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ABSTRACT. The water-vapour transmission raties (WVTR) of the various commercial polymer
films have been investigated at the constant pressure and relative humidity (RH).

Water proofnesses, the reciprocals of WVTR for the various samples, were determined using a
cup device and maintaining the sample films at a constant temperature (40-+1°C) and a constant
R.H (90+2%) for 24 hours.

The following order of the relative proofness was observed; :

oriented polypropyrene (O.PP)>> high density polyethylene (HDPE, Inflation)>> high density
polyethylene (HDPE. T-die)>> casted polypropylene (C.PP)>> nonoriented polyester (N. PET)>
low density polyethylene (LDPE)>> oriented polyester (O.PET)>> rigid polyvinyl chloride (Rigid
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PVC)> semirigid polyvinyl chloride (Semirigid PVC)>> nonrigid polyvinyl chloride (Nonrigid
PVC)> oriented nylon (O. Nylon) > nonoriented nylon (N. Nylon)
And water proofness order was also observed to decrease with the temperature rising; HDPE

{T-die) >>C. PP>>0. PET> LDPE> O. Nylon.

The activation energies of LDPE, HDPE (T-die), C. PP, O.PET and O. Nylon films were 12. 0,

11.1, 11.4, 11.7, 14.1 kcal/mole, respectively.

The WVTR’s of the films were increased with the polarity of polymer and the addition of
plasticizer in PVC, decreased with the increase of the film thickness and mechanical orientation.

The WVTR’s of the laminated films O. PP/LDPE, N. Nylon/LDPE, C. PP/LDPE were also more
dependent on the film thickness than the WVTR’s of the single films.
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Fig. 1. Cup-device for the measuring of permeability,
A :Sample, B:rubber ring, C :anhydrous CaCl,,
D : paraffine wax.
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Table 1. Proofness values and water-vapour transmission rate (WVTR) of PE films with the various film
thickness at 404 1°C, 1 atm, 90+29% relative humidity (RH),, after 24 hours.

LDPE HDPE (Inflation) HDPE (T-die)
Shidkres | wyrn | Prosoges| Thicpes | yyyvg | Frosfoess | Thikoess | ywvr | Frosnee

18 27.5 2.7 19 7.5 13.3 18 12.5 8.0
27 17.4 5.7 29 7.0 14.3 27 9.0 11.9
38 12.5 8.0 50 3.8 26.3 37 5.8 17.2
51 9.2 10.7 80 2.4 41.7 70 3.2 31.3
68 6.7 14.9 100 1.6 62.5 100 2.3 44.5
80 5.8 17.2

102 4.6 21.7

122 3.8 26.3

WVTR : g/m?/24hrs,
polyethylene.

proofness : (g/m2/24 hrs) 1,

LDPE : low density polyethylene,

HDPE : high density

Table 2. Proofness values and WVTR of PP films with the varicus film thickness at 40+1°C, 1 atm, 902 %

(RH) after 24 hours.

O.PP C.PP

Thickness proofness thickness Proofness

(X10-3mm) WVTR (x1072) (x103mm) WVIR (x10°2)
19 8.0 12.5 18 12.7 7.9
32 4.9 20.4 27 9.7 10.3
37 4.3 23.3 43 5.1 19.6
50 3.2 31.3 54 4.7 21.3
70 2.3 43.0 70 3.4 29.4
90 1.8 55.5 100 2.5 40.0

WVTR : g/m2/24hrs,
pylene.

proofness : (g/m?/24hrs)~1,
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O. PP : oriented polypropylene,

C. PP : casted polypro-
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Table 3. vProofness values and WVTR of PVC films with the various film thickness at 404+1°C, 1latm, 90+2%
(RH) after 24 hours.

