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This thesis presents a new approach to produce mix matrix membranes usi
copolymers and inorganic nanoparticles having magnetic properties. The po
nanoparticle with different morphologies (linear, Spheres, worms, and vesicles), frg
(methacrylic acid)-b-(methyl methacrylate) diblock copolymer, were synthesizec
Reversible addition!fragmentation chain transfer polymeriza{RAFT) in ethanol at

C. The inorganic counterpart, iron oxide nanoparticles were prepared using d
stabilizers at various temperatures to acquire the necessary surface charge and
properties. The chemistry of the particles leads to form both hydrophobic membran

non-solvent induced phase separation as well as a hydrophilic membrane by

simple spin coating technique with the particles from polymerization induceg

assembly. By a detailed experimental study of the membrane filtration, the influg
different parameters on the process performance has been investigated with ang
magnetic field. Finally, membrane fouling has been studied using protein solutio
the membrane performance was examined under magnetic field revealing the s
reduction in the fouling phenomenon making them new performant membranes in

of membrane technology.







Ce travail de thése propose une nouvelle approche pour la préparation de me

matrice mixte basée sur ['utilisation dmpolymeres a blocs et de nanopartic
inorganiques disposant de propriétés magnétiques. Des aggrégats de copolymer
préparés avec une morphologie variée (sphéres, cylindres et vésicules) a |
copolymere poly(acide méthacrylique)-b-poly(méthacrylate de méthyle). Ce derni
synthétisé par polymeérisation radicalaire contrélée par transfert de chaine révers
additionfragmentation (RAFT) dans I'éthanol a 70°C. Des particules d’oxyde de f{
quant a elles, été préparées en présence de différents stabilisants a température

permettre d’atteindre la charge de surface et les propriétés magnétiques rechery
structure des copolymeéres a bloc a permis d’obtenir & la fois des membranes hyd
via le procédé de séparation de phase induite par un non-solvant, ainsi que des m
hydrophiles lorsque que la technique de spin-coating était appliquée aux aggréga

par autoassemblage induit lors de la polymérisation. Grace a I'étude détailld

propriétés de filtration des membranes obtenues, la relation structure-proprié

discutée sous l'action d’'un champ magnétique externe. Enfin, la sensibilité au col
éte vérifiée via la filtration de solutions de protéines. Il a ainsi été démontré une di
notable du colmatage sous champ magnétique, ouvrant de belles perspectives

nouvelles membranes.







Esta tesis presenta una nueva aproximacion a la producciéon de membranas d¢g
mixtas, mediante copolimeros bloque y particulas inorganicas con propiedades ma
Las nanoparticulas poliméricas con diferentes morfologias (lineal, esferas, gug
vesiculas) a partir del copolimero di-bloque: acido polimetacrilico-b-metilmetacrila
sido sintetizadas utilizando una polimerizacion por adicion, fragmentacion y transf
de cadena reversible (RAFT) en etanol a 70°C. La contraparte inorganica, nanog
de Oxido de hierro, ha sido preparada utilizando diferentes estabilizadores

temperaturas para adquirir la carga en la superficie y las propiedades ma
necesarias.La propiedades quimicas de las particulas conducen a la formg
membranas hidrofébicas mediante separacion de fases inducida por no disolvente]
asi como a la formacion de mebranas hidrofilicas utilizando la técnica de recub

por rotacion simple de las particulas mediante autoensamblaje inducid

polimerizaciéon. Mediante un estudio experimental detallado de la filtracion

membrana, la influencia de diferentes parametros en el rendimiento del procesd
analizado en presencia y ausencia de campo magnético. Finalmente, el ensucia
la membrana han sido estudiadas utilizando una disolucion de proteinas. Asim
rendimiento de la membrana ha sido examinado en presencia de campo magnéti
como resultado una disminucién en el ensuciamientode la membrana. Estos rg
confirman que estas nuevas membranas poseen altas prestaciones en el

tecnologia de membranas.




