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Table 6-1 Characteristic change of LDPE films by electron beam irradiation
grade L133 L150 L137 M112 M134 LLDPE
dose [Mrad] 0 20 0 20 0 20 0 20 0 20 0 20
density [g/cm?®) 0.930 0.924 0.928 0.922 0,938 0.940 0.934 0.932 0.929 0.935 0.931 0.944
molecular weight
Mn (x10%) 1. T 1.83 L.73 1..99 1,92 D.913
Mw  (x10") 14.3 16.5 9.79 11.9 751 4.23
Mw/Mn 8.5 9.0 5.7 6.0 3.9 4.6
structure (1/100C)

IR methyl 2 W ) Y91 2.58 2.67 1.28 1.45 1.41 =L 2.36 0 o 1.48 1.15
ethyl 2.49 3.10 4.20 4.33 2.07 2.35 2.29 2.61 3.83 3.53 2.40 1.87
butyl 3.07 3.32 4.49 4.64 2.22 '2.8) 2.45 2.79 4.09 3.77 2.57 2.0
short chain | ' £ R 5 78 S A

branching 3-34 3-61 4.88 5.04 2.41 2.73 2.66 3.03 S4s 1.1 2.78 2.7
CHa amount?) 0.185 0.233 0.1%0 0.213 0.111 0.158 0.130 0.176 0.179 0.103 0.141 0.083
$Gel?) o 38.3 0 50.3 0 29.7 0 32.6 0 29.1 0 60.0
Po/qa?) 1.17 1.06 1.24 1.23 1.24 0.91

1) Measured by ATR method at 1379cm™!,

2) Soxhlet-extraction with cyclohexane for- 8hr at 130°C,

3)po/ge indicates the scission to cross-linking ratio.
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Table 6-2 Characteristic change of irradiated LDPE (L150) film

Dose Xe T a a € Ql} v2) fOXlO_2
(Mrad) (%) (o€} {kg}'cmz) (kg?cmz) (%)
|
oy 0 52.8 104.4 0L 20007 157l ——— —— 3.45
(=p]
oo k8] 49.3 103.9 98.2 Nl i 167.4 1.142 0.856 300
|
20 49 .2 1:03.3 93,1 2057 179.6 L . 150 0.849 Ble A

1)Q; degree of swelling,

2)v; degree of cross-linking.
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Heat seal strength [g]

O :OMrad
o o)
O
Aty :10Mrad
1000 [ 2
0 &K
0O- :20Mrad
/O D/D/[j/’;_—
500~ Iy
/El/
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o 2 = | | |
100 110 120 130
Temperature [°C]
Fig.6-1 Effect of irradiation dose on heat seal

film-as a function

strength of LDPE (L150)

heat sealing temperature




Table 6-3 Heat seal strength of irradiated LDPE film at 130°C
Heat seal strength(g)
Dose
(Mrad) L133 L150 L137 M112 M134 LLDPE
0 1254.7 20N, 1364.4 11367 17978 2120.0
10 1333.3 1057.8 1566.7 1662.2 1442.2 1342.2
20 1063.3 6533 1430.0 1377.8 1380.0 1146.7
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Table 6-4 Sorption behaviors of ethyl hexanoate into electron beam
irradiated LDPE films at 25°C for vapor phase

Grade L133 L150 L137 M112 M134 LLDPE
Dose
(Mrad) 0 20 0 20 0 20 0 20 0 20 0 20
3 Dx10° 3.99 3.89 3.53 4.00 3110 35 348 2.98 3.07 3,15 3553 35163 2.20
-]
A pPx10* S Tn T A T PTG » 2:;69 270 1Er R el 1B .69 246 2959 2Ll i
Sx10=" 8.44 9.03 7.62 B 72 5.68 5.14 G2 5 2 7.80 T35 6.98 8.75

D; diffusion coefficient (cm?-sec™!),

1

P; permeability coefficient (ug-cm™'-sec™'/mmHg),

S; solubility coefficient (ug-cm™?®/mmHg) .
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Table 6-5 Sorption behaviors of volatile compounds bearing various functional groups
into irradiated LDPE film at 25°C for vapor phase
octane Ethyd octanal octanol d-limonene
hexanoate

dose [Mrad] 0 20 0 20 0 20 0 20 0 20
Dx10° 3.35 59 3.56 4.00 1.96 2539 LoD 1.89 1.54 1.62
pPx10" 0.61 0.60 2.69 2.70 3.98 3.88 4.86 4.30 3.96 3.47
sx10~" 1.82 1.68 7.62 6.74 20.30 16.24 2980 2215 26.00 21.70

D: diffusion coefficient [cm?-sec™!'],

P; permeation coefficient [ug-cm™'-sec”™'-mmHg™'],

S; solubility coefficient [ug:cm™®-mmHg™'].
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Table 6-6 Sorption behaviors of volatile compounds bearing various functional groups
into irradiated LDPE film .at 25°C for liquid phase
octane?) ey 1) octanall) octanol!’ d-limonene?’
hexanoate
dose [Mrad] 20 0 20 0 20 0 20 0 20
Dx10°? 10.4 1.3 dile 3 15 E 6..07 5.5 5-16 4.62 5.80 6.05
px107 2,52 2.49 S5 D97 B KL 1.60 0.91 1.02 152 1.51
S 24.2 19.0 50.9 45.6 28.7 B IS 3y B 220 & 2%.9 24.9

surfactant: 1) 0.3% Sugar-Ester, 2) 3.0% SDS.

