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1. INTRODUCTION 

Track membranes are produced by 
physico-chemical treatment of polymeric 
films exposed to heavy ion beams. The 
selected dissolution of destroyed material 
converts the original film into a micro-
and ultrafiltration membrane with 
cylindrical through pores. Track 
membranes prepared from poly(ethylene 
terephthalate) (PETP) film have a 
number of advantages which are 
associated with low thickness of 
membrane at high strength, high 
uniformity of pore size, low content of 
extractable substances [1]. At the same 
time track membranes made from PETP 
have such disadvantages as low chemical 
resistance against alkaline medium, high 
electrostatic charge on the surface, high 
contact angle at wetting with water, only 
short-term retention in pores the 
extragent solutions in organic solvents 
having low values of solubility parameters, 
and in many cases low water flow rate. 
Therefore, the attempts to obtain track 
membranes on the basis of films modified 
by radiation induced grafting [2] as well as 
to change surface properties of finished 
membranes (for example, standard 
Nuclepore membranes have been covered 

by poly-N-vinylpyrrolidone [3]) have been 
made. 

2 . METHODS 

In this paper a review of our 
experimental works on modification of 
PETP track membranes is presented. The 
radiation-induced grafting of monomers 
from liquid phase has been chosen as a 
method for modification. Two methods of 
irradiation and post-irradiation treatment 
have been used: 

a) pre-irradiation in air (MPA) 
followed by grafting in vacuum or in argon 
atmosphere; 

b) pre-irradiation in vacuum (MPV) 
followed by grafting in vacuum without 
contact with air. 

Membranes have been exposed to 
gamma-rays from Cs. 

The form of curves of grafting yield of 
polystyrene (PS) vs. reaction time 
indicates that the rate of grafting process 
and the limiting grafting vield increases in 
the range: 0.1-F, 1-F, L-10 (where 0.1-F 
and 1-F are track membranes with pore 
size 0.1 fim and 1 p , respectively, and 
with constant porosity of about 8 %; L-10 
is a Lavsan film which was the matrix for 
preparing track membranes). The change 
of monomer sorption rate is identical to 



that of the grafting rate. However, as was 
shown in [4,5] the grafting reaction 
proceeds at 70°C and at higher 
temperatures in kinetic range and is not 
limited by monomer sorption. This is 
evidenced by the values of characteristic 
parameter of grafting a. The overall 
activation energy of graft polymerization 
of styrene has sharp drop as the reaction 
temperature raises. But it changes 
negligibly when pore diameters changes 
from small to big ones and further during 
transition from membranes to PETP films 
of different thickness. A limiting grafting 
yield has a maximum as temperature 
rises. The maximum coincides with the 
glass -transition temperature of PETP 
swelled in monomer [6]. A critical 
thickness of membrane or film matrix, 
which is defined as that thickness above 
which the grafting rate per unit surface 
area becomes constant or decreases, 
changes with the temperature with 
activation energy close to activation 
energy of grafting (150 kJ/mole in the 
range 40 - 70°C and 25 kJ/mole in the 
range 70 - 100°C)[5]. Experimental value 
of critical thickness of membranes and 
films (5^m at 70°C) satisfactorily 
coincides with the calculated one [7]. 

As far as the radiation-induced graft 
polymerization onto track membranes has 
been carried out by preirradiation 
methods we had expected that the time 
and atmosphere of storage of the 

irradiated samples will affect the grafting 
rate. It was found that such influence 
takes place in fact [8]. For MPV, the 
storage of irradiated samples in vacuum 
at the room temperature increases their 
activities in initiation of grafting reaction 
until the storage time was longer than 100 
- 200 hrs. But for MPA, the activity of 
irradiated samples continuously 
decreases. This decrease is more 
pronounced for samples stored in air than 
in vacuum. 

