WATH T2 BEERMBSIIE \Vol.47, Suppl.2
2018 4 8 H RARE METAL MATERIALS AND ENGINEERING August 2018

HTMS 2t Sio, BR/KEIRHIE 5
REZN =R =k
EEED TR DBR, BE R, F!

(1. FGFRY, Rl mRRAN TR MM R SERE S5 =, 1§ 200092)
(2. L TR%, g 200093)

B E: KIERERZNE (TEOS) 1ERTIEME, &K (NHsH0) AFEMEALFIH % it Si0 v, it + 7S ket = P g 2 ik
Ft (HTMS) &4 SiO Bikik  “Hlifl” SiO, Biki, k34T HTMS Stk SiO, IR . 2R 5 R IR hiEAE BKT Bem &1
il % HTMS ot Ak i dE I . A B AR 3 2T AM 4% (FTIR). UV-Vis-NIR 4366 it Film Wizard i & # i1 4k
PERIA R B R EE (SEM) S RALJIEX MR I 458 . Jese ke M Sifa e vl 79t . 5K &3d HTMS
UM A R 2 RO R i PR AR e e, HOd S FR IR ik 99.8%, TE 90%RH IR JE M N4 60 d Ak )S,
PR 1 U {3 3o SRANAN R A T 0.3%, et S LT IR B AR AR B ROR IR .

KR VBRI s SIO, ok S B, i 34 45 A e
FEESHS: 0484 TERARIORS: A

YEHS: 1002-185X(2018)S2-089-05

BT HIR-EERE (Sol-Gel) VA& 1) SiO, ik i
ES 8N (19 N S R O R VS SURSINIE = ST [ N 7
AT BAT ROt O A SO R, A R TR B0
FGE K PH RE PRI R R e 1 S 3 45 22 MU A T
V2 (¥ S FHIOY, R, R A i 4% 1 SR TR
Rk 2 AL HBABREE, A7 5 O A<
IR, SRR TS 3R T, I 5 M ek
SEAGFUEOC B VERE o X 2 W] AR R R K PR A
TERIN, BRI R T A R BT 7T S ot AR T
j“ji %}Z‘ [7-10] 3

xfit, AV Z il VA LE SiO, iR B 5T
B K 3 o I 5925 BE W A AR B VB 1Y) 45 4 O A I
Fenfi FhEm B tERE, ERHM M ARG, FZIRPR
BT, A PR LIS R PR 7K B Il A X008 R P A VU i
B 98 Hh R B A P 2 22 F b sk 2 — B0 R A
i 55 B2 IR &, Toik Oy SER i 7E o
OB o PRI 326 P T 98 EL A AR A AP PP 5 [ e vk
FUSKAE A Si0, VI, I BT 15 58 B 7T e FL i i 3
55 R B 0 358 A R % R ST G bR ek AR B B I Al
o ARSEEGAER Sol-Gel T2, 3EH-T75 ikt =%
Herkke (HTMS) fENRIEMR, DLERRK L8R
R ORI, i) 4575 B B SO, IR, FLIR A 5E

It HEA: 2017-08-20

T B 0 R
(I

K& 40 Steoer %, Hl&mAEWE 1R, #iE
TR .1k (TEOS) , Jo/K 4. (EtOH) & /K (NH3-H,0)
PLEE SR EE A 1:40:2 £ 20°C, RH /T 50% 315 TR
GRS, RS i E . WKE 4d
ZJE S SR A [F B () HTMS, H HTMS 5 TEOS
JEIR L4399 0:1. 0.125:1. 0.25:1. 0.5:1, #i#E 2 h
JE S E E Y 3 d, FEERONIRE GRS TR
80°C it i #vh 2 BR A AL R O BT AR VA S 43 Al b e
S0, S1, S2, S3.

38 B Ak SiO, M &R Sol-Gel i 2 H ) K A
A FE I S (1) ). —J7 1, IR A IRk
R CBETEME A Z I AE KA, AR BOR & RE R 5

(Si-OH); 5 —7J71H, K& Si-OH Z[a]. Si-OH Al

TEOS AMIE] RGN . IK il 5 46 5 S N AE ¥ Ji
ZA SRR AR R A, BeJE Si-O-Si 4R 45 HTE Ik
WA . 2ER(B) @R N&E HTMS etk
J& SiO, 1k & Sol-Gel i F2 i K iR 46 R I Bt 2

K fi# : Si(OR)4+nH,0—=Si-OH+nROH (1)

