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K9F : Hiyo) plasticized PVC film & HAY = HBE /L WK & o= = Fob
ZHEBIERE (Te) A g4 #B=rtE A2t HRHYESY PVC flmo HI BE)
BB FH93A & 7o 2] 2-ethyl hexyl phthalate & 12.5~20% &Koz EE
PVC film of] #f3] phenol ] FHBAAE = WENA T34t

Phenol 8] FHHREE Tg & AAZ 39 F4F #LE el WEE SR 5% 5
BEe AAY 2 filme] TgoAds THEREE Aol HBREE A—id. HEY &
A IAE Te s AR 3t E2 veblle Tg LlbdAE TESaEd Ao |
—3}= (16. 8keal/mole) Tg LITFAAE o £ F& v}Edic}l, Phenold] plasticized PVC film
o W& Tg figel Ao BBE &DF9 chain mobility o} B2 Ao] I diffusion
controlled permeation o] c},

Abstract: The permeabilities of phenol through plasticized poly(vinyl chloride) film have
been measured above and below the glass transition temperature of polymer. The identical
permeabilities of phenol molecule through plasticized PVC films containing different amounts
of plasticizer, were observed at the Tg of PVC films. The Arrhenius plots of the permea-
bility coefficients showed the changes in slope at the Tg. The energies of activation for
permeation above the Tg were found to be identical (16.8 kcal/mole) regardless of plasticizer
content of PVC film. Below the Tg, larger activation energies for permeation were observed,
therefore, the hole theory of Meares! and Michaels in the penetration of gas molecules is
ruled out in the penetration of big organic molecule through polymer film. The penetration
step appears to be governed by the chain mobility of polymer film near the Tg.
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Figure 1. Permeation cell.
A: Solution cell B: Solvent cell
C: Film D: Clamp
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Figure 2. Q/4C vs time for PVC film containing
12.5% of DOP.
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Figure 3. Q/4C vs time for the PVC film contain-
ing 15% of DOP.
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Figure 4. Q/4C vs time for the PVC film
containing 17.5% of DOP.
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Figure 5. Q/4C vs time for the PVC film
containing 17.5% of DOP.
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Table . Permeability Coefficients for Plasticized PVC

Film
Temp. Permeability coefficient, PX108(cm?/hr)
(°C) "12.5% DOP 15% DOP 17.5% DOP 20% DOP
12.5 — — - 1.03
15 — — — 1.74
17.5 — — 0.57 2.52
20 — — — 3.46
21 — - 1.38 —
22.5 — — 1.64 4.54
25 — 0.74 2.79 6.39
27.5 — 0.92 3.35 7.43
30 — 2.23 4.34 9.87
32.5 0.97 2.77 — 12.70
35 1.19 3.18 6.57 —
37.5 1.77 — — 19.22
40 2. 28 4.02 9.52 —
42.5 3.40 6. 31 — —
45 3.72 7.27 14. 85 —
47.5 4. 46 — — —
50 5.84 10. 57 — —
55 8.34 — — —
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Figure 6. Permeability coefficients vs temperature
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Figure 7. Arrhenius plot of permeability coefficients.
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Table 1. Activation Energies for Permeation in
Plasticized PVC Film

DOP content Activation energy (kcal/mole)

(wt. %) Rubbery state Glassy state
12.5 17.6 25.3
15 16.5 33.0
17.5 15.9 36.8
20 17.0 27.0

Poly (vinyl acetate)! =+ poly (ethylene
terephthalate) 1% 7}~%& #HBAZA =<9 Eikib
AUA & Tg o] 3tell A Brh Tg o] ZFelA o &
el HE A2 Rusol gl |22 Rub-
bery state | A & Jt=4rFrt BRI BSTF
O HFHANIE SEAA ALHTA EHT
F Q= =719 voidE HEZ] $13 chain
segment A}¢] 9] 2 XkFEA S AEHE oA}
3 937 =] Fo]u] Glassy state o A} &= o]u] &
Astz & holed] ZlA2GFTFrF BIE, BfEs
o] et edl o9 MBS BBNEoRA
Rubbery state o] 4 2ot A4 4A FHY
glo] FEHAbVAE AA vehdeta 3.
28] Y} Stannett!! & poly (ethyl methacrylate)
o} He, 0,, N,, Ar, CO; H.S 5& #F8AZ
9 TgAZo)A FEikbadixe H3E #23
A Zg o o] 5L HMA 3 polymer U
of &A8tE hole EE cavity o] =77} &M@
SFo) wE BN S s TgAFA Eitkbol
Y=g 437t gl hole o] F3hEAtel ul s |
EEAY A& Hol = Tg AFeA kbl
EER'Y CREEISTIIe e

