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1 PolyVinyliDene Fluoride
2 Cellulose Acetate

3 PolySulfone

4 PolyEtherimide

® PolyVinyl Chloride
& PolyEtherSulfone

" Polyimide

8 PolyAmide

° UltraFiltration

10 MicroFiltration

11 NanoFiltration

12 Reverse Osmosis



slae (85 5l as be plad glo anlp Glo Ml (n e dlox 5l cenl ool slis side joe Jsb g 003k el el
Pl ke ) ogs azs LB Gle (Shy Jdo @ ogilse 51 b DVA10]ela el ilolaz 5 sl pee b
a o ol dhai glo anld caz (I sle Pl ol j0 plord Cuglie 5 (Sayiz b )l 5lul oy (Sl
ey ol YAV Jlo 5o DA ol i3 8515 adizen 51 ()l 4255 9550 (ogml bS5 (gl ilidgll (slalisd
5Shas g wisle (5,9 absé b, 5l eoliiwl b wlaSs, gjlulas jolate 4 |y PES/PVA 050uelS oygmusl ilidoils slic [V4]
oAl O alie Ly, Lo 2ol 5l ey a5 0 saalie .a0ls 13 oy 3590 o8 b2 gl y2hid 5l oolanal L 1) slad
oS 5 il YeY e Jle jo sl 03 PVA S35 70 L oads 2ol diges sl 7AVIY sgu> 105 m SSTa>
G5y e b b el 68 il b sigm snyS sle alglgil Jlasl oolitul b goua> ooy ytll ol < L8R sleg [¥-]
)5 byl Sl (gilulaz g gwgs Of ) e Walyil b ol il g asle olazel Gadls 5l gl oYL
€a V¥ Cu /A Cd AYAF Mg a7\ ZN 1381V ey a0 |y (i S ) B £P o mn slalad
Jaie 4y alls PES leé b awslie ;o goy,md sbolae Lalls OT Lo ol Fosdle il oles Pb 270 o Nia-7/v
3 e 5 6ol il 4Bl 2l s B b 4 oMol 5l e ol Ao Bielem Rl axil ul3al VYV
S gz Yo 2Ll 5 5o 6L b oml (S5 gelys b ool 51 BBl slalze [VAIYYY L
a3 PV Y 4 FFI 5l oad ol slalae o ules argly izl ol Ll dSs <ly3gil 5l oslinal b 1, ufKiw lils
Olils B> o gl oolall 558 o Shas oo Mol slalic pilman . ClBloss Swiglns Caols g gl 8L see ko
TR0 jlade S S8 S5 G oliee (O],35580 S50 380 L 508 Aol slig) cdl> oy s 5o 5 Wl asils S

SRldsy CUiZ ol A 5 Fet? o1, aA/AY PB*2 6l aa7/YY Zn*? o,

lid slo 558 5 00 0F anngi LSRG (R85 oMt iz o0 5 Lo Sad (G5 5 2l 5098 G Jobs
Ayl 6L g JT sle Jliny Sl «hdol dile loalils 5 oxrwy Ciubs JSie ol Songe St S (oo 5 S9dme | (6 peuls
LYY gVALast ooty solits] gl 2ldgil slalie Dol jo 0,8 sla

00l JSCAT oS 900 09,5 a5 al 05,5 G 5l a8 el (S sl 5o e il (e (5S9,900) i
Silwlaz slo ald o S Elagdle jo oole ol el 5l sy Lo b 2ol anlyd 1o o 5l soliiul & g0 ,0 5 ol
e [YORES e 5 82 YY) o jo [YF 5 Y]l ons oslinal 33 lid glo wld 55 p0 5 48,5 8 azgi 050
ks gt B 65, e il Jite (caSg i 5SS 4 g NI g sy | Cengasl JT (oS 5 aS
5 & 4z Bhiols 5 el 3,50 Sl sob s |y lalid (gloand 5 (i Sloogas 5 wisls LS5 sl
033l pizmed ol ALl (6,8 pia Il 50 eal Pl slalie alls gJ Sl g 00,8 oy ualS %J ooled 4l

