REFERENCES

Abbet, ., Riedo, E., Brune, H., Heiz, ., Ferari, A M., Giordano, L., and
Pacchioni, G. (2001). Identification of defect sites on MgO(I0Q) thin films
by decoration with Pd atoms and studying CO adsorption properties.
Journal of the American Chemical Society, 123(25), 6172-6178.

Avgouropoulos, G., loannides, T., Papadopoulou, c., Batista, J., Hocevar, ., and
Matralis, H. (2002). A comparative study of Pt/y-AbCh, Au/a-Fe203, and
Cu0-CeU2 catalysts for the selective oxidation of carbon monoxide in
excess hydrogen. Catalysis Today, 75, 157-167.

Anupapwisekul, V. (2006). Preferential oxidation of CO over Au/FeOx-MnOx
catalyst.  M.s. Thesis in Petroleum technology, The Petroleum and
Petrochemical College, Chulalongkom University.

Boccuzzi, F., Chiorino, A, Manzoli, M, Lu, p., Akita, T., Ichikawa, ., and Haruta,
M. (2001). Au/Tio2 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.

Bogdanchikova, N., and Nieuwenhuys, B.E. (2005). Alkali (earth)-doped A/Al203
catalysts for the total oxidation of propene. Journal of Catalysis, 232(1),
96-101.

Bond, G.c. (2000). Relativistic effects in coordination, chemisorption and catalysis.
Journal of Molecular Catalysis A: Chemical, 156, 1-20,

Bond, G.C., and Thompson, D.T. (1999). Catalysis by gold. Catalysis Reviews-
Science and Engineering, 41(3"4), 319-388.

Bond, G.C., and Thompson, D.T. (2000). Gold-catalysed oxidation of carbon
monoxide. Gold Bulletin, 33(2), 41-51.

Bollinger, M.A., and Vannice, M.A/A. (1996). Kinetic and DRIFTS study of low
temperature carbon monoxide oxidation over Au-TiCx catalysts. Applied
Catalysis B: Environmental, 8(4), 417-443,

Cameron, D., Holliday, R., and Thompson, D. (2003). Gold's future role in fuel cell
systems. Journal of Power Sources, 118(1-2), 298-303.



11

Chang, F-W., Yu, H.-Y., Roselin, L.S., Chen, .- ., Yang, H.-C., and Ou, T.-C.
(2006). Hydrogen production by partial oxidation of methanol over gold
catalysts supported on Tio2-Mo x (M=Fe, Co, Zn) composite oxides.
Applied Catalysis A: General 302, 157-167.

Chang, F.-W., Ou, T.-C., Roselin, L.S., Chen, .- ., Lai, S-C, and , H.-M.
(2009).  Production of hydrogen by partial oxidation of methanol over
bimetallic Au-Cu/Tio2-Fe2o3 catalysts. Journal of Molecular Catalysis A:
Chemical, 313, 55-64.

Chang, L-H., Sasirekha, N., Chen, Y.-W., and Wang, W.-J. (2006). Preferential
oxidation of CO in Hz stream over Au/MnQ?-Ceo2 catalysts. Industrial and
Engineering Chemistry Research, 45, 4927-4935.

Chang, L-H., Yeh, Y.-L., and Chen, Y.-W. (2008). Preferential oxidation of CO in
hydrogen stream over nano-gold catalysts prepared by photodeposition
method. International Journal of Hydrogen Energy, 33, 1965-1974.

Corti, ¢. ., Holliday, R.J., and Thompson, D.T. (2005). Commercial aspects of
gold catalysis. Applied Catalysis A: General, 291(1-2), 253-261.

Daté, M., and Haruta, M. (2001). Moisture effect on CO oxidation over Au/Tio2
catalyst. Journal of Catalysis, 201(2), 221-224.

Daté, M., Ichihashi, Y., Yamashita, T., Chiorino, A., Boccuzzi, F., and Haruta, M.
(2002).  Performance of Au/TiU2 catalyst under ambient conditions.
Catalysis Today, 72, 89-94.

Daté, M., Okumura, M., Tsubota, ., and Haruta, M. (2004). Vital role of moisture
in the catalytic activity of supported gold nanoparticles. Angewandte
Chemie International Edition, 43(16), 2129-2132.

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 Ce02 Structural characteristics and CO oxidation activity. Applied
Catalysis A, 381, 42-53.

