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B (aerogel) B — Fii B (Y 52 R 400k 2 FL 36 & B S 408, H25 i Rk 80%~99.8%,
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R—MARFZRFREFRMT AN ANROHFNMN N &8/ S E SR ERE—%
BEMSER, TAEERBET D HRHE T ERKERANSRRRRA S 5HERZ
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AEXFETRAKHAE., BATKRE, BERTEERZENARIIBR - 8RT8
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Ni[OSi(OEt)3)2; 24 R # # 0.5<Ni:Si<2 (BE/R L) BF, RSP RS H 0 &EER I,
MAGFERKRZE. FHRERZBEPH SIETFISS M REANEE. oRYE, BTFEHE
MFELE R, SE TSR ZEBRERY (a) EERSIEFES —MHEFERNSHERZ
fis (A), BB RTINS AR, BHFTRE (b), £/ S BT S5HAREFERN &5
BERR 2B (B), H B R4k 4E 5 N2+ Y, IR Ni:Si>2, MH% Si EFRESMNAEE
PrEdE. Bk, wTaE L PR R e bR ) RN B8] SR i W RN 4
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TE T0°C TR A R T AT VR IBE - JEAE L AR, T RIS 7E 30°C & fL— BT 1A B B BRI, W UE
BEF GD-0.5 W EE R, i Z B G R T4 0 & R RN ERY P,
SRRATHFEEEFBE Ni/SIO, ZASEK. A HAEE TG-DTA #1404 (Ll E &
SRER 2 B SUBEA P AU SR B (Ni-O) TE SR i T 4B BE ) 350°C; Ji 36 [ ATM-2400
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Table 1 Influence of water concentration on gelation time

H,O/(NiTEOS+TEQOS) (molal ratio)* 15 25 35 45 55
Ni/Si=0.14 system gelation time/h 5.2 3.5 3.2 3.3 34
Ni/Si=0.57 system gelation time/h 4.1 2.7 1.5 1.3 1.3

* (NITEOS+TEOS)/C3H7OH=1.4(milar ratio), [HCI]=0.05M
FIWRTHANLEABEI - BB AR (NiiSi=0.14 BE/R AT Ni/Si=0.57 EE/R H), AR
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R BETE A% B Y SRR

*® 2 HEREMRENERR R -

Table 2 Influence of HCI concentration on gelation time

Concentration of HCl/mol-L~* 0.051 0.076 0.102 0.128 0.152
Ni/Si=0.14 system gelation time/h 2.0 1.83 0.83 1.42 1.0
Ni/Si=0.57 system gelation time/h 1.61 1.32 0.63 0.52 0.46

*(NiTEOS+TEOS)/C3H7OH/H20=1:1, 4:10(molar ratio)
3.1.3 &I M8 X I BRI B Y 2% 1)
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7, LA A 2R B B o I ) B AR AR AR AN TR

x* 3 BN AEXREN 8 R0

Table 3 Influence of solvent on gelation time

C3H;OH/mL 2 4 6 8 10
Ni/Si=0.14 system gelation time/h 2.3 6.0 10.0 22.5 37.5
Ni/Si=0.57 system gelation time/h 2.8 4.9 8.5 15.6 23.7

*(NiTEOS+TEOS)/H,0=1:6(molar ratio), [HC1]=0.056M
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JB2 VE et () BREL O - M AR 2R R Ni/Si BER LAY R R T A8 4k, I 1 B, WAk & iy NisSi
FEIRWGO3E N, (A RAVECEERT RG4S, Ni:Siik®| 0.43(BE/R ) BY, SRR )3k 2 B /ME
RIG, B BLEERT A X Ni:Si BE/R LA nim Zt. F, ELERLSBEE M(OR)n
RIK AL AR TR S R VE M E B R T O R T M A A K& -OR Jf 3% 28 [8] 5 FLAY /) (4,
FHRHRZEBEHRIEOHLIEFHN S, e KEMEREEFEEd SRR
BIR/DREUETE . Bk R Py Ni:Si<O.5(BE/R H) B, (KR P A EER S K Ni[OSi(OEL)s], I
Si(OEt)4, B T Ni[OSi(OEt)s], 89 —4~ ~OEt % ~ONiOSi(OEt)s Frift, H# -OEt FrZ Y
Z AL I Si(OEt)s YK, HIR N EMHIET Si(OEt)s, {2 Ni[OSi(OEt)s], A4 F Si(OEt),
B TRk, BIAHY T Si(OEt)s #1477 ZW/KMBM — IR G R IR M, HIHE Ni:Si HE g, &
A Ni[OSi(OEt);]; WS L, BRERNIFNHRIRIWMEZSE. T, YR
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W NiSi=0.5 B, {4 5 89 B EERT (AR X B B /IME . SRR i) 0.5<Ni:Si<2 i, R RFARF
7E Si(OEt)s, ¥ SR AERR B, (KR A Ni:Si BE/R K, MEBRERIERT SiJRTF L&
EWEEHN (-O-Ni-O-) W E £, MMM Si f-F L -OEt =M AIE K, /KEERE /I, HK
Yy -OH (45 B b/, FNES -O-Ni-O- M F A Si [EFH ey E R W@ -0-
BEEOEANSSIRTWEESEK, AMSGERE SN SEERIBEREREEESTNS
REE. BRAHBEFEENTA SIEFHYTHT T ZRKBEN—KER, HERER
BT E AN A]. B 2 i NSt R A0, 1R 2 oY e e R ] SE 4
3.2 AEHEHIFY Ni/SiO, EE€S5 8K

