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Catalytic Behaviors and Stability of Aerogel Silica-Supported Ni
Catalysts for the Partial Oxidation of Methane into Synthesis Gas

LI Qi HOU Yu-Hui DONG Ling-Yu HUANG Ming-Xiang
WENG Wei-Zheng XIA Wen-Sheng’ WAN Hui-Lin’

(State Key Laboratory of Physical Chemistry of Solid State Surfaces, National Engineering Laboratory for Green Chemical
Productions of Alcohols-Ethers-Esters, Fujian Province Key Laboratory of Theoretical and Computational Chemistry,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: Two types of aerogel silica, denoted as SiO.- A(or B)G are synthesized with either solvent
substitution (A) or solvent substitution-surface modification (B) under atmospheric conditions. Aerogel silica-
supported Ni catalysts are then prepared via impregnated (IM) and polyvinylpyrrolidone (PVP)-added IM
methods, and their performances for the partial oxidation of methane (POM) are investigated. The similar initial
catalytic performances (activity and selectivity) are observed over the different Ni/SiO, catalysts. With respect
to POM stability, Ni/SiO--BG is significantly worse than Ni/SiO.-AG, while catalysts with PVP addition (during
preparation) exhibit a significant improvement. In this case, Ni/SiO,-BG-PVP is comparable to Ni/SiO,-AG-PVP.
We characterize the catalysts with X-ray diffraction (XRD), temperature-programmed hydrogen reduction (H.-
TPR), transmission electron microscopy (TEM), and Brunauer-Emmett-Teller (BET) analysis. We find that there
are hydroxyls on the SiO,-AG surface that favor their interaction with hydrophilic metal species, while on the
SiO,-BG surface there are organic groups that do not interact with hydrophilic metal species. In addition, with
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the help of PVP, metal species can access the deep pores of hydrophilic/hydrophobic silica gels. Then, the
contraction of the silica framework and the growth of metal particles are inhibited during calcinations, enhancing
interactions between Ni and the silica gels. These (benefits from surface hydroxyls and PVP) result in significant
improvements in the catalysts with respect to POM stability.

Key Words: SiO,; Aerogel; POM; Hydroxyl;
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Table 1 Specific surface areas (4s:r) and pore properties (volume, aperture) of samples and the surface hydroxyl density
(Non), and the size of Ni particles (D, xrv, Dav.1em) before and after POM reaction

Sample Aper/(m*+g™")  Volume/(cm®+g™')  Aperture/nm Dweo/in D /m Now/nm™
fresh reduced used reduced used

Si0,-COM 388.4 0.85 6.8 5.4
Si0,-AG 724.8 0.44 3.2 1600
Si0,-BG 780.5 1.23 5.2 60
Ni/SiO,-COM 342.0 0.74 6.6 259 29.9 44.9 28.1 37.7 -
Ni/SiO,-AG 361.6 0.25 3.0 229 21.7 34.8 239 27.8 -
Ni/SiO,-BG 614.3 0.67 4.2 11.3 11.2 15.8 14.4 16.9 -
Ni/SiO,-AG-PVP 369.2 0.39 4.0 2.8 2.2 6.2 4.0 4.6 -
Ni/SiO,-BG-PVP 621.1 0.82 5.0 6.6 5.7 9.8 12.5 13.1 -

COM: commercial; AG: A-typed aerogel; BG: B-typed aerogel; PVP: polyvinylpyrrolidone
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DRI, 7038 5 e I R A Si0, At I 2 B 42
SRS, HEAARE rfLIE S84 B NitE &, M
PVP [ 1 M) B8 A5 20300 1 % ot 35 Joe ik A2 g A B
BRI,

312 XRDZRE

B 2 BT o B RS A PVP S IR i il %
PRI AN [A] Ni/Si0, #4675 1) XRD 3% . 1] LLA 1, bR
22 4°HJE T Si0: R AR AN A7+ 37°.43°F0
63°4b 6 14 JB T NiO. ™ X FIEHFE 4% 1 N/
Si0, fi b 71, NiO 4§ 1iF U8 58 & T 24 Ni/SiO.-
COM>Ni/Si0O-AG>Ni/Si0,-BG. Hi - & 5% {4, 1%
Scherrer 11524 20, NiO 34 K42 73 5l 4 25.9.22.9
A111.3 nm, & BANA] Si0, S EER 71 20 NiO Fki {2
K/NHZE R, Si0-AG I fi# i NiO R 12 % Si0.-
BG EHIZE K X PVP s 118 5325 ) 4 1) A 4k 711,
NiO 5 AE 777 559 U 588 52 05T 7 24 - Ni/Si0,-AG-PVP<NY/
Si0,-BG-PVP, NiO %1% 73 7l & 2.8 #1 6.6 nm, 5 &
PVP i i i ¥t [z, & 95 PVP ROV i o] (2 22 BRI
AR R NiO -7 ¥ ki 12, H Ni/Si0,-AG-PVP L
NiO KA/ Mg 1 K T Ni/Si0,-BG-PVP.

DAL, FRATTIA by 28 4k 3 T 45 40 o) L £ 2 1) NiO
bz KN B, 1T PVP BT I Ay LA 2
I NIO FIRLAR, 4 /5 PRl 8 Ak 45 74 A [R] Tt 5 |2 1 NiO
PR CYNANIEST R
3.1.3 TEMZEALZR

Kl 3 24 AN 7] Si0, 4t 2 1Y 9% Ni/Si0, 8 4471 1)
TEM [ & NikiAe oA .t B o] BUE H, SBEIR
Si0,-AG 1t i {4k 7 Ni/Si0-AG #1 Ni/Si0,-AG-PVP
4B NI R AR KD ZE BRI, 3 B EAME 43 )
923.9F04.0 nm, H A+ 175 Bk 5 kit 70 A1 (3
(a, D)W A B K ZE R NI/SI0,-AG F 48 Ni Fiki K
ANANEE, RLAR AR AR R B, YO AN 5 B 75 nm ANEE, T

o NiO
o (o] o}
_“Am ) Ni/SIiO -AG-PVP
= Hicl{o ™
E M A NiISIOAG
> s
g g, Ni/SiO_-BG-PVP
'3} —
£ M Ni/SIC-BG
M 5 Ni/SIO -COM
1 1 I 1 1 1

10 20 30 40 50 60 70 B0 90
26/(%)

B2 9% Ni/SiO, (&8 XRD i%E
Fig.2 XRD patterns of the 9% Ni/SiO, catalysts
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Fig.4 H,-TPR profile of the 9% Ni/SiO, catalysts
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