Palabras clave: Membranas de matrices mixtas, copolimero di-bloque, autoeng

inducido por polimerizacion, degradacion/saturacion de la membrana, me

magnéticas
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Wei Sunet al. [23] used a similar technique for preparation of composite membrane
with PSh-P2VP selective layer. Instead of annealing with TCE vapor, the film was
annealed with chloroform vapor to achieve the perpendicular alignment of P2VP
cylinders. Once again the sacrificial silicon oxide layer was dissolved in HF, allowing
the complete exfoliation of the block copolymer layer from the substrate. A
macroporous PVDF membrane was used as support, forming a bilayered composite
membrane upon drying in air. The block copolymer film transferred on the PVDF
substrate was immersed in ethanol at 50 or 60°C followed by air drying at room
temperature to induce the transformation of P2VP cylinders to pores. To avoid defects
on the bottom surface of the membrane, PS-OH was grafted on silicon wafer. By doing
so the formation of a wet P2VP layer was prevented, due to the strong interaction
between the polar P2VP and the hydroxyl groups on the surface of the silicon substrate.
The resulting membrane was highly permeable. The schematic representation of this

system is shown in Figure 1.1.3.



Swelling induced morphology methodology. Reprinted with permission from Ref. 23.

1.1.2.3 Self-assembly with morphology reconstruction (swelling induced

morphology)

Wanget al.[17] demonstrated how swelling of polymer could be used in synthesis of
porous film. To allow swelling-induced pore-forming morphology, the non-swollen
blocks of the copolymer should be in their glassy state at the swelling temperature. This
allows the system to keep its overall structure stable. When the block copolymer
particles are exposed to solvent, the solvent will diffuse through the thin corona towards
the core of the particles. Because of the strong interaction between core and the solvent,
the macromolecular chains of the core will stretch increasing the core volume. These
expanded/ swollen cores will be encapsulated in glassy corona which will exert the
pressure on swelling cores making it undergo a plastic deformation. When the exerted
pressure exceeds the tensile strength of the corona, the micelle corona will rupture and
the core will be exposed to the solvent. As solvent evaporation continues the deformed
structure of the non-swollen matrix is fixed and the swollen core forming block will
collapse on the matrix walls, forming pores. In such a system the main factor is the
solvent used in the swelling step. The affinity of the solvent and the blocks of the
copolymer is the determining factor. There should be a strong difference in the
selectivity of the swelling solvent toward the two blocks. This large affinity difference

will allow a selective swelling in the polymeric domains while the matrix stays intact.



prepared of block copolymer- metal

hybrid membranes aspresented in Figure 1.1.4.

Figure 1.1.4. Nondestructive preparation of nanoporous metal membranes with bicontinuous
morphology by replication of nanoporous membranes consisting of recyclable asymmetric BCPs (green,
glassy matrix of the BCP; red, swellable component of the BCP; yellow, deposited metal). Reprinted
with permission from Ref. 24.

In the Figure 1.1.4, the swollen induced morphology is presented, followed by an
electro-deposition of a metal on the conductive substrate. Fig. 1.1.4a-c illustrates the
principle of the swelling induced pore formation. In the first step spherical or cylindrical
domains BCP are swollen with a selective solvent (Fig.1.1.4a). This results in an
increase in the volume due to the solvent uptake. The glassy outer layer would resist
the swelling resulting in fractures (Fig.1.1.4b)e swelling minority component would

then be pushed outwards by the solvent, forming a continuous layer at the surface
connected to the continuous network of the swollen domains within the membrane. At
this stage the solvent evaporates inducing the swollen block to collapse. This collapse
creates nano-pores with walls consisting of the collapsed blocks formed in the place of
the swollen minority domains (Fig. 1.1.4¢he collapse of the surface layer consisting

of the swellable minority component on top of the membrane leads to the formation of
an open nano-pore system when exposed to ambience. If a conductive substrate is then
metals could be deposited on the continuous nanoporous system by electro deposition

(Fig. 1.1.4d). Finally, reverse replicas of the nanoporous BCP membranes were
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Meyeret al?®**used Ni/Fe
NPs in cellulose acetate membrane for trichloroethylene (TCE) degradation which
explained in the later section of Bi-nanoparticles use in MMMs preparddionet
al.* produced a cationic exchange membrane (CEM) by incorporating zero valent Iron
particles (ZVI) with size varying from 30-40 nm. The removal of trichloroethylene was
carried out by sorption on the membrane and degradation by the immobilized ZVI.
About 36.2 mg/L of TCE was removed within 2 h of experiment, and the adsorption
capacity increased by 2 to 3 times by low metal loading (ca. 6.5 mg/L) as compared to

higher loading of metal.

