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IMonumneynata kucenuna (IIMK) e monumepeH 3aMecTuTes, HarpaBeH OT GepMeHTHUPAIO 3aBOJICKO HullecTe (06MKHOBEHO 1japeBy-
11a) 1 6bP30 Ce MpeBpPbIIA B OMY/ISIPHA alTePHATYBA HAa TPASUIVIOHHNTE [TOMMepy Ha IIeTPOIHA OCHOBA, KOMTO Ca OCHOBEH MaTepyal
3a monydaBaHeTo Ha enekrperu. [IMK obaue HsIMa MOAXOMSIIYM XapaKTePUCTUKM, HEOOXOOMMM 3a MPOMMILIEHATa i1 yrorpeba KaTo
e/leKTpeTeH MaTepuas. 3a Jia ce MoJoOPST elleKTPeTHUTE it CBOJCTBA, MOTAT A Ce U3IMOA3BAT (GUHY YaCTUIYM KaTO HAII'BIHUTEIN Ha
[IMK. ITpu TOBa e U3KIIOYMUTETHO BaXKHO Ja Ce U3UIefBaT MeXaHM3MNUTe Ha 3apeXkIaHe M penakcauys Ha 3apsiiuTe. 3aTOBa, Lie/iTa Ha
JIOK/IaJa e [a ce u3ciaeBa AbI00UMHATa HA XOMO- M XeTepo3apsiauTe B KOPOHOENIEKTPETUTE Ha OCHOBATA HA TMOMMMJIeYHa KUCEeIMHA U
Jla ce OLIeHY BIAMSIHMETO Ha BKapaHuTe B Hesl G1HM HAIIbIHUTENN.

I'bn6ounHaTa Ha pasmpenesieHne Ha 3apsiouTe ce U3CIeABa Yype3 OBYC/IOIHA TEXHMKA, MpejIokeHa OT aBTopuTe. TOPHUST CII0i
Ha uscteaBanus nonumep (IIMK mmy [IMK+4%BaTiO3 ¢duHM yacTuim) ¢ pasnnyHa gebennHa ce MoTyyaBa KaTo BbPXY MOAXOASIIA
nonuMepHa nogosxka ([1ET) ce nznuBa cboTBeTHUST pa3TBop. O6pasuuTe ce HarpsiBat npu 90°C 3a 10 MuH. 1 c/ief, TOBa ce 3apexaT
B OTpMIIaTesIeH KOPOHEH paspsi.

TToBbPXHOCTHUAT TIOTEHIMAN Vs, UHTEH3UTETDT Ha elIeKTPUYHOTO Tonie £ 1 e(peKTUBHATA MOBbPXHOCTHA IUTBTHOCT Ha 3apsfia O, f
ca M3MepeHM C BpeMeTo IIpely U cilel, IpeMaxBaHeTo Ha FOpHUSI ¢10¥i ¢ pa3TBop. [loBemeHneTo Ha edeKTMBHATA IOBBPXHOCTHA IUIBT-
HOCT Ha 3apsiaa e rnokasaHo Ha ®ur. 1. [Togo6Hu BpemeBu 3aBucumocTy umar V un E.
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@ur. 1. Bpemesu 3aBucuMoctn Ha edeKTUBHATA IOBbPXHOCTHA ILIBTHOCT Ha 3apsiza 3a [IMK (a) u IIMK+4%BaTiO3
(b) npenn u cien orcrpansBane Ha GUIMHATE.

Paspa6oTeH e Mofien 3a pasIpeeieHeTo Ha XOMO- 1 XeTepo3apsiiy B IOMMep, Upe3 M3CIeBaHeTO Ha eIEKTPETHOTO My ITOBe-
neHue. Tpy pasauMyHM HUBA ca OTpejesieHM B o6eMa Ha roaumepa. IIbpBOTO HMBO ce I'b/DKYM Ha AMUIIONHA TTOMSIpU3anys, B pe3yaTaT Ha
MOBBPXHOCTHO OKMC/IsIBaHe. Ha BTOPOTO HMBO MpeobiiaiaBaT MHKEKTUPAHM HOCUTEM Ha 3apsl. Ha TpeToTo HMBO HIMa MHXXEKTUPaHU
HOCUTeNM Ha 3apsii. 3a MOMMMIIeYHAaTa K1cearHa AebennHaTa Ha MbPBOTO HUBO € 10 10 um, 3a BTopoTo — 1o 20 um. Korato IIMK e
HarrpHeHa ¢ GuHy yactuiy BaTiO3 HapacTBa BAMSIHMETO Ha XeTepo3apsiZia B pe3y/iTaT Ha I0-MaJIkaTa JbJI00uMHA Ha TPOHMKBaHEe Ha
VHXXEeKTUPAHUS 3apsif,.
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Intensification of breaking of water-in-oil emulsions by membranes treated in
the area of corona discharge or in the plasma flow
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Influence of constant corona discharge high-frequency low-pressure plasma on the surface structure change, adhesion characteris-
tics and internal structure of polyacrylonitrile membranes has been studied. It was demonstrated that the effect of plasma and corona
discharge increases productivity and selectivity of breaking of model “I-20A” brand industrial oil based water-in-oil emulsion.
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INTRODUCTION