s 00 U’“")‘)f o )0 a4 )l U’“‘“’ ).u u] B u.Ca) 05"'“‘]5"" ‘5)LMJ‘\A>

Slge gl 3l eolaiwl crge yol (pl 0gd oo raw sz i g JYL 6 pdy STy a4 omie Clél gl uliae (o olge o3lul
0395 o p,8 5l (6,55 5 Loed Jd mhaws « S 68 )3 o3lail Lo @b olgegil ol o ogdle conl oads Galizes sl 0 )5 Cye

! pyrogallol



ol o cudge b (. 9 TIO2 SiO2 Fe30s swls) olils oSt @l 6L 5 oolinwl 195 b [V laxes o )] abogy s
s 5 S Sl3E g by Slod Bl gz bee o] 0 &3l [VA-YV] el oty (3155 (gl ildeil slalas
oS5 b 5l L Y 205l b gl ildgib slalae [¥V] ool Kan g 0 Yo 0 Jlo yo [¥-Jogs oo oolinal T lo
onds ol slalid .0is,S as slie o ple ;0 FE304 L onds o hle coluglla sla iyl sla cujguels calises polis
Slp ANEIY g 6558 50,8 (sl 2V wo S Lais 1) s 5, 5l (oVh 55 o Coms ATAL/MZRYL T JLs s opdle
GlBes g (G TN Lo po 28l (Ml (6 pSetiz job 4 s el Mol slalid Cgm) o Cols (ol hte
gl Lamgs ouds 2ol Geilgm sl b by eml kil slalié Cgwy as LUl 5 R o Slee [¥Y]
a5 cdl 5 bles mha O oles asly 5 ialidl baled OT sgime Dol 5l G wisls,l 3 ) T8yse INEE304/PVP
ol sl b anslie 1o 1) 65V O Lo ond oMol slalies aan .l 039 Lol 5| g Lol gl (2133l Lo
Slp TAY Jaie 55 Sed (5 e (Ao S5e3 sl /A8 (L/MPh) 5 adsl slee BTN F R/ M2APLsls les s
b b b 6y (iiSly )l mabline Ol,39L 0l (6 puSoslal sads ol felalie STANLAIB LYY o g 4yl clad
Jo Gl b s nly and anie LS 0 05 Gn Jols <yl s Lagen VT ks 55 0 5l sl Jle i
l3gb 5l e onl 5o LYYIa s s olel 4 YU lesil, 4 Ll e o WIS la P> o conlie SosST,
50 il e adle ylie gl e (cmSg 0un (5 51 ool Cogas] SliBeilidy ol 00l soliiul ab ylgie 4 FE304
8,5 8 o 9590 il o Sles 5 wiad 2dlol (xlaw Hijgo 4 e i SHIEL aliwss (gl 2lideil slalis coly
oSS 4 gmnbline ool i Ol36U 5 colal Al Tl jo 0l sll Wladod Ko 4 Cod gl ol gl
ol slalis 5 )Slae gy 5 Gsilg 3| et » gl ild 51 slalid mhaw Mol cuzr Gle 5ol Jro (S50

Al oo S Sl g b Sl (g jlulon g oas

L gy 93lge =Y
@L».o.».w é‘,.o -Y-)

iy b ook LY S By LT S 5l o a5 e e OA- <+ Jshe 35 b il 1y pack o
5ot seled e 80 Sl oyh (s a Qlodl Shs jlond wdgs Jge )8 YO e (JoSle (39 b N ands s
wol 50 oo  S3gue, S TB Taadll Jsl5 ol solawl Pl 1é fleie a5 0ol o3udgs ol 5l g P> lare 4 S 0 05,0
Slr 5 Mo 755 555 5l eads ags alls Uil 5 Spe o558 Sl oad ags ool Jsililsise 5 (1AA) S jpilges
Gl S e OS85 51 50 3l i Cge oolaiwl 8,90 sl Pl g olge soled .l 0uls oolaiul xbaws #Mol plxl

