
R EFER EN C ES

Alberss, P., Pietsch, J., and F. parker, ร. (2000) Poisoning and deactvation of 
palladium catalysts. Journal of Molecular Catalysis A: Chemical. 173. 275- 
286.

Anderson, A.J., Mellor, J., and Wells, P.K.R. (2008) Pd catalyzed hexyne 
hydrogenation modified by Bi and by Pb. Catalysis. 261, 208-216.

Ando, c., Ikumoto, A., Kurokawa, H , Sugiyama, K , and Miura, H. (2001) 
Selective hydrogenation of (E)-2-hexenal to (£)-2-hexen-l-ol over Co-based 
bimetallic catalysts. Catalysis Communications. 2, 323-327.

Ardiaca, N O., Bressa, S.P., Martinez, O.M., and Barreto, G.F. (2001) The case of 
liquid-phase hydrogenation of 1,3-butadiene and n-butenes on commercial 
Pd catalysts. Catalysis Today. 64, 205-215.

Boudjahem, A., Bouderbala, พ., and Mohammed, B. (2011) Benzene 
hydrogenation over Ni-Cu/Si02 catalysts prepared by aqueous hydrazine 
reduction. Fuel Processing Technology. 92, 500-506.

Cukic, T., Kraehnert, R , Holena, M., Herein, D., Linke, D., and Dingerdissen, บ. 
(2007) The influence of preparation variable on the performance of 
Pd/Al20 3  catalyst in the hydrogenation of 1,3-butadiene. Applied Catalysis 
A : General, 323, 25-37.

Ferrer, V., Moronta, A., Sanchez, J., and Solano, R. (2005) Effect of the reduction 
temperature on the catalytic activity of Pd-supported catalysts. Catalysis 
Today. 107-108,487-492.

Haisheng, พ., Xing, พ ., Xiaofeng, Y., Guangzhao, Y., Aiqin, พ., Xiaoyan, L., 
Yanqiang, H., and Tao, z. (2015) Supported Au-Ni nano-alloy catalysts for 
the chemoselective hydrogenation of nitroarenes. Chinese Journal of 
Catalysis. 36, 160-167.

Han, X.X., Chen, Q., and Zhou, X.R. (2007) Study on hydrogenation of 
p-chloronitrobenzene over carbon nanotubes supported platinum catalyst 
modified by Mn, Fe, Co, Ni and Cu. Journal of Molecular Catalysis A: 
Chemical. 277, 210-214



37

Huang,พ., McCormick, J., Lobo, R., and Chen, J. (2007) Selective hydrogenation 
of acetylene in the presence of ethylene on AI2O3 and P-zeolite-supported 
bimetallic catalysts. Journal of Catalysis, 246, 40-51.

Hub, ร., Hilaire, L., and Touroude, R. (1988) Hydrogenation of But-l-yne and
• But-l-ene on Palladium Catalysts: Particle Size Effect. Applied Catalysis.

36,307-322.
Insorn, p. and Kitiyanan, B. (2015) Selective hydrogenation of mixed C4 containing 

high vinyl acetylene by Mn-Pd, Ni-Pd and Ag-Pd on AI2O3 catalysts. 
Catalysis Today. Inpress.

Kim, S.C., Park, Y.K., and Nah, J.w . (2014) Property of a highly active bimetallic 
catalyst based on a supported manganese oxide for the complete oxidation 
of toluene. Powder Technology, 266, 292-298.

Lee, J.H., Kim, S.K., Alin. I.Y., Kim, W.J., and Moon, S.H. (2011) Performance of 
Ni-added Pd-Ag/AECb catalysts in the selective hydrogenation of 
acetylene. Korean Journal Chemical Engineering, 169-172.

Li, c., and Chen, Y.w. (1995) Temperature-programed-reduction studies of nickel 
oxide/alumina catalysts: effect of the preparation method. Thermochimica 
Acta. 256, 457-465.

