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Surface Tension of Two Types of Antifogging
Coating for Farm Shed Film

WANG Xiuzhen, TENG Mouyong, YANG Mingxia,
LI Mengyao, JIA Qing, ZHAN Yanhu

(School of Materials Science and Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract In recent years, in order to improve the light transmittance of greenhouses and improve the yield
and quality of crops, the hydrophilic coating of agricultural shed film has received widespread attention,
and a variety of hydrophilic coatings have appeared in market. However, the surface tension is rarely stud-
ied. Herein, polyvinyl alcohol/alumina oxide (PVA/Al,O,) hydrophilic coatings with different ratios of
two components and ternary copolymers hydrophilic coatings of acrylic acid, hexafluorobutyl acrylate, and
4-acryloyloxy benzophenone were prepared on polyethylene (PE) surface. The contact angles of hydrophil-
ic coatings were measured. The surface tensions of the hydrophilic coating, untreated PE film and corona
treated PE film were calculated indirectly by Owens-Wendt (OW) and Lifshitz-van der Waals/Acid-Base
(LW/AB) methods. The results show that the surface tension of the hydrophilic coating is greater than
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those of corona-treated PE film and untreated PE film. Moreover, the surface tension is the largest when
the mass ratio of PVA to Al, O, is 5 * 3 calculated by OW method. In the case of LW/AB method, the cal-
culated surface tension is the largest when the mass ratio of PVA to Al,O; is 5 : 2. Atomic force microsco-
py shows that the PVA/Al, O; hydrophilic coating with ratio of 5 : 3 has the largest roughness. This study
provides theoretical guidance for the development of antifogging coating for agricultural shed film.

Key words surface tension; contact angle; wettability; hydrophilic coating; antifogging
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Table 1 The surface tensions and its components for liquids used™*

Liquid y{/(mN-m™H) yb /(mN-m™) 7, /(mN - m )
Water 21. 8 51 72.8
Diiodomethane 50. 8 0 50. 8
Formamide 39 19 58
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Table 2 The surface tensions, acid-base components and polar fractions for the testing liquids

Liquid 7. /(mN+m™") YV /(mN-m ™ M /(mNem D yi /(mN-+m™ ) Y. /(mN-m™ )
Water 72.8 21. 8 51 25.5 25.5
Diiodomethane 50. 8 50. 8 0 0.01 0
Formamide 58 39 19 2.3 39.6
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CA=25.97° CA=31.46° CA=21.79°
; h e) (h
CA=36.27° CA=60.68° CA=93.00°

1 REXKEMA (a) ZTHEMWRE; (b) PVA/ALO; 5: 2iRE; (¢) PVA/ALO,S : 3 RE;
(d) PVA/ALO:S : 4 %/2; (e) BELIE PE; (f) K4IHE PE
Fig. 1 Contact angles of water on (a) ternary copolymer coating; (b) PVA/ALO; 5 : 2 coating; (¢) PVA/AL O,
5 : 3 coating; (d) PVA/ALO; 5 : 4 coating; (e) corona treated PE; (f) untreated PE

CA=40.64° CA=45.98° CA=39.57°
(d) ‘ . (e) ()
CA=45.70° CA=47.55° CA=61.47°

B2 SREXN_#MBREEME (a) ZTHRBYRE; (b) PVA/ALO; 5: 2RE; (¢) PVA/ALO, 5: 3 RE;
(d) PVA/ALO; 5 : 4 RE; (e) BR4E PE; (f) K4 PE
Fig. 2 Contact angles of diiodomethane on (a) ternary copolymer coating; (b) PVA/ALO; 5 : 2 coating; (c¢) PVA/AL O,
5 : 3 coating; (d) PVA/ALO; 5 : 4 coating; (e) corona treated PE; (f) untreated PE
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B3 REXREBEAEMA (a) ZTHEWIRE; (b) PVA/ALO, 5: 2 RE; (c) PVA/ALO, 5: 3 RE;

(d) PVA/ALO; 5 : 4 %2; (e) HELIE PE; (f) K4&IE PE
Fig. 3 Contact angles of formamide on (a) ternary copolymer coating; (b) PVA/AL,O; 5 : 2 coating; (c¢) PVA/AL O,
5 : 3 coating; (d) PVA/AL,O; 5 : 4 coating; (e) corona treated PE; (f) untreated PE
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Table 3 Contact angles of liquids on different materials (°)
Corona PVA/AL O, PVA/ALO, PVA/AL O, Ternary copolymer
Liquid Untreated PE )
treated PE 5 2 coating 5 3 coating 5% 4 coating coating
Water 95.12 59. 15 29. 33 20. 58 28.63 26. 86
Diiodomethane 60. 06 47, 44 49. 09 38. 41 44. 65 38. 32
Formamide 73.93 55. 05 16. 88 16. 46 24. 56 31.92
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Table 4 The values of /7% and /7% for different materials
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Corona treated

PVA/ALO,

PVA/ALO,

PVA/ALO,

Ternary copolymer

Materials Untreated PE )
PE 5 2 coating 5 3 coating 5 ¢ 4 coating coating
V78 5. 343 5.975 5. 898 6. 357 6.1 6. 36
A/yg 1. 148 37 3. 803 27 5.683 01 5. 710 46 5.581 05 5. 484 31
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Table 5 The values of y$ , 7% , ¥ for different materials mN/m
PVA/AL O, PVA/AL O, PVA/AL O, Ternary copolymer
Materials Untreated PE ~ Corona treated PE )
5t 2 coating 5+ 3 coating 5t 4 coating coating
}’fg] 28. 548 35.701 34. 786 40. 411 37.210 40. 450
78 1. 319 14. 465 32. 297 32. 609 31. 148 30. 078
7s 29. 867 50. 166 67.083 73.020 68. 358 70. 528
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Table 6 The values of ¥5" , vs , 75 , 75 for different materials mN/m
Corona treated PVA/AL O, PVA/AL O, PVA/ALO, Ternary copolymer
Materials Untreated PE .
PE 5 : 2 coating 5t 3 coating 5t 4 coating coating
75y 28. 334 34. 81 33, 733 39. 163 36. 048 39. 163
7s 1. 885 28. 558 41. 139 49. 745 45.9 53. 334
}'g 0.073 0.01 2.917 1. 25 1. 459 0. 301
7s 29.076 35. 879 55. 642 54. 934 52.415 47.176
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Ra=23.4 nm Ra=26.8 nm a=30. Ra=26.4 nm

5 (a,a’) BELIE PEEE,(b,b" ) PVA/ALO; 5: 28Z,(c,c” ) PVA/ALO, 5: 3 R E,
(d,d" ) =THEMREH FE-SEM 1 AFM E&
Fig. 5 FE-SEM and AFM images of (a,a” ) Corona treated PE, (b,b" ) PVA/ALO; 5 : 2 coating,
(e,e” ) PVA/ALO; 5 ¢ 3 coating, (d,d” ) Ternary copolymer coating
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