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Analysis of gas permeation behavior in
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Abstract

Permeation behavior of gases (H,, O,, N,, CO,, C,H, and C;H,) and d-Limonene vapor
(an orange juice flavoring) in five polymeric sealant films has been studied at 25~45°C under
one atmosphere of pressure. The permeability (P) of the gases is evaluated by the rate of
permeation at steady state, and the diffusion coefficient (D) is calculated by the lag time
method. It is demonstrated that the permeability and diffusibility of gases relate strongly to
the crystallinity of polymer films and the gasse’s boiling points, respectively. Thereby,
equations evaluating P and D are proposed.
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Fig.1 Gas Permeation through Nonporous Membrane.
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Tablel The Membranes used in this study. Table2 The Gases used in this study.
ZMRUEER BEFR RE Gases M.W. M.S. Tb

BEEER)IFL > e »
(CH,~CH, ), Hz 2 2.75 20.35
EHREBER)TFL > o a
{CH,~CH ), 02 32 2.94 90.18
BEERIIFL > = =
£CH,-CH ), N2 28 3.12 77.33
IFL -HBE- L HEEH
HETwt% CO: 44 3.24 194.65
{CH,~CH,}, + {CH,~CH), EVAT 70

I

— CeHa 28 | 358 | 169.44
IFL-EME - L HESHK
HESwt%
€CH-CH,}, +  4CH,~CH), EVAS 70 CaHe 42 4.02 225.45

|
T s d-imonene | 136 10 | 44865 ~
" e 449.15
{CH,~CH), PAN 30

N
N
BEORG : um

M.W.:Molecular Weight (g/mol)
M.S.:Molecular Size with van der Waals (&)
Tb:Boiling Point (K)
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Fig.3 Plots of Permeation coefficients vs. DSCmp for Ethylene.
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Table 4 iz LDPE K& U* HDPE #EHZ DWW TAREBRTE S e P & STHE' & &gk L THE
L7z Wi DL 5> & 88 & 2 e kkic LDPE 12 D\ TIRCHME &£ O—Bs R & v 7z, HDPE 22
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(3) FABURED & [k & OEBAM

P L3tz DIz DWW T bESIFIR 8T 2 — & THE T & 3 EBRALE 5 MIWEKEFEF TH %,
25°C TS L1z D ORHEE % Ml c RS A D@ T, 2EEIC L > 72 b D% Fig. 5 R L7,
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¥ 7> Table 6 1 LDPE, HDPE #18Hc D TAKER TH S iz D & XHRE'' & &2 gL TR
L7248, EEBE L XBMETIREARN 1 4 —F —BOENRBD iz, ZIIILHEHRE D BEET
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EVA7 LDPE HDPE Table 3 Exerimental Equations as a param-
EVIA-" I U-DIPEl eter of DSCmp.
10,000
,g Gases Experimental Equations
2 1,000 Hz P=6.3X102exp(-3.5X102T)
Ng 0 P=1.7X10%exp(-3.8X10?T)
£
6 100 N2 P=5.2X10%exp(-3.8X10°T)
7
,,‘E' CO: P=4.2X107exp(-5.0X102T)
o
9,3 10 CaHa P=1.6X107exp(-4.7X10T)
:‘% CeHs P=9.2X107exp(-5.6X10°T)
1
g d-limonene P=2.0X107exp(-8.2X102T)
o
' } ] ' P:Permeation Coe!f (cm3(STP)cm/cm ZcmHgsec)
. : : : i T:DSC melting point

90 100 110 120 130 140
Crystallinity DSCmp (°C)

Fig.4 Plots of Pemeation coefficients of
various gases at 298K vs. DSCmp.
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Table4 Comparison of Permeation coeffi- e czmm @i
cient between experimental and other H2 | Ieoz
author’s ones. | |
-14
LDPE HDPE 15 e : j
GASES N7 WO R ..
EXP. [ LIT. | EXP. | UT. 16 fo— A ' : '
= AN A °
He 10| — | 700 [ — € 47| N
.a \“\\
o 190 | 288 | 0.90 | 0.403 £ 18—
S
N2 0.504 | 0.969 | 0.318 | 0.143 E -19
: =
CO: 129 | 126 | 651 | 0.36 §,'2°
|
-21
CHe a— 6.81 — | 0.590
-22
CaH4 6.93 -] 382 as : y ] ¢ ;
23 i i i i i
CaHe 14.7 144 | 6.63 1.15 0 100 sgging:;gzin:?:) 500 600
d-limonene | 2320  — 350 | — Fig.5 Plots of Logarithm of Diffusion

10 coefficient vs. Boiling Point.
X10 - (cm ¥STP, Jcm/cm%ansec)

Polymer Handbook 2nd Edit (1975)
Table 5 Experimental Equations of D as a Table 6 Diffusion coefficient obtained by lag
function of Boiling Point of Gases. time method compared with those
from other workers.
Membranes Experimental Equations GASES it e
EXP. 1 LT 1VEXP. i} T,
pot 7 [ -
EVA7 D=7.52X107exp(-1.32X10-2Tb) Ha 1330 -amut ¢ 20 1. oo
EVA5 D=5.57X107exp(-1.33X10?Tb) O — 46 — 17
LDPE D=3.74X107 exp(-1.34X102Tb) N2 120 | 32 | 504 | 93
37 124
LLDPE D=1.24X10"exp(-1.22X102Tb) CO: 7.50 2.40
40.4 13.7
HDPE D=1.02X10"exp(-1.23X10?Tb) CoHs h 6.8 . 15
D:Diffusion Coefficient (cm? /sec) ol B
Tb:Boiling Point (K) CaHs 3.33 0.700
CaHs 2.50 58 | 0467 | 1.1
d-limonene | 0.051 | — | 0.037 | —

X10 ® (cnf /sec)

'mer Handbook 2nd edit (1975)
sobaratic Measurement of Permeability of Polymers
H Yasuda gxghed Pol mer Science
Vol.14,PP.2 877 (19
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6. B85 — %K

A e H A L OBEMERE  (cm?®)

D : JLEREL (cm?/sec)

L:EE (cm)

P : EARE (cm?*(STP) * cm/cm? « emHg * sec)

(p.—p.) : BEFEENC B 3 EZE (cmHg)

Q : EHEBEE (cm?(STP) /sec)

S . VAEREEREK (cm®*(STP) /cm?® « cmHg)
T, @ A A DB (K)

6 : FLECE R (sec)
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