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6H9bomdg

d9LPogaromos odblbgergdols odgmowgm®mdsdool (DMF), odgmowsig@esdool (DMAC),
03900l amdbool  (DMSO)  gs3wwgbs  3meogmgdlwwambol (PES 5900) 2s%s%yg
53D5gdYo dg8d0M569d0L INORMEWMY0sLs s HB3gOMOm FoMToMOIBY. BMOFoMIMIJIbg
0396¢p©  399mygbgdmwo odbs  dmeogobowdommeopmbo (PVP), Mmdgwos  9950eqdl
99936560L  30OMBONOHMOL  ©>  36033690wm3zsb0  Gmwo  Fgoles  Jowgdo
30dgH o 9g386msbol  bbgoolibgs  m30L9d0l  MHgamwo®mgdsdo. bsBgzgbgdo o0dbs, Gma
296Lb353900 Bgs30MHOL BEGHMMIEHIOOLS s b3gOMOMO Ho®BsEMdOL IJmbg 8gddM69d0, Mo
©59M300090os  9MBgMmo  godblbgrgdol  gobogzm®m-JodoMo  dmbgdsHy, 3MErodgMUl,
209bLbgl o 9M59bLBYL FmEol blboMmdol 356589@Mm9d0L Lb3zsmdom. 3MmogmEs3ool
363930, DMSO-U ©505¢00 5530691600 ds PES-0l 8085600 05 350500 533069960Mds ffyerols 80ds6mron
3965300093l godblbgerlis s 5M5sabLBYL GOl MMHMN0gMmJdggdol Aodw0gMHgdsl s
MBOHM639wymxl  BsHBMOHO  0639OLooL  3OMEILT0  3MYMESE00L  M3G0ToEE  LoBJoMgl.
90090990 0gbs 303OMBOW G300 9933656980 0,24-0,9 930 BMEOOL HBmIol ©os3sBMbIo,
OHMIgms BHgLBH0MYS BHIMIdIMPS 0bLEGHOGMGHT0 89Jdbo WHdMOIBHMMOME ©IbIYIODY.
209bLbgw s DMSO-0b gsdmygbgdoll 898mbgg3580, 3000gds dsmoro HomBsmdols dgddmsbgdo
(2184¢0/3 Lom), GMIgeog 47.16% o 44.13%-000 509353 Jds Fglsdsdobs PES/DMEF/fgscno s
PES/DMACc/figseno bobEgdosb do0gdnmo 99906569006 Fo6dsmdsl. PES gsblbols 36Hm3qlols
dmboBm®mobyo  bm®E09wgdMEs  3MEsMm0BE0Y-0bBHIOBIOI6E0Mwo  dozmmbim3om
(Biolar). bLbo®gddo Bofoszgdol bmds, 3mb3gbGEMs3os s @oL3gMLomdol  0bwgduo
d9LHo3a0o 0dbs Lobsmeols 2536930l EobsdoMo dgommeom (Zetasizer Nano Zen3690, Malvern
Instruments), 99336569006  LEAHOVIGHMOS ©O TMORMWMY0s  FoBZbOMYdgwo  Bmbweo
(&MBgE©0) dozMmbzm30o0 (Certus Standard V, Nano Can Technologies).
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153396dm Lo EYzgdo: 993dMB7dO, 45abLBYYdO, gse0, F03MMBOWBHM(305, BIBNIMO 0b3gMLOS.