45 % : =Si-OH+0OH-Si=—=Si-0-Si=8{=Si-OH+

EeWB: ExEATIRTR “9ekRE” EALT (2017YFA0204600); [EH 5 H AR 3 & FHHE I 4 (11304228); LilFTH#E Kk EH
oM ERTHHERLS “BIeitk)” (14CG19); mde ks AR L 4 % 1 % 4
TEH BN BRI, 4, 1993 4248, -1 4=, [F5F K iifl e 5 TRESFt, g 200092, FiF: 021-65986071, E-mail: cyy1531676@163.com



<90 WA & RMES TR

4T %

[ TEOS, C.H.OH, NH,OH ]

|
[ Aged 4d ] [ HTMS ]
P
|

[Reﬂuxing}:;( Sol ]

Bl 1 HTMS S ia i i i 4 A
Fig.1 Synthesis process of silica sols modified with HTMS
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Fig.2  Transmittance spectra of AR coating samples with

different molar ratios of HTMS/silica
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Table 1  Refractive indices and extinction coefficients of

unmodified SiO, coating and HTMS modified SiO,

coating (@ 510 nm)

Sample n k/x 10
FO 1.16 22.9
F1 1.20 8.12

2.2 SiO, FiRAIFER

Kl 3 9 HTMS eV Ak 2 S S AL ER P o i B 44
TEOS FEMEAFIMIAER T AT KM 4R RPN, BEZ
SATVFZ R A RIEN SiO, /NFkL L. &5
HTMS A5, HKBEELE S SO, AU & 4= 48 &
SN, A K v B A B Si0, BURLRTH, X SiO, iR 1A
Wk AT TR, TR T HTMS et Sio, ki 22 B 1)
7% A Y 2% &5 H

NT B RRAIE HTMS el v i s S AL B, {3 FH
75 5 L R AUBE NV TR (R AR s A AT T RAE,
4 fi7n. HTMS Xt SiO, ¥ IRIEAT B 5, %5 I ROk 8]
MHEAEE, REERACERE N, 55iE SiO, ¥ i Bk i)
B AU BURLIR HE R G B 22 5 o 1K 2 BT SO, JUR [H) i
T AR s B = A A B R A LA BRAE — 2, 5 AT
FIT i 1) 5 AL — 5



WIRIRSE: HTMS Stik SiO, s /K I A 4 5 T A B fe e P + 91

i 2
I
EtoH, NH,OH 9 '.HTMS/Modifier » ’ v
Hydrolysis ’ ',’"-\_ )
TEOS  Condensation ) .95
OEt OH OH OH
e EtO s OEt HO ‘OH
) OH
OEt HO HO
O CH,
o Si
H.C CH
o o 3
CH,

K3 HTMS B ia i i A0 2 e RL AL 2 ]
Fig.3 Schematic representation of reaction mechanism of HTMS

modified silica sol
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Fig.4 TEM images of the unmodified (a) and HTMS modified (b)

silica sol
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Fig.5 FTIR spectra of SiO; coatings prepared from unmodified
and HTMS modified SiO; sols
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Fig.6 SEM images of surface and cross-section of the FO, F1 samples and the water contact angle shown in the inset

100
S 9+
S
s
E o8¢t
g
g
" oo7t
—a—F1
—e—F0
96— L L L . L L
0 10 20 30 40 50 60
Time/d
K7 AR IR IR B (90%RH) JHUE AN R 8] 5 i (8 i i
EAA

Fig.7 Evolution of peak transmittance for the coated substrates

in humid environment (90%RH)
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Sol-Gel Preparation of HTMS-Silica Hydrophobic Coatings with High
Environment-Resistance

Cao Yuanyuan !, Wang Xiaodong *, Feng Jianbin 2, Huang Jichen ?, Shen Jun?,
(1. Shanghai Key Laboratory of Special Artificial Microstructure Materials and Technology, Tongji University, Shanghai 200092, China)
(2. University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The monodisperse colloidal SiO, sol was prepared by sol-gel process using tetraethyl orthosilicate (TEOS) as precursor and
ammonia as catalyst. Hexadecyltrimethoxysilane (HTMS) as a modifier was added into the sol to passivate the surface of the silica particle.
Silica antireflective (AR) coatings were then prepared from different SiO, sols by a dip-coating method. UV-Vis-NIR spectrometer,
Fourier transform infrared spectroscopy, transmission electron microscope, scanning electron microscope and water contact angle
measurement were employed to analyze the optical property, microstructure, surface morphology and environmental stability of the
coatings. The results show that the HTMS modified silica AR coatings can achieve a high transmittance of 99.8% and possess excellent
environment stability. After they have been placed in an ambient with relative humidity higher than 90% for 2 months, the peak
transmittance of the silica AR coatings modified with HTMS decreases only by 0.3%.
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