Maccarrone, M.J., Lederhos, R.C., Torres, G., Betti, c., Coloma-Pascual, F., 
Quiroga, E.M., Juan, C.Y. (2012) Partial hydrogenation of 3-hexyne over 
low-loaded palladium mono and bimetallic catalysts. Applied Catalysis A : 
General, 441-442, 90-98.

Malaibari, O.Z., Croiset, E., Amin, A., and Epling, พ. (2015) Effect of interaction 
between Ni and Mo on catalytic properties of a bimetallic Ni-Mo/A1203 
propane reforming catalyst. Applied Catalysis, 490, 80-92.

Menezes, W.G., Altmann, L., Zielasek, V., Thiel, K., and Baumer, M. (2013) 
Bimetallic Co-Pd catalysts. Journal of Catalysis. 300. 125-135.

Moulijn, J.A., Van Diepen, A.E., and Kapteijn, F. (2001) Catalyst deactivation. 
Appiled Catalysis A, 212, 3-6.

Niemantsverdriet, c. (2007) Concepts of Modem Catalysts and Kinetics, 2nd ed. 
Weinheim: WILEY-VCH Verlag GmbH & Co. KGaA.



38

Navarro, R.M., Pawelec, B., Trejo, J.M., Mariscal, R., and Fierro, J.L.G. (2000) 
Hydrogenation of Aromatics on Sulfur-Rsistant Pt-Pd Bimetallic Catalysts. 
Journal of Catalysis. 189, 184-194.

Parlett, M A C., Durndell, J.L., Machado, A., Giannantonio, c ., Bruce, W.D., 
Hondow, S.N., Wilson, K., and Lee, F.A. (2014) Alumina-grafted SBA-15 
as a high performance support for Pd-catalysedcinnamvl alcohol selective 
oxidation. Catalysis Today. 229, 46-55.

Pattamakomsan, K., Ehret, E., Morfin, F., Gelin, P., Jugnet, Y., Prakash, ร., 
Bertolini, C.J., Panpranot, J., and Aires, F.J.C.S. (2011) Selective 
hydrogenation of 1,3-butadiene over Pd and Pd-Sn catalysts supported on 
defferent phases of alumina. Catalysis Today. 164, 28-33.

Pattamakomsan, K., Suriye, K., Dokjampa, ร., Mongkolsiri, N., Praserthdam, p., and 
Panpranot, J. (2010) Effect of mixed AI2O3 structure between 6 - and a- 
AI2O3 on the propertiws of Pd/Al2C>3 in the selective hydrogenation of
1,3-butadiene. Catalysis Communication. 11. 311-316.

Pellegrini.R, Leofanti, G., Agostini, G.L., Bertinetti, L., Bertarione, ร., Groppo, E., 
Zecchina, A., and Lamberti, c . (2009) Influence of K-doping on a Pd/Si02- 
A1203 catalyst. Journal of Catalysis, 267, 40-49,

Poncelet. G., Centeno, M.A., and Molina, R. (2005) Characterization of reduced a- 
alumina-supported nickel catalysts by spectroscopic and chemisorptions 
measurements. Applied Catalysis A. 288, 232-245.

Ruijun, H., Weiting, Y., Marc, D.P., Jingguan, G.C., and Tiefeng, พ . (2014) 
Selective hydrogenation of 1,3-butadiene on Pd-Ni bimetallic catalyst: From 
model surface to supported catalysts. Journal of Catalysis. 316, 1-10.

Sangkhum, T., Mekasuwandumrong, 0., Praserthdam, p., and Panpranot, J. (2009) 
Effect of Fe-modified a-Al20 3 0 n the properties of Pd/a-Al20 3  catalysts in 
selective acetylene hydrogenation. Reaction Kinetic Catalysis Letter. 97, 
115-123.

