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FOREWORD

The 2nd Meeting in Szc/yrk near Bielsko-Biata is a continuation of the 1st Meeting
on "Particle Track Membranes and Their Applications" which was held in Jaworze (Po-
land) in May 1989.

This Meeting, as the previous one has been organized by The Institute of Nuclear
Chemistry and Technology, Warsaw and The Central Mining Institute, Katowice under
the auspices of The National Atomic Energy Agency, Warsaw. Prof. Yu.Ts. Oganessian
from Joint Institute for Nuclear Research, Dubna, has actively worked on the scientific
committee again.

It is necessary to underline that this Meeting has been held in the different political
and economic situations in Central and Eastern Europe, which promotes wider scientific
and technological exchange and personal contacts between European scientists. As a re-
sult representatives from well-known research centres in West Europe such as: GSI Darm-
sUidl, University of Louvain-ia-Neuve, reorganised Rossendorf Institute and firms:
Cyclopore, Oxyphcn, took part in the Meeting

Particle Track Membranes (PTM) have got wider and wider applications in such
fields as: modern biotechnology, medicine, microbiology, microelectronics, protection of
the environment. We hope that it has found sufficient expression in the conference con-
tributions and discussions.

It seems that searching for applications distinguishes this Meeting from other con-
ferences which, primarily, were devoted to basic research in the field of solid state nuclear
tracks physics. We consider that the idea from the last Meeting should be continued and
enriched by such forms of presentation as poster sessions and exhibitions. The next meet-
ings could be the fruitful forum for direct personal contacts and exchange of actual scien-
tific and technical information. We hope that these proceedings can be helpful to start this
way.

W.Starosta

M.Buczkowski



NEW POSSIBILITIES ON POLYMERIC MATERIALS
IRRADIATION ON U-400 HEAVY ION ACCELERATOR OF

LNRJINR
Yu.Ts.O$anessian, B.N.Gikat, G.G.Gulbekian, A.YuX>id$k

Joint Institute for Nuclear Research, 141980 Dubna, Russia

1. INTRODUCTION

At present U-400 accelerator is the main heavy ion accelerator for polymeric mem-
branes production in the Laboratory of Nuclear Reactions, JINR. The U-100 specialized
cyclotron is mainly used to study the track formation processes in different polymers, reg-
istration thresholds in them, because of large sets relative to light ions, such as n B ,16O ,
22Ne and 40Ar with energies 1,2 MeV/u. Moreover it is used for PETP and PVDF
polymeric materials irradiations in order to produce the track membranes with hole diame-
ters more than 0.2 \im. In order to obtain the nuclear membranes with hole diameters less
than 0.2 urn and thickness more than 20 [im from polypropylene , polyethyleneterephta-
late, PVDF and polyamide films there is a necessity of the ions possessing the high ioniza-
tion energy losses such as 84Kr ions and more heavier ones: 136Xe, 207Pb and others with
energies exceeding 2 MeV/u. Therefore the irradiation of such materials is carried out on
U-400.

One should note that the analogous works are being carried out on large accelerative
complexes such as The National Centre on Heavy Ions - GANIL.

The start-up of new U-400M heavy ion accelerator is being realized in the Labora-
tory of Nuclear Reactions. It will be operate in tandem with U-400 accelerator and allow
to extend the accelerated ions range up to 238U with energy 20 MeV/u that provide a
possibility to carry out the irradiation by heaviest ions with their output into the air (just
so, it is realized on irradiation set-up in GANIL).

The purpose of the present report is the discussion of new possibilities on polymeric
materials irradiation on accelerators of LNR, JINR.

2. OPERATION STATE ON IRRADIATION ON U-400

At present the ion irradiation channel of U-400 accelerator is completely equipped. It
consists of two set-ups of ion irradiation:

- in continuous rewind mode of polymeric film under irradiation in order to obtain the
homogeneous irradiated film roll and in start-stop mode for framely film exposure via
regular shaded masks;

- electrostatic system of horizontal ion beam deviation by 15 cm from beam axis with
the following parameters of linear sawtooth voltage : frequency - 2-8 kHz, maximum am-
plitude of sawtooth voltage - 50 kV :

- magnetic system of vertical beam deviation within output window with sizes of 10
cm by vertical (frequency: 200 - 400 Hz, maximum amplitude of magnetic field - 300
Gauss);

- system of ion energy measurement on the base of semiconductor detectors;
- and gauges of ion beam distribution within irradiation zone and also ion beam

shapes before input its system of deviation by horizontal and vertical.
All above enumerated equipment allows to produce the irradiation with homogeneity

on the length and width of films not worse than ±5%.



On the cyclotron U-400 was investigated the possibilities of obtaining the heavy ion
beams enough heavy for production of nuclear membranes with energies from 2 up to 5
MeV/nucleon. The ion beams of 40Ar, 5 gCo, 63Cu and 84Kr was obtained under accelera-
tion at second harmonic of accelerating high-frequency electric field - the usual mode of
operation of U-400. The parameters of ion beams are presented in Table 1.

The irradiation can be carried out with using and more heavy ions , but it is difficult
to expect the mean intensities of such beams , higher than 109 ions/sec , because for the ac-
celeration arc needed the ions with charges more than 11+ . But such ion beams can be
used for production unusual types of nuclear membranes.

Table 1

E
E/A
E
E/A

Imax

'mean

Ion

[MeV]
[MeV/u]
|MeV]
[MeV/u]

[ion/s]

40

1.2

6.0

Ar 4 +

200
5.0
150
3.8

• 1 0 1 3

• 1 0 1 2

59

3.3

2.0

r, 5+Co

230
3.9
160
2.7

• 1 0 1 2

• 1 0 1 2

63

2.5

1.5

Cu6 +

300
4.8

200
3.2

• 1 0 1 2

•10 1 2

84

2.0

0.8

Kr7+

300
3.6

205
2.4

• 1 0 1 2

•10 1 1

Consequently, the limited particle for obtaining the enough intensity more than 1012

ion/s, and producing the high density of ionization in polymeric films is 84Kr.The use of
this ion for irradiation gives a possibility to irradiate the polymeric films with thickness up
to 35nm for PVDF of 1.76 g/cm3 density, 40 [Am for PETP of 1.4 g/cm3 density and 50 \im
for PP of 0.91 g/cm3 density. The total projective ranges of 84Kr ions are 39.3 jim, 45 \xm
and 57.5 \xm respectively. The calculation is done using TRIM-90 computer code.

At project of cyclotron complex U-400 + U-400M accelerator U-400 will be used as
the injector. In this operation mode the acceleration wil be carried out at sixth harmonic of
highfrcquency of electric field. In this case the relation 16 s A/Z s 36 must be realized
and the energies of ions must be from 0.5 MeV/u up to 2.5 MeV/u . While operating in
such mode one can accelerate the ions such 238U7+, 2"7Ph8+, 129Xe6+ . The energies of these
ions are 0.5MeV/u, l.OMeV/u, 1.5McV/u respectively. One should note, that ions with
high energies can be obtained, for example ,238UU+ with energies 1.4 MeV/n, but it re-
quires a significant increase of accelerated ions charge that is connected with decrease of
ion beams intensity.

At the same time for some separate problems, where there is no need of high intens-
ity , such beams can be applied. In our case because of low charge of accelerated ions the
ion beam intensities turned out to be high enough exceeding 5 x 1012 ion/s. While output
of these ion beams from the U-400 cyclotron liter overcharge because of high value of nu-
clei charge exceeding Z a 54, a significant charges dispersion from equilibrium one with
comparable intensities is to be occurred thai is seen from Fig.l, where charge depend-
encies of relative intensities after stripping target for ions 23°U , 2O7Pb and 129Xe are
presented.

From Fig.l is seen, that distribution have a significant dispersion value and com-
parable intensities, in particular for Pb ions. While output from accelerator the ions with
such distribution by charge are separated in nit dian plane, as a result at output window the
even distribution in horizontal direction bv uidth exceeding 40 cm practically is to be
formed. This fact allows the irradiation of nu|/mcric films to be carried out just near ac-
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Fig. I. Choree distribution ofio
MeV) and x-"Xe (194 MeV) ,

ions ^U (119 MeV), *"Pb (207
) ( ) , obtained after overcharge on

stripping carbon foil (calculated curves).

celerator without system ol horizontal ion beam deviation, i.e. practically in the same
mode, as on the U-100 heavy ion accelerator [1J.

In Fig.2 the experimentally definite distribution of the relative ion intensities of dif-
ferent charges for 120Xe and 84Kr from position of the output foil of the U-400 accelerator
is presented.

Projective ranges of a number of ions , that can be obtained by above mentioned pro-
cedure are presented in Table Z A s one can increase the ion energy by increase of its
charge , for example for ions I29Xe from Z = 6+ to Z = 9+ , then the whole range of
polymeric films thickness employed in production of nuclear filtration membranes (thick-
ness up to 50 pirn) is overlapped.

I . MA I.JJA

U9 1.54 1.59 1.64 R j n 1.50 1.56 162 168 R m

Fig.2. Experimentally measured distribution of relative ion intensities of different charges after stripping carbon foil
i-ersus its position for ions U'AV and uKr with energies 1-14 MeVand 110 MeV, respectiwly.
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Table 2 .

Ion

238 u 7 +

207 U
129Xe6+

E|Mev/u|

0.5
1.0
1.5

PVDF

15.0
19.1
18.7

PETP

16.3
21.0
21.0

PP

19.3
25.6
26.3

From Table 2 is seen , that using the given ions one can irradiate the polymeric films
by Ihickness from 10 ,um up to 20 (.(in.

In Fig. 3 - 5 the dependencies ol' inelastic energy losses (-dE/dx)inel by ion ranges
with energies , presented in Table 2, lor PVDF, PETP and PP are shown.

PVDP

/
inel

12

8

K

Aim

PETP

:

N

10 LPI> Lxe 20

/•Vi,1..? . The dependence uf inelastic energy losses of II"-f • The dependence of inelastic energy losse.s t>{ ions1Kli,
ions lNlU, :"'l'b mid '"'AV from ion ranges uil'VlJl- . '"'!'!> mid '"'Xcfrom ion ranges in PETP.

/•/;;. 5. I he dependence of inelastic energy lo.tses of /
from ton mnges in I'I'.



It is seen that in the case of l2gXe ions there is a practically even distribution of inc-
lastic energy losses (value of their variation does not exceed 20% up to thickness of 11 ̂ im
(PVDF), 15 urn (PETP) and 20 iim (PP). While for ions 207Pb and -38U the value decrease
of inelastic energy losses is more significant.

As known, for most investigated PETP polymer [2] track etch rate reaches the satu-
ration at values of inelastic ionizalion energy losses (-dE/dx) inel ^ 7 MeV/n. Therefore,
the range of polymeric materials thicknesses for nuclear track membranes production is
extended , that is seen from Fig.4, where the PETP (Lpb and Lxe) film thicknesses are
marked, lower these thicknesses the value variation of inelastic energy track losses does
not inilucnce on variation of track etch rate and therefore on input hole diameters at both
sides of membrane. Moreover, the TRIM-90 calculated program reduces the value of ion
ranges (up to 30% from Rp) , in particular for very heavy ions and targets from relatively
light elements (see, for example [3]. Therefore, the real films thickness , which can be ir-
radiated by using the ions 207Pb (1 MeV/u) and i29Xe (1.5 MeV/u) are L = 20 - 25 ^m.

Let consider the possibilities on improvement of nuclear membrane parameters con-
nected with change of irradiation conditions of polymeric materials . The most perspective
one from our point of view may be a new effect, which was observed by irradiation of a
number of polymeric materials, such as PETP and PP [4]. This effect lies in the fact, that
wilh film temperature decrease by irradiation up to the liquid nitrogen temperature T=77K
and its following etching the track etch rate of heavy ion begins to increase. The applica-
tion of low temperature irradiation allows to produce nuclear membranes with relatively
light ions of 40Ar -type wilh parameters: of pore cone configuration , deviation of hole
diameters and so on , not yielding to nuclear membranes, prepared with the use of more
heavier ions (for example, with l2*Xe).

At present the works of irradiation temperature influence on track formation in poly-
mers arc being carried out in two directions: first, a set-up for continuous irradiations of
polymeric materials at temperatures near T=77K was designed and is being created , it will
be set on the U-400 accelerator ; second , systematically investigations of nuclear mem-
brane parameters , in particular, with small pores, obtained by irradiation at tempera-
ture from T = 77K up lo room temperature with the use of 84Kr and more lighter ions are
carried out.

3. CONCLUSIONS

The works performed allow to draw a conclusion, that scientific-applied trend on nu-
clear track membranes production from new materials (PP, PVDF, polyamidc films and so
on) and improvements of the main parameters of filtration nuclear membranes (from
PETP) of serial production have good development.

REFERENCES
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temperature on the sensitivity of polymeric track detectors: some results and their inter-
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TECHNOLOGICAL APPLICATION OF ION TRACKS AT
GSI DARMSTADT

Clt. Trautmann
Gesellschnft ft'ir Scltwcrionenforschung mbll
Postfach 110552, D-6100 Darmstadt, FRG

The report presented here is strongly based on activities at the heavy ion accelerator
facility GSI [1,2] in collaboration with other laboratories . The irradiation facilities at GSI
(Fig.l) comprise experimental sites with ion range in solids up to more than 10 ccntime-
lers . Most sites enable a wide-beam operation with several centimeters beam diameter.
Till now the materials research group mainly used the irradiation facility of one of the
beam lines of the UNILAC (universal linear accelerator). Light ions such as neon up to
heavy uranium arc available as main or as parasitic beam

Predominantly energies in the range from 11 to 13 McV/u are used . The possibility
of individual sample irradiations from single [3] to 1012"13 ions/cm2 is given. A new fa-
cility for continuous filter irradiation is in a testing phase. In addition, an ion microbeam
facility with a 1 {.im focal diameter exists [4]. In contrast to many basic science experi-
ments, materials research irradiations require a precise control of the beam homogeneity
and of the accumulated fluencc, i.e. the number of ion tracks per unit area. While at low
ion energies stoichioinctric applications chringing the structure and composition of solids
prevail, at high energies structural modifications - such as ion tracks - are more frequently
induced.

heavy ion synchrotron
20 - 2000 MeV/i
ion range=10 cm

high charge injector
300 keV/u and 1400 keV/u

ion range=10nm

\

implanter
45 keV/u and
30-300 kV
ion range-1 urn

100 m

universal linear accelerator
1.4-20MeV/u

ion range=»100 jim

o materials research sites

l-'.'yirc /. Heavy ion accelerator facilities, materials r: catch sites, ant corresponding ion ranges in solids at GSI.
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MULTIPLE PORES IN FILTRATION AND MEMBRANE TECHNOLOGY

Almost immediately after the first observation of etched ion tracks in mica, the poten-
tial of ion track fillers for the mechanical separation of small particles suspended in a
fluid was recognized |5J. Ion track filters are defined by very few, almost independent par-
ameters, the length, diameter, and arcal density of the tracks. These parameters can be var-
ied over several orders of magnitude and result in stochastic track patterns with predictable
properties. Especially for irradiations with light ions it is important to know the energy-
loss of the ions. Below a male rial-dependent threshold a broad pore size distribution is ob-
served, the mean pore diameter decreases and the geometrical shape of the pores becomes
more conical [6J.

Very small etched tracks and even latent tracks (Fig.2) show the phenomenon of en-
hanced diffusion [7] and could be used for the separation of gases in the future.

y 
un

its

a o.4

1 0.2

0.0

i
o
o

1/f

areal dose = 500 cm

i
r" "*

J

; -—1*10 Oik
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Figure 2. Track enhanced diffusion for argon in a PET- membrane, irradiated with three different fluences of uranium
ions.

