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Abstract: Objective The migration of three kinds of UV absorbants [ 2-hydroxy-4-methoxybenzophenone (UV-9), 2-
(2-hydroxy-5-methylphenyl) benzotriazole (UV-71) and 2-hydroxy-4-n-octyloxybenzophenone (UV-531) ] in low density
polyethylene (LDPE) food contact materials under different conditions was studied. Based on the Piringer deterministic
migration model, the important parameters — distribution coefficient and diffusion coefficient — of adsorption and diffusion
were obtained, and the migration law were studied. Methods LDPE powder and three kinds of UV absorbents were mixed
and granulated by twin screw extruder, and the film was formed at 175-180 °C and 70 Pa. Simulating processing and
storage of high-concentration alcoholic food, 50% , 70% and 95% ethanol were used as food simulations, and the migration
tests were carried out under 20, 40 and 60 “C. Ultra-high performance liquid chromatography ( UPLC) was used to
determine the migration content of UV absorbents at different time points. The diffusion coefficient and distribution
coefficient were obtained by fitting the data with Piringer model. The influence of temperature, food simulants, and target
content on migration were studied. Results Temperature had the greatest effect on migration. With the increase of
temperature, the diffusion coefficient of UV absorbents increased and the distribution coefficient decreased. The effect of
ethanol content in food simulants on the diffusion coefficient of UV absorbent was not significant, but the distribution
coefficient decreased with the increase of ethanol content. The content of UV absorbent had the least effect on the

migration, and the diffusion coefficient and distribution coefficient had no obviously change ( except that the distribution
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coefficient of UV-71 decreased with the increase of the content). Conclusion The Piringer deterministic model was used

to study the diffusion coefficient and distribution coefficient of the migration of three kinds of UV absorbents in LDPE to

high concentration alcoholic food simulant, which provided an effective method for the risk assessment of UV absorbents in

food contact materials.

Key words: Migration; polyethylene; light stabilizer; diffusion coefficient; distribution coefficient; migration model
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Table 1 UPLC gradient elution procedure

5 A [t/ min WA A/ % T EAH B/ %
1 0.0 70.0 30.0
2 4.0 70.0 30.0
3 5.0 80.0 20.0
4 6.0 80.0 20.0
5 7.0 100.0 0.0
6 14.0 100. 0 0.0
7 15.0 70.0 30.0
8 19.0 70.0 30.0
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Table 2 The statistics result for uniformity of PE flakes

H A4 Wit F Il S{E Fau
uv-9 111 2.29
Uv-71 1.81 2.29
UV-531 1.27 2.29
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Figure 1

1

# 3 Piringer RAEVE SE(F RN M ,70% ,40 C)

Table 3 Fitting parameters of Piringer model (influence of

content, 70% , 40 C)

VAL D TRV .
¥ =R -9 E=X QEE%; M%
wmy SR/ %  /(x10 HC, K 1 R?
cmz/s) /(mg/L)
0.05 1. 47 14.96 27.74 0.96
0.1 1.34 28. 34 29.35 0.96
uv-9
0.2 1. 19 57. 46 28.93 0.96
0.3 1.26 86. 16 28.94 0.96
0.1 1.70 29. 30 28.35 0.97
0.3 1.50 53.07 47.61 0.98
Uv-71
0.5 2.06 87.47 48.16 0.92
0.7 2.3 101. 01 58. 60 0. 84
0.1 0.83 19. 34 43.47 0.94
0.3 0. 86 56.42 44.73 0.94
UV-531
0.5 0. 83 98.24 42.77 0.94
0.7 0.84 121.21 48. 67 0.93

2.4 RV

2.4.1 R HARY A XTI R LA

IS7A
5

M

MIE 1(a) 1(b) 1 (c) Al A, ZETBIRE X
40 °C & MBI T0% 2 TN, 3 F 28 AR g i

F 4 Piringer BAMUG S MR M BLE TN, 40 °C)
Table 4  Fitting parameters of Piringer model (influence of

food simulant, 40 °C)

THARKD EBTH

wmm P Ga0e we, AR WA
/% cmz/s) /(mg/kg) Bk B R
95 1.58 158.76 24. 83 0. 96
Uv-9 70 1.59 153.29 27.05 0.96
50 1.62 121.27 36.52 0.95
95 1.77 70.71 33.79 0.98
UV-71 70 1.78 64.52 38.99 0.98
50 2.25 40. 67 66. 13 0.97
95 1.22 25.38 31.31 0.94
UV-531 70 1.27 21.08 39. 80 0.94
50 3.32 5.38 168. 14 0.96

B A B ) [0) (9 28 4 i B R Wi i m, R T
VA, LDPE Wi i5 b H AR YY) & 58 &, 38 B IR 2
TR, 2345 R X A F—RE, FH—
B T AN 2 LDPE 8 I 4
Tl 28 AU IR0 9 4 R B AR R K U H AR &
N 235 el R 58 AN ISR ] B AL B
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Table 5 Fitting parameters of Piringer model (influence of

temperature,, 70% )

FHAKD T
Wiy EE/C /(x107 Lgcj‘i{% AKK - BE
2 K B R
cm”/s) /(mg/kg)

20 1.55 6.48 65.36 0.97

Uv-9 40 1.83 13.80 30. 16 0.95
60 6.00 20. 69 19.78 0.97

20 1.54 16. 14 52.28 0.97

Uv-71 40 2.06 27.55 30.22 0.96
60 7.23 45.60 17. 86 0.97

20 1. 66 54.23 141.72 0.95

UV-531 40 1.55 145.08 52.35 0.93
60 2.83 330.09 22.45 0.95
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W E.BN FERESERMHBERCH(PVC) P4 R AE (Zn0-Np) E B4, FiE  # % ZnO-Np 4%
A 1% w/w 85 PVC/ZnO-Np Z &4 4l 2 Bk 2 50 6 B8 BAB & F B T KR #% 3 A (Sp-ICP/MS) #f ZnO-Np it
AP ER T ITNER S/ 20 °C 40 CAT0 C TR BEMS 3% L#EA 5% LEEFH X In 5%
#AT ICP/MS M Z A5 H ZnO-Np HZ 2B % EHFE AREZFEIBEE, R L E6HHF ZnO-Np t9#7
WA EH 8.43 g/kg, T A E I P ZnO-Np AW A L4 2 E 45 HDMAA(9.27£3.37) mg/kg, & K 1A
(1947.33+75.02) mg/kg, PAEEZEEA 28~1 156 nm, £5 15 KW EHERE A 5.42%~23.01%, &it
ZnO-Np £ PVC P A AR @I FMA AR FHOEH, EH IR P AARALLEL A, PVC/Zn0-Np £ 544
BABE HEEFHEAROE AR EARRIRELXE,
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