FmFEAR HA9 K 12

+50 - SURFACE TECHNOLOGY 2020 4 12

=R ZnO/SIO, BT &R H
R RBMRE R

Fa5', BE', /', NEE', DN, BE' TBIF'
A RE TZHRET, 3= 100076; 2.5:10IMSO A%, K& 130024)

i E: B8 A ZnO/SiO, A G0k A3t TR A BIZR ER &7 EFMR, Robrd edd=ik EwE
SRS F, ARt B K M AR GE & R AT AR 0 AR B L ik VARRBR AE e Ak B 4N h AT, RAF RS
HRE BB R A B ARLE A0 Ty iR & ZnO/Si0, Ak, il X SHERATHAL, 2868 T LM R RSN T L
DRI FME, STEADIRORIE B R FRRERATEIE, KRG VA ZnO/Si0, B A0k A A, AL
MEEBR AT A AELE K], HI& T ZnO/SiO, Adzipdt, @i REFA AR E e, 35T Kraak#E (200~
2600 nm ) & RA G G AR BRI &k, SR BHHEE ZnO/Si0, A AR RSN BB RS R X T
88%, 5454 ZnO kAL LA 9 BRI B VA RAUARBR AP A 6 4 A R A 2:1. R R A 100~140 pm
BY, P&k B KIRA KIS 205 R4, iR ZEe KIEBOt A 012, ashEHEH 092, 4
ZnO/Si0, IR B R A K F W B AR MEbl, 5% G &Rz A B BA FAKG B0, R B2 K 84 k%
BABHESRE, Tk EH—KKDEDLZRE I BHARAGEAT L,

XK Zn0O/Si0,; HAFRE; SRA; KME#E; KBk, o9 g 4%

FESES: TG17444 XEARIRED: A XEHS: 1001-3660(2020)12-0050-05

DOl : 10.16490/j.cnki.issn.1001-3660.2020.12.008

Prepar ation of Highly Ultraviolet Reflective ZnO/SIO, Composite Powder
and Properties of Its Thermal Control Coatings

WANG Meng', LEI Hui*, JIANG Zhou', SUN Li-li*, MA Jian-gang?, HE Chen®, LI Jun-feng*

(1.Aerospace Research Institute of Materials&Processing Technology, Beijing 100076, China;
2.Northeast Normal University, Changchun 130024, China)

ABSTRACT: Regarding to the problem of low reflection in ultraviolet band of existing white thermal control coatings,
Zn0/Si0, was used as pigment to prepare a new type of thermal control coating with high reflection in full solar spectrum. With
zinc sulphate and sodium silicate as raw materials, ZnO/SiO, composite powder was synthesized via the combined method of
chemosynthesis and high-heat treatment. The crystal morphology and microstructure of ZnO/SiO, composite powder were
observed by XRD, SEM and TEM, and the optical performance of ZnO/SiO, was characterized by UV/Vis spectrophotometer.

The thermal control coating was prepared with ZnO/SiO, composite powder as pigment and potassium metasilicate as adhesive.
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By analyzing the optical performance of various pigment-to-adhesive ratios and thicknesses, the best coating formula which has

the minimum solar absorptance was confirmed. The results showed that ultraviolet absorptance of ZnO/SiO, composite powder

was 0.09, and the reflection in ultraviolet band of ZnO/SiO, was above 88% which was much higher than traditional ZnO

pigment, proved better optical properties. The mainly mechanism of the higher reflection is the refractive index of ZnO and SiO,

was quite different so that the reflection and refraction produced at the interface between them were stronger, according to this

principle, ZnO/SiO, overcome the problem of lower ultraviolet reflectance. After optimized experiments, preparation method of

the thermal control coating was obtained: pigment-to-adhesive ratio is 2:1 and the thickness of the coating is 100~140 pm. The

solar absorptance and infrared emittance of optimized ZnO/SiO, thermal control coating was 0.12 and 0.92, respectively.

Comparing to traditional ZnO thermal control coatings, the ZnO/SiO, thermal control coating performs better in reflection of

ultraviolet band, and at the same time, equipped with high reflection in full solar spectrum. In conclusion, the ZnO/SiO, thermal

control coating has a good application prospect in the new generation of spacecraft as it can satisfy the needs of high efficiency

and long service life.
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Fig.4 Spectral reflectance curves of ZnO/SiO, and ZnO
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Tab.1 Absor ptance of ZnO/SiO,and ZnO

Types of Solar absorptance  Ultraviolet absorptance
powder (200~2600 nm) (200~400 nm)
Zn0/Si0, 0.11 0.09
ZnO 0.14 0.80
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Fig.5 Solar spectral reflectance curves of ZnO/SiO, thermal
control coatings with different pigment-to-adhesive ratios
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Tab.2 Optical properties of ZnO/SiO, thermal control
coatings with different pigment-to-adhesive ratios

Pigment-to-adhesive Solar Infrared
ratio absorptance emittance
1:1 0.15 0.90
1.5:1 0.14 0.91
2:1 0.12 0.92
3:1 0.12 0.92
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Fig.6 Solar spectral reflectance curves of ZnO/SiO, thermal
control coatings with different thickness
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Tab.3 Optical properties of ZnO/SiO, thermal control
coatings with different thickness

Thickness/um  Solar absorptance  Infrared emittance
60 0.13 0.91
100 0.12 0.92
140 0.12 0.92
180 0.13 0.92
a 100 pm b 180 pm

K7 RIEJREEE ZnO/SiO, #4124 5
Fig.7 Appearance of ZnO/SiO, thermal control coatings with
different thicknesses
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