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Nuclear track membranes (or nuclear (track) filters) are
produced by irradiating a variety of plastic films, mainly
polycarbonate (PC) and polyethylene terephthalate (PET), with heavy
ions and subsequent etching with appropriate etchants [1]. Since the
seventies heavy-ion accelerators are used for the production of
nuclear track membranes from PET at JINR (Dubne, U.S.S.R.) [2].
Nuclear track membranes (NTM) have some significant advantages over
conventional ones. However, certain characteristics of the NTM (such
as chemical resistivity, permeability, etc.) need to be improved.

This review summarises the results of developing the nuclear
track method to produce membranes with new structural and chemical

properties.

POLYPROPYLENE MEMBRANES

The membrenes are obtained from biexially oriented poly-
propylene (PP) films 10 ¢#m thick, by irradiation with accelerated
heavy ions followed by chemical etching in a solution containing

sulphuric acid and Cr(VI). The film "torayfan" (Toray, Japan) and
the film produced in the USSR (further called as PP1 and PPZ,

respectively) were used. The major advantages of polypropylene
compared with PET are: (1) high chemical resistance; (2) po-
lypropylene films do not contain inorgenic compounds (like TiOz,

kaolin) and, hence, the membrane matrix should be cleaner. Trace
element analysis of the PP films was performed by neutron and gamma
activation. It was found that PPl contains Cu {( 0.01 %) and PP2

containg Ca ( 0.01 %), Ti ( 0.003 %), and C1 ( 0.0003 %). Probably,
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these are the traces of polymerization catalysts, It should be noted Fig. 2. SEM-photograph

that there is no detectable amount of Sb in the polypropylene while of the surface

the Sb contamination is always present in PET and stands in the way of a NTM made

of element microanalysis of precipitations retained by the of the PP2 film.
membrane. -
According to the infrared spectroscopy data, the PP films are
anisotropic and characterized by the degree of crystallinity of
about 65 and 80 %X (the average values for the foils PP2 and PP1,
respectively). The large content of the isotactic polymer fraction
and the high degree of crystallinity result in a good resistivity of
the PP films in organic solvents. The long treatment (36 hr) of the
foils in boiling hexane and heptane leads to the weight 1loss not

exceeding 5 %.

Pig. 3,SEM-photograph
of the etched holes
in a polypropylene
the cross section of pore channel is elliptic in shape (see fig. 3). NTM. The vertical li-
ne coincides with the
direction of the lon~
gitudinal stretching
pores consist of two cones (the shape of a "sandglass"”, see fig.$). of the film (PP2).

Figures 1 - 4 show the electron micrographs of the PP nuclear

track membranes obtained. Because of the anisotropy of the PP films

The large axis of the ellipse is always oriented normally

to the direction of longitudinal stretching of the PP film. The

The conical shape of pore channels is caused by the low selectivity
of the track etching in polypropylene. The cone angle depends on the

linear energy transfer (LET) of the bombarding particle as it is
Fig. 1. SEM~photog-
raph of the surface of
a NTM made of "toray-

shown in fig.5. The heavier the ion the smaller is the cone angle
and the more cylindrical are the pore channels. In addition, one can

fan" irradiated with control the pore shape to a certain degree by choosing the
Xe ions. The etching

conditions:16 N H5S50,4,
50 3/4 KACr.0 80°C electron micrographs the standard deviation of the pore size d was
2 2 7) 1

appropriate etching conditions. From the statistical analysis of the

3hr. found to be equal to about 0.04 /m.



