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APPENDIX A
METHEMATICAL APPROACH

A.l Expected values and moments

For discrete random variable X with probability mass function, fjx ), the expected value
of X is defined as

E(X) =1x/Jx), it Tt} < °c (Al)
For continuous random variable it is similarty defined as
EQ) = fx/x)d X ~)

The expected value of X, e, IS commonly referred to as the mean of X
Besicles the mean, the variance is probably the most commonly used measure of
a distribution. The variance of X ( It is commonly denoted by var(x) or a2 ) may be
expressed in terms of its mean and its second moment about zero as follows
varXj = E[X-E(X)f =E(X)-[E(X)f (A3
Clearty, the variance of a constant is zero.
For two random variables x. and x; the expected value,
EIOrE(OHX-E(O1 = cov(xjk) M)
Is known as the covariance of x. and x; . The covariance Is measure of the statistical
dependency of two random variables. It is zero, if the two random variables are
Indlependent of each other.

A.2 Runge-Kutta methods

The R4 (fourth order Runge-Kutta) method has proves both computationally efficient
and accurate, and it is obtained by a clever choice of these constants in approximating
slopes at various points. Without derivation, we will state the method as follows.
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The Re4 method of approximation is to define yks in terms of yk by

Ym = yt+Mh[Wu+2W, +2w'"+WJ. (%)
Where
‘= (A
0= A*kehi2 . ykehWk2) (A7)
13= A xkthi2  y.+hW ) (A8
= A+]>, ; 8y

A3 The method of Least-Squares analysis

Various criteria might be used to estimate the coefficients in a model from experimental
data. For each p data paints, we can defing the error e. as the difference between the
observation Yj,j = .2, and the predicted model response y fid

-yl=¢ =2 .p (A1)
The independent variables in the vector x can be difference variables or difference
functions of the same variable, such as X X, X, etc. The independent variables are
assumed to be known exactly, or at least the error involved in each element of x Is
substantially less than that involved in v. You might think that the overall sum of the
errors could be the utility as an objective function (F), however, this idea is not
appropriate because such an objective function allows positive and negative enors to
cancel. A second criterion would be to sum the absolute values of the errors

[I=ENh| or =Yue) (Al

Another would be to minimize the absolute value of the maximum error. For example, if
the estimate function of y1is

V. = ABX AL)
Thus

mmF =X (Y]-A- BX) (AL3)



1=-P >-AB=°
YY) = 482

¢ =PE Xj+BMxj2

2 XjYj-my
2/

Il
Hel

A4 Euler’ method

problem and is to define n terms of YNby:

170

(ALd)

(AL5)

(A16)

(A17)

(AL8)

(AL9)

Euler’ method is an approach for aikr)oximating the solution of an initial value

=r0+(x1-x0)/(*0,r0)

Vet = Y+ (xktc-0k) (k. YK)
o Yetd = i+ hf(xL, )

f(XT=% 430

A5 Lagrange multiple method

(A20)

(A21)
(A22)

(A23)

Lagrange multiple method is the method to find out the solution of the optimization

problem

The objective function is



subject to
hx) =0
o) =0
The Lagrangian Function can be written as
Locwl, 2)- [(X) +wih(x) + 2g(x)
and must differentiate e%uation (A%) with x, w1, 2
L

dx

aL

dwl

dL

dw?
then 1can achieve the solution of x, wland 2

=0



APPENDIX B
KINETIC MODEL AND SIMULATION RESULT

B.1 Kinetic model for MODEL |
The assumptions

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are

tAD = KACOACOR
~TEth
JUA T 10

+iD  ~ kFD@PDEH
2. The hydrogen dose not break in free atom.

3. The product dose not he adsorbed on the catalytic surface.
4 The catalyst activity equation is

activity - W+K*yZAc)
Use the Langmuir-Hinshelwood Kinetics concept will obtain

&Eh = K¢llgdl-ZG 1)

62 = Cf-Z0)
L = KwPJI-W
o =KnCjl-m
O = KcoCcll-ZQ

Ac+ 0Eth+ 0H2+ OMA+ 0PD+ 0CO

10 =0
e = (I-ZmAOMK M+ KA+ KA+ KnCn+K'0CJ

To comparison with others and KpPoD is very small, thus can ignore (Schbib t.
,1996).



3

10

(1-ZM ,0CAHKECENKI2CH+Ke C J
(1-26D = L/(1+KACA+KE] 2 Bty+Km CHAKcoCox)

Replacing 0A1 0B 0I0 Mand Om in the rate equations. Obtain

AC = AN AJZA +KBE BI+KIUE} 2+K 00c Of

fr = b
and

B = 1 0 Cj

-m =

KACUiCa f(I+KACISK K 1
Ay, = ® yynACAKACAK A+ K 00 |

B.2 The simulation result of the MODEL |

REACTOR I : OUTLET TEMPERATURE

Figure B.I MODEL I : Qutlet temperature of reactor I with error 0576%

C/\
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REACTOR  OQUTLET TEMPERATURE

Figure B2 MODEL I Outlet temperature of reactor n with error 0.65%

REACTORm : OUTLET TEMPERATURE

Figure 8.3 MODEL I : Outlet temperature of reactor in with error 0.66%



175

REACTRK | OUTLET ACETYLENE CONCENTRATION

014

012 T+

010 T

Figure BA MODEL I Outlet acetylene concentration of reactor | with error 36.22%

REACTOR n - OUTLET ACETYLENE CONCENTRATION

Concentration, mol%

Figure B5 MODEL I Qutlet acetylene concentration of reactor  with error 984%
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REACTOR m  OUTLET ACETYLENE CONCENTRATION

016 T

Q10

Concentration, ppm

3 3 ; : ;

Figure B6 MODEL | OQutlet acetylene concentration of reactor in with error 1008%

REACTOR m ~ OUTLET ETHYLENE CONCENTRATION

49.00 1

Conocentration, mol%

2.00

Sep-97
Oct-97
E Nov-97 :-
Dec-97
Jan-98 +

Figure B.7 MODEL | : Outlet ethylene concentration of reactor ni with error 5.41%
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REACTOR ra : OUTLET METHYL ACETYLENE CONCENTRATION

Jan-98 +

Figure B8 MODEL I : Outlet methyl acetylene concentration of reactor in
with error 2552%

REACTOR M QUTLET PROPADIENE CONCENTRATION

0.30
025 +

-
PR F PPN

0.20 .A- .
0.15 + E B

Conocentration, mol%
-

0.10

I

0.05

M
o
-
-

-

-

-

-

"

.