Fazio, E., Calandra, P., Liveri, V.T., Santo, Nadia., and Trusso, . (2011). Synthesis
and physico-chemical characterization of Au/Tio2 nanostructures formed by
novel “cold” and “hot” nanosoldering of Au and Tio2



12

nanoparticlesdispersed in water. Colloids and Surfaces A: Physicochem.
Engineering Aspects. 39, 171-177.

Fajin, J.L.C., Cordeiro, M.N.D.S., and Gomes, J.R.B. (2008). DFT study of the CO
oxidation on the Au(321) surface. Journal of Physical Chemistry, 112(44),
17291-17302.

Gardner, S.D., and Hoglund, GB. (1991). Catalytic Behavior of noble
metal/reducible oxide comparison of catalyst performance materials for
low-temperature CO oxidation. Langmuir. 7(10), 2135-2139.

Grisel, R., Weststate, K.J., Gluhoi, A., and Nieuwenhuys, B.E. (2002). Catalysis by
Gold Nanoparticles. Leiden Institute of Chemistry, Leiden University.

Grisel, R.J.H., Weststrate, C.J., Goossens, A., Craje, MW.J., Van der Kraan, AM.,
and Nieuwenhuys, B.E. (2002). Oxidation of CO over Au/MOX/ALCL
multi-component catalysts in a hydrogen-rich environment.  Catalysis
Today. 72(1-2), 123-132.

Grunwaldt, J.D., Maciejewski, M., Becker, 0. ., Fabrizioli, p., and Baiker, A
(1999). Comparative study of Au/Tio2 and Au/ZrU2 catalysts for low-
temperature CO oxidation. Journal of Catalysis, 186(2), 458-"469.

Hao, Y., Mihaylov, M., lvnova, E., Hadjiivanov, K., Kndzinger, H., and Gates, B.C.
(2009). CO oxidation catalyzed by gold supported on MgO: Spectroscopic
identification of carbonate-like species bonded to gold during catalyst
deactivation. Journal of Catalysis, 261, 137-149,

Haruta, D., and Daté, M. (2001). Advances in the catalysis of Au nanoparticles.
Applied Catalysis A: General, 222, 427-437,

Haruta, M. (2002). Catalysis of gold nanoparticles deposited on metal oxides.
Catalyst Technologies, 6(3), 102-115.

Haruta, M. (2004). Gold as a novel catalyst in the 21 century: Preparation, working
mechanism and applications. Gold Bulletin, 37(1-2), 27-36.

Haruta, M., Tsubota, ., Kobayashi, T., Sano, H., and Yamada, N. (1987). Novel
gold catalysis for the oxidation of carbon monoxide at a temperature far
below 0°. Chemistry Letters, 2, 405*108.



13

Haruta, M, Yamada, N., Kobayashi, T, and lijima, . (1989). Gold catalysts
prepared by co-precipitation for low-temperature oxidation of hydrogen and
of carbon monoxide. Journal of Catalysis, 115(2), 301-309.

http://www.dg.history.vt.edu/ch5/ fuelcells.html

http:/fwww.fuel cell/NIST NIF-PEM Fuel Cells.mht

http//www.ienntech.com/perioc/elements/au.htm

http://www.powergeneration.siemens.com/products-solutions services/products pack
-ages/fuel-cells/demonstrations/

Flutchings, G.J. (1985). Vapor phase hydrochlorination of acetylene: correlation of
catalytic activity of supported metal chloride catalysts. Journal of Catalysis,
96, 292-295.

Hutchings, G.J. (1996). Catalysis: A Golden Future. USA: Venable, Shannon L.

Hvolbaek, B., Janssens, T.V.W., Clausen, B.S., Falsig, H., Christensen, C.H., and
Norskov, J. K. (2007). Catalytic activity of Au nanoparticles. Nano Today,
2(4), 14-18.

|garashi, H., Uchida, M, Suzuki, Y,. and Sasaki, M. (1997). Removal of carbon
monoxide from hydrogen-rich fuels by selective oxidation over platinum
catalyst supported on zeolite. Applied Catalysis A: General, 159, 159-169.

Kahlich, M.J., Gasteiger, H.A., and Behm, RJ. (1997). Kinetics of the selective CO
oxidation in H2Rich gas on Pt/Al203. Journal of Catalysis, 171, 93-105.

Kahlich, M.J., Gasteiger, H. A, and Behm, R.J. (1999). Kinetics of the selective
low-temperature oxidation of CO in H2rich gas over Au/a-Fea03. Journal
of Catalysis. 182,430"140.