dglsgseo Lygms Lolidgaro Hgwol 653w gdmdLmb 353060900 JOMOMSPO 3MIMDdELGIGOOL
230LO IO,  93NWMYONO0  BdEBLOL s 93mbmdozol  LGHsdowGo  BEOOL
99L565MPRMbgdEs© LsFoMms fywrol MHglyMligdol LfimMo dgbgxdgb@o s IyMso Fsermgs. S0
309560 gd0m by M@ Jbsm 36033690 mdsL 0dgbL {yarols sdmdsggdols 89ddMsbmeo
©59mx30l 30Mm39L900 s G9YIbmmmy0qdo, Bosg 3M0oMMmOGYBH0 9b0Fgds 339390l d9dga0
d0MO0MOEO  80F5OHMMEGO00: VSO 00bINMHYdOL F9ddEMsbgdols 89dw8s39ds, 89ddcsbols
b390O0m0  [o®Bo@mdOL,  BgwgdBHOWOMIOL  godxmdIBgds,  F9ddMHOL  FMBALEBLYMGdOL
b6 MI03MmB0L 5B, 9ogMo0l IbTsmgdols s J0d03oBHdoL godmyqbgdols 89dgotgds [1-
3]. 9993656 mo  gow@®moool 3MMmEglgdl 9g3m  39dmYgbgdol Fommm b3gd@mo GmymO;
LsdMGP39e™, ol  3MIGOEOMOo  25dMY9gbgdol  M3selsbBMolom  Lbbgoolbgs  Ho@dmdmdol
016906030 [y gdol  FolRMO3900L,  FoMLbgdM3s6900L @S  MgA9bgMsEoOLIMZOL  1s339d0
36OMOIBgool,  LoldgEgdol  Ho®mBmgdsdo, GoMmBo393GEe  dM9H3gemdsdo,  LadGMghzgurm
Bs6B 96900l 53853900L 3O MExLYdT0 [4-5]. 3009 gOLRMbOL (PES) 35%sbg ©odbowgdmen
093065693l ao9hbosm oo MgMIMo,  JodomEmo  LEGHIVOWYOMDS S IOSEO
300OMBOMOHMBS, M53  bYrmsg PES 99906569008 RsOmm©  250mygbgdsl.  sdo@md
5d GO ME05 330093900, MMIWgdoE 30TsMMME0s 3980656900L FoMToMdOL, IMOBRMEMYOOL,
30MHMBoEOHMIOL, BGJL3WMIGIEOM 350JOOL FoLOTXR MOJBIOWS®, M3 MHBOWB3gYMAL
3500 259mygabgdol 56M95¢0l oRIMMMYISL [goeblbsMgdols s Fs0 33HBsBY TBIIOMEO
36MHM©I@gdolmgol [6-11].

Ls3w)doml 30Bsbo o bsEoBo 330093500 Tglfagerowos dsdblbgargdol DMF, DMAc, DMSO
393965 3mwogmgmLIeizmboli- PES5900 85%s%g 800gdamo 8983656900l 13m@ol Bmdgdls s
bg.  foMmdomdsby. PES/DMF, PES/DMAc s PES/DMSO  Ubob@gdgdosb 3993656900
offom3MmgdMms BsHBMOO 0639MLooL bggwo dgommEom, MHMIgEoE 3:meErodgMmeo 393d3669d0L
ABMOO0SBMIOL, BMOGOOL HBMmIoLys s BODBOIMO-JodoMHo TobosliosmgdEgdol MY 0MmgdOL
Lodmogdsl  0dewggzs. 39936sbol  Jobomgdo  3me0dgmHyero  3md3MBoEool  F9agbowmds
dm39999os sbMoerdo 1.

3bMowo 1. 30e0dgMmeo 3md3mHoEool d9a9bowmds

09006965 PES DMF DMAc DMSO PVP40

(wt.%) (wt.%) (wt.%) (wt.%) (wt.%)
M1 PES/DMF 15 85 - - -
M2 PES/DMAc 15 - 85 - -
M3 PES/DMSO 15 - - 85 -
M4 | PES/DMF/PVP40 15 - - 82 3
M5 | PES-DMSO-PVP40 15 - - 82 -
M6 | PES/DMAc/PVP40 15 82 - - 3
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30e0dgmol  goblboll  3MmEglol  dmbo@m®mobao  bmMmEogwgdmEs  Lobsmeol 4506930l
0653000 IgomEom, MmIeols 890939008 56se0Bds 5h39bs, M blbs®gddo Bofows3zgdols
Bmd900 5 OL3YOLOEMIOL 0bEJLO JOMOMIIW ITMI0YOOs Fodblbgol dbgdsby,
bLbsG9d0l FmTDs9gdol 39339Mo@IMLS s 3b6396EG305DY.