Fig. 4. SEM-photograph
of the surface
of a polypropylene NTM

with large holes
( D=3 um).
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Fig. 5. Schematic di-
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ce of the cone angle 10t Ar
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mbranes made of the

£ilms irradiated with
N, Ar and Xe ions.
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Since the membrane has a regular pore structure the through-put
of gaseous or 1liquid media through the PP NTM can be easily
calculated using the known formulas for the capillaries of conical
shape [3,4]. The calculated values are close to the data measured
experimentally. For instance, the flow rate of gaseous nitrogen
through a membrane 10 um thick and having pores with d = 0.2 um and

4 ma/(mz hr MPa).

a pore density of 8.107 cm_2 is equal to 2.10
The preliminary examination showed that the NTMs made of

polypropylene are stable in media with high pH. The treatment in -

? ]
- original
film
J thickness

a 20 %X KOH solution at 80°C during 24 hr does not change the
permeability, bubble point and mechanical strength of the
membranes. The NTMs of polypropylene can be used in microfiltration

processes for cleaning and analysing agressive chemical species.

ASYMMETRICAL MEMBRANES

To increase the permeability of the membrane while retaining
its mechanical strength, the method of forming "honeycomb-like”
structure is developed [5, see also the contributions to the present

Symposium]. The PET film 20 u#m thick is initially irradiated through

a metallic mask with regularly distributed holes by ions with a path
length in the polymer less than the thickness of the film. The film
is then irradiated by ions with a path length greater than the film
thickness. In addition, the ion flux of the second irradiation is
one order of magnitude lower than that of the first irradiation. The
subgequent etching converts the irradiated areas into cells having
thin porous bottoms. For asymmetric membranes the throughput of
gaseous nitrogen is at léast 3 times higher than that for
conventional nuclear membranes,

The properties of membranes with conical pores were also
investigated. The conical pores are obtained by etching the
irradiated film on one side. It is shown that the max imum
permeability of a membrane of a fixed porosity is achieved for a
certain shape of pores, namely, the optimum ratio of the channel
radii on one and the other side of the membranes lies in the range
of 1.5 to 4. One can control the pore dimensions and pore shape by

choosing the appropriate irradiation and etching conditions.
NUCLEAR MEMBRANES MODIFIED BY RADIATION-INDUCED

GRAFTING

Such membranes have been prepared by the radiation-induced

grafting of monomer compounds (styrene, vinylpyridine, vinylpirroli-



done) onto PET nuclear membranes. Three methods of grafting are

used: simultaneous irradiation and grafting, preirradiation in a
vacuum, and preirradiation in the air [6]. Some properties of
grafted membranes have been investigated ([7,8}. The relative gas

permeability has a tendency to decrease with increasing degree of

grafting (relative increase of membrane mass after grafting) [61.

The new direction of extraction - membrane extraction - has been
developed recently. The method of extraction is characterized by
using the matrix for an extragent solution in the form of membranes.
One of the basic problems in the membrane extraction is the time
stability of an impregnated membrane.

For investigating the problem we used nuclear membranes with
different pore diameters and surface properties. The first set of
membranes is the nuclear membranes made of PET and the second one is
nuclear membranes modified by radiation grafting of polystyrene
(PS). Both sets of nuclear membranes have cylindrical pores and a
thickness of 10 - 12 um. We used the cell which is divided by the
impregnated membrane into two chambers with stirrers. All permeation
experiments were carried out at room temperature. The feed solution
was HNO3 {1 mol/l) and the downstream solution was water. The memb-
rane was impregnated by CCl4 (p = 1,595 g/cma) or by mixture a of
CCl4/CsH6 = 1/5 by vol. (p =1 g/cma) without a carrier. We measured
the change of pH of the downstream solution.

The results of the modification of the nuclear membrane surface
properties are presented in Fig. 6 which shows the water contact
angle as a function of the relative mass of PS grafted onto a nuclear
membrane with a pore diameter of 0.1 #m. The contact angle increa-
ses with an increase in the relative mass of PS by up to 8 - 10 %.

The change of pH of the downstream solution with working time of
impregnated membrane is shown in Figs. 7 and 8. Nuclear membranes

with different pore diameters after grafting of PS have a tendency
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Fig. 6. Contact angle of water on modified nuclear membrane with a

pore diameter of O.1 pm as a function of the relative mass of graf-

ted PS.

