[COMPONENT];
double moleinitial [COMPONENT];
double slope[REACTION];
double totalmole=0;
double h2_hydrocarbon;
double kequilibrium[REACTION];
double k1[20]; /* slope kl for Range-Kutta method */
double k2[20]; /* slope k2 for Range-Kutta method #*/
double k3[20]; [* slope k3 for Range-Kutta method */
‘E double k4[20]; /* slope k4 for Range-Kutta method */
double cpmix_ture;
double slopetemp=0;
double slope_temp=0;
double viscosity;

char namecp([]="cpmix.dat"; /* File name of databank for cp */
char namephysical[]="vismix.dat"; /* File name of physical properties */
int i=0,J;
int iii=0,jjj=0;
int row=1l; /* row of the monitor */
int col=1;
int count=0;
float initial, final, h, printin;
int nnp, nnc;
char nameoutput[40];
/ R o o
* read data for viscosity from file *
ERRER R R R R R R R R AR R R Rk ek kK /

physical_property = fopen{namephysical,"r");

while (fgets(physical[count].word,20,physical_property) !=NULL) {
fscanf (physical_property,"%1E %1E %1E %1E %1E\n",&a,&b,&c,&d,&e);
physical[count] .mw=a;

physical[count].tc=b;

physical[count].vc=c;

physical[count].acentric=d;

physical[count].dipolem=e;

count=count+1;

}
It.t*'h EEEEEREEEEREEEEEEEEEEEEEEEXEEEEEX XX X
* read data for specific heat from file *
EREEEREEREKEK xx zz;&**‘l\lt'*’tt!
count=0; !

cpdatabank = fopen(namecp,"r");

while (fgets(cpmix[count].word,20,cpdatabank) !=NULL) {
fscanf (cpdatabank,"%1E %1E %1E %1E\n",&a,&b,&c,&d);
cpmix[count].a=a;

cpmix[count].b=b;

Nt



cpmix[count].c=c;
cpmix[count].d=d;
count=count+1;

3

}*****#***#*t*t*#*t***t***#**#xttx******#***#*mt##

#* Input Data for Simulation *
* _variable: meaning *
* temperature degree C *
* pressure bar *
* h2_hydrocarbon H2 to Hydrocarbon ratio *
* initial W/Hydrocarbon=0 *
* final W/Hydrocarbon at W/F *
* printin Print interval *
AR AR KRR KKK KK KKK KK KSR K KKK KKK K

clrscr();

textbox (1,1,79,24,1);

row=1;

gotoxy(3,row=row+l);
cprintf("INPUT FEED");

[*****K*******t*#****t*#t#****#****#***8*********

* Input value from keybroad *
R AR R KK kK% ko O A OR R Rk f

for( i=1; i<count; ++i) {
gotoxy(3,row);

cprintf("\n%s :", cpmix[i].word);
molefeed[i]=getvalue(26,row+l);
moleinitial[i]=molefeed[i];
row=row+l;

]
iﬂlﬂt**$***$tt***¥t$3* ok
* Input file name to save data *
KEEE T+ +F T+ + 1 3 KEEEEEEKE I
clrscr();
row=1;

checkfile(nameoutput,col,row);

/* recieve temperature, pressure etc. */
row=9;
gotoxy(col,row);
cprintf("Feed Temperature (C) 3 ik
temperature=(double)getvalue(col+30,row);

gotoxy(col,row+l);
cprintf("Pressure, bar is A
pressure=(double)getvalue(col+30,row+l);

gotoxy(col,row+2);
cprintf("H2 to Hydrocarbon ratio L
h2_hydrocarbon=(double)getvalue(col+30,row+2);



gotoxy(col,row+d);
cprintf("Input initial condition <0> :");
initial=(float)getvalue(col+30,row+3);

gotoxy(col ,row+4);
cprintf("Input Final condition >0 L5
final=(float)getvalue(col+30,row+4);

gotoxy(col,row+5);
cprintf("Step size 3 My
h=(float)getvalue(col+30,row+5);

gotoxy(col,row+6);

cprintf("Print interval : ")
printin=(float)getvalue(col+30,row+6);
nnp=((final-initial)/printin)+1;
nnc=(printin/h)+1;

temperature=temperature+273.16;