0.00

Sep-97
Oct-97
Dec-97 +
Jan-98

Figure B9 MODEL | : Outlet propadiene concentration of reactor in with error 32%%
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B.3 Kinetic model for MODEL n
The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

YA = kiigOfigOfa
+Bh =
llfro =

2. The hydrogen does not break into free atom.
3 The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity =K'BMip e (E m/iRT)C Ae
Use the Langmuir-Hinshelwood kinetics concept will obtain
Ly = KACILZQ

= zZpijlrz®

Qua = Kmcm (I-Z 6)

oo = KGHULALG:

EG - MB+"m+"m+"UA+"m+"co

£0 - (1~Z0)(KACalr KEipEth+ KmCI2+ K 7 ¢ A + KmCpo+ K0dc ()
To comparison with others K A¢” and KojQuis very small, thus can ignore (Schhib et.

, 1996)

ze = (I-zm KM +KBCHLKme 2+K M

(1-20) = UL+K M KM+ Kmc+K M .
Replacing 0Act 0Bt 010 67, an%m In tMeETete equations. Obtain

I

-+ = nCIFTHIUKIfi,.+ Kn CBeKH m +Kaf i ]
and
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V. Kotk J

YA =Mo" ¥ ( + K J:1+ Ksapeth+ + Kcxpaf
- K5CmCI ( +KUC A KmC A Kmea +

B4 The simulation result of the MODEL

REACTOR | : OUTLET TEMPERATURE

Figure B.10 MODEL n  Outlet temperature of reactor 1 with enor 094%

REACTOR n 1 QUTLET TEMPERATURE

Figure B .11 MODEL n : Outlet temperature of reactor  with error 056%



180

REACTOR N OUTLET TEMPERATURE

Figure B.12 MODEL N Outlet temperature of reactor IQwith error 0.5%

REACTRE | OUTLET ACETYLENE CONCENTRATION

Figure B.13 MODEL n : Outlet acetylene concentration of reactor | with error 35.7%
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REACTOR II : OUTLET ACETYLENE CONCENTRATION

Figure B.14 MODEL n Outlet acetylene concentration of reactor n with error 1228%

REACTOR m  OUTLET ACETYLENE CONCENTRATION

016 + R
-
'

Concentration, ppm

Figure B.15 MODEL n Outlet acetylene concentration of reactor in with error 1265%
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REACTOR ni : OUTLET ETHYLENE CONCENTRATION

Figure B.16 MODEL  Outlet ethylene concentration of reactor IQwith error 6.93%

REACTOR m : OUTLET METHYL ACETYLENE CONCENTRATION

plant

————— stmuUtfen

Jan-98 +

Figure B.17 MODEL n : Outlet methyl acetylene concentration of reactor ffi
with error 30.92%
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REACTOR m  OUTLET PROPADIENE CONCENTRATION

0.30 T R
0.25 + : ; ‘ : !
§ 010 AKAIRER] Klal
0.05 - '
0.00

Time, day

Figure B.18 MODEL n  Qutlet propadiene concentration of reactor in with enor 74.71%

B.5 Kinetic model for MODEL m
The assumption
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are
1A = kAOM 7
-le* =
JUA =
4D = kpoO M I-Z0)
2. The hydrogen does not break into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity = I/(1+KaimyZAc)
Use the Langmuir-Hinshelwood kinetics concept will obtain

Dy« viji-m

em = Kmej.i-m



To comparison with others KyPUA and Kmcm is very small, thus can ignore (Schbib et
al, 1996)

Ze (1-ZMKaP a+ KaPelJ- Kz 12+ KmC J
(1-m = m+KJZ,HKIDAK'Pn +K A0/
Replacing OM 6Ef Gin Oy#an?m in the rate equations. Obtain :

»+ *Fpy+ V » +*Cf|J

T* = BCtp Bi+ K tfiMKLLCk+K pa *XOFi

and
= Z2CmCala+ K@t ,0+Ksp catrKmem +Kele |
HfA= KACRh g /(1+Kap AOFKyPm+KHE 2+KcolEQ
-fro = KﬁQ/pCJ{.( +KAPA)+KmOn+KmCJ]2+ KOZﬁ(y

B6 The simulation result of the MODEL IN

REACTOR | : OUTLET TEMPERATURE

Figure B.19 MODEL in : Outlet temperature of reactor 1 with error 049%



185

REACTOR : QUTLET TEMPERATURE

Tim*, day

Figure 620 MODEL  : Outlet temperature of reactor N with error 063%

REACTOR ~ OUTLET TEMPERATURE

Temperaturs, K

Tima, day

Figure B.2L MODEL  Outlet temperature of reactor ~ with error 0.6%



REACTKE | QUTLET ACETYLENE CONCENTRATION

186

Figure B.22 MODEL in  Outlet acetylene concentration of reactor | with error 11.86%

REACTOR II : OUTLET ACETYLENE CONCENTRATION

Concentration, mol%

Figure B.23 MODEL in Outlet acetylene concentration of reactor  with error 492%
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REACTOR m : OUTLET ACETYLENE CONCENTRATION

025
020 +
§ 016 T
5 ,
g 010 4
096 - — plax
------- stmulation

Tim*, day

Figure B24 MODEL in  Qutlet acetylene concentration of reactor in with error 11.81%

REACTOR m : OUTLET ETHYLENE CONCENTRATION

4900 T

Figure B.25 MODEL in : Outlet ethylene concentration of reactor in with error 6.15%
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REACTOR ~ OUTLET METHYL ACETYLENE CONCENTRATION

\ 1 A ?
e R B \l_"” v E—
]

§ g
; i i
Tim*, day

Figure B.26 MODEL IQ Outlet methyl acetylene concentration of reactor 1Q
with error 16.34%