Landon, p., Jennifer, K., Herzing, A., Benjamin, E., Christopher, J., Albert. F., and
Hutchings, G.J. (2005). Direct synthesis of hydrogen peroxide from Hz and
02using Ti02-supported Au-Pd catalysts. Journal of Catalysis, 236, 69-79.

Lin, H.Y., and Chen, y.w. (2005). Low temperature CO oxidation on Au/FexQy
catalysts. Industrial and Engineering Chemistry Research, 44, 4569-4576.

Lin, S.D., Bollinger, M., and Vannice, M.A. (1993). Low-temperature CO oxidation
over Au/Ti02 and Au/Si0z catalysts. Catalysis Letters, 17(3"1), 245-262.

Luengnaruemitchai, A., Thoa, D.T.K., Osuwan, ., and Gulari, E. (2005). A
comparative study of Au/MnOx catalysts for the catalytic oxidation of CO in


http://www.dg.history.vt.edu/ch5/
http://www.fuel
http://www.ienntech.com/perioc/elements/au.htm
http://www.powergeneration.siemens.com/products-solutions

14

hydrogen rich stream. International Journal of Hydrogen Energy, 27, 981—
087.

Luengnaruemitchai, A, Osuwan, ., and Gulari, E. (2004). Selective catalytic
oxidation of CO in the presence of 2 over gold catalyst. International
Journal of Hydrogen Energy, 29, 429-435.

Liu, L., Qiao. B.T., Ma, Y., Zhang, J., and Deng, Y. (2005). Ferric hydroxide
supported gold subnano clusters or quantum dots: Enhanced performance in
chemoselective hydrogenation. Chemical Communications. 19,2542-2548.

Lui, R-H., Zhang, C.-M., and Ma, J-X. (2010). Gold catalysts supported on
crystalline Fe2Us and  Ceoz/Fea03for low-temperature CO  Oxidation.
Chemical Research in Chinese Universities, 26(1), 98-104.

Matthiesen, J., Wendt, ., Hansen, J.0., Madsen, G.K.H., Lira,E., Galliker, p.,
Vestergaard, E.K., Schaub, R., Laegsgaard, E., Hammer, B. and
Besenbacher, F. (2009). Observation of all the intermediate steps of a
chemical reaction on an oxide surface by scanning tunneling microscopy.
American Chemical Society, 3(3), 517-526.

Mavrikakis, M., Stoltze, p., and Norskov, J.K. (2000). Making gold less noble.
Catalysis Letters, 64(2-4), 101-106.

Naknam, p., Luengnaruemitchai, A., and Wongkasemjit, . (2009). Preferential CO
oxidation over Au/ZnO and Au/Zno -Fez03 catalysts prepared by
photodeposition.  International Journal of Hydrogen Energy, 34, 9838-
9846.

Oh, S.H., and Sinkevitch, R.M. (1993). Carbon monoxide removal from hydrogen-
rich fuel cell feedstreams hy selective catalytic oxidation. Journal of
Catalysis, 142,254-262,

Okumura, M., Tsubota, ., lwamoto, M., and Haruta, M. (1998). Chemical vapor
deposition of gold nanoparticles on MCM-41 and their catalytic activities
for the low-temperature oxidation of CO and of H2. Chemistry Letters, (4),
315-316.



6

Ou. T.-C., Chang, F.-W., Roselin L.s. (2008). Production of hydrogen via partial
oxidation of methanol over bimetallic Au-Cu/Ti02 catalysts. Journal
of Molecular Catalysis A: Chemical. 293, 8-16.

Pérez-Hemandez, R., Gutiérrez-Martinez, A., Palacios, J., Vega-Hemandez, M., and
Rodriguez-Lugo, V. (2011). International Journal of Hydrogen Energy. 36.
6601-6608.

Qu, z., Cheng, M., Shi, c., and Bao, X. (2005). Influence of pretreatment on the
interaction of oxygen with silver and the catalytic activity of Ag/SiCx
catalysts for CO Selective Oxidation in 2. Journal of Natural Gas
Chemistry, 14, 4-12.

Quinet, E., Piccolo, L., Morfin, F., Avenier, p., Diehl, F., Caps, V., and Rousset, J.L.
(2009).  On the mechanism of hydrogen-promoted gold-catalyzed CO
oxidation. Journal of Catalysis, 268(2), 384-389.

