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Effect of ®*Co-y Irradiation on the Properties of Plastic Packaging Materials
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ABSTRACT: The work aims to determine the optimal radiation-tolerance absorbed dose process of common plastic
packaging materials and then study the effect of ®*Co gamma irradiation on the color, tensile strength and elongation of the
plastic packaging materials. Ten kinds of plastic packaging materials commonly used in the market were selected, including
polyethylene (PE), polypropylene (PP), polyamide, polyethylene composite bag (PA/PE), et al. and then irradiated by **Co
gamma in different irradiation dosage to analyze the variation of the chroma value, tensile strength (Rm) and elongation ().
When the irradiation intensity was greater than 6 kGy, the AE value of PE, polyvinylidene chloride (PVDC) and polyvinyl
chloride (PVC) was larger than 6, which was visible to the naked eye. The total color difference (AE) value of the other
seven materials was less than 1.51, and there was not significant change in the total color difference. There were significant
differences between Rm and & in polycarbonate (PC) and polyester/polyethylene bags (PET/PE) (P<0.05). Irradiation had
no effect on the mechanical properties of PA/PE, polyester/aluminium foil/polyamide composite bags (PET/AL/PA)
(P>0.05). There was significant difference in Rm of PA and PVDC, but not significant difference in et. The Rm and &t of
other six kinds of materials were significant or extremely significant (P<0.01). The irradiation dose of PE, PVDC and PVC
plastic packaging should be controlled within <3 kGy; The irradiation dose of PP should be controlled within <10 kGy; The
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irradiation dose of PC should be controlled within <15 kGy; The irradiation dose of PET/PE in the range of 0~40 kGy is
relatively tolerant, and the irradiation dose should be controlled within <40 kGy.

KEY WORDS: plastic packaging materials; gamma rays; irradiation
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Tab.1 Actual absorbed dose of ten plastic packaging materials
7 IR L /K Gy 3 6 10 15 20 30 40 50
S BRI ) 1 /kGy 3.21 5.97 10.65 15.88 21.09 30.21 39.79 49.68
(Aa)*+(Ab)]? 3 140 mm
AL 3
Aa
Ab
NBS 2 « ”
L a b AE 4
4
2 1
Tab.2 NBS unit and feeling of color difference
NBS i {22 {E ST R 1
0.0~0.5 U= trave R, = F (1)
0.51~1.5 I3z slight b;d
1.51~3 iﬁj/J\ a2 noticeable MPa F
3.01~6 LN appreciable N b mm d
6.01L) I Kh2z much mm
1.2.3 %
HG 2041—1991 2
HG/T 2580—1994 L-1
4 = 2 x100% (2)
0
1 &t % Lo mm
2 L mm
3
100£0.005 N 7 1.3
2500+0.005 Excel IBM
N SPSS16.0  One-Way ANOVA Duncan
3
3
Tab.3 Sample thickness and tensile speed
TRAE 44 FR ERE/N IR 584/ mm R &/ mm F& #E /mm P FE /(mm-min~")
PA/PE 0.083
PET/PE 100+0.005 30 0.082 70 400
PET/AL/PA 0.051
PVC 0.440
PET 0.450
PE 0.408
PA 2500+0.005 70 0.450 70 100
PP 0.444
PVDC 0.443
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P<0.05 PC PE PVDC PVC 2.1.3
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L 5 L b P<0.01
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Tab.4 Changes of L-value at different irradiation intensities
