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Abstract: [Objective] With the enhancement of environmental protection and health awareness, the

development of multifunctional eco-friendly coatings to improve indoor environmental quality and meet
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health-preserving needs has become a key direction for value-added innovation in the coating industry.
Although traditional waterborne acrylic coatings offer environmental advantages, they exhibited significant
limitations in functional expansion. While o-pinene had the potential to release plant essential oils, its
excessive volatility restricted application efficacy, and existing slow-release technologies struggle to
effectively enhance its long-acting performance. In response, this study employed microencapsulation
technology to prepare a-pinene microcapsules using sodium alginate and TiO, as wall materials, aiming to
expand the functionality of waterborne acrylic coatings and develop multifunctional eco-friendly coatings
for improving indoor environmental quality. [Method] The Pickering emulsion templating method and
interfacial polymerization were used to prepare o-pinene microcapsules with sodium alginate and TiO, as
wall materials and a-pinene as the core material. These microcapsules were incorporated into waterborne
acrylic coatings to develop a new type of eco-friendly coating with both plant essential oil slow-release and
photocatalytic properties. SEM, FTIR, photoelectric analyzers, and other techniques were systematically
applied to characterize the properties of microcapsules and modified coatings, as well as the slow-release
effect of essential oils. [Result] (1) The prepared a-pinene microcapsules exhibited stable structure, good
dispersibility, and excellent slow-release performance. The essential oil retention rate reached as high as
84.5% after 8 d of static storage, which was significantly higher than that of a-pinene (15.5%). This
indicated that the a-pinene microcapsules effectively extended the release cycle. (2) Coatings with 6%
microcapsule doping showed superior tensile strength and toughness, meeting diverse application
requirements. 8% doping improved the hydrophobicity of modified paint films. The doping of a-pinene
microcapsules increased coating viscosity to a maximum of 89.85 mPa-s with good leveling properties, and
the paint film transitioned from transparent to translucent, preserving the natural texture of wood while
providing protection. The ultraviolet absorbance of 10% doped paint film increased by approximately 6.1%,
enhancing light aging resistance of the panel to some extent. (3) Both a-pinene microcapsules and modified
coatings demonstrated stable photocatalytic performance. The modified coating achieved a maximum
photocurrent of 2.5 pA/cm? under light irradiation, with good catalytic activity, capable of improving indoor
air quality. (4) The modified coating films exhibited a matte finish, high surface hardness, and strong
substrate adaptability, suitable for common substrates such as pine, white oak, and particleboard. Different
substrates had minimal impact on other surface properties of paint film, indicating broad application
prospects in indoor decoration and furniture coating fields. [Conclusion] This study focuses on
microcapsule preparation and modified coating development, effectively addressing the issues of excessive
a-pinene volatility and single-functionality of traditional coatings. It achieves multifunctional integration of
coatings, including slow-release of plant essential oils and photocatalytic air purification, significantly
enhancing comprehensive coating performance. The developed coatings demonstrate advantages in
improving indoor environments and promoting health.
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Fig. 1 Structural design of a-pinene microcapsules
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Fig. 3 Characterization of sustained-release performance of a-pinene microcapsules
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Tab. 2 Viscosity and pH value of modified coatings

MRS R B E 20 B/ (mPa-s) pHIE
0 32.92 7.90

2% 40.02 7.90

4% 52.89 7.88

6% 63.94 7.87

8% 71.22 7.84

10% 89.95 7.84
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8

JRE MR KD T AP E AT TH A
MT A T A R T = A SR .

() MR TR AR PR R S 52 T 'R A, 3 T it
BRI PR R I 0, 3 T 2 B B GRS
EARARTIRILER, ELAS [F) A X0 8 5 F H At 2 i 428
RESCM AN AR o XA IZ IR BHE 38 PN 2 U R0 2K LU
TSR L AT i 1 I8 FH 7 55

SRTIT AT FEAE U 2 ) 46 A SO TR HT
RITHBAG T — &R, AT T IREH DIREIE,
I RGR IR RS T AT 228 R 18 . X
T2 DRt iR A = AR A B IRTA. BT #
B MIP A P 2 A QU 22 N, AMLEETS
PR S R B RO, I8 e R TR RS A
A SRR T B A N PR, SR T AT Y kR A g
FEAKF- o B BOR B3 — B AU BA Y B A, 1K
TR BAE T2 T I ), VIR EHT
MR FETE N 03 11, HEBHAT 10 IR, B 2%
FRI77 1) K e«
& F 3 #
(1] BRRI, EAW, MRk A, . 7K M A il i 3 6 v 14 B FF 30

J& [J]. 5B, 2020, 41(2): 71-74.



6 ik

S o-TRM RS I B R R VE IR IR 2 DI REFF DRIt 171

(2]

(31

[4]

(5]

(61

[71]

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

Chen G, Wang J H, Chen H S, et al. Application progress of
waterborne coating in wood products[J]. Furniture, 2020, 41(2):
71-74.

