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UV TRANSMISSIONS OF PLASTIC FILMS—][*

Etsuzo Matsui and Yeshihiro Shimizu

Plastic films were estimated as to the UV transmission percentage in the range of
wave lengths 220-380 mg in a spectrophotometer.

(1) UV transmission of polyethylene adheres to Lambert's law, i. e. "logarithm
of transmission percentage of film is inversely proportional to its thickness” (Fig.
1, 2).

(2) Cellophane

Plain cellophane has high transmission percentage at any wave length. The curve
of transmission is continuous and smooth. But frequently found an absorption part at
300 mg in the curve. This is due to the fact that cellophane contains some amount
of unchanged viscose, which is removable in boiling water (Fig. 3, 4).

(3) Polyvinylchloride (PVC)

Pure PVC has high UV transmission (Fig. 5).

Plasticizers do not transmit the UV rays of shorter waves because they have
benezene rings in their chemical structures. (Fig. 6).

Plastic PVC compound, being composed with PVC and plasticizer, shows discontinuous
transmission curve with an absorption part (Fig. 7).

The plasticizer can be removed from PVC by extracting with solvent (Fig. 8).

With heat treatmet, PVC film changes and the position of curve is shifted and
finally colored to brown (Fig. 9).

(4) Polyvinylalcohol (PVA)

"Vinylon"” film, PVA, is highly transparent in this region of UV (Fig. 10).

In the factory, PVA is produced by saponification of polyvinylacetate. Powdered PVA
resin, which is used as the binder etc., contains a small amount of unchanged
polyvinylacetate. By precipitation with ethyl alcohol, the resin can be purified (Fig. 11).

With heating PVA, its UV transmission curve moves lower in the graph, and becomes
to have an absorption at 280 mu, which may indicate the existence of the carbonyl
group (Fig. 12).

(5) Polyamide

Fig. 13 shows the UV_ trasmission curves of “Nylon 6" films, mannfactared in Japan.
The curves may be devided into two groups, in regard to the shapes of lines. Curves
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* Previous paper: this report, series No. 6 (1964)
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406, 465 and 416 belong to one group, and curves 11 and 415 belong to the other group.
Fig. 14, 15, 16— Two samples of polyamide 6, "Nylon" film, made in Japan and a
sample of polyamide 11, "Rilsan” film, made in France, are extracted with solvents.
The curves of extracted films are not significantly different from those of original
films. This fact probably indicates that these polyamides are pure resins and may
contain no ingredient such as plasticizer.
(6) Gamma ray irradiated plastic films.
Films of polypropylene, cellophane, polystyrene, polyester, polycarbonate, polyvinyl-
alcohol and polyvinylchloride are irradiated with r ray of 80Co (Fig. 17-25)

(a) The UV transmission curves of the films irradiated 1Xx108r, are almost the
same to those of original films.

(b) In many kinds of films irradiated 7X10%r, show great difference from original
films, with respect to the shapes and positions of their UV transmission curves. And,
especially, polycarbonate and PVC color to brown. On the contrary, polystyrene is
not influenced, and polyester is only slightly affected by the irradiation.
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Fig. 3 UV Transmission of Cellophane ( ]) Fig. 4 UV Transmission of Cellophane (I[)
(a) Plain Cellophane (a) Cellophane, without Softening Agent
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Fig. 7 UV Transmission Curves of Poly-
vinylchloride (1I)
(with or without Plasticizer)

(a) PVC, original resin

(b) Plasticizer, butyl phthalyl buty!l
glycolate

(¢) PVC with 5% plasticizer

(d) PVC with 20% plasticizer

(e) PVC with 30% plasticizer
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Fig. 8 UV Transmission Curves of Poly-
vinylchloride (II)
(Heat-shrinkable Film)

(a) Original PVC film
(b) Extracted with ether
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Fig. 9 UV Transmission of Polyvinylchlo-
ride Films ([V)
(Effects of Heating)
(a) Original PVC film
(b) heated at 185°C for 5 minutes

(c) " ” 10 »
(d) ” ” 15 ”
(e) ” ” 20 ”
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Fig. 10 UV Transmission of Polyvinyl-
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("Vinylon” Films)
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Fig. 11 UV Transmission of Polyvinyl-
alcohol (1)
(Result of Purification)
(1) PVA resin, sap. degree 88%
(2) Purified resin by precipitation with
ethyl alcohol
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(Effect of Heating)

(1) PVA film

(2) Heated at 120°C for 6 hrs.

(3) Heated at 130°C for 8 hrs.
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Fig. 15 UV Transmission of Polyamide (1ll)
("Nylon 6” Film and after Extracted
with Solvents)

(a) Extracted with n-heptane

(b) o acetone
(c) - diethyl ether
(d) o benzene
(e) " ethyl alcohol
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Fig. 16 'UV Transmission of Polyamide (V)
Polyamide 11 ("Rilsan™ France) Film
and after Extracted with Solvents
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Fig. 17 "UV Transmission of ¥ ray Irradi-
ated Plastic Films ()
Polyethylene, low density.

(a) Original film
(b) Irradiated 1x108 r
(c) Irradiated 7x10¢ r
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Fig. 18 UV Transmission. of 7 ray Irradi-

ated Plastic Films (II)
Polypropylene

(a) Original film

(b) Irradiated X105 r
(c) Irradiated 7x10% r

100y
378
o
R
PR 77
S :
~ 3
g éo p
Z o
» £
& s
£ F
s 40 r
[ 2
= ¢
g 0 8
i
k
an 3
£
H
s wo o 50 200 220 30 o IR0

Wave Length (my)

Fig. 20 UV Transmission of 7 ray Irradi-

ated Plastic Films ([V)

Polystyrene

(a) Original film

(b) Irradiated 1x10% r
(c¢) Irradiated 7X10° r
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Fig. 19 UV Transmission of ¥ ray Irradi-
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Fig. 21
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Plain Cellophane

(a) Original film

(b) Irradiated 1x10° r
(¢) Irradiated 7x10% r
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Polyester
(a) Original film
(b) Irradiated (X108 r
(c) Irradiated 7X10° r
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Fig. 22 UV Transmission of 7 ray Irradi-
ated Plastic Films (VI)
Polycarbonate
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(a) Original film
(b) Irradiated 1x10% r
(c) Irradiated 7X108 r
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Fig. 24 UV Transmission of 7 ray Irradi.

ated Plastic Films (\ll)
Polyvinylchloride Resin, hard.
(a) Original film

(b) Irradiated 1x10° r

(c) Irradiated 7x10% r
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Fig. 23 UV Transmission of 7 ray Irradi-
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(a) Original film
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Fig. 25 UV Transmission of 7 ray Iraadi-
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ated Plastic Films (IX)
Polyvinylchloride Resin, inner
plasticized

(a) Original film

(b) Irradiated 1x108 r

(c¢) TIrradiated 7X105 r