R OMOOM‘MWJMJﬁl&L‘&&;G@)ﬁWw‘o..\.wo&l.o.w‘u)mu‘)m

1 PolyVinylPyrrolidone
2 DiMethylAcetamide
3 GlutarAldehyde
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1 Fourier-Transform Infrared Spectroscopy
2 Attenuated Total Reflectance
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1 Scanning Electron Microscopy
2 Atomic Force Microscopy
% Inductively coupled plasma
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D2=41.99 nm

D8 = 55.65 nm D1 =46.47 nm

D4 =51.79 nm

SEM MAG: 50.0 kx Det: InBeam |1 MIRA3 TESCAN SEM MAG: 200 kx Det: InBeam | MIRA3 TESCAN|
WD: 4.94 mm BI: 7.00 1pm WD: 4.92 mm BI: 7.00 200 nm
View field: 4.15 ym | Date(m/dly): 06/09/24 View field: 1.04 ym | Date(m/dly): 06/09/24



SEM MAG: 25.0 kx | Det: SE
WD: 11.15 mm BI: 10.00
View field: 8.30 pm }Date(m/dly): 05/28/24

MIRA3 TESCAN

SEM MAG: 25.0 kx Det: InBeam

WD: 5.52 mm Bl: 7.00 | 2 pm
|
View field: 8.30 ym | Date(m/d/y): 05/28/24

SEM MAG: 25.0 kx | Det: InBeam
WD: 5.16 mm | Bl: 7.00
View field: 8.31 ym |Date(m/dly): 05/28/24
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SEM MAG: 25.0 kx| Det: SE
WD: 11.08 mm Bi: 10.00 2 pym
View field: 8.30 ym |Date(m/dly): 05/28/24
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WD: 5.09 mm | BI: 7.00 | 2 pm
View field: 8.30 pm |Date(m/dly): 05/28/24 |
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SEM MAG: 25.0 kx Det: SE
WD: 11.08 mm Bi: 10.00 2 pm
View field: 8.30 ym | Date(m/dly): 05/28/24
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SEM MAG: 40.0 kx s | MIRA3 TESCAN
WD: 12.01 mm BI: 10.00
View field: 5.19 pm Date(m/dly): 05/28/24
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Abstract

In this research, nanofiltration membranes based on polyethersulfone were made by _phase inversion
method. Then a surface modification using synthesized nanoparticles. was used to improve the
hydrophilicity of membranes. The effect of surface modification on Separation:and antifouling properties
was evaluated. FTIR, ATR, SEM and AFM analyzes were used to ‘identifyananoparticles and check the
morphology of the membranes. Surface contact angle, antifoulingproperties, flux, salt rejection and lead
removal have also been performed to evaluate the performance of prepared*membranes. According to the
results, the Na;SO4 rejection has increased from 52%, for pristing, membrane to 81% for Mg membrane
(membrane modified with 0.1% by weight of namoparticles) thesamount of lead removal also has
increased from 41% related to the pristine membrane to 87% related“to the Ms membrane. The water
contact angle of the membrane surface decreasedifromn63- for'the pristine membrane to 18> for the Me
membrane, which indicates an increase in the hydrophilicity of the membranes after modification. A
significant increase in the flux recovery ratio (from 28% for the pristine membrane to 71% for the Ms
membrane) also indicates the improvement.of the antifouling properties after the membrane modification.
The Ms membrane provided the dowest contactiangle, highest rejection of salt and lead metal along with
an acceptable flux. According touthe obtained results from this research, membranes modified by
synthesized nanoparticles (with tris (hydroxymethyl) amino methane can be effectively used in the
membrane separation precess.

Keyword: Nanefiltration Membrane, Surface Modification/Coating, Tris (Hydroxymethyl) Amino
Methane, Salt SeparationpHeavy Metal Separation, Antifouling
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