D: diffusion coefficient [cm?-sec-!],

1

P; permeation coefficient [ug.-cm™!.sec™!/ppm],

S; solubility coefficient [ug-cm~®/ppm].
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Table 6-7 Activation energies of diffusion and permeability and enthalpy

in sorption for irradiated LDPE film for liquid phase

change

} A |
octane?! Ethianoate‘} octanall’ octanol!’ d-limonene?’

dose [Mrad] 0 20 0 20 0 20 0 20 20
ED (kcal/mol] 16.04 14.87 16.68 15.46 17.37 20.83 LS55 2059 18.72 16.24
Ep, [kcal/mol] 5.96 71.76 6.76 6.12 11.06 13,72 1Z.80 11.88 1034 J0.35
AH [kcal/mol] -10.08 =7.11 -9.92 -9.34 =6 3a =il AL T5 =Bk -8.38 =5.89

surfactant: 1) 0.3% Sugar-Ester, 2) 3.0% SDS.
E.; activation energy for diffusion,
E,; activation energy for permeability,

P
AH; enthalpy change in sorption.
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Table 6-8 Application of the concept of SP value for

sorption of terpenes in irradiated LDPE(L150)
film at 25°C for liquid phase
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SP value 1236 di= 1B 8295
Dose (Mrad) 0 20 0 20 0 20
Dx10° 5.80 - 6.05 6.22 7:23 3.29 307
px107 1062 A 5% 1.53. 1.66 1.60 1.72
S 27.88 24.90 24.61 22.91 48.80 54.40
D; diffusion coefficient (cm?-sec™!),
P; permeability coefficient (ug+-cm™'-sec™'/ppm),
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Table 7-1 Gas permeability for antistatic HDPE film

containing Sugar Ester (S-1170s)

Sugar Ester Water vapor Gas permethlitygl r-
content (wt%) permeabilityl} CO,y 0, No
0 4.9 2852 1351 479
0.1 4.0 ks - -
0.5 4.3 et = -
1.0 3.4 2350 1017 363

1) Water vapor permeability(g/40um-m?-day); 37.8°C:
| 90RHS,
2) Gas permeability(ml/40um-m?-day bar); 23°C.
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Table 7-2 Sorption behaviors of volatile compounds into antistatic LDPE films

containing of a series of 1.0wt% Sugar Esters for vapor phase

ethyl
octane hexanocate octanal octanol d-limonene
D P S D P S D P S D P S D P S
LDPE Fe:89 LE0S AlPd3 353 2,69 T.62 La96 3R98 2053 1N0h 4abs 208 1364 3596 2.0
| s-170act) 8.02 1.01 1.26 341 2.48 7.50 L6328 bl kgd GadB 35l .53 3530 2241
5-270 B9 4509 SIS 4580 25719 5581 2240 21V 1099 Asese 593 3§50 I 76 25980 108
oo
S-570 7.48 ©0.62 0.84 Jxe20 loTA 479 e |EAnEdr 160 AT 595, 3306 1285 2762 17%7.1
© (8171 (0:91)1kad1) (B:247(2:12)(6:55) 11:89)(4,:37) (22:9) (2:01){S5.57)(27-1)A42:2T) (3.95) (31.,.1)
W
S-1170 S 0597 a3 3.40 2.32 6.84 1,59 243 1530 .69 6:84 40.:5 Z:01 2.55 12.8
| S-1670 7.81 0.90 1.16 3,65 1:86 5Hsll 2413 340 162 2.k 7149 355 1.0 %.38' 258
(6.11) (1.03) (1.68) (3.10)(2.19) (7.06) (2.03)(4.24) (21.0) (1.58) (5.96) (34.7) (1.38) (3.74) (27.1)
Dx10% ; diffusion coefficient(cmz-sec'l],
Px10* ; permeability coefficient(ug*cm"-sec“‘/mmngl,

Sx10™"; solubility coefficient(pyg-em™?/mmHg) ,
1) acetylated S-170 Sugar Ester,

Numbers in parentheses show the sorptions for antistatic LDPE films aged for 6 months.
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Table 7-3 Change in concentration of Sugar Ester at the

surface of antistatic film obtained by ESCA

015 peak area

content (%) 100 0l 0.5 150
immediately .

=il o 8 1334 2499 3337

18988 (19) (95) (190)

6 months 3164 5400 7741

after molding

Numbers in parentheses show the theoretical peak area.
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