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STRUCTURE AND PROPERTIES OF MONOLITHIC SILICAAEROGELS BY
METHYLTRIMETHOXYSILANE

WU Guoyou®, YU Yuxi*?, CHENG Xuan“?, ZHANG Ying"?
(Department of Materials Science and Engineering, College of Materials, Xiamen University; 2. Fujian Key Laboratory of
Advanced Materials, Xiamen 361005, Fujian, China)

Abstract: The monolithic hydrophobic silica aerogels were synthesized via supercritical drying of wet gels that were obtained using
the sol—gel co-precursor method with tetraethoxysilane (TEOS) as a precursor, methyltrimethoxysilane (MTMS) as modifiers and
ethanol (EtOH) as a solvent. The physical properties, surface functional groups, thermal stability, microstructure and morphology of
silica aerogels were studied by nitrogen adsorption/desorption tests, Fourier transform infrared spectroscopy, thermogravimetric and
differential thermal analysis, scanning electron microscopy, high resolution transmission electron microscopy and contact angle
measurement. The silica aerogels, prepared with a mole ratio of TEOS, MTMS, EtOH, H,O constant at 1:0.3:15:4, is a mesoporous
hydrophobic materials with a specific surface area of 1070 m%/g, a density of 0.1 g/cm® and a porosity of 95.5%. The silica aerogels
with MTMS as co-precursor has a greater specific surface area, pore volume and porosity but lower density than those of aerogels
without surface modification, and the hydrophobicity is up to 500 C.

Key words: monolithic silica aerogels; co-precursor; methyltrimethoxysilane; hydrophobicity

Si0, R T VA R R o, AE RIS pbirge, O 48 Sio, b efb s, Hizs.
I AT T2 NS, R, 240, 2. CFEEE G A R I, SR
LTSGR AR, L =S a5k IIREAEL, Rl e 7E AR IR AN R (R A HiAS
AIPEYR RS HIRI B . SIO R HA R =) B AR FI 2 B b T A7) S 255 5T
bt A7 (500~ 1 500 mPlg) . KHIFLBR R (80% ~  HAT RN Al fr . B
99.8%). % AFT R[] 0.00 W/(M-K)]. FAK A H KM 1) LI 2 1T F T-—OH 2[4 B
F50(1.0~2.0). MKIPTH RE(L 1LOS)LASARE S BB /K R <RI ) Si—O—Si 4iky, Ao f

Wi HEA: 2008-11-11. & FECE HEA: 2008-12-21. Received date: 2008-11-11.  Approved date: 2008-12-21.
EEWE: R RAR 48 T 5050 % (2006 L.2003) Tt Bh 15 H . First author: WU Guoyou (1983-), male, postgraduate for doctor degree.
F—EE. RMEA@Q983—), T, LW, E-mail: gywu0420@ xmu.edu.cn
WITEE: KE40974), T, RIBIR, WL LS, Correspondent author: YU Yuxi (1974-), male, associate professor;

£ O5E(1963—), L, %, WLEIAE T, CHENG Xuan (1963-), female, professor.

E-mail: yu_heart@xmu.edu.cn; xcheng@xmu.edu.cn



436 %57 ) S A 2

FF L — FRAR SRR Ok SIO, SBERS M B FH 45 R 11 52 . 1207 -

AR 2 AL S R P, JE T B AR A AR
€ PV Rk, AR AL I L K, AN
A LA R o 0 25 R (R 5, B e e e
A A o 51 NBZKSE AR AR TS K—OH &
A —Fh BB R ik, HRT e e otk i
AL IR AL R 320 JE 2R v A ] 2
EH 0 ) SR SRR R R AT 22 0 A H FH 2R T
PEs SLETORARYI IS AE T BGEEI Z F I8 A s A 6
IKEEH(1: —CHg, —CoHs 45) M 3L HT IR A4 55 J Y.
WL N, e A K R HRE S 78 7 i A AR A
R EE R, R R R E IR K AL B, X
SORCH FEE A b . D7 R A I RS S TN
JEE B A,

HEF LR ORARYE A i B, T T R A
SEAE IR TR L2 & T EKIE gk £ AL
SiO, “HBENT . BRI T LT IR A F 2 = PR A SR A e
(methyltrimethoxysilane, MTMS)%} SiO, “C ke fig
By AN

1 I

1.1 SiO, iRERRHIE X

PLIERERR 2T (tetraethoxysilane, TEOS). 7%1%
7K(H.0) M JE kL, Jo/K i (ethanol, EtOH) A %5,
MTMS b etEs,  EhR(HCH) A% 7K (NH3 H,0) i
AT, SR FH RBP4 s S — T e 6 iy R AR i 2%
SiO MRt . W 0] =BG S HOIAT IEAS SRR
tb)5, ek TEOS, MTMS, EtOH, H,0 [
JREEN 1:0.3:15:4, AL ER 1 mol/L. T
ZWMAENE 1.

