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Sorption of Flavors into Plastic Films Used for Interior Can Coating
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Fig. 1. Sorption behaviors of volatile compounds
bearing various functional groups into LDPE
film at 25°C for aqueous phase.

Volatile compound : hydrocarbons (O); ethyl esters (A); alde-
hydes (CJ) ; alcohols (@).
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Table 1. Distribution ratios of volatile compounds
between polyethylene films and solution.

Distribution ratio

Adhesive MDPE MDPE MDPE HDPE HDPE LDPE
(6pgm) (G0pm) 50gm) (70xm) (40xm) (50xm) (50 yxm)

Number
of C Compound

6 Ethyl butyrate t 0.02 003 0.04 0.02 0.03 004
7 Ethyl valerate 0.03 0.08 012 015 0.09 011 0.14
8 Ethyl caproate 008 026 037 051 028 036 045
9 Ethyl enanthate 022 088 117 162 0.88 115 1.56
10 Ethyl caprylate 0.47 215 290 390 185 269 291
12 Ethyl caprate 038 2.61 412 5.77 249 352 420
7 Amyl acetate 0.03 011 015 019 0.12 013 0.13

7 Butyl propionate  0.03 0.09 0.13 0.16 0.07 0.09 0.09
7 Propyl butyrate 0.03 0.08 012 0.14 0.08 0.09 0.11
7 Ethyl valerate 003 0.09 013 0.16 0.09 0.11 0.13
7 Methyl caproate  0.04 0.13 018 023 011 0.12 0.14
7 Methyl benzoate  0.08 0.11 0.15 0.19 011 0.13 0.14
8 Ethyl benzoate 016 0.28 038 050 031 034 039
10 Butyl benzoate 0.85 230 309 410 195 260 3.13
11 Amyl benzoate 1.22 3.81 562 7.24 353 4.64 6.29
12 Hexyl benzoate 147 575 867 11.6 558 7.20 9.51

6 Hexanol t 0.01 0.01 001 001 0.01 0.01
7 Heptanol 0.01 0.02 0.02 003 002 002 0.03
8 Octanol 0.03 0.06 0.08 0.0 0.04 0.06 0.07
9 Nonanol t 0.08 0.08 0.09 004 006 0.07
6 Hexanal t 0.04 0.06 007 003 005 0.06
7 Heptanal 0.03 0.09 013 0.17 0.07 0.10 0.12
8 Octanal 0.09 030 040 053 022 031 037
9 Nonanal 0.19 068 0.92 123 061 085 098
12 Dodecanal 0.05 050 0.83 1.07 045 0.65 0.76
10 Linalool 0.01 0.06 0.06 0.08 0.04 0.06 007
10 a-Terpineol t 0.03 0.05 006 002 003 004
10 Citronello] 0.01 011 013 0.16 0.07 011 0.13
10 Nerol 0.01 0.07 0.09 0.10 0.05 0.07 0.08
10 Geraniol 0.02 007 009 0.10 0.04 0.07 0.08
10 «-Pinene t 4.08 597 814 474 721 877
10 Myrcene 100 854 12.7 182 793 122 156
10 d-Limonene 0.44 151 24.7 33.0 136 197 243
10 p-Cymene 0.88 528 7.92 11.0 521 7.70 9.15

* area of film=2360cm?, volume of content=300ml
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Fig. 2. Diffusion behaviors of volatile compounds
bearing various functional groups into LDPE
film at 25°C for aqueous phase.

Volatile compound : hydrocarbons (O) ; ethyl esters (A) ;
aldehydes ((J) ; alcohols (@).
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Fig. 3. Sorption behaviors of volatile compounds
bearing various functional groups into LDPE
film at 25°C for vapor phase.

