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Xenon lamp accelerated aging behavior and mechanism of PE-LLD light-diffusing film
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Abstract : Agricultural polyethylene light-diffusing shed film can improve haze under the condition of high luminousness, and
transform the direct light into diffused light, which can promote the inside plant to obtain effective light radiation in all dimensions.
Linear low density polyethylene (PE-LLD) light-diffusing film was prepared by adding light diffusion agent, achieving a luminous-
ness of 90.99% and a haze of 62.29%, which were 0.55% lower and 152.60% higher than the blank control film. Aging resistance is
the basic guarantee of other functional properties of PE-LLD shed film, xenon lamp aging was used to accelerate the degradation of
PE-LLD light-diffusing film, the macroscopic optical and mechanical property variation trend is consistent with blank film,and elon-
gation at break of two films respectively decrease to 40.58% and 47.01% of the initial value at 13 d (completely aged). The chemical
composition, crystallization behavior, crystallite dimension and morphology of the light-diffusing film during accelerated aging were
investigated, aging process varied with degradation rate in three stages. In early stage of aging, the crosslink density of molecular
chains rise, crystallinity improve with the secondary crystallization accumulation, the degradation rate is slow. In middle stage of
aging, crosslinking and degradation reaction co-existed, light diffusing agent falls off from the interface and causes the film surface
to break, the continuity of crystallization chains distribution decrease, the degradation rate is moderate. In later stage of aging, the
degradation of the molecular main chain intensifies, film breakages extend to the depth, mechanical properties rapidly degrade to
complete aging. The study shows that light diffusion agent can effectively improve haze and realize diffused light control without
affecting the macro function and aging degradation performance of PE-LLD shed film.
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Fig. 1 Optical properties of PE-LLD light-diffusing film for

accelerated aging process
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(b) Crystallite dimension and change of grain size and spacing of crystal plane
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aging process and change of grain size and spacing of crystal plane
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Fig. 6 Surface morphology SEM images of PE-LLD light-diffusing film for accelerated aging process

3 Hig

()R JHRAT Z AL 14} PE-LLD BOGIREBE 7 i
Bfidt , LU 5 2 v e AR L i 3 5 28 I R
HARF] 58 A AT ] —2 . RG] AROCHIAE
M) PE-LLD #JJ5 )5 (5 FH P E , I RE7E HLARLE G %
(=85%) 7T, R B 2 = RS 55 1 B ST R Ol
TR, SR R HO R R e

(2) PE-LLD OGRS 21673 3 BBt . &1k
HIHA 0~5 d BT G 56 38, Ak LAAC R B g
F, 45 5 B B HERD G K A di RUST s/ i T )
FE, (45 5 TR Ok AR AR b IR T 1 4t
T B e s RS s A P I 5~9 d 28I
N 55 53 W e i S L I AF L e A3 AT i S PR R
%, ST A BOG TRV 5 | R P T e 24, R ek
F12EPERE N R s 0I5 ] 9~15 d LA T-HE KT 24
R i ol 3, R AE 4 R PE TR R, 3R RO PRGE s
NN EIFEER SRS N 20 S il RS ) S
A7 A 1) GAIR L J& | 58 & 7 A il R B T & 1 X

B, S a 5 ) 2 A S R R 2 A P R

R IR Ak 27 20 5348 A 7 S AR A AR AN

W o ANTRL VR S IR S A (1 ST 5 i U5
2 % X ik

[1] HENDRIK P,ULO N,NIKOLAOS N, et al. Pons a meta-analysis
of plant responses to light intensity for 70 traits ranging from
molecules to whole plant performance[J]. The New Phytologist,
2019,223(3):1 073—1 105.

[2] SAITO K,ISHIGAMI Y,GOTO E. Evaluation of the light environ-
ment of a plant factory with artificial light by using an optical simu-
lation[J]. Agronomy, 2020, 10(11). DOI: 10.3390/AGRONOMY
10111663.

[3] VALERIA C, ALESSANDRA P, ROSARIO M, et al. Light and
plant growth regulators on in vitro proliferation[J]. Plants, 2022, 11
(7). DOI:10.3390/plants11070844.

(4] FhET . ASF]DGITAC LG Ol iR A0 UV-A B B2 0 A SR A R Rl o
FRIRERTSE[D]. HIEER - T4k TR, 2022.

SUN Yu. Regulation of different light quality ratio, light intensity
and UV-A intensity on lettuce growth and quality[D]. Handan:
Hebei University of Engineering,2022.