000900 39986569008 Bgs30Mgdo  Iglfogerowo  odbs  dsb3eboMmgdgmo  bmbo®o
(&b ©0) d03MMLMm30m. 39ddMbol HBgodo®mgdol dglfogrsd sBgz96s (LwyGsmo 1), HmI
doegdmmo 39936M9bgdL Bgs30Mm0oL  goblibzszgdmwmo LEHMWIGHWOS ©o BMOOBMBS A59Rbos.
PES/DMSO(M3) 89306560b  ©9s30600L  53mc0sbmds  9608369wm3bo  do@ogos, 300069
PES/DMF(M1) o> PES/DMAc(M2) 9938656900U.

FEEEEEE R ERaBad B EEy !

bm@omo 1. PES/DMF (M1), PES/DMAc (M2), PES/DSO(M3) 993066980l 2D
90360MBMEHMYM55300900 LOImMYd0

300900 39936560l INOmRMEMY0530 FGLodergdgE0s S0blbsly 3meodgMob, 4sdblbgwols s
3M55dblbgerol blibomdol bbgoalbgs 3s6539¢Mm0m(8), MmIguog 86033690 m356 Fod@EHmml
§o00m5y9bL BsBMMO 0639MLoOL bggero dgommeoom dgddMHBgdOL Jowgdol 3O mEqldo.

35600 2. blibsmdol 356539GMmYd0

290blbgeno 6 t/MPa'”
(S)/565953bLbgemo

(NS)/3me0dgeo(P)
©0390005:39¢39d0o (S) 22.77
03900 x3m®35doo (S) 24.86
03900 amdloo(S) 26.7
0gowo (NS) 47.8
30 gmgalergmbo (P) 24.20
303060306 mEombo 32,54

SP-S 93069 Bbgomds godblibgemlis s 3meodgdl SP-S dmMol dommomgdl dso dmMol derog®
MO009OHMJIJ0J05Dg 5 Boi 09MME0b5303MNO  LEEHIBOWMOMISDY. MOPOIMNJIIYdS

Georgian Scientists/ds®o39wo d9360969%0 ¢). 7 N 2, 2025 | 756




PES/DMF 8m®0b «936m dgrog6os, 300009 DMAc-0056 s DMSO-msb, ®53 30momomgdl, Hmd DMF
m3909L0 25dbLbgeros PES-obmgol. ©oysb 51939 s0s¢00s §S-NS (godblbgaro-s6oasdblibgero)
3600369 mds,  Gglodsdolbs DMSO/fiysero  M@mmogmmddggds «IgGdm  derogmos, 3006
DMF/§igocro s DMACc/fiysero. 3mogmemszool 36mgdo DMSO-U ©sdseo doMmgzowgds PES-
056 5 oo fiyeols dodsdrm 0f393L 3OHMEgLOL M3EGH0ToeE LBoBJoMgl 2sablbgwls s
50535abLbgls  ImOol  MMogHNJIggdoL  4odE0gmdol  asdm. DMSO  sdblbgero
2090myg9bgdol Jgdmbzg3580 F000gds MBOM 500 BMMOBMOOLS S FoMdsmdol d9ddmsbgdo,
3000609 DMF-0obs s DMAc-ol d9dmbggazsdo (sbGowo 3). 89306560l bggo@omo {omdsmds
296LsBO3OWMo 0dbs 20 3H9d39Gms@MMol s 1 dsMo (bgzol 3oMmdgddo. PES/DMSO (M3)
09306560L bg. fo03s0mds 47.16%-00 @ 44.13%-007 Bo©o¢005 dgLsdsdols PES/DMF, PES/DMAc
LoLEBHQ0ID  ToEgder 39336 gdIOL  FoMToEMdIBY. U T9IRJI0  IIBEHIMIOME0S
351356069090 BMbMO®O F03zOMLZM30L bswobom, M®Iwol dJobgogomsg M3 d9ddMsbsls
2450Bb05 35050 FMEH056MdS (LYMHsmo 1)