Seth, D., Sarkar, A., Ng, T.T.F., and Rempel, L.G. (2007) Selective hydrogenation
of 1,3-butadiene in mixture with isobutene on a Pd/a-alumina catalyst in a
semi-batch reactor. Chemical Engineering Science. 62, 4544-4557.



39

Skoog, A.D., Holler, F.J., and Crouch, R.s. (2007) Principles of Instrumented 
Analysis, 6th ed. Belmont: Thomson Corporation.

Tanksale, A., Beltramini, J.N., Dumesic, J.A., and Lu, G.Q. (2008) Effect of Pt and 
Pd promoter on Ni supported catalysts. Journal of Catalysis, 258, 366-377.

Wang. C.B., Lin, H.K., and Ho, C.H. (2002) Effects of the addition of titania on the 
the thermal characterization of alumina-supported palladium. Journal of 
Molecular Catalysis A: Chemical, 180,285-291.

Wongwaranon, N., Mekasuwandumrong, O., Praserthdam, p., and Panpranot, J. 
(2008). Performance of Pd catalysts supported on nano crystalline 01-AI2O3 

and Ni-modified C1-AI2O3 in selective hydrogenation of acetylene. Catalysis 
Today, 131,553-558.



APPENDICES

Example: 0.3%Ni/Al2O3

Appendix A The Catalytic Activity, 1-hexene Selectivity, 1-hexene Yield of Pd and Ni Mono Metallic Supported on Alumina
Catalyst

Reaction
Time(hour)

Peak area Mole of Components
%Conv. %1-Hexene

Selec.
%1-Hexene

Yield1-Hexyne 1-Hexene «-hexane Mole 1-Hexyne Mole 1-hexene Mole «-hexane
0 24634 0 0 1.25 E-06 0 0 0 0 0

0.5 13736 12216 4590 0.68 E-06 0.38 E-06 0.15 E-06 45.99 66.21 30.45
1.0 9551 18780 4898 0.45 E-06 0.59 E-06 0.15 E-06 63.72 74.39 47.41
1.5 7432 23304 4827 0.34 E-06 0.74 E-06 0.15 E-06 72.70 81.28 59.10
2.0 3754 29967 4184 * 0.15 E-06 0.95 E-06 0.15 E-06 88.29 86.43 76.31
2.5 2256 32769 5340 0.07 E-06 1.04 E-06 0.19 E-06 95.91 84.86 84.01
3.0 11.9 31586 7160 0 1.01 E-06 0.24 E-06 100.00 80.49 80.49



Calculation: At 0.5 hours

Sol- From 1-Hexyne conversion (%l-HyConv)

*From 1-Hexene selectivity (%l-HexeneSei)

From 1-Hexene yield (%1-HexeneYieid)

(moles of l-hyinitial - moles of 1-hyfinal) X 100 
moles of l-hyinitial 

1.25xl0'6 -  0 .68xl0‘6 1
' . L i a r -

45.99%
(moles of l -Hefinai — moles of l-Heimllai) X  1 0 0  

moles of l-hexyne converted
0,38xl0'6 X 100

(l.25xl0"6 - 0.68xl0‘6)
66 .21 %
%Conversion X  %Selectivity

Too
45,99 x66.21 

100
30.45 %
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Table A l The catalytic activity, 1-hexene selectivity and 1-hexene yield o f 0.3%Pd
supported on alumina catalyst

0.3%Pd
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 53 65 83 95 100
1-Hexene selectivity (%) 56 70 80 78 68

1-Hexene yield (%) 32 48 67 74 68
Table A2 The catalytic activity, 1-hexene selectivity and ]-hexene yield of l%Ni 
supported on alumina catalyst

1%>
Reaction time (h) 0.5 1.0 1.5 2.0 2.5 3.0

1-Hexyne conversion (%) 80 90 95 98 99 100
1-Hexene selectivity (%) 59 55 55 45 45 38

