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ABSTRACT The silica sols of particle size 20–100 nm were prepared using tetraethyl silicate as
precursor. The porous silica antireflective coatings were prepared on the glass by the dip-coating method.
The microstructure of sol particles with different particle size after aging and their influence on porous
silica antireflective coating were investigated. Results show that the small silica colloid particles with
size ∼20 nm reunit into large secondary particles during the aging process. The antireflective coating
prepared of secondary particles has the desired loose structure and the peak transmittance of glass with
the antireflective coating reaches 99.2% at 510 nm.
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5�7+ &4&9%*, >��8%�����=

 *354&9����, ��54&9%*5&:

6=%**4�6>?@&)#��*34&9�

����6>3?@%



5 � 9?:>:7A;B?@C�DE8<FGHI�A=@B9 4795 � 9?:>:7A;B?@C�DE8<FGHI�A=@B9 4795 � 9?:>:7A;B?@C�DE8<FGHI�A=@B9 479

1 ,-./
1.1 0123456

J:5CA (.;B)�C!<5 (NH3 /+

25.0%–28.0%) !>?$5DE<)@KLMFAD,

>N=E9>?C7 (.;B), � 30 GO'5F@

DAMF 3–20 h 0'H.5P, #$%*B44;

� 20–100 nmQBCDG�6�4&9%*%TEOS�

<5!:5CA�EI)C 1 : 3 : 180�1 : 6 : 180�1

: 8 : 180�1 : 10 : 180 D, #$ A�B�C�D 4 :9

%*, '*44;.JHC 20 nm�35 nm�50 nm�

100 nm%

J7F>�E45�>?$5D 1 : 1 : 6 KL,

J��I�GR=KLJ;KF 10 min, H=�>

?$5!:5CA.JLG=KLSH;ST%J

ST���I�GU=54&9%*;, ��8%-

�, �8A+C 2 mm/s%J#$�54&9&*�

KL 250 GSH;I:6 1 h,  &M=#*34&

9���N�������%

1.2 89:;<
� Nano ZS I �4+M.;4&9%*;�

B44;, �JK S–4800 JL $�6V! Tecnai

F20 I�� V>O54&9&*B4KM&)5

4&9N���KM!W+, � M–2000DI ILNM

PM54&9���N��6��, � Lambda 950

INN�X�.+�PM���������O%

2 =>?@A
2.1 BCD23?BCDEFÆG6:;<

54&9%*B4�4;!"'��O�;<

!5�7+#: [12]%4�YQ<!5�7+,  &

M#4;�*�54&9%*%RP 1 ;�&PM,

9%* A�B�C�D �*44;.JHC 20 nm�

35 nm�50 nm ! 100 nm%<DZ�&PM, �QR

4&9%* &M�4&9N�3?@)0AD, O

+0[%

2.2 3HHIJBCD56KL=M4NGO:P
Q

P 1 �Q, �*44;0S�9%*;+�M

SRS4&9*4�TT, �8-�=4&9*4U

UL&T.V�VWU(PWV� (P 1d), 74;

0X�9%* (P 1a);�4&9RS*4�TTS

Y0CQ�,�W!"QTT=?@Z[�0SB4

�-%\X6Y��, QT.V�4&9XZVWU

(#$�4&9���N��3\�HC 26%,6�

�HC 1.35, '6Y�R]6�� (6��C 1.52 �

R 1 X];B�7AY<@^^FG_[Z_S\

Fig.1 SEM images of silica membrane prepared using silica sols of different colloid particle sizes

(a) 20 nm, (b) 35 nm, (c) 50 nm, (d) 100 nm
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��`[;������R]6��H 1.23) #)

Q�NS%*44;0S�9%*�8-�=#$

�����WU(0CaV, 6��NS\4;0X

�9%*#$�4&9���N�T0CZ[, 3\

�0S, 6��U0,%P 1 `��4;H 20 nm�

35 nm�50 nm�100 nm �4&9%*`-����

�, �LNMP#'�]^ 510 nm :�6��.J

C 1.23�1.30�1.33�1.36, 'QRaY�?bbL%

2.3 3HHIJBCD56STUV:PQ
TWN�����)!!"]^LN��6�

�!W+%.34�6<�8A+,  &M4;�

20–100 nm QB, W+ACH 100 nm �N� (P 2

;_P)%7*354&9�6��!"QN��3

\�^`, '54&9%*B4�4;!6>KMU

#V_�:�%

P 2 1`�54&9%*�8#$�E�=#

*354&9������Va� 300-2500 nm Q

BC����O, ';bc a, b, c, d .Ja��9

%* A, B, C, D �8c#�4&9����%� 1

1QR9%*L-�*354&9�����Va

� 300–2500 nm � ��Wd��) Te%\Xb+

ISO 9050,  ���Wd��)C

Te =
2500nm∑

300nm

T (λ)Sλ∆λ/
2500nm∑

300nm

Sλ∆λ (1)

R 2 XX];B@�7AYcd@ecf@C�DE

8gd@deef

Fig.2 Transmission spectra of the porous silica-

coating antireflective glass prepared using sil-

ica sols A (a), B (b), C (c) and D (d)

