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Effect of Surface Free Energy of Film Laminated TFS
on Content Release Properties
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Abstract:

Using the film with the wide range of surface free energy values, JFE Steel studied the effect of the surface free
energy of the material contacting stuffed content on content release properties. It was found that the properties are
closely related to the surface free energy of the material and the materials with surface free energy of less than
23 mN/m or more than 44 mN/m, show excellent properties.

Content release properties can be expressed as the work of adhesion in water between material and protein.
Reduction of the work of adhesion leads to a significant improvement in content release properties. Concerning the
simulated contents used in this study, the proteins in those contents are primarily absorbed on the surface of the

films, followed by adhering fatty acids and carbohydrates, which results in generation of macroscopic adhesives.
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Photo 1 Appearance of the can inside after taking out the
content

DRI 27 4 vhT 3 32— MRORFHHT * V¥ —
HIPFHZHLPIZTEEE LI, ZDOAHZ R LITDONTEL
L7cfEsRIc DL Thx 3,

2. RERFE
2.1 HEM

7 23— MEIRE LT, HRE 021 mm, FHEE T-3CA, &
J&2 o 45 120 mg/m’, 7 v s/KAE{LYE 15 mg/m” (Cr
HYLT) Ozasd- &M (Electrolytic Chromium
Coated Steel: ECCS) ZH\ 72, 24Uz, &1127”7 No. 1~
SOEMET 4 ok, 74 vafliEll BB LIz o
W o FHIRORE B 7 22— F LTt e Lz,
No. 7 D12, PET 7 4 /v A K 2 v F B 277
W, AUFLO PET 7 4 v allbN, REHEBz 2V E—%
NS ¥ T3, No. 8 DMEE#IZ, PET 7 4 v KM,
KV 27 VB CRERIE Y v 2 2 2 iRE S B e o &
fiefg (B 4 1um) 2a—5 4 > 2 I TERT %
¥, RO PET 7 4 valllbr, BHBEHZ 2v ¥ —
PERSETVS, &8, No.7, 8¢ b, 74 /viaDIENLEE
%, Z0nw-o3HRERICEEE 7 2 32— F LTt
L7,

®2 EMAUEICAVEREOREABEHI XL+ —

Table 2 Surface free energy of liquids used for measuring

contact angles
No. Liquids Surface free et;ergy (rnN/mz
" n N
1 | Water 71.8 21.5 50.3
2 | Glycerol 64.0 34.0 30.0
3 | Formamide 58.2 39.5 18.7
4 | Ethylene glycol 48.0 32.8 15.2
5 | Diethylene glycol 44.8 38.1 6.7
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Table 1 Test films

No. Films Surface treatment Contact angle of water (deg.) | Surface free energy (mN/m)
1 PVA (Polyvinyl alcohol) — 20 52
2 EVOH (Ethylene vinyl alcohol) — 48 44
3 PET — 73 35
4 | PET/PPY — 89 28
5 PP (Polypropylene) — 100 23
6 PMP (Polymethylpentene) — 108 19
7 PET Corona treatment 59 39
8 PET Hydrophobic treatment” 102 21

Y PET/PP blend film (97/3 weight ratio)
® Polyester resin coating (including fatty acid wax)
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Table 3 (a) Composition of the simulated content

Composition of

the contents Nutrient composition

Egg | Wheat | Meat | Protein | Carbohydrate| Fat Water

(| (9 (g) |(mass%) (mass%) | (mass%) | (mass%o)
223 4.1 |13.6| 162 7.1 7.0 69.7
*x3 (b) HROEEHS WEW: Z>FarvI—+h)
DRERL
Table 3 (b) Nutrient composition of luncheon meat in the
marketplace
Nutrient composition
Protein Carbohydrate Fat Water
(mass?%) (mass%o) (mass%o) (mass?%)
16.0 5.0 3.6 75.4
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Fig.1 Evaluation method for content release properties
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Fig. 3 Effect of surface free energy on content release
properties
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Photo 2 Appearance after contents were taken out.
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Table 4 Band assignments for the infrared spectrum.

Wave numbers (cm ') Assignment' " '?
3286 N-H stretching
2 951-2 960 C-H stretching
2920-2 924 C-H stretching
2 838-2 868 Aliphatic C-H stretching
1 746-1 749 Aliphatic C = O stretching
1716 Aromatic C = O stretching
1647 C = O stretching of amide bond
1 541 C-N stretching, N-H bending
1 454-1 465 .
1 375-1 380 C-H bending
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Fig.4 ATR measurement results of the remaining contents in
the cup
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Fig.5 Relation between surface free energy and work of
adhesion with albumin in water
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