REACTOR M QUTLET PROPADIENE CONCENTRATION

berorsil]

cese
(¥ T

«*
"
.
.
.
K}
¢
L
12
Ta

0.00 t S i 8
& &
§ & 5 % 5
Time, day

Figure B.27 MODEL in : Outlet propadiene concentration of reactor In
with error 1852%
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B.7 Kinetic model for MODEL IV
The assumption :
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are
fA =
YEth ~ £thGr&GyEi~"G)
+UA = "UAGUAGN fi£6)
1fio = konGeeGp- $
2. The hydrogen does not break into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity =K "JSXPtEMRVCA
Use the Langmuir-Hipshelwood Kinetics concept will obtain
. KM 1-23*
:K"CJI-ZS

..M

— K ACII-Zd
Goo —_
%@*&ﬁ @+ Gor G
O+ Km Cm + Kl0c 10+ +Kn Cm+ Kee C0)
To comparison with others and Kmcpis very small, thus can ignore (Schhib et.
., 1996)

26

e

¢ - fl-2»KM KM+Vv . +KM
0-23* = 1/0+k m KM+ Kmem+K M
Replacing 0A) OBt 60, 0~ 1and Om in the rate equations. Obtain
YAc = "Ac”Ac*o [ (1+ KACAc+ KEICE KmC10 + KOOc ()
¢ ~ KICACH(1+ KACAB KRICEm+ KmC10 + K00 00)
and



= X2CM (U g4+ KMCV Kecl0+ic,,c0f

o =ncntjat 1A t kedlHT, coe+EIR0

= * @ 0 +Kaf m+Zap*? .+ E<re <x/

H

B8 The simulation result of the MODEL rv

REACTOR | : OUTLET TEMPERATURE

Figure B.28 MODEL IV Outlet temperature of reactor | with error 0.74%

REACTOR  OUTLET TEMPERATURE

Figure B.29 MODEL 1v : Outlet temperature of reactor n with error 0.79%

190
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REACTOR m : OUTLET TEMPERATURE

Figure B30 MODEL IV Outlet temperature of reactor in with error 0.76%

REACTRE | OUTLET ACETYLENE CONCENTRATION

plant

simulation

Sep-97
Oct-97
Nov-97 +
Dec-97
Jan-98

Figure B.31 MODEL IV : Outlet acetylene concentration of reactor I with error 20.74%
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REACTOR  OUTLET ACETYLENE CONCENTRATION

Concentration, mol%

Figure B.32 MODEL IV Outlet acetylene concentration of reactor n with error 18.92%

REACTOR m' OUTLET ACETYLENE CONCENTRATION

016 T

0.10 4

Ceoncentration, ppm

0.06

0.00

Jan-98 -+

Figure B.33 MODEL 1v : Outlet acetylene concentration of reactor in with error 12.62%



REACTOR m  OUTLET ETHYLENE CONCENTRATION

Figure &34 MODEL IV Outlet ethylene concentration of reactor in with error 803%

REACTORm  OUTLET METHYL ACETYLENE CONCENTRATION

006
004 1+
§
z \ A
3 i q
MAA L\ Ny
4
Y Y
é )
i 3

Figure B.35 MODEL IV Outlet methyl acetylene concentration of reactor in
with error 26.13%



REACTOR IN : OUTLET PROPADIENE CONCENTRATION

Concentration, mol%

Figure B36 MODEL IV Outlet propadiene concentration of reactor in
with error 21.45%

B9 Kinetic model for MODEL VI
The assumption :
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

~Ac - "AcAc*m
vah ~ "Et"Efifim
MA . AUAMMAMM
~PD = kpcjOp0 0112
2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity = Kidvt"XP(EaadRT)CA
Use the Langmuir-Hinshelwood kinetics concept will obtain
* = EJ1J.1-59

O» = »



em = (Knc J @-20)
Gn = VIJI-Z0)
Om = KpoCli-ze)
@ = KeCJi-Ze)

10 = GAC+tGE&+GH2+GUA+GPD+GO0

e = (LZ0(KnGl +  CGA  KwPuat KmCJ
To comparison with others KUACMAand KmQu is very small, thus can ignore (Schbib €t.

al., 1996)
% =(EXIK M KM+ (e J\ KM
vz KMKM+CKM+KM

Replacing #A, 6f* ~2 6", and fXoin the rate equations. Obtain
- JjZZj Mtk m km +KP J+Kal J
Nnc*0 0+XMW~+KP*F+ x«pl
H=QCACAM+KM*"*£**+KN] %
-m = ¢ M*/fl+ Noo* A (y 1+ *00c«/
m = KsCrenf/( K M- K*Em+t *

and

B.10 The simulation result of the MODEL VI

REACTOR | OUTLET TEMPERATURE

365 ’

Temperature, K

346
]

336

Sep-97
Oct-97
Nov- E
Dec-97
Jan-98

Figure B.37 MODEL VI : Qutlet temperature of reactor | with enor 067%
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REACTOR ~ OUTLET TEMPERATURE

Tim*1day

Figure B33 MODEL VI Outlet temperature of reactor n with error 059%

REACTOR m : OUTLET TEMPERATURE

S 5 5 5 8
S 8 3 & 3
Time, day

Figure B.39 MODEL VI : Outlet temperature of reactor in with error 0.68%
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REACTRE | OUTLET ACETYLENE CONCENTRATION

o
2
I

Concentration, mol%
o
-3

Ti

3

e, day

Figure B40 MODEL M Qutlet acetylene concentration of reactor | with error 1264%

REACTOR N : QUTLET ACETYLENE CONCENTRATION

003 +

Concentration, mol%
o
8
L

o
2
L

Figure B.41 MODEL VI : Outlet acetylene concentration of reactor n with error 11.87%
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REACTOR m  OUTLET ACETYLENE CONCENTRATION

025
020 +
; 016 +
E mo-:" .
0.00 .:: .
¥ 3 ; i i
Time, day

Figure BA2 MODEL Vi Outlet acetylene concentration of reactor in with error 16.92%

REACTOR M OUTLET ETHYLENE CONCENTRATION

Figure B.43 MODEL VI : Qutlet ethylene concentration of reactor in with error 5.16%



