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Synopsis

Gas evolution and oxygen consumption in the v-irradiation of PVC were studied. The gas evo-
lution and the oxidative degradation are retarded by the presence of plasticizers and stabilizers. The
G(HCI) and G(Hy) are 8 and 0.24 for the irradiation of pure PVC under vacuum and 0.02 and 0.14
for that of plasticized PVC, respectively. Gas evolution increases in the presence of oxygen, specially
for the pure PVC. The G(— O3) values for the pure and plasticized PVC are 30 and 12, respectively.
The dependence of gas evolution and oxygen consumption on the oxygen pressure is more pronounced
for the plasticized PVC than pure PVC because the oxygen diffusion is controlled.

INTRODUCTION

This report extends our work on the radiation effects on poly(vinyl chloride)’
(PVC) used for disposable medical supplies. The first report! deals with the
study of radiation-induced oxidative degradation of isotactic polypropylene.

In the study of radiation chemistry of PVC, it is known that the oxidation
processes take place in the presence of atmospheric oxygen during irradiation.
Minsker et al.2 reported that the oxidation during irradiation produces hydro-
peroxide groups. The formation of carbonyl groups in PVC3 increases up to a
dose of 5 Mrad and then decreases at higher doses because the rate of oxidation
is larger than that of HCI elimination at low doses. The G-value of HCI for-
mation in the irradiation of PVC stabilized by epoxy compounds was studied
by Lerke et al.,* measuring HCI during irradiation with a pH meter. They found
that G(HCI) increases sharply in the initial period of irradiation at low doses
(1-1.5 Mrad) and that the G(HCI) is 28 at 6 Mrad and decreases with the amount
of stabilizers.

The effect of plasticizers on the behavior of PVC in y-irradiation was studied
by Krylova et al.3 They reported that in PVC plasticizer systems, the plasticizer
has a marked effect in reducing the radiation chemical changes, in which the
plasticizer breaks down readily. There are few practical results concerning the
effects of plasticizers and stabilizers in the radiation oxidation of PVC.# The
few articles published on the subject of irradiated epoxy compounds concern only
practical methods of producing improved plastics.’

It is our aim to study the effect of such additives on the gas evolution and ox-
idative degradation in y-irradiation of PVC, which is widely used for disposable
medical supplies.

* Present address: National Centre for Radiation Research and Technology, Madinet Nasr, Cairo,

Egypt.
1t To whom all correspondence should be addressed.
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EXPERIMENTAL

Materials. Pure PVC powder with average diameter 0.2 mm was supplied
by the Sumitomo Chemical Co., Ltd. The plasticized PVC film with thickness
of 0.4 mm was supplied by the Terumo Co., Ltd. The plasticized PVC contains
the following additives:

Component Ratio (phr)
PVC (degree of polymerization 1000) 100
Dioctyl phthalate 50
Epoxy oil (Dratex-6.8, Argus Chemical) 5
Ca-Zn Stearate compound (Mark 33, Adeka, Argus Chemical) 2

Irradiation. The samples were irradiated with 6°Co vy-rays under vacuum,
in oxygen and in air at a dose rate of 1 Mrad/h at room temperature.

Analysis and measurements. Oxygen consumption and gas evolution were
measured by gas chromatograph and mass spectrometer. The tensile properties
were measured by an Instron. The apparatus and procedures were the same
as in our previous study.!

RESULTS AND DISCUSSION

Gas Evolution and Oxygen Consumption

Figure 1 shows the amounts of evolved gases from pure PVC irradiated under
vacuum at room temperature. The amount of total gas increases with dose. HCI
is the main product, and hydrogen (Hy), carbon dioxide (CO2), carbon monoxide
(CO), and methane (CHy) are observed as minor products. The formations of
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Fig. 1. Gas evolution vs. dose for pure PVC powder irradiated under vacuum at room temperature:

(®©) total gas; (a) HCI; (a) Hy; (O) CHy; (@) COg; (@) CO. X10, X100, and X1000, mean multipli-
cation of observed values by 10, 100, and 1000, respectively.
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H; and CO increase linearly with dose, but CO, and CHy level off above 30 Mrad.
Upon irradiation the sample changed to yellow at low doses and to brown at
higher doses. As the color is associated with conjugation, the more and the longer
the conjugation sequences are, the darker the color becomes.