From the obtained data the cunclusion 
about probable nature of the initiating 
radical centres can be drawn. For MPV, 
the centres of grafting initiation are 
radicals. For MPA, on the first stage of 
grafting the radicals, which migrate from 
crystalline phase of PETP to amorphous 
one, are initiating centres. As reaction 
time increases, the oxyradicals obtained 
at the thermal decomposition of the 
peroxydes begin to take part in the 
initiation of grafting. It is possible that for 
MPA both types of radicals initiate 
grafting at the same time. However, the 
kinetic rate constants are essentially 
different for radicals and oxyradicals [4]. 

Investigation of structure of modified 
track membranes leads to a conclusion 
that grafted polymer chains distribute in 
the bulk of membrane [9]. At electron 
microscopic investigation we observed 
formation of hills in spaces between pores 
which may be a possible consequence of 
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Fig. 1. Distribution curves for specific surface arsa of microcavities for original 91) and 
grafted with PS (2) track membranes 

40 60 . 
Crofting yield (per centj 

Fig. 2. Relative thickness of film L-10 
and track membranes 1-F and 0.1-F 
vs. grafting yield of PS 



Radiation-inductd grafting. 37 

gel-effect at grafting [10J. A s pore 
diameter increases (at constant porosity 
of membrane) the pores are clogged up in 
a less degree by grafted PS. There are the 
critical grafting yield of PS for each 
membrane with a definite pore size at 
exceeding of which the effective pore 
diameter sharply decreases. 

Swelling in organic solvents and water 
changes as the chains of grafted polymer 
are incorporated in the bulk of 
m e m b r a n e . T h e flow rate of liquid across 
the membrane depends both on the 
wettability of its surface by liquid 
penetrating through the pores and on its 
swelling in the same liquid [11]. So, the 
improvement of membrane wettability by 
organic solvents by means of PS grafting 
leads to raising of stability of impregnated 
partitions during membrane extraction 
srocess [12]. Grafting of such polymer as 
3 S permits also to increase the stability of 
the membrane being influenced by 
alkaline solutions [13]. This extends the 
application range of track membranes 
made of PETP. 

3. EXPERIMENTAL 

Properties of the grafted membranes 
have been investigated. Composite or 
graft membranes are a relatively novel 
type of polymeric membranes. The 
necessity of their preparation arises from 
the demands which are brought to 
semipermeable partition: chemical 
stability in separated media, high 
mechanical strength at minimum 
thickness as well as high selectivity with 
respect to components of separated 
medium at the maximum rate of mass 
transfer. 

Obviously, many of the demands are 
mutually exclusive ones. Therefore, the 
selection of the suitable membrane for a 
given separation process is essentially the 
search of the most optimum compromise 
between its properties. For example, gas 
separation membrane prepared from 
polyvinyl pyridine possesses excellent 
selectivity with respect to a mixture of N 2 
- O2 and adequate permeability but it is 
characterized by a very low mechanical 
strength [14]. 

The specific surface area of track 
membranes was measured on a 

Micrornejitic:* pore sizer-9310 mercuric 
porometer. The specific surface area 
versus pore diameter was obtained 
proceeding from the cylindrical pore 
model. According to [15], the pore 
surface and volume distribution of 
Nuclepore membranes (trade mark of 
Costar Corp. (USA)) obtained by the 
mercury penetration method is in good 
agreement with electron microscopy "data 
in the pore diameter range from 0.015 fim 
to 5 «rn in spite of hysteresis at high 
pressures. 

As a result of a difference between the 
etching rate of amorphous and crystalline 
regions of PETP [16] there is a 
microporous structure on the membrane 
surface and pore walls. The size of the 
microcavities approaches that of 
crystallites that is about 10 nm or less. 
The curve of the specific surface 
distribution for unmodified membrane 
shown in Fig. 1 (curve 1) indicates that 
track membrane has the large number of 
microcavities of similar size (10 nm). The 
specific surface area of graft membrane 
(curve 2) is lower in the pore region 10 
nm than that for original membrane 0.1-F 
which served as a matrix for grafting. 
Apparently, the microcavities are filled 
with grafted polymer. 