REACTOR Il OUTLET METHYL ACETYLENE CONCENTRATION

Dec-97 +
Jan-98

Figure B.44 MODEL VI : Outlet methyl acetylene concentration of reactor in
with error 1283%

REACTOR m : OUTLET PROPADIENE CONCENTRATION

0.30

plant
0.00 =t =t
5 & 5 & 8
3 & : & 3
Tima, day

Figure B.45 MODEL V1 : Outlet propadiene concentration of reactor in
with error 25.02%
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B Il Kinetic model for MODEL vn
The assumption :
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :
YAc = MAcMActH2M~Z0)
-rEth = kufluflli-Z Q
A=K AM T’EQ
1D = kmem0ji-Z0)
2. The hydrogen breaks into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity = l/(I+KttvtyZ Ac)
Use the Langmuir-Hinshelwood kinetics concept will obtain
K+fidi-Z0
KnPJI-ZB)

4.
4
QLA -
4,
120

a? = QU+em+olc+0m +$11+ 10

200

ze = q-m Ktfijj- kmem+ (ncd*+ + N fKefid
To comparison with others and Kwcw is very small, thus can ignore (Schbib et.
. 1996)

Z8 :(I-zm BOEE (e d + 1

2y = 10+~ + Kmem+(Kme J “+ KeeCJ
Replacing OACL Ofgl 02, Om Land OW in the rate equations. Obtain :
- kZM Z 1cd J(I+KMMEKmCB(Kme J “+KooC |

and
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-'¢* = K2CM Cj/(n*4, HfA H(V MA
C Tfl+" + B Kecy “+*racy 3
4% = K5C, 0 fl+ KJV-* CM+(VV "+ *"c0

B.12 The simulation result of the MODEL vn

REACTOR |  OUTLET TEMPERATURE

s
; 3 s

Timze, day
Figure B.46 MODEL VI : Outlet temperature of reactor | with error 094%

REACTOR N . OUTLET TEMPERATURE
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Sep-97
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Figure B.47 MODEL M : Outlet temperature of reactor n with error 0.75%
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REACTOR ! OUTLET TEMPERATURE

Tim*  day

Figure 8.48 MODEL VI Qutlet temperature of reactor in with error 084%

REACTRE | OUTLET ACETYLENE CONCENTRATION

010 +
008 +
006 + oy

004 H:

Concentration, mol%

0.02

000 -t

Figure B.49 MODEL VI : Outlet acetylene concentration of reactor 1 with error 20.76%



203

REACTOR Il OUTLET ACETYLENE CONCENTRATION

Figure B50 MODEL VI Qutlet acetylene concentration of reactor n with error %

REACTOR M OUTLET ACETYLENE CONCENTRATION

Time, day

Figure B.51 MODEL VI : Outlet acetylene concentration of reactor in with error 37.9%%
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REACTOR m : OUTLET ETHYLENE CONCENTRATION

T
ST L IR TULE vy

T
- wm o
- -

Figure B.52 MODEL VI Qutlet ethylene concentration of reactor in with error 11.46%

REACTOR ra  OUTLET METHYL ACETYLENE CONCENTRATION

A Ak b
i Bk 1 plant

\ § ~ o« —". simulation

Dec-97 +
Jan-98

Figure B.53 MODEL M : Outlet methyl acetylene concentration of reactor in
with error 39.1%



REACTOR m  OUTLET PROPADIENE CONCENTRATION
0.30

020 +

Concentration, mol%

0.10

Sep-97
Oct-97
Nov-97 +
Dec-97
Jan-98

Figure B54 MODEL VI Qutlet propadiene conentration of reactor in
with error 27.67%
B.13 Kinetic model for MODEL vm
The assumption :
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are

-fAc = kAc
-rEth =
~TMA = kMA®UA
= ¢omOJI-EQ)

2. The hydrogen breaks into free atom.
3. The product is adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity =
Use the Langmuir-Hinshelwood kinetics concept will obtain
= KJSJ-IB)
gm =~ (1-2Q

em= 'o-a
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C=XKmC Jt 'Za

= KM 'Z®
®=9 Y
.20 = *I'I *I’l I’I I'I l’l
o [4
10 - Im KM KM fiosn
To comparison with others and KppC1 is very small, thus can ignore (Schhib et.

, 19%)

= fl-2»r kmcm+ PJd Ttk m

= KMK M+ K M

Replacing 0% ~f, 2 0™, and in the rate equations. Obtain

* CJk2cd* /(L + K M T1 *£**+& pj*+ K o fil
a*=za ¢ .C frW W M [ "W

and
-8 = KCMO a+ CKit<vy"+
"ma= «C«A *De* 0 “
% =BC»o »t ¢ /[t JeCl

B.14 The simulation result of the MODEL vm

REACTOR | OUTLET TEMPERATURE

Figure B.55 MODEL VIE : Qutlet temperature of reactor | with error 0.7%



REACTOR N OUTLET TEMPERATURE

Temperature, K

Tima, day

Figure B.56 MODEL vin : Outiet temperature of reactor N with error 04%

REACTOR III : OUTLET TEMPERATURE

Nov-97 =

Sep-97
Oct-97 +
Dec-97 +
Jan-98

Time, day

Figure B.57 MODEL vm : Qutlet temperature of reactor in with error 0.55%
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REACTRE | OUTLET ACETYLENE CONCENTRATION

plant

oo

Figure B.58 MODEL vin : Outlet acetylene concentration of reactor | with error 1052%

REACTOR II : OUTLET ACETYLENE CONCENTRATION

Figure B.59 MODEL VIE : Outlet acetylene concentration of reactor n with error 9.1%



REACTOR in  OUTLET ACETYLENE CONCENTRATION

Figure B0 MODELvm  Qutlet acetylene concentration of reactor in with error 89%

REACTOR M OUTLET ETHYLENE CONCENTRATION

Jan-98 -+

Figure B.61 MODEL vm : Qutlet ethylene concentration of reactor ~ with error 23%
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REACTOR IN OUTLET METHYL ACETYLENE CONCENTRATION

o
8

Concentration, mol%
o
8

0.01 (oo
y
000 +——+——+————+——+—+——+——+ +
& & & 8 8
& 3 & & 5

Tim*, day

Figure B.62 MODEL Vin : Outlet methyl acetylene concentration of reactor in
with error 22.21%