/* Mole of feed into the reactor No.l */
' for( i=0; i<count; ++i) {

feedhc =feedhc+ molefeed[i];

}

/* use hydrogen/hydrocarbon ratio to calculate hZ in put
molefeed[0]=h2_hydrocarbon*feedhc;
moleinitial[0]=molefeed[0];

f R 2 2 S 0 2 00 00 2 00 K 000 0 D0 0 O N D R R

* Working program *
3323333***#******8**!****#33**?#*8*****###8*3*83[
gotoxy(1,18);
highvideo();
textbackground(GREEN);
textcolor(BLINK);
cprintf("Working");
gotoxy(10,18);
normvideo();
textbackground(CYAN);
textcolor(BLUE);
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*:

cprintf("Finish at W/Hydrocarbon feed = %d " ,nnp);

gotoxy(1,21);
cprintf("Internal Loop =%

/* First, print text file to output */

cpmix_ture=cpmixture(temperature-273.16,cpmix,count, molefeed);
vismix_ture=vismixture(molefeed,physical,temperature-273.16,count);

fprintf(printer,"%f ",0);

for (i=0;i<count; ++i) {
fprintf(printer,"%1f " ,molefeed[i]);
}
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fprintf(printer," %1f ", temperature-273.16);
fprintf(printer," %1f ", cpmix_ture);
fprintf(printer," %1f ", vismix_ture);

fprintf(printer,”\n");
f*m#mt#****w*ﬂ#t**xtt*mx#*****x**#x****x#x*m*******#**#xx*l**t

* Loop for Fourth-order Range-Kutta *
T T T T T I T T T I TTTTIITITITITIT, T T YT ] o e e e e ok Sk Sk o ok ke Kk ok kK m*t*;
for (iii=1; iii<=nnp; ++iii) { /* print interval */
gotoxy(1,20);

cprintf("W/Hydrocarbon feed = ");
gotoxy(23,20);
. cprintf("Xxd",iii);
for (jjj=1;jij¢<nnc; ++j3j) { /* internal loop */

gotoxy(23,21);

cprintf("%d",jij);

/#* search for partial pressure */

totalmole=0;

for( i=0; i<count; ++i) {
totalmole =totalmole+ molefeed[i]; 1}

/* partial pressure */

for(i=0; i<count; ++i) {
partialp[i]=molefeed[i]*pressure/totalmole;

S0 24 5 20 546 2 0 0 4 20 0 0 S0 T SR K 0 DA A N e e ki

Step 1 search for kl *

s e 2 0 e ke e ohe o ke ok e ok ok oh ok ol ok e ok ke ok --*I

/* Call ratec6c7 function and
Call heat of reaction function at one temperature */

ratec6cT(partialp, rate, temperature-273.16);
heat(temperature-273.16 ,heatreaction);

J*xxexexxxxx Meaning of array k[1l] of Range-Kutta *¥*x¥xx
k1[0]= H2Z *
kl[1]= C1

kl[2]= C2

k1[3]= C3

kl[4]= C4

k1[5]= C5

k1[6]= nhexane
k1[7]= 24P

k1[8]= 3MP

k1[9]= 22DMB
k1[10]= 23DMB
k1[11]= MCP
k1[12]= Bz

k1[13]= Toluene
k1[14] = MCH
k1[15] = ECP
k1[16] = n-Heptane
k1[17] = SBPT *
k1[18] = MBP7 *
k1[19] = Temperature, K *

AR ER R T -*t!
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/* c6 %/
h2_c6=
cl_c6=
c2_cb=
cd_ch=
c4_c6=
c5_cb=
c6_cb=

% er wy
h2_c7=
cl_ci=
c2_cT=
cd_cT=
cd_cT=
c5_cT=
cb_cT=

: 139

(rate[5]+3*rate[6]-rate[7]-rate[8]-rate[9] )*feedhc;
(rate[7)+rate[8]+rate[9] )*feedhc*0.07*2;
(rate[7])+rate[8]+rate[9] )*feedhc*0.31%2;
(rate[7]+rate[8]+rate[9])*feedhc*0.38%2;
(rate[7]+rate[8]+rate[9] )*feedhc*0.21%2;
(rate[7]+rate[8]+rate[9] )*feedhc*0.03%2;
(-rate[0]-rate[l]-rate[5] )*feedhc;