SINGLE PORES IN MEDICINE

The characterization of suspended particles in fluids is of primary interest in several
fields, ranging from water pollution to medical diagnostics. Among the most vitally re-
quired data are the number-density of the particles, their volume, and their deformability.
Single-ion tracks [8] enable to define a deformability parameter for individual red blood
cells (Fig. 3) providing a new technique for medical diagnostics and the development of
drugs related to membrane dcformability.

Figure 3. Red blood cell counter for char n •-• . '/ • llic deform uhilily of individual cells (k-fl) and cull panxti^e (right).
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SI RFACK MODIF1CATION

y^u w **v-^"/ >,^^$'

By irradiation with heavy ions
of high kinetic energy the surface
and bulk structure of mailer is
modified dramatically. A new ac-
cess to high resolution studies of
single ion impacts and etched tracks
is provided by scanning tunneling
microscopy (STM) and atomic-
force microscopy (AFM). Figure 4
shows first results of particle track
pores of a polycarbonate surface-
taken by AFM \9].

Figure I./UM image (500x500nm~) of 10
pores I cm' m Macrofol, etched in 6 n NaOll,
pore size -W-I5 nm

FOCUSED ION BEAMS FOR CREATING PREDETERMINED SHAPES

Ion microbeams provide the possibility to generate predefined track patterns in so-
lids. Such a microtool |10| provides the versatility of a computer-controlled mechanical
lathe with a lateral resolution of about ljim and a penetration depth of about 100 (.im
(Fig. 5).

*-: U

# • ; • • • ; #

;#o-:#

I retire 5. ReguLir [xiiicni of cichcil single ion truck*. The conical tracks are inscribed with "Cr innx of 1.1 MeVlu
•••.tcctdcc ;U"M.'V- Xtirnntl \oiln-limc .^/i/^ M'IIV uicd as a truck recorder. Hie etched track cones have an opening tingle
,' ti/vntl ~(f*. the /(iffnc this a «htirin lt'n\lic distance </f ca. 30 IUH . Less than lf'/i scattered particles are observed.
/>',/r lenvth = 10 um .
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PERSPECTIVE

The sweeping progress of ion source and accelerator technology is a challenge for
scientists and engineers to promote as well their practical uses. While low-energy ion im-
plantation is already established as a standard tool in semiconductor and surface technol-
ogy, at considerably higher ion energies the phenomenon of discrete and directed ion
tracks appears. This opens the possibility to structure and modify solids with individual
atomic particles.
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PRODUCTION AND APPLICATION OF PARTICLE TRACK
MEMBRANES IN HUNGARY

Gabor Dajko
Institute of Nuclear Research of the Hungarian Academy of Sciences

11-1001 Debrecen, P.O.Box 51, Hungary

Starling four years ago we have developed an equipment on purpose to product track
membranes. For lack o^ a heavy ion accelerator the irradiation of polyester foils is solved
with proton indued fission fragments of a Th target.

Plate and spirai modules, working on the cross flow system, have been developed
from the track membranes. A measuring system was designed in order to determine the
characteristics of the modules. Two different small model equipments have been con-
structed. Some characteristics of these models are shown too.



NUCLEAR TRACK MEMBRANES PRODUCTION FROM
POLYVINYLLIDENFLUORIDE (PVDF) WITH THE USE OF

IONS LIGHTER Ar
V.VShirkova, A.Yu.Didyk

Joint Institute for Nuclear Research, 141980 Dubna, Russia

INTRODUCTION

At present nuclear track polymeric membranes from polyethyleneterephthalate and
polycarbonate are widely used in industry, electronics, medicine and biotechnology. For
their production as a rule, heavy ion accelerators possessing ions of Kr-type or more hea-
vier (accelerating complex in France-GANIL and U-400 accelerator of LNR, JINR) are
applied. In a number of scientific centers there are heavy ion accelerators available of
heavy ions with necessary energies for a through irradiation of polymeric foils, but pos-
sessing of ion nuclei charges less than 20, for example, a specialized U-100 accelerator
(LNR). From investigations with polyethyleneterephthalate and polycarbonate materials
one can sec that such accelerators can be employed in membranes production with thick-
ness up to 12 [im in order to obtain filters with hole diameters exceeding 0,2 urn.

One should note that in a number of possible fields of applying the nuclear track
membranes there is a necessity of membranes possessed of high chemical stability to ag-
gressive liquids and gases. Such materials are: polypropylene (PP) and
polyvinyllidenfluoride (PVDF) [1,2]. So, to carry out the investigations both the registra-
tion threshold of such polymers and possibility of nuclear track membranes production on
their base with the use of Ar ions and more light ones are of great importance.

The goal of the present work is to investigate the possibilities of light ions 40Ar, 22Ne
and UB with energies of 46 MeV, 27 MeV and 13.6 MeV respectively for their applica-
tion in PVDF membranes production by comparison of track etching rates and diameter
dispersions of pore holes in relation to ions of '29Xe.

EXPERIMENTAL TECHNIQUE

The PVDF samples in the form of disks, of 20 mm diameter and 9 nm thickness were
prepared for irradiation.

Samples irradiation was carried out on heavy ion accelerator U-400 of LNR, JINR
by 40Ar, —Ne, and n B ions and also by 129Xe ions (ion energy is 124 MeV), with the use
of special scattering chamber allowed to measure energy and full ion quality tutted into
sample. All samples were irradiated to flucncc of 5 x 105 ions per irradiated square, this
allows to avoid the pore superposition from the adjacent ions.

Further, all samples were simultaneously etched at the same conditions up to holes
diameter of 0.3 pirn (for samples irradiated by I29Xe ions). The measurement of hole
diameters and their dispersions was carried out on scanning electron microscope JSM-840.
The samples were investigated from both sides of polymeric foil in order to test the
through pores formation.

The investigation of cone angle value by survey of samples stripping was also carried
out. At present these data arc being processed.

17



RESULTS

In Fii;. 1-3 Ihe photos of nuclear inemhnmc surfaces obtained by above described
Relink] tic from PYDF w ilh the use of ' 'B(l ),-':Nici 2) and "'Ar(3) ions are presented.

As known, the , >i\mcr etch rale depends on value of specific ioni/ation loss of ion

1 I'lmltt of I'VI >/•' mcmhrmn' uirfucr ulnaiiwtl hy ''/>' imn irrtiiiiiilniii wtih i'm:ri;y nf 13,f> McV and thr ftilhi
/ n s / i o-i he/tin til Ircttltticfit.
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I-tgim' v I'hoUi nf I'VDI'' membrane surface, obtained by "'.\r ions irradiation with energy of 46 MeV and the follo-
\\ irim'liysico-cfic'tniciit treatment.

energy along projecting range. In Fig. 4 the value of the ionization energy losses -
(dEAJx)ind lor ^-wXe, 4fiAr, 2^Ne and l fB ions versus depth in samples are presentca. To
determine these values at present the employed computer program TRIM-90 is used. As
seen from Fig. 1 by transitions from 129Xe ions to ' 'B ones specific losses are changed
more than 10 limes.
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To proceed from the obtained data one can calculate the mean specific losses of
heavy ions along range from equation:

dE. 1 dE,

where L is a film thickness (in our case L = 9 urn). In Table 1 the values of the mean spe-
cific ionization energy losses for 129Xe, 40Ar, "Nc and UB ions are presented.

From Fig. 2 and Table 1 one can see that specific energy losses for 22Ne and n B ions
arc insignificantly changed in comparison with the values in thickness of irradiated film
while for 129Xe and 40Ar ions the deviation is more than 20%.

Table 1.

[on type
Ion energy, MeV

-(dE/dx)mean, MeV/pim

129Xe 40Ar 22Ne n B
124 46 27 13.6
10.7 3.8 2.0 0.8

In Fig.5 the diameter variation etched in PVDF channel samples versus the value of
the mean specific energy losses - (dE/dx )mean is shown.

(jm

0.5

O.h

0.3

0.2 -

0.4 •

0 / 2 3 *t S 7 8 9 tO U dE MeV
dx ' /«n

Figure 5. Pore diameter value on nuclear membrane surface on the ion input side (0) and on reverse side (+) versus
the mean specific tosses of ion energy in PVDF.

Solid line has been obtained by method of least squares of experimental data with the
use of approximation expression:

d=do + A(dE/dx)mean (2)

The parameter values are: do= (0.26 + 0.02) \im, A = (0.019+0.005) (xm2/MeV. It is
seen that such approximation is a rather good one.

From Fig.5 it is seen, that the hole diameters arc essentially smaller than those at the
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input, especially lor ^Ar ions. At the same time this difference for22Ne and n B is not sig-
nificant.

As it is seen from Fig.4 the value of specific energy losses for Ne22 and B11 ions
changed by range a little, just in connection with this fact a slight difference of diameter
(less than 20% ) at the input and output is observed.

CONCLUSIONS

The completed investigations of PVDF film etching irradiated by 129Xe, ^Ar, 22Ne
and "B ions allow to draw a conclusion about possibility of track membranes production
from material using the ions lighter than Ar. The anomalies detected in the lesser value of
pore diameter by Ar ions irradiation in comparison with 22Ne ions, need more detailed in-
vestigations.
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THERMO-RESPONSIVE ION TRACK PORES
IN COPOLYMER OF CR-39
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Copolymer membranes of CR-39 (dietylenoglycol-bis-allylocarbonate, monomer A)
and methacryloyl-L-alaninemethylester (monomer B) with 3% benzoyl peroxide as cata-
lyst swell in water at 0° C progressively with increasing percentage of monomer B. The
swelling decreases reversibly with increasing temperature and is approaching zero at 60°
C. Ion track pores obtained in this material show corresponding pore size variations. Such
sclf-rcgulating materials could ultimately be useful for controlling the flow of particles or
ilu ids.
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PARTICLE TRACK MEMBRANES WITH HIGHER
POROSITY

B. HeinriclP, B. Geinendex\ and H.B. LiiclP

^Centre of Research Rossendorf, FRG
Institute of Ion Beam Physics and Material Research

P.O.Box 19, Dresden 0-8051 FRG

2>Oxyphen GmbH Dresden, P.O.Box 1, Dresden 0-8052, FRG

1.INTRODUCTION

Membrane filtration and separation have become common place in many branches
ranging from microelectronics to pharmaceutical production, biotechnology and waste-
water recycling. The particle track technology offers the opportunity of manufacturing
membranes with capillary pores of defined pore size and adjustable porosity. The special
structure of Particle Track Membranes (PTM) made them suitable for analytical purposes
and for cross flow filtration. The porosity of a PTM is usually restricted due to the rapid
increase of multiple pores with higher porosity. In practice producer of particle track
membranes have to make a compromise between the flux through the membrane (poros-
ity) and the retention characteristic (multiple holes). This is the reason for a porosity
limitation to 10 % . In this case the single hole probability is about 67 %. If the porosity in-
creases up to 20 % the single hole probability decreases down to 45 % . The aim of the
studies was to improve the flux and the dirt loading capacity of PTM without affecting its
retention characteristic. Three different ways were investigated to solve this problem and
both mathematical models and results are discussed.

2. CALCULATIONS AND MEMBRANE PREPARATION DETAILS

Improving the flux and dirt loading capacity of particle track membranes is only
possible by increasing the surface porosity. In the case of cylindrical and parallel holes this
means a coincidental deterioration of the retention characteristic. In Table 1 is given the
distribution of hole areas depending on the membrane porosity in the case of uniform
single holes. These results arc calculated with a MONTE-CARLO computer simulation. It
can be seen that the probability of multiple holes with a greater surface area drastically in-
creases with the porosity. That means, it is necessary to look for possibilities of increasing
the surface porosity without increasing the "effective" porosity. Another possible way
should be the increase of effective porosity with decreasing probability of multiple holes
simultaneously.

In the Institute of Ion Beam Physics and Material Research in Rossendorf three dif-
ferent methods are investigated:

- using a divergent ion beam for the irradiation;
- enlarging the surface porosity through a conical pore shape;
- creating an asymmetrical membrane structure with two different porosities.

The intention of the first attempt was to reduce the effective number of throughgoing
multiple pores by using a divergent ion beam for the irradiation. In practice such a diver-
gent ion beam is realized by a vertically wobbled ion beam and a roll behind the
irradiation slit of the vacuum chamber as shown in Fig. 1.

The effect was studied by a computer simulation taking into account a slit height of
11 mm and a roll diameter of 100 and 58 mm, respectively. The resulting maximum irradi-
ation angles amax are ±6 ° and ± 11°. The probability for a separation of a multiple pore
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into single pores and pores of a lower multiplicity was simulated for different standard
membrane conditions. The maximum multiplicity of pores taking into account was 10.

Table 1: Results of MONTE- CARLO computer simulation: Probability for holes
with a defined area in dependence on nominal porosity

Hole area in single
hole area units

0 . . . 1
1 . . .2
2 . . . 3
3 . . . 4
4 . . . 5
5 . . . 6
6 . . . 7
7 . . . 8
8 . . . 9

9 . . . 1 0

Probability in per cent
Nominal porosity

5%
9.1 x 10+'
8.5x10 °
7.4X10"1

1.6x10'*
6.4xlO'3

1.5xlO'4

2.1X10"*;
1.2xlO'8

4.9x10'"
6.7 xlO'14

10%
8.2x10+1
1.4xlO+1

2.5x10 °
7.5X10-J
6.7 x 10';
4.6xlO'3

2.3 xlO'4

6.8xlO"6

5.9X10'8

1.1 x 10 10

20%
6.8 x 10+1
2.1 x 10+J
6.7x10 °
3.1 x 10 °
6.7 x 10'}
1.2X10"1

1.3 x 10 '2

5.6xlO'4

5.6 x 10 "*
LlxlO^8

Irradiation blind

Figure 1. Schematic structure of the irradiation equipment with divergent ion beam

The influence of the irradiation angle on the probability for formation of through-
going multiple pores for a standard PTM (pore diameter d = 0.2 (xm) is given in Fig. 2 for
10 and 20 per cent porosity and a thickness h = 11 (.im.

It can be seen that the number of multiple pores decreases drastically with increasing
maximum irradiation angle amax. The computer simulation was performed for a pore
diameter range from 0.03 to 0.45 ̂ m . An empirical relationship was found which can be
used to describe the effect of the maximum irradiation angle of a given porosity P pro-
duced by a divergent ion-beam corresponds to the MPD of a normal PTM having a
porosity
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ligure 2. Probability l'(k) of ihrotighgoiiig multiple pores us a function of the irradiation angle

P ' = P/k , where k = (h/d) tan (amax) (1)
The MPD for a normal PTM was published by Riedel and Spohr (1981). For in-

stance for a 0.2 (xm PTM with a thickness of 11 [xm and a porosity of 20 % irradiated
under an angle of ±11° the parameter k is 10.7, i.e. its MPD is similar to the MPD of a
normal PTM of P '= 2 % approximately, as it is perceptible in Table 2. That means, that it
is possible to increase the porosity of the PTM up to about 20 per cent and to improve its
retention characteristic simultaneously.

Table 2: Comparison between the calculated multiple pore distribution for mem-
branes irradiated with divergent ion beam and the corresponding MPD according to
empirical formula (1).

ion beam
parameter

multiplicity
1
2
3
4

Multiple
wobbled
P=20 %
k= 10.69

92.6
6.5
0.6

0.06

Pore Distribution (MPD)
unwobbled

P=2%

92.3
7.1
0.5

0.04

in per cent
wobbled
P=20%
k=4.7

85.2
11.8
2.1
0.4

unwobbled
P=4%

85.2
12.7
1.8
0.3

Another way to increase the dirt loading capacity and the life time of a PTM may be
to enlarge the surface porosity. That is possible by a double etching technique or by a sec-
ond irradiation on one membrane side using short range particles.

It is well known, that it is possible to influence the etch rate ratio (track etch rate/ma-
terial etch rate Vi/Vm) by a sensitization process (UV or solvent induced). In the double
etching technique the first etching is performed at a low etch rate ratio to form tapered etch
pits. The cylindrical part of the pore is generated by a second etching after a sensitization
process. We used a solvent induced sensilization with dimethyle formamide. Fig. 3 shows
a view at the surface and a cross section of a PTM produced with this double etching tech-
nique.

