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Preparation and Properties of Hollow Silica Close Pores
Antireflection Coatings
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ABSTRACT: The work aims to improve the transmittance, scratch resistance and weatherability of SiO, antireflection coatings
used in photovoltaic/optothermal field. The SiO,with core-shell structure was prepared with polyacrylic acid (PAA, M,, ~ 3000)
as template. PAA template was removed by centrifugation washing to form SiO, hollow spheres. The hollow spheres were dis-
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persed in ethanol to form a sol. Then the sol was mixed with the acid-catalyzed sol to form a composite sol. Finally, the SiO,
hollow sphere antireflection coating was prepared on the slide glass dipping, filming and sintering. The microstructure of the
hollow spheres and the surface morphology of the antireflection coatings were characterized by transmission electron micros-
copy (TEM) and scanning electron microscopy (SEM) respectively. The transmittance of the antireflection coatings was meas-
ured by anultroviolet-visible spectrophotometer. The scratch resistance and weatherability of the antireflection coatings were
measured through the pencil hardness test and the moisture-heat resistance test (HAST) respectively. TEM measurements
showed that the prepared hollow SiO, hollow spheres had a complete structure with uniform wall thickness. SEM images
showed that the antireflection coatings were flat and smooth. When the ratio of SiO, hollow sphere sol to acid catalyzed sol was
9:1, the peak value of antireflection coating transmittance was 98.1%, the scratch resistance hardness was 5 H, and the attenua-
tion rate of transmittance became 98.1% of the initial value after HAST test. Therefore, hollow spheres prepared by centrifugal
washing to remove PAA templates have a higher void ratio than that prepared by the sintering template remova method. The
SiO, hollow spheres antireflection coatings prepared by being mixed with acid-catalyzed sol have high porosity, low refractive
index and improved antireflection coatings transmittance. At the same time, the closed pore structure makes antireflective coat-
ing flat and smooth, and such a coating has better scratch resistance and weatherability than the coatings with open-cell struc-
ture. It has an important application value in the outdoor solar photovoltaic/optothermal antireflection.

KEY WORDS: sol-gel method; PAA template; centrifugal washing; hollow silica sphere; composite sol; close pores antireflec-
tion coatingss

VSRR AE K I R v s8R O T L B BRI .
TR BARE AR D EIRA O — e e P AME T, s
WEZ HA Ml R, B Bk 45 A it 45 2
Ko B, ZEAMERE R A CAR D6 R I B — B
A ST S . I, A TS (DSM) TRk
(A% 75 25 48 P LIS AN A LA 3 i s it o, HLHCPA]
FLEEHE | 3% 2571 1) 2% 1 BE BH B 4w po R %5 L BUA TS
B A B R P M R T — 1 RO AR AR DR B gt

% o7 45 A8 PR FL B R 1) il 48 i AR 22— R L
W FE SR BV T s O BRBUS 2 dhl f5 A% e 4t
AR RAER, KPR NEIR (PAA ) &2 i 1]
MR 22— HETH R Bk bk PAA 133750
BRGS0 (H S B SEIR ol 450 I, 2R ERIN
A 30%AE A1) PAA BRER 250 AN T 5 #E 550 C
AT, PAA ARBHSE 2 25Rk, (HUb & rd iR s
SAHZS BRI, R S RS O A R A R
FH PAA BRI, SRATEO/KTER 7 2Bk PAA,

FHZS ORI Be il 2 H 1) B 5 LA ) P 5 6 1 30 22
ANIE B AE MR T 1R A T I ) A 1 R g
U, M ErERR (RS R HI R EEAR BT LA
DK Ve PAA K315 SI0, 25008k, S SIO, IR
WA TE A TS, AT BRI 4% i ml e P ANl Y
SiO, 75 U ER P FL sk s i

AL PAA WM %5 SIO % 7e 45, SR
FHES LK TR BR PAA Bk, TERL SiO 2508k, 250
BT QBRI , S REILIE RIS, TB
WE RN . SRBHRPIHIR  bedh, W&HIM™ T
I PRI A g 1 5 A D S

1 e

1.1 ##

NS SRR G S Sk AR R N
MR P B R R B R, FURS S 25.4 mmx76.2 mm,

A E) G PAA BREE

SRR A OB R, AR 1.

&1 ZWME

Tab.1 Experimental materials

Experimental supplies Molecular formula Purity/% Stem from
Anhydrous ethanol (EtOH) C,HsOH 99.7 FuYu fine chemical reagent
Tetraethylorthosilicate (TEOS) Si(OC,Hs), =098.6 Sinopharm chemical reagent
Poly (acrylic acid) (PAA M,,~3000) [C3H40]n 50 Ourchem
Ammonium hydroxide NH3-H,O 25~28 Tieta
Hydrochloric acid HCI 36~38 Tieta
Deionized water H,O 100 Self made
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Fig.1 Schematic representation of the preparation process of hollow silica AR coatings
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Fig.2 TEM image of hollow silica spheres: a) low
magnification; b) high magnification

a ARMMBRAEILE R

b BREMIERO 1)

Pl 3 VN INRVA KT v S R Y i SEM %
Fig.3 SEM images for surface morphology of AR coatings
before and after acid-catalyzed silica sols are added: a) catalyzed
sol without acid addition; b) acid catalyzed sol 9 : 1
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Tab.2 Formula of acid-catalyzed silica sols

A group B group
Experimental Experimental
supplies Amount/mL supplies Amount/mL
EtOH 10.00 EtOH 10.00
TEOS 5.00 HCI 0.02
Deionized water 2.00
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Fig.4 Influence of different ammonia contents on the
transmittance of AR coatings
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Fig.5 Morphology of hollow spheres by excessive ammonia
and PAA: a) overdosage of ammonia; b) overdosage of PAA

100

90

Transmittance/%
2
(=)
T

60 - (a) Sub
—— () 0.28 g
——(d)0.38g
40 1 1 1 1 1 1
300 400 500 600 700 800 900 1000
Wavelength/nm
a PAA
100
90
S gof
;
E 70}
g
g (a) Sub
= 60 () 15mL
(¢) 2.0 mL
50 —(d2.5mL
1 1 1 1 1 1

40
300 400 500 600 700 800 900 1000
Wavelength/nm

b TEOS

K16 PAA Fil TEOS %tk X i Sz JIE 15 3o 4 1) 5 i
Fig.6 Influence of different contents of PAA and
TEOS on the transmittance of AR coatings

x3 HE=ORMAES

Tab.3 Optimization formula to prepare hollow spheres

Experimental supplies Amount
EtOH/mL 100.0
PAA3000/9 0.33

NH3-H,O/mL 4.4
TEOS/mL 2.0
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Tab.4 Transmittance and hardness of AR coating

Samples The peak transmittance/% Hardness (H)
Substrate 92.0 >6
9:0 98.5 <1
9:1 98.1
9:2 97.3 6
9:3 96.4 >6
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