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Wil V(RRRED:  HERWEY ALIEBY 2y
Jrid V(TEiH) (m?-g™")  (em®-g™') FLEE/nm
[CEIRIES 1:4 383.7 3.34 19.2
2 1 1:4 357.8 3.25 18.7
i 1 1:1 114.5 2.31 13.3
8 1 1:0.5 28.9 0.32 5.3

TR A T A8 RR AT IS 5 A 1 B 3R T AR 2R
TR X R TGN AR 0 S AT B
Ji H R A 5 T AR L A AT A7 BEL AR 0 2 /)N 5 74
PRI A B R0 s 38, 5 357 T AR e A b B A
PR AL IR B8 2 WA 4 335, vl 3 vk ok A8 /N A
LRI AR /N, 2 5 S R AIR 3] — s 2 B o, 35
JiE AR FLAIR 56 4 3P B Aaskolde 4 1% 55 1 — AR Ak hE
ANER NP EAT SBER R FLIR S5 44
2.4 HREEMSHARY

2 2 BARTRITEPE AR i AR S T I HERR
HEMSIRAE, WNFE2 Pl IESR, R T
AN 8 A5 3] ) SR TR 1Y) R R BRI R
B FERRA 3 L2 Bl 1 M e 1 LR AP AT, S R B
FHERR B R B B B, 25aER 1 Tk
FEHEFURIFLARFR, o] DU IS 16 MR & B 2 AT,
FE T R LI SR > | SR RE & B EE R RTBUR
FLARBUR  HMERR B L/, SRR BN | IR IR R AT
YR it v B R B R R AR, AR R B AR A A 1 fL AR
AR E R A A B BRI s g HE 7 T #R v
Kt FLIR 355 3 10 P T sk Wi 4, o 1) L 3R T



%5 FLADLAE . WA i 8 e e i KA i i 2 — S A BB ok -73 -
F 2 AT ) B R ) A S AR A 40
Table 2 Density and thermal conductivity of SiO, aerogel 3.5F
microspheres prepared by different methods 3.0r ¢
= °
= 2.5r
VORER): MR SHERRY B, ol
WaorE - . N z 20
V(i) (grem™)  (Wem™'-K™h) ’%1.59
L 1:4 0.27 0. 026 LoF
0.5+
T 1:4 0.25 0. 027 X .
3 3 . 1:4 1:1 1:0.5
e v 035 0.052 R B AT 60 I
T 1:0.5 0.43 0. 052 _ S . s
19 SR IS [ Ff Vs Je AP e 1 A L L i vk il 1)
UL/ AL BRI EBUE I N, S MR HOE R, S0, B R 3
PR FAAEREREAR Fig.9 Compressive strength of SiO, aerogel microspheres
2.5 R prepared by trickle titration with different volume

Hefih A 2 PR R AR BLR K PEBE BT S5, 14D 8
A TSR PR AN ] 5 e ot o 1) BRI ISR 1)
Hefh I o A BT IR A Y Si0, BE KR h ik 4R
e T2 id— R 5 A6 5 BN B0 R 45 S5 H , SR

6 T S A AU AT 23 BT AR LI A 23 7K i 5 (Si—
OH) o LTS AL ] £ 9 Si0, EERZ , i i#5

AT AREHEAT 4 & BB R A HLEE AT (Si—R) FF i,
AR B B A B K, B ] LUE Y B
P A BRI, Y B R A, BB ROk i
KPR B S S A A

[0-115°] [9=32°]

(a) 1:4 by 1:1 (c)1:0.5
E 8 SIRIEEIA R BEIHIA T (RFRLL )