The pore diameter at the surface is determined by the time of the first etching proce-
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dure. The depth of the cone depends on the track etch rate and the etching time. The par-
ameters of membranes used in our tests are summarized in Table 3.

Table 3: Parameters of double etched PTM used in filtration tests

Cone diameter (jim)
Cone depth (^m)
Porosity, nominal %
Porosity, effective %

1.5
0.32

0.75
25.6
22.6

Pre-etching
2.75
0.42

1.4
44.1
35.7

time in minutes
4.0
0.52

2.0
67.6
49.1

5.0
0.60

2.5
90.0
59.3

1 Ii
Figure 3. View at the surface and cross section of a PTM produced with a double etching technique

A double irradiation technique was applied to increase the surface porosity of PTM's
with a pore diameter of 0.2 and 0.45 |xm. In the first irradiation step the polymer is irradi-
ated with high energy ions. The energy must be high enough so that the range is higher
than the. thickness, i.e. the normal irradiation. The second irradiation is carried out with
ions of a lower energy . The range is smaller than the thickness of the foil. In this way it is
possible to get after etching an asymmetrical membrane with a high porosity side respon-
sible for dirt loading capacity and a low porosity side responsible for retention
characteristic (Fig.4). The active surface porosity of such a membrane comprises the
throughgoing pores and the fraction of blind pores which is connected to the throughgoing
pores. The amount of this fraction was calculated by a computer simulation. The results
are given in Table 4.

Table 4: Results of a double irradiation computer simulation: Active surface porosity
of PTM's obtained by a double irradiation

Porosity, no-
minal (%)

first irradia-
tion

10
15
20

Porosity , nominal (%) 2nd irradiation
10

11.8
17.3
21.9

20

14.5
20.5
25.9

30

17.8
25.8
30.9

40

22.5
30.1
35.2

50

27.7
35.5
42.1



///,
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Figure 4. View at the surface and cross section of a PTM produced with double irradiation technique

Asymmetrical test membranes were produced in Rossendorf. The tracks for the
troughoing pores were generated by an irradiation with 40 MeV Cl-ions. O-ions of 16
MeV were used for the second irradiation.The range of the low energy ions is about 5 Jim.
The density of the throughgoing tracks corresponds to a porosity of 10 per cent The pore
density of the second irradiation amounts to 20, 30, 40 and 50 per cent Etching was car-
ried out after the second irradiation.

3. EXPERIMENTAL RESULTS

In figure 5 are depicted the results of dead end filtration experiments for two different
PTM with statistically inclined pores. As expected the flux values of the high porous

i ' g r o ftifp ' b 9 ^ * ft c in ̂ n 5 I C & ^ O £ ^ C y I

grtt iura 0.9 b e .,
( i l lcirtng arfra 12.5 c'O*"
oorc diBR>iLir O . 2 ,wm

f i l I r n l tun I mi* i»
5000

Figure 5. Dead end filtration of tap water. Comparison between two PJ'M with statisi'ualh inclined pores (produced
hy vertical wobbling). Parameters: nominal porosity P, pressure 0.9 har, filtering arm 12. * cm', pore diameters 0.2
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membrane are much greater. The factor of enhancement is in the order of 2. This corre-
sponds to the ratio of nominal porosities.

In contrast to the results for inclined pores conical shaped pores show in dead end fil-
tration of tap water no flux improvement related to a standard PTM of the same pore
diameter (see Fig.6). It's not fully clear, whether this is only due to our tap water. Presum-
ably however for both cases no difference exists in thickness and structure of the growing
filter cake.

Q ^

p g time: t> w-W. ,.,(.
pore J(a«»l«r fcore) G««
f il ler Ing erse 1*^. ti cm
prfissure G. 9 bar-

1C0C 153& -000 2500 3000 3500
f i l I r t l . Ion I tTe in t«coi>d<

Figure 6. Dead end filtration of tap water. Comparison between a standard PTM (circles) and a PTM with conical
pores (stars). Preelching lime - 5 minutes, Pore diameters (core) - 0.2 |iiM, filtering area - 12.5 cm1, pressure - 0.9
bar.

cross ilow filtration
of dirty tap water

AP=0.5bar.T*28«K
T PTM 0.46/jm

PTM os (M6/jm HP-Ret.
PTMas(M6pnLP—Ret.

too

50

cross flow filtration
of tap water

T PTM 0A6pn
o PTM as 0,46jum HP-

• PTM as 0.46|um IP-Ret

200 tlminl XX) 200 t (mini 300

figure 7 ".ro i f l * tr- lit <i if water.
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PTM produced by double irradiation have a more pronounced dependence from sur-
face porosity. The experimental results of cross flow microfiltration (CFM) with such
asymmetrical 0.45 fim membranes are presented in Fig.7. Membranes with a nominal po-
rosity of 40 % (1st irradiation 10 %, 2nd irradiation 30 %, effective porosity 17.8 %) were
selected. In one test the high porosity side and in another the low porosity side were ex-
posed to the feed solution. The high porosity side provides in general a throughput which
is twice as high as for the 10% side. A variation in water quality leads to a variation of ab-
solute flux values. Nevertheless the ratio between fluxes of high and low porosity side
almost doesn't change. From Fig.8 can be seen that this effect of flux enhancement in
CFM also occurs for a 0.2 fun membrane however not so strong. Dead end filtration ex-
periments (Fig. 9) gave the same results. Only there the absolute fluxes are lower caused
by the lack of tangential flow.

10 20 30 40 50 60
tlminl

Figure 8. Cross flow filtration of tap water

10

A-Ap Dead end filtration

• tap wafer
0.45 (1991631

10 20 30 40 50 60
tlmin)

Figure 9. Dead end filtration of tap water.
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THE IR SPECTROSCOPY INVESTIGATION OF THE
PROCESS OF CREATION OF HIGH ENERGY ION TRACKS

IN POLYETHYLENETEREPHTHALATE

AJ.Vilenskij, VA.Olejnikov, B.VMchedlishvili
Institute of Crystallography, Moscow 117333, Russia

The method of observation of high energy ions tracks was proposed by Young in
1958 [1]. Many papers concerning processes of tracks creation have been afterwards
presented, however the mechanisms of track creation and its structure is not recognized till
now in details. In particular, creation and structure of the pores with small diameters (2 -
20 nm) are interesting. This is connected with application of track membranes in ultrafil-
tration [2 - 4], preparation of asymmetrical composite form track membranes and with
control of physico-chemical properties of pores surfaces in such membranes.

Direct observations of tracks and their replicas by transmition electron microscopy
[5, 6], small-angle X-ray and neutron scattering [7, 8] as well as by conductometry [9,10],
showed that a track appears a damaged zone - created by mechanism of Coulomb explo-

sion [2, 11] - with characteristic dimension r = 5 nm, surrounded by a cylindrical hallo
zone inside of which properties of material vary essentially from these of non-damaged
material. In particular, the change of radial velocity of polymer etching near to damaged
region was proved by conductometry. For example, decreased velocity of etching was
found in distances 6 -12 nm [9,10] for the case of polyethyIeneterephthalate.

In the present work the radial structure of track was investigated by IR spectroscopy.
The damaged polymer layers were removed on the way of chemical etching and the radial
dependence of concentration of carboxyl groups was examined.

EXPERIMENTAL

Biaxially orientated 10(xm thick PETP foil was investigated. This foil was irradiated
with Xe ions with energy of 1 MeV/u applying U-3Q0 accelerator of JINR Dubna. Surface
density of irradiation was equal to 2 x 10^ and 1017cm2.

IR spectra have been recorded applying" Specord - M 80 spectrophotometer. Determi-
nation of the carboxyl groups content on the basis of absorption band at 3256 cm-1 was not
possible, because of the significant interference observed in the region 4000 - 3000 cm*1

[12, 13]. Therefore the band at 1700 cm1 was examined. It has been proved that intensity
of this band corresponds to intensity of the band 3256 cm'1, and to concentration of car-
boxyl groups. However, presence of the absorption band at 1740 cm'1, connected with
valency vibration of ester C=C bond [14] disturbs in the measurements of intensity of the
band at 1700 cm*1. Therefore the differential method was used. The value ADcooH was
determined as subtraction of optical density D(t) on the foregoing etching step and D(t+At)
on following etching step

ADcoOH = D(t) - D(t + At)
Etching of irradiated PETP foil was performed at 80°C in water 0.4 n KOH solution,

assuming sufficient large ratio of etching velocity along a track to etching velocity of non-
damaged material. Pores diameters were measured with accuracy of 10% in a stream of
three times distilled water flowing through membrane, by Hagen - Poiseuille method [15].
The surface area was equal to 0.55 x lO'^m2, the maximum pressure difference 5 x 10° Pa.
In all cases the change of pore diameter after single measuring step did not exceed 3 nm
(etching time At = 3 - 5 min at single step).
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For UV irradiation the luminescent Hg lamp LE 30, having maximum of emitted
radiation at 310 - 320 nm, was applied. The exposure conditions sufficient for achieving a
"'plateau" in relationship: a velocity of etching along track and time of exposure were se-
lected [9J.

RESULTS AND DISCUSSION

The results are presented in two forms:
- differential (the dependence of optical density changes in absorption band

1700 cm"' from a pore radius; AD/Ar vs r)
- integral (the dependence of optical density on pore radius D = D(r)).

The results variation did not exceed 20 % for different samples. The similar curves
with coinciding extreme points were obtained for different samples.

The typical relation, obtained for etching of PETP after irradiation with Xe ions with
surface radiation density 2 x 10v cm"2, is presented in Fig. 1. In the case of differential re-
lationship the negative values of AD/Ar (r) corresponds to decrease and positive values to
increase of tola! number of carboxyl groups in the sample. During etching the material is
removed from central part of track and hard decrease of number of carboxyl groups is ob-
served in the region with r = 0 - 5 nm as a result of passing of high energy ions. The
dimension of this area well corresponds to the results of small-angle X-ray scattering: ac-
cordingly to |8] r = 5 nm for PETP irradiated with I32Xe ions having energy of 1 MeV/u.
During further etching the essential increase occurs of carboxyl groups number (at radii 6 -
12 nm). Subsequently, total amount of COOH groups decreases with increasing of pores
radius over 12 nm, and finally it became constant for r < 25 nm. It means that for r > 25
nm the PETP structure around track docs not vary from a structure of unirradiated
polymer.

0 )

Fig. 1. The radial de-
pendencies of diffe-
rential optical
density in the band
1700 cm' (a) and op-
tical density (b) of
polyelhylenehtereph
thalate, irradiated
with Xe ions having
energy 1 MeVlu; cur-
ve 1 - without sensiti-
zation applying
UVirradiation, curve
2 -after 4 h UV irra-
diation.

r, An
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Polymer in cylindrical zone around a track is exposed first of all to the influence of 6-
electrons, created during passing of high-energy ions. On the basis of previous data [16]
the estimation was done of radial distribution of absorbed dose in track, created after pas-
sing of Xe ion with energy of 1 MeV/u. The value of 20 kGy was obtained for distance 25
nm from track axis ( 8 eV for PETP molecule when the average molecular weight is equal
to 3000 amu). Apparently, these values appears limiting for processes occurring in PETP
under action of 6-eleclrons.

Protons, resulting from interaction between high-energy ion and polymer molecules,
appear the second factor influencing lor polymer. The results of mass spectrometry con-
firm a creation of protons. In particular, it was stated that deprotonization and
pro ion-exchange processes appear the mechanisms of ionization of high molecular com-
pounds in ion sources on 252Cf fission fragments [17, 18]. Mass-spectrometry
examinations of particles emitted from high energy ions tracks in organic substance have
indicated that protons dominate among monatomic ions [19]. The protons displaced are
characterized by wide range of energy distribution: fast protons interacts with surrounding
macromolcculcs in direct neighbourhood from the place of creation, thermal hydrogen
atoms can pass in polymer distance 10 - 100 nm before interaction [20, 21]. Accordingly,
increased content of hydrogen is characteristic for the surrounding of latent track.

At the beginning of PETP hydrolysis in alkaline solution [22 - 24] fast reaction of
PETP with hydroxyl ion occurs: afterwards the generated compound is slowly completed
by water molecule.
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In these processes the connection of hydrogen to generated active complex >>tems to
be likely mechanism of car boxy I groups creation. It causes the increasing olYcncentration
of COOH groups during etching of layers having r = 6 - 12 nm. It seems U< l»i confirmed
by the results of examination of PETP, exposed to UV irradiation after iirs.d ation with
high energy ions. The matter is that UV irradiation causes splitting of h\d o^n atoms
[25]; that, causes increasing of hydrogen concentration in bulk polymer. And ti >nally, re-
sults of IR speclroscopy showed the essential increasing in amount of en x x/l groups,
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generated during etching of PETP layers with r = 6 -12 nm (Fig.l, curve 2). It can be no-
ticed that the value of radius of region having transformed properties (rmax = 25 nm) has
not been changed for PETP foil irradiated with high energy ions and exposed to UV irradi-
ation.

Consequendy, it can be supposed, that treatment with proton donor of foils irradiated
with high-energy ions, should increase a velocity of polymer etching along the track. Hy-
droquinone have been selected as proton donor. Hydroquinone looses its water and
transforms into quinone [26], during interaction with macroradical. The reaction occurs
accordingly to equation

(2)

Irradiated with high energy ions PETP foil was treated with 1% ethanol solution of
hydroquinone, and afterwards was etched in alkali. Twice increase in etching velocity was
observed, when compared to reference sample treated only in ethanol. It can be noticed
that in the case of PETP foil with pores diameters r equal 25 nm and more, such increase
was not observed after hydroquinone treatment. That means that protonization under in-
fluence of hydroquinone is limited to the region in which radicals are generated under
action of passing high energy ion,

CONCLUSIONS

Radius of zone where changes of PETP properties occur under influence of high en-
ergy Xe ions with energy of 1 Mev/u, is equal to rmax = 25 nm. That means that in the case
of tracks with pores r < rmax the properties of internal surfaces of pores should be depend-
ent on their dimensions.

The radius of damaged zone of polymer is equal to 6 nm. Etching of such tracks con-
sists on removing of small molecular products of destruction. In the region with r = 6 -12
nm the dominant influence of protons is important, liberated during etching of products of
polymer radiolysis or during treatment of polymer with proton donor (i.e. accordingly to
scheme 2). Protons are connected to the active complex, creating carboxyl groups. Ac-
cordingly, carboxyl groups are created on the way of two mechanisms:

1) during passing of high energy ion through polymer in the zone having radius up to
6 nm,

2) on the way of interaction of protons with active complexes which are created dur-
ing etching of polymer. After UV irradiation the amount of protons increases, as well as
velocity of track etching and amount of carboxyl groups formed on the way of second
mechanism. The increase of etching velocity is observed also after treatment with proton
donor of PETP irradiated with high energy ions. It should be noticed that in the region
with r > 25 nm the increasing in etching velocities was not observed; it means that etching
occurs accordingly to mechanism of unirradiatcd polymer etching.

36



ACKNOWLEDGMENTS

The authors would like to acknowledge Prof. Yu.Ts.Oganessian, V. D. Shestakov
and A. Ju. Didyk for presented samples of PETP foils irradiated with high energy heavy
ions.

