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Plastic Films, Their Permeabilities to Gases and

Water Vapor, and Transmittance of Ultraviolet Rays

Etsuzo Matsui Hideaki Saigo

(A) The permeabilities to gases

An apparatus was constructed in the authors’ labolatory, using the figure of Shuman!? as
a basis. And permeabilities P were calculated with formula i, proposed by Takeda?.

(Fig. 1) (Table 1)
p_dpb ~V I JTo 1 cc. cm = cc Vi .................. )
Todt S 76 T pa |cm2 sec.cmHg cm. sec. cmHg'
V. Volume of Vacuum space in the apparatus (cc)
To, T: Absolute temperatures at 0°C and in the room

pa, pb: Pressure of outside and inside
! Thickness of sample (cm)
S: Permeable test area (cm2)

In table 1, polyethyrene and polypropylene are shown at high values of gases perme-
abilities.

(B) Water vapor permiabilities

The estimations were carried out with the method, indicated by Japan Industrial Standard
Testing Materials (JIS Z0208).
The water vapor of 40°C and 90%RH transmit through unit area of the test film and is
caught by CaCls in the cup.
(Fig. 2)
The increase in the weight of CaCly is estimated every 24 hrs. The permeability to water
vapor is expressed with the unit of (g/m2/24hrs).
(Table 2)
The laminated films (constructed with two or more plies of different materials) extend to
improved properties, as shown in Table 8.

(1) A. C. Shuman (General Food Corp.), Ind. Eng. Chem., 1§, 38 (1944
(2) B. Takeda WAL, BFFEREREY, 275H
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(C) Ultraviolet ray—transmittance.

Apparatus: Hitachi universal spectrophometer, model EPD-U. Wave length accepted: 220~
380 m .
(Fig. 3~9)

The wave lengths—percent UV transmittance relation curves in Fig. 3-9 indicate thus;

(1) Polyviny! alcohol, polyethylene, polypropylene, cellophane, polymonochlorotrifluoro
ethylene, etc, have high percent UV transmittances throughout all range of UV wave lengths.

(2) Some of commercial plastic films, when treated with solvents, improve their UV
transmittances.

(83) The ray of wave length 360 my is chemically active, and the ray of 260 my is germ-
icidal. They may be mentionable for the purpose of food preservation.
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iwe hold, BElcmd T Ay Table | The permeabilities of plastic films to gases.

*YIESTH. LEdioTE | Materials Thickness [C2585 el ons
BORBERREE T, o) () {
Txbb 38.465cm2icin B, F 1 &%gfamwmﬁd 0.03 0.024X 10711 ogl
FEORNVLSEHDOT T | g " 0.052 0.0007 | air |
b, CORBYECMITT/ |y |Polbethilene, o | o0 | s 4 0 |
A— 7 —DKBREKBEDEA 37 v ., 0.03 3.25 w| air
h, HERy oW THE 39 v o, 0.06 3.48 o air
KT5s, ofcEEZXTomL 41 ” R ” 0.08 1.95 vl air
BYI¥5. 43 v, ” 0.1 2.97 »| air 3
COEETCHEOT 4 LD % %mmﬁgﬁmmy 0.04 3.60 #i Oa
FORRES, B¥E Expn (28| ovthenoy dnma) 0.1 1.9 s O
WiBEEA R CH o CTEHRKA 23 | polypropylene 0.038 3.23 n| 0y !
wECHE. Folmmmes |8 upatcred | 0085 | 002 | ai
5. BENOEBEE BT 4N 6 | polyvinylidenchloride (A)} 0.05 0.043 " 0.
AR ELTFOUEE ~ A 2 5 1 #” A)| 0.05 0.029 #| air
B TEB DR A—F— 18 ” (B)| 0.04 0.023 w{ Oy
. . ~ 17 | Hydrochlorinated rubber| 0.02 »# 0.026 ” 0.
ORFOELTAS. Thi 30 | polyester (A) 0.025 » | 0.028  ~| air
ﬁm«juygifﬁ_j%m 31 ” B 0.025 # 0.02 o air
<. ?&bbm—@iﬁﬁf&} 2 — | » (vac, deposited of Al)| 0.025 ~ 0.002 #| air
T, BERERCEDLRS. 3 | Polyvinylalcohol 0.025 » | 0.028 »| air
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Table 2 Water Vagor permeabilities of plastic films
. No. Materials Thickness [Water vapor permeabilities
(mm) (g/m?/24 hrs)
— | Cellophane, plain — swelled with water vapor!
|
16 | ~ , moisture-proofed 0.0327 21
3 ~ , moisture-proofed| 0.05 9 |
-.. | Polyethylene, : P
a1 low density | U0-02 2 |
] n o, w 0.03 16 ‘
36 ” , ” 0.05 B.3 “
37 " , 0.08 4.4 ‘
38 ” , 7 N 1.3 ‘
Polvethylene,
n med. density 0.06 9.1
Pclyethylene, j L
13 high density | 0.04 5.3 !
|
Polyethylene, \
28 low density, 0.01 5.5 i
B ray irradiated )
97 | Polypropyrene, (A) 0.005 26
‘29 ” ® 0.036 10
| 39 " ©) . 0.025 7
2 Polyvmylchlondes,O « 0.025 b
"4 # , hard 0.5 1.2
1
" 40| # , non plasticized 0.025 34
Polyvinylidene _ |
- chloride (A) !
|4 ” (B) | 0.045 2.6
“ 7 | Cry-c-vac S (1.045 8
Hydrochlorinated i - |
6 rubber (A) 0.047 | 17
15 | Polystyrene 0.055 i0
5 | Polvamide 0.087 106
| 27 | Polyester 0.025 22
‘ — | Polyvilylalcohol soluble in water |
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(C) FINBEREDIE Table 3