Pollutants of various qualitative and quantitative
composition are generated because of industrial ac-
tivities - from low hazard ones to superecotoxicants.
Water pollution holds a special place in this problem,
since water plays a crucial role in many processes
in nature and in ensuring the normal human life and
activities. Water pollution by anthropogenic compo-
nents leads to degradation of the biosphere. Oil con-
taminated wastewater takes on enormous importance
in this problem. Oftentimes those discharges con-
stitute aggregative “water-in-oil” type slow-breaking
emulsions.

Membrane breaking methods [1, 2], ultrafiltration
in particular, have been currently used for clean-
ing oil-in-water emulsions. The main advantages of
this method are high efficiency, absence of chemicals
used, as well as a small area occupied by the equip-
ment.

The disadvantage of using membranes is pollu-
tant particles concentration polarization on the sur-
face resulting in reduced productivity to a complete
process shutdown. In order to prevent the above-
mentioned phenomena, treatment of polyacrylonitrile
(PAN) membranes with cut off particle mass of 25
kDa has been performed, particularly in the low-
pressure capacitive high-frequency plasma or the area
of constant corona discharge, to intensify the breaking
of water-in-oil emulsions [3-6].

* To whom all correspondence should be sent:
vladisloved @mail.ru

MATERIALS AND METHODS

Corona discharge exposure was carried out under
the following conditions: treatment time (7)— 0.5, 1.5
or 1 minute; electrode polarization voltage (Upol) — 5,
10, 15 kV. Low-pressure plasma treatment was per-
formed in the argon/nitrogen (70 : 30) and argon/air
(70 : 30) gas environments with the following param-
eters variability: plasma exposure time (7) — 1.5, 4, or
7 minutes; plasma torch anode voltage (U,) — 1.5, 3.5,
5.5 or 7.5 kV. Constant plasma treatment parameters
are as follows: plasma torch anode current rate (1)
— 0.5 A, gas mixture flow rate (G) — 0.04 g/s, work
chamber pressure (P) — 26.6 Pa.

Research on the internal and surface structure of
the initial and modified filter elements used has been
conducted in order to detect physical and chemical
laws of corona and plasma effects on the membranes
being studied.

Determination of the topography and microim-
ages of the initial and modified membranes was per-
formed with a scanning electron microscope “Multi-
Mode V” company “VEECO”. When scanning apply
rectangular cantilevers “RTESP” with silicone probe.
The resonant frequency of the cantilevers — 200—
300 kHz, the tip curvature radius — 10-14 nm. Im-
ages with a resolution of 256256 pixels per frame
were produced at a scan rate of 1 Hz. In this case,
the scanner “8279JV” used to scan the largest field.
In order to eliminate errors caused by vibration of
the microscope under the influence of external noise,
anti-vibration system “SG0508” is used for smooth-
ing fluctuations in the frequency of 0.5 Hz.
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RESULTS AND DISCUSSION The histograms shown in Fig. 1 represent the dis-
tribution graph of projections on the membrane sur-
face, wherein the projection height is located along
the horizontal axis in nm, and the relative number of
the latter with the height value data is located along
the vertical axis.

The analisys of the images shown in Fig. 1 has
revealed the presence of the modified membrave sur-
face changes (Fig. 1b-d) as against the baseline one
(see Fig. 1a).
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Fig. 1. Photographs of the surfaces and the corresponding histograms of projections on the surface of membranes: a)
initial; b) treated in the argon/nitrogen environment at U, = 5.5 kV, T = 4 min; c) treated in the argon/air environment at
U, = 5.5kV, T =4 min; d) treated in the area of corona discharge at U,o; = 10 kV, T = 1 min.
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Fig. 2. Images of membrane surface contact angle through distilled water drop: a) unmodified; b) treated in the ar-
gon/nitrogen environment at U, = 5.5 kV, T = 4 min; c) treated in the argon/air environment at U, = 5.5 kV, 7 = 4 min;

d) treated in the area of corona discharge at Up,) = 10 kV, 7 = 1 min.
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Fig. 3. X-ray diffraction patterns of PAN membranes: a) unmodified; b) treated in the argon/nitrogen environment at
U, =5.5kV, T =4 min; c) treated in the argon/air environment at U, = 5.5 kV, T =4 min; d) treated in the area of corona

discharge at Upy) = 10 kV, T = 1 min.
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Fig. 4. Productivity of breaking of emulsion by PAN membranes with transmitted particle mass of 25 kDa treated in a
plasma flow at U, = 5.5 kV in a gaseous environment: a) argon and nitrogen; b) argon and air; c) treated in the area of
corona discharge at Up, = 10 kV.
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Capacitive high-frequency plasma effect leads to
a decrease in bumps height on the surface of PAN fil-
ter elements. Most of the projections on the surface of
the unmodified membrane have a size of 120-125 nm,
while most of the projections on the surface of the
membranes treated with plasma and corona discharge
has a size of 65-70 and 30 nm, respectively.