Volatile compound : hydrocarbons (O) ; ethyl esters (A) ;
aldehydes ([J) ; alcohols (@).
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Fig. 4. Relationship between boiling point and sorption by LDPE film.
Volatile compound : hydrocarbons (O); ethyl esters (@); aldehydes (A); alcohols (A).
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Table 2. Distribution ratios of volatile compounds
between high gas barrier films and solu- )
tion.
Distribution ratio (X 10%) 5
Compound A-PA®  A-PET®  MDPE g | QBiGinpdip)
=
Hydrocarbons & 8¢ ; two-dimensional distance
a-Pinene 24.2 10.5 1130 £
B-Pinene 24.9 116 1170 g
Myrcene 25.9 148 886 5
a~-Terpineol 245 14.7 1010 S 82(32np,82p)
d-Limonene 24.4 15.6 1100 e
y-Terpinene 23.9 154 1150
p-Cymene 23.8 19.7 911
Esters —
Ethy! butyrate 3.57 46.2 7.81
Ethyl valerate 551 136 28.0 Nonpolar component(5np)
Ethyl caproate 8.19 263 74.8
Ethyl enanthate 10.8 337 183 Fig. 5. Evaluation of polymer-flavor affinity.
Ethyl caprylate 13.3 304 257
Ethyl pelargonate 15.2 238 224 81, 62 ; SP values (St) of polymer and flavor, respectively
Ethyl caprate 16.1 178 230 é1np (42np) ; nonpolar component of ¢1 (42)
Methyl benzoate 3. 82 289 31.7 dlp (62p) ; polar component of &1 (62).
Ethyl benzoate 119 384 81.9
Propyl benzoate 15.6 462 153
Butyl benzoate 17.6 437 194 Table 3. Relationship between sorption and &. val-
Amyl benzoate 18.7 358 208 ues for MDPE and 38mol% EVOH films
Aldehydes at 20C
Hexanal 5.04 15.6 16.5
Heptanal 7.90 38.3 45.8 MDPE EVOH
Octanal 12.0 84.9 109 a) b
Nonanal 133 107 175 Compound o S” & S
Decanal 12.4 102 231 decane 0.7 5593 21.9 2.0
Neral 204 137 55.4 d-limonene 5.6 3739 16.3 10.9
Geranial 19.6 178 65.1 ethyl octanoate 9.1 2065 12.8 21.7
Perilla aldehyde 26.4 202 86.9 decanal 10.1 1695 11.8 36.7
Alcohols nerol 12.1 e 9.9 68.9
Hexanol 8.11 3.40 1.78 decanol 12.9 107 9.0 78.4
g:g:gf : égg elilgg 1?:25 a) & (MPa)'?, two-dimensional distance between two & values.
Nonanol 193 12.3 183 b) S (ugecm=3+p~1/10ppm), solubility coefficient.
Decanol 13.8 104 21.2
Undecanol 9.16 8.19 22,5
Linalool 10.1 13.6 22.8
a~Terpineol 10.9 10.9 159 103 |
Nerol 21.4 14.4 17.3 *\\88mol%
Geraniol 24.2 14.5 15.0

a) Amorphous nylon, b) Thermoplastic polyester

2 (MDPE, =5 v e=nv7 v a—vitEAK ; EVOH)
AT B /RS OUNEZEEN %3 L 72 & Z A, Table 3 (=
AL L BIFRERZHBI, Thbbd, BAWTDIL
EHIIMDPEZ 4 v & TIMERMEAEWIEE, $ CEVOH Y
AN LT REEECAEERES N, W74 v aBTa
(DB ERLICH, ZDOEEBIHS » IIHARTDE
Z ANV SIHRT B oA GBUIE) HKTE L T2, 86142, &
fif £ ANEF B O X EE L DRI I ERERIIEH L L (Fig. 6),
Fl—RY) =— 2T 2 HRRSONER Y —KE)FR» 6

i

[ °

! 64mol%

A
10%F

: 58mol%
i 47mol%
i 38mol%

Solubility coeff. (Lgecm-3+p-1/10ppm)

FHATRETH 5 2 £ HHII L2, 2230, Fig. 6 TARLIE 5 Yo% % 12 16 20
MR EE T OREAR CHT AEROAE G L5120, dc (MPa)*?
EERY = —HOWNEROHEMFEMIIE4D L I AT H
BUNECRR) ~—DEEZOEMIELIE(HES LT3 Fig. 6. Relationships between the Jc values and
Rb), Lo Luats, affiesk s 2 bk b HERY < solubility caefficients of volatile compounds
=X T 5 TR TOFRNS DIELEEH R Z L )

. - Volatile compounds ; decgne, ethyl octanoate, decanal, decanol,
6, SHOFR[SBCHT 2 FHMETFB L L @ FfE»S d-limonene, nerol.
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Table 4. Affinity of flavors for plastic films used
for interior can coating.

oc value® [MPa'?]