(rate[12]+3*rate[l4]-rate[15]-rate[16])*feedhc;
(rate[15]+rate[16] )*feedhc*0%*2;
(rate[15]+rate[16])*fee&hc*ﬂ.181*2;
(rate[15]+rate[16] )*feedhc*0.375%2;
(rate[15]+rate[16] )*feedhc*0.313+*2;
(rate[15]+rate[16] )*feedhc*0.125%2;
(rate[15)+rate[16] )*feedhc*(0*2;

/* for mixed c6 to c7 */

k1[0]=
K1[1]=
k1[2]=
k1[3]=
k1[4]=
k1[5]=
k1[6]=
k1[7]=
k1[8]=
K1[9]=
k1[10]=
k1[11]=
k1[12]=
k1[13]=
kl[14]=
k1[15]=
k1[16]=
k1[17]=
k1[18]=

]*

h2_c6 + h2_cT;
cl_c6 + cl_c7;
c2_cb + c2_cT;
c3_cb + c3_cT;
cd_c6 + c4_cT;
c5_c6 + c5_cT;

cb_c6 + cb_cT;
(rate[0]-rate[2]~-rate[3]-rate[7])*feedhc;
(rate[l]+rate[2]-rate[8] )*feedhc;
(rate[4]-rate[9] )*feedhc;
(rate[3]-rate[4] )*feedhc;
(rate[5]-rate[6] )*feedhc;
rate[6]*feedhc;
rate[14]*feedhc;
(rate[13]-rate[14] )*feedhc;
(rate[12]-rate[13] )*feedhc;
(-rate[10]-rate[12] )*feedhc;
(rate[10]-rate[11]-rate[15] )*feedhc;
(rate[11]-rate[16] )*feedhc;

Call cp miture function */

cpmix_ture=cpmixture(temperature-273.16,cpmix,count, molefeed);

slopetemp=0;
for (i=0; i<17;++i) { /* reaction is 17 */
slopetemp= slopetemp-heatreaction[i]*rate[i]; }

k1[

19])=slopetemp/cpmix_ture;

/* search for molefeed at slope kl */

for (i=0; i<count;++i) {

mole_feed[i]= molefeed[i] + h*kl1l[i]/2; }
templ=temperature+h*k1[19]/2;

f- AEEEKELEKEEERXEXEERREERREEREREXREREREE R E R R R E
* Step 2 search for k2 *
3 28 2 20 2 2 00 2K o K KRR * T T /

totalmole=0;
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/* search for molefeed at slope k2 */
for (i=0; i<count; ++i) {

mole_feed[i]= molefeed[i] + h*k2[i]/2; }
templ=temperaturet+h*k2[19]/2;

}******!*#*’*XK***##X*‘******S**ttt****ttt&***********x*

*

Step 3 search for k3 *

*****3t*******t***#t#*ﬂ*#*t****#t***tﬂtSttt“tt**#tt***}

totalmole=0;

for( i=0; i<count; ++i) {

totalmole =totalmole+ mole_feed[i]; }

for(i=0; i<count; ++i) {

partialp[i]=mole_feed[i]*pressureftotalmole; }

/* Call ratec6c7 function and
Call heat of reaction function at one temperature */

;*

;:x

l*

cb */
cT =/
for mixed

ratec6cT(partialp, rate, templ-273.16);
heat(temperature-273.16 ,heatreaction);

h2_c6= (rate[5]+3*rate[6]-rate[7]-rate[8]-rate[9])*feedhc;
cl_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.07%*2;
c2_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.31*2;
c3_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.38%2;
c4_cb= (rate[7]+rate[8]+rate[9])*feedhc*0.21%2;
c5_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.03%2;
cb_c6= (-rate[0]-rate[l]-rate[5] )*feedhc;

h2_c7= (rate[l12]+3*rate[l4]-rate[15]-rate[16])*feedhc;
cl_c7= (rate[l5]+rate[16])*feedhc*0*2;

c2_c7= (rate[l15]+rate[16])*feedhc*0.187*2;
c3_c7= (rate[l5])+rate[16] )*feedhc*0.375%2;
cd_cT= (rate[l5]+rate[16] )*feedhc*0.313%2;
c5_cT7= (rate[l5]+rate[16])*feedhc*0.125%2;
c6_c7= (rate[l5]+rate[16])*feedhc*(*2;