The aforementioned event is a consequence of
bombing of projecting membrane fragments with
negatively charged ions formed during plasma treat-
ment and filter element surface smoothing. Corona
discharge causes the formation of ozone, which oxi-
dizes the projecting fragments of the membrane poly-
mer matrix.

It is known from literature references [7] that the
most important result of the influence/effect of low-
temperature plasma on polymeric materials in prac-
tical terms is the change of their adhesion character-
istics. Under the influence of plasma, polymer sur-
face may become both more hydrophilic and more
hydrophobic; however, there is no such informa-
tion available concerning the treatment in the area of
corona discharge.

The Fig. 2 shows images of a distilled water drop
on the surface of the initial and modified membranes,
as well as the contact angle values.

Value of contact angle through distilled water drop
for the initial membrane was o = 34.3° (Fig. 2a). Ef-
fect of plasma produced in the argon/nitrogen envi-
ronment reduces the parameter under consideration to
o =31.4°, and to a value of @ = 12.2° in the argon/air
environment, i.e. polyacrylonitrile surface becomes
more hydrophilic (Fig. 2b and Fig. 2c). Treatment of
the membrane in the constant corona discharge does
not contribute to significant change in the indicator;
contact angle value decreases slightly to a value of
o = 34.1° (Fig. 2d).

It is known from literature references [8] about in-
terdependence of wettability parameters and the de-
gree of polymer crystallinity. Fig. 3 shows X-ray
diffraction patterns of the initial and plasma-treated
membrane with the corresponding crystallinity de-
gree values.

The analysis of the data presented in Fig. 3 has
identified dependences similar to those identified in
the study of the contact angle: plasma treatment of
PAN membranes in hydrophilic mode leads to re-
duction in the degree of crystallinity. It was de-
termined that the minimum value of the parameter
under consideration had been achieved by exposure

to the plasma formed in a mixture of argon and air
(Y =0.17). At the same time, treatment in the area
of corona discharge also increases the degree of crys-
tallinity of the membrane. This fact suggests some
degree of correlation between the wettability param-
eters and the degree of crystallinity, which makes it
further possible to modify PAN membranes in order
to achieve the desired properties.

Thus, a more hydrophilic membrane exhibits
greater selectivity for water molecules promoting
more intense passage of the latter through the
membrane and rejection of non-polar hydrocarbon
molecules that make up the oil. This fact helps to in-
crease productivity (Fig. 4) and selectivity of break-
ing of filtrate emulsions obtained using filter elements
treated in the plasma flow.

It is clear that plasma treatment of membranes in
the flow of argon and air for 4 minutes increases the
productivity during the initial period of filtration more
than 3-fold compared to the initial membrane.

When using the membranes treated in the area of
corona discharge, there is less effect of productivity
in comparison with the filter elements exposed to the
plasma (Fig. 4c). Nevertheless, corona treatment for
1.5 min at Upy; = 10 kV improves productivity in the
25" minute of the process by more than 1.7 times
compared to the initial sample of the membrane.

CONCLUSION

Thus, the research conducted has identified that
the influence/effect of high-frequency low-pressure
plasma and constant corona discharge contributes to
changes in the internal and surface characteristics of
PAN membranes thus allowing intensifying the pro-
cess of breaking of water-in-oil emulsions.
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VHTEH3NOUKAIIVIA HA PASPYITABAHETO HA EMVJICHI BOIOA-B-MACJIO ITOCPECTBOM MEMEPAHUY,
TPETHPAHY B KOPOHEH PA3PAI NJIN B INTASMEH ITIOTOK

B. ﬂpHXHOBl, T. I_HaﬁxneBl, . H_IaIZXI/{eBl, . 3aI‘I/I,Hy)II/IHal, b. BOHeBz, B. Henos?

! Kazancku nayuonanen uscnedosamencku mexHonozu4eH yHusepcumen,
yn. “Kapn Mapkc” 68, Kasan, 420015, Pycka ®edepayus
2 Yuugepcumem “IIpog. 0-p Acen 3namapos”, yn. “Ilpocp. Skum Skumos” 1, Bypeac, Bsnzapus

(Pestome)

