
REFERENCES

Agrell, J., Birgersson, H., Boutonnet, M., Meliân-Cabrera, I., Navarro, R.M., and 
Fierro, J.L.G. (2003) Production of hydrogen from methanol over Cu/ZnO 
catalysts promoted by ZrC>2 and AI2O3. Journal of Catalysis 219(2), 389- 
403.

Agrell, J., Boutonnet, M., Meliân-Cabrera, I., and Fierro, J.L.G. (2003) Production 
of hydrogen from methanol over binary Cu/ZnO catalysts: Part I. Catalyst 
preparation and characterisation. Applied Catalysis A: General 253(1), 201- 
211.

Ahmed, ร. and Krumpelt, M. (2001) Hydrogen from hydrocarbon fuels for fuel 
cells. International Journal of Hydrogen Energy 26(4). 29L-301.

Albonetti, ร., Pasini, T., Lolli, A., Blosi, M., Piccinini, M., Dimitratos, N., Lopez- 
Sanchez, J.A., Morgan, D.J., Carley, A.F., Flutchings, G.J., and Cavani, F. 
(2012) Selective oxidation of 5-hydroxymethyl-2-furfural over TiÛ2- 
supported gold-copper catalysts prepared from preformed nanoparticles: 
Effect of Au/Cu ratio. Catalysis Today 195(1). 120-126.

Alessandro, T. (1996) Catalytic properties of ceria and CeCb-containing materials, 
catalysis reviews: Science and engineering, 38:4, 439-520.

Amphlett, J.C., Creber, K.A.M., Davis, J.M., Mann, R.F., Peppley, B.A., and Stokes, 
D.M. (1994) Hydrogen production by steam reforming of methanol for 
polymer electrolyte fuel cells. International Journal of Hydrogen Energy 
19(2), 131.-137.,

Andreeva, D., Idakiev, V., Tabakova, T., Ilieva, L., Falaras, p., Bourlinos, A., and 
Travlos, A. (2002) Low-temperature water-gas shift reaction over Au/CeC>2 
catalysts. Catalysis Today 72(1-2), 51-57.

Armor, J.N. (1999) The multiple roles for catalysis in the production of H2. Applied 
Catalysis A: General 176(2), 159-176.

Bao, H., Chen, X., Fang, J., Jiang, z., and Huang, พ. (2008) Structure-activity 
relation of Fe20 3 -Ce0 2  composite catalysts in CO Oxidation. Catalysis
Letters 125(1-2), 160-167.



93

Bi, J.-L., Hong, Y.-Y., Lee, C.-C., Yeh, C.-T., and Wang, C.-B. (2007) Novel 
zirconia-supported catalysts for low-temperature oxidative steam reforming 
of ethanol. Catalysis Today 129(3-4), 322-329.

Bicâkovâ, o. and Straka, p. (2012) Production of hydrogen from renewable 
resources and its effectiveness. International Journal of Hydrogen Energy 
37(16), 11563-11578.

Biswas, p. and Kunzru, D. (2007) Steam reforming of ethanol for production of 
hydrogen over Ni/Ce0 2 -ZrC>2 catalyst: Effect of support and metal loading. 
International Journal of Hydrogen Energy 32(8), 969-980.

Boccuzzi, F., Chiorino, A., Manzoli, M., Lu, p., Akita, T., Ichikawa, ร., and Haruta, 
M. (2001) Au/TiCL Nanosized samples: A catalytic, TEM, and FTIR study 
of the effect of calcination temperature on the CO Oxidation. Journal of 
Catalysis 202(2), 256-267.

Breen, J.p. and Ross, J.R.H. (1999) Methanol reforming-for fuel-cell applications: 
development of zirconia-containing Cu-Zn-Al catalysts. Catalysis Today 
51(3-4), 521-533.

Chang, F.-W., Lai, S.-C. and Roselin, L.s. (2008) Hydrogen production by partial 
oxidation of methanol over ZnO-promoted AU/AI2O3 catalysts. Journal of 
Molecular Catalysis A: Chemical 282(1-2). 129-135.

