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Abstract

Abstract

Aerogel, which deprived from inorganic salt or metal alkoxide through sol-gel
process and supercritical drying, is some kinds of metal or metallic, nonmetal oxide
material possessed highly porous three dimensional network structures. It has a low
density of 0.003~0.500g/cm’ , high porosity of 80~99.8%, Its specific surface area
can reach up to 500~1200m*/g, and It is very stable and can easily doped with other
materials. So it is a great material as a catalyst.

Partial oxidation of methane (POM) to syngas is way to convert methane into
syngas in a mild reaction conditions compared with other traditional methods. And the
V(H)/V(CO) of its product is nearly 2. It’s just a proper ratio for the Fischer-Tropsch
synthesis, and can be converted into other useful compounds. So POM has a high
research value and broad application prospect. The study of Ni-based catalysts is also
a hot topic because of the low price and high performance of nickel.

In this article, silica aerogel and alumina aerogel are prepared by supercritical
drying (SCD) and ambient pressure drying (APD). The aerogels are also impregnated
with nickel as catalyst carriers with nickel nitrate and the performance of the catalyst
in the partial oxidation of methane (POM) reaction is also studied. Then the BET
surface area and the pore structure is determined by the N, physical
adsorption-desorption, the surface functional group is studied by FT-IR spectrum and
the phase composition and microstructure of the aerogels were observed by XRD and
SEM. There are three sections in this article:

Firstly, the silica aerogels are prepared by supercritical drying (SCD) and
ambient pressure drying (APD) after solvent exchanging with hexane and surface
modification with Hexamethyldisilasane. The aerogels, acting as catalyst carrier and
impregnated with nickel using nickel nitrate. Then the properties and the performance
of the catalysts in the partial oxidation of methane (POM) reaction are studied. The
result shows that the specific surface area of silica aerogels deprived from SCD and
APD is up to 1016m*/g and 846m’/g, and the pore size is mainly distributed at
14.5nm and 11.5nm respectively. And the range of the distribution of the pores in the
aerogel prepared by SCD is wider than that prepared by APD. And the aerogels
deprived by SCD also have more big pores. The performance of the catalyst is largely

determined by the pore structure. Larger the pore is , more highly dispersed and
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Abstract

harder the Ni is sintered. Besides, the big pore is benefit for the mass and thermal
transfer, so the gas can contact with the active site better. And the aerogel deprived
from SCD is more stable in the POM reaction.

Secondly, the alumina aerogels are also prepared by supercritical drying (SCD)
and ambient pressure drying (APD) after solvent exchanging with hexane and surface
modification with Trimethylmethoxysilane. The aerogels, acting as catalyst carrier
and are impregnated with nickel using nickel nitrate. Then the properties and the
performance of the catalysts in the partial oxidation of methane (POM) reaction is
studied. The result shows that the specific surface area of silica aerogels deprived
from SCD and APD is up to 648m’/g and 382m*/g, and the pore size is mainly
distributed at 15.9nm and 1.7nm respectively. Though the —OH is well protected by
—Si(CH3)3, the Al-O-Al is not as strong as the Si, and the pore is badly destroyed by
the surface tension. Highly dispersed nickel aluminates tend to formed in the larger
pores causing better POM reaction performance and stability. So the performance of
the alumina aerogel catalyst is better than silica aerogel catalyst.

At last, silica aerogel nanosphere is prepared using APD method, and the
properties and the performance of POM reaction of the nanosphere are studied with
the monolith silica aerogel as comparison. The impact of pH value, temperature and
time for the hydrolysis and aging on the properties of the nanosphere is researched.
The BET specific surface area of the nanosphere is range from 627-1162m’/g, and
higher the hydrolysis temperature, larger size and smaller pore size the nanosphere
has, and more likely to form a rod like nanosphere. The average pore size of the
nanosphere prepared in room temperature is about 3.08nm. The performance of the
POM reaction of the nanosphere impregnated with 4%wt Ni is largely improved,
because of the more stable pore structure and stronger interaction between the Ni and

nanosphere. And the performance is almost the same as the alumina aerogel catalyst.

Keywords: silica aerogel; alumina aerogel; POM
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ARG AT RSP RE B AAGR. 2ANSENRESE. EeEAy,
AN B E R A 2 B g oK 2 fL S A A, TR A
0.003~0.500 g/enr’s FLIAZ H1580~99.8%; Lb K i FiA500~1200 m™/g. “THEER
Moy 28, Gypae, — Ul LUl Sase e (4 RS ar il & sl kb, HORe i 4K
R IR M T 12 AR W A e TR AR R A R 2 L
B JEE 1R R SR R A R 4 — T L P35 90 A O — 21 40 (R S i i 2
CATF SRR (0 LR TR, 39t m] LAAS S0 A B8 S At By dok, - DRl it e I 52 31
T BRI T2 EAL

SRR T 1931 4E  Samuel Stephens Kistler™ & W11 Ath LAERRBAE Ay fik
Y, 3 K R Si0, MR EER , JF A B I AT R B R (Supercritical
Drying ,SCD) fEBEIG AT 1, SHHUsRER AL P S 70 A, 44 Si0, WhiREIR
(K B 5E IR A Ok, 1530 T RUREIR . M5 Kistler Bl 7 2 FhH Al
AT SRR, T AR LA B, B e B e A A BV

