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APPENDIX A

CALCULATION FOR CATALYST PREPARATION

The calculation shown below is for 1%Pd-3 %Ag/Alz03. The alumina support
weight used for all preparation is 2 g,

Reagent: - Palladium (11) nitrate hexahydrate (Pd(Nos )2's Hao )
Molecular weight = 338.41
- Silver (111) nitrate (Ag(NC>3))
Molecular weight = 169.87
- Support:- Alumina

Calculation for Palladium Impregnation

Based on 100 g of catalyst used, the composition of the catalyst will be as follows:

Palladium = 1
Silver 39
Alumina = 100-0¢3) = 97 ¢

For2 g ofalumina
Palladium required

X197 g 0.0206 g

Pd(Nos )2's Hzo required = Palladium required XMW of Pd(Nos )2's Hzo
MW of Pd
= 0.0206x338.41/106.42 = 0.0655 ¢

Since the pore volume of the alumina support is 0.25 ml/y and the total
volume of impregnation solution which must be used is 0.5 ml by the requirement of
dry impregnation method, the de-ionised water is added until the total volume of
impregnation solution is 0.5 ml.
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Calculation for Silver Impregnation

Based on 100 g of catalyst used, the composition of the catalyst will be as follows:
Palladium = 1g

Silver 30
Alumina = 100(4+3) = 979
For 2 g of alumina
Silver required = 3979 = 0.0618¢
Ag(Nos ) required = Silver required x MW of Ag(Nos)
MW of Ag
= 00619x169.87/107.87 = 0.0975¢

Since the pore volume of the alumina support is 0.25 ml/g and the total
volume of impregnation solution which must be used is 0.5 ml by the requirement of
dry impregnation method, the de-onised water is added until the total volume of
impregnation solution is 0.5 ml.



APPENDIX B

CALCULATION CURVES
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Figure B.2 The calibration curve of acetylene from FID of GC-s A.



APPENDIX ¢

CALCULATION OF CH2CONVERSION AND CH4GAIN

The catalyst performance for the selective hydrogenation of acetylene was
evaluated in terms of activity for acetylene conversion and ethylene gain based on the
following equations:

0]/ ) CoHa (C.I)
CoHs + Ho  -omomeeeee- * CoHe (C2)

Activity of the catalyst for acetylene conversion is defined as moles of
acetylene converted with respect to acetylene in the feed:

C2Hz conversion (%) = 100X mole of C2Han feed - mole of CzHz inproduct] (i)
mole of C2H2in feed

where mole of C2Hz can be measured employing the calibration curve of C2Hz in
Figure B.I, Appendix B., ie.,
mole of C2Hz = (area of C2Hz peak from integrator plot on GC-s A) X2.623x1 012 (ii).

Ethylene gain was calculated from moles of hydrogen and acetylene as explained
in section 4.2:

CaHa gain (%) = 1OOx[dCzHéC-AH2Hz-dCzH2)] (D)
where dC2H: = mole of acetylene in feed - mole of acetylene in product (V)
dH2  =mole of hydrogen in feed - mole of hydrogen in product (v)

mole of C2H2is calculated by using (ii) whereas mole of H2can be measured employing
the calibration curve of H2in Figure B.2, Appendix B., i..,

mole of H2= (area of H2 peak from integrator plot on GC-8A) X2.740x1lo 2 (vi)



APPENDIX D

CALCULATION FOR METAL ACTIVE SITES

Calculation of the metal active sites and metal dispersion of the catalyst measured by
CO adsorption is as follows:

Let the weight of catalyst used

Integral area of CO peak after adsorption = A 8nit
Integral area of 45 pi of standard CO peak = B unit
Amounts of CO adsorbed on catalyst = BA unit
Volume of CO adsorbed on catalyst = 45x[(B-A)/B] ft
Volume of Imole of CO at 30°c = 24.86x106

Mole of CO adsorbed on catalyst = [(B-A)/B]x[45/24.86x 106] mole
Molecule of CO adsorbed on catalyst = [1.61x10'6)x [6.02x1023x[(B-A)/B] molecules
Metal active sites = 9.68x10T&[(B-A)/B]x[l/ ] molecules of co/g of catalyst



APPENDIX E

CALCULATION OF THE CRYSTALLITE SIZE

Calculation of the crystallite size by Debye-Scherrer equation

The crystallite size calculated from the half-height width of the diffraction
peak of XRD pattern using the Debye-Scherrer equation,

From Scherrer equation:
KA
~ PBcosf (El)
where D = Crystallite size, A

K = Crystallite-shape factor=0.9

X = X-ray wavelength, 15418 A for CuKa
6 = Ohserved peak angle, degree

p = X-ray diffraction broadening, radian

The X-ray diffraction broadening (f) is the pure width of a powder diffraction
free from all broadening due to the experimental equipment. a-Alumina is used as a
standard sample to observe the experimental broadening since its crystallite size is
larger than 2000 A. The X-ray diffraction broadening (ft) can be obtained by using
Warren’s formula.

From Warren’s formula;
p=\B,-B; E2)
where Bm=The measured peak width in radians at half height.

Bs = The corresponding width of the standard material.



Example: Calculation of the crystallite size of a-alumina
The half-height wiath of peak = 0.30° (from Figure E. 1)
= (201 x 0.30)/360
= 0.0052 radian
The corresponding half-height width of peak of of a-alumina (from the Bs
value at the 2 theta 0f43.32° in Figure E.2) = 0.0043 radian

Thepurewidth p= - 1
= V0.00522- 0.00432

= 0.0029 radian

B =0.0029 radian

26 = 4332
6 = 2166
2 = 15418 A

The crystallite size = 0028052155 - 5148 A=515nm
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Figure E.| The observation peak of a-alumina for calculating the crystallite size.
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Figure E.2 The graph indicating that value of the ling broadening attributeto the
experimental equipment from the a-alumina standard.
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CATALYST EVALUATION AS FUNCTION OF TEMPERATURE
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Figure F.I Dependence of the catalytic performance of fresh commercial catalyst as a
function of temperature: (A) % acetylene conversion and (B) normalized
ethylene gain, GHSV, 5400 h"1
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