R
HKGy PA/PE PET/PE  PET/AL/PA PA PET PP PC PE PVDC PVC
0 95.47+0.29  94.59+0.25 100£0  94.08+0.04 93.89+0.04 89.02+0.25*  94.16£0.08*  93.84+0.01*  93.25£0.03* 93.25+0.06*
3 95.55£0.18  94.63+0.03  100£0  94.17£0.04 93.99£0.04  88.9+0.26*  94.08£0.04®®  93.58£0°  92.84+0.08*  92.9+0.08*
6 95.38£0.06  94.54+0.15  100£0  94.09£0.09 93.93£0.05 88.51+0.22b  93.97+0.04®  92.95+0.04° 90.96+0.12% 91.02+0.16°
10 95.6440.1  94.69£0.12  100£0  94.09+0.04 93.93:0.02 88.53£0.23® 93.91x0.04>  92.65+£0.02¢ 89.89+0.16° 89.89+0.02¢
15 95.49£0.06  94.54+0.09  100£0  94.13£0.04 93.95£0.06 88.63+£0.15%®  93.74+0.08° 92.55+0.01% 88.64+0.21¢ 88.53+0.31¢
20 95.48+0.17  94.49£0.2 10020  94.1240.04 93.96+0.02 88.87+0.3  93.61+0.149  92.44+£0.01° 86.85+0.43°  86.6+0.16°
30 95.56+0.15  94.46+0.08 10050 94.13£0.01  93.930.01 88.68+0.15®  93.19£0.07°  91.15+0.04"  82.33£0.37  82.23+0.29"
40 95.5+0.03  94.57+0.12  100£0 94.2£0.05  93.95+0.05 88.26+0.15>  93.18£0.03¢  90.04+£0.07¢  79.1+0.09%  79.59+0.648
50 95.56+0.19  94.6+0.2 100£0  94.15+0.03 93.94+0.02  88.5+0.2°  92.95+0.01°  87.23+£0.22"  72.35+0.52" 71.44+0.09"
a—h P<0.05 ab a
b
5 a
Tab.5 Changes of a-value at different irradiation intensities
)
/Gy PA/PE PET/PE  PET/AL/PA PA PET PP PC PE PVDC PVC
0 1.06£0.17°  1.12£0.12  1.57%0.07  0.61£0.03  0.97+0.06  0.99£0.05*  1.08+0.04*  —0.7+0.01° 0.7£0.0°F  0.77+0.06'
3 1.24+0.04*  1.03+0.02  1.54£0.03  0.59+0.02  1.03+£0.02 1£0.05° 1.07£0.03*  -1.13+0.02°  0.53+£0.017  0.67+0.02¢
6 1.16£0.05  1.11£0.01 1.58£0.01  0.61£0.01  1.01£0.03  0.93%0.01®  0.96+0.06° —1.48+£0.07°  0.55£0.047  0.71+0.04%
10 1.34+0.0%  1.1£0.02 1.58+0.04 0.6£0.03  1.01£0.01  0.74+0.03°  0.86£0.03° —1.52+0.02°  0.75£0.04°  0.93+0.03f
15 1.19£0.08®  1.13£0.03 1.57£0.03  0.62+£0.02  1.04£0.03  0.65+0.02¢!  0.8+0.02¢ —2.42+0.04¢ 1.06+0.05% 1.19£0.07°
20 1.15£0.08"  1.14£0.04  1.59+0.05  0.59+0.03  1.05£0.01  0.62£0.07¢  0.74£0.03° -3.91£0.03° 1.44+0.19*  1.6+0.05
30 1.13£0.04*  1.07£0.06  1.63£0.09  0.58£0.03  1.02+0.01  0.71£0.03¢  0.42+0.04" -5.04+0.08" 3.26+0.21¢ 3.3740.31°
40 1.08+0.02°  1.15+0.01 1.59£0.06  0.58+0.03  1.0240.03  0.91£0.02°  0.41£0.01° -5.1120.09" 5.27+0.06°  5.01+0.25°
50 1.09£0.06°  1.14+0.03 1.59£0.02  0.56£0.04  1.03+0.02  0.88£0.07°  0.39+0.04" -52+0.09¢  8.99+0.6*  9.42+0.07*
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Tab.6 Changes of b-value at different irradiation intensities
A
o PA/PE PET/PE PET/AL/PA PA PET PP PC PE PVDC PVC
1 /kGy
0 -3.64+0.38%  -3.78+0.3¢ —0.89+0.05* -3.34+2.48 -5.97+0.06 —4.41£0.08" —6.75+0.07" -8.61£0.05' —5.33+0.13F —5.46+0.241
3 -3.92£0.06b —3.08£0.04* —1.12£0.03%¢ —4.79£0.01 —6.06+0.04 —-4.24+0.09° —6.26£0.07" —5.66+0.04" —3.13£0.11¢F  —3.7+0.12h
6 -3.8£0.09ab —3.63x0.07° -1.08£0.01> —4.8£0.06 —6.09£0.12 —3.87+0.149 -5.34£0.04¢ —1.54+0.112  4.43£0.49°  3.81+0.478
10 -3.73£0.13ab -3.63£0.11° —1.07£0.04> -4.88£0.06 —6.14£0.06 -3.53£0.06* —4.95+0.08" 0.4£0.05F  9.27+0.66%  8.39+0.1°
15 —3.5840.15ab —3.68+0.02% —1.08+£0.05> -4.78+0.07 —6.13+0.05 —-3.32+0.07° —4.43+0.09° 3.2+0.14¢ 13.95£0.53¢  13.32+0.99¢
20 -3.53£0.09ab —3.62+0.09% —1.13+0.03¢ -4.86+0.03 —6.13£0.04 -3.25+0.04* -3.38+£0.22¢ 8.79+0.14¢  22.011.1°  21.35+0.45¢