REACTOR m  OUTLET PROPADIENE CONCENTRATION

0.30

020 +

Concentration, mol%

0.10

Figure B.63 MODEL vin : Outlet propadiene concentration of reactor ID
with error 19.91%
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B.15 Kinetic model for MODEL K
The assumption :
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :
‘TAc = KkAcOAc6m
+Eth = AEAEthAH2
YMA =
+PD = APDAPD"m
2. The hydrogen breaks into fi.ce atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation Is
activity = W+K~tyZAc)
Use the Langmuir-Hinshelwood kinetics concept will obtain

O = KMj-i-m
- KM<1-X»
(ZpJ'tl-ZBf
ua = K~cma-ze)
&D = K"C"'(].'ZO)

@@= KM 1-2d
= 0M+6*00*01y
10 = (1-Z0HK M K M * [KoCj"* K M
To comparison with others Km  and KmCp0 is very small, thus can ignore (Schhbib et.
al., 1996)
ze = (-m KM * Km .+
a-20> = JHK M KM * (Kmc | “+ KeCd)
Replacing OM 0Bh OR, 6™, and OFDin the rate equations. Obtain :
»CJCAU KM KM*«oCj%*k m ’
KICM<I*KM* KM * KoC j™Kec ]

V4

-V

and



= K2CEHCH(I+ KACA (Kmc | stKjald
K4CmCHl ( KAICAD+ KHp Bhv (Ka]e | St Keee |
KSCWCH (1+ KACA * "¢ "+ (Kne | 5+ Keee |

1m
-10

B.16 The simulation result of the MODEL IX

REACTOR | OUTLET TEMPERATURE

Figure B.64 MODEL DC: Outlet temperature of reactor I with error 0.37%
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REACTOR II : OUTLET TEMPERATURE

————— plant

""""" imulation

Figure B.65 MODEL OC: Outlet temperature of reactor n with error 043%
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REACTOR ni  OUTLET TEMPERATURE

Tim*, day

Figure B.66 MODEL DC Outlet temperature of reactor in with error 04%

REACTRE | OUTLET ACETYLENE CONCENTRATION

Dec-97 +
Jan-98

%
Tim*, day

By 5
& 8

Figure B.67 MODEL DC: Qutlet acetylene concentration of reactor I with error 897%
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REACTOR ~ OUTLET ACETYLENE CONCENTRATION

003 T

.
RS LX ¥ ¥ Y XK KRS o

ov-97

Dec-97 -+
Jan-98

&
Time, day

Figure B.68 MODEL IX Outlet acetylene concentration  reactor n with error 1156%

REACTOR m  OUTLET ACETYLENE CONCENTRATION

SRR

Dec-97 +
Jan-98

Sep-97
Oct-97

Figure B.69 MODEL IX : Outlet acetylene concentration of reactor in with error 6.65%
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REACTOR m  QUTLET ETHYLENE CONCENTRATION

Dec-97 +
Jan-98

Figure B.70 MODEL IX Outlet ethylene concentration of reactor in with error 4.12%

REACTOR m : OUTLET METHYL ACETYLENE CONCENTRATION

o
2

o
8

Concentration, mol%
o
8

o
2

=3
8

Sep-97
Oct-97

Figure B.71 MODEL IX : Qutlet methyl acetylene concentration of reactor in
with error 32.34%
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REACTOR m : OUTLET PROPADIENE CONCENTRATION

Concentration, mol%

0.20

0.10 NEN / .':. .

Oct-97
Nov-97 +-
Dec-97
Jan-98 +

Figure B.72 MODEL DC Outlet propadiene concentration of reactor in

with error 16.09%

B.17 Kinetic model for MODEL X

The assumption :

1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

~Ac = kAO@AQ'0112
+Ek = kEth@Eh@H?
~+MA ~

+PD ~ "PD*PD"m

2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is

activity = KatiifiXP(EaftRT)CA)

Use the Langmuir-Hinshelwood kinetics concept will obtain

E= 1D

KACJI-m
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Om =
em = Kmem(i-za
KKC"1-Z0)
G0 = A
= ehtelio X
le = (1-ZMKACA KBCHE (K | 5 + KA+ KeeC J
To comparison with others and KWQu is very small, thus can ignore (Schbib et,
al., 1996)
£0 = (L-EWx*p»+ KECED (Kmej* + Kec ()
(I:Z0) = 1/(1+KACA+ K J3HL+ (KIE j 5+ K0OC J

Replacing 0ALe”, dm, 6m, angl em in the rate equations. Obtain :

- N R RGN
fx = racav Q== gx5Vm + Kxc,, fi Kcfil
and

1K = 2C,PJI(U K"CnKmem+K j; J “+Keee J
¢«  «t JCAEN cBty' A /1+*Na /
1B = BAAIG+HAA+ AA+««AIVAA]

B.18 The simulation result of the MODEL X

REACTOR I : OUTLET TEMPERATURE

Figure B.73 MODEL X : Outlet temperature of reactor | with error 0.62%



REACTOR Il OUTLET TEMPERATURE

355 -

Time, day

Figure B.74 MODEL X : Qutlet temperature of reactor n with error 0.97%

REACTOR IU  OUTLET TEMPERATURE

Figure B.75 MODEL X : Qutlet temperature of reactor Il with error 066%



REACTRE | OUTLET ACETYLENE CONCENTRATION
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Figure B.76 MODEL X Outlet acetylene concentration of reactor I with error 12.66%

REACTOR n : OUTLET ACETYLENE CONCENTRATION

Concentration, mol%

Figure B.77 MODEL X : Qutlet acetylene concentration of reactor Il with error 17.8%%
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REACTOR in  OUTLET ACETYLENE CONCENTRATION

025
: :
020 4 : 5
p b
g |
g 016 + &t .
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g 010 4= ad
006 " plant
' simulation
000 < +—t $ t 4
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Time, day

Figure B.78 MODEL X : Outlet acetylene concentration of reactor in with error 2887%

