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ABSTRACT

Increasing demand for and shortage of clean drinking water due to rapid
urbanization, population growth, gross misuse, and climate change have
become unprecedented urgent issues in this century. The direct discharge of
polluted water containing harmful contents such as chemicals, industrial
effluents, heavy metals, oils, biological reagents, and pathogens severely
affects the marine ecosystem, human health, and the environment. Among
different water polluting substances, oils released from petrochemical, food,
metallurgical, and other industries, along with frequent oil spills, are difficult to
separate from the oily wastewater. The membrane-based separation and
filtration are superior to the traditional treatment methods because it does not
require thermal or chemical treatment. Therefore, it is an aggressive approach
for molecular separation. Besides, membrane separation offers other intrinsic
merits, such as a smaller environmental footprint (no emissions), continuous
operation, and great simplicity. However, current membrane based filtration
technologies suffers from high energy consumption, low flux, compromised
rejection, high organic and biological fouling, giving rise to a significant impetus
to deliver new research for novel membrane development. To minimize the
above problems, coating, blending, and grafting of hydrophilic polymers and
nanomaterials are commonly used, which suffer from exclusion, phase

separation, and leaching out from the matrix.

To address the above issues herein, a simple and straightforward method to

modify and produce superhydrophilic and underwater superoleophobic
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membranes by molecular grafting and functionalization was targeted.
Polyvinylidene fluoride (PVDF) and polysulfone (PSF) were used to fabricate
the base membranes by non-solvent induced phase separation. In the first
approach, the PVDF membrane was modified by molecular grafting of amino
silanes with different amino groups on the polyvinyl alcohol primed surface. The
molecular grafting followed by sol-gel imparted in-air superamphiphilicity and
underwater superoleophobicity. Further, amino alkanes with varying chain
lengths and amino groups were chosen and molecularly grafted on
polydopamine coated PVDF membranes. The grafted amino alkanes were
further functionalized with 1,3-propane sultone to obtain zwitterionic
membranes. The zwitterionized membranes exhibited superhydrophilicity and
underwater superoleophobicity. Both PVDF-amino silanes and zwitterionized
PVDF membranes showed anti oil adhesion features under water. In the next
work, a hydrophobic 1-lodo-1H,1H,2H, 2H-perfluorodecane active molecule
was grafted PSF base membranes by utilizing polydopamine surface
chemistry. The prepared membranes showed in-air amphiphilicity,

superhydrophilicity, and underwater superoleophobicity.

These molecules were chosen in such a way so that the surface should have
either superhydrophilc/superoleophobic property or superamphiphilic property
to impart strong antifouling behavior. The superhydrophilc/superoleophobic
property along with zwitterionic functional groups led to substantial antifouling
property towards BSA protein and oils and showed nearly complete flux

recovery after multicycle filtration. All prepared membranes were thoroughly



characterized using advanced tools and techniques such as ATR-FTIR, XPS,
SEM, AFM, porometry, zeta potential, optical and fluorescence microscopy,
etc., to establish the chemical and functional nature. The fully characterized
membranes were tested for water permeation, solute/oil rejection, and flux
recovery properties using pure water, BSA solution, and different oil-water
emulsions (with and without surfactants). The molecularly grafted and
functionalized membranes showed a manifold increase in water permeation
compared to the neat membranes and high rejection of protein and oll
emulsions. More than 95% flux recovery and very low irreversible fouling after
a multicycle filtration operation confirm the usefulness of prepared membranes
in separation, purification, and oily wastewater treatments. These findings
indicate a promising and smart membrane surface modification technique that
can be readily tailored for water filtration and separation applications.
Moreover, the developed molecular functionalization strategy offers a simple

and straightforward membrane modification methodology.
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L3108

ol & ST AT, STAHEAT Jefe, gFIANT AR STerdrg TR & HRUT Taes
OISTel T Gl AT 3N el 58 FEN H 3HHAYI TR Hed &1 AT g1 feleht
gliiehReh AT S foh fAffiet JehR o T, 3l faren 3rdirse, $IRY 4rd, d,
Afaw HfFEFIF R Mo F Joa TgRa Tl F1 der FdeE, @i
qIRFREATAFr a7, AT TaEeT tg qATaR0T Fi 7R &7 F werfad Farg | afde
STeT YGNUThT Uerl &, USihidehel, WIeH, UTdehd 3R 3T 3l @ oot
aTel del, Y & IR-GR del Edl & TATSe 3R delld YTRISE &l STel & 3eldT
AT A SAfee Tishar g1 fSieell (membrane)-3memRe qerentor 3R foetes
FI IRIR 3R AT & dgd a1 ST 8, FAiTh 586 U IT T
3TAR & HTGRAFAT 161 &1ciT & | SATIT, T 0TI JUFHIT & foT Teh Ageaqur
ATETH | S8k 3eITaT, [Secll JUFHIOT 3 el e 0T 3 FeTed il g, 5t Toh
BICT 3R UG HIH 1918 ol (T ford 31faRerd 3caeiet & ), TaR Farerst 3R
HEROT 9fehaT, ScaTie| gelifeh, addAT & 39aed BYeen 3ManRd AEucs
Henfafrat & 3Ta FoT @ud, FH JaTg, e HI FaAY, 3T Afaw 3R Sfaw
GYUT S &IV o SR, TSiecl [aehrd & Tl 51T Qer shy 3TaedehdT & folT HgcaquT
g Sl STedl ST & SURYF THTATT T T I & 1T, gTs2lfhfore uifes
R AR o Fifear, ATFAHT, 3T AT o1 AR T 39T AT ST
g, W SoAH AR W Afeera { Iigsenor, TR0T GUeFaIor 3R oNifeiar S waer
arly STl B1 FET WIS Heg H HeAd o & ToIw, orides e 3R
foramefierdr garT eeETs g fthferen 31X et # ueanfasnwiiae Bree o gnferd
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3R 3cued A & T T W 3R g e o aféa fhar =r an
giellfaaTs fordld Feilk1ss (PVDF) 3R diciidewhis (PSF) i ofde IR-faemas aRka