REFERENCES

1. D.A.Young, Nature 182, 375, 1958.
2. B.E.Fischer, R.Spohr, Reviews of Modern Physics, 55, 907, 1983.
3. G.N.FIerov, Vestnik AN SSSR, 4, 35, 1984.
4. B.V.Mchedlishvili, G.N.FIerov Zhurnal Vsesojuznovo Obschestva fan. DJ.Mendeleeva,

32, 641, 1987.
5. R.Spohr, P.Armbruster, K.Schapuert, Proc. Symp. of Swift Heavy Ions in Matter, Caen,

May 16-19,1989.
6. R.Mazzei, O.A.Bernaola, G.Saint Martin, B.Molinary de Rey, Nucl. Instr. and Methods

in Phys. Res. B9,163, 1985.
7. D.I.Svergun, A.V.Semeniuk, LJu.Mogilevski, V.V.Berozkin, A.N.Nechaev,

B.V.Mchedlishvili, Kolloidnyj Zhurnal, 53,143,1991.
8. D.Albrecht, P.Armbruster, R.Spohr, M.Roth, K.Schaupert, H.Stuhrmann, Applied

Physics A37,37,1985.
9. PJu.Apel, AJu.Didyk, L.I.Kravec, V.I.Kuznecov, O.L.Orelovitch, Preprint JINR

Dubna P12-84-773,1984.
10. PJu.Apel, Preprint JINR Dubna, P16-89-401,1989.
11. R.L.FJeischer, P.B.Price, R.M.Walker, J. Appl. Phys. 36,3645,1965.
12. P.Ju.Apel, Chimija Vysokich Energij, 25,132,1991.
13. R.L.Addlemen, VJ.Zichy, Polymer 13,391,1972.
14.1.Dechant, P.Dantz, W.Kimmer, P.SchmoIke, Infrakrasnaja Spektroskopija Polymerov.
15. T.Brok, Membrannaja Filtracja, Mir, 1987.
16. E.J.Kobetich, R.Katz, Phys. Rev. 170,391,1968.
17. O.Becker, N.Furstenau, F.R.Krueger, G.Weiss, K.Wien, Nucl. Instr. Meth., 139, 195,

1976.
18. F.R.Kruger, K.Wien, Adv. mass Spectr., London 7B, 1429,1978.

19. P.Duck, W.Treu, H.Frohlich, W.Galster, H.Voit, Surface Set., 95, 603,1980.
20. R.B.Ingalls, L.A.Wall, J.Chem. Phys. 35,370,1961.
21. A.M.Dubinskaja, Uspechi Chimii, 46,1169,1978.
22. T.E.Rudakova, Ju.V.Moiseev,A.E. Chalych, G.E.Zaikov, Vysokomolekularnyje Sojedi-

nienija, A14,449,1972.
23. T.E.Rudakova, S.S.KuIeva, L.I.Samoilova, Vysokomolekularnyje Sojedinenija, A22,

443,1985.

24. H.B.Luck, Nucl. Instr. Meth. 200, 517,1982.
25. A.A.Kachan, P.V.Zamotaev, Fotochimicheskoje modificirovanije politnerov, Kiev,

Naukova Dumka, 1990.
26. N.K.Barambojm, Mechanochimija vysokomolekularnych sojedinienij

Moskva, Chimija, 1971.



POSSIBILITY OF PTM USING IN HOSPITAL TREATMENT
OF BURNS - INTRODUCTORY RESEARCH

T.MalinowskP, S.SakieP, E.MeinhardlX)

^ 'Central Mining Institute, -10-951 Katowice, PL Gwarkow I,Poland
• Specialistic Centre of Burns Therapy, Siemianowice Slqskie, Poland

Different dressings are applied in wounds Ireatment. A type of dressing applied in
particular case should be adapted to a kind of wound and to the therapy method. The other
dressings are applied in first aid and during transport, the other in ambulatory and hospital
treatment. Type of dressing depends also on lime which have passed away after a wound
origin, microbes infection and the course of wound healing.

In wounds and burns treatment, mono- and multi-layer dressings are used, made from
textile materials and plastics in film form as well as from foamy and spongy materials.

Because of the variety of forms and materials used for dressing production, as well as
of the variety of application methods, the universal solution does not exist. The level of re-
quirements also influences that. Dressings should closely adhere to rugged surface of a
wound, do not irritate of skin, be safe in application (sterile and non allergenic). They
should also to limit water evaporation from wounds surface, restraint bleeding, be an effi-
cient barrier against microorganisms infiltration, be practical in using and easy in putting
on and removing.

Regarding to above conditions, the trials have been made of applying in capacity of
dressing materials of Particle Track Membranes (PTM) with pores diameters below 0.5
u,m, produced on the basis of Polish foil Estrofol (polyethyleneterephthalate).

The prototypical dressings with PTM had been made and initial clinical investiga-
tions were performed concerning their servicc-ableness for wounds and burns. The
investigations have been carried out in the Spccialistic Centre of Burns Therapy in Siemia-
nowice Slaskie (Poland).

The contact-allergic skin tests were performed in the cases of 12 patients with healthy
skin , expecting for reconstruction operation, after acquisition of their agreement.

Dressings containing PTM, with dimensions 5 x 5 cm have been put on internal sur-
faces of thighs and held with gauze band. The level of skin irritation was determined after
30 min., 24 h. and 48 h., accordingly to gradual scale of reddening and swelling (Table 1).
It was assumed that the sum of points from 12 experiments should not be larger than 6 (see
Table 1).

The following results were obtained:
- reddening and swelling were not observed in any case;
- skin pigmentation and temperature were the same as these of surrounding tissues;
- inflammatory stale, congestion or touch hypersensitivity was not observed.
Dressings with PTM were applied in wounds Ireatment in the cases of 3 groups of pa-

tients. Simultaneously, the therapy was carried out in the reference groups, applying of
traditional dressings. The following groups of patients were distinguished:
I and II groups - patients with small wounds and epidermis abrasions;
III and IV groups - patients with slighl burns with medium skin thickness on surface less
than 15 % of total body surface.
V and VI groups - patients with deep burns on medium skin thickness on a surface less
than 15 % of total body surface.



TABLE 1

Numerical
scale

0

1
2

3

4

Type of skin irritation

Reddening
skin under sample did not

vary
from surrounding tissue
hardly visible redding

reddening along edges of
sample

strong reddening under who-
le sample

necrosis

Swelling
without swelling

hardly ascertain swelling
edges slightly protuberant

swelling under whole
sample with protuberance

below lmm
strong swelling with protu-

berance above 1 mm expan-
ded out from sample area

Dressings with PTM were applied in the cases of I, III and V groups of patients; in
the cases of II, IV and VI groups the traditional dressings were used. The dressings have
been put on cleaned surfaces of wounds and their surroundings. The PTM foil was
smoothed after putting on for achieving exact adhesion also to the surrounding healthy
skin. The results are presented in Tables 2, 3,4.

TABLE 2

1

2

3

4

5

Group of patients
Number of patients

Average age, age interval
(years)

Method of treatment

Average time of healing
(days)

Type of injury

I
12

27 (6-75)

dressing with PTM

7

II
12

29(5-60)

dressing from sterile gau-
ze and bandage

8

small wounds, abrasions of epidermis

TABLE 3

1

2

3

4

5

Group of patients
Number of patients

Average age, age interval
(years)

Method of treatment

Average time of healing
(days)

Type of injury

III
14

30 (5-60)

dressing with PTM

12

IV
14

26 (4-49)

during first 6 days dres-
sing with 0.5% Ag(N0)3,
and afterwards without

dressing
14

slight burns with medium skin thickness
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TABLE 4

1

2

3

4

5

Group of patients
Number of patients

Average age, age interval
(years)

Method of treatment

Average time of healing
fdays)

Type of injury

V
13

25 (7-61)

dressing with PTM

33

VI
13

29(4-52)

during first 6 days dres-
sing with 0.5% Ag(NO)3,
and afterwards Dermaxin

3 times a day
29

deep burns with medium skin thickness
Time of cure in groups for which dressings with foil had been applied did not indi-

cate essential differences as compared to appropriate reference groups of patients. In the
cases of deep burns with medium skin thickness , the better results were obtained for the
group of patients for which dressings without foil had been applied, because of suppura-
tion and separation of dead tissues.

Accordingly to patients opinion, dressings with foil are less painful. These dressings
enable to start active movements immediately after their applying. Such movements were
not limited as in the cases of large dressings from gauze, lignin and bandages.

' Foil dressings enable to see the wound surfaces without their removing.. Small
wounds, abrasions, fresh slight burns cicatrized, in general, without complications. Foil
detached itself immediately after epidermizalion of wound. Deep burns cicatrized worse.
Already at 6 - 7 day serous or serous - purulent secretion appeared, what caused the
necessity of dressing replacement.

Foil transparency enables to observe the progress in cure. Nurses opinion concerning
the dressings from foil is positive, regard to less labour consumption, less pain during re-
placement of dressing, and easiness of their putting on and removing. Dressings from foil
enable also to introduce antibiotic solutions under foil. Further clinical examinations con-
cerning this problem are required.

CONCLUSIONS
1. The performed contact-allergic skin tests were negative; the allergy to dressings with

PTM was not observed in any case.
2. Application of dressings with PTM enables to achieve good results in healing of small

wounds and slight burns.
3. In the cases of wound infection the dressings with PTM should be removed. In such

cases dressings replacements should be done more often.
4. Dressings from PTM should not be applied in deep burns treatment.
5. It will be advisable to apply for dressings preparation of the PTM produced from foil

more elastic than polyethylenelercphlhalatc, i.e. polyurethane or polyethylene.
6. The foil for dressings preparation should be homogeneously covered with moisture re-

sistant adhesive and transparent. Transparency of a dressing enables to observe a pro-
cess of wound healing without its removing.

7. Application of PTM foil is proposed for attaching and protection against infection of ca-
theters for prolonged venous transfusions.

8. In the case of extensive, suppurated wounds the ready-made multilayer dressings are
serviceable. The layer at a wound can be the- PTM dressing.
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SENSORS PREPARATION ON THE BASIS OF PARTICLE

TRACK MEMBRANE
V.VSerezkin1, VA.Bogdanqvskaja2,AJ.Yilenskij1, B.VMchedlishvili1,

M.R.Tarasevich, GJ.Girina , VAXokorekina 2

1) Institute of Crystallography, Russian Academy of Sciences,
Moscow 117333, Russia

2) Institute of Electrochemistry, Russian Academy of Sciences,
Moscow, Russia

Nuclear Filters, for which the term "Particle Track Membranes" is used more often
last years, are being more and more widely applied as micro- and ultra-filtration mem-
branes. In the work [1] the preparation of PTM with ionselective properties was reported
and the possibility have been indicated of these membranes application as ideal model sys-
tems for examination of the mechanism of separation occurring on the way of reverse
osmosis.

The important problem which appears in preparation of electrochemical biosensors
for glucose content measurements in human blood is the problem of selective separation of
its signal in the presence of disturbing substances, like: ascorbic acid, amino acids and
drugs. Apparently, the most simple solution in this case is an appropriate separation on the
membranes, owing to the selection and synthesis of appropriate membranes, having differ-
ent coefficients of diffusion permeability for above mentioned substances.

In the capacity of membranes samples the PTM were taken by us. These membranes
possess a number of advantages as compared with membranes of other types, as : a little
dispersion in pores diameters, high mechanical strength, chemical and physical stability, as
well as absence in the filtrate of the particles of membranes material [2].

In the present work the experimental results have been presented of selectivity for
glucose and ascorbic acid of nuclear filters prepared from polyethyleneterephthalate
(PETP) after appropriate physical and chemical modification. It means the recognition of
possibility of PTM application as selective element of the biosensor. For selected and pre-
pared for investigation nuclear filters: hydrodynamic pore diameter, electrokinetic
potential and density of surface pores charge, had been preliminarily determined.

The pores diameter were determined by hydrodynamic method, on the basis of veloc-
ity of liquid stream under the pressure difference applied to the filter.

PTM can be described as the set of cylindrical pores with axes in perpendicular direc-
tion to the foil surface. For this case the Poiseuillc equation can be resolved regard to pore
diameter in the form

nnSP
where

Q - liquid's flux through filter,
P - pressure applied on filter
T) - viscosity of the liquid
1-thickness of the filter

n - number of pores per unit area
S - the filtration surface of filter
Independently the determinations of pores diameters by the method of electron
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microscopy were done. The measurements were performed applying the BA 340
"TESLA" instrument

Electrokinetic ^-potential and charge per unit area a of pores' walls were determined
by the streaming potential method with account of the surface conductivity from Helm-
holz-Smoluchowski equation for streaming potential [3]

where
p - conductivity of solution
e- dielectric permittivity of solution

E - streaming potential
P - pressure difference on filter
a - coefficient taking into account the increase of solution conductivity in the pores

resulting from the increase of gegenion concentration. The values of coefficient a have
been taken from [4].

™5 (3)
where

z - charge of gegenion
F - Faraday consfatnt
R - gas constant
c - concentration of the solution
T - temperature of the solution.
The electrokinetic measurements were performed for 10"3 N solution of KC1.
It should be noticed that the a values, obtained by the streaming potential method are

practically equal to these from papers [4,5].
The preliminary determination of electrokinetic characteristics of PTM filters are

necessary because it is impossible to separate the molecules of glucose and ascorbic acid
owing only to steric factor. In fact, these molecules have almost the same dimensions: glu-
cose 12x7 A2 or 10x7 A2 (accordingly to the form) and ascorbic acid 14x7 A2. The
separation of these molecules is possible only owing to electrochemical selectivity of
charged membranes. In water solutions the molecule of ascorbic acid dissociates, on ac-
count of one hydrogen atom and consequently acquires negative charge, while the
molecule of glucose does not dissociate and remains neutral [6]. Accordingly, the nega-
tively charged membrane should be more selective regard to ascorbic acid.

In purpose of examinations of PTM filters' permeability for glucose and ascorbic
acid the appropriate cell consisting from two chambers, made of acrylic plastic, have been
designed. The nuclear filter was being placed inside the cell. The chambers were being
filled with 0.9 % Nad solution, having pH = 7. The investigated solution, with concentra-
tion equal to 10~3M, was being added into one of the chambers. Subsequently, the kinetic
of the concentration changes in the second chamber was being examined. The concentra-
tion of ascorbic acid was determined by polarography. Glucose was determined with the
aid of enzymatic electrode, consisting of hot Pt electrode and AgCl counter electrode with
closely clasped membrane containing immobilized glucosidases. On the basis of kinetics
relations of concentration the integral coefficient of diffusion permeability was calculated
for filter:
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Cinil A/

where
keel I = Iv/S - cell consul nt, v - volume of the cell, 1 and S - thickness and area of the fil-
ter;
Cinii - initial concentration of the substance in the first chamber;
Ac/At - rate of the concentration changes of diffusing substance.

For determination of the specific diffusion permeability of the pores Pn the integral
diffusion permeability of filter should be divided through its porosity II.

The Table I presents the structural, eleclrokinetic and selective properties of PETP
PTM filters.

Table I. Structural, clcctrokinetic and selective properties of the PTM filters prepared
from PETP.

djA]

143
314
415

n [cm2]

5x lO 9

5x lO 9

2x lO 9

n

0.008
0.039
0.027

UmV]

30
20.1
21.2

o [C/m2]

-2.18 xlO"3

-1.46 xlO"3

-1.54 xlO"3

P* rcm2/sl
glucose

1.1 x 10"7

4 x 10'7

1.1 x 10"6

ascorbic
acid

0
4.6 x 10"7

7 xlO'7

It arises from comparison of integral coefficients of diffusion permeability of the
PTM filters samples with the volume diffusion coefficients of glucose and ascorbic acid
(equal to 5.2 x 10*6 crrr/s and 1 x 10'5 crrr/s, respectively), that the values of diffusion
coefficients in pores are smaller than in volume. As can be expected the coefficient of dif-
fusion permeability of ascorbic acid decreases in a more degree; in this case the
dissociated molecules and the walls of pores are monbrhially charged. From point of view
of selective properties optimum appears for the PTM filter with pores diameter of 143 A,
which does not pass ascorbic acid. However the permeability of this filter for glucose also
decreases. That causes essential difficulties during construction of biosensors, because the
response time of the system increases.