Rapson, . . (1996). Intermetallic compounds of gold. Gold Bulletin, 29(4), 141—
142,

Rohland, B., and Plzak, V. (1999). The PEMFC-integrated CO oxidation—a novel
method of simplifying the fuel cell plant. Journal of Power Sources, 84,
183-186.

Sangeetha, ., and Chen, Y.-W. (2009). Preferential oxidation of CO in Ha stream
on Au/Ceo2-Tio2 catalysts. International Journal of Hydrogen Energy, 34,
1342-7347.

Sanchez, A., Abbet, ., Heiz, ., Schneider, W.D., Hakkinen, H., Barnett, R.N., and
Landman, . (1999). When gold is not noble: Nanoscale gold catalysts.
Journal of Physical Chemistry A, 103(48), 9573-9578.

Schumacher, B., Denkwitz, Y., Plzak, V., Kinng, M., and Behm, RJ. (2004).
Kinetics, mechanism, and the influence of 2 on the CO oxidation reaction
ona Au/Tio2 catalyst. Journal of Catalysis, 224(2), 449-462.

Schubert, M.M., Hackenberg, ., Van Veen, A.C., Muhler, M., Plzak, V., and Behm,
RJ. (2001). CO oxidation over supported gold catalysts-"inert" and
"active" support materials and their role for the oxygen supply during
reaction. Journal of Catalysis, 197(1), 113-122.



16

Sebastian, V., Irusta, ., Mallada, R., and Santamaria, J. (2009). Selective oxidation
of CO in the presence of H2,Co2, and H20 on different zeolite-supported Pt
catalysts. Applied Catalysis A: General, 366, 424-251.

Sirichaiprasert, K., Pongstabodee, ., and Luengnaruemitchai, A (2008). Single-
and double-stage catalytic preferential CO oxidation in Hz-rich stream over
an a-Fezo3-promoted Cuo -Ceo2catalyst. Journal of the Chinese Institute
of Chemical Engineers, 39, 579-607.

Springer, T.E., Rockward, T., Zawodzinski, T.A., and Gottesfeld, . (2001). Model
for polymer electrolyte fuel cell operation reformate feed effects of CO, 2
dilution, and high fuel utilization. Journal of the Electrochemical Society,
148, A11-A23.

Torres, ., R.M., Ueda, A, Tanaka, K., and Haruta, M. (1997). Selective oxidation
of CO in hydrogen over gold supported on manganese oxides. Journal of
Catalysis. 168, 125-127.

Tsubota, ., Nakamura, T., Tanaka, K., and Haruta, M. (1998). A general synthetic
strategy for oxide-supported metal nanoparticle catalysts. Catalysis Letters,
06, 14278-14280.

Tu, Y.-B., Luo, J.-Y., Meng, M. Wang, M. and He, J.-J. (2009). Ultrasonic-assisted
synthesis of highly active catalyst Au/MnOxCeo2 used for the preferential
oxidation of CO in H2rich stream. International Journal of Hydrogen
Enerqy. 34, 3743-3754.

Valden, M., Lai, X,, and Goodman, D.w. (1998). Onset of catalytic activity of gold
clusters on titania with the appearance of nonmetallic properties. Science,
281(5383), 1647-1650.

Wallace, W.T., and Whetten, R.L. (2002). Coadsorption of CO and 02 on selected
gold clusters: Evidence for efficient room-temperature CO2 generation,
Journal of the American Chemical Society, 124(25), 7499-7505.

Wang, H., Zhu, H., Qin, Z,, Lianh, F., Wang, G., and Wang, J. (2009). Deactivation
of a Au/Ceo2-Co3o4 catalyst during CO preferential oxidation in Ha-rich
stream Journal of Catalysis, 264, 154-162.



7

, C.-C., and Chen, D.-H. (2010). Facile green synthesis of gold nanoparticles
with gum arabic as a stabilizing agent and reducing agent. Gold Bulletin,
434,

, K-C., Tung, Y.L, Chen, Y.-L., and Chen, Y.-W. (2004). Catalytic oxidation
of carbon monoxide over gold/iron hydroxide catalyst at ambient
conditions. Applied Catalysis B: Environmental, 53, 111-116.

Yang, Y.-F., Sangeetha, p., and Chen, Y.-W. (2009). Au/Ti02 catalysts prepared by
photo-deposition method for selective CO oxidation in Hz stream.
International Journal of Hydrogen Energy, 34, 8912-8920.

Yolles, R.S., Wood, B.J., and Wise, H. (1971). Hydrogenation of alkenes on gold.
Journal of Catalysis, 21(1), 66-69.