3bOoo 3. 39306569008 BMOHOL DmIgdo s bg. HoMBomds

09936560l 0933656900 3MOHOL bg. PoBomds
300 Do L/m?*h
mp
M1 PES/DMF 0,58 1030
M2 PES/DMAc 0,61 964
M3 PES/DMSO/ 0,56 2184
M4 PES/DMF/PVP40 0,9 1272
M5 PES/DMACc/PVP40 0,38 858
M6 PES/DMSO/PVP40 0,24 1560

99906560L 3m33MD0E0sd0 bsTsGH>®© PVP-0b g58mygbgdol otmml domqdryen d9ddMsbgdl sd3om
MROM OO HBMIoL BMMJO0, 3000MY IBITsGHM F9FdMHJOL (bOOWO 3). gl 50blbgds odom,
6d PVP-ob 6t mg36m sbeomb s6ob {gaols 5t 3608369wmdsbmsb, 30Mg PES-0l 8t ysemsb, Mog
309®0mgdl 035BHY, M0md PVP-U 543l mx3dm 9s0so 53069960mds (ywols dodstom, dmddgwogdl
OHMAMO 3 B0MgOoL [oedmdJdbgero s Ho0dmddbols oo MoMmEIbMdOm FMMYdL 930G 65T0.

9900930 @5 513365 F9dd3MBMo 3MM3ILOL 9BIJBHIOMBOL QomBx MdIBYds 93mbmBoEo
93007050 BLMBms fywol dobowgds 99985305 s ©ITDIES J03MOMBOWGHOH30vI0
0990656900, MG BMOHOSBMOOL s FoMFoMdOL gobBMEs FbbmOE0gw®s dmwstrmwo
3B3OMGHMbmwo  sdblbgwgdom,  GMmImgdos  9bgbgb  9933656gdol  LEGHMMIGHMOOL
9MmEOx030M093L. 30w 2odblbgegdol  Lydegdom  ABbMOEogw©s  BsBWGO

Georgian Scientists/Js®omgqwo dg3bogMgdo ¢. 7 N 2, 2025 | 757



06396L00l 3OHMmEaLOL LoBJsGOL 3MBEBHMM®WO BMMYdOL M65d00EY3OMDdOM Yobsfowgdolismaol,
65053 BoWE53008 98397dGIOMdOL 360369 M3560 B odmof300.

399myg9690mo wo@gMo@w®s

1. P. D. Amin, V. Bhanushali, S. Joshi: Role of Polyvinlyppyrrolidone in Membrane Technologies,”
International Journal of ChemTech Research, vol. 11, no. 9, pp. 247-259, (2018).

2. Sophie Cerneauxa, Izabela Struzynska, Wojciech M. Kujawski, Michel Persina, André Larbot:
Comparison of various membrane distillation methods for desalination using hydrophobic ceramic
membranes, Journal of Membrane Science, 337, 55-60, (2009)

3. K. Elsaid, E.T.Sayed, M.A.Abdelkareem, M.S. Mahmoud, M.Ramadan: Environmental impact of

emerging desalination technologies: A preliminary evaluation. J. Environ. Chem. Eng. 8 (2020).

4. B.Keskin, T.Ormanci-Acar, T.Tiirken, D.Y. Imer, I. Koyuncu: Effect of wetting agent on the dye
filtration performance of ultrafiltration membrane. Water Sci. Technol., (82) 577-586 (2020).