For modification of physico-chemical properties of PTM filters surface the physical
and chemical treatment have been performed. The physical modification consisted of the
glow discharge plasma treatment. The breaking of the chemical bonds, occurring with
oxidation of the ending groups in the decay region, has been stated by IR spectroscopy [7].
The thin modified layer with hydrophilic groups is created on the filter Surface as well as
on the walls of pores. After glow discharge treatment the pores diameters increased. The
influence of the treatment on the density of surface charge of pores have not been found.

The chemical modification consisted of the treatment with the vapour or solutions of
different reagents. The modified layer was created as a result of interaction of polar groups
from the filter surface with functional groups of reagents. In number of cases prior to the
chemical treatment activation of the surface in the glow discharge plasma was performed.
The \% aminoprophyl-3-etoksilan solution have been applied for amino groups modifica-
tion. Membranes containing carbonyl groups have been synthesized on the way of
treatment of initial filters with 2% solution of glutaric aldehyde. Silanizing of the surface
was performed with toluene 2% solution of dimethylchlorsilane.

In the Table II structural, clectrokinetic and selective properties of the samples of
modified PTM filters arc presented.
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Table II. Structural, electrokinetic and selective characteristics of the sample of PTM
filter prepared from PETP after physical and chemical treatment.

Type of fil-
ter

initial from
PETP

after treat-
ment in
glow di-
scharge

after treat-
ment in
glow di-
scharge

and modi-
fied by

amine and
glutaric al-

dehyd

d[A]

225

278

149

Ji[cm" ]

2xlO 9

2xlO 9

2xlO 9

C[mV]

43.4

25.67

69.4

a[C/m2]

-3.16xlO"3

-1.87 xlO"6

-5.06 x 10'3

Pre[cm2/sl
glucose

1.1 x 10*7

2.6 x 10"6

1.7 xlO"6

ascorbic
acid

0

4.3 x 10"6

0

It can be stated on the basis of data showed in Table 2 that the PTM filter with initial
pores diameter 225 A is not permeable for ascorbic acid and well permeable for glucose
after treatment in glow discharge plasma and following modification with amine and glu-
taric aldehyde. The coefficient of diffusion permeability of this filter is only three times
less than volume diffusion coefficient of glucose molecules in solutions.

It can be stated on the basis of above results that exists the general possibility to
apply nuclear filters as selective elements of biosensors.
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SUMMARY

Particle Track Membranes (PTM) are ideal surface filters. Their parameters can be
adjusted to the separation problem. In an investigation several RoTrac PTM with different
pore parameters were tested in dead end filtration of microorganism suspensions. The used
species were rod-like E.coli, Serratia marcescens, Pseudomonas diminuta with a rigid cell
wall. The suitability of PTM in bacteria removal as well as in bacteria free filtration was
proven.

Blocking was very strong for membranes with pore diameters in size range of the
microorganisms. Though the filtrate had immense reduced bacteria counts in these cases, it
was generally not sterile. For the rigid bacteria type membranes with 0.2 \im and smaller
pore diameters always assure a bacteria free filtrate even for a very high bacteria count of
about 107 to 108 bacteria/ml. Flux (and thus the filterable volume) corresponds to values of
competitive membranes. The filtration mechanism is governed by several processes. Both
the membrane (pore diameter, shape, inclination, porosity) and the microorganisms (size,
shape, count) have influence.

INTRODUCTION

In the last years particle track membranes (PTM) have gained some ground in special
applications, like microfiltration in laboratory scale and analytics [1 - 3]. One reason for
this is the possibility of exactly designing the membrane parameters for the separation
problem. The nuclear track technology allows in wide margins the independennt choice of
pore diameter, shape, inclination and sometimes also of membrane porosity [4, 5]. Other
good application characteristics are low adsorption, small amount of extractables, smooth
surface and a sufficient thermal and chemical stability.

Despite of these advantages and numerous other approaches [1, 11- 13] by now no
comprehensive study is known for the utilization of PTM with different structure modifi-
cations in filtration of special test bacteria. Therefore RoTrac PTM produced in
Rossendorf and now commercially distributed by Oxyphen Dresden [3] were used to in-
vestigation the influence of several affecting parameters in laboratory filtration of
microorganisms.

USED MEMBRANES AND MICROORGANISMS

As a first step dead end filtration with a Sartorius filtration device SM 16510 was car-
ried out, because most laboratory membrane applications are restricted to this process.
However the features of PTM permit a promissing application also in cross flow filtration.
Only there problems of tightening, scale and bacteria handling are much higher.

For the tests laboratory strains of rod-like bacteria were chosen. These are Escheri-
chia coli and Serratia marcescens. One special culture of the latter species are prescribed
for testing 0.45 \im membranes |8. 9]. Further tests were carried out with the smallest bac-
teria with rigid cell walls Pseudomonas diminuta (ATCC 19146 [6]). Exactly this strain
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should be applied for testing 0.2 |.im membranes [10]. In addition to cylindrical standard
RoTrac PTM also different structure modified ones were tested.

RESULTS AND DISCUSSION

E. coli

As an example figure 1 shows E.coli on a 0.45 \xm RoTrac PTM with cylindrical
pores after a completed filtration. From the size comparison one should expect that these
microorganisms are fully rejected by this membrane. In practice however there were a
bacteria passage in some tests. Though the diameter of E.coli is in the order of 0.5 \im and
their length is about 1 to 3 îm [7].

Fig.l. SEMpicture of E. coli on a $.-15 \un HoTrac I'IM.

The reason is on the one hand the distribution of pore diameter and multiple pores as
well as the size distribution of microorganisms. On the other hand the filtration pressure
causes a slight deformation of the membrane and down-pressing into the support channels.
Thus the pore diameter increases by about 10 to 20%, depending on the membrane thick-
ness and pressure force. This effect can be proven by simple bubble point experiments.
Therefore a bacteria passage is understandable, mainly for membranes with pore diame-
ters in the size range of the microorganisms, as in the upper mentioned case. Nevertheless
the factor for bacteria removal is in the order of 106 to 107 related to one germ passed.
Some test results with E. coli arc depicted in figure 2. The filtrate of all RoTrac PTm with
a pore diameter less than 0.45 \im was bacteria free. The same is true for some tested com-
petitive membranes with nominal 0.45 ^m. Whereas most of these membranes have no
exact pore diameter of the given value. Figure 3 gives a hint of this feature for a Sartorius
cellulose acetate membrane after filtration. The openings at the surface have the charac-
teristic wide distribution of aisled membranes and are much greater than E.coli. The
rejection of bacteria occurs mainly at the inner surface. The abundance of tortuous pas-
sages together with the extremely high porosity are explanations for the relatively high
measured flux of these membranes (sec curve 8 in Fig. 2).
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The flux of PTM generally decreases with decreasing pore diameter and increasing
bacteria load. Asymmetrical PTM with higher porosity have improved fluxes in the range
of 30 lo 50% (curves 4 and 5 in Fig.2).
Serratia marcescens

The results with Serratia marcescens in Fig. 4 are very much identical to these with
E. coli. That should be expected, because the diameter of Serratia marcescens is in the
same order of 0.5 \im. But they are with 0.5 to 1.0 \\.m somewhat shorter [7]. Maybe this is
the reason for a more obvious and faster plugging of 0.45 \im membrane. Namely in this
case for approximately equal size of pore and bacteria diameter membrane plugging was
sometimes astonishing fast (compare curves 2 and 7 in Fig. 4). After a high initial flux,
explicable by the greater pore diameter of 0.45 nm, the flux decreases more sharply than
that of a 0.2 (.tm membrane e.g. under the same conditions. As if the bacteria act as plugs
for the openings of the pores. Whereas the pore number of a 0.45 [im is anyway smaller.
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Fig. •/. Dead mid filtration of Serratia marcescens in nutrient broth; filtering area 12.5 cm', initial bacte-
ria count IC in J(/'/(ml cm'), Fillralu bacteria count FC in I/ml, pore diameter d in \xm; pressure 0.7
bar.

Maybe this plugging is the reason for the fact that conical pores (curve 1 in Fig. 4)
show not in every case an improved flux dependence. The somehow complicated interac-
tions between cone angle and depth in comparison lo size and shape have to be further
studied.
Pseudomonas diminuta

The used strain ATCC 19146 of Pseudomonas diminuta is the so called "check of
truth" for bacteria free filtration. Under starving conditions the chains of these rod-like
species fall apart. Then they have a diameter of about 0.2 to 0.25 jxm and a length of 0.5
\nm [7] (see Fig. 5).
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g. 5. SEM picture of Pseudomonas diminuta (distance between black edges 10 \un).
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Therefore the bacteria passage of PTM with pore diameters greater than 0.2 u,m is
understandable (curves 5 and 6 in Fig. 6). Though the bacteria reduction is yet remarkable.
The other features of the membrane characteristics correspond to that for the greater
species. As an example the membrane with statistically inclined pores and high porosity
(produced by vertical wobbling ) has a much higher flux than a cylindrical standard PTM
with same core diameter and bacteria count (curve 4 and 2 in Fig.6).

The data for filtration of Pseudomonas diminuta from [1] given in Table 1 permit a
comparison of membrane performance. The own measurements demonstrate, that PTM
are competitive even with high bacteria loads. It should be mentioned however, that such a
literature comparison is not so easy. Components and mainly the age of broth decisively
affect the membrane filter performance. Thus in the here presented experiments some-
times deviation in flux values of up to 50% occurred. The only reason was the steadily
growing amount of dead biomass. Therefore only direct comparative testing should be the
method of choice. Nevertheless the results arc promising.

TABLE 1. Data from Wallhiiuser [1] for filtration of Pseudomonas diminuta
(4.3 x 104 bacteria/(ml cm2) with different membranes. A = 12.5 cm2; p = 0.9 bar. No re-
marks about bacteria passage.

Producer

Brunswick

Pall
Brunswick

Cuno
Gelman

Millipore
Pall

Sartorius
Nuclepore

RoTrac
RoTrac

d

f^m]
0.1

0.1+0.1
0.1 +0.1

0.2
0.2 + 0.2
0.2 + 0.2
0.2 + 0.2

0.2
0.2 + 0.2

0.2
0.2

Material

Polysulfone

Polyamidc
Polysulfone

Polyamide
Polysulfone

PVDF
Polyamide

Cellulose acetate
Polycarbonate

Altering
for

50
9

16
58
6

12
14
15
16
22
11
11

100
19
35

125
14
29
45

140
42
60
29
40

own measurements : (initial bacteria count:
0.2
0.2

PETcylindr
PET inclined

40
40

660
360

time fs|
ml]

150
31
55

210
22
49

110
605

70
105
60

120
6 x 106/
2500
1440

200
47
72

315
31
64

285
1500
100
170
125
250

for 50 ml
at 6.4 x 106

bact/(ml cm2)
.

26
-
-

19
1200

-
1440
1560
1110

.
[ml cm )

5400
2790

40-300
40

FILTRATION MECHANISM

From the mere description of the filtration performance and phenomena in Fig.7. a
further step was taken toward the semi-empirical modelling of filtration mechanism: The
known models of plugging and standard filtration give only at the start a good approxima-
tion. This is consistent with the mentioned experimental results. Whereas pure cake
filtration is obviously not occurring.

The given SEM figures of used membranes underline this fact. As well as the follow-
ing numerical estimation: A standard 0.2 ^m membrane has nominal about 3 x 10s

pores/cm2. Filtering a suspension of 3 x 106 bacteria/(ml cm2) leads only after 100 ml to a
nominal matching of pore and bacteria counts, disregarding the bacteria rejected on the
membrane surface between pores. Therefore even for a very high load of dead biomass
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Fig 7. Comparison of experimental filtration data with different models.

only with much greater filtrate volumes a cake-like build-up should be expected. And this
is what the figure tells. The best approximation gives the transition law with terms for pore
blocking as well as for an additionally growing bacteria layer with steadily increasing fil-
tering resistance.
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NUCLEAR TRACK MEMBRANES IN DEVICES FOR AIR
CLEANING, PERSONNEL VIABILITY SUPPORT AND

BIOTECHNOLOGICAL PROTECTION
E.D.Vorobiev, V.V.Ovchinnikov, IA.Belushkina

Joint Institute for Nuclear Research, 141980 Dubna, Russia

INTRODUCTION

The level achieved in production of computers, precise measuring instruments and
automatic devices, the higher specific requirements to microclimate in medicine (sterile
operation rooms) and in biotechnology (environment protection) make one concentrate on
higher quality of air supply systems. Precise and sterile technologies require reliable and
economical air conditioning and filtering systems, which are impossible without following
certain standards. The most wide-spread quality standard for ecological safety of techno-
logies is USA Federal Standard 209D, which is applied not only to clean rooms in the
microelectronics [1,2] but also to other precise and sterile technologies, except for the
cases when there arc microbiological objects in the air, because it requires special dynamic
control over microbiological contamination of the air.

Air cleanness classes defined by Standard 209D in relation to the size of particles and
their number in a cubic foot are shown in Table 1.

Membrane filters, such as nuclear track membranes [3,4] allowed a new approach to
providing the necessary microclimate in precision and sterile processes. Producing no dust
of their own, having smooth surfaces and high homogeneity of pores in size, track mem-
branes of thin polycthylcnetcrcphlhalalc films allow non-traditional solutions to air supply
problems.

The study of using track membranes for fine air cleaning and for keeping clean zones
and technological volumes sterile has been carried out for several years at the Laboratory
of Nuclear Reactions in JINR [5-161. The present paper is a brief review of designs de-
veloped a I the Laboratory.

Table 1. Federal Standard 209d

Class

1
10

100
1000

10000
100000

Max. number of particles /eft
a 0.1 u.m

35
350

-
-
-
-

a 0.2 (.im

7.5
75

750

-
-

a 0.3 \im
3

30
300

-

-

a 0.5 urn
1 .
10

100
1000
10000
100000

a 5.0 |itn
_
-
-

7
70
700

2.F1NAL AIR CLEANING FILTER

In solving the problem of very line air cleaning the emphasis was laid on getting the
minimal inlra pore surface of the track mcuvvanc and thus the minima] dust release from
the surface. Being smooth, the membrane sir I ice allows all production and storage micro-
impurities to be washed off easily. So, the tiller design must be such that the washing



liquid could freely go to the membrane surface and back. Here, the best is the tangent
(along the surface) two-sided washing of the membrane, which increase the washing effi-
ciency and makes it easier to dry the membrane in forced air flows.

In Fig. 1 there are filtering plates with membranes. Their geometry allows tangent
two-sided washing and drying of membranes in the assembly [10,11].

Owing to their positive properties the track membranes can be used for final air filtra-
tion when the air cleanness after preliminary cleaning (not worse than class 100, Table 1)
ensures the required service life (1-2 years). However, since the straight cylindrical pores
do not ensure a high filtration efficiency of particles smaller than the pore diameter, as we
showed in rcf.[5-9,12], one must be especially thorough in choosing the optimum pore
diameter and hydrodynamics conditions of the lir flow. Our investigations allowed us not
only to find the efficiency limits of PET track mi mbranes (not less than 99.0%) for micro
particles s 0,3 |nm but also to estimate the au.vpi.iblc working area of the membrane with

Fig. 1. Separation plates of the filler module. 1 - track membrane;, 2 -separation
plate; 3,4 - air gaps of mutually perpendicular separation plates.

allowance for the fan performance.
Fig.2 schematically shows the filter assembly comprising eight elementary blocks of

filtering plates (Fig.l). After passing through the track membrane with the filtering effi-
ciency not less than 99,0% the air from a class 100 room satisfies class 1. Eight elementary
blocks together have 50 m2 of the track membrane (about 6 m2 each). This figure, based
on the optimized values for the pore diameter 0.8 |xm (10% porosity) and pressure dif-
ference at the membrane 300 Pa, was chosen to ensure the output air flow velocity 0.5 m/s
[7,8,12). Fig.3 shows the general view of the block on the lest bed.

