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INTRODUCTION 

Radiation-induced graft polymerization of styrene onto poly- 

(ethylene terephthalate) ( P E T P I  has been studied in a number of 

papers. As a rule, for this purpose it was used direct method of 

grafting in which the polymer is dipped either in a pure monomer 

cr in a monomer solut.ion and the system is irradiated 1 1  - 81. An 

equilibrium radical conrentration in irradiated PETP ie about 1017 

radicals per gram 191. So small concentration of paramagnetic 

sites must lead to insufficient. act-ivity of PETP in the grafting 

process. Indeed, in early works on graft polirmerizat.ion PETP 

matFis differ from others by both the small rate of grafting and 

the small limit graft-ing yield [ l o ] .  

However, subsequent works led to the results indicatipg a 

pussibility of obt~ining of the grafting yield reaching some 

tens percent. In the direct grafting met-hod, considerable portion 

of radicals can he introduced into the PETP substrate from without. 

1 2 1 .  The radicals formed in a monomer and solution surrounding 

po1ymrr.i~ matrix diffuse into the PETP volume where they initiate 

polymeriztition of monomer. Macromolecules formed this a way have 

not rhemical bonds with the matrix but owing to molecular 

engngr:ment they are retained firmly in the bulk of the polymeric 

m~trix. 

We know only t,wo papers partly dedinnted to the grafting of 

styrene onto PETP bj- !!sing thc method of preirradiation in 

vncrlum [ 1 , 1 1 1 ,  but we have not information on the grafting in this 
....we 

syrtem wit,h the meth ~ ' ~ r & i r r a d i a t i c "  i"p r. 
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In the method of preirradiation in air, concentration of t.he 

peroxides in PETP is proportional to dose up to 50 - 100 kGy 

(12,131. A furthen dose increase leads either to saturation con- 

nected with a dissociation of peroxides and/or hydroperoxides as a 

result of their rndiolysis or to relationship between the grafting 

rate and the dose with a maximum [141. 

~p~licat.ion of both the grafting methods in concrete polymer/ 

monomer system will be successful in that. case if the radicals and 

the peroxides generated during irradiation will be stable during 

sample storage after irradiation. For that matter, PETP is cha- 

racterized by a long lifetime of the radicals L15,16] and by a 

formation of the stable at. the ambient temperature substances with 

oxygen to oxygen bond in their molecules which are the peroxides 

and the ozonides [ 171 and/or hydroperoxides [ 181. 

In this work grafting of styrene onto the PETP nuclear membra- 

nes and films with the methods of preirradiation in a vacuum or in 

atmosphere contained oxygen has been studied. The relationships 

between the grafting yield and the dose rate, the prei.rradiation 

dose, and t.he storage time of the samples after a completion of 

Table 1. Some characteristics of membranes and film used for 

graft polymerization 

Sample Pore density, db! dg! Thickness, Porosity, L, 

code cm - 2 ~m vm ~m % Pm 
-- -- 

0.05-F 2 ~ 1 0 ~  0.05 9.gf0.3 8.0'0.5 0.25 - 

0.1-F 3.2*108 0.095 - 10.1'0.2 8.1'0.7 
0.67 

1 -F 5t lo6 0.93 - 8.6z0.2 7.720.2 5.1 
L- I 0  - - - 10 - - 

1 db, dg are pore sizes obtained by a "bulb" and gas dynamic 

methods respectively; porosity has been obtained by gravimetric 

method. 

Graft polymerization was carried out by the method described 

earlier L201. Nuclear membranes and film activated with Y-rays 

were stored at the ambient temperature (2!> - 30 OC) in vacuum 

torr) or in air, in the dark. The grafting yield (Q) is de- 

fined as percentage weight gain of the sample. 

irradiation have been obt.ained. 

EXPERIMENTAL 

RESULTS AND DISCUSSION 
Materials 

D o s e  rate 

Nuclear membranes were obtained with a known method on the 

basis of PETP film (lavsan made in the U.S.S.R. in accordance with 

State Standard 24234-80) of 10 pm thick (designated as L-10 
in 

Table 1 )  [19]. Nuclear membranes characteristics are shown in 

Table 1. Membranes and film were not subject to additional 

purification. Styrene is cleaned from inhibitor by means of 

rinsing in an alkali with a following double vacuum distillation. 

Typical curves of the grafted polystyrene (PS) accumulation 

onto PETP nuclear membranes with different pore size and onto 

PBTP film of 10 pm thick are shown in Figure 1. The method of 

preirradiation in vacuum is characterized by the high initial 

rate of graft polymerization. On initial section of the 

accumulation curve the polymerization has an explosive character 

and its rate depends on the kinetics of the monomer sorption by the 



matrix. In time the grafting rate decreases and takes the constant 

value. On the film L-10 the rate of grafting approximates to zero 

but on the membranes I-F and 0.1-F it takes some value 

different from zero. This form of the accumulation curves is 

apparently explained by the fact that with an increase of the 

average distance between the pore axes L (see Table 1) and with 

its approaching to film thickness the reaction of a radical recom- 

bination in the crystalline phase of PETP under conditions of 

the graft polymerization begins to compete successfully with the 

reaction of graft chains initiation by the radicals. It ought to 

point out that in the amorphous regions the radicals are 

accessible for monomer molecules already on the lnitial stage of 

grafting [11,15], and recombination of the radicals is more pro- 

bable in the thick substrate where an access of monomer to initia- 

ting sites is more difficult. 