c6 to c7 */

k3[0]= h2_c6 + h2_cT;

k3[1]= cl_c6b + cl_cT;

k3[2])= c2_c6 + c2_cT;

k3[3]= c3_c6b + c3_cT;

k3[4]= c4_c6b + c4_cT;

k3[5]= c5_c6 + c5_cT;

k3[6]= c6_cb + cb6_cT;

k3[7]= (rate[0]-rate[2]-rate[3]-rate[7])*feedhc;
k3[8]= (rate[l]l+rate[2]-rate[8])*feedhc;

k3[9]= (rate[4]-rate[9])*feedhc;

k3[10]= (rate[3]-rate[4])*feedhc;

k3[11]= (rate[5]-rate[6])*feedhc;
k3[12]= rate[6]*feedhc;
k3[13]= rate[l4]*feedhc;

foa)



]********#***#**tzxt- ek ok

*

k3[14]= (rate[l3]-rate[14])*feedhc;
k3[15]= (rate[l12]-rate[13])*feedhc;
k3[16]= (-rate[l0]-rate[12])*feedhc;

k3[17]= (rate[l0]-rate[ll]-rate[15])*feedhc;

k3[18]= (rate[ll]-rate[16])*feedhc;

/* Call cp miture function */

cpmix_ture=cpmixture(templ-273.16,cpmix,count, mole_feed);

slopetemp=0;

‘for (i=0; i<17; ++i) { /* reaction is 17

slopetemp= slopetemp-heatreaction[i]*rate[
k3[19] =slopetemp/cpmix_ture;

/* search for molefeed at slope k3 */
for (i=0; i<count; ++i) {
mole_feed[i]= molefeed[i] + h*k3[i]; }
templ=temperature+h*k3[13];

EEREERAEEEE R RN K

Step 4 search for k4 *

***823******#**$$*#*ﬂ*t**#*S**t***********t##!t#*******}

totalmole=0;
for( i=0; i<count; ++i) {
totalmole =totalmole+ mole_feed[i]; }

for(i=0; i<count; #+i) {

partialp[i]=mole_feed[i]*pressure/totalmole; }

/#* Call ratec6c7 function and
Call heat of reaction function at one temperature */

,3

,8

c6

c7

*)

*/

- ratec6cT(partialp, rate, templ-273.16);

heat(temperature-273.16,heatreaction);

h2_c6b= (rate[5]+3*rate[6]-rate[7]-rate[8]-rate[9])*feedhc;

cl_c6= (rate[7]+rate[8)+rate[9])*feedhc*0.
c2_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.
c3_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.
c4_c6= (rate[T])+rate[8]+rate[9])*feedhc*0,
c5_c6= (rate[7]+rate[8]+rate[9])*feedhc*0.
c6_c6b= (-rate[0]-rate[l]-rate[5])*feedhc;

h2_c7= (rate[l2]+3*rate[l4]-rate[l5]-rate[16] )*feedhc;

cl_c7= (rate[l5]+rate[16])*feedhc*0%2;

c2_c7= (rate[l5)+rate[16])*feedhc*0.187*2;
c3d_c7= (rate[l5]+rate[16])*feedhc*0,375%2;
c4_cT= (rate[l5]+rate[16] )*feedhc*0.313%2;

xf
il; }

07*2;
31%2;
358%2;
21%2;
03*2;

c5_cT= (rate[15]+rate[16] )*feedhc*0.125%2; -

cb_cT7= (rate[l5]+rate[16] )*feedhc*0*2;
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for mixed c6 to cT */

k4[0]= h2_c6 + h2_cT;
kd4[1]= cl_cb6 + cl_c7;

k4[2]= c2_cb + c2_cT;
k4[3)= c3_cb + c3_cT;
k4[4])= c4_c6 + cd_cT;
k4[5]= c5_c6 + c5_cT;

k4[6]= c6_c6 + cb_cT;

k4[7]= (rate[0]-rate[2]-rate[3]-rate[7])*feedhc;
k4[8]= (rate[l]+rate[2]-rate[8])*feedhc;
k4[9]= (rate[4]-rate[9])*feedhc;

k4[10]= (rate[3]-rate[4])*feedhc;

k4[11]= (rate[5]-rate[6])*feedhc;

k4[12]= rate[6]*feedhc;

k4[13]= rate[14]*feedhc;

k4[14]= (rate[13]-rate[14])*feedhc;

k4[15])= (rate[l12]-rate[13])*feedhc;

k4[16]= (-rate[10]-rate[12])*feedhc;

k4[17]= (rate[l10]-rate[1l1]-rate[15])*feedhc;
k4[18]= (rate[ll]-rate[16])*feedhc;

