
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

The Depth of Penetration of Radiation Oxidation in the Presence of
Stabilizers
B. A. Gorelika

a All-Union Research Institute of Medical Polymers, Moscow, USSR

To cite this Article Gorelik, B. A.(1992) 'The Depth of Penetration of Radiation Oxidation in the Presence of Stabilizers',
International Journal of Polymeric Materials, 16: 1, 311 — 317
To link to this Article: DOI: 10.1080/00914039208035434
URL: http://dx.doi.org/10.1080/00914039208035434

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039208035434
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J. Polymeric Mater., 1992, Vol. 16, pp. 311-317 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1992 Gordon and Breach Science Publishers S.A. 
Printed in the United Kingdom 

The Depth of Penetration of Radiation 
Oxidation in the Presence of Stabilizers 
B. A. GORELIK 
All-Union Research Institute of Medical Polymers, 7 17246 Moscow, USSR 

The disposable syringes manufactured from low pressure polyethylene (LPPE) and polypropylene (PP) 
are widely used in the USSR. Irradiation by ionizing radiation is one of the most prospective methods 
of sterilizing the disposable syringes. Problems in developing the polyethylene and polypropylene 
formulations that remain stable under the action of sterilizing doses of radiation and subsequent prolong 
storing are reviewed. 

KEY WORDS Radiation, sterilizing, polyethylene, polypropylene. 

DISCUSSION 

To forecast the lifetime of the articles that are thick enough (more than 0.5 mm) 
after radiation action on air, it is necessary to know the so-called depth of pene- 
tration of the radiation oxidation reaction. 1-5 

P r e v i o ~ s l y ~ ~ ~  we have considered the case of radiation oxidation of nonstabilized 
polyolefins which allows us to calculate the depth of penetration of the radiation 
oxidation reaction if nonstabilized samples are irradiated. An attempt to calculate 
theoretically and determine experimentally the depth of penetration of radiation 
oxidation reaction for stabilized low pressure polyethylene (LPPE) and polypro- 
pylene (PP) is undertaken in this work. 

The samples of LPPE of 277-73 trademark and PP of 21060-16 trademark used 
in manufacturing syringes are used. The samples are investigated in the form of 
plates of various thickness that are manufactured at KAMIL combine (France) by 
the technique described earlier .7 An ionol stabilizer is introduced into thin poly- 
meric films (50 mcm) from a benzene solution. Thick films are prepared by melting 
thin ones. The stabilizer concentration is determined on the uv-spectrophotometer 
LAMBDA-6 Perkin-Elmer (USA) and after extracting with benzene from the film 
on the liquid-phase chromatograph with uv-detector LAMBDA 481 Millipore (USA), 
column NOVOPAC C-18, movable phase ACN- H,O 80:20. Irradiation is carried 
out at different installations with the dose rate of from 0.022 to 2.8 Gylsec in air 
atmosphere at room temperature. 
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312 B .  A. GORELIK 

Let us consider the scheme of radiation oxidation of polyolefins in presence of 
antioxidant: 

Wi R + H '  i ) R H  - 
O ) R H + H  5 R + H 2  

1) R + 0, 5 RO; 

2) RO; + R H  5 ROOH + R 

1 4) RO; + RO; 5 
5) R + RO; > } molecular products 

6 ) R + R  > 
7) RO; + InH 3 K In' + ROOH 

8) RO; + In' 5 In0,R 

9) InH + H 2 K H, + In' 

10) R + In' 5 InR 

The solution of the i)-10) system using the Bodenstein-Semenov principle gives 
the expression 

Wi = K,RO;In' + K,,R'In. + 2K6R0;2 + 2K,R'2 + KSRRO,. (1) 

The possibility of reaction 10) proceeding is shown in References 8-10. Let us 
simplify equation (1) for the case considered here. For the strong antioxidants to 
which hindered phenols of the type 2,6-di-tert-butyl-4-methylphenol (ionol) are 
regarded, the propagation reaction rate for the oxidation chain and the termination 
rate on ROz radicals is much less than the termination rate on inhibitor molecules 
at concentration lo-,- lo-' mol/kg. As concerns reaction 6), special experiments 
are carried out to estimate the relationship between its rate and the rate of the 
reaction 10). The gel-point is determined upon irradiation of LPPE 277-73 (non- 
stabilized) and LPPE which contains 5 mol/kg ional antioxidant using ex- 
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RADIATION OXIDATION 313 

traction sol-fraction of irradiated samples in Soxlet apparatus in nitrogen atmos- 
phere for 48 h. The value of gel-formation dose in the presence of stabilizer increases 
from 2.6 kGy for nonstabilized LPPE to 60 kGy for the polymer containing 5 - 
mollkg of ionol. 