H T X, $CL BRCE & T 4R I MTMS
(1) SiO, Mt fie, VRBENIERUG, FiE 1d oM 4
450
12 ZURBIERTIRIZEE

FEI N, H EtOH XHRE IR TYIE Z AR
FUASHAL TR, ZALITA A 3d, ARG 1 d RSk 1
o ZALSG IRESBEAT TR AR B, T AT 5 17 s s
FHIE R EtOH 1FANTEA 0T, AR R b Y
e, & EESE, HRBARAHR AR
SIS YN #AE DL 8 Clh (Wi e i 2
220 C, f#ifi2h, FLL3 C/hF15] 250 'C, {4 6
h G218, HUSER K 0.1 MPa/min, .37
s, AR E AR S 15 min,  HEBRGR
EtOH 4k, Jf ASRMIREI =W, )5 TP Mk,
B HUIR SO, e «

TEOS+ MTMS + EtOH

Deionized H,0 —

— HClI solution, pH=2

Silica sol

- NH,OH solution, pH=7.6

Silica wet gel
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Fig.1 Process flowchart of preparing SiO; gel
TEOS—Tetraethoxysilane; MTMS—Methyltrimethoxysilane; EtOH—Ethanol
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% (scanning electron microscope, SEM)FIH A< Hy,
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(b) With MTMS surface modification

K2 SiO, BT Ny MR it B 250 th 2k
Fig.2 Typical nitrogen adsorption/desorption isotherms for the
silica aerogels
STP—Standard temperature and presure.

P 3 MR & 2 (K45 2R i BIH T3k sl k51
BPERT R 1K) SO, Uk f LA A &l Hikd 3T 0L,
AR BEI Y F LA T A 20~40 nm 22 J8], i
A MTMS Ja, "R RIFLARECR, 4&Hb 7 20~65nm

Pore diameter/nm

K3 SO, AERILIE AT E
Fig.3 Pore size distributions of the silica aerogels
1—Without surface modification; 2—With MTMS surface modification
procedures.
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AU/, A3 R F LI P s R, b T AL
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M 1 U A, 24 MTMS SPE Sio,
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ARG, BENARK. 2 1 PRI AL ARUE
N W BRI B SCIAF AR S BIH FHASARR 1 55 75 2]
FNEME. T AN E LR AR, X 5iE
I CA R AR R 2 SiO, B SRR B (1 FLAK
FURHLL, 2815 20 BT ZN, (HAER1S 2T
FLARBUE B A2 ] DL s et R it 1R FLAR BB AL
e,

F1 WA SIO, B HIIIR IERE
Table 1 Physical properties of silica aerogels before and
after the surface modifications

Bulk den- BET specific  BJH pore

. . Mean pore
Aerogels sity/ surface area/  volume/ Porosity/% .
5 ) 1 3 1 size/nm
(gem™) (m°g™) (cm™g™)
Unmodified 0.15 912.56+7.0 2.81 93.2 10.13
MTMS modified ~ 0.10 1070.68+5.7 3.88 95.5 11.68

BET—Brunauer-Emmett-Teller; BJH—Barrett—-Joyner—Halenda.
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Kl 4 78I MTMS & HRR et Sio, st i F
Fig.4 Photograph of a monolithic silica aerogel prepared with
MTMS as modification

v LSS
(b) With MTMS surface modification
KI5 SiO, Bt KM ) SEM T
Fig.5 Scanning electron microscope (SEM) photographs of
surface of SiO, aerogels
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3MIE 1.
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Kle 2o sk Sio, Skt HRTEM K
Fig.6 High resolution transmission electron microscopy
(HRTEM) micrographs of silica aerogels prepared
with MTMS as modifier
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Il L 1 L
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K7 SO, RN FTIR %
Fig.7 Fourier transform infrared (FTIR) spectra for silica
aerogels
1—Without surface modification; 2—With MTMS surface
modification; 3—With MTMS surface modification after heat-
treated at 550 C in air.
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- ’,i* -

(b) With MTMS surface modification

K8 sl &
Fig.8 Photographs showing a water droplet on the surface of
silica aerogel samples
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Fig.9 Thermogravimetric and differential thermal analysis
(TG-DTA) curves of silica aerogels
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