/* Call cp miture function */
cpmix_ture=cpmixture(templ-273.16,cpmix,count, mole_feed);
slopetemp=0;

for (i=0; i<17; ++i) { [/* reaction is 17 */

slopetemp= slopetemp-heatreaction[i]*rate[i]; }
k4[19]=slopetemp/cpmix_ture;

/* search for slope #*/

for (i=0; i<count; ++i) {
slope[i]l= (k1[i]+2*k2([i]+2*k3[i]+k4[i])/6;
}

/* search for slope temperature */
slope_temp=(k1[19]+2*k2[19]+2*k3[19]1+k4[19])/6;

for (i=0; i<count; ++i) {
molefeed[i]= molefeed[i] + h*slope[i]; }
temperature=temperature+h*slope_temp;

if ((temperature < 720.2))
temperature=720.2;

} /* end loop internal of RK */

gotoxy(23,20);
cprintf(" R i
gotoxy(23,21);
cprintf(" e

/* Call: heat capacity function and

)3

Call: viscusity of mixture */

cpmix_ture=cpmixture(temperature-273.16,cpmix,count, molefeed);
vismix_ture=vismixture(molefeed,physical,temperature-273.16,count

/* Print text file to output */



fprintf(printer,"%f ",(iii*printin));
for (i=0;i<count; ++i) {

fprintf(printer,"X1f " ,molefeed[i]);
}
fprintf(printer,”" %1f ", temperature-273.16);
fprintf(printer," %1f ", cpmix_ture);
fprintf(printer," %1f ", vismix_ture);

fprintf(printer,"\n");

} /* end loop external of RK */
fclose(printer);
sound(200);
delay(1000);
nosound( ) ;
3} /* End main program */

J R RE AR A KA K *ok
#* Function vismixture() is to calculate viscosity of gas *
*

* mixture
* Call: vismixture(molefeed, temperature, number of component)*
*******t**x****8*X**I*****Xt******t**##********x#m*#****t***tl!

double vismixture(c, physical_vis, temp_mix, nc)
double temp_mix;

int nc;

double c[];

struct data_bank physical_vis[];

{

double nviscos[40]; /* viscosity of pure component */

int 1,33

double total_mole =0; /* total mole */

double y[40]; /* mole fraction */

double phe[40][40];

double phel,phe2;

double wvisc_mix=0; /* viscosity of gas mixture */

double sumphe; /* summation of the mole_fraction
multiply with phe #/

ft’*t*t!ttl**x*****’*t1*********K’l**#t**ﬂ******‘*”***

* Search all viscosity of pure component *

* and save in aray of nviscos *
xttﬂx**sssx**x*ax:xxxt*xzm*t:zxxx:tttxtxat:sx*xa:*z:x:[

for (i=0; i<nc; ++i) {
nviscos[i)=viscosity_pure(physical_vis[i],temp_mix);

I;ﬁ,“ EEEEER R R R KRRk xR Lk

* Search all mole fraction and save in aray of y *

----------------- xkx -ﬂ!!*’

for (i=0; i<nc; ++i) {
total_mole =total_mole + c[i];
}
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for (i=0; i<nc; ++i) {
y[i]= c[i]/total_mole;
I,

f!m********#*x***********tt*t*

* Search all phe *
xx X**Xtt!*t***xx‘xﬂ*ﬂ’l***‘***/

for(i=0; i<nc; ++i) { /* first loop */
for (j=0; j<nc; ++j) { /*second loop */
if( il=j) (
if (jei) {

phe[il[j] = nviscos[i]*physical_vis[j].mw*phe[j][i]
/nviscos[j]l/physical_vis[i] .mw;
3
else {
phel =pow((double)(1+ (sgrt(nviscos[i]/nviscos[j]))*pow((double)
physical_vis[j]l.mw/physical_vis[i].mw,0.25)),2);
phe2 = sqrt((double)8*(1+(physical_vis[i].mw/physical_vis[j].mw)));

phe[i]l[j]=(double) phel/phel;
1
} /* end if i=j */
1 /* end second loop */
} /* end first loop */