B AGdAE TgE AAZ 3t Eikfbeln

319



B & =
A9 W5t veld Rub oly gt Tg o] sto] 4 o ot} FAY Mol A S vehye] Tg o)
L ks vEh s QT olskpe AL sbx st A o =T},
o] Fifel QlolA = %l"’}”‘% T e doj}, = 4. 2] Tk ke W A = plasticized PVC 2 &
Siv 2l EBHES phenol & 4TI o Gl Algle] Tg ol AelAE [H—3}9

717t AA Fral) EREHS ouE AeA7)
71 2% Aol DOP @ritel 3A¢0] pla-
sticized PVC A £2] Tgol A= HREH) T
SbE AL 15579 chain mobility 8} 3%
BE AR dRHE Aeow B 4 93 Tg o
stell Al iGfE(bel Y A 7} = Ald e Tg ol st
dA s AE S wmims Phen01 Tk

16. 8kcal/mole ©] T},
. Plasticized PVC = £

™% phenol 2] Tg

A Foll glef A €] #iliE polymer ¢ chain mo-

bility o} Ei#Efho g
controlled permeation ]t}

o] = diffusion

5l B X B

= Ht o]® = chain & &Fol&y o 2 o 1. P. Meares, J. Am. Chem. Soc., 76, 3415
At anda & 5 gl (1954).

A8 A= DOP 9 44e Tg A S A & 2. C.A. Kumins, C.]. Rolle and J. Roteman,
WARE ] 8] 12.5~20%9 WeldA A J. Phys. Chem., 61, 1290 (1957).
7+ A=k DOP {?ﬁ’- = 40~50% 2 o] Al 3. C.A. Kumins and J. Roteman, J. Polymer
AR AF(E Terot FA B )4 Sci., 55, 583(1961).

v = 7%%%%5‘% FHA7 = AL (£ D 4. F.A. Long and L.]. Thompson, J. Polymer

OP #iY e o] WE9 chain mobility

Sci., 14, 321 (1954).

¢} stA &= diffusion controlled permeation o] 5. C.A. Kumins, J. Polymer Sci., Part C
¥ 7] 9557 permeant 2] polymer o $3F %o} 10, 1(1965).
A 5] &= solubility controlled permeation 2] i 6. Ba=, SBELETEE 1074457 BT d

Gol ehdehe

P (1974).

7. W.P. Brennan, Thermal Analysis Appli-
4 #E i cation Study No. 11, Perkin-Elmer Corp.,
12.5~20%% DOP & 473 plasticized PVC (1973).

A Goll Nt phenol 9 FHBEAG A ezt 7+ 8. L.H. Dunlap, J. Polymer Sci., PartC, 30

< fims At 561(1970).

1. Plasticized PVC 3¢ 3k phenol & per- 9. L.H. Dunlap, C.R. Foltz and. A.G
meability &= FEtAEBEEE AAdz hd Mitchell, J. Polymer Sci., Polm. Phys.
A wshE b Ed., 10 2233(1972).

2. PVC I 59 Wl 4adre] 4% w @) 10. A.S. Michaels, W.R. Vieth and J. A.
&% permeability & #AX} 2 P29 Barrie, J. Applied Phys., 34 1,13(1963).
Tg ol Al = DOP & fite]l 27| %lo] permeability 11. V. Stannett and J.L. Williams, J. Poly-
7} i —3} e} mer Sci., PartC, 10, 45(1965).

3. E#S WA 259 Tg S AA= 12. &=, FHY, B, e BRsid.

320

Polymer (Korea) Vol.4, No.4, July 1980