REACTOR m OUTLET ETHYLENE CONCENTRATION

2 & 8
8 8 8

Concentration, mol%
9
8

Figure B.79 MODEL X : Outlet ethylene concentration of reactor Ill with error 8.35%



REACTOR Il OUTLET METHYL ACETYLENE CONCENTRATION

0606 T~ e

004 +
0.03 1

002

Concentration, mol%

201 1

Time, day

Figure B8) MODEL X Outlet methyl acetylene concentration of reactor n
with error 41.02%

REACTOR N : OUTLET PROPADIENE CONCENTRATION
0.30

0.20

Concentration, mol%

0.10

Figure B.81 MODEL X : Outlet propadiene concentration of reactor m
with error 26.02%

21
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B.19 Kinetic model for MODEL XI
The assumption :
1. The rate limiting step is a surface rate of reaction,
The rate of reaction are : N
8]l
~Eth ~ KthEth"H2
N MZ0)
W =
2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity = W+KaiyZAc)
Use the Langmuir-Hinsheiwood kinetics concept will obtain

0* = Ejiji-m
@1:

On- &t u-ze
gA- KmCJI-Ee)
@: L. )
@ - KM1-EQ)

£0 = dActeEth+em+dUA+dPD+ e
e = (1-m KACA+ KECEY (Kmc j st KmCm+KAL ~ KdCJ
To comparison with others and K pjp0 is very small, thus can ignore (Schhib t.
., 1996)
le = (1-m KACA KECH (KL j 5 KQICJ
(1-16) = 1/(1+ KACA+ KELH (Kme 0" s+ KedCa)
Replacing 9A0 Ger, 6H OUALand dMDin the rate equations. Obtain :
-Z =kjcjejeje( KACAH KellCEL (K1 j 5+ KOOC j
1 = KICACI(1+ KACAH KBICE (KH j 5+ Kelc |

and
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K2CHIC J (\+ KALCA+ KBICH (Kncd 5+ Kee |
K4Cm CH(I+ KACAc+ KBICES (KH J 5 Kclc |
MCM (1+ KACAt KBICE (Kmej* + Kec |

[
=
I

-hz

.20 The simulation result of the MODEL XI

REACTOR | QUTLET TEMPERATURE
%5 T

Figure .82 MODEL XI : Outlet temperature of reactor | with error 0.63%

REACTOR II : OUTLET TEMPERATURE

365

Temperature, K

plant

= = sunulatior.

336

& &
& 3

Figure .83 MODEL XI : Outlet temperature of reactor Il with error 0.43%
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REACTOR Il OUTLET TEMPERATURE
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Temperature, K
g &8 &
L 1
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Dec-97
Jan-98

Tima, day

Figure B.84 MODEL XI : Outlet temperature of reactor in with error 0.63%

REACTRE | QUTLET ACETYLENE CONCENTRATION

Concentration, mol%

Figure B.85 MODEL Xl : Qutlet acetylene concentration of reactor I with error 844%
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Figure B.86 MODEL XI Outlet acetylene concentration of reactor n with error 13.67%

Concentration, ppm

REACTOR m  QUTLET ACETYLENE CONCENTRATION

026 T
020 +
, "
A} "
016 o
WA " S o 4
[ ., -‘v :'- s " ® . : L4
SR . o S8 . L P . ad A ¢, 2
s ¢ & BRI SN RS TR P L)
010 ¢ .:\-'- e‘o': 1N 0.: ORI ¥ % 58 . " ;‘,_‘ KIS ::l,' Y
" ¢ R T \ R St Ty
¢ “ NN " i k. o
; . : P p & 3
006 + 3 : ! ’
.
0.00 + + -+ + + t t t + 4
& & & 5 &
a
3 & 2 & 3
Time, day

Figure B.87 MODEL Xl : Outlet acetylene concentration of reactor lll with error 1546%
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i REACTOR III : OUTLET ETHYLENE CONCENTRATION

Concentration, mol%

Tant
= « = - = sunulation

Figure B.88 MODEL XI : Outlet ethylene concentration of reactor in with error 4.49%

REACTOR m  OUTLET METHYL ACETYLENE CONCENTRATION

0.05

004 1T

Concentration, mol%

Figure B89 MODEL Xl : Qutlet methyl acetylene concentration of reactor ll
with error 23.1%
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REACTOR Il OUTLET PROPADIENE CONCENTRATION

0.30 T
®
a. 0.20 +
£
s
g
§ :,
0.00 ’ P :
5 5 5 5 g
8 8 g & k|
Time, day

Figure B30 MODEL XI: Outlet propadiene concentration of reactor in
with error 13.45%
B.21 Kinetic model for MODEL Xn
The assumption :
1. The rate limiting step is a surface rate of reaction.
The rate of reaction are :

Ao =

~Eth = KkEth@EhEH

4D = kMDmeJ(i-ze)
2. The hydrogen breaks into free atom.
3. The product dose not be adsorbed on the catalytic surface.
4. The catalyst activity equation is
activity = KamEXP(EaimRT)CA
Use the Langmuir-Hinshelwood Kinetics concept will obtain

™ = KeA Ji-ZS)
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em= «fJ ‘a-ZO,)

2 - Kmem(l-20)
0,7 KM'-Z®
0 - KMI-Z®

20 - (R+eB+ (e e
=a-IMKM*KM*(KmJ*KM+KM *KM

To comparison "' others KreP maand
., 1996)
e = (-zmK M
.78, = * KM KM + (K j 4
Replacing M OB, 61 OM,and

MK M *K M + (K g
Tm = KIOVKI*K KM* KPJI*

1K = K?cﬂvri+ Aot (Kmc jv KACJ*
- KACM<1*k m Kk m * (KT j *KafiJ
1* = KOCM»* — k m S (114

and

B.22 The simulation result of the MODEL Xn

REACTOR | OUTLET TEMPERATURE

Figure B9L MODEL Xl : Outlet temperature of reactor | with error 086%
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REACTOR II : OUTLET TEMPERATURE
366 z > % ” —

Figure B.92 MODEL xn Qutlet temperature of reactor n with error 68%

REACTOR III : OUTLET TEMPERATURE

plant

""""" imulation

Figure B.93 MODEL XlI : Outlet temperature of reactor in with error 0.71%
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REACTRE | OUTLET ACETYLENE CONCENTRATION