Assembled under ordinary lab conditions, the prototype filters underwent two-stage
washing witch recirculative purification of the media (deionized water and ethyl alcohol)
by means of a micro-filtration membrane with 0.2 |.im pores and then were dried in a lami-
nar box with a class 100 air flow. The assembling implies a triple check applied to the roll
membrane, the membrane in the filtering plate and the elementary block as a whole.
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3. LOCAL CLEAN WORK PLACE

The power consumption of traditional air supply systems for clean rooms and work-
ing /ones directly depends on the hydrodynamic characteristic of the filters, i.e. with
power consumption of ventilation devices for blowing the air and maintaining the air dif-
ference. The service life of the filters is limited because of constant dust load from outside
(15-20% of the outside air must be constantly supplied to the room to maintain normal
conditions for personnel activity).

We have proposed a power saving method of air supply to local clean work places
[ 13-16]. This approach, which prevents penetration of microparticles and micro-organisms
in the working zone and in the atmosphere, is based on the diffusion gas exchange of air
components through the track membrane pores when there is no pressure difference. The
intensity of this gas exchange is proportional to the partial pressure difference of compo-
nents on both sides of the membrane that separates the clean volume from the outer air.
The most favorable conditions for inlcrdilTusion of gas molecules in pores are provided by
blowing the air along both surfaces of the membrane with the pressure difference close to
zero. Fig.4 schematically shows the organization of a local clean workplace.

In this case there is no need in excess air pressure inside the local work place, and the
total power consumption is the power consumed by the internal dust-removing filter
(boxes, ordinary laminar boxes etc.) and by low-power fans blowing the air along the
membrane surfaces. It gives a minimum dust load on the internal filter, which is reduced
to the general amount of micro-impurities released into the working volume by the ma-
chinery and the personnel.

Our investigations in an 8 m3 local work place with a K.L-21 laminar-flow dust-re-
moving chamber, a 4 m2 ceiling panel with track membranes and VN-2 low-power fans
proved the efficiency of this organization. Fig. 5 is the general view of the local clean
working volume, and Fig.6 shows the work of the personnel under extra clean conditions
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l'ig-4- Layout of a local clean working place. 1 - working place chamber; 2 - track membrane; 3 - low-power fan pro-
ducing a tangent air flow; I - dust removing box; .5 -fan of Just removing box; 6 - prefilter of dust removing box; 7 -
final filler of dust removing box; S -flow of outside impure air; ') - laminar flow of inside cleaned flow; 10 - working
zone; 11 - "grey" zone oflocal working place; 12 - respirator (gas mask).

in Hi is volume (important stages in assem-
bling and checking the Tillering plates with
membranes). Il was found experimentally
thai about 1.5 m2 of the track membrane
are enough to support llic activity of one-
man, and the size of its pores may be re-
duced, if necessary, to 0.05 fim without
any negative effect on the diffusion gas
exchange [13-15|. Class 100, maintained
by Hie KI-21 dust-removing chamber, is
achieved 5 minutes after switching il on
(without Ihc personnel and operating ma-
chinery).

/•'/,!,•.5. IMUII working place.



/•'ig.6. Personnel working inside a local clean working pla-
ce (well seen is the ceiling with a track membrane).

4. GAS EXCHANGER

The purpose of the gas exchanger is almost the same as that of the ceiling panel in the
local clean working volume. It supplies air lo closed vessels and rooms and prevents pene-
tration of microparticlcs and micro-organisms both inside and outside. Its successful
operation depends on its proper use and air-tightness of the closed volume. Unlike the ceil-
ing panel, however, the gas exchangers smaller in size and can have a much larger
membrane area, if necessary, besides in the gas exchanger the membrane is protected
against accidental mechanical damage.

Structurally the gas exchanger is similar to the elementary block of the final air clean-
ing filter. The difference is that all four sides of the block are connected to the air lines to
produce tangent cross Hows along the membrane (Fig.7). The dimensions of the block de-
pend on the dimensions of the filtering plates (280x280 mm). The plate thickness may
vary from 2 lo 2.5 mm. The working surface of a track membrane in a filtering plate is 500
cm: The air channel of neighbouring plate in the block are perpendicular to one another,
so that the channels of one direction arc united into one circuit, e.g. internal, and the chan-
nels of the other direction are united into another circuit, e.g. external (Fig.7). The
maximum pressure difference amplitude on the membrane should not exceed 50 Pa. The
hydraulic resistance of the block at the optimum air flow rate (for each circuit) of
251)...350 nrVh is about 50-60 Pa. This gas exchanger allows 1.3 m3/h of oxygen, the dif-
ference of oxygen concentrations in the internal and external circuits being 1%.

The gas exchanger was tesled in a hermetically sealed zone 3 m3 in volume with 3
men working in il 114-16|. The scheme of connections is shown in Fig. 8. A decrease in
the pore size from several micrometers to 0.1 îm did not show worsening of the gas ex-
change. This fact proved experimentally thai large variation of the pore size and porosity
of a PETP.track membrane docs not noticeably affect the intensity and dynamics of the



Fig.7. Connection of a gax i:\xlianger. 1,2 • airflows in lite inner and outer circuits; 3 - air line flange; 4 - sealing
gasket.S - stud; 6 - metallic lid.

diffusion gas exchange processes.
No break through of microparticles
and microorganisms was observed,
except for an insignificant amount of
fine oil fog, which most probably re-
sults from condensation of oil vapor
that penetrated through the diffusion
gas exchanger.

Fig.S. Connection of a gas exchanger to a clean working place
(instead of a ceiling panel with track membranes). 1 - gas ex-
changer; 2 • track membrane; 3,4 -fans of outer and inner circu-
its; 5 - clean working place volume equal toV ;6- sampling.

5. DIFFUSION RESPIRATOR

Another original modification of the gas exchanger is a diffusion respirator. Its oper-
ation is based on diffusion gas exchange through a track membrane 10 \un thick with
pores from 0.03 to 0.5 um in diameter and a mean porosity of 10% [17], see Fig.9.
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fi'ig.V. Clean room operator with a diffusion respirator. Fig. 10. Schematic diagram of a diffusion respira-
tor. 1 -front part (half- mask or full mask); 2 - inha-
lation valve; 3 - exhalation valve); 4 - flexible
inhalation hose; 5 - flexible exhalation hose; 6 -
breather bag; 7 - track membrane.

Since human respiration is characterized with low air flow velocity (not more than 1
m/s), the diffusion rate of gas components depends on still near-wall air layers rather than
on the track membrane thickness.

The operating model of the respirator consisted of a V-shaped breather bag (without a
protective shell) and a rubber mask. The breather bdg was connected to the mask with two
llcxible rubber pipes through the inhalation and exhalation valves. The diffusion respirator
is schematically shown in Fig. 10. The weight of the breather bag with the pipes was 58 g,
the lolal surface of the bag was 2680 cm2, the working surface of the membrane was 2100
cm2.

The respirator showed the following performance in the tests:
- resistance to breathing when inhaling or exhaling - 1 5 Pa;
- resistance to breathing was the same for all the test time

(60 hours of continuous work);
- dust entrapping efficiency for particles over 0.2 (Am -100%,

(the size of pores was 0.23 (xm);
- operation was normal at the relative humidity up to 100%.

Comparison of this performance with the certified characteristics of ordinary anti-
dusl respirators showed that the diffusion respirator had indisputable advantages. Besides,
the microbiological environment of human lungs is maintained in its breather bag, which
is important lor normal and healthy work, e.g. in extra clean rooms where the atmosphere
is detrimental to the human immunity system.
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6. BIOTECHNOLOGICAL PROTECTION OF A FERMENTER

The acute problems in biotechnology arc known to be the protection of environment
against penetration of cells and their fragments and protection of the nutrient medium in a
fcrmenler against alien microfiora during cultivation of micro-organisms.

A very simple solution was proposed 118]. Fig. 11 shows a diagram of connection of a
gas exchanger to a fermenter. The air is pumped through the medium with cultivated
micro-organisms and along the track membrane surface where the exchange of air compo-
nents (mainly CO2 and O2) takes place. If the cultivation process allows cell and their
fragments back into the fermenter, the track membrane in the gas exchanger is a sure bar-
rier for microflora in both directions.

minium

l-'ig.ll. Technological scheme of gas exchanger connection lo a fermenter. 1 - fermenter; 2 - gas exchanger; 3,4 - air
compressors (fans).

This connection scheme was ksicd with a 10-liter depth fermenter where Corinebac-
terium glulamicwn and Saccfwroinyces cerevisiae were cultured [14-16]. The
experimental results showed th.it thj oxygen and carbon dioxide gas exchange satisfies the
cultivation with membranes having both 0.1 |xm pores and 0.5 fxm pores (two gas ex-
changers with different pore d.amcters). The fact that there was no break through of
cultured micro-organisms inlc ih< air and no contamination of the culture with alien
micro-flora proves the reliabilii) ot this air supply scheme.

7. MEMBRANE BIOKF AC TOR

One of (he most promising fields for using membrane systems in biotechnology is
immobilization of cells and < tiymcs for biosynthesis and biocatalysis. We proposed a
method for immobilization < I micro-organisms with track membranes in a membrane
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Fig 12. Connection of a membrane bioreactor. 1 - membrane bioreactor; 2 -
nutrient medium reservoir; 3 - air compressor; 4 - rolameter; 5 - peristal-
tic pump; 6 -filler.

bioreactor. The fact that micro-organisms are between membranes ensures diffusion of nu-
trients and oxygen to the cells, yield of the solution with the biosynthesis product, and
prevents the cultured cells from leaving the bioreaclor chamber. This immobilization
allows free motion of cells inside the chamber and prevents their mechanical damage. This
scheme is similar to the fermenter air supply scheme, but it involves both air and liquid
substrate (Fig. 12) [19,20].

The size of the track membrane pores was chosen with the help of calibration break-
through curves for micro-organisms placed on the surface of a track membrane in Petri
dishes [21J. The circulation regime for the nutrient medium in the membrane bioreactor
was selected on the basis of the experimental results which allowed estimating the possi-
bility of inactivation of enzymes .secreted. The work involved microbic and mycelium
cultures. It was shown that immobilization of micro-organism cultures in a membrane
bioreaclor with track membranes allows an increase in the general yield of enzymes se-
creled owing to a longer time of productive function of cells. It also allows a biosynthesis
product cleaned of biomass.

8. CONCLUSIONS

Applications of irack membranes ID air supply and cultivation of micro-organisms are
not reduced to the above development . Now the effect of electric and electrostatic fields
on the aerosol separation efficiency is extensively studied, attempts to construct combined
systems for gas exchange and entrapping of aggressive components are made, and so on.
Yd, all these approaches to a solution of a problem have one feature in common, which is
the use of specific or sometimes unique properties of a track membrane traditionally made
of a PET film.

Finally the authors express their gratitude to M.M.Aleksovich (Ind.Enterp. "Tissa",
Uzhgorod) and R.P.Pilvinis (Sci.Res.lnst. "Venta", Vilnium) for their assistance in car-
rying out the experiments on filtration of aerosols, to Yu.V.Zadnepryany and V.A.
Vakulenko (Kiev) for the joint experiments with the fermentation equipment, and to the
photo correspondent and leading engineer Yu.A. Tumanov (JINR, Dubna) for his assist-
ance in making up the paper.
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THE APPLICATION OF PARTICLE TRACK MEMBRANES
IN DACTYLOSCOPY

J.Blqdek
Institute of Chemistry, Military Technical Academy

uLKaliskiego 2, 01- -189 Warsaw, Poland

The article is devoted to the application of Particle Track Membranes (PTM) as a
support for ordering ofliquid crystal molecules.

Liquid Crystals (LC) are the state of matter intermediate between a solid body and an
isotropic liquid. Being liquids, is a certain range of temperatures they retain the charac-
teristics of a solid body molecular arrangement. This state is known as the mesophase.
The most ordered are those liquid crystals which have the smectic structure while those
that possess nematic and cholcstcric structures are less ordered. The properties of liquid
crystals (mesogenes) and their use in practice have often been reported in the literature and
they are still being intensively examined. The main attention is paid to their optical fea-
tures, being developed especially well in thin layers.

Optical properties of thin layers of LC (double refraction, dichroism, light inter-
ference, etc.) depend, to great extent, on the kind of texture, which means a spatial
orientation of long axes of the molecules of LC. These molecules orientate due to their in-
teraction with the background on which such layers are produced.

In the case of application of PTM the elongated molecules from which those mem-
branes are made of. In this way LC molecules make the extension of polymer molecules.
The internal surfaces of microporcs, i.e. side surfaces of cylinders having the height equal
the foil thickness, shown the strong ordering action to the molecules of LC filling the
micropore. Thus is so strong that electric field on the level of million V/m and magnetic
field on the level of 1 Tesla do not destroy the orientation of LC molecules. This property
distinguish the PTM from other ordering backgrounds which arc common used. The fac-
tors which may disturb the LC molecules order in this case are the temperature and
admixtures of non-mesogene which dissolve in the LC substance.

The thin layers of LC, changing (heir optical properties under the influence of sub-
stances which dissolve in them, are called liquid- crystalline detectors. These detectors
show intense inlerferential colours in linear polarized light. The colour of the detector is,
in this case, the result of overlapping of the effects arising from molecular anisotropy of
two media: the porous foil and the liquid crystal. This depends on mutual orientation of
polarizers and a detector, foil thickness and diameter of pores, type of LC used to make a
detector and on temperature.

The colour of LC detector changes intensively at the moment of transition of LC to
the state of isotropic liquid. It may be reached by increasing of temperature or by adding
an admixture to the LC. At the temperature of clearing or after an exceeding of limiting
concentration of non-mesogene in LC the anisotropic properties of LC disappear and the
colour of the detector is only the result of the anisotropy of the PTM molecules.

Experiments show that these parameters (temperature and admixture amount) in-
fluence LC in an additive way. That means that in the case of heterogeneous distribution
of admixture concentration in LC there is a possibility of its detection by controlling the
temperature of the detector. This feature constituted the basic reason for research on the
possibility of using liquid- crystalline detectors in the field of fingerprinting.

A direct contact between the finger bulb and the surface of the detector causes trans-
ference of the organic matter from skin to the liquid crystal (water and inorganic
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components of sweat do not dissolve in LC). In this way, some local changes of chemical
constitution of the detector can be observed. There are some areas in which micropores are
filled not only with the liquid crystal but also with the matter (dissolved in LC) trans-
formed from the finger bulb. Therefore, in order to map a fingerprint, a finger was put in
contact with the open surface of the detector which caused formation of local binary sys-
tems: mesogene (LC)-nonmesogene (admixture). These systems differed in clearing
temperature adequately to the admixture content (concentration). In the next stage of ex-
periments, the detector was put between polarizers; this helped to observe changes of
colour illustrating surface configuration of papillary lines. The whole process is much
more clear when more organic matter is dissolved in the liquid crystal.

Fig.l. Changes of the image of the finger print left on
the liquid-crystalline detector and observed successi-
vely, in the following temperatures: a -308K,

b - 302K,

c - 297K. PTM - detector. Liquid crystal: 4-pentyl-i-
cyanobiphenyl.

The fullest images of fingerprints were observed in temperature 1-2K away from the
clearing temperature of LC without an admixture (Fig.la). In this case, there was a possi-
bility of observing areas with different and sometimes the lowest admixture concentration
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With a decrease ol temperature of the detector the details of fingerprints (areas with lower
admixture concentration) become invisible. Some very characteristic features such as
points, fragments disappear and lines grow thinner and their ridges became less regular
(Fig. lb). Further decrease of the detector temperature causes loss of image distinctness.
Only those fragments are visible in which the admixture concentration is the highest one
(Fig.lc).

It should be emphasized that this phenomenon is fully reversible: the increase of the
temperature of the detector makes the details of a fingerprint visible. In this way, each
temperature of the detector, in the range of mesophase, may be assigned with a specific
fingerprint image whose distinctness grows together with the temperature of the detector
(it must not however exceed (he clearing temperature of LC without admixture). The re-
sults obLiined show that the liquid-crystalline detector has the potential of reproducing
fingerprints not only on a plane but also in three-dimensional space in which the third
dimension defines the concentration of the organic matter.