B ARME R TH BT — K R IR R 2 1 2 K B
SVEREWT ST [D]. B AL B RMOL R, 2023.

Han Y. Preparation and self-repairing performance of brass
powder-waterborne  acrylic decorative coating on wood
surface[D]. Nanjing: Nanjing Forestry University, 2023.

Copak A, Jirous-Rajkovic V, Zivkovic V, et al. Water vapour
transmission properties of uncoated and coated wood-based
panels[J]. Wood Material Science & Engineering, 2023, 18(3):
1086—1093.

Zouari M, Marrot L, Devallance D B. Functional biocarbon-based
coatings for wood protection and indoor air depollution[J].
Building and Environment, 2024, 261: 111716.

Allenspach M, Steuer C. o-pinene: a never-ending story[J].
Phytochemistry, 2021, 190: 112857.

Ikei H, Song C, Miyazaki Y. Effects of olfactory stimulation by a-
pinene on autonomic nervous activity[J]. Journal of Wood
Science, 2016, 62(6): 568—572.

Ben Akacha B, Michalak M, Mekinic I G, et al. Mixture design of
a-pinene, a-terpineol, and 1, 8-cineole: a multiobjective response
followed by chemometric approaches to optimize the antibacterial
effect against various bacteria and antioxidant activity[J]. Food
Science & Nutrition, 2024, 12(1): 574-589.

Han E J, Choi E Y, Jeon S J, et al. Anticancer effects of a-pinene
in AGS gastric cancer cells[J]. Journal of Medicinal Food, 2024,
27(4): 330-338.

Mitic Z S, Stojanovic-Radic Z, Cvetkovic V J, et al. Pseudotsuga
menziesii (Pinaceae): volatile profiles, antimicrobial activity and
toxicological evaluation of its essential oil[J]. Chemistry &
Biodiversity, 2021, 18(9): 2100424.

Weng H, Zhang Y, Huang X, et al. Pilot study on the production
of negative oxygen ions based on lower voltage ionization method
and application in air purification[J]. Atmosphere, 2024, 15(7):
860.

FHRG, BEuT. AR S T IR AR FE R (7], fR K
R, 2022(21): 24-26.

Wang Z G, Liang K. Influence of negative oxygen ion
environment on human health[J]. Construction Science and
Technology, 2022(21): 24-26.

Nabavi S A, Vladisavljevic G T, Gu S, et al. Semipermeable
elastic microcapsules for gas capture and sensing[J]. Langmuir,
2016, 32(38): 9826—9835.

Wang S, Liu H, Wu D, et al. Temperature and pH dual-stimuli-
responsive  phase-change microcapsules for multipurpose
applications in smart drug delivery[J]. Journal of Colloid and
Interface Science, 2021, 583: 470—486.

Yan X, Zhao W, Wang L. Preparation and performance of
thermochromic and self-repairing dual function paint film with lac
resin microcapsules and fluorane microcapsules[J]. Polymers,
2021, 13(18): 3109.

Peng W, Yan X. Preparation of tung oil microcapsule and its

effect on wood surface coating[J]. Polymers, 2022, 14(8): 1536.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

Li Q, Zhao T, Li M, et al. One-step construction of Pickering
emulsion via commercial TiO2 nanoparticles for photocatalytic
dye degradation[J]. Applied Catalysis B-Environmental, 2019,
249: 1-8.

Liao Z, Xue D, Li H, et al. Fragrance-containing microcapsules
based on interfacial thiol-ene polymerization[J]. Journal of
Applied Polymer Science, 2016, 133(36): 43905.

Chen Y, Du Z, Zhang J, et al. Personal microenvironment
management by smart textiles with negative oxygen ions releasing
and radiative cooling performance[J]. Acs Nano, 2023, 17(14):
13269-13277.

Nishikiori H, Matsunaga S, Iwasaki M, et al. Formation of silica
nanolayer on titania surface by photocatalytic reaction[J]. Applied
Catalysis B-Environmental, 2019, 241: 299-304.

Chetia L, Kalita D, Ahmed G A. Enhanced photocatalytic
degradation by diatom templated mixed phase titania
nanostructure[J]. Journal of Photochemistry and Photobiology a-
Chemistry, 2017, 338: 134—145.

Pakhomova E, Emelyanov S, Yartsev V, et al. The influence of
climatic aging on the performance of wood-based panels[J]. Civil
Engineering Journal-Tehran, 2023, 9(6): 1491-1508.

Chen X, Sheng X, Zhou H, et al. Hydrophobicity promoted
radical

photocatalytic oxidation[J]. Small, 2024, 20(24): 2310128.

efficient hydroxyl generation in visible-light-driven
Okamoto S, Oishi A. Relationship between spatial variations in
static skin deformation and perceived roughness of macroscopic
surfaces[J]. IEEE Transactions on Haptics, 2020, 13(1): 66—72.

