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APPENDIX A
SAMPLES OF CALCULATION

Preparation of 0.3%Pt/ALQj Catalysts with the Dry Impregnation Method
Reagent: Chloroplatinic acid (FLPtCL'ôLLO)

Molecular weight = 517.92 g 
(Atomic weight of Platinum = 195.08)

Support : Alumina (Y -A I2O 3); type KNH-3 
Pore volume = 1.0 ml/g
From Sumitomo Aluminium Smelting Co., Ltd., Japan.

Calculation for prepared 0.3%Pt/Al?Oj (%bv weight)
Based on: 0.3%Pt/Al2O3 Catalyst Weight = 100 g
Assume : alumina support used is X grams.

So that, the catalyst 100 grams would composed of 
Platinum 0.3 g
Alumina X g

Then 0.3+X  = 100 g 
Support (X) = 99.7 g

The alumina support weight used for preparation is 2 grams and LLPtCL.ôLLO used as 
precursor salt.

Platinum required = 2 X 0.3 / 99.7 g
= 6.018 X 10'3 g

Platinum (Pt) 6.018 X 10‘3 g was prepared from 25 ml of the stock solution of 
chloroplatinic acid, which prepared by dissolving 1 g of H2PtCl(, in de-ionized
water.
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Pt content in stock solution

Therefore:
The required-solution

= 1 x195.08 /518.1 g

= 0.377 g

= 6.018 X  10'3 X  25 / 0.377 ml
= 0.3993 ml

Preparation of 0.3%Pt/TiQ2 Catalysts with the Wet Impregnation Method
Reagent: Chloroplatinic acid (H2 PtCl6  • 6H20)

Molecular weight = 517.92 g.
(Atomic weight of Platinum = 195.08)

Support: Titanium dioxide (Ti02); Anatase phase
From Fluka., A Sigma-Aldrich Company. Switzerland.

Calculation for prepared 0.3%Pt/TiQ2 (%hv weight)
Based on: 0.3%Pt/TiO2 Catalyst Weight = 100 g
Assume : Titanium oxide support used is X grams.

So that, the catalyst 100 grams would composed of 
Platinum 0.3 g
Titanium oxide X g

Then 0.3 + X = 1 0 0  g 
Support (X) = 99.7 g

The titanium oxide support weight used for preparation is 3 grams and 1 BPtCU 
used as precursor salt.

Platinum required = 3 X 0.3 / 99.7 g
= 9.027 x 1 0' 3 g

. 6PRO
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Platinum (Pt) 9.027 X 1 O'3 g was prepared from 25 ml of the stock solution of 
chloroplatinic acid which prepared by dissolving 1 g of PbPtClô in de-ionized
water.
Pt content in stock solution = 1x 195.08 /518.1 g

Therefore:
= 0.377 g

The required-solution = 9.027 X 10'3 X 25 / 0.377 ml
= 0.599 ml



CALCULATION OF METAL ACTIVE SITE
APPENDIX B

Calculation of metal active site on catalyst
The weight of catalyst used = พ g
Area of CO peak after adsorption = A unit
Average area of 50 pi standard CO peak = B unit
Amounts of CO adsorbed on catalyst = B -A unit
Volume of CO adsorbed on catalyst = [(B -  A)/B] x50 pl
Volume of gas 1 mole at 30°C 24.86x1 o6 pl
Mole of CO adsorbed on catalyst (mole) = [(B-A)/B] X 150/24.86x10'

1 mole is 6.02 X 102 3 molecules 
Then. Molecule of CO adsorbed on catalyst

= 2 .0 1 x1 0 '6x [(B -  A)/B] x6.02x1023 molecules 
Metal active site = 1.21 x io 18 X [(B -  A)/B]/w molecules of CO / g catalyst

Example of calculated active site of 0.3 % Pt/Al2 0 3

0.3 % Pt/Al2 0 3 0 . 1 g
Area of CO peak after adsorption = 1185 unit
Average area of 50 pi. standard CO peak = 2170 unit
Amounts of CO adsorbed on catalyst = 2170- 1185 unit
Volume of CO adsorbed on catalyst = [(2170- 1185)/2]170] x50 pi

22.70 pl
1 lie adsorption CO condition was carried out at 30°c
Then. Mole of CO adsorbed on catalyst = (22.70/24.86x 1 0(l)
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Molecule of CO adsorbed on catalyst (0.1 g)
= (22.70/24.86x1 o6) x6.02xl02 3  molecules
= 5.50xl017 molecules