0 8 16 24 
G r a f t i n g  t i m e  l h r l  

Fig. 1. Curves of PS accumulation on PETP film and nuclear 

membranes. 1 - 3 is a preirradiation in air, dose D : 50 ~ G Y ;  4 - 

- 6 is a preirradiation in D = 50 kGy. Grafting 

temperature T = 70 OC, dose rate is 0.75 Gy/sec. 

Grafting rate in the method of preirradiation in air is consi- 
derably lower. Escept for initial range an increase of grafting 

yield with time is described by a linear dependence. 

The dose rote does not affect the polymer activity in the 

grafting I-eactiun of st,yrene in the method of preirradiation in 

vacuum ( see Table 2). Grafting yield is practicall3- constant when 

the dose rate is changed in 50 times. The fact has good 

c:oincidence with the literature data which have been obtained at 

grt~ftins o~lto other polymeric matrixes 122 - 241. 

The analogous picture is seen in the method of preirradiation 

in air when irradiatiorr is carried out in oxygen. If PETP activa- 

lion is carried out in oxygen the grafting yield has some 

drp~ndence on the dose rate (Table 2). But in our opinion this 

dependence is defined by the reaction of oxygen radiolysis 

products with PETP matrix than by effect of the dose rate on 

radiolq-sis of PETP. This follows from that at low dose rate (0.015 

Gy/sec) oxygen concentration in a gas phase does not affect grafting 

yield whereas at its rise to 0.75 Gy/sec the influence has place. 

Table 2. Yields of grafted PS (in % )  on nuclear membranes and 

film irradiated r~nder conditions of the different dose rate and 

the different. gas atmosphere 
- 

Preirradiation in Preirradiation in air, 

vacullm, t = 6.5 hr t = 8.2 hr, D = 50 kGy 
- -- 

Dose rate is Dose rate is 
D = 50 kGy D = 25 kCy 

Sample 0.015 Cy/sec 0.75 Cy/sec 

code Dose rate (Gy/sec): Preirradiation in: 

-- 

0.015 0.75 0.75.0.08 air oxygen 
.- 

air oxygen 

0.05-F - - - - 0.4 0.3 1.2f0.6 2.3 
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BnHRHHe HeKorop~x ~aKropoa Ha paAHa~HoHHYIO npHBHBKY CTHpona 
Ha nonH3THneHTepe~TanaTH~X RAePH~X MeM6paHaX 

HccneAOBaHa paAHa4HOHHaR npHBHB04HaR nonHMePH3a4HR CTHpona H3 *HAKOH 
~a3~ MeTOAaMH npeABaPHTenbHOrO o6ny4eHHR Ha B03AYXe H B BaKyyMe Ha nonH-
3THneHTepe~TanaTH~e RAePH~e MeM6paH~ H nneHKY. OoKaaaHo, 4TO MO~HOCTb A03~ 
npeAaapHTenbHOrO o6ny4eHHR He OKa3~BaeT BnHRHHR Ha CK9POCTb npHBHB04HOH nonH
MepH3a4HH. 0ony4eHa nHHeHHaR 3aBHCHMOCTb Me*AY npeAenbHOH CTeneHbiO npHBHBKH 
H A030H npH npoBeAeHHH np04ecca MeTOAOM npeABapHTenbHOrO o6ny4eHHR B BaKYYMe, 
Hay4eHo anHRHHe apeMeHH xpaHeHHR o6pa340B nocne aaaepweHHR o6ny4eHHR Ha KH
HeTHKY npHBHB04HOH nonHMepH3a4HH: npH npHMeHeHHH MeTOAa npeAaapHTenbHOrO o6-
ny4eHHR B BaKYYMe CTeneHb npHBHBKH npOXOAHT 4epe3 MaKCHMYM; npH npHMeHeHHH 
MeTOAa npeAaapHTenbHOrO o6ny4eHHR Ha B03AYXe CTeneHb npHBHBKH Henpep~BHO 
CHH*aeTCR, npH4eM CKOPOCTb ee CHH*eHHR B~we B cny4ae B~AeP*KH o6pa340B Ha 

~ 

B03AYXe no cpaaHeHHIO C xpaHeHHeM HX B BaKYYMe. 

Pa6oTa B~nonHeHa B na6oparopHH RAePH~X peaK4HH OHRH. 

ilpellpHHT 06'beAHHeHHOro HHCTH'I}'TB RAepHbiX HCcneAOBBHRA . .lly6Ha 1989 

Zhltarluk N.l ,, Shtanko N.l. E18-89-724 

Influence of Some Fac~ors on Radiation Grafting 
of Styrene onto Poly(ethylene Terephthalate) Nuclear Membranes 

Radiation-Induced graft polymerization of styrene from liquid phase 
onto poly(ethylene terephthalate) nuclear membranes and films has been 
Investigated. Grafting was carried out by the methods of prelrradlatlon 
In air and In vacuum, It Is shown that dose rate does not affect the rate 
of graft polymerization. Linear dependence of the limit grafting yield on 
dose has been obtained at carrying out the process by the method of 
prelrradlatlon In vacuum •. Influence of sample storage time after completion 
of the Irradiation on gratt polymerization kinetics has been studied: In 
the method of prelrradlatlon In vacuum, grafting yield passes through the 
maximum; In the method of prelrradlatlon In air, grafting yield decreases 
continuously and rate of Its decreasing Is higher for samples kept In air 
than In vacuum. 

The Investigation has been performed at the Laboratory of Nuclear 
Reactions, JINR. 
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