P T T P T PP S R P L e e e o
* Search for viscosity of gas mixture *
AR SRS S S KSR R SRR S SR O R R KRR KK
for(i=0; i<nc; ++i) {
sumphe = y[i];
for(j=0; j<nc; ++j) {

if (jl=i) {
sumphe=sumphe +y[j]*phe[i][j];
1
}
visc_mix=visc_mix + y[i]l*nviscos[i]/sumphe;
)
return visc_mix; /* return viscosity of gas mixture */
1
‘f ------------------------------ E T 3
* Function viscosity_pure()to calculate viscosity of pure component#*
* viscosity_pure (physical properties, temperature Kelvin) *
* *
* parameter use are *
* 1+ 1o *Critical temperature, Tc K *
* 2. Ve * Critical volume cm”3/mole, Ve *
* 3. w * Acentric factor w *
* 4, Dipolem * Dipole moment ,unit debyes *
* 5. Mw; * Molecular weight, MW. *
* *

EEEEEEEEEEEEEREXERERREEERRKEEXEXELE R RN au!**#!**tt***!t*'&*#ttt}



double viscosity_pure(physic_constant,temp)
double tenmp; /* temperature variable */°'

struct data_bank physic_constant;

{
int i;
double fc; J* fc=1-0.2756w + 0.059035ur"4 =*/
double tstar; /* dimension less temperature */
/* T* =1,2593 Tr */
double omegav; /* viscosity collision */
double ur; /#* ur=131.3*dipolemoment/(VcTc) 0.5 */
double npurej /* viscosity pure component */
temp=temp+273.16; /* change temperature C to K */
ur= 131.3*physic_constant.dipolem
/ (pow( (double)physic_constant.tc
#physic_constant.vc,0.5));
fc= 1-0.2756*physic_constant.acentric
+ 0.059035*pow(ur,4);
tstar = 1.2593%(temp)/physic_constant.tc;
omegav= 1,16145*pow(tstar,-0.14876)
+0.52487*exp( (double)-0.77320*%tstar)
+2.16178*%exp((double)-2.43787*tstar);
npure= 40.785*fc*pow((double)ﬁhysic_constant.mw
*temp,0.5) /pow((double)physic_constant.vc,
(double)2/3) /omegav;
return npure; /* return viscosity of pure component */
}
1 '3 3 X%
* CPMIXTURE FUNCTION *
* K = temperature (C) *
* cpmixc = A,B,C,D *
* nc = total number of component (int) *®
* conc= concentration of mixture *
g 2 /

double cpmixture(K,cpmiXc,nc,conc)
double K;
struct cpm cpmixc[];

int

nc;

double conc[];

{

double cptemp;

int i3

double total=0; /* for total mole*/

double cpmixture=0;

for (i=0;i<nc;i++)
total=total+conc[i];

/* chang temperature from degree C to degree K */
K=K+273.16;
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float A3=8.766E8;
float E3=125.2E+3;

[ A KKK KRR KK

* 2MP ¢=====3> 2,3DMB ¥

AR AR [
float A4=8.587TE+9;
float E4=147,.3E+3;

!*3*********lt*****x*******‘**

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

KKK RHAR KRR AR RKR KRR AR AR [
float A5=1.029E+9;
float E5=125.2E+3;

J R AR AR R AR KRR KRR KR

* n-Hexane <¢====) MCP + H2 ¥

S A O K SRS KRR KRR KK [
float A6=4.004E+17;
float E6=264.6E+3;

;***t*ﬂ*#**********#3*#*:***#*

* MCP <====> Bz + 3JH2Z *

xx#z*x**ss**tt*x**m:t**x*xxx*;
float A7=8.496E+10;
float ET7=147.3E+3;

;tht**tt***##*******t*8*‘2‘*2

* 2MP + H2 ----> 2C5- *

o REEERE **Kt}
float A8=6.T59E+8;
float E8=147.3E+3;

!***x#x****‘k*' K
* 3MP + H2 --~-->2C5- *
e e S o R K --z}

float A9=9.494E+8;
float E9=147.3E+3;

