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Abstract - Polyacrylonitrile ultrafiltration membranes obtathéy phase inversion from 16 mass% solution of
polyacrylonitrile (PAN) and dimethylsulfoxide(DMSQ@)ere vacuum metalized for different expositionipas. It
was found from the studies carried out on theie®lity (p,%) and permeability(J,I/frh)towards water and
calibrant, scanning electron microscopy (SEM) atmméc-force microscopy (AFM) that the metallizatican
successfully replace the thermal treatment usestiatoilize the membrane structure during operafi@pending on
the metallization duration, metal layers of differ@ensities and thicknesses were deposited whiohbe further
used for modification of the selective and transgbaracteristics of the membrane. The optimal hiedéon time
was determined to be 15 sec.with effective valuepeomeability — 33 l/hh and selectivity towards albumin —
80%.

Index Terms- PAN membrane, membrane modification,vacuummetaltina

1. INTRODUCTION good operation properties of metals and polymers. A
number of technological factors are important foe t
Polyacrylonitrile and its copolymers are quiteprocess of formation of the metal coating and its
suitable for synthesis of semi-permeable polymesxpected properties; the most significant onestlaee
membranes of certain structure and porosity, at agel physicochemical state of polymer surface and the
composite structures for asymmetric ultrafiltratidwi=) parameters of the regime of layer deposition [HjeT
membranes [1]. vacuum methods of deposition of layers are based on
Taking into account the high requirements taevaporation (or cathode sputtering by ion bombardjne
membrane properties, it is very hard to combinef metals and condensation of the vapors of thestalm
mechanical stability, functionality, high selectiviith  onto membrane surface[6].

high permeability, low surface polarization. Metkoaf As a result of the different regimes of vacuum
their improvement are incessantly looked for usingnetallization (exposition time), a metal layer asrhed
various modification techniques [2]. on the polymeric surface of the membrane whichgurn

The asymmetric membranes are characterized loyt to be a second selective layer determining the
their varying bulk structure which consists of denscharacteristics of the already formed membrane.
surface layer and highly porous sub-layer. The giro Anyway, the physical processes taking place at the
gradually increases from the surface to the inagtspf boundary metal-polymer would depend much stronger
the membrane. The upper layer provides mainly then the shape and structure of the surface tharhen t
selective characteristics of the membrane, thelaydr properties and functionality of the polymer materia
gives the permeability and the two as a whole enthe In the present work, the aim of the metallizatisn i
stability of the structure wunder operation. Foto fix the selective layer after the stage of phase
membranes prepared by phase inversion, small changeversion while keeping the porous structure effect
in solution composition or preparation conditiongimt  for the membrane process.
result in considerably different structure. These Thus, the stage of thermal treatment will be awbide
dependencies determine the specific operaticend a modification will be made which will chandmee t
characteristics and provide various opportunities f transport and selectivecharacteristics of the mands
further modification[3]. The thermal treatment ofto make them suitable for use in particular cases.
asymmetric PAN membranes guarantees the mechanical
rigidity under operation. Studies have shown thmes t
thermal fixation plays an important role in therfation 2. EXPERIMENTAL
of the final structure and properties of the membra
and, furthermore, it can be used as a method of The membranes were obtained by the dry-wet phase
modification [4]. inversion method from 16 mass% polymer solution of

The vacuum metallization is a new method in th®AN and DMSO. PAN is the
field of membrane modification which combines thdernarycopolymerpoly(acrylonitriie—methylacrylate 2-
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—acryloamide—2—methylpropanesulphonic acidM=76000, product of ,Merck’, Germany. Its
produced byLUKOIL Neftochim Bourgas Co.,Bulgariaconcentration in the permeate and retentate was
with average molecular weight58000determined on the basis of absorption measured by
g/mol.Dimethylsulfoxide (product of Fluka, Germany)spectrometer UV/VIS "UNICAM” 8625 at wavelength
hadmolecular weight 78,13g/mol, temperature ofor albumirk=280 nm.
freezing— 17,5 + 20,45, density at 20°C —1,1 gh’. The morphology of the membranes was studied by

The membranes were formed from polymer solutioscanning electron microscopy on an apparatus JSM-
deposited on a substrate of double calendered gtelye 5510 of “JEOL”, Japan with cathode sputtering. The
matt fixed on glass. The polyester matt was FO-2408urface characteristics were studied by AFM anglysi
product of ,Velidon Filter”, Germany. The phasea system NanoScopeV(Bruker, Germany) under regime
inversion was carried out in deionized water fokalw in air and room temperature. The silicon probesduse
by washing the membranes with distilled water. (Tap300AI-G, BudgetSensors, Innovative solutions, Co

For successful vacuum metallization of theBulgaria) with 30 nm thick aluminum reflex coating.
membranes, their surface was  preliminarily
activatedwith alkali solutions of Sn{2H,0 .