Metal active site = 5.50xl0l7/0.1
= 5.50xl018 molecules of CO / g catalyst



CALCULATION OF NO, CO AND C3H8 CONVERSIONS
APPEN DIX  c

Calculation of NO, CO and CjHs conversion
The effluent gas was analyzed by gas chromatograph, the NO reduction activity 

was evaluated in terms of the conversion of NO to N2

2NO ---------- ►  N2 + 0 2

NO conversion (%) = (2[N2 ]out/[NO]in) X 100
Where [NO]in = 500 ppm

[N2] : analyzed by gas chromatograph from calibration curve
(Figure C-l)

Figure C-l Calibration curve of N2

C a l i b r a t e  N2, I n j  T  =  1 0 0 ,  C o l  T  =  7 0 ,  S l o p e  t e s t  =  1 0 0 ,  C u r r e n t  =  8 0  
( M o l e c u l a r  s i e v e  5 A )

C o n c e n t r a t i o n  o f  N 2 ( p p m )



104

Area = area of N2  peak on GC 8  ATP
Area = 2.1858 X  cone, of N2  (ppm) - 21.105
Thus, [N2 ] (Area+ 21.105)72.18 5 8

The CO oxidation activity was evaluated in terms of the conversion of CO into CO2

CO conversion (%) = ([CO]in -  [CO]out) X 100
[ C O ] i n

The C3 H8 oxidation activity was evaluated in terms of the conversion of C3 H8 into CO2 

and H2 O

C3H8 conversion (%) = ([C3 H8]in -  [C3H8]oiit) X 100
[C3H8]m



CHEMICAL AND PHYSICAL PROPERTIES OF SUPPORTS
A PPEN DIX  D

Table D-l specification of Alumina Support (AI2 O3 ) Type KNH-3

Chemical component weight percent (%)
AI2 O3 60-70
Si0 2 30-35

Fe2 0 3 0.3-0.5
Ti0 2 0.5-0.7
CaO 0 . 1 -0 . 2

MgO 0 .2 -0 .4
Na20 0.3-0.4
k 2 0 0 .2 -0 .3

Zr0 2 + Hf0 2 0.03-0.04

Physical properties
Bulk density (g/ml) 1.3-1.5
Apparent Specific Gravity 3.1-3.3
Packing Density (lb/ft3) 20-25
Pore Volume (ml/g) 1 .0 - 1 .3
Surface Area (m2 /g) 340-350



T a b le  D-2 C hem ical com ponent o f  TiC>2 support

Chemical component weight percent (%)
Ti0 2 99
P0 4 0.1
SO4 0.1
Cl 0 . 0 1

Pb 0.001
As 0 . 0 0 2

Fe 0.005
Zn 0.005
Cu 0.0005



APPENDIX E
OPERATING CONDITIONS AND SAMPLES OF 

CHROMATOGRAM

1. A thermal conductivity detector gas chromatography (model 8 ATP) was used 
to analyze the concentrations of oxygen, nitrogen and carbon monoxide.

Operating conditions are as follows :
GC : SHIMADZU-GC-8 ATP
Detector : TCD
Packed column : MS-5A
Carrier gas : Ultra high purity helium (99.999%)
Flow rate of carries gas : 45 ml/min
Column temperature : 70°c
Detector temperature : 100°c
Injector temperature : 100°c
Detector current : 80 mA

2. Gas chromatography model 8 AIT was used to analyze the concentration of 
HbO. propane, carbon dioxide.

Operating conditions were similar to model 8 ATP except:
Packed column : Porapak-Q
Flow rate of carries gas : 30 ml/min
Column temperature : 90°c
Detector temperature : 110°c
Detector current : 90 mA

The samples of chromatogram from gas analysis are shown in Figures E-l, E-2.
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Figure E-l Sample of Chromatogram from GC-8ATP (column MS-5A)
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Figure E-2 Sample of Chromatogram from GC-8AIT (column Porapak-Q)
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CO, NO AND C3H8 c o n v e r s io n s  o f  p r e p a r e d  c a t a l y s t s
A PPEN D IX  E

Figure F-l Conversion of CO, NO and C3 H8 over 0 .3 %Pt/Al2 O3 catalyst calcined in air 
at 380°c under stoichiometric condition

—♦—CO 
■  NO 

C3H8

Figure F-2 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/Al2 O3 catalyst calcined in air 
at 450°c under stoichiometric condition

Tem perature (°C)