Concentration, mol%

Figure B.94 MODEL xn Outlet acetylene concentration of reactor I with error 22.65%

REACTOR  OUTLET ACETYLENE CONCENTRATION
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Figure B.95 MODEL xn : Outlet acetylene concentration of reactor Il with error 18.76%
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REACTOR Il OUTLET ACETYLENE CONCENTRATION
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Figure B.96 MODEL Xn Outlet acetylene concentration of reactor in with error 17.09%

REACTOR M OUTLET ETHYLENE CONCENTRATION
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Figure B.97 MODEL XII : Outlet ethylene concentration of reactor ni with error 494%
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REACTOR Il OUTLET METHYL ACETYLENE CONCENTRATION

Concentration, mol%

Time, day

Figure B.98 MODEL xn : Qutlet methyl acetylene concentration of reactor in
with error 25.91%

REACTOR HI * OUTLET PROPADIENE CONCENTRATION
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Time, day

Figure B99 MODEL XII : Qutlet propadiene concentration of reactor Il
with error 14.11%



APPENDIX ¢
SPEEDUP PROGRAM

SPEEDUP is a comprehensive plant modeling package designed to model processes as
they occur in chemical or process engineering environments—as a series of unit
operations interconnected by process streams. SPEEDUP can easily make new models
form the set of equations(both gebraic and ordinary differential equations) that define
the model because SPEEDUP is an equation-based flowsheeting package. When
SPEEDUP solve for solution, the problems are viewed as set of equations rather than
sets of unit operations
A problem that SPEEDUP is to solve must be written all description in
SPEEDUP input language. A problem description is composed of a number of input
section, each problem description is unlikely to use all type of sections. The sections
used will depend upon each problem description. Ana the sections which may be used,
are .
* Flowsheet and Unit sections
These sections describing the topology of the flowsheet being modelled.
The Flowsheet section defines all of the interconnections between the
UNITS within a problem. The interconnections are either process flows
which are known as 'streams’, or information connections which are known
as ‘tonnections’ The Unit section defines the occurrence of a unit within the
flowsheet. Each Unit section specifies the MODEL or MACRO to be use for
UNIT, and gives values for the Unit parameter (that required by the MODEL
or MACRO being used)
» Model, Macro, Procedure and Function sections
These sections are used in modelling items of equipment. MODELS are the
central part of any problem definition. One Model section is required to
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define each MODEL used in a problem. The Macro section used as a device
for tresting a group of MODELS as a single uint. One Macro section is
required to define each MACRO. For Procedure and Function section, both
are devices for using FORTRAN. But they have a major difference as follows
: The Procedure uses a FORTRAN subroutine then may return any number
of values and can only be used in the Procedure subsection of a
MODEL.Unlike Procedure, the Function uses a FORTRAN function that can
only return a single output value and the Function may be used in a simple
assignment statement within a Model, Operation, Report, Conditions or
Global section.

Global section

This section is used to define optimization problems and flowsheet-wide
equations. The Global section allows you to write equations involving
variables from more than one UNIT.

Conditions section

This section is used to specify the conditions under which a SPEEDUP
dynamic simulation should stop or print a message.

Estimation section

This section used to define both parameter estimation and data
reconciliation problems.

Operation and Options sections

These sections providing specification and simulation options data for a
particular run. The operation section is to specify operating data for the
process being modelled. The Option section is used to define the problem
description such as various translation and run time options. If the valve for
an option is not specified the default value is used.

Report and Profiles sections

These sections are used to define the presentation of output. The Profiles
section is used to define one or more composite variables for use within the
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axial profile plotting facility. The Report section is used to define

customized reports for displaying result of any variable in the problem.

The complete problem description that include the only six sections(as list:
Flowsheet, Model, Unit, Declare, Operation, and Option sections) is allowed to run for

the solution.

¢.| Flowsheet section

The Flowsheet section defines all of the interconnections between the Units within a
problem. This section is as same as the process flow diagram.
Syntax for Flowsheet section

FLOWSHEET
STREAM streamjname connectivity_statement TYPE streamjype

Where connectivity _statement is of the form:

IFEED ~ name IS IFEED  name 1
1PRODUCT name 1PRODUCT name 1
HINPUT ~ name OF unit_name 1INPUT ~ name OF unit_name 1
1OUTPUT  name OF unit_name 10UTPUT  name OF unit_name 1

or

CONNECTION name OF unit_name IS CONNECTION name OF unit_name
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Example ¢.| Mixing process

Feed 2

Feed 3 1 —V 2

Feed 1 v 1 1 1 [ ]

Taiv Tank2 1 © 1
Product

Figure c.I Mixing process flowshart

Flowsheet*
Feed 1 IS Input 1of Tank 1
Feed 2 IS Input 2 of Tank 1
Output of Tank 1 is  Input 1 of Tank 2
Feed 3 IS Input 2 of Tank 2

Output of Tank 2 is  Input of Valve
Output of Valve  is  Product

# ______________________

# connectivity #

A —— ~#

Connection i of Tank2 is Connection 1 of LT
Connection 2 of LT is Connection 1 of LC
Connection 2 of LC Is Connection 1 of Valve

*kkk

C.2 MODEL section
Models are the central part of any problem definition. One Model section is required to
define each Model used in a problem. A model may contain up to 6 different
subsections, each of which deals with part of the model definition:
HELP Contains help text that can be viewed using the EXPLAIN
command. Optional.
SET Defines any constants or parameters used. Optional.
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TYPE Assigns variable types to all of the variables. Also defines the
size of vector variables. Compulsory.
STREAM Defines the interconnections that can be made to the model
Compulsory.
EQUATION  Contains all of the equations used to define the Model
Compulsory.
PROCEDURE  Contains all of the procedure calls used in defining the Model.
Optional.
Syntax for Model section
MODEL modelname
HELP
help_text
SENDHELP
SET

parameterl, parameter, .
censtantl = {*}valuel, constant2 = {*}value?,
TYPE
vanablel, variable2, .. AS Ivariablejype
1ARRAY(size) OF variablejype 1