30 -3.334£0.09a -3.52+0.04> -1.1+0.06b° —4.82+0.06 —6.14+0.11 -3.45+£0.01® —1.74£0.07° 17.5+0.16° 29.4+16.39°  39.07+1.05¢
40 -3.26£0.07a —3.560.02> -1.07£0.04> —4.75£0.05 —6.09£0.02 —3.73£0.04°¢ —1.07£0.11> 19.59+0.06> 48.77+0.37°  47.4+0.97°
50 -3.19£0.092a —3.52£0.09> -1.06£0.01> —4.86£0.04 —6.09+0.1 —3.65+0.14° 0.12+0.07* 20.96£0.06* 60.26+4.02*  62.75+0.182
1.4 80
o PA/PE & PET/AL/PA . y=1.44352-0.3482R= 0.9957
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Fig.1 Changes of AE-value at different irradiation intensities



- 106 - f % TR 2019 4F 12 A
7
Tab.7 Effect of irradiation on tensile strength of plastic packaging materials
R
HKGy PA/PE PET/PE ~ PET/AL/PA PA PET PP PC PE PVDC PVC
0 36.9£1.47 31.83£2.15% 51.37£3.73  48.6+0.35°  48.83+2.75% 42.03£0.84* 51.97+£0.87%  52+0.61°  50.33£1.52%  52.6+1.74b¢
3 35.342.57 35.1#2.252° 50.93£2.72  47.142.082° 46.8+0.62b° 38.7+£1.93% 5527+1.05¢ 52.3+0.92¢?  49.51.14ab¢  54.77+0.58¢
6 34.5£5.47 35841422  52.240.52  48.67+1.06° 47.47+0.76" 353+0.3° 50.63+1.18% 52.47£0.96°! 50.77+0.25a% 53.27+£1.27%
10 32.1#4.54 34.77+4.41"  52.97£2.84  46.1+0.46° 48.67+0.42% 3557+£0.76° 51.23+£0.15% 54.87+1.24*  50.87+0.23°  52.67+£0.47
15 33.97£3.51 34.17+1.42%  52.87+4.6  46.7+1.05° 44.63+0.75¢ 29.73+1.14¢ 51.03£0.21¢ 53.13£0.12°  50.540.5®°  53.97+0.65%
20 35.17£2.11 3631220 51.1740.96  44.27+2.06° 45.4+0.46¢¢ 29.17+1.07¢ 53.87+3.15%  54.6+0.7% 483£1.51°  53.53+0.42%
30 34.83#£3.36 33.17£2.79®  50.23+0.06 48.07£1.76® 45.03£0.51%¢ 30.03£0.32¢ 51.9£0.62b 52.4+1.76  49.17+0.67%  54.07£0.5%
40 36.07£3.27 36.83+2.18*  49.1£0.56  45.27+2.14% 45.43+1.31%¢ 25.83+£1.43¢ 49.67+0.42¢ 54.37£0.49*  49.23+0.15b¢  51.37+0.84¢
50 34.93£0.6 283125  50.87#£3.07  47+0.1* 48.2+0.6 15.03£1.12F 51.17£0.6¢  51.4740.75¢  48.73£1.19°  54.3%0.7*
8
Tab.8 Effect of irradiation on elongation at break of plastic packaging materials
)
/Gy PA/PE PET/PE PET/AL/PA PA PET PP PC PE PVDC PVC
0 53.33£5.29 40.14£6.74>  40.14+6.74  40.14£6.74  4.29+0  395.91436.93* 7.57+0.29b¢ 4.24+0.09¢ 4.48£0.16 4.33+0.22
3 53.15+11.61 51.72£10.9%  51.72+10.9  51.72+£10.9  4.1940.09 404.14+32.36°  8.43+0.29°  4.34+0.08¢ 4.48£0.21 4.34+0.08
6 52.81+22.4 51.76£7.03%®  51.76+7.03  51.76+7.03  4.33£0.36 385.48+33.79"  7.29+0.29° 4.29+0.15° 4.48+£0.08 4.38+0.08
10 4929337  49.81£19.45% 49.81£19.45 49.81£19.45 4.19£0.09 323.29+13.41*  7.47+0.3% 4.71x0.15% 4.62+0.22 4.430
15 44.48+13.2 46.574.94%®  46.57+4.94  46.57+4.94 4.09£0.54 114.28+178.28° 7.48+0.44> 4.52+0.21% 4.57+0.14  4.43x0
20 55+13.14 56.19£4.45%  56.19+4.45  56.19+4.45 3.910.08 20.43+14.38%  7.62£0.36*¢ 4.62+0.08° 4.67+0.17  4.29+0
30 52.43+£18.29 44+£13.38% 44+13.38 44£1338  3.91£0.08  8.76£1.23% 8£0.51®  4.67+0.17° 4.57+0.14 4.43%0.14
40 58.194£16.92  59.33+13.73*  59.33+13.73 59.33£13.73 3.95£0.16  3.71+0.38°  7.38+0.36* 4.9+0.33® 4.62+0.16 4.29+0.15
50 50.5245.11 23.76+3.92°  23.76+3.92  23.76+3.92  4.14%0 1.71£0.15¢ 7.24£0.36°  5.14+0.15* 4.62£0.08 4.48+0.08
P>0.05 PC PET/PE
P<0.05 3 0Co-y
P<0.01 10
PC 0~3 kGy
PE PVDC PVC 3
Bl <3 kGy PP
<10kG PC
PP 6~50kGy <15 kGy
PET/PE  0~40 kGy
[18—19] <40 kGy
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