Chimentào, R.J., Medina, F., Fierro, J.L.G., Llorca, J., Sueiras, J.E., Cesteros, Y., 
and Salagre, p. (2007) Propene epoxidation by nitrous oxide over Au- 
Cu/TiCb alloy catalysts. Journal of Molecular Catalysis A: Chemical 274(1- 
2), 159-168.

da Silva, A.M., de Souza, K.R., Mattos, L.V., Jacobs, G., Davis, B.H., and Noronha, 
F.B. (2011) The effect of support reducibility on the stability of Co/Ce02 

for the oxidative steam reforming of ethanol. Catalysis Today 164(1), 234- 
239.

Dal Santo, V., Gallo, A., Naldoni, A., Guidotti, M., and Psaro, R. (2012) Bimetallic 
heterogeneous catalysts for hydrogen production. Catalysis Today 197(1), 
190-205.



94

de Lima, S.M., da Cruz, I.O., Jacobs, G., Davis, B.H., Mattos, L.V., and Noronha, 
F.B. (2008) Steam reforming, partial oxidation, and oxidative steam 
reforming of ethanol over Pt/CeZrC>2 catalyst. Journal of Catalysis 257(2), 
356-368.

Deng, พ., Jesus, J.D., Saltsburg, H., and Flytzani-Stephanopoulos, M. (2005) Low- 
content gold-ceria catalysts for the water-gas shift and preferential CO 
oxidation reactions. Applied Catalysis A: General 291(1-2), 126-135.

Escamilla-Perea, L., Nava, R., Pawelec, B., Rosmaninho, M.G., Peza-Ledesma, C.L., 
and Fierro, J.L.G. (2010). SBA-15-supported gold nanoparticles decorated 
by CeÛ2: Structural characteristics and CO oxidation activity. Applied 
Catalysis A: General 381(1-2), 42-53.

Faur Ghenciu, A. (2002) Review of fuel processing catalysts for hydrogen 
production in PEM fuel cell systems. Current Opinion in Solid State and 
Materials Science 6(5), 389-399.

Fierro-Gonzalez, J.c. and Gates, B.c. (2007) Evidence of active species in CO 
oxidation catalyzed by highly dispersed supported gold. Catalysis Today 
122(3-4), 201-210.

Gamboa-Rosales, N.K., Ayastuy, J.L., Gonzâlez-Marcos, M.p. and Gutiérrez-Ortiz, 
M.A. (2012) Oxygen-enhanced water gas shift over ceria-supported Au-Cu 
bimetallic catalysts prepared by wet impregnation and deposition- 
precipitation. International Journal of Hydrogen Energy 37(8), 7005-7016.

Gluhoi, A.C., Lin, S.D. and Nieuwenhuys, B.E. (2004) The beneficial effect of the 
addition of base metal oxides to gold catalysts on reactions relevant to air 
pollution abatement. Catalysis Today 90(3-4), 175-181.

Halabi, M.H., de Croon, M.H.J.M., van der Schaaf, J., Cobden, P.D., and Schouten, 
J.C. (2010) Low temperature catalytic methane steam reforming over ceria- 
zirconia supported rhodium. Applied Catalysis A: General 389(1-2), 68-79.

Haruta, M. (1997) Size- and support-dependency in the catalysis of gold. Catalysis 
Today 36(1), 153-166.

Haynes, D.J. and Shekhawat, D. (2011) Oxidative Steam Reforming. In Dushyant, 
ร., Spivey, J.J., and Berry D.A. Fuel Cells (pp. 129-190). Amsterdam: 
Elsevier.



95

Hong, X. and Ren, ร. (2008) Selective hydrogen production from methanol 
oxidative steam reforming over Zn-Cr catalysts with or without Cu loading. 
Internationa] Journal of Hydrogen Energy 33(2), 700-708.

Houteit, A., Mahzoul, H., Ehrburger, p., Bernhardt, P., Légaré, p., and Garin, F. 
(2006) Production of hydrogen by steam reforming of methanol over 
copper-based catalysts: The effect of cesium doping. Applied Catalysis A: 
General 306, 22-28.

