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APPENDICES
APPENDIX A Fvalue calculation

Forc2c,= 15
Hed 0c4———>20¢3+20€1 (terminal ¢ -C bond cracking)

----- >15C4 —--—>30C2 (middle C-C bond cracking)

cdc, -30/20= 15
F- 15/35 =043

Forc2cl=1

3 ¢4 204 --—»203+2Cj (terminal C-C bond cracking)

—I1>C4 - —>2 C2 (middle € -C bond cracking)

cdcl=22=1 N
F = 1/3=0.33 (each C-C bonds has the same prohability to be broken)

Forc2c, =06
13Cs -» 10 Cs — — —>10 C3 +10 GL (terminal C -C hond cracking)
— >3Cs — -—>¢ C2 (middle C-C hond cracking)

C2Ci=6/10=06
F=3/13=023



Forc2c, =0.5
5C4 =>4 C4 —-——»4 GJ+4 Cj (terminal ¢ - ¢ bond cracking)

—>C4 — -—>2C2 (middle C~-C bond cracking)

cdc, =214 =05
F-15=02
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APPENDIX B Kinetics calculations
A+B -» C+D+E+F

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

1 Paébb

p
PBO= \ g XPT
Pa =Pao0-X)

Pb = Pho(i- xb)

where:

Pao=initial n-butane partial pressure

PB0= initial hydrogen partial pressure

VA initial n-butane volumetric flow rate

V00=initial hydrogen volumetric flow rate

V0= initial total volumetric flow rate

PT = total pressure

PA = n-butane partial pressure

PB = hydrogen partial pressure.

From stoichiometry, XB= XA=X
Elence,

pB=pBJ(i-x)



2. Rate ofReaction

e Areacted  Areact x Afed x 1

timexgecat Afed time g -cat

ate = conversion x molar feed flow rate
amount of catalyst

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

3. Order & Rate Constant

Fixed H2
K'=kPg
hence,
r =kP°A
Inr = In A’
where:

[ = n-hutane consumption rate
k - rate constant

@ = n-butane order

p = hydrogen order,



Plot Inrvs. InPA
Slope = a
Y-intercept = Ink’

Fixed HC
k* =kP°
hence,
r=k* PB
Inr = (GInPB+ Ink *

Plot Inrvs. InPB
Slope = p
Y-intercept = Ink*

4. Activation Energy

k=Ae E"RT

r=kpapp A
=Ae"pyj]
X FA

_-Fa 1{nAPaPB
= or R

o2



where:

A = pre-exponential factor

Ea = activation energy

R = gas constant

T = absolute reaction temperature

Fao = n-butane molar feed flow rate
= the amount of catalyst used for the reaction.

Plot InA'vs. 1T (Arrhenius plot)
Slope = -E4R

(Fogler, 1999; Buzzi-Ferraris, 1999)



APPENDIX C Calculation of chemicals required for IWI & VPI
method.

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 PYKL 1gram 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 1gram, and zeolite 1 gram requires Pt
0.01 gram.

Tetraamineplatinum (11) nitrate 387.09 gram contains Pt 195.09 gram.

So Pt 0.01 gram requires Tetraamineplatinum (I1) nitrate

. 0199,

Therefore, zeolite 1gram requires Tetraamineplatinum (I1) nitrate
0.0199 gram.

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

Ta t% hle OIC | The amount of chemicals required for catalyst preparation by IWI
method.

The amount required per

Chemical MAthemicl  MWietal gram( ofze)ollte
gram
Tetraamineplatinum (Il
it (|||§) " ) 38700 19500 00199
erium (I11) nitrate
Ee)éahydrlaltle . 434,23 140.12 0.0047
rbium (I11) nitrate
et?tagyéra%”) . M35 16726 00040
erbium (I11) nitrate
ot M1 130 00039



Ta?hledcz The amount of chemicals required for catalyst preparation by VPl
method.

Chemical MWaeme MW metal T|{E]eer %Ta%n(}frgggllirt%d
d (gram)
Platinum (1) acetyl-acetonate 39331 195.09 0.0202
Cerium (I11) acetyl-acetonate 43745  140.12 0.0047
Erbium (111) acetyl-acetonate 464.26  167.26 0.0042

Ytterbium (I11) acetyl-acetonate ~ 470.04  173.04 0.0041



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, e7 - oa + o8 + ov = 1

Consider A:
‘adsorh = kPA®V
‘Aw* = v ® A
At equilibrium
Nadsorh  “desorb
kp4®y = k'Qy
=J, @, = KAPAL, = KAPA\- ©)
|et .
©=0,+0,= (1- 'E8iK APA+Kp])
=KaPa+K,p, - KaPal&- KIPlxe
®(+ KAPA+KbP,)=KaPa+K,p,
IO 1 Kpenfrsms T s,
Therefore:

*
R

0, =1+*>"+k,p,



|et
kK APAK BPB

r:k®AEB:(1+K<p,+K,p,y

~-E AH AHy ]
he kye /""KAOe /’”‘K,,oe /’”PAP,,

AH

e AHV” 2
[1+K.4oe TPy +Kpe P/;)



APPENDIX E  n-Butane conversion results

+ Pt/Si02 m PtKL(VPI) A PUKL(IWI)
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Figure EI Relationship between n-butane conversion and reaction time
|czlfcd|ff|_|erentlcatlzz)lyst types and preparation methods carried out at 350 ¢,
‘H2~ 1:10.

4 PtKL = Pt/CeKL A pt/ErKL X Pt/Yb/KL
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Fi%ure E2 Relationship between n-butane conversion and reaction time with
and without promoters carried out at 350 ¢, HC :H2~ 1: 10.



4+ 250C = 300C A 350C X 400C
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Figure E3 Relationship between n-butane conversion and reaction time
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carried out on P/KL (IW1) catalyst at different temperatures, HC : H2~ 1 10.

Low H2, Low HC m High H2, Low HC A High H2, High HC

%

3% H

M ik
1% -

0%

eoc®

1m Zm 300 400 500

time (min)

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

* High H2flow rate refer to 30 cm3min'L Low H2 flow rate refer to 17.5 cm3Imin.,
High HC flow rate refer to 4.5 cm3min'L Low HC flow rate refer to 3 cm3min.



¢ Low H2, Low HC = High H2, Low HC A High H2, High HC
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Figure E5 Relationship between n-butane conversion and reaction time
carried out on PY/KL (VPI) catalyst at 375 ¢, with different hydrogen and
hydrocarbon flow rates.
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Figure E6 Relationship between n-hutane 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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