Emyncunre Boga-B-macio (EBM) ce 06pasyBar B 1ie/usi CBSIT B pe3y/ITaT Ha IpepaboTkaTa Ha HedT 1 U3IO0I3BAaHETO Ha TIETPOTHYU
MPOAYKTY B MPEANPUSATUATA OT XMMUYecKaTa M HeToxuMmyeckaTa MPOMMILIEHOCT M €a B pa3Mep Ha IMoBeve MUIMOHA TOHA TOOUIIL-
Ho. EBM o6pa3syBar arpecuBHa, cTabuiIHa, MHOTOKOMIIOHEHTHA CTPYKTYpPa, KOSITO Ch’bP)Ka IIOBbPXHOCTHO aKTMBHM BelecTsa ([IAB) u
pasauMYHM eMYJITaTOPH, KaTo cou, achaaTeH, CMOIM, Pa3TBOPUMM B MAaC/IO OPTAaHMYHM KMUCETIVIHY Y He3HAUMTETHM KOJTMYEeCTBa TUHS U
TJIHA.

B nocnenHo Bpeme 3a paspyuiaBaHe Ha EBM ce u3non3Ba MeTonbT Ha yntpaduirpauysi. Cpes OCHOBHUTE MTPeSMMCTBA Ha TO3U Me-
TOJ, ca: BUCOKa e(heKTUBHOCT, JIUIICA HA PeaKTUBU, MaJIKa IIJIOLI 38 060 pyaBaHe, eHepruiiHa e(eKTUBHOCT ¥ Bb3MOKHOCT 3a OpraHu3mupa-
He Ha 3aTBOPeH BOJeH LUMKbI. HemocTaTbk Ha MeMOPaHHMS METOZ, € 3aMbPCSIBAHETO Ha ITOBBPXHOCTTA HA MeMbOpaHaTa ¢ IucrepcHaTa
(asa Ha 3ambpcuTesns. B pesyntar ce Hab0gaBa 3a6aBeH MPOLEC Ha pasesisHe.

C omies Ha CIIOMEHATOTO I0-TOPe, BMCOKO-€HEPTeTUYHOTO TPeTHpaHe Ha MeMOPaHUTeE, IIABHO Ype3 KOPOHEH paspsifl, WM B IIOTOK
Ha HUCKOTEMITepaTypHa BMCOKO-YECTOTHA IIa3Ma IIpY HUCKO HaJIsIraHe, e MepPCIIeKTUBeHB MHKeHePHU Y eKOJIOTYMYHM aclleKT MeTOJ,
3auMHTeH3udUKanus Ha yarpaduirpauysta Ha EBM.

B Hacrosimata pa6ora ca MpeacTaBeHy eKCIepyMeHTaTHUTe pesy/lITaTi Mpyu paspyllaBaHe Ha MogenHa EBM upe3 mem6paHa ot
nonakpmioHUTpuin(PAN) ¢ pasgensiHe o mosnekynHa maca (MWCO) 25 kDa. Taka duiaTpupaHuTe yacTuLy 65iXa TpeTUPaHU B KOPOHEH
paspsi Wi B IUIa3MeH MOTOK. TPeTMpaHeTo B KOPOHEH Paspsf Gellle OChIIeCTBEHO TP CIeSHUTE YCIoBuUs: Bpemerpaere (7): 0.5, 1,
1.5 min, Hanpexxenue Ha enexrpona (U): 5, 10, 15 kV; TpeTupaHeTo B 11a3ma Gelile M3BbPIIEHO B ra30Ba cpefa (aproH 1 a3oT, aproH u
Bb3AyX) 3a BpeMe (7): 1.5, 4, 7 min u anogHo Hanpexenue (U): 1.5, 3.5, 5.5 u 7.5 kV.

3a OCHOBHM ITapaMeTpy IIpy MeM6PaHHOTO paszesisHe Ha eMYJICUSITA Ce CYUTAT TPOAYKTUBHOCTTA 1 eheKTUBHOCTTA. [IbpBUAT (hak-
TOD € OTHOIIEHMETO Ha TpeMUHaJINS ITpe3 MeMOpaHaTa IMOTOK OT pa3iesHaTa cpeia KbM IPOU3BEeJEeHMETO OT IPOIB/DKUTETHOCTTA Ha
IpoLeca 1 IVIOIITa Ha (GYUITPUPALLMS eleMeHT, KOJTo B Tosu ciydaii e 1.73 x 1073 m2. EQeKTMBHOCTTA ce Ompefenst OT IpOMSIHATA
Ha CTOMHOCTUTE Ha XMMMUecKa MoTpe6HoCT oT Kucaopox, (XIIK) mpeau u ciep mpolieca Ha pasfessHe Ha emysicusita. To3u mpoiiec e
n3MepBaH ypes aprorurparop “T70” Ha dupma “MettlerToledo”.
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