1-Hexene yield (%) 45 48 51 43 44 38
Table A3 The catalytic activity, 1-hexene selectivity and 1-hexene yield of 1.5%Ni 
supported on alumina catalyst

1.5%Ni
Reaction time (h) 0.5 1.0 1.5 2.0 2.5 3.0

1-Hexyne conversion (%) 79 87 92 95 100 100
1-Hexene selectivity (%) 63 54 56 54 41 34

1-Hexene yield (%) 49 47 52 52 41 34
Table A4 The catalytic activity, 1-hexene selectivity and 1-hexene yield of 2%Ni 
supported on alumina catalyst

2% IV
Reaction time (h) 0.5 1.0 1.5 2.0 2.5 3.0

1-Hexyne conversion (%) 71 83 91 95 100 100
1-Hexene selectivity (%) 60 63 63 54 47 34 .

1-Hexene yield (%) 42 52 57 52 47 34
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Table A5 The catalytic activity, 1-hexene selectivity and 1 -hexene yield of 3%Ni 
supported on alumina catalyst

3%Ni
Reaction time (h) 0.5 1.0 1.5 2.0 2.5 3.0

1-Hexyne conversion (%) 68 79 88 96 97 98
1-Hexene selectivity (%) 66 64 56 49 43 39

1-Hexene yield (%) 53 57 54 48 42.4 39
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Appendix B The Catalytic Activity, 1-hexene Selectivity and 1-hexene Yield of
Ni-Mn Supported on Alumina Catalysts

Table B1 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Ni-Mn 
with Ni/Mn ratio of 0.5

Ni-Mn ratio 0.5
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 52 60 4 87 100
1-Hexene selectivity (%) 75 86 93 92 90

1-Hexene yield (%) 39 51 68 78 91
Table B2 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Ni-Mn 
with Ni/Mn ratio of 1.0

Ni- Mn 1.0
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 52 65 78 88 100
1-Hexene selectivity (%) 80 86 92 93 92

1-Hexene yield (%) 40 45 60 72 81
Table B3 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Ni-Mn 
with Ni/Mn ratio of 1.5

Ni-Mn 1.5
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 52 62 74 89 100
1-Hexene selectivity (%) 78 84 89 90 85

1-Hexene yield (%) 41 52 66 79 85
Table B4 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Ni-Mn 
with Ni/Mn ratio of 2.0

Ni-Mn 2.0
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 52 65 74 85 100
1-Hexene selectivity (%) 63 74 85 86 83

1-Hexene yield (%) 33 48 62 73 83

๐
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Table Cl The catalytic activity, 1-hexene selectivity and 1-hexene yield of Pd-Ni 
with Pd/Ni ratio of 0.5

Appendix c The Catalytic Activity, 1-hexene Selectivity and 1-hexene Yield of
Pd-Ni Supported on Alumina Catalysts

Pd-Ni 0.5
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 56 71 80 94 100
1-Hexene selectivity (%) 62 69 82 82 79

1-Hexene yield (%) 35 49 66 77 79

Table C2 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Pd-Ni 
with Pd/Ni ratio of 1.0

Pd-Ni 1.0
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 52 65 80 95 100
1-Hexene selectivity (%) 56 70 80 78 68

1-Hexene yield (%) 29 46 64 74 68

Table C3 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Pd-Ni 
with Pd/Ni ratio of 1.5

Pd-Ni 1.5
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 50 67 85 96 100
1-Hexene selectivity (%) 67 77 85 84 78

1-Hexene yield (%) 39 52 72 81 78

Table C4 The catalytic activity, 1-hexene selectivity and 1-hexene yield of Pd-Ni 
with Pd/Ni ratio of 2.0

Pd-Ni 2.0
Reaction time (h) 0.5 1.0 1.5 2.0 2.5

1-Hexyne conversion (%) 50 63 78 91 100
1-Hexene selectivity (%) 70 82 88 88 87

1-Hexene yield (%) 35 51 69 80 87

๐
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