Xu et al* encapsulated Iron NPs in poly(vinyl pyrrolidone) (PVP) nanofibrous
membranes by an electrospinning technology to achieve a catalytic activity for
groundwater purification. The composite fibers are fragile with a diameter of about 500
nm containing evenly distributed Iron NPs which reduced the oxidization of Iron
because of encapsulation. The catalytic activity was studied using bromate solutions
exhibiting about 90% of retained activity compared to bare NPs.

Tonget al*” used the E©sto make mixed matrix membranes with nylon matrix and
used them for filtration of ground water contaminated with nitrobenzene showing
38.9% decrease in nitrobenzene concentration in 20 min of filtration. This is due to the
reduction reaction carried out by embedded Iron NPs following pseudo-first-order
kinetics.

Daraei et al*®*° prepared a novepolyethersulfone (PES) and self-produced
polyaniline/iron(ll, lll)oxide nanoparticles by phase inversion method. The membranes
with 0.01, 0.1 and 1 wt% Iron NPs were produced where the membrane with 0.1 wt%
shown higher removal which is mainly due to the smoother surface of the membrane
because of even distribution of the particles which reduced the pore size. The 0.01 wt%
concentration was very less, and the above concentrations increased the surface
roughness by accumulation and agglomeration of NPs. The higher level mainly
produced the hunks since the distance between the NPs is very less. So the even
distribution created the well accessible active site for copper ion adsorption. The Table

1.2.3 shows the roughness, water content and the porosity of the hybrid membrane.



Gholami et al® used (polyvinyl chloride-blend-cellulose acetate/iron oxide
nanoparticles) nanocomposite membranes for lead removal from waste water. To
change the hydrophobicity of the membranes, they used a different concentration of
cellulose acetate like 2.5, 5, 7.5, 10, 15, 25, 50, and 75 wt% where 10% of CA was
picked as best concentration. The membranes containing 0.01, 0.1 and 1 wi@xof Fe
were used to improve membrane rejection. A membrane with 0.1%z0f Eeowed

better flux and rejection compared to others. As the amount of Iron NPs was increased
the number of channels across the cross section was increased. As nanopatrticles loading
was increased, NPs started accumulation creating hunks in the membranes structure
which has then reduced the salt rejection. 0.01 and 0.1% of NPs in membrane shown
100% rejection of the lead by the membrane. The membrane water content was
increased as NPs concentration raised to 0.1% and when it reached 1 wt%, the moisture
content shown decline trend because of filling of cavities in the membrane by NPs
decreasing the free available void which will also affect the mechanical strength of the
membrane.

Ghaemiet al®! reported a surface modification of:Ba nanoparticles by immobilizing

silica, metformine, and amine. Mixed matrix PES nanofiltration membrane was
prepared by embedding various concentrations of the modifiefDsFbased
nanoparticles as shown in Figure 1.2.6. The MMMs showed increase water flux because
of changes in the mean pore radius, porosity, and hydrophilicity of the membranes. The
copper adsorption capacity was dramatically increased because of improved
hydrophilicity and also the presence of nucleophilic functional groups on nanopatrticles.
The membrane fabricated with 0.1 wt% metformine-modified silica coate@sFe

nanoparticles showed the highest copper removal (about 92%) due to high affinity in



One more strategy to enhance the properties of MMMs is to incorporate bimetallic
particles instead of single one. There is some literature detailed below where the
bimetallic approach was usedMeyer et al?® used Ni/Fe NPs in cellulose acetate
membrane for trichloroethylene (TCE) degradation. Phase inversion method was used
for the synthesis of membrane containing NPs with size 24 nm. 75% reduction of TCE
was achieved by use of 31 mg (24.8 mg Fe, 6.2 mg Ni) of NPs with ratio 4:1 for 4.25
h. The films had a permeability of approximately 3*tth s* bar. The degradation
reaction followed pseudo-first order kinetics. There was minimal leaching of NPs into
surrounding solution during cleaning.

