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APPENDICES

A P P E N D I X  A  F  v a l u e  c a l c u l a t i o n

For c 2/ c ,=  1.5

35 c 4 20 c 4 — — —> 20 c 3 + 20 €1 (terminal c - c bond cracking)

----- > 1 5 C 4 ----- -— > 3 0 C 2 (m iddle C - C  bond cracking)

c 2/c , -3 0 /2 0 =  1.5 
F -  15/35 = 0.43

For c 2/c  1 = 1

3  € 4  2  c 4 ------— » 2  c 3 + 2  Cj (terminal c - c bond cracking)

— ■ > c 4 ----- -— > 2 C 2  (m iddle c - c bond cracking)
c 2/c  1 = 2/2  = 1
F = 1/3 = 0.33 (each C-C bonds has the same probability to be broken)

For c 2/c , = 0.6
13 c 4  -» 1 0  c 4  — — — > 1 0  c 3 + 1 0  C-L (terminal c - c bond cracking)

— > 3 C 4 — - — > 6 C 2  (m iddle C - C  bond cracking)

C2/Ci = 6/10 = 0.6 
F = 3/13 = 0.23
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For c 2/c , =0.5
5  c 4  -> 4  c 4 ----—» 4  C-J + 4  Cj (terminal c - c bond cracking)

---- > c 4  — - — > 2  c 2  (m id d le  c - c b o n d  c r a c k in g )

c 2/c ,  = 2 / 4  = 0.5 
F -  1 / 5  = 0.2
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A P P E N D I X  B  K i n e t i c s  c a l c u l a t i o n s

A + B -»  C + D + E + F

Assign A = n-butane, B = hydrogen, c  = methane, D = ethane, 
E = propane, and F = isobutane.
XA = X = n-butane conversion, and XB = hydrogen conversion.

1. Pa&Pb

p

PBO = ไ ^ - x PT VT0
Pa =P aoO -X )
P b  =  P b o ( i - x b )

where:
Pao = initial n-butane partial pressure 
PB0 = initial hydrogen partial pressure 
VA0= initial n-butane volumetric flow rate 
V 00 = initial hydrogen volumetric flow rate 
VT0 = initial total volumetric flow rate 
PT = total pressure 
PA = n-butane partial pressure 
PB = hydrogen partial pressure.

From stoichiometry, XB = XA = X 
Elence,

pB=pB0(i-x)



2. Rate o f Reaction

aje _ A reacted _ Areact x A fed x 1 
t im e  X  g  • c a t  A  fed t im e  g  - c a t

ra te  = c o n v e r s io n  X  m o la r  f e e d  f l o w  ra te  
a m o u n t  o f  c a t a ly s t

where:
rate = n-butane consumption rate
Areact = mole A reacted
Afed = mole A fed into the reactor.

3. Order & Rate Constant

Fixed H2
k'= kPg

hence,
r = k'P°A

l n r  =  a\nPA + In A:'

where:
r = n-butane consumption rate 
k -  rate constant
CL = n-butane order 
p = hydrogen order.
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Plot In r vs. In PA 
Slope = a  
Y-intercept = In k ’

Fixed HC
k* = kP°

hence,
r = k* PB

In r = (5 In PB + In k *

Plot In r vs. In PB 
Slope = p 
Y-intercept = In k*

4. Activation Energy

k =  A e  E^RT

r = kPaAPBp FA qX
พ

x =A e ' ^ p y j ]  พ
FA 0

lnJT = -F a  1 {nAPaPBp พ  
RT FA0
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where:
A = pre-exponential factor
Ea = activation energy
R = gas constant
T = absolute reaction temperature
F AO = n-butane molar feed flow rate
พ  = the amount of catalyst used for the reaction.

Plot In A" vs. 1/T (Arrhenius plot) 
Slope = -Ea/R

(Fogler, 1999; Buzzi-Ferraris, 1999)
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A P P E N D I X  c C a l c u l a t i o n  o f  c h e m i c a l s  r e q u i r e d  f o r  I W I  &  V P I  
m e t h o d .

The objective of both preparation methods was to load 1 %wt Pt and
0.15 %wt RE (optional), e.g., Ce, Er, Yb, on the support (zeolite).

For IWI method:
1 %wt Pt/KL 1 gram of catalyst contain 0.01 gram of Pt.
But Pt 1 %wt is extremely insignificant when compared to zeolite 

weight; hence, catalyst 1 gram ~ zeolite 1 gram, and zeolite 1 gram requires Pt
0.01 gram.

Tetraamineplatinum (II) nitrate 387.09 gram contains Pt 195.09 gram. 
So Pt 0.01 gram requires Tetraamineplatinum (II) nitrate

0 . 0 1 9 9 ,

Therefore, zeolite 1 gram requires Tetraamineplatinum (II) nitrate
0.0199 gram.

The calculation results o f other catalyst samples were shown in Table 
Cl and Table C2.

T a b l e  C l The amount of chemicals required for catalyst preparation by IWI 
method.

