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Gas Chromatograph
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F1D1 FID2

Fig.2-1 Schematic representation of the permeation apparatus for vapor phase

NV, NVy: flow control valve,
V: three-way valve,

FID;, FID,: flame ionization detector.
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fit e

Magnetic stirrer

Fig.2-3 Schematic representation of the permeation
apparatus for aqueous phase

NV: flow control valve,
FID: flame ionization detector.
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Fig.2-4 Typical differential permeation curve
obtained by FID for vapor phase.
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Fig.2-5 Typical differential permeation curve

obtained

by FID for liquid phase.
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Table 3-1 characteristics of polyethlene film

HDPE MDPE LDPE LLDPE EVA
density 0.944 0.935 0.924 0.922 0.930
crystallinity (%)
density 64 58 50 49 9.0
psct) 53 34 25 22 17
intrinsic viscosity 1.324 0.872 0.490 0.866 0.714
| molecular weight
Mn 3160 8200 8120 9130 6940
N Mw 70370 41330 34280 42320 48780
e Mw/Mn 19.6 5.06  4.24 4.64 7.08
| structure (1/100C)
IR methyl 0,79 0.83 159 1.84
NMR il 0.42 0.02 0.91 3.35 1.26
c2 0 0 0.36 0.45
c4 0.22 1.20 1.82 0.03 2.78
-C- 0 0 0 1.16 0
vinyl acetate 0 0 0 0 1.80
tong chain branching 0 0.154 0.760 0.036
additives (ppm)
plasticizer?) 510 964 0 188 0
antioxidant?) 343 483 0 388 0

l) differential scanning calorimetry

2) calcium stearate

3) phenol derivative
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HH . van der Waals#E M B BTN b W TiHF HORF OoHF

b YA Y BEEeRETFLroMMBorcHFHALTEHREL,

s B FoF s EErRMNT B HFETHY ., RAK LY REE S
7, A

4 |

AV ;= — @ R? > = g he¢2(3R-hy) -==={11)
3 3
R2+d; 2-R; 2
hi: k= (12)
2d ;

T, RERERFEXEIA]l. ha@ e X2 b EE2RT.,
F ., d;H2E FHoOKEAERE, R:EBEET »ETFOOF
gxaxr%T., (11) . (12) A K-> TCHEHREEER >0 AV, 2
M L (Table 8-2) . T hiXxXJ2BRBItkER,. =T F
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Table 3-2.

penetrant size of various functional groups

Methylene group

Hydroxyl

c 2—0«-[—]
H

Aldehyde

C--E=0

Ester
g

I

Supplement

avl=4/3xﬂc3—§l/3nn|= (3RC—h1) ;: (h1=RC— (RC® +d12 =RH2) /2d1)

-gl/:s:nz’ (3RC=h2) : (h2=RC-d2/2)

+T {4/3xRH =T 1/3xh32 (3RH—h3) } i (h3=RH- (RH#2 +d12 —Rc?) /24d1)

=17. 07 [A?)

4Vi=4/3xR(A -Z1/3nhl?2 (3RC-h1) ~T1/3xh2%? (3RC-h2)

+Z {a/3xRK3 —§ 1/3x2h32 (3RH—D3) }
L -
=23. 10 [A3]

4Vi=4/3xRCA-T1/3xh12 (IRC~-hD) -% 1/3nh22 (BRC~h2)

~T1/3xh4? (3RC—h4) : (h4=RC— (RC2 +d32 —R0Z) /24d3)
+4/3%xR03 =T 1 /32052 (3RO-hS) : (hS=RO— (R0Z +d42 —RC2) /24d4)
—T1/3xh62 (3R0O-h6) : (h6=R0O— (RO2 +d52 —RHZ) /245)
+:z/3xRH3 -§1/3nnﬂ (3RH=0T) : (h7=RH— (RHZ +d62 —R02 ) /24d6)
+Z {2/3xRH3 —E1/3nh32 (3RH-H3) )

=80. 64 (A3]

4Vi=4/3nRCA -3Z1/3xhi? (3RC—-hI) -z 1/3nh22 (3RC—h2)

~31/3xh8% (3RC-08) : (nB=RC~ (RC2 +dT2 —R02) /247
+4/3xRHE =$1/3 %032 (3RH=h3) +4/3 xR
~$1/3xh92 (3RO-h9) : (h9=RO- (ROZ +d82 —RC2) /2d8B)
=24. 67 [A3)

4V i=4/3xRCA —5_21/381123 (3RC~h2) =Z1/3nh42 (IRC-nd)

—T1/3xh82 (3RC—hB) +3/3nR03 -F1./3xh8 (3R0O-h9)
+4/3xR0 ~I1/3xh5? (3R0O-bS)
=25. 20 [A?)

4Vi=a/3rxRA -T1/3xh1? (3RC-11) =£1./3=h2% (IRC-h2)
-31/3xh42 (IRC~h4) +Z (4/3nRK3 ~$1/3x032 (3R~h3I) )
=20. 34 [A3)

L




Table 3-3 Penetrant size of various compounds[ﬁ3]

Number of Hydrocarbons Alcohols Aldehydes Ethyl esters

carbon atom

2 46.20 53.74 G W L S
| 3 63527 70.81 6484 = 2@ ===
z 4 80.34 87.88 81.91 91.74

5 97.41 104.95 98.98 108.81

6 114.48 122.02 116.05 125.88

7 131:55 139.09 133,12 142.95

8 148.62 156.16 150.19 160.02

9 165.69 173.23 167.26 177.09

10 182.76 190.30 184.33 194.16
11 199.83 207.37 201.40 23123
L2 216.90 224 .44 218.47 228.30
13 233.91 241.51 235.54 245 .37

14 251.04 258.58 252.61 262.44
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Table 3-4 Activation energies for diffusion and permeation and enthalpy
change in sorption, and relationship between size of penetrant

and occupied volume for vapor phase

Ethyl
Octane hexanoate Octanal Octanol
I o
Size of penetrant(A?®) 149 160 150 156

(]
o Occupied volume (A?) 182 132 183 241
| Ep (kcal/mol) 14.6 10.5 15.0 19.2

EP{kcal/mol} 5D 2573 12073 8.5

AH (kcal/mol) -9.1 -8.2 -2.7 =10.7

Ey ; activation energy for diffusion, Ep ; activation energy for
permeation, AH ; enthalpy change in sorption

Film; MDPE.




Table 3-5 Activation energies for diffusion and permeation and enthalpy
change in sorption, and relationship between size of penetrant

and occupied volume for liquid phase

Ethyl
Octane hexanoate Octanal Octanol
Size of penetrant (A%) 149 160 150 156
| Occupied volume (&°) 205 208 206 239
an
-3 Ep (kcal/mol) 15,7 15.9 16.6 18.4
| Ep (kcal/mol) 6.2 95 10.6 17.3
AH (kcal/mol) -9.6 -6.4 -6.0 -1.1
Eh i activation energy for diffusion, Ep ;i activation energy for

permeation, AH ; enthalpy change in sorption

Film; MDPE, surfactant; 0.3% of Sugar Ester.
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