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Tab. 1 Parameters of film blowing and corona treatment of PE films grafted with polar monomers

Melt pressure/MPa

Melt temprature/°C

Corona treatment power/kW

PE-ungrafted 216 203
PE-g-2%DBM 231 201
PE-g-5%DBM 223 202
PE-g-10%DBM 227 198
PE-g-12%DBM 22.9 200

PE-g-2%HEMA 229 193
PE-g-5%HEMA 238 195
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0 0.1 0.2 0.3 0.4 0.5

0 0.1 0.2 0.3 0.4 0.5
0 0.1 0.2 0.3 0.4 0.5
0 0.1 0.2 0.3 0.4 0.5
0 0.1 0.2 0.3 0.4 0.5
0 0.1 0.2 0.3 0.4 0.5
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Fig.1 Reaction scheme of grafting polar monomers on PE via reactive extrusion followed by corona treatment and

surface coating of superhydrophilic nanoparticles
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Fig.2 ATR-FT-IR spectra of PE and PE-g-5% DBM films before and after corona treatment
(a): PE film before and after corona treatment; (c): PE-g-5% DBM film before and after corona treatment; (b) and (d): enlarged
ranges of (a) and (c) respectively within 2830~2930 cm™'; (e): enlarged range of (c) within 1675~1803 cm''
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Fig.3 XPS spectra of PE and PE-g- 5%DBM films before and after corona treatment
(a): PE film before corona treatment; (b): PE film after 0.5 kW corona treatment; (c): PE-g-5% DBM film before corona treatment;

(d): PE-g-5% DBM film after 0.5 kW corona treatment



Tab. 2 Fitted results of XPS C 1s peaks of PE film and PE-g-5%DBM film

Corona treatment Cc—C C—0 C=0
Position/eV 284.5 286 288.8
Before
Area/% 100 0 0
PE film
Position/eV 284.5 286 288.8
After
Area/% 82.6 13.9 33
Position/eV 284.5 286 288.8
Before
Area/% 97 2.4 0.3
PE-g-5% DBM
Position/eV 284.5 286 288.8
After
Area/% 85.8 11 3.2
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Fig.4 Contact angles of PE-g-DBM and PE-g-HEMA after corona treatment
(a): PE-g-DBM; (b): PE-g-HEMA
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Fig.5 Contact angles of corona-treated PE films after coating
(a): PE-g-DBM; (b): PE-g-HEMA
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Tab. 3 Energy dispersion spectrum (EDS) analysis results

Element Line type wi% w% Sigma Atomic/% Oxide Oxide/%
Al K series 0.00 0.00 0.00 ALO; 0.00
PE

Si K series 0.00 0.00 0.00 Si0, 0.00

Al K series 0.00 0.00 0.00 ALO; 0.00
PE-g-2%DBM

Si K series 0.00 0.00 0.00 Si0, 0.00

Al K series 40.35 2.36 30.36 ALO; 76.24
PE-g-10%DBM

Si K series 11.11 2.61 8.03 Si0, 23.76

Fig.6 SEM images of coated PE-g-DBM after the 0.5 KW corona treatment with different grafting monomer contents

(a) and (e): coated PE film; (b) and (f): coated PE-g2% -DBM film; (c) and (g): coated PE-g-5% DBM film; (d) and (h): coated PE-g-10%
DBM film; (i) and (j): uncoated PE film
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Fig.7 SEM images of PE-g-5%HEMA film coated with SiO./A,O; nanoparticles
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Fig.9 Contact angle change of PE-g-5% DBM and PE-g-5%
HEMA after coating during accelerated aging test

3 Zig

CU)JE I e B 5% H R 2 B AS ) ) A 1 0 A 1
A CFP 3L 075 T 3 ¥ 2 ik (HEMA) F1 55 SR iR — T fig
(DBM) 8 B &R LB E E R OGN L, I
TE AR M B A 10 Pk et A okt L AT TE R R, B
JE AT R B T8, DUBEHOL Tl A 40 s g A 7= i A2

(2) ¥ 1t 3 % J5 PE-g-DBM 5 PE-g-HEMA Jii 3¢
T 7= AR B 2 (AR Ve R T, B 5, A BT R R
R i A B 1) 0% T % foh A B L PR AEG

(3) £ 5 DBM # Lt T HEMA 13 % 4 ) i 78 %%
RO R T, & W8 5 PE-g-DBM Ji% (1)
WHEBNBAREERE, RNZEMAHE TR,
o L5 R, 28 DBM Jg ] LA Rk ok 3 R R 1
YRR E WM TR FE, BE% DBM & RN, ik E
R T 5 = AR AR B b . WRE WA
A

(4 7E Nk & L sL 5 7, PE-g-DBM H f X &
Kk R . 24k 8 dJE M ik 3 W B
B

A& T — MR AR R O,

bt A% 48 R SOk PE B, AR ST 4 ) 45 B0 R 40 i AT
LAAE 40 K 3 78 10 S B ORI B4R T 5 55— T i, W]

DA 35 O BT AR R KR A TSR T A8 0 A, B 26
ﬁ?UTﬁﬁﬁﬁﬁﬂ%%%x&ﬁﬂ%Eﬁ}?rfﬁé{%%‘%xﬂl
A0 R VE BE SOVE TR KR BRI . AR SOR R
T B IBIOWL I 3 < 3% T AL R 1200 20CR 2 48 s o
TR R A R AR R A I HLER, Dy i
B AR A R RO TR 0 e A T A R S R T
W K .

