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Abstract: The possibility for vacuum metallization of ultrafiltration polymer membranes with iron-
chromium-nickel alloy was studied after preliminary modification with Sn2+ in acid medium. The
change of transport and selective characteristics of the vacuum metal coated membranes was studied,
as well as the durability of the vacuum obtained coating during membrane performance. 
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Introduction
As  polymer  systems,  the  membrane  structures  can  be  metallized  using  either

chemical or physical methods. The process of metallization provides possibilities to change
membrane transport and selective properties thus making them applicable in various fields
of  science  and  technology.  The preparation  of  the  metal  coatings depends  on polymer
characteristics, metallization methods and the technological parameters of the process. Two
types  of  polyacrylonitrile  membranes  with  differing  characteristics  and  structure  were
studied to find the effect of exposition on the vacuum metallization, the possibilities for
preliminary  chemical  modification  of  membrane  surface.  The  structure  and  the  basic
transport and selective characteristics of the membranes were studied.

Experimental
The metal coated membranes are polymer membranes covered with thin metal layer.

Metal can be deposited on membrane surface by several methods: magnetron sputtering,
chemically  –  in  a  solution,  vacuum coating  methods,  including  ion  bombardment  and
thermal evaporation [ 1, 2 ]. The process of metal coating of membranes has a number of
specific  characteristics  related  to  the  type  of  polymer  material  and  the  method  of
metallization. The membranes used for the present studies were prepared under laboratory
conditions by the phase inversion method, known also as the method of Loeb. The first
membrane (PAN I) had the following composition: PAN – 16.25 mass%, PMMA – 0.25
mass%, CuSO4.5H2O – 2.5 g/l. The other membrane (PAN II) had the following polymer
composition: PAN – 14.25 mass%, PMMA – 2.25 mass%. The use of PMMA of modifying
polymer gives membranes of higher efficiency. The change of transport characteristics of
these membranes were due to the incompatibility of the two polymers.  The addition of
PMMA  in  the  polymer  solution  during  the  phase  inversion  leads  to  formation  of
membranes of higher porosity which stipulates the lower selectivity of  the membranes.
This,  in  turn,  determines  the  necessity  for  additional  modification  which  can  be
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accomplished either in the polymer solutions or on the working surface of the membranes
obtained. 

The  metal  coating  was  prepared  in  vacuum  installation  BUP-5  (Russia)  by
sputtering flat target of iron-chromium-nickel alloy (H18N9T) with size ø 100 х100 mm, at
distance target/membrane M NL 180 mm


  and specific sputtering power 2

pN 5,4 W/cm .
Magnetronic  deposition  of  iron-chromium-nickel  alloy  was  carried  out  at  initial

vacuum in the operation chamber  3
iP 1.10  Pa ,  medium Ar with purity of 99,99% and

working pressure in the chamber 2
wP 4.10  Pa . Five deposition times were used: 5, 10,

15, 20 and 25 s. At the end of the process of deposition, the membranes were cooled to
room temperature in the Ar medium and then they were taken out in air. The power of the
direct current source of the magnetron was 8 kW with smooth current control 0÷10 А.

The performance characteristics of the metallized membranes - permeation flux (J)
and retention (R) were determined on a laboratory apparatus “Sartorius“ SM-165 (England)
by the following equation:
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 Eq. (A.1)

where V(t) denotes the volume of passed liquid ( 3m );  Sb – effective  area  of  the
membrane ( 2m ); t – time (h); 0C  - initial concentration ( 3/kg m ); iC  - concentration of the
filtrate ( 3/kg m ).

Membrane selectivity was measured using the calibrant “Albumin” – human serum /
Mw=67000/  (Fluka) with initial solution concentration 1 g/l. The separation ability of the
membrane compared to the calibrant was determined spectrophotometrically at wave length
λ=280 nm on a UV/VIS spectrophotometer “Unikam”-8625- France.

The micrographs have been taken on a scanning Electron Microscope JEOL JSM-
5510. Prior to viewing the membrane sample was fractured in liquide nitrogen gold coated.