LR, EER - BERIRTIIA
Ni(NO3), 5{ Ni(NOg), HI 4% -G il il £ & & 5 &
Bt, VAR - BEACHR R N Ni*t gy sk, HP 2% .
Ni/Si>1:10, A& R LA IR thal = A Ui iE, MERL
TE RL3% B BT (M IR iy ¥R B (E 4R R B I ST 20
VEVE AR, MRARIE T30 . BRI IR KB
EERT); B TE A% A R B 0 4 R (Ni/Si<1:10),
WIFEHE 5 B BEBE G R TR B d, Ni*t 2
BB, RNEIFHEMAN NPT B EZ D
(Ni/Si<1:10), HBEM BK Ni & BIEE &
<0.02wt%, Ni/Si<1:4490) ) Ni/SiO & &<
e, # R4 Ni ZERB IS 7 TRt B ok o R 0 N : X .
ML T, HFHETEHKK, FRHEEF 00 02 04 06 08 10
HARZE. R &EER BG40 Ni/SiO, NVSimolar ratio
HAREEM, NMUBB - BEBAA & Ni/Sigy
tbfyﬂﬂ%‘l‘i 2:1, ﬁﬁﬁﬁﬁﬁiiﬁ"ﬁﬂﬂ’j&%ﬂﬁ, E.Ejﬁ‘ 1 pEgstE s Ni/ﬁ@ﬂ?thﬂ‘]%%
R RREE, HENO% £ . Bitk, 7HES Fig. 1 Relation between gelation time and
WA OB W SR AR B AR ] A & KB RE P Y 4R N/Si of system
i, RAZAFETUHSEE ] <60wt% 18 *(NiTEOS+TEOS)/C3H7OH/H,0=1:1.4:10
Bl P39 AE B Ni/SiOp S A THEHE. E{LEERFE  (molar rario), (HCI=0.05M
W, RS HE  BRA AR E Swit%
LU, A HHB W MELSR (XTI RER
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Gelation time / h

&4 FEHF0Ni/SiO: EESBEK P Ni/Si BE/RIER Ni fyRE%E -
Table 4 Ni/Si molar ratio in the feed and Ni/SiO; aerogel and the rate of Ni retention

Ni/Si in the feed 0.097 0.151 0.250 0.368 0.575
Ni/Si in Ni/SiO; aerogel 0.088 0.140 0.219 0.316 0.490
The rate of Ni retention/wt% 91.5 93.6 89.8 89.3 90.1

*(NiTEOS+TEOS)/CaH7OH/Ha0=1:1.4:10 (molar ratio), [HCI]=0.05M
3.3 Ni/SiO, E €S EKAILERE
M 5 WA, AR B & 19 Ni/SIO, EEEERM A S HERE MR, SHF
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?ﬁﬁ?ﬁi‘ﬁ%ﬂ’ﬂ Si0; REEME MY AR T AR AR Ni/SiO. B & BERH HLRTME Ni & #HAl
BIFBEN AR N WESHERE—STR.

%5 Ni/SiO; E4S5BEMLELRER
Table 5 Surface areas of Ni/SiO; aerogel

Ni(wt%) in Ni/SiO aerogel 8.1 12.3 18.0 24.0 32.9
Surface areas of Ni/SiO, aerogel/m?-g~! 648.1 574.0 440.9 439.3 426.5
4 it

1. DIRHBR SRR RE IR Z W i) & 0y & SR EE TR W A IRORE, #EAT TR L - BB R ) A B e,

B Ni/Si g RS AT AR 21, 2B A TR RS G F G H B E Ni & /8 Ni/Sio,
BREER, H N FRTE <60wt% HEEAEFRET.

2. SHEH 4 Ni/SiO, HEAKERFEML, ZrRfe, i, EBREEE, il
FHTERERNERE /S0, HEREER. % EREEMNTH & Cu/Si0; . Co/SiO; .
Ni/Cu/SiO; . Cu/Co/SiO; . Fe/Ni/SiO; ., Fe/Co/SiO; . Fe/Cu/SiO2 . Fe/Co/Ni/SiOs .
Fe/Ni/Cu/Co/Si0, L T4 g /S0, E 5K ER.

3. T B 45 0 Ni//Si0 & S ERMBE 1) b 2R T FRK B 420~650m? /g, X4 A A4 04
L RAE B ELER.
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Prepararion of Ni/SiO, Composite Aerogel by Sol-Gel Process
of Ni-containing Tetraethyl Orthosilicate

CHEN Yi-Min XIE Kai PANYi XU Jing ZHAO Xun XIAO Zheng-Quan
(Department of Materials Eng. & Applied Chemistry, National University
of Defense Technology  Changsha 410078 China)

Abstract

Ni-rich Ni/Si0Q, composite aerogels in which weight percentage of Ni could reach 60% were
firstly prepared by sol-gel process of Ni-containing tetraethyl orthosilicate (NI TEQS). The influence
of HyO, catalyst, solvent and composition of Ni-containing tetraethyl orthosilicate on the sol-gel
process was discussed. The specific sufrace areas of Ni/SiO2 composite aerogels are in the range
of 420~650m? /g.

Key words sol-gel processing, composite aerogel, supercritical drying, Ni-containing TEOS,
TEOS