Huang, T.-J. and Chen, H.-M. (2010) Hydrogen production via steam reforming of 
methanol over Cu/(Ce,Gd)0 2 -x catalysts. International Journal of Hydrogen 
Energy 35(12), 6218-6226.

Huang, Y.-J., Ng, K.L. and Huang, H.-Y. (2011) The effect of gold on the copper- 
zinc oxides catalyst during the partial oxidation of methanol reaction. 
International Journal of Hydrogen Energy 36(23), 15203-15211.

Hutchings, G.J. and Edwards, J.K. (2012) Chapter 6  - Application of Gold 
Nanoparticles in Catalysis. Frontiers of Nanoscience 3, 249-293.

Hydrogen Energy and Fuel Cells: A vision of our future
Source : http://ec.europa.eu/research/energv/pdf/hvdrogen-report en.pdf

Jia, K., Zhang, H. and Li, พ . (2008) Effect of Morphology of the Ceria Support on 
the Activity of Au/CeCh Catalysts for CO Oxidation. Chinese Journal of 
Catalysis 29(11), 1089-1092.

Jiang, C.J., Trimm, D.L., Wainwright, M.S., and Cant, N.w. (1993) Kinetic 
mechanism for the reaction between methanol and water over a Cu-ZnO- 
AI2O3 catalyst. Applied Catalysis A: General 97(2), 145-158.

Jiang, C.J., Trimm, D.L., Wainwright, M.s. and Cant, N.w. (1993) Kinetic study of 
steam reforming of methanol over copper-based catalysts. Applied 
Catalysis A: General 93(2), 245-255.

Kambolis, A., Matralis, H., Trovarelli, A. and Papadopoulou, c. (2010) Ni/Ce0 2 - 
Zr0 2  catalysts for the dry reforming of methane. Applied Catalysis A: 
General 377(1-2), 16-26.

http://ec.europa.eu/research/energv/pdf/hvdrogen-report_en.pdf


96

Katta, L., Sudarsanam, P., Thrimurthulu, G. and Reddy, B.M. (2010) Doped 
nanosized ceria solid solutions for low temperature soot oxidation: 
Zirconium versus lanthanum promoters. Applied Catalysis B: 
Environmental 101(1-2), 101-108.

Kundu, A., Shul, Y.G. and Kim, D.H. (2007) Chapter Seven Methanol Reforming 
Processes. Advances in Fuel Cells 1, 419-472.

Laguna, O.H., Hernandez, W.Y., Arzamendi, G., Gandia, L.M., Centeno, M.A. and 
Odriozola, J.A. (2014) Gold supported on CuOx/Ce02 catalyst for the 
purification of hydrogen by the GO preferential oxidation reaction (PROX). 
Fuel 118, 176-185.

Li, L., Wang, c., Ma, X., Yang, z. and Lu, X. (2012) An Au-Cu Bimetal catalyst 
supported on mesoporous T i0 2 with stable catalytic performance in CO 
oxidation. Chinese Journal of Catalysis 33(11-12), 1778-1782.

Liao, X., Chu, พ., Dai, X. and Pitchon, V. (2013) Bimetallic Au-Cu supported on 
ceria for PROX reaction: Effects of Cu/Au atomic ratios and thermal 
pretreatments. Applied Catalysis B: Environmental 142-143, 25-37.

Liu, ร., Takahashi, K. and Ayabe, M. (2003). Hydrogen production by oxidative 
methanol reforming on Pd/ZnO catalyst: effects of Pd loading. Catalysis 
Today 87(1-4), 247-253.

Liu, X., Wang, A., Zhang, T., รน, D.-S., and Mou, C.-Y. (2011). Au-Cu alloy 
nanoparticles supported-on silica gel as catalyst for CO oxidation: Effects of 
Au/Cu ratios. Catalysis Today 160(1), 103-108.

Llorca, J., Dominguez, M., Ledesma, c., Chimentâo, R.J., Medina, F., Sueiras, J., 
Angurell, I., Seco, M., and Rossell, o. (2008). Propene epoxidation over 
Ti02-supported Au-Cu alloy catalysts prepared from thiol-capped 
nanoparticles. Journal of Catalysis 258(1), 187-198.