2% 37

[1] Briassoulis D, Babou E, Hiskakis M, et al. Review, mapping and
analysis of the agricultural plastic waste generation and
consolidation in europe[J]. Waste Management & Research,
2013, 31: 1262-1278.

2] EZEGRAR S 2FRER . B E AN G F M) ]
Hl: A E ST R, 2020.

(3] FEAE, &N ARmetE , A% . Sy R T Dl o 2R 206 B P
FPERMII]. o TR S TAE, 2013, 29(5): 71-73.

Wei J C, Luo X G, Lin X Y, et al. Impact of monoolein on the
anti- fogging property of polyethylene greenhouse film[J].
Polymer Materials Science & Engineering, 2013, 29(5): 71-73.

[4] Rocca- Smith J R, Karbowiak T, Marcuzzo E, et al. Impact of
corona treatment on PLA film properties[J]. Polymer Degradation
and Stability, 2016, 132: 109-116.

[S] Dai L, Xu D. Polyethylene surface enhancement by corona and
chemical co- treatment[J]. Tetrahedron Letters, 2019, 60: 1005-
1010.

[6] Park S J, Jin J S. Effect of corona discharge treatment on the
dyeability of low-density polyethylene film[J]. Journal of Colloid
and Interface Science, 2001, 236: 155-160.

[7]1 Bretler S, Kanovsky N, Iline-Vul T, et al. In-situ thin coating of
silica micro/nano- particles on polymeric films and their anti-
fogging application[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2020, 607: 125444.

[8] Ding L, Zhang X, Wang Y. Study on the behavior of BOPP film
treated by corona discharge[J]. Coatings, 2020, 10: 1195.

(9] xUJtiz, EF o, SO0, 55 SRR = T BREHGRE EUR 408

T AR H B IR T B R D). 20 TR RHRL 2 AR, 2021, 37
(12): 17-23.
Liu G Y, Wang F W, Wang Y H, er al. Grafting high density
polyethylene with dibutyl maleate and its application in adhesive
resin[J]. Polymer Materials Science & Engineering, 2021, 37(12):
17-23.

[10] Pandiyaraj K N, Selvarajan V, Deshmukh R, et al. Adhesive



10

properties of polypropylene (PP) and polyethylene terephthalate greenhouse films[J]. Progress in Organic Coatings, 2021, 159:

(PET) film surfaces treated by DC glow discharge plasmal[J]. 106412.

Vacuum, 2008, 83: 332-339. [13] Moad G. The synthesis of polyolefin graft copolymers by
[11] Taguchi T, Muraoka Y, Matsuyama H, et al. Apatite coating on reactive extrusion[J]. Progress in Polymer Science, 1999, 24: §1-

hydrophilic polymer- grafted poly (ethylene) films using an 142.

alternate soaking process[J]. Biomaterials, 2000, 22: 53-58. [14] Zotek-Tryznowska Z, Prica M, Pavlovié 7, et al. The influence
[12] Mansoor B, Igbal O, Habumugisha J C, et al. Polyvinyl alcohol of aging on surface free energy of corona treated packaging films

(PVA) based super- hydrophilic anti- fogging layer assisted by [J]. Polymer Testing, 2020, 89: 106629.

plasma spraying for low density polyethylene (LDPE)

Effect of Polar Monomers Grafting onto Polyethylene Agricultural Film on

the Corona Treatment and Coating of Nanoparticles

Yuchuan Tian', Bing Zhou', Meifang Zhu®, James H Wang'
(1. Sinopec Shanghai Research Institute of Petrochemical Technology Co., Ltd., Shangahi 201208, China;
2. College of Materials Science and Engineering, Donghua University, Shanghai 200051, China)

ABSTRACT : In this research, a reactive extrusion approach was selected to graft two types of polar monomers
onto a metallocene linear low density polyethylene (mLLDPE) to increase the surface polarity of the films, and the
films were subsequently subjected to corona treatment and coating of nanoparticle emulsions. The surface
properties and bonding behaviors of the modified polyethylene films were systematically studied. ATR-FT-IR and
XPS results indicate that the films have C=0 and C—O functional groups on the surface after corona treatment,
and C-C bond cleavage is observed on the film surface. Based on the contact angle results, the surface polarity of
PE-g-DBM and PE-g-HEMA films is significantly improved after grafting the two types of polar monomers. SEM
results indicate that the bonding between PE-g-DBM film surface and SiO./ALO; nanoparticles is enhanced by
grafting dibutyl maleate (DBM) monomer, and cracking of nano- coating during drying process is significantly
reduced by grafting DBM onto polyethylene. It is also found that grafting DBM can effectively delay the aging
process of the PE-g-DBM films during the acclerated aging tests, this contributes to extend the service life of high
performance polyolefin greenhouse films.

Keywords: reactive extrusion modified polyolefin; corona treatments; nano- coating; metallocene linear low

density polyethylene; UV aging test