Figure 2 shows the amounts of evolved gases from the plasticized PVC irra-
diated under vacuum at room temperature. The amounts of total gases and HCl
are very small until 20 Mrad, and then increase sharply at higher doses. The
evolutions of Hy and CH, increase linearly with dose, and the CO and CO; level
off at higher doses.

The G-values for the evolved gases from pure and plasticized PVC irradiated
under vacuum are listed in Table I. We can see that G (HCI) for the plasticized
PVC is only 10% of the G (total) and less than G (Hs) below 20 Mrad. Itis clear
that G(total) and G (HCI) for the plasticized PVC are much smaller than for pure
PVC at low doses.

The presence of stabilizers such as epoxy oil and Ca—Zn stearate compound
effectively inhibit the gas evolution from PVC below 20 Mrad. The elimination
of HCl from PVC is not prevented yet by the presence of such additives, but HCI
is captured by the epoxy oil and Ca-Zn. These stabilizers are degraded by ir-
radiation above 20 Mrad, and consequently the HCI and total gas evolution are
increased sharply above 20 Mrad. Lerke and Szymanski4 reported that the
evolved HCI was captured by the epoxy compounds. The compositions for the
evolved gases, which were analyzed by mass spectrometer, are listed in Table
II. The CO and COg are formed due to the small amounts of residual oxygen
in the samples after evacuation.

Figure 3 shows the amounts of oxygen consumption and gas evolution for pure
PVC irradiated in oxygen with initial pressure of 500 torr as a function of dose.
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Fig. 2. Gas evolution vs. dose for plasticized PVC film irradiated under vacuum at room tem-
perature. Symbols same as in Fig. 1.
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TABLE 11
Relative Composition of Evolved Gases for Pure PVC Powder during Irradiation under Vacuum
and in Oxygen at 300 torr by Mass Spectrograph

Component Relative composition

gas 40 Mrad under vacuum 20 Mrad in oxygen
HC1 100 100
CHy 0.06 0.10
(60 0.17 17.0
COq 0.29 16.9
C:Hg 0.20 —
C.H, 0.05 —
CsHs 0.008 —
H,0 0.5 1.1
O (residue) — 56.8

The oxygen consumption and gas evolution increase linearly at low doses and
level off at the higher doses. It is noted that the oxygen increases the evolution
of HCl and CH4 but Hs decreases compared to irradiation under vacuum. The
evolved gases detected by the mass spectrometer are listed in Table II. It has
been reported that dehydrochlorination and oxidation occur simultaneously
during the photoinduced degradation process of PVC in air.6-8

Figure 4 shows the amounts of oxygen consumption and gas evolution for the
plasticized PVC irradiated in oxygen at initial pressure of 500 torr as a function
of dose. The oxygen consumption and gas evolution increase linearly with dose
until 50 Mrad. Table III shows that the evolved HCl increases in the presence
of oxygen for both pure and plasticized PVC. The increase of HCl evolution in
the presence of oxygen is more remarkable for the plasticized PVC than for the
pure PVC. But the evolution of HCl is retarded by the additives in both presence
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Fig. 3. Oxygen consumption and gas evolution vs. dose for pure PVC powder irradiated in oxygen
at 500 torr at room temperature: (O) O; consumption. Other symbols same as in Fig. 1. X2, X50,
and X1000 mean multiplication of observed values by 2, 50, and 1000, respectively.
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Fig. 4. Oxygen consumption and gas evolution vs. dose for plasticized PVC irradiated in oxygen
at 500 torr at room temperature. Symbols same as in Fig. 3.

and absence of oxygen. Under these experimental conditions, the oxygen
pressure in the sample tube decreases by the consumption during irradiation
as shown in Table IIL

The dependence of the oxygen consumption and gas evolution on the oxygen
pressure was studied at 20 Mrad for pure and plasticized PVC, as shown in Fig-
ures 5 and 6. The oxygen consumptions for both pure and plasticized PVC in-
crease with oxygen pressure and level off at the higher pressures. The evolutions
of HCI and COs show the same tendency as the oxygen consumption. The G-
values for the oxygen consumption and evolved gases for pure and plasticized
PVC are listed in Table IV. The G(~ O3) and G (HCI) for pure PVC level off
at 400-500 torr, and for plasticized PVC, at 600-700 torr. This fact is due to the
oxygen diffusion control in the plasticized PVC film samples.