Mamontov, E., Egami, T., Brezny, R., Koranne, M., and Tyagi, ร. (2000) Lattice 
Defects and Oxygen Storage Capacity of Nanocrystalline Ceria and Ceria- 
Zirconia. The Journal of Physical Chemistry B 104(47), 11110-11116.



97

Masui, T., Fujiwara, K., Peng, Y., Sakata, T., Machida, K.-i., Mori, H., and Adachi, 
G.-y. (1998) Characterization and catalytic properties of Ce0 2 -ZrC>2 
ultrafme particles prepared by the microemulsion method. Journal of Alloys 
and Compounds 269(1-2). 116-122.

Mozer, T.S., Dziuba, D.A., Vieira, C.T.P., and Passos, F.B. (2009) The effect of 
copper on the selective carbon monoxide oxidation over alumina supported 
gold catalysts. Journal of Power Sources 187(1), 209-215.

Oguchi, H., Nishiguchi, T., Matsumoto, T., Kanai, H., Utani, K., Matsumura, Y., and 
Imamura, ร. (2005) Steam reforming of methanol over Cu/CeCE/ZrCE 
catalysts. Applied Catalysis A: General 281(1-2), 69-73.

Ou, T.-C., Chang, F.-W. and Roselin, L.s. (2008) Production of hydrogen via partial 
oxidation of methanol over bimetallic Au-Cu/TiÛ2 catalysts. Journal of 
Molecular Catalysis A: Chemical 293(1-2), 8-16.

Pasini, T., Piccinini, M., Blosi, M., Bonelli, R., Albonetti, ร., Dimitratos, N., Lopez- 
Sanchez, J.A., Sankar, M., He, Q., Kiely, C.J., Hutchings, G.J., and Cavani, 
F. (2011) Selective oxidation of 5-hvdroxymethyl-2-furfural using 
supported gold-copper nanoparticles. Green Chemistry 13(8), 2091-2099.

Patel, ร. and Pant, K.K. (2007) Hydrogen production by oxidative steam reforming 
of methanol using ceria promoted copper-alumina catalysts. Fuel 
Processing Technology 8 8 (8 ), 825-832.

Pérez-Hernândez, R., Gutiérrez-Martinez, A., and Gutiérrez-YVing, C.E. (2007) 
Effect of Cu loading on for hydrogen production by oxidative steam 
reforming of methanol. International Journal of Hydrogen Energy 32(14), 
2888-2894.

Pérez-Hernândez, R., Gutiérrez-Martinez, A., Palacios, J., Vega-Hemândez, M., and 
Rodriguez-Lugo, V. (2011) Hydrogen production by oxidative steam 
reforming of methanol over Ni/CeC>2-Zr0 2  catalysts. International Journal 
of Hydrogen Energy 36(11), 6601-6608.



98

Pérez-Hemândez, R., Mondragôn Galicia, G., Mendoza Anaya, D., Palacios, J., 
Angeles-Chavez, c., and Arenas-Alatorre, J. (2008) Synthesis and 
characterization of bimetallic Cu-Ni/ZrÛ2 nanocatalysts: แ 2 production by 
oxidative steam reforming of methanol. International Journal of Hydrogen 
Energy 33(17), 4569-4576.

Pijolat, M., Prin, M., Soustelle, M., Touret, o., and Nortier, p. (1995) Thermal 
stability of doped ceria: experiment and modelling. Journal of the Chemical 
Society, Faraday Transactions 91(21), 3941-3948.

Pojanavaraphan, c., Luengnaruemitchai, A"., and Gulari, E. (2013) Catalytic activity 
of Au-Cu/CeC>2-Zr0 2  catalysts in steam refonning of methanol. Applied 
Catalysis A: General 456, 135-143.

Pojanavaraphan, c ., Luengnaruemitchai, A., and Gulari, E. (2013) Effect of catalyst 
preparation on Au/Ce]-xZrx0 2  and Au-Cu/Ce]-xZrxC>2 for steam reforming 
of methanol.- International Journal of Hydrogen Energy 38(3), 1348-1362.