A, 4F - PE-LLD OGB4 AL

125

[3]

(6]

(7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

1R Z LRI LI sk o S O ORI i A5 (D] b
AR TR, 2019.
REN PFeifei. Preparation of porous polystyrene microspheres and
application as optical diffusers[D]. Beijing: Beijing University of
Chemical Technology,2019.
WANG Tianyou, SUN Zhe, LIANG Feifei, et al. Poly (methylmeth-
acrylate) microspheres with matting characteristic prepared by
dispersion polymerization[J]. International Journal of Polymer
Analysis and Characterization,2019,24(8):731-740.
MAIJA R H, INES T, ZVONIMIR K, et al. Influence of ageing on
optical, mechanical,, and thermal properties of agricultural films[J].
Polymers, 2023, 15(17). DOI:10.3390/polym15173638.
BREDACS M, FRANK A, BASTERO A, et al. Accelerated aging
of polyethylene pipe grades in aqueous chlorine dioxide at constant
concentration[J]. Polymer Degradation and Stability, 2018, 157:
80-89.
R B AR R R R LR E MO A RE S
AP R E SR, 2021, 35(6):33-39.
ZHAO Xingmin, ZHAO Jianping, YAN Jizhong. Photo-oxidation
aging performance and life prediction for high-density polyethyl-
ene pipe.[J]. China Plastics,2021,35(6):33-39.
WANG Yang, LAN Huiqing, MENG Tao. Lifetime prediction of
natural gas polyethylene pipes with internal pressures[J]. Engi-
neering Failure Analysis,2019,95:154—163.
VAZQUEZ Y V, RESSIA J A, CERRADA M L, et al. Prode-
gradant additives effect onto comercial polyolefins[J]. Journal of
Polymers and the Environment,2019,27:464—471.
BENMILOUD N H, CHABIRA S F, BHAT A H, et al. Oxidative
ageing and structural characterization of naturally weathered low
density polyethylene films[J]. Polymer Science Series B,2020, 62
(4):416-426.
WANG Ting, MA Yini, JI Rong. Aging processes of polyethylene
mulch films and preparation of microplastics with environmental
characteristics[J]. Bulletin of Environmental Contamination and
Toxicology,2021,107(4):736-740.
IREES, A R, BRALAL, 55 PR AL XTI PR Z AR PR PERE R

[15]

[16]

[17]

[18]

[19]

[20]

SR B A N [D]. 8 FHAE T, 2021, 50(1):165-168, 174.

GUO Chenwei, NIU Guoqing, CHEN Zhiying, et al. The effect of
thermal aging on the pyrolysis performance of heat-resistant poly-
ethylene and the life prediction[J]. Applied Chemical Industry,
2021,50(1):165-168,174.

BB, 5 e, FRAE 4 A R 25 BOGHIE R IG5
BN TIFSE[T]. SRR, 2022, 50(11):72-75.

ZHONG Yanyang, WANG Fulong, WANG Juheng, et al. Study on
application of high transmittance and high haze astigmatism agent
in polyethylene greenhouse film[J]. Plastics Science and Technol-
ogy,2022,50(11):72-75.

S&/MA K FR I T SR DN R ) o A B S e PR R D).
L AU, 2021

WU Xiaowei. The photo aging process of polypropylene micro-
plastics and related impact factors in aquatic environment[D].
Nanjing:Nanjing University ,2021.

e a0 5 LGN BN e B S R N N 5 2 RN
[D]. SUL TLIRHE R, 2020.

LU Lei. Study on characters and degradation mechanism of corn
field experiments with biodegradable plastic film[D]. Zhenjiang:
Jiangsu University of Science and Technology ,2020.

JAISWAL P, PUSHKAR B, MAIKAP K. Abiotic aging assisted
bio-oxidation and degradation of LLDPE/LDPE packaging poly-
ethylene film by stimulated enrichment culture[J]. Polymer Degra-
dation & Stability, 2022, 206. DOI: 10.1016/j. polymdegrad-
stab.2022.110156.

MOO-TUN N M, VALADEZ-GONZALEZ A, URIBE-
CALDERON J A. Thermo-oxidative aging of low density polyeth-
ylene blown films in presence of cellulose nanocrystals and a pro-
oxidant additive[J]. Polymer Bulletin, 2018, 75(7):3 149-3 169.
CHANDRA R B J, SHIVAMURTHY B, VISHWANATHA H M,
et al. Tensile and thermal behavior of linear low-density polyethyl-
ene nanocomposite films[J]. IOP Conference Series: Materials
Science and Engineering, 2022. DOI:10.1088/1757-899X/1272/1/
012024.