This properly shows the possibility ol estimation of "the age" of fingerprints. The
fingerprints left in crime scenes are exposed to processes of aging under the influence of
such external factors as temperature, humidity, air motion etc. That is why we can often
observe defects in them caused mainly by evaporation and changes in organic matter.

Identification of old fingerprints and the determination of their age constitute one of
the most important problems in fingerprinting practice. The properly of LC detectors de-
pending on their ability to reproduce only those elements of a fingerprint in which
concentration of organic matter is the highest suggests the possibility of using them in
identification and approximate evaluation of the age of old fingerprints.

The experiments carried out with fingerprints both artificially and naturally oged
fully confirmed this suggestion. The process of identification of fingerprints on the basis
of comparison of characteristic curves of organic matter concentration distribution may be
defined by the term "densiloscopy".Thc densiloscopic features may prove to be useful in
identification, especially of those fingerprints which exhibit decay of standard features. In
our opinion, the approach of equipping the libraries of fingerprints of criminals not only
with fully developed but also with fragmentary papillary lines (corresponding to the pro-
cess of aging) should be discussed.



RADIATION STERILIZATION OF PARTICLE TRACK
MEMBRANES MADE OF PETP FOIL
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INTRODUCTION

Particle Track Membranes (PTM) may be used in such fields as: medicine, microbi-
ology, pharmaceutical production, modern biotechnologies, food industry [1]. In many of
above mentioned applications PTM with instrumentations must be sterilized. Well known
are high temperature and gaseous methods of sterilization, but during last years, radiation
sterilization is being become more and more popular.

Radiation sterilization has got many advantages in comparison with other methods of
sterilization and in many cases is irreplaceable [2].

The most often used material for PTM production is thin polyethyleneterephthalate
(PETP) foil. It is know that PETP as a material is resistant for routine radiation steriliza-
tion dose [2]. There was no approachable information about such resistance in case of
PTM made of PETP foil. Besides, it seemed to be important to know, how does PTM be-
have after irradiation with higher doses and to answer the question about its mechanical
strength.

EXPERIMENTS AND RESULTS

Two scries of experiments have been carried out with irradiation of PTM made of
Polish polyethyleneterephthalale foil (trade name "Estrofol") of 15 |im thickness. Pore
diameters were: 0.2,1.0 and 2.5 urn.

The irradiation was done by 13 MeV electron beam from linear accelerator in INChT
- Warsaw. In the first series of experiments routine dose of 30 kGy has been used. In the
second series - higher doses in semilogarilhmic system: 0.1 , 0.2 , 0.3 ,... up to 3 MGy
have been used. In the last case a special "sandwich" with 5 layers of thicker PETP foil for
each side was prepared in order to reduce secondary electron effect (Fig. 1).

Fig. I. Elements of the set with I'I'M sample for irradiation at high doses
from linear electron accelerator: 1-layers of lluclur PIH'I' Estrofol foil
(175 \un eaclt, 2-a sample of PTM made oftstrofoi f>il, 3 - a sample of
PETP Estrofol foil IS \un thickness
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Fig.2. Cracking pressure of irradiated PTM samples vs dose of irradiation by 13 AteV electron beam

After irradiation, strength measurements were carried out by using special measuring
system. Membrane samples were placed in a holder and cracking pressure was registered.
In practice this method was useful at relatively small pore diameters ( 0.2 |xm) . Results of
pressure measurements vs dose values are shown in Fig. 2 . It is characteristic that the
curve has got mild course.

It seems that in case of PTM with bigger pores measurement would be possible at
surface sizing of microholes. The first tests with alcohol and glycerin did not give proper
results. The next tests will be made with special resin, which give possibility of forming
thin films.

Fig.3. General view ofP'fM surface after routine irradiation at dose - 30 kGy a) pores diameter -1.0 \xm , b) porex
diameter - 2.5 ]xm

Surfaces of PTM and structure of pores after irradiation were investigated by electron
microscope type JSM-840, JEOL. Fig.3 gives general view of membranes surface after
routine irradiation at dose 30 kGy for 1.0 and 2.5 \im pore diameter. Changes on the sur-
face are not visible.

In Fig.4 and 5 are shown changes in PTM samples after very high dose - 3 MGy. Fig.
4 gives general picture of surface changes at pore diameter 0.2 \im. Fig. 5 shows one
microholc at 2.5 \xm diameter. Stratifications and voids inside the material structure arc
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visible. Described above strength and electron microscopy measurements have been car-
ried out in laboratory of Nuclear Reactions. JINR -Dubna.

/•VIJ.7. Changes in PTM .samples with pores 0.2 \im diameter for very high dose - 3 MGy

i'ig.5. Changes in PTM samples with pores 2.5 urn diameter for very high dose - 3 MGy

CONCLUSIONS

The irradiation of PTM samples made of PETP foil by 13 MeV electron beam have
been carried out. At routine dose of radiation sterilization (30 kGy) decreasing of mechan-
ical strength is not practically observed. There are no changes on the membranes surface
(in electron microscope photos). In case of higher doses 0.1-1 MGy mild decreasing of
mechanical strength is observed (without thresholds).

At very high doses 1 - 3 MGy strong destruction of PTM samples is observed. On the
surface there arc crackings and layers tcarings and inside pores - stratifications and voids.
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USING OF ELECTRIC DISCHARGES IN A FILTRATION
SYSTEM WITH PARTICLE TRACK MEMBRANES

M. Buczkowski
Institute of Nuclear Chemistry and Technology, ul.Dorodna 16,

03-195 Warsaw, Poland

INTRODUCTION

Particle Track Membranes (PTM) arc the new kind of filtrating membranes which
can be used in different microfiltration devices [1]. It is known that in filtration devices
flow rate decreases during their using, because of impurity settling process on the mem-
brane surface. In order to avoid such effect cross-flow system is being used in closed
devices. But in open filtration devices when flow rate decreases, it is necessary to require
outer additional interference.

In the paper an idea of using electrical discharges for flow rate improvement has
been given. The motive for such idea has been taken from investigations on PTM beha-
viour in strong electric fields [2].

EXPERIMENTAL SET-UP

The set-up consisted of two main parts: open filtration system and high-voltage elec-
tric discharges circuit (Fig.l). (n the filtration system cylindrical polyethylene vessel with
a holder of membrane in its lower part was applied. Initial volume of suspension was
about 80 cm3 and surface of membrane disc - 2.2 cm2.

1

290 V

Fig. 1- The experimental set-up with filtering system and electric discharge circuit. I - tngatrort, 2 -filtering water su-
spension, 3 - disc of PTM membrane, 4 • electrodes of a spark gap, 5- volume of the water after filtration
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For filtration experiments distillalcd w;ilcr with CcO2 powder was used. Such sus-
pension gives relatively fast sedimentation and decreasing of flow rale. During filtration
water was collected in a beaker and then volume of water and time of filtration were
measured. High voltage, electric circuit consisted from: capacitor C, trigatron (1), feeding,
trigcr and measuring units. The electric circuit gave possibility of electric discharge gener-
ation between electrodes (4) in the water.

RESULTS

PTM with pores diameter: 0.45, 0.74, and 1.0 \im have been used in experiments. At
the beginning reference filtration efficiency was measured (without electric discharges).
Filtration time was chosen for getting proper water quantity more than 5 cm3( because of
measuring accuracy). In the next experiments filtration efficiency with electric discharges
was measured. Changeable parameters were: electric energy of capacitors and frequency
of discharges. Feeding high voltage was equal 5 kV.

Holtrtnce level
without discharged

Q2 0.4 OS 08 t.O I.I U 10 IS 7.0

b)

0.1 UJ 0.1 lit 1)5 06 07 (!• rr"S- f ', 1
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. 2. The filtration efficiency vs frequency of </<* „•/, /; u,, ,,,! i opacity of battery for 3 types of PTM
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Results arc given in Fig.2. The curve show increasing of filtration efficiency. This ef-
fect depends on discharge energy and discharge frequency. It is the weakest for PTM with
pure diameter 0.45 (.im and in case of membranes with bigger pores: 0.74 and 1.0 ^m, in-
creasing of efficiency was higher (from 2 to 4 times).

It seems that two types of effects have an influence on efficiency increasing at elec-
tric discharges. At first during a discharge in the water propagates shock wave which gives
increasing of pressure. The another effect can be connected with relief wave after shock
wave reflection on the boundary water - membrane. This effect should cause tearing off
grains sedimcnlaled on the surface of a membrane.

CONCLUSIONS

Electric discharges were applied in open filtration system with initial volume 80 cm3

of CeO2 water suspension. Discs of PTM with different pore diameter and 2.2 cm2 of sur-
face were used. High voltage in electric circuit for feeding a battery of capacitors was
5 kV. The maximum energy of the battery which did not damage membranes during the
discharge was about 3.1 J.

Electric discharges inside filtration vessel caused increasing of filtration efficiency in
comparison with reference one without discharges. The increasing of efficiency depends
on energy stored in the battery and frequency of electric discharges.

The presented, introductory data cannot explain the essence of an effect, but it seems
that it can be interesting for some applications.
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Application of polymer foils in irradiation fields is still a very actual question. The
purification of liquid or gaseous materials, for instance in atomic power plants in normal
or extreme conditions is one of possible application of the track membranes.

To avoid the influence the different factors related to methods of membrane produc-
tions, our experiment was performed to investigate a some properties of foils irradiated by
electrons with dose range from 0.1 to 3.0 MGy.

1. OPTICAL DENSITY

It is a well known, that the optical density of polymer foils is changing with irradia-
tion. This is a base of work a foil dosimeters [1,2]. In this connection was interesting to
investigate the optical properties of Polish PETP foil, 15 |im thick. The optical density was
measured by Carl Zeiss Jena spectrophotometer Specord M40 with wavelenght 328 nm.
The optical densities of irradiated foils were compared with with nonirradiated one. Ex-
perimental error was not higher than 0.5%. Results are given in Fig.l.
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Fig.l. Optical density at 32S nm of irradiated Estrofol films vs. absorbed >:oe

As follows from Fig.l, at the dose range from 0.1 to 3.0 MGy it w.is o-iUiined the li-
near dependence between ROpt and D which can be described by equation

Rope= 0.818 D + 0.0229
This linear dependence shows that the Estrofol foil can be used as JI g< OCI dosimeter
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at the these wide dose range. For instance, the similar results for Melinex foil 55 to 1000
Urn thick have been shown the linear dependence only to 0.2 MGy.

2. INITIATION OF GRAFT POLYMERIZATION

Polyethylenetercphlhalate (PETP) irradiated with gamma-rays and accelerated elec-
trons has some activity as for initiation of graft polymeryzation of different monomeric
substances. As follows from [3], the main compounds containing oxygen- oxygen bound
and occtiring during PETP irradiation arc peroxides and ozonides. Others authors suggest
[4,5 J that hydroperoxides are the main product of radiation oxidation of PETP.

The ability of irradiated polymer to maintain its activity for initiation of grafting re-
action as long as possible is important for manufacture of grafting polymers. Such ability
can depends not only on trade name of polymeric matrix - Lavsan (Russian trade name)
and Estrofol (Polish trade name) but also on dose rale. The nature and quantity of addi-
tives, content of polygomer and so on depend on trade name or production procedure of
PETP.

In this section, results of investigation of polystyrene grafting yield (weight gain of
film sample after grafting) dependence on storage time of irradiated films arc presented.
Grafting have been performed onto films of Lavsan (10 fim thick) irradiated with gamnm-
rays of Cs-137 and Estrolbl (15 iim thick) irradiated with 13 McV electrons. Results arc
presented in Fig.2.

As follows from Fig.2 Estrofol film irradiated with electrons has the same activity in
grafting reactions and the same rate of grafting yield lowering during storage ;?flcr irradia-
tion as gamma - irradiated Lavsan film.

24.0 n

4 . 0
10 100 1000 10000

Storage time, h

Fig.2. (tit I, //,• 1'ic/d of polystyrene as a function of storage time of irradiated
films (I HI i •; o ii' Estrofol) under darkness at room temperature. Lavsan has
been in at. t, cd w:l/i Ci--/.?7 gainmu-rayx tip to dose of 0.18 MGy. F.strofo) has
been iriic u ;il .1 th J.1 MeVelectrons up lo dose of 0.2 MGy.
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3. MECHANICAL PROPERTIES

Estrofol films change mechanical properties as a result of electron irradiation. On
purpose to investigate mechanical properties and their change during irradiation, the initial
and irradiated Estrofol films of IS \im thick are stretched on Tensometer-10 of Monsan-
to Corp. The tests have been performed at rooms temperature for sample of 41.5 mm
lcnght and for tensile rate of 50 mm/min.

Other authors either did not observe a change of PETP mechanical properties in the
dose region between 0.5 kGy and 1 MGy [6] or observed a maximum on the curve of de-
pendence between dose and elongation [7-9|. They have suggested that PETP structure
become more light during irradiation. This assumption is confirmed by increasing of dye
absorption by irradiated PETP.
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Fig.3. Elongation vs. absorbed dose for listrofol films irradiated with 13 MeV
electrons.

As follows from Fig.3 the dependence of elongation at break on dose has a maxi-
mum in dose region 0.2-0.4 MGy . At higher doses the relative elongation decreases .
Such a decreasing has good agreement with other results [10, p.206] where it was ob-
served that elongation decreases by a factor of 2 after irradiation with dose of 2 MGy.
During stretching of film the neck does not form, therefore we do not observe horizontal
section at the dependence of strenght force on relative elongation . Our data for elongation
at break of unirradiated Estrofol film have good agreement with ones for Lavsan film of
4 - 35 (xm thick of KE mark where elongation at break is equal to 50%. Lavsan films are
manufactured in accordance with Slate Standard 24234-80 and are used at JINR for track
membrane production. From our results the conclusions about maximum irradiation dose
can be done. This is necessary lor track membrane used for filtration processes under
stress after radiation sterilization or working in radiation fields under some differential
pressure. Such a limiting dose is equal to 0.5-1.0 MGy. This number has good agreement
with literature data [10).
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4. STRUCTURE OF IRRADIATED FILM

It is known that degree of crystallinity of irradiated with gamma-rays PETP has a
tendency to decrease with absorbed dose [11].

For PETP irradiated in the air the size of crystallities and density decrease faster than
that for PETP irradiated in vacuum. It is supposed that a drop of crystallinity takes place as
a result of regular macrochain structure destruction in the proces of bonds formation be-
tween macromoleculcs (for PETP irradiated in vacuum) or in the process of
macromolecule rupture (for PETP irradiated in the air).

• * • - ^ > - ' * * • •
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There are microphotographs of the Estrofol splits in Fig.4. A splitting was done at li-
guid nitrogen temperature. The photos show some changes in structure for irradiated film.
Structure of the initial film is typical for biaxially oriented PETP, that we can observe
stretched supermolecular zones characterizing the crystalline oriented polymers. Irradiated
film possessed of globular structure which is more characteristic for amorphous polymers.
Fragility of the latter film become very high.
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TRACK MEMBRANES TECHNOLOGY IN NON-LINEAR
SURFACE OPTICS

V.EAsadchikov, Dl.Zagorskij, B.V.Mchedlishvili, VA.Olejnikov
A.VJ*etuchov

Institute of Crystallography, Moscow 117333, Russia

The investigation of surface properties of solids becomes more important last years.
At first it is conditioned by necessities of new, fast developing technologies. Therefore
miniaturization of electronics caused the increase of influence of surfaces and boundaries
on electronic elements characteristics. At present microelectronics there is before the im-
portant step in production of such systems, in which surface properties probably will be
fundamental! for their functioning. An investigation of properties of adsorbed molecules,
determining the course of different surface reactions, i.e. processes of catalysis or corro-
sion, appears the second current problem.

