Material Sciences #1}R}22, 2025, 15(12), 2189-2197 Hans X
Published Online December 2025 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2025.1512233

B - BEEHIE I E AT D IE ATk R H>
EEMREMR

A, FRAMSE, FE, AR, RESS

W IRVE T KR E A MBS it s pr, BRI MR
S IRIE DA KA R R 5 TRE2A B, BRIL M /RIE

Wk HEA: 2025411 H11H; SFHHEE: 2025412 H4aH; AT HEA: 20254E12 4 15H

R

R R BRI B R TE (LI TR, ASCRAIER - BRI T OB MER R B SR,
PERmME RN TEN . ELEEASEREESHESNAR, REVMATARLZX4TEERN
B RAHABREN . ERRY, AREHEBEEAR(700°C)RT, FHERHHIT Cos0458 R, FRHELE,;
BEE AEERER TR, FRBUZRHER, HRENHARKNEEG, Wi, WNEEEE AR
RS XEERATEEERE. RENTENE, TEEKALENEULARIEREEO.
AR TN BB R SHER RSB RN AR T TZ2%,

X in
B - B, EOBEEMER, RN, REmAE, AhERE

Preparation of Cobalt Blue-Coated Hollow
Glass Microspheres by Sol-Gel Method and
Their Coloring Performance

Hang Liul, Mingwei Li2, Wenjie Li!, Fei He!, Mofeng Zhang?

ICenter for Composite Materials and Structure, Harbin Institute of Technology, Harbin Heilongjiang
2School of Material Science and Engineering, Harbin Institute of Technology, Harbin Heilongjiang

Received: November 11, 2025; accepted: December 4, 2025; published: December 15, 2025

Abstract

To meet the requirements of camouflage coatings for substrate coloration, cobalt blue pigment was
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coated on the surface of hollow glass microspheres via a sol-gel method to achieve controllable sur-
face coloring. By regulating heat-treatment temperature and pigment dosage, the changes in the coat-
ing color and phase composition under different process conditions were systematically investigated.
The results show that at a relatively low heat-treatment temperature (700°C), Co304 impurities were
formed, causing the samples to appear green. With increasing temperature, the impurities gradually
disappeared, and the samples exhibited the typical cobalt blue color. In addition, increasing the amount
of cobalt blue pigment also led to a greenish appearance, which was attributed to incomplete sinter-
ing of the thicker coating layer, suggesting that a longer heat-treatment time is required for full crys-
tallization and color development. This study provides process guidance for the application of cobalt
blue pigments in composite microspheres and camouflage coatings.
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Figure 1. Schematic diagram of the synthesis process for colored hollow glass microspheres
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Figure 2. XRD patterns of cobalt blue pigments treated at different temperatures
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Figure 3. Cobalt blue-coated hollow glass microspheres after heat treatment at 700°C: (a)
4% cobalt blue; (b) 8% cobalt blue; (c) 12% cobalt blue; (d) 16% cobalt blue
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Figure 4. Cobalt blue-coated hollow glass microspheres after heat treatment at 800°C: (a)
4% cobalt blue; (b) 8% cobalt blue; (c) 12% cobalt blue; (d) 16% cobalt blue
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Figure 5. Cobalt blue-coated hollow glass microspheres after heat treatment at 900°C: (a)
4% cobalt blue; (b) 8% cobalt blue; (c) 12% cobalt blue; (d) 16% cobalt blue
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Figure 6. Cross-sectional morphology of cobalt blue-coated hollow glass microspheres: (a) Without
heat treatment; (b) Heat treated at 700°C; (c) Heat treated at 800°C; (d) Heat treated at 900°C
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Figure 7. Color parameters of cobalt blue-coated hollow glass microspheres: (a) Lightness L*; (b)

Redness a*; (c) Yellowness b*
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Figure 8. FT-IR spectra of cobalt blue-coated hollow glass microspheres
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