STREAM
1INPUT Iname vanablel, vanable2, ..
| OUTPUT I
| CONNECTION |

EQUATION
expressionl = expression? ;

PROCEDURE
(output_arg_list) procedure_name (input_aigjist) { INPUT |nameH.TEAR}
|OUTPUTI



Example ¢.l Mixing process (continue)
*kkk

Model CSTR
Set
Area
Type
FLOWINLIELOWIN2 FLOWOUT
Densl, Dens2, Dens_out
Cpl Lp2,Cp_out

238

as flowrate
as density
as heat_capacity

HNI,TIN2, TOUT as temperature
hH as hieght

Stream
Input 1 IS FLOWINZ,Densl,Cpl  TINL
Input 2 s FLOWIN2, Dens2,Cp2, TIN2
Output is FLOWOUT, Dens_out,Cp_out, TOUT
Connection 1 is H

Equation
Area*dh/dt = FLOWINL+FLOWINZ-FLOWOUT
Dens out = ((FLOWINI*Densl)+(FLOWIM2*Dens2))/(Area*h)
Cp_out = ((Cpl*FLOWINL*Densl)+(Cp2*FLOWINZ*Dens2))/(Dens_out’ Area*h);

TOUT* Dens_out*Area*h*Cp_out = ™i*Cpl*FLOWINI‘Densl+TIN2*Cp2*FLOWIN2‘Dens2;

H = h

kkk

Model SENSOR

Set
bias
Type
sigin as control_signal
sigout as control_signal
Stream

Connection 1 issigin

Connection 2 is sigout
Equation

sigout siginthias;
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Model PI
Set
gain,
integral_time,
bias
Type
error as control_signal
| error as control_signal
set_point as control_signal
Stream
Equation
error = set_point- hjoneasured:;
$I error = error;
. control_action = bias+gain*(error+I_error/ integral_time);

C.3 UNIT section
A Unit section must be included for each of the piocess units in the FLOWSHEET.
Each Unit section specifies the Model or Macro to be used for the Unit, and gives
values for the Unit parameters (if required by the Model or Macro being used).

It is not necessary to use all Unit sections during a run Units may be stored on
the database then used when required. Only Units that appear in the FLOWSHEET will
be included in the run.

Syntax for Unit section
UNIT unit_name IS A Imodel name |
Imacro_name 1
{Routines IEULER )
IMPEULER 1

SET  parameterl = valuel 1
parameter = value2l



240

Example c.l Mixing process (continue)
Unit Tank 1 is a CSRT
Set

Area =10

Unit Tank 2 is a CSRT
Set
Area 8

Fkkk

Unit LT is a SENSOR

Set
Bias = 0.5
UnitLC  is aPI
Set
gain =
integralJime = 1,
hias = 15
C.4 DECLARE section

The Declare section is used to declare the characteristics of the different variables and
stream types used in the problem. If a physical properties package is interfaced, you
may also use the Declare section to ter component data, or to define new
components.

Syntax for Declare section*
DECLARE
TYPE variable_type_statements
STREAM stream_name
SET parameter = value, etc.
TYPE typejist
* COMPONENTS  componentjist
*OPTIONS  pp_options_list
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*THERMO  stxeam_name
CODE

User_text
$E! IDCODE

Keywords marked with a *apply only to installations which have a physical
property interface in which these features are used.

Example ¢.| Mixing process (continue)

Declare
# #

™ T

# Variable type = initial value lower limit : upper limit  Unit = Header text #

Hpm e N - #
flowrate =5 0 115 Unit = "m3hr”
density =2 0 5 Unit = “mol/m3
heat_capacity = 10 0 L 15 Unit = “tal/mol*K”
temperature = 340 330 400 Unit = K’
hiegth =15 05 bl Unit = 'm”
control_signal =0 -1E10 : 1E10 Unit =1*

# - - il -1 € #

Stream MAINSTREAM
Type  flowrate, density, heat_capacity, temperature

C.5 OPERATION section
The Operation section is used to specify operating data for the process being modelled.
The Operation section may contain up to four subsections. These are:
SET Used to SET variables within the problem to known, fixed
values. The Set subsection is always required.
PRESET  Used to enter estimates of solution values, and bounds for
individual variables. The Preset subsection is optional. An
optional scale factor may also be entered to scale individual



variables.

INITIAL ~ Used to provide INITIAL values of variables, that is, those at
time equals zero, for dynamic simulations. The Initial
subsection is only required for dynamic simulations. It may
be omitted if INITIAL values from a saved RESULT are to be
used.

FREE Used to specify which variables are to be FREE (i.e varied
to achieve the optimum) during optimizations. The Free
subsection is only required for optimizations.

Syntax for Operation section
OPERATION
SET
WITHIN unit
variable = expression {: low_bound : up_bound}

WITHIN unit2
variable = expression {: low_bound : upjxnrnd }

PRESET
WITHIN unitl
variable = value {: low_bound :up_bound : scale }

WITHIN units
variable = value { low_hound : up_hound : scale )

INITIAL
WITHIN unitl
variable = value {: low_bound : up_bound )

WITHIN unit2
variable = value {: low_bound : up_bound 1
FREE
unit.variable (:scale )
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Example .| Mixing process (continue)

Operations
Set
Within Tankl
FLOWINI = 8
FLQWIN2 = 6
Densl = 42
Dens2 = 45
Cp| = 103
Cp2 = 97
TINI = 36
THR2 = 364
Within Tank2
FLOWIN2 = 7
Dens2 =3
Cp2 = 107
TIN2 = 3%
Within LC
error =0
C.6 OPTIONS Section

The Options section of the problem description allows you to specify values for various
translation and run time options. These options are

The numerical routines to be used

Options to be used during translation

The level of translator output for each input section

Parameters (output levels, tolerances, etc) for the execution phase

If a value for an option is not specified the default value is used. The only
options which do not have defaults are the reporting time step (TIME_STEP) and
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number of intend (INTERVALS). For dynamic runs, these must be specified. For other
run modes, they need not be specified.
Example C. Mixing process (continue)

Options

Execution
TARGET = TERMINAL
PRINTLEVEL =1
INTERVAL =1
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