5. X. Wei, Z. Wang, ]. Wang, and S. Wang, “A novel method of surface modification to polysulfone
ultrafiltration membrane by preadsorption of citric acid or sodium bisulfite,” vol. 3, no. 1, pp. 35-49,
2012.

6. W. Sun, J. Liu, H. Chu, and B. Dong: Pretreatment and membrane hydrophilic modification to reduce
membrane fouling, Membranes (Basel), 3, (3), 226-241, (2013).

7. G. BIBILEISHVILI, M. KEZHERASHVILI, N. GOGESASHVILI, L. KUPARADZE: Effect of the
Temperature of the Non-Solvent on the Morphology of the Polymeric Membrane. European Journal
of Scientific Research (EJSR), 161 (1), 5 (2022).

8. G. V. BIBILEISHVILI, M.G. KEZHERASHVILI, M.A. MAMULASHVILI: Effect of Different Solvent
and Fore-Forming Agent on Morphology and Performance of Polyethersulfone Membranes. Oxidation
Communications,Vol. 47, No 3, (2024).

9. A. K Holda, F. ]. Vankelecom, Understanding and guiding the phase inversion process for synthesis
of solvent resistant nano filtration membranes J. APPL. POLYM. Sci. 2015, 442,1-17

10. A. Abdelrasoul, H. Doan, A. Lohi, C.H. Cheng, Morphology control of polysulfone membrane
sinfiltration processes: A critical review, ChemBioeng Rev., 2, 22-43, (2015)

11.G.BIBILEISHVILI, M.KEZHERASHVILI, N.GOGESASHVILI, L.LKUPARADZE: Influence of Some
Factors on Characteristics of Poly-m-phenylene-isophthalamide Membranes-Preparation and

Examination of Polyamide Membranes. Oxidation Communications, 45 (2), 300 (2022).

Georgian Scientists/Jos®mggeo 3936090900 ¢). 7 N 2, 2025 | 758




Study of the influence of the nature of the solvent on the performance of

polyethersulfone membranes
Georgi Bibileishvili!, Mzia Kezherashvili?, Nana Gogesashvili3, Liana Kuparadze*, Elene kakabadze®

Engineering Institute of Membrane Technologies of Georgian Technical University
Abstract

The influence of solvents dimethylformamide (DMF), dimethylacetamide (DMAc), dimethyl sulfoxide
(DMSO) on the morphology and specific productivity of membranes made on the basis of
polyethersulfone (PES 5900) was studied. Polyvinylpyrrolidone (PVP) is used as a pore-forming agent,
which increases the hydrophilicity of the membrane and plays an important role in regulating various
properties of the resulting polymer membrane. It is shown that membranes with different surface
structure and specific productivity depending on the physicochemical nature of the selected solvents,
the difference in the solubility parameters of the polymer, solvent and non-solvent. During the
coagulation process, the low affinity of DMSO for PES and the high affinity for water lead to increased
interaction between the solvent and non-solvent and ensure an optimal coagulation rate during the
phase inversion process. Microfiltration membranes in the pore size range of 0.24-0.9 pm were obtained
and tested on a laboratory setup created at the institute. In the case of using DMSO as a solvent, high-
performance membranes (2184 1/m? h) were obtained, which is 47.16% and 44.13% higher than the
productivity of membranes obtained from PES/DMF/water and PES/DMAc/water systems,
respectively. The process of PES dissolution was monitored using a polarization interference
microscope (Biolar). The particle size, concentration and dispersion index in solutions were studied by
dynamic light scattering (Zetasizer Nano Zen3690, Malvern Instruments), the structure and
morphology of the membranes were studied by scanning probe (tunneling) microscopy (Certus
Standard V, Nano Can Technologies).

Key words: membranes, solvents, water, microfiltration, phase inversion
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