1968 4, Nicoloan""%% A F IEAERR DY I (tetramethyorthosilicate, TMOS)
VENREIR, W4 TR, B4 T B s e, 4 T L% A 1,
IR RBECAEAT T RAE, AR RO T % 5N A2 T R . 1977 4F
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R E M IS . 1983 4T Blanchard VA5 9 Yl 4 T — 0 &AM B - 1985
4 Tewari! "SR] CO, FE A IG S TRRRAR T 4RI L . 320 T I S TR K %2
Ao, AL ARG S A AR A LA S AR B RE . 1995 4F smith!?) 2 A H]
S HEEEUERE (TMCS) X 4 A AR B KR A T L P S L T e U B 10 5 s
AR (0 VAL R R T i
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S CH2ArERE . Bk PES B, B EEE) o BB I 4% LA AGHT R H o
1.1.1 |SERR S &

BRI R A = AP IR TR RTIRIAR IR K i ) s ke, AR IR 2
W A RE A BRI, S K A5 BRI IR RS BEA T TR R 28 A9 B R . A%

G¢ LA B A R ST v R I 1) B S S B (R ORAT T SR 1) I3
77 o AR AR AT AT Uy 24 N B SRR 1 i o, Ll VR AR
B0 TR (1 0 SRS 7 A, — e sk AT v 1R LR CLE 11>90% )
B I LE R, X g AR BB LU B, B — AN B T
(L) I F gt

TR I S A2 i AL P 1) 2 AR (T A, R e e (1 i - Jd A2
BTSRRI K D AR, AR (1 25 b 2 B BRI B 0,
T A I 14 R0 43 FLA S BIR o AR AR BRI 7K i, I RIAL I 57
W, WRIMRIIK I h %, RIS SN &, AR TRNE RN AR A Al
TN B 52 BRI A BRI 1) 1 B S B LR AT I Ko i LR BRI S 4 A L 55 1.
1 fs:

R L1 VAR 5 &

Solvent Tc/°C Pc/MP
H,O 374.1 22.04
CO, 31.0 7.37

CH;COCH3 235.0 4.66

CH;0H 239.4 8.09

CH3;CH,OH 243.0 6.3

UIEE 1.1 P, R ST e 88 T ) 8 80 B I e s 5 2% A i
A BUA R T B, BRI BB L v, Bk el B Il 14k
P B I SN 2RO AT s 0, R L AR, iy HA T2
FAECE PERLZE 1) R P T 26 o 1T 08 31 LA — SRR A1 DA e s 5T IR KA AT A
T AT AT LUK I BRI, AR =i ) BEAT#R AT BT DAJE R A ]
i 7 — AT A D T A TR PR DA AL AR I S 106 JF FL At A A A
PR, XPARICTE, AL IR A 2 e RS . A E A
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SRR T s 0PN R T () 55 FTEA T v sl A s A FH AR TSR ) /N BRI A 5507 1
13/ D FR PR 2 T 5 ) bl 1 BRI VR, A s e S B el 5 ) 2 THT K
XTI BB, MTTTAS 2B ZRORAF A5 S B R ™ i, SR REB 1) 1
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HE Hi [ Fos 4 fE . FH 4L 22 Plh 4 (International Union of Pure and Applied
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TN FLERE AL, MFLAEKT 50 nm FIFLIH SR KAL) il 28 4 4 4
B, BRI FLARAE 1~100 nm (8] . (ES2 AR AL E KA, AR LI
RE AN LX)

PRI IR AL TR AR ELESE Y, AARERA T DL — AL i o — AL, 78
HEA TR DRI SRER W] DABER SARMEA 71 S S . R B R AL 2% S
B UEARA BIARL . 18] 1.2 23 0 A A e A A A B SRR 1) B e 5
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(2) BRI BB R

AR R EC R Y 5 L B T o 2 IA) () 9% 2 m b S AR A iR

Yo<pf p=3.2~3.8

HhrEE S B S5Hfl& 4% DG

My DA 1 ] 0k i A ) = AR i v TR ARl ) RE S (R 4 b, HEBOR, #F
BER A — g i T AR N O, RIA BRI OO, e —e N ERT, KRB
HAPETEAZ BN

BRI IR N - m?® B, SN ARFLIEBE B SR L, SiO;
AR P i ARG, i B K, o EASS i LU B A FL A BB A A R 4 AN S 2
DR 3 e B I M LB B A B P S A . —, AR N b RE

BN 1.2 Jros:
1.2 AN T U HRE SRR 1 FA
Temperature/'C 25 200 200 500 200

Youngs modulus

. 5 7.4 4.4 6.2 4.6 3.34
/10° N-m’

(3) BRI

BRI MG 3 S AL T S PR AL S AR BT R R
QKL ALER, IEE I B AERG R A RN, SEFHEZ AR, e s
FH [ A AL SRR AL YT o [FIBEE MBI L, ACRER i T2 FEAR PR ) 1
LR S P B 1 SRR AL A AR AT R Ks A AR Z LA MBS
R 1/500 FoAs o —HN K, BFEAE 70~30 kgrm™ () Si0, eI I [l A H 58 A
o<pf, Mo = 15, MGG RGR LTYE, Hh T HL00E, E K
A, LEE p H K. ABRIHERS K AEAE 3~5 um I IR LT /MR A
O BRI R, e R R I RS I . W RAE Si0, Kkt
RS NIESEFI i 2 . TiO, 55), W) 2T 4 Rt 515 ) Jk S48 AR R K
k)N o

AR AR SR AN IR R 1 SR B 18] 1.3 s AURRE
BRI SRR BAE 200 CTRH 0.015 WmK, R TR I S AR Bl
0.024 W/m'K, Tfi{E 200°C~800 °C 4k HE B I MR BCAR iy T — A0 IES
HEIRS, T 43 2R 21 1000 C I A A i LI IR 3 R B A B BRI — 3
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—A— Silica aerogel
—e— Alumina aerogel
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20 30 APACHILAR Hh AR A G e P AL IR 2 R B 2 T AR LA S T I B SR A R 1AL
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