BB TIORHE Ak £
Fig.8 The contact angle of aerogel microspheres
prepared with different volume ratios of silica

sol: silicone oil solution

2.6 HHMEEE

ANTR] S 2 0 R A i ) A 0 Si0, SCBER IRk Y
PUBPERE NI 9 Pr/R ., Anmg ATk, AL AN 2 3
Si0, SHE K L I 15 B8 U240 185 I, e o 2 2 38
P ASRE ST e 5 B 4 T Bl %25 FE ML 0. 25 g/ em’
HnE 0. 43 g/em’ , BES IIHTHSREE M 1 520 kPa $2
121 3 010 kPa, & BBl 75 B 56 35 ok () R AIK, o i) &
(1) Si0, “HEE I T BRI R B 120 TG K

ratios of silica sol: silicone oil solution

3 # %

I DL T R AR R e o JRURHR A T A
T PRI R RE T, SR I LT P A 7ol R VS A A i R
PR RER , SR L YT AR R 72 0 ) il £ T AN TR
R AR R ek, AR T E 2k L
T 25 O BI85 . AEREVA IS S
FETHAARFR AR R B 9 A 53k o 1) SO M fl Bk L
AARE R R YRR B 5 SRR B R
FE B A B T R T R S S
B TAF LR AR B TER . Bl Tk rp
i A, G b 2 BRI HE R 28 4 O i
FAI N, A REOE K MU B, S
T —E (I, SEER ER & 58 2 M EUE I — R
ek /INEK, AN 5 5L A B I i FL 45, v AN (B
TR,

SE K

[1] CAIJ, LIU S L, FENG J, et al. Cellulose-silica nano-
composite aerogels by in situ formation of silica in cellu-
lose gel [J]. Angewandte Chemie International Edition,
2012, 51(9) . 2076 —2079.

[2] CIRIMINNA R, FIDALGO A, PANDARUS V, et al.
The sol-gel route to advanced silica-based materials and
recent applications [ J]. Chemical Reviews, 2013,
113(8) : 6592 —6620.

[3] PIERRE A C, PAJONK G M. Chemistry of aerogels and

their applications [ J ]. Chemical Reviews, 2002,



.74 .

R TR A2 (A RBRAR)

2020 4F

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

102(11) . 4243 —4265.

ZU G Q, KANAMORI K, SHIMIZU T, et al. Versatile
double-cross-linking approach to transparent, machin-
able, supercompressible, highly bendable aerogel thermal
superinsulators [ J ]. Chemistry of Materials, 2018,
30(8) : 2759 -2770.

ZU G Q, SHIMIZU T, KANAMORI K, et al. Transpar-
ent, superflexible doubly cross-linked polyvinylpolymeth-
ylsiloxane aerogel superinsulators via ambient pressure dr-
ying [J]. ACS Nano, 2018, 12(1); 521 —532.

ZU G Q, KANAMORI K, MAENO A, et al. Superflexi-
ble multifunctional polyvinylpolydimethylsiloxane-based
aerogels as efficient absorbents, thermal superinsulators,
and strain sensors [ J]. Angewandte Chemie International
Edition, 2018, 57(31) : 9722 —9727.

MALEKI H, MONTES S, HAYATI-ROODBARI N, et
al. Compressible, thermally insulating, and fire retardant
aerogels through self-assembling silk fibroin biopolymers
inside a silica structure-an approach towards 3D printing
of aerogels [J]. ACS Applied Materials & Interfaces,
2018, 10(26) ; 22718 —22730.

LAMY-MENDES A, SILVA R F, DURAES L. Advances
in carbon nanostructure-silica aerogel composites: a re-
view [ J]. Journal of Materials Chemistry A, 2018,
6(4): 1340 - 1369.

YU Z L, YANG N, APOSTOLOPOULOU-KALKAVOU-
RA V, et al. Fire-retardant and thermally insulating phe-
nolic-silica aerogels [ J]. Angewandte Chemie Interna-
tional Edition, 2018, 57(17) . 4538 —4542.

WANG X, JANA S C. Synergistic hybrid organic-inor-
ganic aerogels [ J]. ACS Applied Materials & Interfaces,
2013, 5(13) ;. 6423 -6429.

YE S B, LIU Y, FENG J C. Low-density, mechanical
water-induced self-recoverable graphene
aerogels for water treatment [ J]. ACS Applied Materials
& Interfaces, 2017, 9(27) ; 22456 —22464.

ZHU H, YANG X, CRANSTON E D, et al. Flexible and

compressible,

porous nanocellulose aerogels with high loadings of metal-
organic-framework particles for separations applications
[J]. Advanced Materials, 2016, 28(35) : 7652 - 7657.
WIEHN M, LEVARIO T J, STAGGS K, et al. Adsorp-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

tion of short-chain alcohols by hydrophobic silica aerogels
(1]
2013, 52(51) ;. 18379 - 18385.