Gases and water vapor permeabilities
of laminated films.

mﬂ_ﬁ%{i EPB-U ®H LG Materials Thickness | Gases permeablities I w:t;;]z:&(;irﬁes
SR (Ny 7 2B . BEH (mm) cc ) (g/m?/24hrs)
ERKE KB AL T 990 cm. sec. cmHg
R B0Y , 2 .
&) I Polyethylene 4 0.058 '1 0.00£x 10712 9.3
~380 my, L | 0.073 0.003 8.25
i ) Cellophare | 0.078 | 0.004 6.15
Fig. 3~ 93 roiE—FE : :
T /Polyethylene ~  0.087 | 0.07 #” 17.1 |
= THas. -+ ! 5 ! 75
\ Polyester 0.065 0.075. ~ 5.8 ‘
WEHBIVRT, (1) 24 0.06 0.06  ~ 5.0 ,
P AT 3% . - Polypropylene™ !
BrERTbicoTX(BEBT | o | 0.063 : 0.085 # 5.6 |
5301, RyE=vFra— \Polyester |
w, RYZFVy, RyTaE polyethylene 0.02 )
. Al f l
vy, €T sy, #9 18Ik o .07 0.002 0 |
- . Polyethylene 0.02
37 wibxFrvic¥THB. + '
e e Cellophane 0.025
(i) BRTT s v awFTL

Fig. 3 UV percent transmission, of various
kinds of plastic films.
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Fig. 4 UV transmission of polyethlene and
polypropylene films.
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Wave length my

(19) Polymonochlorotrifluoro-ethylene (. lmm
(10) Polyvinyl alcohol 0.025mm

(23) Polyvinyl chloride, without plasticizer 0 o1emm
(24) ” , With plasticizer (.01smm
(11) Polyamide (Nylon) 0.055mm

(17) Polystyrene (.03mm

(66) Acetyl cellulose ¢.023mm

(9) Polyvinyl chloride, soft 0.023mm

(6 ) Polyester ¢.04mm

(14) Hyvdrochlorinated rubber (.(025mm

(20) Polytetrafluoro ethylene 0.03mm

Wave length mu

(16) Polypropylene (A) 0.038mm

(13) ” (B) 0.008mm N
(3) Polyethylene (low density) 0.03mm

(4) ” (med. density) 0.02mm

(5) " (high density) 0.04mm

'(13) Polyethylene, irradiated with g rays(A) 0.03mum

(63) s” R ” (B)0.0. mm
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Fig. 5 UV transmission of polyethylene films Fig. 6 UV transmissin of cellophanes and
of various thickness. cellophane-polyethylene laminates,
% ' 4
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(25) Polyethylene(low density) ¢.02mm (56) Plain cellophane 0.025mm
(26) ” ” 0.025mm (57) Moisture-proofed- cellophane 0.025mm
27 “ ” 0.03mm (12) ” ” 0.02mm
(28) ” ” 0.04mm (21) Polyethylene-cellophane, laminated (.07mm
29) ” " 0.06mm (22) ” ” 0.08mm
(30) ” ” 0.08mm
(3]) ” ” 0.09mm
(32) " ” 0.1mm
(33) ” ”

Polyethylene(med. density)(.02mm
34) ” ” 0.03mm

(35) Polyethylene(high density)(. [mm



Fig. 7 UV transmission of polyethylene and Fig. 8 UV transmission of non-plasticized

Polyvinylchloride films treated with polyvinylchiride films, treated with
% solvents and untreated. . solvents and untreated.
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(46) Polyethylene (.045mm . Wave length mp
(47) ” , treated with ether
(48) ” , treated with heptane (4:) Non-plasticized polyvinyl ctloride(C) 0.025mm
(44) Non-plasticized polyvinylchloride ¢.025mm (30) ” # , treated with etier
(45) ” # , treated with ether (52) v ” (D) 0.03mm
(467) P v , treated with heptane (53) ” # , treated with ether

Fig. 9 UV transmission of heat shrinkable
polyvinyliden cbloride films treated
with solvents and untreated.
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(59) Polyvinylidene chloride (E) 0. 04amm

(61D ” , treated with ether
(58) ” (F) 0.04mm

(62 ” , treated with ether
((,7) “Cry-o-vac” (G) 0.043mm

(68) » , treated with ether
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