Wanget al®? hydrophilized the PVDF MF membranes with the mixture of polyvinyl
alcohol (PVA), glutaraldehyde, and polyethylene glycol (PEG) containing Pd/Fe
nanoparticles. The membrane-supported Pd/Fe NPs shown high reactivity in the
dechlorination of trichloroacetic acid (TCAA). The effects of parameters like Pd

content, Pd/Fe NP loading, and the preservation time of Pd/Fe NPs on the



Later Wuet al?’ used the combination of Pd/Fe for degradatiotriohloroethylene

(TCE) from water using MMMs from cellulose acetate. Solution mntoemulsion
techniques were used to synthesizeitbe nanoparticles. Pd/Fe bimetallic particles
were prepared by post-coating Pd on the prepared metal nanoparticles and then blended
with CA. The Pd/Fe shown size of 10 nincomparative study for the Pd/Fe (Pd 1.9
wt%) nanoparticles from solution and microemulsion methods showed that the
nanoparticles synthesized from microemulsion technique shown good behavior for the
dechlorination of TCE. The studies of TCE degradation revealed that the ratio of the
initial TCE concentration to the Pd/Fe particle loading had a significant influence on
the observed reduction rate constant when a pseudo-first-order reaction model was
used.

Parshettiet al®>® used the Fe/Ni nanoparticles immobilized in nylon 66 and PVDF
membranes used for dechlorination of trichloroethylene (TCE). The particle sizes of
Fe/Ni in PVDF and nylon 66 membranes were 81 and 55 nm with the Ni layers of 12
and 15 nm, respectively. Little agglomeration of immobilized Fe/Ni nanoparticles in
nylon 66 membrane was observed. Quick hydrochlorination of TCE with ethane as the
primary end product was followed by the immobilized Fe/Ni nanoparticles with
pseudo-first-order Kinetics. When Ni loading was increased from 2.5 to 20 wt%, the
dechlorination rate was increased with 16 cycles of a lifetime for the catalytic activity
of NPs.

Gohariet al® Used Fe/Mn NPs in PES matrix to form MMMs for the adsorptive
elimination of arsenic. The casting solution consisting of Bimetal concentration varying
from O to 1.5 was used. In this work, ultrafiltration (UF) mixed matrix membranes
(MMMs) composed of polyethersulfone (PES) and Fe/Mn binary oxide (FMBO)
particles. The increase in FMBO ratio resulted in an incline in membrane water flux
mainly due to the increase in contact angle, surface roughness and grown in some pores
as shown in SEM picture below (Figure 1.2.7) with its composition mentioned in Table
1.2.4. The best performing membrane structure was fixed to 1:5:1 for Fe-Mn-PES

showing a water flux of 94.6 |t at 1 bar of pressure with arsenic removal capacity



Figure 1.2.7.SEM photographs of the cross section (numbered as 1) and the top surface (numbered as
2) of membranes prepared from different FMBO/PES ratios (a) MO, (b) MO0.5, (¢) M1.0 and (d) M1.5
membrane. (Reprinted from Gohatial, Separation and Purification Technology 118 (2013Y&%

Table 1.2.4.Composition and viscosity of casting dope.