Qayyum, E., Castillo, V.A., Warrington, K., Barakat, M.A., and Kuhn, J.N. (2012) 
Methanol oxidation over silica-supported Pt and Ag nanoparticles: Toward 
selective production of hydrogen and carbon dioxide. Catalysis 
Communications 28, 128-133.

Qian, K., Fang, J., Huang, พ., He, B., Jiang, Z., Ma, Y., and Wei, ร. (2010) 
Understanding the deposition-precipitation process for the preparation of 
supported Au catalysts. Journal of Molecular Catalysis A: Chemical 320(1- 
2), 97-105.-

Rajasree, R., üoebink, J.H.B.J., and Schouten, J.c. (2004) Transient kinetics of 
carbon monoxide oxidation by oxygen over supported 
palladium/ceria/zirconia three-way catalysts in the absence and presence of 
water and carbon dioxide. Journal of Catalysis 223(1), 36-43.

Ranga Rao, G. and Sahu, H.R. (2001). XRD and UV-Vis diffuse reflectance analysis
of Ce0 2 -ZrC>2 solid solutions synthesized by combustion method. Journal of 
Chemical Sciences 113(5-6), 651-658.



99

Ratnasamy, P., Srinivas, D., Satyanarayana, C.V.V., Manikandan, p., Senthil 
Kumaran, R.S., Sachin, M., and Shetti, V.N. (2004) Influence of the support 
on the preferential oxidation of CO in hydrogen-rich steam reformates over 
the Cu0 -C e0 2 -Zr0 2  system. Journal of Catalysis 221(2), 455-465.

Rynkowski, J. and Dobrosz-Gômez, I. (2009) Ceria-zirconia supported gold 
catalysts. Annales UMCS, Chemistry 64, 197-217.

Sa, ร., Silva, H., Brandâo, L., Sousa, J.M. and Mendes, A. (2010) Catalysts for 
methanol steam reforming—A review. Applied Catalysis B: Environmental 
99(1-2), 43-57.

Sandoval, A., Louis, c . and Zanella, R. (2013) Improved activity and stability in CO 
oxidation of bimetallic Au-Cu/Ti0 2  catalysts prepared by deposition- 
precipitation with urea. Applied Catalysis B: Environmental 140-141(0), 
363-377.

Santacesaria, E. and Carra, ร. (1983) Kinetics of catalytic steam reforming of 
methanol in a CSTR reactor. Applied Catalysis 5(3), 345-358.

Scirè, ร., Minicô, ร., Crisafulli, c., Satriano, c., and Pistone, A. (2003) Catalytic 
combustion of volatile organic compounds on gold/cerium oxide catalysts. 
Applied Catalysis B: Environmental 40(1), 43-49.

Shimada, ร., Takei, T., Akita, T., Takeda, ร., and Haruta, M. (2010) Influence of the 
preparation methods for Pt/CeC>2 and Au/CeC>2 catalysts in CO oxidation. 
Studies in Surface Science and Catalysis 175, 843-847.

รนท, Y.-A., Shen, Y.-N., Jia, M.-L., and Guo, J.-L. (2010) Evolution of gold species 
in an Au/Ce0 2  catalyst and its impact on activity for CO oxidation. 
Chemical Research in Chinese Universities 26(3), 453-459.

Tabakova, T., Avgouropoulos, G., Papavasiliou, J., Manzoli, M., Boccuzzi, F., 
Tenchev, K., Vindigni, F., and Ioannides, T. (2011) CO-free hydrogen 
production over Au/Ce0 2 -Fe2 0 3  catalysts: Part 1. Impact of the support 
composition on the performance for the preferential CO oxidation reaction. 
Applied Catalysis B: Environmental 101(3-4), 256-265.



100

Trovarelli, A. (1996) Catalytic properties of ceria and Ce0 2 -containing materials. 
Catalysis Reviews 38(4), 439-520.

Turco, M., Bagnasco, G., Costantino, บ., Marmottini, F., Montanari, T., Ramis, G., 
and Busca, G. (2004) Production of hydrogen from oxidative steam 
reforming of methanol: II. Catalytic activity and reaction mechanism on 
Cu/ZnO/Al2C>3 hydrotalcite-derived catalysts. Journal of Catalysis 228(1), 
56-65.