This fact is evidence that the stabilizer of the phenolic type can suppress the 
reaction the recombination of alkyl radicals in polyolefins. .Therefore the two last 
terms in Equation (1) can be neglected. Thus we have 

Wi = K,[RO;][In’] + Klo[R][In’]. ( 1 4  

The solution of the i)- 10) system gives following expression for inhibitor radical 
concentration [In.]: 

Kl[O,] (Wi + - wi) = 6 [InHl K1o [In.], - Klo[In’]Wi, 

Taking into account the values of rate constants of the reactions entering Equa- 
tion (2) K1 = lo6 l/mol sec,ll K,, = 10, l/mol set,', K, = lo4 I/mol sec,I2 K, = 
10, Ilmol sec,12 Wi -- Wi (by physical sense) = moll1 sec for dose rate of 2.8 
Gylsec we can write 

[In.] = K,[0,1 + I) + 
2KlO 

or, taking into account, that Wi = Wi we have 

K7 [In’] = K,[O,l + 1.25 - [InH]. 
KlO K8 

(3) 

(4) 

Then beginning from the i)-lO) scheme, we can obtain the expression for quasi- 
stationary concentration of alkyl radicals [R]: 

[R] = 

- - ~ ~ 

2K,[0,] + 1.25 - K7 Klo[InH] 
K8 

Taking into consideration Equation ( 5 ) ,  we can write, for the polymer oxidation 
rate Wox, 

(6) 
Kl[0,]2Wi 

2K,[02] + 1.25 Klo[InH] 
K wox = K,[R’I[O,I = 

K8 
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The diffusion hindrances being in proceeding chemical reactions, we have for 
the case of stationary diffusion in film: 

where 

K7 

K* 
A = 2K,Wi, B = 1.25 - K,,[InH], C = 2K,. 

Equation (7) is easily reduced to the following form: 

4 0 2 1  

C [ 0 2 ]  + B' DPP' = 

where 

The expression for the polymer oxidation rate can be obtained easily as a flow 
through the film surface: 

I 1 

J02i,=I, = d 2 D A  (C[O,] + B )  - B ln(C[02] + B), 
C' 

Taking into account all values of kinetic constants entering (8) and also the fact 
that oxygen solubility in polyolefins at the normal conditions is near mol/kg,'l 
Equation (8) is reduced to the following form: 

The concentration profile of oxygen from the polymer surface is described by 

where X is the distance from the film surface. 

tration of the chemical reaction l&r, as X ,  at which [O,] = 0. From this 
Analogously to that proposed previously,'.s let us estimate the depth of pene- 
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RADIATION OXIDATION 315 

Let us compare lch.r. values in the presence and the absence of antioxidant in the 
polymer. From References 1 and 5 it is known that 1ch.r. is, in the case of nonsta- 
bilized polymer, 

Formulae (10) and (11) are similar except that the influence of the chain oxidation 
process on the depth of penetration due to the suppression thereof by antioxidant 
molecules is absent. 

Let us estimate the antioxidant influence on lch.r. from the expression 

Analysis of the function T = T(Wi) shows that at great Wi values (dose rates more 
than 280 Gy/sec) T < 1, i.e., introducing the antioxidant brings upon a decrease 
in the depth of penetration of the chemical reaction of radiation oxidation. At Wi 
.--, 33 T -+ m. At small values of initiation rates (dose rates less than 2.84 Gyl 
sec) introducing the inhibitor can increase the depth of penetration of oxidation 
reaction considerably. Let Wi = mol/l sec (dose rate about 0.03 Gykec); 
then the calculation of T for room temperature gives the values T = 35 (K, and 
K6 are values we have calculated from References 11 and 12 and substituted into 
(12); for polypropylene [RH] = 24 moyl. Consequently, introducing the antioxi- 
dant increases the depth of penetration of chemical reaction of radiation oxidation 
considerably in this case. 

