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Exposure of plasticized PVC to ionizing radiation,
e.g. gamma rays or electron beam, causes changes in
physicochemical and biological properties of ma-
terial, as it is described in the literature [1-4]. The
distinctly discoloration of PVC occurs at a typical
sterilization dose of 25 kGy, the material tends to
darken or to turn yellow. This process is autocataly-
tic and continues after sterilization. During irradia-
tion of PVC the conjugated double bonds as well as
the significant quantities of hydrogen chloride are
formed due to the oxidation of PVC resins. The
polyene structure is responsible for discoloration of
PVC compositions. Moreover, the cross-linking and
chain scission reactions, that lead to changes in
molecular weight and mechanical properties, are
possible [5].

Plasticized PVC requires several additives that
can greatly influence the material behaviour during
irradiation. All these ingredients, e.g. plasticizer,
stabilizer, lubricant can be decomposed and may
contaminate medical formulation with decreasing
the biocompatibility of material [6, 7]. Several dif-
ferent approaches have been made to improve ra-
diation resistance of PVC compositions [8-12]. A
key idea is the creation of protective effect using
compounds which act as an energy transfer agent
without changing polymer properties such as orga-
notin mercaptoacid esters, aromatic compounds
with poly-membered rings, some fillers, gadolinium
and lanthanum compounds. Unfortunately, the
above mentioned compounds are toxic and cannot
be used for medical formulations.
Experimental
Suspension PVC

The PVC samples were industrial grade product
powders with an average molecular weight, deter-
mined as K-70 and K-61, produced by "ANWIL"
S.A. Polanvil S-70SM medical grade, Polanvil S-70
general purpose, Polanvil S-61 general purpose and
Vinnol H-70DF, were produced by Wacker GmbH.

The radiation stability of PVC powders was coupl-
ed with thermal stability according to the Polish
Standard PN-88/C-8929/13. The following PVC for-
mulation was used: PVC - 100 wt. parts, di-butyltin
maleate - 3 wt. parts, stearic acid - 0.5 wt. parts.
Plasticized PVC

Commercial medical grade plasticized PVC for-
mulation contains a plasticizer - di(2-ethylhexyl
phthalate) (DEHP), and calcium and zinc stabi-
lizers. Two series of PVC compositions containing
a modified plasticizing system (Formulation I) and
a modified stabilizing system (Formulation II) were
prepared.

Formulation I:
- PVC, Polanvil S-70MS -100 wt. parts,
- DEHP plus high molecular weight aromatic

esters - 54 wt. parts,
- Stabilizer Ca/Zn - 2.5 wt. parts.
Formulation II:
- PVC, Polanvil S-70MS -100 wt. parts,
- DEHP - 54 wt. parts,
- Stabilizer Ca/Zn plus costabilizer - 3.0 wt. parts.
Sample preparation

A Stephan mixer was used to homogenize the
PVC powder with a plasticizer, a stabilizer and
other ingredients. The blends were heated up to
100°C. The resulting compositions were granulated
using a one-screw extruder at a temperature of
150/155/160°C and then the product was extruded
into films of 0.5 mm thickness.
Irradiation of samples

The stripes of film samples made of plasticized
PVC were irradiated for evaluation of mechanical
and physical properties and for Melt Flow Rate
examination. Irradiated samples in the form of
small rods were applied in EPR measurements.
Four samples of pure PVC powder were irradiated
as well. The irradiation was performed at room
temperature using an electron beam from a linear
accelerator LAE 13/9 at a dose of 25 kGy and
gamma rays from a 60Co source Issledovatel with a
dose of 30 kGy at 77 K.
Testing methods

All tests were made simultaneously for samples
before irradiation, after irradiation, after irradia-
tion and incubation for 120 h at 50°C.

The Melt Flow Rate test (MFR) was performed
using a Zwick plastometer model 4105 at 190°C
with a 5 kg load.

The PVC samples were investigated using a band
EPR spectrometer. The measurements were per-
formed using the following parameters: scanned
magnetic field - 20 mT, frequency of modulation -
100 kHz and modulation amplitude - 0.2 mT for
three different level of microwave power 0.02,1 and
100 m W. The measurements were performed at 77
K. The measurements were repeated after 30 and 90
s from the removal of the samples from liquid nitro-
gen and after reaching room temperature by the
samples.
Results and discussion
Suspension PVC

Results of the EPR study of the y-irradiated
PVC suspension samples are collected in Figs.l and
2 and Table 1. The EPR spectra of the irradiated
PVC samples have shown the presence of alkyl and
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Fig.l.EPR spectra of peroxy radical: a - Polanvil S-70SM; b
Polanvii S-70; c - Polanvil S-61; d - Vinnol H-70DF.

Fig.2. EPR spectra of PVC Polanvil S-70SM: a - 1 hour; b - 24
hours; c -148 hours after irradiation, respectively.

allyl radicals. These radicals arc not stable and, at almost the same. The better earlier colour resis-
room temperature in the presence of atmospheric tance is observed in the case of composition formu-
oxygen, oxidation processes occur and two types of lation F-2. Table 2 shows the values of MFR index
peroxy radicals A and B are formed. The EPR spec- composition vs. the dose of irradiation. It can be
tra of peroxy radicals type A for all PVC samples seen from this Table that the melt viscosity of PVC
Table 1. Peroxy radical concentration in the samples irradiated at room temperature.

PVC samples

Polanvil S-70MS

Polanvil S-70

Polanvil S-61

Vinnol H-70DF

Relative radical concentration after irradiation [%]

1 hour after irradiation

Peroxy radical A

79

74

88

78

Peroxy radical B

21

26

12

29

24 hours after irradiation
148 hours after

irradiation

Peroxy radical B

9.1

9.6

7.05

8.8

4.6

4.8

3.5

5.5

are shown in Fig.l. The changes of peroxy radical
concentration in the irradiated PVC samples after
storage during 1, 24 and 148 hours, respectively are
listed in Table 1. As can be seen from this Table,
the peroxy radicals disappear in a short time. The
EPR spectra of PVC - Polanvil S-70SM (Fig.2)
after the same time of storage, also show a very
weak signal due to peroxy radicals. Moreover, it is
evident from these data that the type and intensity
of the degradation of all evaluated PVC samples are
comparable.
Plasticized PVC

The investigation of mechanical properties of
PVC compositions shows that an irradiation dose
of 25 kGy does not affect the tensile strength and
elongation of both types of PVC compositions. The
determined values before and after irradiation are

composition does not change after the irradiation
dose of 25 kGy. The MFR index distinctly de-
creased when the dose of irradiation increased to 50
Table 2. MFR index of plasticized composition F-l before and

after irradiation.

Dose [kGy]

0
2.5
25
25

50
75

MFR 190°C/5 kg
[g/lOmin]

10.8
10.1
9.33
9.50

4.24
0.18

Storage time
[h]

24
120

24
24

kGy. It is evident in this case that irradiation caused
polymer degradation.

The obtained results indicate that the addition of
costabilizer leads to a better radiation resistance of
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plasticized PVC composition than the modification
of the plasticizer system using DEHP together with
a higher molecular weight plasticizer.
Conclusion
- The data obtained suggest that it is possible to

improve the ionizing radiation resistance of plas-
ticized PVC meeting fundamental requirements
for medical material via the change of the com-
position formulation.

- The additional costabilizer imparted a more sig-
nificantly improved radiation resistance of PVC
composition than did the modified plasticizer
system.

- No changes occur in the mechanical properties
and melt viscosity of the plasticised PVC samples
irradiated at a dose of 25 kGy
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