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Abstract. Au/HZSM-5 catalysts were prepared by negative deposition-precipitation method in this
paper. XRD/Uv-Vis/ITEM/NH;3-TPD/FT-IR technologies were used to analysis the characterization
of prepared catalysts, and the evaluation of the catalysts was carried out by methane adsorption
experiment. XRD and TEM showed that 2.0Au/ HZSM-5 catalyst calcined under N, atmosphere
held metal particle size about 5-10nm; Uv-vis indicated that the method of calcination changed Au
from ion-valent state to zero-valent state, and the zero-valent absorption peak of 2.0Au/HZSM-5
catalyst calcined under N, atmosphere was weaker, which indicated that its corresponding particle
size was smaller; NH3-TPD showed that the peak area of relatively strong acid center of
AU/HZSM-5 catalyst declined respect to HZSM-5; FT-IR showed that the Au/HZSM-5 catalysts
could convert methane to adsorbed species containing olefin double bond at low temperature,
showing better C-H bond activation capability for methane.

Introduction

In 1980s, the catalysts based on MgO. Al,O3 and SiO, carriers were of catalytic activity in
hydrogenation reaction of olefins and redox reaction involved hydrogen 1 Recently, it is reported
that the high dispersive Au-based catalysts showed positive performance in many reactions®.

The calcination conditions had important influence on the performance of catalyst. The active
phase couldn’t acquire once the calcination temperature was too low; otherwise, the Au particle size
increased and affected the catalytic activity. The calcination conditions affected -catalytic
performance by altering the morphology, dispersity and electronic property of catalysts. In our
research, the negative deposition-precipitation method was used to prepare Au/HZSM-5 catalyst,
and we aim at studying the effect of calcination atomosphere on the physicochemical property and
the adsorption mechanism of methane by Au/HZSM-5.

Experimental

Preparation of Au/HZMS-5 catalysts. Au/ZSM-5 catalyst was prepared by negative
deposition-precipitation method using urea as precipitant: ZSM-5 (nSiO,/nAl,03=30)
manufactured by Dalian University of technology and certain amount urea manufactured by
Shenyang Reagent Factory were sequentially added to HAuCl,. 4H,0 (manufactured by Sinopharm
Chemical Reagent Co., Ltd.) solution (100ml, 24.26mol/L) and this mixture was stirred at 80°C for
12h in our specialized airtight container and then cool down for 4h. The CI" in solution was washed
off by deionized water then dehydrated at 100°C and finally calcinated at 540°C for 4h by
temperature programming. The prepared Au/HZSM-5 catalysts were signed as xAu/HZ (x(weight
percentage)=1.0%. 2.0% and 3.0%, Abbr:1.0Au/HZ. 2.0Au/HZ and 3.0Au/HZ) .
Characterization of Au/ HZ catalysts. Transmission electron microscopy (TEM) micrographs
were obtained by using a JEOL JEM-2100 election microscope operating at 200 KV with a point
resolution of 0.23 nm. The UV-Vis spectra were obtained on a JASCO UV-550 spectrometer using
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BaSO, as reference. The Powder X-ray diffraction (XRD) patterns were collected using a Rigaku
D/max-2004 diffractmeter with Cu Ko radiation, 40 kV, 100 mA with a scanning rate of 0.02° min™
(20). FT-IR spectra for the framework vibrations were recorded on a Nicolet iS10 FTIR instrument
with a resolution of 4 cm™ using the KBr wafer technique.

NH3-TPD spectra were measured as follows:
the samples pre-treated with He at 500 °C for 1 h were performed to desorb water at the Au/HZSM-
5 catalystsbefore NH3 adsorption. TPD signal was collected in a stream of He flow (40 ml/min) at a
heating rate of 15°C/min until 700 ‘C. The concentration of NH3 in the exit gas was continuously
monitored by the TCD.

Results and discussion

XRD results of Au/HZ catalysts. Figurel shows the XRD results of Au/HZ catalysts. It
demonstrated that all the catalysts enjoyed 4 characteristic peaks of Au® (111). (200). (220) and

(311) crystal face at 26= 38.08°. 44.32°. 64.48° and 77.68°, and the strength of these peaks
increased with the increasing of Au loading amount.
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Figure 1 XRD patterns of Au/HZ catalysts with Figure 2 XRD patterns of 2.0Au/HZ catalysts
different loadings of nano Au calcination in air calcined under different atmosphere

Figure 1(b) shows the XRD results of Au/HZ catalysts calcined under different atmosphere. It
indicated that 2.0Au/HZ catalyst before calcination didn’t enjoy the characteristic peaks of Au’, and
the 2.0Au/HZ catalyst after calcination held obvious Au’ peaks. In addition, from Scherrer’s
(d=0.89X1 /(Bcos0)) equation, the peaks of 2.0Au/HZ cataI]yst calcinated in nitrogen shifted to the
lower diffraction angle indicating smaller Au® particle size!!,

TEM. Figure3 shows the TEM images of 2.0Au/HZ catalysts calcined under different atmosphere.