J AR R A R
* 2,2DMB + H2 ----»>2C5- *
EKEEEEREEER ‘*‘I

float Al0=1.076E+9;
float E10=147.3E+3;

/* common adsorption term */
float khex=7.601;
float kmcp=2.016E+2;

’ EEEEEEEEZERRRXEXEEERERRERNERRE

* Reaction of C7 hydrocarbons

333333333*3883t#***!*ﬂ**‘*t!t3"***S8t‘#*tK!‘S**S‘****‘*##*I*S*}

;**!*--,- EEEEEEXEEREXEEER K
* n-Heptane <====> SBP *
(30 20 0 e e e K =k ;

float Al1=1.83E+6;
float E11=87.75E+3;
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/**xx**t*xxxsx*****s*sssxtt:**

* SBPT <====3 MBP7 *

*x*x***$sxxx$zxstz*s*taat*w:t[
float Al2=1.83E+6;
float E12=87.75E+3;

R K KKK K

* n-Heptane <====> 5NT7 + H2 *

KA A KKK RAKAKA TR K [
float Al13=2.48E+17;
float E13=256.4E+3;

,X*xx**x*t*tt**St****t***ﬂ**t*
* 5N7 <====> MCH *
EAEREEEARRR R [

float A14=9.08E+17;

float E14=256.4E+3;

J ek ek e ke R K R R R Rk kR

* MCH <====> Tol + 3H2 *

HRE KK KKK KR KKK KA A AR R AR AAK [
float Al15=3.45E+11;
float E15=121.7E+3;

j*t***t***#*xx*tt**#!**ﬂttﬂ!ﬁ*t

* SBPT7 + H2 ----- > 2C6- =

*I*83’18*33*****3*****33*!****}
float A16=1.43E+17;
float E16=256.4E+3;

/ a8 3 300K S o KR K R R R X
% MBPT + H2 --==- >2C6- *
o ek kK K I

float Al17=1.43E+17;
float E17=256.4E+3;

/* common adsorption term */

float kc6_ = 107;

float kp7 = 21.9;

float kn7 = 659;

float ktol = 70.3:
float kmch = 0.34;

float preexp = 1.47E+10;
float delh = 99,7T7E+3;

/* for C7 hydrocarbons */
acid_ad = (partial[0]+kc6_*(partial[6]+partial[5]
t+partial[4]+partial[3]+partial[2]+partial[l])
+kp7*partial[10]+ kn7*(partial[8]+partial[9])
+ktol*partial[7]*partial[0])/partial[0];
metal_ad = l+kmch*partial[8]
+preexp*(exp(-delh/R/(temp+273)))*(partial[8]/partial[0]
/partial[0]);
/* for C6 hydrocarbons */
phe=pow( (1+(khex*(partial[6]+partial[7]+partial[8]+partial[9]
+partial[10])/partial{0])
+(kmcp*partial[11]/partial[0]}),2);
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clrscr();
/* Draw box *f
textbox (1,1,30,7,1);
gotoxy(x+2,y+1);
cprintf("Meaning of output name"};
. dotoxy(x+2,y+3);

cprintf(" con = output to screen');

gotoxy(x+2,v+4);

cprintf(" prn = output to printer");

gotoxy(x+2,y+5);

cprintf(" other = output to file");

y=y+7;

do { :

check=1;

gotoxy(x,y);

cprintf(" "y,
gotoxy(x,y+1);

cprintf(" "y

gotoxy(x,y);
cprintf("Enter output name :");
i=0;
while ((c=getch())!=’\r’}| check==1) {
if(c==0x1B) {
gotoxy(1l,y+2);
cprintf("Exit program STIND>: ')
if((get_ch=getch())=="'y’ |} get_ch=='Y") {
gotoxy(1l,y+2);
cprintf(" "y,
exit(1l);)
else if (get_ch==0) {
check=1;
i=0;
getch();
gotoxy(1l,y+2);
cprintf(" L
gotoxy(x+20,y);
cprintf(" ")
gotoxy(x+20,y);
}
else {
check=1;
i=0;
gotoxy(1l,y+2);
cprintf(" Y
gotoxy(x+20,y);
cprintf(" "y
gotoxy(x+20,y);
}
}
else if (c==0x8)
{i=0;
check=1;
gotoxy(x+20,y);
cprintf(" Ly 11
gotoxy(x,y+1);