Tensile Properties of the Irradiated PVC

The tensile properties were studied for only plasticized PVC because pure PVC
is difficult to be molded into sheets. The changes in tensile strength (T) and
percent elongation (E,) at break for the plasticized PVC irradiated under dif-
ferent conditions (in air, in oxygen, and under vacuum) are shown in Figure 7.
The E} slightly increased upon irradiation under vacuum and decreased in air
and in oxygen. The T}, was almost constant until 40 Mrad under vacuum, but
decreased in air and in oxygen as the oxidation degradation occurred at higher
doses above 20 Mrad. It has been reported that HCI accelerates the thermal
and photodegradation of PVC8? and that the degradation is enhanced by the
conjugated polyenes in the PVC chains. As mentioned above, the HCI evolution
from the plasticized PVC increases sharply at doses above 20 Mrad under vacuum
and is enhanced by the presence of oxygen. This is one of the reasons for the
tensile property degrading above 20 Mrad. At low doses, a small change is ob-
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Fig. 5. Oxygen consumption and gas evolution vs. oxygen pressure for pure PVC powder irradiated
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in oxygen up to 20 Mrad at room temperature. Symbols same as in Fig. 3.

served for both T, and E; in air, in oxygen and under vacuum, as shown in Figure

8.

These results may indicate that the dioctyl phthalate inhibits effectively the
degradation at low doses up to 20 Mrad. At higher doses, the dioctyl phthalate
is decomposed and the T, and E}, slowly decrease. As the dioctyl phthalate acts
y transfer agent, main-chain scission of PVC is re-

as the radiation energ
tarded.

=5

Oxygen consumption and gas evolution(10 mole/g)

Fig. 6. Oxygen consumption and gas evolution vs. oxygen pressure for plasticized PVC irradiated
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Fig. 7. Tensile strength and percent elongation at break vs. dose for plasticized PVC irradiated
at room temperature: (0) irradiated under vacuum; (A) irradiated in air; (O) irradiated in oxygen
at 650 torr.
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Fig. 8. Tensile strength and percent elongation at break vs. dose for plasticized PVC irradiated
at low dose. Symbols same as in Fig. 7.
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CONCLUSIONS

The gas evolution and oxygen consumption of y-irradiated pure and plasticized
PVC were investigated. For pure PVC, G(HC]) is about 8 under vacuum and
16 in oxygen at low doses. The G(Hy) is 0.24 under vacuum and 0.13 in oxygen.
The evolution of CO, COq, and CH,4 was increased in the presence of oxygen. The
oxygen consumption in pure PVC was dependent on the oxygen pressure;
G (— Og) was about 30 above 500 torr of oxygen.

On the other hand, G(HC]) for the plasticized PVC is only 0.02-0.03 up to 20
Mrad under vacuum and about 5 in oxygen. Oxygen markedly increases the
formation of HCl, Hy, CH,4, CO, and COs. The stabilizers retarded effectively
the gas evolution and oxidative degradation of PVC. The G(— O3) for the
plasticized PVC is about 12, and the dependence on oxygen pressure is more
remarkable than for pure PVC due to the oxygen diffusion control in the film
samples. The degradation of mechanical properties of the plasticized PVC are
well retarded by the plasticizers and stabilizers; T, and E;, are scarcely changed
until 20 Mrad in air, oxygen and vacuum.
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trography. El-Sayed A. Hegazy wishes to thank Prof. Dr. Abd-El-Gawad Rabie of the Faculty of
Science, Ain Shams University, Egypt, and Dr. A. M. Desouky and Assistant Prof. Dr. A. A, El-Milligy
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