Rigid PVC Semirigid PVC Nonrigid PVC
Thickness Proofness Thickness Proofness | Thickness Proofness
(x10%mm) | WYTR | (5702 |(x10%mm) | WYIR | ‘(xi02) |(x10%mm)| WVTR | (1072

18 35.6 1.8 21 111.1 0.9 19 125.0 0.8

29 34.5 2.9 27 76.9 1.3 28 83.3 1.2

42 24.4 4.1 39 55.6 1.8 42 66.7 1.5

54 8.2 5.5 56 40.0 2.5 47 58.8 1.7

72 14.1 7.1 68 32.3 0.1 58 50.0 2.0

100 9.8 110.2 98 22.2 4.5 70 3.5 2.6
102 25.6 3,9

WVTR : g/m2/24hrs, proofness : (g/m2/24hrs)~}, PVC : polyvinyl chloride.

Table 4. Proofness values and WVTR of PET and Nylon films with the various films thickness at 40+1°C,
latm, 90+2 % (RH) after 24 hours.

PET Nylon
O.PET N.NET O. Nylon N. Nylon
thickness Thickness Thickness | Thickness
< Proofness = Proofness| > Proofness - Proofness
3 | W 3 3 € 3

24 19.8 51 16 19.7 5.1 16 | 262.5 3.8 18 | 427.8 2.3
29 17.0 5.9 23 13.7 7.3 24 153.7 6.5 22 |356.7 2.8
50 9.6 10.4 26 12.8 7.8 36 | 136.5 7.3 26 | 285.2 3.5
90 5.5 18.0 50 6.3 15.8 50 84.8 11.8 39 | 265.5 5.0

50 | 156.3 6.4

WVTR : g/m2/24hrs, proofness : (g/m2/24hrs) 1,
O. Nylon : oriented nylon,

O.PET : oriented polyester,
N. Nylon : nonoriented nylon.

N.PET : nonoriented poly-
ester,

Table 5. The proofness values of water-vapour at 40+1°C, 1atm, 90+2 % (RH) after 24 hours.

Film PE PP PVC PET Nylon

HDPE
T-die

Water~
Vapour

LDPE

SR NR N~
Inflation

Proof -
ness
(g/m?
/24
hrs) 1

2.17 4.44 5.98 3.99 6.15 1.02 0.46 0.37 3.17 1.99 0.13 0.2z

C:Casted, O:oriented, R:rigid, SR :semirigid, NR : nonrigid, N : nonoriented.
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the PVC films at 40£1°C, 90+2 % (RH),
after 24 hours.

A Nonngxd PVC.
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Tabl 6. Activation energy (E,) and permeability constant (o) of LDPE, HDPE (T-die) C.PP, O.PET O.

‘Nylon films to water-vapour.

Film
“Water-Vapour PE
C.PP O.PET 0. Nylon
LDPE HDPE (T-die)
Ac(tl‘(f:‘;?/";of;e’gy 12.0 1.1 11.4 1.7 14.1
B 72 A 8. 44X 10° 1. 09 108 1.75X 108 4, 78X 10° 1.58X 10°

Wol. 23, No.5, 1979



336 . HHE - FER

4

Table 7. Water~vapour transmission rate of laminated films with the various LDPE film thicknesses at 40+1°C,

latm, 904+2% (R.H) after 24 hours.

Films (’{(}:’ll glf 3?;:) LDPE thickess (X10~3mm)
18 27 328 51 68
C.PP 18 8.00 1.60 1.00 0.74 0.62
O.PP 19 0.91 0.80 0.40 0.37 0.30
N. Nylon 18 14.60 8.00 4.30 3.70 2.90

Water-vapour transmission rate: g/m2/24 hrs.

Proofness of water vapour (g./m2/24hrs)"!

0 . e
30 40 S0 60 TO 8O 90 100
_Film thickness (xi5-3mm)

Fig. 9. Proofness of water-vapour wvs. thickness of
the O.PP/LDPE, C.PP/LDPE, N.Nylon/LDPE films
at 40+1°C, 90+2% (R.H), latm after 24hours.
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