Fig. 7. Reduction of pH in the downstream solution vs. operation ti-
me in the system: 1M HNO3 - COl4 - HZO; 1 is a nuclear membrane with
a pore diameter of 0.1 pm containing 6.8 % of grafted PS (abbrevia-

ted as O.1-F-gr-PS(6.8 %); 2 is a nuclear membrane with a pore dia-

meter of O.1 um (abbreviated as 0.1-F); 3 is 0.35-F-gr-PS(7.2 %); 4
is 0.35-F. -
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Fig. 8. Reduction of pH in the downstream solution vs. operation ti-

N

me in the system: 1M HNO3 - CCl4/C6H6 = 1/5 (by vol.) - HZO; 1 is

0.35-F; 2 is 0.35-F-gr-PS(8.4 %); 3 is 0.1-F; 4 is 0.1-F-gr-PS(10.4 %).



to increase the stability of the impregnated matrix. For both types
of membranes, i.e. those made of PET and containing grafted PS, the
delay time increases and the flux of H+—ions decreases with a
decrease in the pore diameter. The smaller the difference between
the densities of the extragent solution and water phases, the
higher is the stability of the impregnated membrane. As a result of
an increase in porous matrix hydrophobity one can refuse the
necessity of an increase in the extragent solution viscosity because
the last parameter decreases the ion permeability through an
impregnated nuclear membrane [9]. Thus the grafting of PS prolongs
the working time of modified nuclear membranes in the extraction

process compared to ungrafted ones.
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HoBue Tunsl AREpHBX TpeKOBWX MeMGpaH

MpnBegeHs peaynbTaTh Pa3BUTUR METORQ3 RAEPHLIX TPEKoB anA npouasoacTsa memb-
paH C HOBBIMA CTPYKTYPHHMU MU XMMMUECKUMM CBOMCTBamu. MpuUBOAATCA AaHHbe O CTPyK-
Type nop, © pacnpegeneHuM MX pasMepa M O NPOHMUAEMOCTM nonunponunenoawx (MM)
membpaH, a Takke O cogepwaHMu npumecei B8 maTepuane membGparb. Mopw B MM MeMb-
paHe COCTOAT M3 gsyx KoHycos (popma ''necourbix wacos'').C yensw YBENUUEHWA NPOHU=
yaemocT membBpaHu Npu COXpPaHeHUU ee MexaHMuecKoi nNpouHocTu paapaloTaHa coTono-
nobHan cTpykTypa. MayueHu Takwe cBoWcTBa MemGpaH C KOHMuyecKuMM nopamn. MeTtogom
PaAMAUMOHHON MNPUBMBOYHOM NONMMEPM3auUM MOHOMEPHBIX coeauHeHun Ha MN3TP ageprbix
membpaHax 6uinu nonyuvens MoandMUMpOBaHHbe MemGpaHb. [OKaaaHO, UTO ygaepwaHue
pacTBopa 3KcTpareHTa B obbeme NOp NOBLIWAETCA NO Mepe POCTa COREPXAHWUA NPUBM-
TOro NofucTUpona B memGpaHe,

PaboTa awnonHena 8 flaBopaTopun sgepHbix peakuun OHAK.,
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Novel Types of Nuclear Track Membranes

The results of the developing nuclear track method to produce membranes
with new structural and chemical properties are summarized. The data on pore
structure, the straggling of pore size, the permeability of polypropylene (PP)
membranes and on the content of Impuritlies In membrane matrix are presented,
The pores in PP membranes consist of two cones {the shape of ''sandglass'').
To Increase the permeability of the membrane while retaining Its mechanical
strength, the method of forming "honeycomb-11lke' structure Is developed. The
properties of the membranes with conlfcal pores were also Investigated., Modi-
fied membranes have been prepared by radiatlon-induced grafting of monomer
compounds onto PET nuclear membranes. It is shown that extragent solution
retention within the pore volume Increases with polystyrene content in the
membrane.

The investigation has been performed at the Laboratory of Nuclear Reac-
tions, JINR,
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