Casting membrane containing magnetic INPs under magnetic field

Daraeiet al*® used three different types of INPs as filler to create MMMs with PES
matrix in N, N-dimethylacetamide (DMAc). The used fillers were nealOke
polyaniline (PANI) coated BE®s and FeOs coated multi-walled carbon nanotube
(MWCNT). The effects of casting under magnetic field on the membrane structure and
performance were investigated along with the fouling performance of the membranes.
The magnetic field casting (0.1 T) improved water flux of the different mixed matrix
membranes around 15%, 29% and 96% faORMMWCNT-PES, PANI-FeO4+-PES,

and FeO4+-PES, respectively. PANI/B@®4+ mixed membranes showed high
hydrophilicity which has improved the antifouling properties. Magnetic treated

PANI/FesO4/PES mixed matrix resulted in better membrane performances offering









acrylic acid polymerization and
embedded in PAA matrix as cation exchange membranes in THF solvent with cation
exchange resin powder as functional group agent. The membrane water content was
decreased from 30 to 17 % by an increase of nanoparticle content ratio along with
enhancement in membrane hydrophilicity. When NPs load rose to 0.5 wt%, membrane
ionic flux and permeability were enhanced which is then decreased as loading increased
to 4 wt%. Membrane overall electrical resistance was reduced up to 0.5 wt% of NPs
loading and then shown the increasing trend. The prepared membranes showed higher
selectivity and low ionic flux at neutral condition compared to other acidic and alkaline
conditions
AL-Hobaib et al®® used magnetite iron oxide nanoparticle$€&0s) with size of 10
nm in mixed matrix reverse osmosis membrane that was synthesized by interfacial
polymerization technique from Polysulfone network. The concentration of embedded

NPs varied from 0.1 to 0.9 wt% which increases the hydrophilicity of the membrane.



Figure 1.2.11 The flux and contact angle variation with NPs loadiRgqrintedfrom Hobaib et
al.,Materials Science in Semiconductor Processing 42(2016)107

1.2.6 Silver nanoparticles as filler

The antimicrobial properties of Silver, made them very attractive and got demand in
industry, food, and medicird They are embedded in packaging material as sensors to
track their lifetime, as a food additive and as juice clarifying atfént2005, Bakalgina

et al®® synthesized the silver membrane for antimicrobial studies and described the
effect of the use of Polyvinylpyrrolidone and poviargol on the preparation of silver
membranes.

Braudet al®* manufactured a bacterial cellulose based silver membrane with a silver
particle diameter of 8 nm by soakidgetobacter xylinunculture in silver solution.
Hydrolytic decomposition of Agriethanolamine (Ag-TEA) compounds in aqueous
solutions at around 50 was formed Ag and AgO thin films. TEA acts as a tridentate
ligand through two of the three hydroxyl OH groups together with the amine N atom.
Ag" is reduced to AgDand once these particles were formed, they act as a catalyst for
the reduction of the remaining metal ions present in the bulk solution leading t0 Ag0

cluster growth



In literature some examples on the electrospun silver
membrane are reported. &al® prepared Ag/poly(vinyl pyrrolidongPVP) ultrafine
fibers electrospun from the P\8®lutions containing Ag NPs directly or a reducing
agent fotthe Ag ions. Hongt al® reported that PVA ultrafinfoers containing AgNPs
were prepared by electrospinninfy PVA/silver nitrate (AgNQ@) aqueous solutions,
followed by heat treatment. Dong et®alhad demonstrated in situ electrospinning
method tofabricate semiconductor (A§) nanostructure on the outarrfaces of PAN
nanofibers. Later A Jingt al®® synthesized chitosan-poly(ethylene oxide) fibers
containing silver NPs by electrospinning in combination with an in-situ chemical
reduction of Ag ions. The technique distributed the silver particles evenly in the matrix
and the Ag-O bond made the tight interaction between NPs and the matrix. The
membrane showed fantastic anti-microbial properties.
Bidaultet al??%” used the silver nanoparticles based alkaline fuel cell where silver act
as an excellent substrate because of its good electrocatalytic action, a mechanical
support and also for its ability to collect the current. The silver based membrane showed
the high active surface area of 0.&yrh which resulted in the excellent electrochemical
performance of 200 mA.cfat 0.6 V and 400 mA.ctat 0.4 V in the presence of 6.9
M potassium hydroxide solution. Figure 1.2.12 shows the optical and SEM images of
the membrane. Later they modified the membrane by adding catalyst Winéh
increased the cathode activity. The modified membrane shown the right results on
electrochemical performance which is found to be 55 m&.an0.8 V, 295 mA.cr
at 0.6 V and 630 mA.crat 0.4 V in presence of 6.9 M potassium hydroxide solution.
The reason behind the improved electrical performance was due to the increase in

hydrophobicity of the membrane because of the addition of catalyst.
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PMAA 27 10 50 88.0 44 Soluble
PMMA 5o