To test the proposed relationships experimentally, the irradiation of thick pol- 
ypropylene films (thickness 2 mm) is carried out with introduced stabilizer (ionol). 
The irradiation is carried out under the conditions mentioned above. 

The products of chemical interaction of stabilizer with alkyl radicals forming in 
polypropylene at irradiation are analyzed. Before analysis by liquid chromatograph, 
thin-cut film pieces are placed into benzene, extraction is carried out for 150 h at 
40°C. The peaks on the chromatogram using a uv-detector of wavelength 248 nm 
are detected in the product of extraction besides ionol after irradiating by a dose 
of 5 kGy. These peaks are inferred to chinoid structure compounds which are 
formed by the interaction of alkyl and phenyl radicals outside the oxidation zone.8 

After benzene extraction the products of interaction of phenoxyl with relatively 
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316 B. A. GORELIK 

low molecular part of polymer are analyzed. Taking into account the fact that the 
mechanism of radiation action on polypropylene within the range of dose rates 
0.3-3 Gylsec does not change, and the quantity of the products of interaction of 
phenoxyl with low molecular part of polymer is proportional to the general content 
in polypropylene of the compounds of the type, 

it can be assumed that 

1 

where I is a half of the thickness of polymer film, I,, are the depths of penetration 
of chemical reaction of radiation oxidation at a dose rate of p1 = 0.28 Gylsec; 
/fh is the same at p 2  = 2.8 Gylsec; m' is the quantity of the products 

for the case of dose rate p l ;  m2 is the same, but for dose rate pz. L,IL, is the value 
obtained using experimental data and is equal to 2.2. L,lL2 is the value obtained 
from theoretical calculations by formula (10) and is 1.7. The agreement is suffi- 
ciently good to support the results of the kinetic model proposed in this work. 

References 

1 .  B. A. Gorelik, A. G. Grigoriev, E. I.  Sernenenko and A. G. Golnik, Proc. V Tihany Sirnposium 

2. B. A. Gorelik. E. I .  Semenenko, I. V. Skoromnov and A. G. Grigoriev, Proc. 2nd Internat. 

3. M. V. Belousova, A. I. Maklakov, V. D. Skirda, E. V. Bykov and B. S. Romanov, High Molecular 

4. E. V. Bykov, E. V. Bystritskaya and 0. N. Karpukhin, High Molecular Comp. USSR, 27B (lo), 

5 .  B. A. Gorelik. Thesis, Institute of Chemical Physics of the USSR Academy of Sciences, Moscow, 

6. B. A. Gorelik. V. M. Goldberg, A. 1. Ivanov and E. I. Semenenko, High Molecular Comp. USSR, 

7. B. A. Gorelik, L. A. Sokolova, A. G. Grigoriev, E. I. Semenenko and L. N. Kostyuchenko, High 

8. E. A. .Antonova, T. F. Trotschiliva and V. V. Saraeva, Vestnik Moskovskogo Universiteta, Ser. 

on Radiation Chemistry, Budapest, Akad. Kiado., 2, 927 (1983). 

Conference on Radiation Processing for Plastics and Rubber, Canterbury, UK, 261 (1984). 

Comp. USSR, 28 (3), 663 (1986). (-In Russian.) 

776. (In Russian.) 

131 (1980). 

218 (4), 298 (1979). (In Russian.) 

Molecular Comp. USSR, 32B ( 5 ) .  342 (1990). ( In  Russian.) 

2. Chemistry, 28 (4), 66 (1987). (In Russian.) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
3
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



RADIATION OXIDATION 317 

9. 0. Brede and L. Woinarovits, Proc. 7th Tihany Symposium on Radiation Chemistry, Balatonsze- 

10. L. Woinarovits, 0. Brede and G.  Foldiak, Proc. 7th Tihany Symposium on Radiation Chemistry, 

11. Ju. A .  Shlapnikov, S. G.  Kiryushkin and A. P. Marjin, Antioxidative Stabilization of Polymers, 

12. A. F. Alksnis, G. E. Zaikov and V. P. Karlivan, Chemical Stability of Polyesters, Riga, 146 (1978). 

plak, Hungary, 18, 1990. 

Balatonzeplak, Hungary, 142, (1990). 

M, 22, 63, 64 (1986). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
3
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1