Fig. 2 can also be explained by 
accomodation of grafted polymer in the 
microcavities which have been formed on 
membranes with different pore sizes and 
pore numbers as compared with the 
original (unetched) film. As can be seen, 
the change of the relative thickness gain 
of the sample during accumulation of 
grafted PS decreases in the range: L-10, 
1-F, 0.1-F, that is as distance between the 
pores decreases and hence because of 
increasing surface area. In this case, the 
part of grafted polymer which 
accomodates in the microcavities will 
increases in the same sequence. Thus, for 
grafting performed by both methods 
(preirradiation in vacuum and in air), 
when grafted chains distribute not only on 
the surface but also in the bulk of 
membrane matrix, grafted polymer fills, 
in the first place, the microcavities which 
have a size near to that of crystallites of 
PETP. It is interesting to note that 
grafting by both methods changes the 



Fig. 3 . Relative gas permeability for 
graft membranes with constant 
porosity a s compared with that for 
original ones vs . grafting yield of PS 
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Fig. 4. Relative gas permeability for graft 
membranes with constant pore donsity 
a s compared with that for original o n e s 
vs . grafting yield of PS 
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Fig. 5. Relative water flow rate vs. 
grafting yield of hydrophilic polymer 

thickness of film in a less degree than that 
in the case of surface distribution of 
grafted polymeric chains (for example, 
during polymerization onto active sites 
formed during thermooxidation of PETP 
[17]. 

During graft polymerization pore size 
of membrane is expected to change. The 
effect of pore clogging was investigated 

for membranes both with different pore 
sizes and between pore distances under 
the condition of constant porosity equal to 
8 - 9% (Fig.3), and with different porosity, 
that is when membranes have constant 
pore density but different pore diameter 
(Fig. 4). In the first case (Fig. 3) the 
relative gas permeability changes 
negligibly at low grafting yields. This 
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range of grafting yields depends on the 
pore size of membrane substrate and it 
expends as pore size increases. 
Subsequently, as the grafting yield 
increases, there is a sharp drop of gas 
permeability (with the exception of 
membrane 1-F-gr-PS for which a drop of 
gas permeability takes place at a higher 
grafting yield, i.e. more than 60%). Since 
there is a linear relation between 
membrane thickness growth during 
grafting and grafting yield (look above 
and in [18]) it may be supposed that a 
sharp drop of gas permeability occurs 
because of pore size decreases. The 
obtained dependencies suggest that at a 
low grafting yield the effect of membrane 
surface modification can be reached 
without pronounced reduction of pore 
size. 

4. CONCLUSIONS 

As follows from Fig.3 and 4 the 
character of pore clogging is 
approximately identical for membranes 
with large pores [1-F(6xl(r) and 
1.5-F(6xlO )]. But when we compare the 
curves of the relative gas permeability for 
0.1-F and 0.05-F(6xlOb) it can be seen 
that the character of gas permeability 
reduction changes depending on the 
average distance between the pores L\ at 
low L (0.6 /urn against 4.8 /*m) clogging of 
pores intensifies as the grafting yield 
reaches ~ 7%. Thus, during grafting of 
PS the pores of nuclear membranes are 
clogged by grafted polymer to a greater 
degree when their original diameter is 
smaller and their number per unit 
surface area is larger. 

As is shown in Fig. 5 modification of 
membrane surface by hydrophilic 
monomer results in the growth of water 
flow rate up to 3 - 4 times for pore size 0.1 
fim as compared with unmodified 
membrane of the same pore size. The 
relative water flow rate vs. grafting yield 
goes through the maximum. At low 
grafting yields the increase in the content 
of VPMI rises hydrophility of membrane 
surface. However at higher grafting yields 
the process of membrane swelling results 
in the decrease of pore size. Therefore 
there is the optimum value of grafting 

yield for surface modification of track 
membrane to reach maximum water flow 
rate. 
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