Li X C, Pang M. Research on the effect of the variation of laser
power on the contour control and performance control of laser
cladding Ni60CuMo/IN718 coating on RuT300[J]. Materials
Today Communications, 2024, 38: 107856.

Morita T, Noda S, Kagaya C. Influence of hardness of substrates
on properties of surface layer formed by fine particle
bombarding[J]. Materials Science and Engineering a-Structural
Materials Properties Microstructure and Processing, 2013, 574:
197-204.

Wang L, Chow T H, Oppermann M, et al. Giant two-photon
absorption of anatase TiO, in Au/TiO, core-shell nanoparticles[J].
Photonics Research, 2023, 11(7): 1303—1313.

Yong Q, Chang J, Liu Q, et al. Matt polyurethane coating:
correlation of surface roughness on measurement length and
gloss[J]. Polymers, 2020, 12(2): 326—332.

Pan A, Mei X, Wang W, et al. In-situ deposition of oxidized
porous metal nanoparticles on the surface of picosecond laser-
induced micro/nano structures: a new kind of meta-surface
equipped with both super-hydrophobicity and anti-reflectivity[J].
Chemical Engineering Journal, 2023, 460: 141582.

Barisic I, Brucculeri R, Airoldi L, et al. Fast sintering of titania
monoliths ~ for  photocatalytic

micropollutants[J]. Applied Materials Today, 2024, 38: 102172.

degradation of  organic

(FiEmEE %2 48
THERE HF OR)


https://doi.org/10.1016/j.buildenv.2024.111716
https://doi.org/10.1016/j.phytochem.2021.112857
https://doi.org/10.1007/s10086-016-1576-1
https://doi.org/10.1007/s10086-016-1576-1
https://doi.org/10.1089/jmf.2023.K.0267
https://doi.org/10.3390/atmos15070860
https://doi.org/10.1021/acs.langmuir.6b02420
https://doi.org/10.1016/j.jcis.2020.09.073
https://doi.org/10.1016/j.jcis.2020.09.073
https://doi.org/10.3390/polym13183109
https://doi.org/10.3390/polym14081536
https://doi.org/10.1016/j.apcatb.2019.02.057
https://doi.org/10.1016/j.apcatb.2019.02.057
https://doi.org/10.1016/j.apcatb.2019.02.057
https://doi.org/10.1002/app.43905
https://doi.org/10.1002/app.43905
https://doi.org/10.1021/acsnano.3c00820
https://doi.org/10.1016/j.apcatb.2018.09.046
https://doi.org/10.1016/j.apcatb.2018.09.046
https://doi.org/10.1016/j.apcatb.2018.09.046
https://doi.org/10.1016/j.apcatb.2018.09.046
https://doi.org/10.1016/j.jphotochem.2017.01.035
https://doi.org/10.1016/j.jphotochem.2017.01.035
https://doi.org/10.1016/j.jphotochem.2017.01.035
https://doi.org/10.28991/CEJ-2023-09-06-015
https://doi.org/10.28991/CEJ-2023-09-06-015
https://doi.org/10.28991/CEJ-2023-09-06-015
https://doi.org/10.28991/CEJ-2023-09-06-015
https://doi.org/10.1002/smll.202310128
https://doi.org/10.1109/TOH.2020.2964538
https://doi.org/10.1016/j.mtcomm.2023.107856
https://doi.org/10.1016/j.mtcomm.2023.107856
https://doi.org/10.1016/j.msea.2013.03.026
https://doi.org/10.1016/j.msea.2013.03.026
https://doi.org/10.1016/j.msea.2013.03.026
https://doi.org/10.1016/j.msea.2013.03.026
https://doi.org/10.1364/PRJ.487784
https://doi.org/10.1016/j.cej.2023.141582
https://doi.org/10.1016/j.apmt.2024.102172

	1 材料与方法
	1.1 材　料
	1.2 微胶囊结构设计
	1.3 α-蒎烯微胶囊及其改性涂料的制备
	1.4 α-蒎烯微胶囊及其改性涂料的性能表征
	1.4.1 结构表征
	1.4.2 微胶囊缓释性能表征
	1.4.3 微胶囊及其改性涂料光催化特性表征
	1.4.4 改性涂料基本性能表征
	1.4.5 改性涂料的漆膜性能表征


	2 结果与讨论
	2.1 α-蒎烯微胶囊结构与性能
	2.1.1 微胶囊包埋状态
	2.1.2 缓释性能
	2.1.3 光催化特性

	2.2 不同掺杂量对改性涂料各项性能的影响
	2.2.1 基本性质
	2.2.2 光电性能
	2.2.3 漆膜性能


	3 结　　论
	参考文献