Chemical MWchemical MWmetal
The amount required per 

gram of zeolite 
(gram)

Tetraamineplatinum (II) 
nitrate 387.09 195.09 0.0199
Cerium (III) nitrate 
hexahydrate 434.23 140.12 0.0047
Erbium (III) nitrate 
pentahydrate 443.35 167.26 0.0040
Ytterbium (III) nitrate 
pentahydrate 449.13 173.04 0.0039
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T a b le  C2 The amount of chemicals required for catalyst preparation by VPI 
method.

Chemical MWchemjc
al

M W m e t a l
The amount required 
per gram of zeolite 

(gram)
Platinum (II) acetyl-acetonate 393.31 195.09 0.0202
Cerium (III) acetyl-acetonate 437.45 140.12 0.0047
Erbium (III) acetyl-acetonate 464.26 167.26 0.0042
Ytterbium (III) acetyl-acetonate 470.04 173.04 0.0041
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APPENDIX D Langmuir-Hinshelwood kinetics

Set A = n-butane; B = hydrogen
Assume: since n-butane conversion is very low, product coverage can be 
neglected.
Therefore, © T  =  © A  +  ® B  +  © V  =  1

Consider A;
'adsorb =  k P A® V  

'Aw* =  v ®  A

At equilibrium
^'adsorb ^desorb

k p 4® y = k'Q y

= J, />,®, = K APA&,, = KAPA(\ -ร© )

let
ร© = © ,+ © „ =  (1-โ,'ë i K APA+ K 1,p1,)

ร๏ = K aPa + K ,p, -  KaPa1& -  K 11P1,x e

ร® (l +  K APA + K bP , ) = K aPa + K , p „

1- ร © . 1-  K ‘S C K •ร '— — A —l + K APA+ K sPB 1 + k , pa + k , p,

e „ - ------ ¥ * ------\ + k apa + k , p,

0 ,  = 1 +*,/>” + k , p,

Therefore;
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let
r = k®Ae B = kKAPAKBPB 

(1+ K <p ,+ K ,p ,y
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APPENDIX E n-Butane conversion results

♦  Pt/Si02 ■  Pt/KL(VPI) A  Pt/KL(IWI)

0 100 200 300 400 500 600

time(min)

Figure E l  Relationship between n-butane conversion and reaction time 
of different catalyst types and preparation methods carried out at 350 c , 
HC : H2 ~ 1 : 10.

♦  PtKL ■ Pt/CeKL A pt/ErKL X Pt/Yb/KL

8%
7%

I  6%
® 5%
๐ 4%
3  3 %

è 2%
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0%

0 100 200 300 400 500 600 700

time(min)

Figure E2 Relationship between n-butane conversion and reaction time with 
and without promoters carried out at 350 c , HC : H2 ~ 1 : 10.
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♦  250C  ■  300C A  350C X  400C

50%  -

4 0% - 

I  30%  - 

1 20% - 
 ̂ 10%

0%
0 100 200 300 400 500 600 700

t im e (m in )

F igu re E3 Relationship between n-butane conversion and reaction time 
carried out on Pt/KL (IWI) catalyst at different temperatures, HC : H2 ~ 1 : 10.

L o w  H 2 ,  L o w  H C  ■  H i g h  H 2 ,  L o w  H C  A H i g h  H 2 ,  H i g h  H C

CDÇ๐o
CDร
-๐

4% 
3% H 
2% 
1% - 
0%

A  A  A

A  A  A A  A

100 200 3 0 0 4 0 0 5 0 0

t i m e  ( m in )

Figure E4 Relationship between n-butane conversion and reaction time 
earned out on Pt/KL (VPI) catalyst at 350 c , with different hydrogen and 
hydrocarbon flow rates*.

* H ig h  H 2 f lo w  rate refer to  3 0  c m 3 m in '1, L o w  H 2 f lo w  rate refer  to  17 .5  c m 3/m in . 
H ig h  H C  f lo w  rate refer  to  4 .5  c m 3 m in '1, L o w  H C f lo w  rate refer to  3 c m 3/m in .
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♦  L o w  H 2 ,  L o w  H C  ■  H i g h  H 2 ,  L o w  H C  A  H i g h  H 2 ,  H i g h  H C

t i m e  ( m i n )

Figure E5 Relationship between n-butane conversion and reaction time 
carried out on Pt/KL (VPI) catalyst at 375 c , with different hydrogen and 
hydrocarbon flow rates.

♦  L ow  H2 , L ow  H C ■  H ig h  H2 . L ow  H C A  H ig h  H 2 , H ig h  HC

£Zo 3 0 % -
’ฬิCD
c 20% - ♦๐๐(1) 10% -

♦ ♦ ♦ ♦
♦ ♦ ♦  4►  ♦ ♦  4 ♦

1 ■ û û É A■ i à ■ à  l « A■ท
c 0%

0  1 0 0  2 0 0  3 0 0  4 0 0  5 0 0

t im e(m in )

Figure E6 Relationship between n-butane conversion and reaction time 
carried out on Pt/KL (VPI) catalyst at 400°c, with different hydrogen and 
hydrocarbon flow rates.
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