'; T (λ) C=�������, Sλ CQ ISO 9050

#$� ��Og+.h%

RP 2 !� 1 �&PM, �E<4;9%*

 &�54&9N����eb#Q��iJ%%

*�4;ZX, N�����)!Z[%9%* A

 &������ 300–2500 nm ]jAh#((

���eb, ';Æ[���� 510 nm :\N$

99.2%, )f=���\N#H 7%,  ��Wd�

�) Te k$ 94.6%, \N#H 4.7%; �4;H

35 nm ! 50 nm �9%* B ! C  &�����

� 510 nm :Æ[���\N#H 4%; 7�4;H

100 nm �9%* D  &�������ebT0

i, Æ[���]\N# 3% ^_%

QL���`[QW+``�4&9����

�\�)!]^Lf�W�6��, 7�W�6��

ggQ1Q�W�3\�^`�%5l, �E<4;

�4&9%* &�#<W+�*3�����\

�)!i7mHiaLE<4;�%*`K-��

��W3\��0SiJ%�%*�L-!5&�

9;, 6X�%**4)��(0S, *4bhhT

���i)�, 5lcL4�TL��TT-0S�

5nB4 [14]%9:TTO�%j;K-D/JO�

�dj�e�0X, 5lK-�5nB4?@)0Z

[%�9:5nB4eC-�iO,  &M�54&

9N�h#k��3\�!k,�6��, R7#$

((����eb (P 3a)%<D, X�%**4QL

)��(S, 5lhT���i)�, jc�4&9

RS*4bhK-kl�&�mL, �I:6DUj

c#$�`?LjS����N�%'l#�, 4;

S�9%*)��(ZX, *4h���i)Zi,

UULK-T.V�`nB47Ejc#$h#Z

[?@�5nB4%5l,  &M�54&9�Q4

&9XZVWU(K-, 3\�X, ;��N�6�

�0S (P 3b)%ol, QLS�%*B4bhhT�

��i),,m&�4&9RS*4bhK-kl�

&�mL,k&*�NI:6=#$����N��

`?LjU0,%4;ZS�B4;=���l`

V�Zgn, p54&9%*B44;0SD,  &

M�54&9N�;=���l`V�)0fg, 5

l�4;0S�%* &M�54&9N�\�e

W 1 mXX];B�7AYc@ecf@C�DE8gd@opdee

Table 1 Solar direct transmittance of the porous silica-coating antireflective glass prepared using silica

sols of different colloid particle size

Particle size Glass 20 nm 35 nm 50 nm 100 nm

Te/% 89.89 94.62 93.25 92.43 91.89
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Fig.3 Schematic illustration of gelation process of

silica sol with small colloid particles (a) and

large colloid particles (b)

R 4 �7A A H D @;Bnq

Fig.4 Particle size distribution of silica sol A (a) and

silica sol D (b)

R 5 ;B 20 nm �7A�pY@frÆ;

Fig.5 Secondary particles formed in silica sol with

colloid particle size of 20 nm

b#�o,%

C#iQ9pqY, � �4+MP+#5&

24 h �4&9%* A ! D �%*4; (P 4)%P

#9%* A �*44;H 83 nm, 7JL V>O

qM�9%* A �*44;rH 20 nm(P 1a)%s

r9VqSi7�j519%* A(4; 20 nm) �

L-!5&:6;*4TT-0S�5nB4 (4;

∼80 nm)%<D, ;)P 1d;JL V�>O?b!

P 4b; �4+MP+?b, �&PM,;L9%*

D, � �4+M!JL VP+M�4;SXs[

AH 100 nm, tQS4; (4; 100 nm) 9%*�5

&�9;r#K-5nB4%;4; 20 nm�9%*

5& 24 h=��� V�k?b, &P 5`�%QP

5 �X, �9%*;K-#5nB4, l5nB4)

gh#stZ[�RS3?@%5nB4W;H 80–

100 nm, ' �4+M�P+?bU1bL�%��

� V>O;'S�stZ[�5nB4�V�&

) �4+M'JL V�PMsX;)?bu�

Q, �X4;�4&9%*�5&�9;, 4&9*

4bhcL��TT-0S�Z[5nB4, vl 

&M����W3\�0S, 6��0,,5l,��

��Wh#([���)!9`qP1L6�%

3 = A
1. � Stöber%�L-M4; 20–100 nm�9%

*, 4;0X (& 20 nm) �9%*5&D, 4&9*

4bh'rhT��TT-0Z[�5nB4; 74

;0S (& 100 nm)�9%*�5&DTK-T.V

�`nB4%

2. �5&=�S4; (& 100 nm) 9%* &

4&9N�, 4&9XZUULVU(Ws, 3\�

0,,6��H 1.36,5l���ebt]; 7�X4

; (& 20 nm) 9%*�8-�, �W!"QTT=

?@Z[�5nB4�-, 3\��k 50%, 6��

dt 1.23, 5l���eb(7, =#f�����

��Æ[����]^ 510 nm :k$ 99.2%%
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