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Permeability of Gases and Water Vapor through Polyethylene
and EVA Copolymer Films

contents,

The results obtajned are as follows:

Noriaki Emura
Hisaji Katayama
Hiroshi Imoto

Yujiro Kosaka

(1) Permeability coefficient, P, at 23°C for polyethylenes increases in the following order : Prz<Po,<C
PCH4<PC2He'—-—.PCZH4<PC3H3<PC3H6'—_.P002<PisoC4H3<PnC4H10 .
(2) With lowering the density of polyethylene, the permeability of gases and water vapor through the film

increases.

(3) Dependency of permeability of inorganic gases on film thickness is hardly detectable.

(4) Gas and water vapor permeability to EVA copolymers increases with increasing vinyl acetate content of

copolymer.

The experimental data obtained proved the validity of the correlation, P=K Xa, where K and n are

constants and Xa is volume fraction of amorphous phase in copolymer.
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Table 1 Characteristics of resins used

M 1 V.Ac. Density | Density
No. Resin ) content |(annealed)| of film Remarks
Cer-/10mind| 95y | Car-/ec) | Carfec)
1 | Petrothene 203 8.0% - 0.9169 | 0.9158 | Commercial polyethylene produced by
Nippon Polychem. Co.
2 ” 219 3.0% —_ 0.9340 0.9310 ”
3 ” 205 3.0% — 0.9236 0.9220 Y
4 v 115 5.0% — 0.9236 0.9225 V4
5 ” 207 8.0% - 0.9235 0.9223 ”
6 ” 112 3.0% — 0.9212 0.9199 ”
7 ” 280 1.4% — 0.9238 0.9231 ”
8 ” 291 0.6% 5.0 0.9275 0.9250 ”
Commercial EVA copolymer produced by
9 | Ultrathene 634 3.0% 26.0 = 0.9495 Nippon Polychem. Co.
10 ” 630 1.5% 16.0 — 0.9369 ”
1 EVA—1 3.0 21.1 — 0.9454 | EVA copolymer manufactured for trial.
12 EVA-—-2 3.1 13.9 — 0.9378 ”
13 EVA-—3 2.8 9.0 - 0.9335 ”
14 EVA—4 6.1 6.2 - 0.9320 ”
15 EVA—5 5.1 2.7 - 0.9297 ”
16 PE_1 4.0 . 0.9237 0.9225 Commercial polyethylene produced by
company A
17 PE—2 5.3 — 0.9199 0.9188 ”
18 PE_3 6.9 - 0.9172 0.9163 Commercial polyethylene produced by
company B
19 PE—4 7.1 - 0.9201 0.9197 ”
20 PE—5 3.4 - 0.9198 0.9195 ”

* nominal value
BtV = LB BRAINEC &L D RDIe, R =F 1
VOEEGERRIE, 1000CTIRMT =~V 7L
ASTM D 1505—63T e & O JlEL oo & BICEEEWE
BRBCHV 27 4V LAOWE § ASTM D 1505—63T

CEDREL e —HBCBRY 5L OBEE M T4
PIMLHBNC L » THERYD, OWWTRA TR P2
ThHIcHD O, FECERBRABICA N7 1)V LADEE
ZRIE L sl i bisoo

(60 )

R RIRR AR = s T ———

=TIV ERITVE

Pt



ﬁUz}bykidEVA%Eé¢74WAQﬁZRIUKﬁiﬁ@@ 61
R RER T ANV AD A A ds K UK B

(2] HRBEBEHOBT

ﬁzﬁﬁ%ﬁﬁﬁ#ixﬂ~l¥%@ASTM—Mﬂ
ﬁxﬁﬂﬁﬁﬁéﬁb,MﬂMDIB%ﬁSKEUTM
ELTze TR FBARER 63.6 cm?, {EFE AR
mom.f%éoEb%mumﬁﬁwaééﬁtbx—
ﬂ—fﬁ&ﬁoﬁ%ﬁx@%ﬁ@ﬁﬁ%mlofﬁﬂ%
ﬁu%kbmmw”,%%ﬁ1®%éwﬂEﬁ%®%%
DIREN DT, ttfi%@%m?%f:&ﬂfﬁ%ﬁu\fn
$ 0.5kg/cm? 1cfR ., 7=, BT % 2340.5°C Tt 572,

BB P IR CHE L,
~dpP 4-v-273
=T Py A-(273+TY-76 W

(ccemm/m2.sec. cmHg)

ccvdW&;ﬁEM®Eﬁ%m,ﬂ;74WA@E
3,V:ﬁEM%E,T;M%EE,A;74wAEE,
P BIEM 2 EERDE 2,

&R,M%uﬁ—%#TZEGOﬁ&oto:owm
%ﬁ®ﬁ%m%%Eﬁ%&i@ﬂ%ﬁﬁﬂ%%ﬁﬁﬁﬁ)
%%%Ltaca,%Mﬁ@jﬁﬁ%f%oto

(3] FEEB=0HT

T 1S Z 0208 5o vk & DRTE Lo REE 40
°C,ﬁ%ﬁﬁ%%®%#Tvmﬁﬁaamwy7®E
E%M%M%L,%ﬁTE@$PMO%X®kO

_dw g
Przo= Pk @)

(gr-mm/m2+sec.cmHg)