3

cprintf("
gotoxy(x+20,y);
}
else if (c==0)
{getch();
check=1;
i=0;
gotoxy(x+20, y);
cprintf("
gotoxy(x, y+l);
cprintf("
gotoxy(x+20,y);
}
else if (ec=='\r")
{check=1;
i=0;
}

else
{check=2;
cprintf("%c",c);
s[i)=c;
izi+l;
]
}

s[i1="\0";

if((searchpath(s))!=NULL)

{

gotoxy(x,y+l);

cprintf("Replace old file
if ((get_ch=getch())=="'y’

gotoxy(x,y+l);
cprintf("
break;}

else {

gotoxy(x,y+1);
cprintf("
1

/* end loop do */

name <Y/
11 Bet_c

while ((searchpath(s))!=NULL);
printer=fopen(s,"w");
if (printer==NULL)

{

clrscr();

gotoxy(x,y);
cprintf("Can’t open file");
exit(3);

}

¢ T
h=="Y") {

")

");

my

")

"33
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/* Function getvalue() =*/
double getvalue(x,y)

int x,y;

{
char s[30];
int c:
int i=0;
int check;
int get_ch;

double num;
gotoxy(x,y);
check=1;
while ((c=getch())!=’\r’}| check==1) {
if(c==0x1B) {(
gotoxy(3,y+1);
cprintf("Exit program <Y/N> :");
if((get_ch=getch())=='y" || get_ch=='Y") {
gotoxy(3,y+1);
cprintf(" "y
exit(1l);]}
else if (get_ch==0) {
getch();
gotoxy(3,y+1l);
cprintf(" i
gotoxy(x+i,v);
}
else {
gotoxy(3,y+l);
cprintf(" "y;
gotoxy(x+i,y);
1
1
else if (c==0x8)
{ i=0;
check=1;
gotoxy(x,y);
cprintf(" "y
gotoxy(x,y);
] :
else if (c==0)
{ getch();
i=0;
check=1;
gotoxy(x,y);
cprintf(" "y
gotoxy(x,y);
1
else if (c=='\r’)
{ check=1;

i=0;
}
else
{
if (c>=0"8&& c(="91} e==2,") {
check=2;

cprintf("%c",c);



s[i)=c;
i=i+l;
}

else { /* remove character */
i=0;
check=1;
sound(200);
delay(100);
nosound( ) ;
gotoxy(x,y);
cprintf("
gotoxy(x,y);

3
} /* end while */

s[i]="\0";

if (s[0]==NULL)
return 12;

num=atoi(s);

return (num);

double atoi(s)

char s[];
{
int i;
int j;
double n,nl=0;
n=0;

for(i=0;s[i]>="0"&& s[i]¢="9'&& s[i]!=*.7; i=i+1)
n=10*n+s[i]-"0";

if(s[il==".") {

for(i=i+1,j=1;s[i]>="0"&& s[il«<='9"; i=i+1,j=j+1)
nl=nl+(s[i]-"0")/pow(10,j);

n=n+nl;
}
return n;
}
e e e e e e e e *

* PRoutine to draw boxes in text mode *
#* The style argument determines the type of box drawn: =*
* 0 = no box x
* *

*

1 = single-scored

2 = double-scored

void textbox (int left, int top, int right,
int bottom, int style)
{
register r,c;
static bord [][6] = {
{196, 179, 218, 191, 217, 192},
{205, 186, 201, 187, 188, 200}
' )

P}

158



159

if(style==0) return;
--style;
/* draw horizontals */

for (c=left+l; b(right; c++) {
gotoxy(c, top);
cprintf("%c" ,bord[style][0]);
gotoxy(c,bottom);
cprintf("Xc" ,bord[style][0]);

/* draw verticals */
for (r=top+l; r<bottom; r++) {
gotoxy(left,r);
cprintf("%c" ,bord[style][1]);
gotoxy(right,r);
cprintf ("%c" ,bord[style][1]);

}
/* et corners %/
gotoxy(left,top); cprintf("%c",bord[stylel[2]);

gotoxy(right,top); cprintf("%c" ,bord[style][3]);

gotoxy(right,bottom); cprintf("%c",bord[style][4]):

gotoxy(left,bottom); cprintf("Xc",bord[style][5]):
B e */
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