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Size effect of Pt nanoparticles over Pt/Al20z on catalytic oxidation of toluene and ethyl acetate

SHI Guozhong?!, WEI Xiaoli?, FENG Xiangdong?!, ZHA Fangke?, YU Yifan!, Pl Zhichao?, WU Xianhao?, LU Hanfeng? (1.Zhejiang
Key Laboratory of Energy Conservation &Pollutant Control Technology for Thermal Power, Zhejiang Energy R & D Institute Co.,
Ltd., Hangzhou 311100, Zhejiang, China; 2. Institute of Catalytic Reaction Engineering, State Key Laboratory of Green Chemical
Synthesis and Conversion, College of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang,
China)

Abstract: The effect of size of Pt nanoparticles has an important impact on the performance of supported Pt-based catalysts for the
degradation of VOCs (volatile organic chemicals). Herein, uniform Pt nanoparticles (6 nm, 10 nm and 18 nm) were successfully
fabricated via liquid phase reduction method and followed deposited on Al203 through in-situ growth method. It had to noted that the
loaded Pt nanoparticles with different sizes had no effect on the textural properties, morphologies and the dispersion of Pt species, etc.
The conversion activity of toluene and ethyl acetate were increased with the decline of Pt nanoparticles size. It could be explained by
the enhanced interaction between Pt and Al.O3 with the decreased Pt size. Partial electrons could be transformed from Pt to Al2Os to
improve the contents of Pt?*, in the meantime, the amounts of active oxygen species (Oags) also increased. Fortunately, the synergistic
effect between Pt?* and Oags boosted the redox of Pt/Al.Os as well as the catalytic performance of toluene and ethyl acetate
degradation. The results will provide theoretical direction for the design of highly active supported Pt-based catalysts.
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Fig.1 (a) Physical photo of ethanol dispersion of Pt nanoparticles; (b) UV-vis spectrum of Pt nanoparticles with different size; (c)
XRD patterns of Pt nanoparticles with different size
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Fig. 2 (a-c) TEM images of Pt nanoparticle with different size and illustration of Pt nanoparticles
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Fig. 3 (a-c) TEM images of Pt/Al20s-6,Pt/Al203-10 and Pt/Al203-18 and illustration of Pt/Al2Os3 catalysts
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Fig. 4 XRD patterns of Al2O3 and Pt/Al.O3 and partial enlarged region
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Table 1 Textural properties and information of surface species over Pt/Al2Os catalysts

Catalvst Sger/ Pore volume/ Pore size/ Crystallite size Content of Surface species
atalys
(m?/g) (cm*g) (nm) /nm PL/(Pt™+ Pt**) Oags/(Outs* Ota)
Al,O5 150.4 1.09 4.88 50.7
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Catalvst Sget/ Pore volume/ Pore size/ Crystallite size Content of Surface species
atalys

(m?/g) (cm?g) (nm) /nm Pt/(Pt+ Pt**) Ouas/(Ougs* Olat)
Pt/Al,03-6 148.7 0.98 4.18 52.5 64.69% Pt/Al,03-6
Pt/Al,03-10 149.6 0.97 4.37 51.7 74.71% Pt/Al,03-10
Pt/Al,03-18 147.2 0.97 5.17 51.2 87.13% Pt/Al,03-18
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Fig.5 XPS spectra of Pt/Al203-6, Pt/Al203-10 and Pt/Al203-18: (a) Ptad; (b) O1s
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Fig. 6 H2-TPR profiles of Al203 1 Pt/Al203 catalysts
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Table 2  Calculation of H2 consumption by Pt/Al,O3

Reduction temperature

Hydrogen consumption/

Catalysts C Peak area mmol/gea
Al203 598 2.6 1.32
Pt/Al203-6 398 402.6 204.7
Pt/Al203-10 442 378.4 145.1
Pt/Al20s-18 524 368.8 138.2
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Fig. 7 Catalytic performance of Al2O3, Pt/Al203-6, Pt/Al203-10 and Pt/Al203-18:(a) Toluene; (b) Ethyl acetate; Stability test of
Pt/Al203-6: (c) Toluene; (b) Ethyl acetate
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Table 3 Catalytic performance of Pt/Al20s-6, Pt/Al203-10, and Pt/Al.0s-18

Catalytic activity
Reaction Sample
T10/°C Tgo%/°C ATO/C
Pt/Al,03-6 132 178 46
Toluene combustion Pt/Al,03-10 165 208 43
Pt/Al,03-18 176 216 40
Pt/Al,03-6 217 258 41
Ethyl acetate
Pt/Al,03-10 234 284 50

combustion



XX o R R %
Pt/Al,03-18 257 312 55
DAT(CC) = To0%(°C)-T10%(°C)-
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Table4 Catalytic performance comparation between Pt/Al.03-6 and reported catalysts
Catalysts Pt Toluene Ethyl acetate  WHSV Too of Too of  References
loading concentration (ppm)  concentration (mL gth?) Toluene Ethyl
(wt%) (ppm) (°C) acetate
*C)
Pt/Al,03-6 0.5 2500 10000 100000 178 258 This work
Pt/y-Al,03-E 0.26 1000 - 40000 174 - [31]
Pt@CeO,-BDC 1.0 500 - 23000 172 - [32]
Pt/3DOM Mn,03 0.5 1000 - 40000 240 - [33]
Pt-1/1@Zr 0.8 1000 - 20000 279 - [34]
Pt@PZN-2 0.5 1000 - 60000 176 - [35]
PUTIO, 0.2 1000 - 40000 183 - [36]
Pt/HPMOR 0.78 1000 - 40000 190 - [37]
Pt/CuMnOx-R3 0.5 800 s 8900 198 - [38]
Pt/8.9C0304/ 0.3 1000 - 20000 220 - [39]
3DOM Al,04
(83
Catalysts Pt Toluene Ethyl  acetate WHSV Too of Toluene T of Ethyl References
loading C) acetate
concentration concentration (mL gth?)
(Wt%) (°C)
(ppm) (ppm)
PUSDOM 0.27 1000 - 20000 198 - [40]

26.9C902-A|203




Pt/Ce0,-1.8 0.25 1000 - 48000 143 - [41]
L-Pt/Al,03 0.5 2800 6500 32000 163 250
Pt/C0304-CeO, 2.0 400 900 30000 130 205 [22]
Pt/Ce0,-ZrO, 1.0 1061 1110 30000 215 185 [43]
Pt/Al,O4 1.0 1061 1110 30000 255 245 [43]
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