CTT, dw/dt ; BETERIN D BB, 0; 7 4L
A@Eg,A;ﬁﬂ@ﬁ%Jﬁ;%ﬁiEﬁ@%mﬁ@

&%,477V~93V74WA®%E%%EEMK
th%éaWﬁ%%@ﬁ%mﬁﬁt%ﬁmﬁ%mom
TM%L,%%ﬁ%?%hﬁﬁ%é%?ta%%%bk
m,kﬁmmM@TCCT@%®$%@%ﬁﬁ?éo

3. WRbiuzE

(1) J4nsEspps
Q%~thn§3®&bnk7ZBRlU%774
WAK%?éﬁ@ﬁxx;dﬁiﬁzﬁﬂ%ﬁ(Rw,
PM)%M%LPE-IK%Lto$ﬁﬁﬁx®%ﬁm
B, 74V hoBEx > TEBRFEFRE D I 2 b
ﬂThém”,CCT@%Lkﬁ%%W%Kﬁﬂ%ﬁM
¢3M%T@&aaz74»AE§®%§&%Hkmo
2o Ll FBRBOK 2% (203, Peoy) iz, 7
4”AE§ﬁ¢é<&6kbfﬂwﬁﬂ%ﬁﬁ¢3<&
%ﬁﬁm%otochumﬁ%ﬁe%gma%zaﬂ

%o
(2) ﬁu:%v>74wAtﬁ¢5ﬁ%ﬁxﬁ¢U
KESKE B
%@ﬁUI%V?74WAKﬁ?6§%,%$,ﬁ@
ﬁZ@Eﬁ@%ﬁi&iU‘ﬁﬁgé Table 2 /R L1z, %8
tRERD I Peoy/Pry 35 17 Poy/Puy, BRLIDY
%a%74WA®EﬁKiBf~%®E%%Lt“%
—&Kﬁul%vy74WA®ﬁzinmﬁﬁﬁ@
ﬁ@%ﬁ@iﬁkk%KﬁT?5CkﬂﬂBﬂfhé
ﬂ,ccv%ﬁ%&ﬁﬁ%ﬁbtobmb,%ﬁik@
%&mﬁ&ﬁﬁwﬁﬁwt%%m,ﬁ%bt%ﬁﬁﬁﬁ
ﬁimtbmogbﬂa:amvékmoto&but
y%lnﬁﬁﬁk%hﬁﬁﬁ%ﬁb1maﬁ,chm%
ME=VEBERDIDTHD,
NERYYTANEE AR B LB OFR Y 5 Lo
74»Aoﬁ@ﬁ%m«,%%k%@&&htmoto
ﬁgzKiﬁfﬁ%éﬂrmbzvcmﬁﬁéﬁiﬁz
Eﬂ%ﬁ&%&bto&buty74wA®5%%E®
£&53E®74wA,m&m53;02m&g0,7
Py blice ZOBE, 23°C DF— Ap 25°C (e
o 5 ERA ABBFR A B 510 T, 203, 205 45

100 |-
B 203, Coz

50
~ [—0—0 : : 207, CO,
C )
.g.
(4]
(]
@
E
..
E
=]
5 10f
e N
—f
X |
$ 5
S ——0—O0— o 5
= 203, N,
g |
:f‘_:'
;'_'B
s
B
} =)
L
oy

! !
15 0.1 0.2

Thickness of film (mm)

Fig. 1 Permeability through polyethylenes
at 23°C vs. film thickness
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Table 2 Permeability of inorganic gases and water vapor through polyethylene films

Pny x 108 Po, x 106 Pcoy x 108 Pugo % 108

Resin ( ccmom ) ( ccomm ) ( ccomm ) Poy/Pny |Pcoa/Pn, ( g-mm )

m2.see-cmHg m?2-sec-cmHg m3.sec-cmHg m2.sec-emHg

203 5.64 12.4 57.4 2.2, 10., 1.65

219 2.0, 5.67 23.4 2.7s 10.4 0.64

205 4.2, 9.5, 42. 5 2.2¢ 10. ¢ 1.1,

115 3.8, 9.7, 42., 2.55 10.6 1.1,

207 3.7s 8.8, 38.4 2.35 10., 1.1

112 4.0, 9.3 42,4 2.3, 10.5 1.34

280 4.0, 9.9, 43., 2.4, 10.4 1.1,

291 6.74 15.04 76. 5 2.2¢ 10.6 3.7
PE—1 45. 5 1.24
PE—2 51. 4 1.2,
PE—3 53.5 1.25
PE—4 51.¢ 1.3¢
PE—5 51., 1.3,
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Fig. 3 Permeability of organic gases through
polyethylene films vs, density
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Table 3 Permeability of N2z, CO; and water vapor through EVA films

Resin Pn, x 108 Pco, x 1086 Pcoy /Py, Pryo x 106
(cc-mm/mz-sec-cmHg) (cc-mm/mz-sec-cmHg) (g-mm/mz-sec-cmHg)
UE 630 6.69 115 17., 12.4
UE 634 9.9, 178 17. 4 31.,
EVA—1 8.5; 153 17.4 18.4
EVA—2 5.74 97 18., 7.6
EVA—3 4.4, 74 16.¢ -—
EVA—4 3.6¢ 59 16. 3.1
EVA—5 3.0¢ 43 14., 1.55
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