Discussion
Knowing and controlling the process of interaction between the metal layer and the

polymer membrane is very important for the vacuum metallization, since it determines the
type and quality of the metal coating [3, 4]. The factors determining the process are the
material of substrate (membrane) and coating, the preliminary treatment of the membranes
and the technological and conditions and parameters [5]. One of the conditions for better
metallization  (better  adhesion  between  the  polymer  and  the  metal  coating)  is  the
preliminary treatment of the polymer surface. It ensures activation of the polymer surface to
facilitate  the  formation  of  nuclei  for  the  following  vacuum  metallization  [6].  For  this
purpose, the opportunities for modification of the polymer structure with various chemical
components were preliminarily studied [7, 8]. In this case, the most suitable turned out to
be the aqueous system containing 50 g/l SnCl2.2H2O, 100g/l HCl – referred to further as
“the  modifying  system”.  The  preliminary  chemical  modification  of  both  types  of
membranes with the aqueous system selected appeared to be good enough which can be
seen in Fig.1 where the efficiencies of modified and unmodified membranes are shown for
comparison (Fig. 1).
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Fig. 1. Hysteresis curves of modified and unmodified ultrafiltration membranes □-.PAN I ▲- PAN I
mod ■-PAN II ●- PAN II mod.

The preliminary chemical  modification of the membranes improves the adhesion
between the polymer and the metal coating which is determined by the processes taking
place within the system. The treatment with the aqueous solution activated the polymer
surface, so the deposition of Sn(II) onto polymer surface did not occur in the sensibilizing
solution but during the following washing of the polymer surface when, due to hydrolysis:

  
   

2 _
4 2SnCl H O Sn OH Cl H 3Cl Eq. (A.2)

the scarcely soluble product   0.51.5
Sn OH .Cl  is formed. It remained on membrane surface due

to laminar coagulation and can form a layer of tens to thousand Å.
The modified membranes were vacuum metallized under the conditions described in

the Experimental section and their basic characteristics were studied. 
As can be seen from Fig.2, the water efficiency of chemically modified and vacuum

metallized membranes decreased from 90 l/m2h to 40 l/m2h with the increase of exposition
from 5 to 25 s (Fig. 2)
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Fig. 2.  Hysteresises of membranes PAN-I chemically treated with the modifying system and vacuum
metallized with H18N9T alloy ■-5sec ●- 15sec ▲-25sec

During the process of metallization, membranes efficiency significantly decreased
compared  to  the  chemically  modified  ones.  Thus,  this  process  is  used  to  correct  the
selective layer of the membrane. 
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A  comparison  of  the  efficiencies  of  the  initial  non-treated  and  non-metallized
membrane (116l/m2h) and chemically modified non-metallized one (135 l/m2h) with the the
efficiency of a membrane coated with X18H9T, it can be seen that the latter had lower
efficiencies for water regardless of the sputtering time (Fig.2).

The coating deposited in vacuum is not strong enough mechanically, as studied by
the method of replication. The adhesion between the polymer and the metal layer depends
on  the  surface  energy  of  the  polymer.  The  adhesion  was  measured  by  the  method of
sticking tape and the strength of the adhesion was calculated by the relationship[ 9 ]:

0

S
A

S
 q. (A.3)

where:
S – area of the remaining coating
S0 – total area of the glued tape. 
The method of “sticking tape” was used to study the adhesion between polymer and

nickel deposited electrolytically without palladium catalyst. The results obtained from these
experiments  proved the stability  of  the  metal  coatings  during their  performance.  Some
additional  studied showed also that  the adhesion metal-polymer can be strengthened by
preliminary deposition of a sub-layer of oxides of the metals used for the coating. Thus,
carrying out chemical modification, followed by deposition of metal oxide sub-layer and
main  coating,  better  mechanical  strength  of  the  modified  membrane  structure  can  be
obtained. The basic characteristics of such membranes are presented in Fig.3. 