Tu, Y.-B., Luo, J.-Y., Meng, M., Wang, G., and He, J.-J. (2009) Ultrasonic-assisted 
synthesis of highly active catalyst Au/MnOx-C e0 2 used for the preferential 
oxidation of CO in H2-rich stream. International Journal of Hydrogen Energy 
34(9), 3743-3754.

Turco, M., Bagnasco, G., Costantino, บ., Marmottini, F., Montanari, T., Ramis, G., 
and Busca, G. (2004) Production of hydrogen from oxidative steam 
reforming of methanol: II. Catalytic activity and reaction mechanism on 
Cu/Zn0 /Al20 3  hydrotalcite-derived catalysts. Journal of Catalysis 228(1), 56- 
65.

Ubago-Pérez, R., Carrasco-Marin, F., and Moreno-Castilla, c . (2007) Methanol 
partial oxidation on carbon-supported Pt and Pd catalysts. Catalysis Today 
123(1-4), 158-163.

Vindigni, F., Manzoli, M., Tabakova, T., Idakiev, V., Boccuzzi, F., and Chiorino, A. 
(2012) Gold catalysts for low temperature water-gas shift reaction: Effect of 
Zr02 addition to Ce02 support. Applied Catalysis B: Environmental 125, 
507-515.

Yi, N., Si, R., Saltsburg, H., and Flytzani-Stephanopoulos, M. (2010) Steam 
reforming of methanol over ceria and gold-ceria nanoshapes. Applied 
Catalysis B: Environmental 95(1-2), 87-92.

Zhang, c ., Michaelides, A., and Jenkins, S.J. (2011) Theory of gold on ceria. 
Physical Chemistry Chemical Physics 13(1), 22-33.

Zhang, X. and Shi, p. (2003) Production of hydrogen by steam reforming of 
methanol on Ce02 promoted Cu/A120 3  catalysts. Journal of Molecular 
Catalysis A: Chemical 194(1-2), 99-105.



101

Zhang, X.R., Shi, p., Zhao, J., Zhao, M., and Liu, c . (2003) Production of hydrogen 
for fuel cells by steam reforming of methanol on Cu/ZrCb/ALCb catalysts. 
Fuel Processing Technology 83(1-3), 183-192.



APPENDICES

Appendix A Calibration Curv e of Gas Products

The relationship between the peak area from GC analysis and the gas 
concentration was conducted for the possible gas products such as hydrogen, oxygen, 
carbon monoxide, carbon dioxide, and methane.

Hydrogen (H2)

Peak Area Amount (%mo!e, %vol)
0 0

9138.33 10.88
19336 19.45

38604.33 32.46
67498.33 48.63
78168.67 54.43

Carbon monoxide (CO)

Peak Area Amount (%mole, %vol)
0 0

83632.33 1.01
149788.70 1.83

361870 4.43
475915.7 5.97
532443 6.63



Carbon dioxide (CO2)

Peak Area Amount (%mo!e, %voI)

0 0
792783 7.08
1350102 13.08
1682067 16.72
2239924 22.79
2944038 30.29

Methane (CH4)

Peak Area Amount (%mo!e, %voI)

0 0
652987 10.70
1246611 19.28
1740062 26.28
2380169 36.44
2780442 44.03



Oxygen (0 2)

Peak Area Amount (%mo!e, %vol)

0 0
555890.7 7.31
947920 13.06
1313728 18.32
1627129 2 2 .8 8
1810142 27.15

Figure A1 Calibration curve of hydrogen gas.
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Figure A2 Calibration curve of carbon monoxide gas.

Peak area

Figure A3 Calibration curve of carbon dioxide gas.
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Figure A4 Calibration curve of methane gas.

Figure A5 Calibration curve of oxygen gas.

Where X is peak area from GC analysis 
y is gas concentration (%)



Appendix B Calibration Curve of Liquid Methanol

Peak Area Concentration (M)

0 0
9304.82 4
1-9580.17 8
22489.77 10
37450.87 15

Figure B1 Calibration curve of liquid methanol.

Where X is peak area from GC analysis 
y is methanol concentration (M)
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