Zhan, ., Yang, J, Liu, Y., Wang, N, Dai, J, Gao, X, and Li, Y. (2011).
Mesoporous Feao3-doped Ti02 nanostructured fibers with higher
photocatalytic activity. Journal of Colloid and Interface Science, 355, 328-
333.

Zhu, H-, Qin, ., Shan, ., Shen, ., and Wang, J. (2004). Pd/Ce02-Ti02 catalyst
for CO oxidation at low temperature: a TPR study with H2 and CO as
reducing agent. Journal of Catalysis, 225, 267-277.



APPENDICES
Appendix A Calculation for Support and Catalyst Preparation

Calculation for Support Preparation
The mixed support Fe2Us-Tioz was prepared by incipient-wetness

impregnation method with various atomic ratio of Fe:Ti.
Fe:Ti (1:4) atomic ratio (5 g of support)

Where
MW, of TiCx2 = 79.87
MW. ofFe  =55.85

atom Ti . mol Ti x 6.02 x 1023
atom Fe ~ "~ mol Fe x 6.02 x 1023

I = mol Ti02
~ mol Fe

4 = (nA 3
(MW cFe)

55.85
ok 79,87

gpe = 0.847

Fe 5585 in Fe(No3)s9Hao 404 g
Fe  0847¢ in Fe(N03)3.9HZ) 6.323 ¢
Therefore, the desire amount of Fe(No3)s.sHaU to prepare 5 g of mixed

support equals 6.323 g
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Fixed volume of solution 25 ml.

TiCx2 support 19 usedwater 08772 ¢
TiC2 support 50  used water 43642 g
Therefore, the desire solution of Fe(No3)s.9Hz20 for prepare 5 g of mixed
support equals 4.3642 g
Note: The calculation for different ratio, follow as shown above.

Calculation for Catalyst Preparation
Deposition precipitation is used for deposit gold on prepared support.
For 1%wt of Au
support 999 depositAu 1g
support 10 deposit Au  0.0101 g
Where
MW. 0fTi02= 79.87
MW. of Fe  =55.85
mol Au = mol Au in precursor

0.0101  &AUprecursor
196.967 = 393.967

& Au-precursox 0.0202
Solution concentration = 0.005 M

. NV
MON.coocor - g0

0.0202 X'1000
393.967 x 0.005



v=10.257 ml
Note: The calculation for different gold loading, follow as shown ahbove.

80
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Appendix B SEM-EDS of 19 Au/Fe203-Tio2 (1:4) calcined at 400 °c

Ti Kal

Fe Kal

Figure Bl SEM-EDS of 1% AulFez 3-Tio2 (1:4): (a) SEM image of 1 %
AulFe203-Tio2 (L:4), (b) mapping of Ti, (c) mapping of Ti, (d) mapping of Fe, and
(d) mapping of Au.



Figure B2 Composition of 1% Au/Fe203-Tio2 (1:4) catalyst.

Table BL Composition of 1% Au/Fe203-TiCx (1:4) catalyst

No.

'3 2 T Y FC R NC TN

Average

Au (wt%)

0.63
0.75
112
1.26
149

0.8

% Atomic
Ti

97.32
95.99
97.31
94.86
93.21

95.75

Fe

2.53
3.65
241
4.82
6.36

3.54

82



Appendix ¢ Particle size distribution bar graph of support in Au/Fe20s-Tio2
(1:4) catalysts.

Number of particles (%)

Diameter (nm)

Number of particles (%)

3 n 19 27 35 43 51 5 67 75 83 91
Diameter (nm)
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Diameter (nm)

Figure CI Particle size distribution bar graph of support in 1% Au/Fe203-Ti02 (1:4)
catalysts; a) calcined at 200 ¢, b) calcined at 300 ¢, and c) calcined at 400 °c.

16

7 15 23 31 39 47 5 63 71 79 87 95
Diameter (nm)
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Diameter (nm)

Figure C2 Particle size distribution bar graph of support in 1% Au/Fe203-Ti02
(L:4); calcined at 400 °c with different gold loadings; a) 3%, and b) 5 wt%.

7 15 23 31 39 47 55 63 71 79 87 95 103
Diameter (nm)

Figure C3 Particle size %istribution bar graph ofsupport0 in 1% Au/Fe203-Ti02 (L:4)
catalysts calcined at 400 “Cwith Q pretreatment at 200 °C for 2h
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