WU Z Y, LI C, LIANG H W, et al. Carbon nanofiber

Industrial & Engineering Chemistry Research,

aerogels for emergent cleanup of oil spillage and chemical
leakage under harsh conditions [ J]. Scientific Reports,
2014, 4. 4079.

TANG Y J, GAO M R, LIU C H, et al. Porous molybde-
num-based hybrid catalysts for highly efficient hydrogen
evolution [ J]. Angewandte Chemie International Edition,
2015, 54(44) . 12928 - 12932.

LI G Y, HONG G, DONG D P, et al. Multiresponsive
graphene-aerogel-directed phase-change smart fibers [ J].
Advanced Materials, 2018, 30(30) : 1801754.

WANG X C, LI GY, HONG G, et al. Graphene aerogel
templated fabrication of phase change microspheres as
thermal buffers in microelectronic devices [ J]. ACS Ap-
plied Materials & Interfaces, 2017, 9 (47). 41323 -
41331.

LI G Y, ZHANG X T, WANG J, et al. From anisotropic
graphene aerogels to electron- and photo-driven phase
change composites [ J]. Journal of Materials Chemistry
A, 2016, 4(43) . 17042 — 17049.

SONG L T, WU Z Y, LIANG H W, et al. Macroscopic-
scale synthesis of nitrogen-doped carbon nanofiber aero-
gels by template-directed hydrothermal carbonization of
nitrogen-containing carbohydrates [ J ].
2016, 19 117 -127.

JIANG F, LIU H, LI Y J, et al. Lightweight, meso-

Nano Energy,

porous, and highly absorptive all-nanofiber aerogel for ef-
ficient solar steam generation [ J]. ACS Applied Materi-
als & Interfaces, 2018, 10(1); 1104 - 1112.

HE W N, LI G Y, ZHANG S Q, et al. Polypyrrole/sil-
ver coaxial nanowire aero-sponges for temperature-inde-
pendent stress sensing and stress-triggered joule heating
[J]. ACS Nano, 2015, 9(4) . 4244 - 4251.

LI Z, CHENG X D, HE S, et al. Characteristics of am-
bient-pressure-dried aerogels synthesized via different sur-
face modification methods [ J]. Journal of Sol-Gel Sci-

ence and Technology, 2015, 76. 138 —149.



%5 W FLADUAE . P R e F L A B Ak 1 8 — S ARk UBE R IRk - 75

Preparation of SiO, aerogel microspheres by a dimethyl

silicone oil/silica sol co-precursor method

KONG LingHan' YU TingTing' ZHAN JianBo' ZHANG Ying' LI Geng' WANG Hao'
WANG Xu' CHENG Liang'* WANG FangHui*"

(1. Technology Center, China Tobacco Yunnan Industrial Co. , Ltd. , Kunming 650231 ;
2. College of Chemistry, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Silica aerogels have attracted wide attention due to their low density, high porosity, high specific surface
area and low thermal conductivity arising from their special structure, but their poor mechanical properties and the
high cost of preparation have limited their practical application. Based on the previous work, a co — precursor solu-
tion was prepared using dimethyl silicone oil with reactive end groups and silica sol. Silica aerogel microspheres
with different sizes were prepared by microemulsion and trickle titration methods. The effect of varying the content
of methyl substituents on the properties of the silica aerogel microspheres was explored. Compared with the aerogel
prepared by trickle titration method, the aerogel prepared by microemulsion method possessed broader particle size
distribution range. With the same volume ratio of silica sol to silicone oil, the aerogel microspheres prepared by the
two methods showed similar specific surface area, bulk density and thermal conductivity. The decreasing the con-
tent of methyl substituents resulted in a decrease in the specific surface area of the aerogel microspheres, whilst the
bulk density increased, the contact angle decreased, the thermal conductivity increased, and the mechanical
strength increased.

Key words: silica; aerogel; mechanical properties; microemulsion method; trickle titration
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