Figure F-3 C onversion o f  CO, N O  and C 3H 8 over 0 .3% Pt/A l2O 3 catalyst calcined in air
at 5 0 0 °c  under stoichiom etric condition

♦  CO 
■  NO 

C3H8

Temperature (°C)

Figure F-4 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/Al2 Ü3 catalyst calcined in air 
at 550°c under stoichiometric condition

-♦ -C O
■  NO

C3H8

0 50 too 150 200 250 300 350 400 450 500
Tem perature (°C)
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Figure F-5 C onversion o f  CO, N O  and C 3H 8 over 0 .3% Pt/A l2O3 catalyst calcined in air
at 6 5 0 °c  under stoichiom etric condition
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F-6 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/Al2 O3 catalyst calcined in a 
reducing atmosphere at 380°c under stoichiometric condition

- • - C O
■  NO

C3H8

Tem perature (UC)
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Figure F-7 C onversion o f  CO, N O  and C3Hg over 0 .3% P t/A l2O 3 catalyst calcined in a
reducing atm osphere at 4 5 0 ° c  under stoichiom etric condition

-+-CO 
■  NO 

C3H8

re F-8 Conversion of CO, NO and C3Hg over 0.3%Pt/Al2O3 catalyst calcined in a 
reducing atmosphere at 500°c under stoichiometric condition

Tem perature (°C)
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F ig u re  F-9 C onversion  o f  CO, N O  and C3H 8 over 0 .3% P t/A l2O 3 catalyst calcined in a
reducing atm osphere at 5 5 0 ° c  under stoichiom etric condition

-•-CO 
■  NO 

C3H8

Figure F-10 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/Al2 Oa catalyst calcined in a 
reducing atmosphere at 650°c under stoichiometric condition

Tem perature (°C)



Figure F-ll C onversion  o f  CO, N O  and C 3H 8 over 0 .3% Pt/T iO 2 catalyst calcined  in air
at 3 8 0 ° c  under stoichiom etric condition

-♦ -CO 
■  NO 

C3H8

Figure F-12 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/TiO2 catalyst calcined in air 
at 450°c under stoichiometric condition

♦  CO 
■  NO 

-A-C3H8

Tem perature (°C)
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Figure F-13 C onversion o f  CO, N O  and C 3H 8 over 0 .3% P t/T iO 2 catalyst calcined in air
at 5 0 0 °c  under stoichiom etric  condition

- ♦ - C O  
■ NO 

- A -  C3H8

Figure F-14 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/TiO2 catalyst calcined in air 
at 550°c under stoichiometric condition

- A - C O

■  NO
- A -  C3H8

Temperature (°C)



Figure F-15 C onversion o f  CO, N O  and C 3H 8 over 0 .3% P t/T iO 2 catalyst calcined in air
at 6 0 0 °c  under stoichiom etric condition

- * - c o
■ NO

C3 แ 8

Temperature (°C)

Figure F-16 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/TiO2 catalyst calcined in air 
at 650°c under stoichiometric condition

Temperature (°C)
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Figure F-17 C onversion  o f  CO, N O  and C 3H 8 over 0 .3% Pt/T iO 2 catalyst calcined in a
reducing atm osphere at 3 8 0 °c  under stoichiom etric condition

-♦ -CO 
■ NO 

- -A -  C3H8

Figure F-18 Conversion of CO, NO and C3Hg over 0.3%Pt/TiO2 catalyst calcined in a 
reducing atmosphere at 450°c under stoichiometric condition

-♦ -CO
■  NO

C3H8

Temperature (°C)
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Figure F-19 C onversion  o f  CO, N O  and C 3H 8 over 0 .3% Pt/T iO 2 catalyst calcined in a
reducing atm osphere at 5 00 °c  under stoichiom etric condition

- * - c o
■ NO 

C3H8

F-20 Conversion of CO, NO and C3 H8 over 0 .3 %Pt/TiO2 catalyst calcined in a 
reducing atmosphere at 550°c under stoichiometric condition

Temperature (UC)
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Figure F-21 C onversion o f  CO, N O  and C 3H 8 over 0 .3% P t/T iO 2 catalyst calcined in a
reducing atm osphere at 6 0 0 °c  under sto ich iom etric  condition

—♦—CO  
■ NO 

C3H8

Figure F-22 Conversion of CO, NO and C3 H8 over 0.3%Pt/TiO2 catalyst calcined in a 
reducing atmosphere at 650°c under stoichiometric condition

—♦— CO  
■ NO 

C3H8

Temperature (°C)
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