60

80

100

120

140

160

180

200

0.1 0.2 0.3 0.4 0.5

pressure P,MPa

ef
fi

ci
en

cy
 G

,l
/m

2h

Fig. 3. Hysteresis curves of PAN-I membranes chemically modified and vacuum metallized with
H18N9T, with additional sub layer of the oxides of the alloy metals. ■-5sec ●- 15sec ▲-25sec

It can be seen from the membranes’ hysteresis curves that their water permeability
increased from 148 l/m2h to 185 l/m2h with the increase of sputtering time from 5 to 25 s.
This tendency was contrary to the one discussed abobe for membranes of the same polymer
composition but having only main coating. This was probably due to the additional sub-
layer of the oxides of the metals of the sputtered alloy and the possibility for formation of a
uniform metal surface on the membranes.

The second type of membranes used for the present studies (PAN-II) have much
higher water efficiency compared to the PAN-I membranes, measured as initial structures.
The higher efficiency leads to lower selectivity of these membranes (compared to PAN-I),
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as determined by the experimental data. It was interesting to find how this higher efficiency
would be affected by the vacuum metallization. (Fig.4)
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Fig. 4. Hysteresis curves of PAN-II membranes chemically modified and vacuum metallized with
H18N9T alloy with sub layer of the oxides of alloy metals. ■-5sec ●- 15sec ▲-25sec

With the increase of coating time from 5 to 25 s, their efficiency increased from 380
to 505 l/m2h (Fig.5). The value of the efficiency at exposition time of 25 s (185 l/m2h ) was
close to these of chemically non-treated and non-metallized one (87 l/m2h) and chemically
treated non-metallized one (350 l/m2h) membranes. 

Similar  to the other  type of membranes studied, the small  exposition times have
higher effect on the surface in the presence of an sub-layer of metal oxides The deposition
of  an  additional  oxide  sub-layer  gives  a  system where  it  is  possible  to  obtain  denser
structure through the interaction between the metal  oxides and small  number of atoms,
which could lead to destructive processes  in the selective layer of the membrane under
longer exposition. When only metal coating is deposited, membrane characteristics depend
simply on the thickness of the metal coating.

The  studies  of  membrane  selectivity  towards  calibrant  Albumin  showed  a
dependence  proportional  to  their  efficiency.  The  structures  of  the  initial  membranes
determine  their  selectivities  while  the presence  of an oxide sub-layer  changes it  within
certain  interval.  These  changes,  however,  are  small.  For  the  membranes  with  polymer
composition PAN-II modified chemically with the solutions described above and vacuum
coated  with  X18H9T alloy,  the  selectivity  towards  Albumin  increased  from 46% (5  s
exposition) to 52% (25 s) which is close to the valoes for the initial non-coated membranes.
The  membranes  with  the  same  polymer  composition,  same  chemical  modification  and
vacuum coated  with  X18H9T alloy  but  with  additional  sub-layer  of  metal  oxides,  the
selectivity decreased from 40% (5 s exposition) to 26% (25 s). 

For the chemically modified and vacuum metallized membranes with composition
PAN-I, the selectivity towards Albumin increased with exposition time from 92 to 94 %
which  is  the  same  tendency  observed  for  the  other  type  of  membranes  studied.  The
selectivities of the membranes of the same polymer composition but with additional sub-
layer of metal oxides remained the same (67%) regardless of the sputtering time. 

To establish the stability of the metal coating of the membranes, their selectivity was
studied at different intervals of flushing the porous structure of the membranes. 
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Table 1. Flushing was carried out in regime of ultrafiltration
Membrane type 200

ml
500
ml

1000
ml

1500

PAN-II without sub-layer 55 54 55 54
PAN-II with sub-layer 40 42 42 40
PAN-I without sub-layer 93 92 92 93
PAN-I with sub-layer 67 68 67 68

The flushing was carried out in regime of ultrafiltration with water volumes from
200 to 1500 ml (Table 1). The change of the selectivities of the membranes studied was
found to be insignificant and within the preciseness of the experimental method used. 

The following dependence was observed for the membranes having an additional
sub-layer of metal oxides: the values of the selectivity remained almost unchanged which
means that the additional sub-layer improves the adhesion between the main metal coating
and the polymer substrate. 

The present studies showed that the method of vacuum metallizaton can be used for
modification of polymer membranes to obtain different structures and properties required
by certain processes. 

The overall process depends on the initial structure of the membranes, the type of
the polymer, the method of preliminary treatment and the sputtering time. 
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