Different optical methods are often used in surface physics for solution of research
and diagnostic problems. These methods possesses a number of advantages in comparison
to other methods. One of them is a possibility of examination "in situ" - besides of surface
in vacuum - of the boundary layers of condensed media if only one of this media is suffi-
ciently transparent for optical radiation. However traditional optical methods (i. e.
elipsometry) not always satisfy increasing necessities of surface physics. Therefore a de-
velopment of new optical methods of surface diagnostics is needed.

The discovery of non-linear phenomena of surface-enhanced Raman scattering
(SERS) [1] and second harmonics generation [2] in the half of seventies years appears the
powerful impulse for development of new optical methods for surface diagnostics. These
phenomena consist in significant increase (3 - 7 orders of magnitude) of efficiency of non-
linear optical interaction with specially prepared rough metal surface. From investigation
of hyper non-linear optical phenomena have been resulted new methods of surface diag-
nostics.

Electromagnetic enhancement mechanism plays determining part in non-linear pro-
cesses in majority of systems [1]. During interaction of pumping radiation with rough
metal surface the significant modification of local fields occurs. Local field near surface
can considerably exceed the field Eo in an incident electromagnetic wave.

Eioc = L Eo

where L - factor of local field, connecting a modified field near surface with a field of
pumping wave. Such amplification appears relatively of long-range operating (effective
range is of the same order as characteristic dimensions of roughness: r = 10 -1000 A) and
the same for different adsorbates. An amplification of electric field is determined by opti-
cal constants of metal and geometrical parameters of surface roughness.

The defined part in surface enhancement plays also short-range operating mechan-
isms, connected with possibility of essential changes in molecules polarizabilities during
their adsorption (effective range r = 1 A). A microscopic nature of such amplification can
vary. It is substantial that short-range amplification appears only during direct contact of
molecules with metal surface and can cardinally change when, for example, the change of
adsorbed molecules occurs, as well as in consequence of modification of type of mole-
cule-metal bond or molecules reorientation.

It can be noticed that obtaining of the Raman spectra of adsorbed molecules in most
of cases will not be possible without significant surface enhancement. This is caused by a
little number of these molecules, simultaneously interacting with incident wave. Moreover,
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high selectivity for surface properties is specific in non-linear processes. This results from
the fact that enhancement mechanisms are essential only in the boundary layer.

The principal mechanisms of surface enhancement in hyper non-linear processes can
be considered generally as recognized. Simultaneously in experimental determination of
short-range and long-range contribution to the enhancement mechanism a significant in-
determinacy remains, connected with the fact that separation of these contributions in
surface enhanced Raman scattering is extremely difficult In fact, the Raman spectra can
be recorded only while adsorbed molecules are present on the surface. That is why the in-
tensity of surface enhanced Raman scattering:

IR = N [aL((o-Q)L(co)] 2Io

always contains combination of surface density of adsorbed molecules N, their effective
polarizability a (taking into account short-range enhancement) and local field factor L =
Eioc/Eo (taking into account long-range electromagnetic mechanisms). Otherwise, in the
case of second harmonic generation, intensity

ISH=[(XM + N y) L(2to)L2(co) Io]2

does not reach zero while N = 0; xM »Y - mean effective non-linear susceptibility of metal
surface and hyperpolarizability of adsorbed molecules, Io - intensity of incident radiation.
Just this fact enable to apply of second harmonic generation for diagnostic of long-range
electromagnetic amplification on pure, (uncovered with adsorbate) substrate. Detection of
second harmonic generation [2] was applied as indisputable demonstration of importance
of electromagnetic theory for interpretation of surface enhancement phenomena.

For further development of non-linear optical diagnostics the elaboration of new
types of amplificating surface structure, having special properties, appears important. Cre-
ation of model structure, enabling to separate different physical effects in as "pure" forms
as possible also is very important for understanding of nature of surface enhancement. In
present work the results are demonstrated, obtained for two types of surface structure ela-
borated on the basis of track membranes technology.

For examination of surface enhancement we used the surface structures, synthesized
as replicas on track membranes surface, applying the method particularly presented in the
works [3,4] . For this purpose the membranes with conic pores or foils with conic microca-
vities on their surface were prepared. Geometrical parameters of microcavities, depth and
diameter of base, depend on conditions of chemical etching (concentration and composi-
tion of solution, temperature and time of treatment) and can vary in wide ranges. A surface
density of microcavities was determined by dose of irradiation of initial foil with fast ions.
Metal was vacuum deposited on prepared on this way Lawsan (PETP) foil. If necessary,
thickness of metal plating was increased by electrolysis. After above procedure Lawsan
foil was chemically or mechanically removed. Microphotographies of obtained spike sil-
ver structure are showed in Fig.l. The vacuum deposition of metal on track membranes
with cylindrical pores was also applied for spike structures preparation. In this case - be-
cause of pores directions distribution - the protuberances in the form of inclined cylinders
were created. A sharp edge along the line of intersection of two cylinders makes a part of
spike.

The dimensions of protuberances created applying above method were in the range
10 nm - 50 \im. Geometry of large protuberances greater than 50 nm was examined by
electron microscopy, for examining of protuberances with characteristic dimensions lower
than 50 nm optical and roentgen methods were applied as well as tunneling electron
microscopy. In particular, for examining of surfaces with pores or protuberances having
such dimensions, application of the method of total external X-ray reflection is perspec-
tive. Particularly, applying this method, investigations of both transparent and
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Fig. 1. Microphotography of silver spike structure, obtained on the way of replica re-
moving from foil surface with conic etch pits.

non-transparent surfaces are equally possible. The method is not conductivity-sensitive; it
is only substantial that the surfaces should have electron density greater than the air.

The analysis of differences between the measured value of coefficient of reflection
for X-ray wave and theoretical value given by Frenel's formula for ideal surface, enable to
obtain data concerning characteristic dimension of roughnesses, accordingly to equation

I5)
4 k . 3 . „ , n , 7X0) x(p)

where
6O - an angle of mirror reflection (equal to the angle of incidence)
0 - an angle of measurement,
k = 2nfk, k - wave-length of X-ray radiation,
RF, T - reflection and transmition coefficients, calculated accordingly to Fresnel's

formulas.
X(p) - function is determined only by statistics of surface roughnesses; it is connected

by reverse Fourier transform with correlation function of roughnesses dimensions distribu-
tion on the surface.

For protuberances having characteristic dimensions comparable to wavelength in op-
tical range, the scattering spectra of surface according to dimension of protuberances were
examined for different incident angles. In scattering spectra of s-polarized wave
(electric field vector E perpendicular to an incident ray plane) the reflection minimum is
observed about 3.50 - 400 nm. This minimum is connected with absorption of resonance
excitation of - parallel to surface plane - oscillations of electron plasma in metallic pro-
tuberances. In resonance conditions local field near protuberances significantly increases.
On the other hand in the case of p-polarized wave, electric vector E contains two compo-
nents: parallel and perpendicular to surface of metallic foil. Moreover, while an angle of
incidence increases the first of these components increases and the second decreases. Fur-
thermore, in reflection spectra in the small-angle range of incidence 0, the minimum in
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Fig.2. Reflection spectra from silver spike structures having surface density of 8 x 10* an\ ver-
tical angle 3? and diameters of cone bases 40, 80, 190 nm (a, b, c, respectively). An incident
light was linearly p - and s -polarized, the angle of interaction 9 = 15, 45 and 75*.

short wave range of spectra is also observed. For increasing 8 new minimum appears for
wave length 550 - 600 nm, connected with excitation of oscillation mode, perpendicular to
surface plane.

Surface enhanced Raman spectra were obtained, applying of the synthesized struc-
tures. Excitation was realized by Ar+ and Kr+ lasers INNOVA 90-5 and INNOVA-100;
power not exceed 30 mW, incident angle on the sample surface was controlled in the range
of 45° - 75°, scattering radiation was measured in normal direction to sample surface. The
multi-channel recording system OMA II was applied as detector. The investigated sub-
stances: Zinc Tetraphenylporphine (ZnTPP) and 4,4-Bipyridine (BP), were applied in
form of acetone solution drop. The quantity of molecules on substrate surface corre-
sponded to 1 - 10 monolayers. In Fig. 3 the relations are presented between surface
enhanced Raman signals derived from ZnTPP and BP and wavelength of excitation. These
results were confronted with spectra obtained applying metal-island films, prepared by the
method of slow vacuum deposition [6] and indicated maximum amplification. In presented
conditions, substrates prepared applying track membranes methodology indicated excel-
lently the same amplification as classic - for surface enhanced Raman spectra - system of
silver-island film. In both cases Raman spectra and volume spectra of ZnTPP and BP prac-
tically does not differ. This indicated prevailing contribution of electromagnetic
mechanism of enhancement.

The metallic foils with conic protuberances were used as model structures for investi-
gation of effect, connected with power lines concentration of electric field near the surface
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with large curvature. For separation of this effect contribution from surface enhancement
effect, the resonance mechanism of enhancement, connected with excitation of collective
oscillations of metalelectron plasma in spike protuberances should be suppressed. Accord-
ingly two methods were applied. First, based on suppression of resonance excitation of
electron plasma oscillation by retardation effects [7] on the way of increasing of charac-
teristic roughnesses dimensions to the value of the same order as wave-length. The second
method of suppression of surface plasmons consist in application of metals having large
damping, determined by imaginary part of dielectric permittivity. Simultaneously, small
radius of surface curvature in the top of conic protuberances preserves the amplification on
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Fig. 3. Spectra of surface enhanced Raman scattering recorded
for BP (a) and ZnTPP (b) applied on: - the surface with conic
protuberances having base diameter of 250 nm, vertical angle
3S"i surface density of protuberances equal to 8x10* cm-1 (cur-
ve I);- metal-island foil, prepared accordingly [6] (curve 2).

account of electric field lines concentration. It can be noticed, that spike protuberances,
synthesized from different metals on the surface of the same track membrane have the
same geometrical parameters. That enable to compare directly experimental results ob-
tained for different samples.

The local field enhancement was investigated experimentally by the method of sec-
ond harmonic generation in the case of large protuberances (height - 1 urn) on surface of
silver (metal with small damping in optical range), copper and aluminium (metals with
large damping). The experimental results were compared with those calculated on the
basis of small ellipsoid model.

Second harmonic generation was observed applying reflection of radiation of pulsed
YAG: Nd laser (wave-length of 1064 nm and power on the sample W = 100 kW/cm2).
Second harmonic radiation with X-532 nm was focused on an entrance slit of monochro-
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mator and recorded by photomultiplier tube and gating electronic recording system. The
directional radiation pattern for second harmonic's was examined. This radiation appears
to be practically uniformly distributed in solid angle of 2JI steradian. In the case of excita-
tion with linear polarized light, the second harmonic's radiation was actually depolarized.
In both cases of pumping radiation: with s-polarization and p-polarization, efficiency of
generation was practically identical. In wide range of power W, the square law was ful-
filled for in ten is ty I2«(W) dependence. It means that the samples were not destroyed
during measurements. Discovered diffusivity and depolarization of second harmonic radi-
ation are specific for process of second harmonic generation on rough metal surface.

Intensity of diffusive signal of second harmonic was compared to intensity of mirror
reflected second harmonic from replica, obtained from a part of membrane not performed
by heavy ions. Taking into account an solid angle of optical lens system the approximate
estimation was done of coefficient GSH of second harmonic enhancement, for structures
made from different materials.

The limitation of non-resonance amplification by the value of dielectric permittivity,
resulting from above studies, was shown on the model system and confirmed experimen-
tally. This information can be applied in optimization of surface structures parameters,
which are used, i. e. in spectroscopic examinations of metals surfaces or microquantities of
substances. In particular, it was shown that spike structures can be used for enhancement
of intensity of non-linear optical interaction occurring on metal surfaces with large damp-
ing coefficient for which resonance mechanism does not give sufficient value of
enhancement, and for dielectrics (semiconductors) for which resonance enhancement does
not exist at all in optical range. Simultaneously, the magnitude of non-resonance enhance-
ment, on account of electric field lines concentration on spike structures, is maximum for
these materials and in the same frequency range, for which dielectric permittivity reach
maximum. Elaborated and investigated in this work spike structures are at present applied
for examining microquantities of biomolecules.

All learned till now, applied in surface enhanced Raman scattering surfaces were
usually solid substrates, non-permeable for liquids and gases. It seems to be actual to pre-
pare of permeable substrates which can be used as membranes or for synchronous
obtaining in situ spectra of passing through membrane molecules (intensity of such spectra
will be amplified by membrane).

For studies about possibility of such membranes preparation the model was con-
sidered of infinitive long hollow cylinder, placed perpendiculary into external alternating
field. In electrostatic approximation (external r1 and internal r2 radii « X) the spectra of
local field in internal space of such cylinder were calculated (Fig.4). In these spectra the
resonance increasing of local field was observed, occurring during excitation of con-
strained oscillation of electron metal plasma. The frequencies of oscillations depends on
dielectric properties of metal and the relationship rxhv The magnitude of increasing E,^. in
resonance depends on damping coefficient of metal; the more imaginary part of dielectric
permittivity Im|, the more amplification. For metals with large value of \m\ the amplifica-
tion effect is insignificant, differently than in the case of mentioned above multi-spike
structures.

For realization of amplification of local field, connected with excitation of resonance
oscillations in hollow cylinder, silver was vacuum deposited on track membranes surfaces
with cylindrical pores, having diameters 0.2 \x.m. A thickness of silver coating in terms of
foil without pores was • 0.1 Jim. During deposition pores were partially filled by metal,
creating in them hollow metallic cylinders. At the same time permeability of a membrane
does no vanish, as metal does not closed the pores completely. Lawsan foil was not
removed from obtained silver membrane, and serves for preservation of its mechanical
properties. Simultaneously Lawsan foil is transparent in optical range and does not disturb

88



in excitation of electron plasma oscillation, though a small shift of resonance frequency to
long-waves is observed.

The generation of diffuse and depolarized second harmonic was observed on mem-
branes prepared applying above methodology. That indicates passage of second
harmonics generation process into regime of enhancement, connected with amplification

4 000 6000

Fig. 4. The amplification factor of local field L = EloJEo in
internal space of hollow silver cylinder, in relationship to
wave-length of optical radiation in electrostatic approxima-
tion. The factors of cylinder form (nlnfare shown in figure.

of local field Eioc [8, 9]. The second harmonic's intensity was (5 -10 ) x 102 greater than
intensity of mirror reflected non -enhanced second harmonic from the non-performed part
of track membrane covered by vacuum deposited metal. Synthesized membranes are used
also for obtaining of Raman spectra of several biomolecules [8], with sensitivity to 1 0 1 2

and 10"Bg. The results shows sufficiently high amplificating capability of such mem-
branes and possibility of their further application in spectroscopic in situ analysis in
membrane separation process.

It should be noticed that in real hollow systems, created by vacuum deposition of
metal on track membrane surface, a thickness of silver plating inside a pore fast decreases
along a pore direction. That caused broadening of resonance line, and in consequence es-
sential decreasing in surface averaged value of enhancement of local field. That is just
why it is advisable to use of chemical methods - giving more homogeneous plating.
Microphotography of fracture of the membrane prepared in this way is shown in Fig.S.
Large (in comparison with wave-length of optical radiation) diameter of obtained hollow
cylinders caused significant suppression of resonance amplification on account of retarda-
tion effects [7]. Therefore elaborating of preparation methodology of metallized on this
way membranes with small pores diameters and investigating of their nonlinear-optical
properties, appears present task for further development of spectroscopic studies on mem-
brane separation process.

Results presented in this work showed perspectives of applying track membranes
technology for further development of distant non-linear optical methods of surface diag-
nostics.

The authors would like to acknowledge O. A. Akzipetrov for his help in organizing
of presented work, V. J. Kuznetzov and I. E. Larionova for particle track membranes prep-
aration as well as J. Vinkavichus for metallization of particle track membranes.
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Fig. 5. Microphotography of track membrane fracture with chemically applied copper foil.
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