TOT GUFhIUT GaRT HTUR-TETeell 3l S+I1aT 31T § | FUH TiSeehior 7, PVDF Sl
I Qi fAeTgel 3eehlgel ¥ IS el & d1e 3T Tdg W ARt 3l Togh
& HIY AT Tdeled & 30T AT SarT FAMTAT har arar ar| 3morides
AMFEAT & §1G Alel-STeT A 3cTool [SToell gaT H FRUARTHIATAE 3R arelr A
FUIAHISTHE TeTeT il &1 S8 3HelldT, HelaT-37c0T HWell T ofells 3N
AT THET & ATY IHA Todhel &I YoAT IAT R GTASIIAS o9 PVDF
Beell W 30TTAs &9 & IMFC haT I™AT| ITHRES IHGT Hohed Pl 1,3-90eT
ol & 1Y fohar e Sde3mafae Sieell UTed ST 1T AT| 9red fohy
AT zwitterionized AT & FuegmIfBAfAd dR uEl F e
FUATANGIAEE 1 ved= fhar| @&, PVDF-amino silanes 3R
zwitterionized PVDF BIfeeral & arell & 376X ool el favare fe@rs| 3mmer

s H, US gggdiee 1-lodo-1H,1H,2H, 2H-perfluorodecane 39T
TISTHATS & Tdg W IHATTeIeh [ShaT FT 3T/ Flh PSF 3MIR-Boel W
e R I AT| 3T TR ST 310 BAfoddl of ga1 & 3@ 9 tFHifpfafad,
FRETSZTBTAAET R aTelt o 3ex FRINFAINRITATHE b Fereiet fham|

SURIeFe VT @I S YehR A AT 14T AT foh, HAE H IT ol UGBS Thicieh/
Fuesifasimifaes 3ruar gurRuEdifhfoew 7o gl @1fgv drfer Rfeesit o v
THTEY TETRT3 ol STaER Tl fohaT ST Heh | Falled3Taletes shdicHe: gl & A
RT3 e/ a3 AN 7707 & frede Wée 3R dal @ 3R gfied
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VOB STagR &l 9l foham 3R Aecrasihe ATdes & g o Bieel &
SIS qUT UTeAY T FaTE ST 67| A TaAeh IR HrdTcH Fhid l AT Fad
& o @l IR Bfceal &I 3oaad 3uaull 3R ddeiel o o TEI3mR-
TR HATShIEDIUT, 37T T ST ileh ITTST G A SoTeh T et Ul vl ax@r
T AT| [ AT, AT erdet , AR fafPesT dol-ureil sHere (Fthade & ary
3R 38 TaT) T 3THNT ek UTell o TRATHA, el / Tol JUeFhor, 3T aRaree
EafATar r gdieTor fohar a=r ar| 3nuTfas 9 & IS 3R FaTcHS Brear o
3raRafcie fSreel & Jofell 7 WIElT IR Tol RIS i 3T JUFHIUT 3N Tlel &
TRATHA H S T[T 8 fewrs | Toh Sg-ash foiedest Tfshar & sre; 1 95% & 31fesh
WWW&T@?W?E@WW GRIeFeh0T ST BHAT, T T
fErferat hr gefarsor 3R delier 3r9fRISe STer 3TAR # 3ANTAAT i gfte FIdT &
Y fshy Teh JMATSTeTeh AR TAC BHeell & Tclg I TR el Sl ITFF
cTeheileh ST Hehdl &l &, T STeT foletieeT 3R qrerehduT 31wttt o e e &
33U fRAT ST GehaT &1 39 37olmar, [Aef@d 3moTiaes fhameiierar &y wEhfa
wiasT 7 v et 3R AT e T yeufa a1 ger T ¢ |
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