The metal coatings were prepared on an vacuug RESULTSANDDISCUSSION
apparatus BUP-5 /Russia/ by sputtering flat targfet
iron-chromium-nickel alloy sized g 100 x 10mm at The results obtained from the studies on the water
distance between the target and the substrateyvE permeability were carried out with non-metallized
180mm and specific sputtering powerpzlﬂ,4WbM2. membrane and membranes metallized at different
Magnetron deposition of iron-chromium-nickel alloyexposition times. The water permeability at maximal
was performed in a vacuum chamber with initiaapplied pressure of 0.5 Pa decreased from 100th I/m
pressure P = 1.1T0Pa, working gaseous medium Arfor the non-metallized membrane to: 200 “m140
with purity 99,99% and working pressure in thd/m?h and 80 I/rfh at exposition time of 5s, 15s and
chamber — P = 4.70Pa. Three periods of coating 25s, respectively. Simultaneously, it can be sesm f
deposition (exposition times) were employed: 5, 2%, the hysteresis dependence presented in figurel that
sec. After the accomplishment of the depositiorcess, thehysteresis area substantially decreased fothttee
the membranes were cooled to normal temperature. Threetallized membranes. These results are simildahdo
selectivitiesg,%) and permeabilities (J,Ifth) of the ones obtained from the studies on the effect afniaé
non-metallized and metallizedmembranes  waseatment on the same membrane [7]. The effect of
determined for water and albumin as calibrant on metallization (fig. 1) coincides with the effect die
laboratory module “Sartorius” model SM-165, Englandthermal treatment which confirms the possibilityuse
The selectivity was tested with calibrant albuminvacuum metallization as a method for fixing the
fraction V (from bovine serum) for biochemistry, selective layer of the membranes.
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Fig. 1.Hysteresis of membranes obtained from 16s@basolutions of PAN/DMSO and metallized for periods
from O to 25 sec.

This process proceeds depending on the mechanisnetal nuclei are concentrated mainly in the macropo
of deposition of the metallizing layer (fig.2).The reregi -
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on. This is a natural process of aggregation widch pores.
stipulated by the activity of the polymer edgedtu

Further, the process of deposition continues across
the rest of the surface where the accumulation
isuniform and depends on the period of membrane
treatment. The thickness of the metal coating
formedon the membrane surface at different
metallizationtimes can be clearly seen in the SEM
images of vacuum metallized membranes (fig.3). the
thicknessof the metal coating increased with the
exposition time but the process did not proceediwit
the porous structure of the membrane.

macropore

Fig. 3.SEM images of a cross-section of PAN memisarmcuum metallized for) 0 sec., b) — 5 sec., ¢) — 15
sec., d) — 25 sec.

The effect of the layer with respect to the Table 1.Permeability and selectivity of
exposition time can be confirmed als by the valfes membranes for Albumin at 0.3 MPa.
the permeability and selectivity determined witke th
calibrant. metallization, sec. Jalb, I/m2h | ¢alb, %

Depending on the metallization time, a metal 0 45 60
structure with varying density and thickness |is 5 36 74
formed. In any case, it is on the membrane surface 15 33 80
and is built up as a second basic layer which tsfec 25 25 85

its selectivity (table 1).Comparing the characte’s “from 45 to 25 I/rfh and the selectivity increased from
of the non-metallized and metallized membranes, ggo, to 85% with the increase of the exposition time
was foundthat the permeability for albuminig og5g.
graduallydecreased These changes were due to the accumulation and
growth of the metallizing nuclei, mainly on membean
surface. The variation of the layer thickness imprb
the selective ability of the metallized object.
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The coating was analyzed by AFM with respect t&igure 4Ashowsaphaseimageofthesurfaceofpurenon-
the exposition time. The changes observed inmemetallizedPAN membrane. After 5 sec. metallization,
brane surface are shown in figure 4. Considerimy ttthe deposited metal layer has smaller area andesmal
phase contrast of all the four images, the degfée-o thickness (fig. 4B) compared to the image takearaft
position of the metallizing layer can be clearlgise metallization for 15 sec. (the brighter zones in
The brighter zones correspond to higher projectedig.4C).The pores and deposition
partswhilethedarkerzones — tolower (deeper) parts.
sites can be clearly distinguishedand the layenéat tothe largest andmost densely covered surface area
is more uniform in figure 4C than that observed imwith hardly distinguishable pores.Therefore, thelow
figure 4D.The highest contrast was observed affer Zermeabilityobservedwasduetothepartialblockingof-
sec. metallization which indicates for the increbsetheporesasaresultoftheexcess deposition of meajliz
variance in height.The bright coloring correspondiayer.

Measure

& Phinaw

Fig.4lmages 2D of PAN membranes taken by AFM: nataitized - A), metallized — B) -5sec., C) -15sec.,
D) - 25sec.

The studies carried out prove the possibilities tonay be used to correct the selective and transport
use vacuum metallization aiming to modify thecharacteristics of the membranes. The optimal
composite asymmetric PAN membrane structure.  duration of membranes metallization was determined

to be 15s to obtain effective values of permeab8
I/m?h and selectivity80% towards albumin.
4. CONCLUSIONS
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