Epoxy resin  Phenolic resin Epoxy-acrylic® Straight-vinylic®
Compound 6t (dnp,dp) 21.68(18.48.11.34) 28.22(1891,20.85) 21.86(18.2412.05) 21.71(18.95,10.59)

Hydrocarbons
hexane 14.90(14.90,0) 11.89 21.33 12,50 11.34
heptane 15.21(15.21,0) 11.80 21.27 12.43 11.23
octane 15.45(15.45,0) 11.74 21.23 12.37 11.15
nonane 15.65(15.65,0) 11.69 21.20 12.33 11.09
decane 15.81(15.81,0) 11.65 21.18 12.29 11.05
undecane  15.95(15.95,0) 11.62 21.15 12.27 11.01
Ethyl esters
Ethylbutyrate 18.75(15.09,11.13) 3.40 10.54 3.28 3.90
Ethylvalerate 18.60(15.32,10.55) 3.26 11.00 3.28 3.74
Ethylcaproate 18.49(1551,10.07) 3.23 11.40 3.37 3.48
Ethylenanthate 18.39(15.63,9.61) 329 11.79 3.54 3.41
Ethylcaprylate 18.32(15.81,9.26) 3.38 12.09 3.70 3.41
Ethylpelargorate18.25(15.93,8.90) 3.53 12.41 391 3.46
Aldehydes
hexanal  1952(15.21,12.23) 3.39 9.46 3.04 4.09
heptanal  19.30(15.45,1156) 3.04 10.01 2.83 3.63
octanal 19.12(15.65,10.98) 2.85 10.49 2.80 3.32
nonanal  18.97(15.81,1048) 2.81 10.92 2.89 3.19
decanal 18.85(15.95,10.05) 2.84 11.29 3.04 3.05
undecanal  18.74(16.06,9.67) 2.94 11.63 3.23 3.03
Alcohols
hexanol  21.85(15.21,15.69) 5.44 6.43 4.74 6.32
heptanol  21.40(15.45,14.80) 4.60 7.06 3.92 5.47
octanol 2103(15.65,14.05) 3.92 7.63 3.27 4.78
nonanol  20.73(158L,13.41) 3.38 8.15 2.78 422
decanol 2047(15.95,12.84) 2.94 8.63 2.42 3.75
undecanol  20.26(16.06,12.34) 2.62 9.07 2.20 3.38
Terpenes and others
B-pinene  17.82(17.10,499) 6.50 16.06 7.15 5.90
d-limonene  16.88(15.945.57) 6.30 15.66 6.88 5.85
myrcene  1659(15.22,6.61) 5.74 14.81 6.22 5.45
methyl benzoate21.91 (16.27,14.69) 4,01 6.79 3.29 4.90
ethyl benzoate21.44(16.37,13.85) 3.28 7.54 2.60 4.16
geranyl acetate18.33(15.59,9.64) 3.35 11.79 3.58 3.49
citral 19.13(15.41,11.33) 3.07 10.24 2.92 3.62
citronellal  18.86(15.41,10.88) 3.10 10.66 3.06 3.55
vanillin 275(160825.020  13.89 4.96 13.15 14.71
linalool 20.44(15.10,13.77) 4.16 8.13 3.58 499
geraniol  20.85(15.41,14.06) 410 7.73 3.47 4.96
a-terpineol  21.24(15.75,14.24) 3.98 7.42 3.32 4.85

a) The dc value was calculated from equation (3) in the text.
b) Epoxy - g- Acrylic copolymer (8:2).
c) PVC-20wt% Vinyl acetate copolymer.
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