From figure 3(a), the small gold particles less than 10 nm could be observed. From figure 3(b)
and (c), the gold particles in the Au/HZ catalyst calcinated in air (10~20 nm) were larger than that
of catalyst calcination in nitrogen (5~10 nm). That is to say, calcination in nitrogen could promote
the size distribution around the catalysts.

Figure 3 TEM images of 2.0Au/HZ catalysts: a,
b, calcinated in air; c, calcinated in nitrogen
Uv-vis. Figure 4 shows the UV-vis spectra of Au/HZ catalysts prepared under different
calcination treatments. It could be seen from 4(a) that the catalysts before calcination had obvious
peaks at the wavelength of 250 nm and shoulder peaks at 300~390 nm, and there was no peak at the

place of 500~600 nm. It was reported that ®*!) the peak located in 250 nm belonged to Au*, and
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the peak situated in 300~390 nm was taken as Au*>and (Au)™" clusters, and the peak seated at
500~600 nm was thought as Au’. So, the Au® species was not existed at the catalysts before
calcination.

And from 4(b), the catalysts showed that the peaks at 250 nm weakened after the calcination at
540°C. And there were strong peaks at about 525 nm, which enhanced with the increasing of Au
loadings. The above results indicated that the calcination method could acquire Au® species from
ionic species, which was in accordance with XRD and TEM results.
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Figure 4 UV-vis spectra of Au/HZ catalysts prepared under different calcination treatments

NH3-TPD. Figure 5 shows the NH3-TPD spectra of Au/HZ catalysts prepared under different
calcination treatments. There are two obvious desorption peaks for all catalysts from figure 5 (a) .
The peaks of lower temperature ascribed to the mild acid center, and the higher one belonged to the
strong acid center. And the volume of desorption of both acids decreased with the increasing of Au
loadings.

It could be seen from figure 5 (b) that the 2.0Au/HZ catalyst calcinated in nitrogen for 4h
showed high volume of NH3 desorption area at 200~400 °C,  which could be assigned to mediate
acid center.
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Figure 5 NH3-TPD profiles of Au/HZ catalysts calcined in air (a) and N, (b)
FT-IR. Figure 6 shows the FT-IR results with methane as probe molecule.
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Figure 6 FT-IR spectra of Au/HZ catalysts with methane as probe molecule (150 °C

The absorption peaks of Au/HZ catalysts could be observed in the range of 2800 cm™ to 3050 cm™.
The peaks at 2 960 cm™ assigned to the C-H antisymmetric stretching vibration of -CHs; the peaks
at 2 916~2 935 cm™ ascribed to the C-H antisymmetric stretching vibration of -CH,; the peaks at 2
860~2 870 cm™ belonged to the C-H antisymmetric stretching vibration of -CH®®. The HZ carrier
held weaker C-H vibration absorption peaks than Au/HZ catalysts at 2 960~2 962 cm™. 2 916~2 934
cm™ and 2 860~2 870 cm™. And the absorption strength for Au/HZ catalysts increased with the
increasing of Au loadings. For the study of -OH on the catalysts after the absorption of methane, the
OH-IR spectra had been achieved in the later work.

OH-IR. Figure 8 shows the OH-IR spectra of Au/HZ catalysts before and after the absorption of
CH,. There were strong absorption peaks for all the catalysts at 3 740 cm™ (silicon hydroxyl). 3
661 cm™ (alumina hydroxy) and 3 610 cm™ (the silicon aluminum bridge hydroxyl) 172l

For the Au/HZ catalysts calcinated in air, the biggest change of OH-IR spectra was the absorption
peaks at 3 661 cm™ (alumina hydroxy) and 3 610 cm™ (the silicon aluminum bridge hydroxyl) , both
of which receded after the absorption of CH4. That is to say, the methane was firstly combined with
alumina hydroxyl and silicon aluminum bridge hydroxyl of the using catalysts. It could be seen
from Figure 8(d) that the 2.0Au /HZ catalyst calcinated in nitrogen showed the strongest absorption peak, which
would be ascribed to the high degree of dispersity and the small particle size of the catalysts®*.
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Figure 8 OH-IR spectra of Au/HZ catalysts before and after the absorption of CHj,:
a, HZ; b, 1.0 Au/HZ; ¢, 2.0Au /HZ; d,2.0 Au/HZ (Calcination in N,)
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Conclusions

XRD and TEM showed that 2.0Au/ HZ catalyst calcined under N, atmosphere hold small Au
particle size about 5-10nm. XPS showed that the higher the Au loading was, the higher the
proportion of zero-valent Au. NH3-TPD showed that the peak area of relatively strong acid center
declined respect to HZSM-5 when the Au loading was smaller, and the strong and weak acid centers
decreased when the Au loading was larger. FT-IR showed that the Au/HZ catalysts could convert
methane to adsorbed species at low temperature, showing better C-H bond activation ability for
methane.
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