PMAA 27 10 100 86.0 35 0.12 S
PMMA 100

PMAA 27 10 150 92.0 138 136 0.38 S
PMMA 150

PMAA 27 10 200 93.0 186 195 0.12 | S+SW+V
PMMA 200

PMAA 27 10 250 87.2 218 118 0.12 \Y
PMMA 250

PMAA 27 10 300 89.6 269 169 0.15 \Y
PMMA 300

PMAA 27 12.5 100 87.0 87 33 S
PMMA 100



PMAA 27 12.5 175 90.8 159 124 0.23 | S+SW+V
PMMA 175

PMAA 27P 12.5 225 88.8 200 134 0.18 | S+SW+V
MMA 225

PMAA 27 S) 50 82.0 41 Soluble
PMMA so

PMAA 27 15 100 86.0 36 0.05 S
PMMA 100

PMAA 27 15 150 86.7 130 101 016 S+SW
PMMA 150

PMAA 27 15 200 97.0 194 103 0.19 S+SW
PMMA 200

PMAA 27 15 250 92.0 230 126 \Y
PMMA 250

PMAA 27 20 75 89.3 67 32 S
PMMA 75

PMAA 27P 20 125 92.0 115 0.18 S+SW
MMA 125

PMAA 27 20 200 86.0 172 121 0.36 S+SW
PMMA 200

PMAA 27 20 250 83.6 209 141 0.14 W+V
PMMA 250

PMAA 27 20 300 97.0 291 121 0.16 \Y
PMMA 300

PMAA 27 25 75 92.0 32 0.03 S
PMMA 75



PMAA 27 25 125 84.8 106 0.28 S+SW
PMMA 125

PMAA 27 25 200 93.5 187 182 0.32 S+SW
PMMA 200

PMAA 27 25 275 91.2 251 91 0.12 \Y
PMMA 275

PMAA 27 30 75 89.3 67 28 0.12 S
PMMA 75

PMAA 27 30 125 87.2 109 85 0.18 S+SW
PMMA 125

PMAA 27 30 200 92.5 185 136 0.23 S+SW
PMMA 200

PMAA 27 30 250 91.2 228 111 0.33 W+V
PMMA 250

PMAA 27 30 300 93.0 279 91 0.16 \Y
PMMA 300
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D E G

PMAA 47 10 75 72 Soluble
PMMA 75

PMAA 47 10 150 94.6 142 Soluble
PMMA 150

PMAA 47 10 200 94.5 189 41 S
PMMA 200

PMAA 47 10 250 95.2 238 201 0.32 S+SW
PMMA 250

PMAA 47 10 300 94.6 284 189 0.18 S+SW+V
PMMA 300

PMAA 47 10 375 98.1 368 271 0.24 SEARY
PMMA 375



PMAA 47 12.5 150 145 Soluble
PMMA 150

PMAA 47 12.5 200 192 39 0.15 S
PMMA 200

PMAA 47 12.5 250 95.6 239 121 0.31 S+SW
PMMA 250

PMAA 47 12.5 300 96.3 289 196 0.22 S+SW+V
PMMA 300

PMAA 47 15 50 48 Soluble
PMMA 5o

PMAA 47 15 150 88.6 133 35 S
PMMA 150

PMAA 47 15 225 91.1 205 42 0.18 S
PMMA 225

PMAA 47 15 275 92.7 255 141 0.36 S+SW
PMMA 275

PMAA 47 15 300 99.3 298 128 0.14 W
PMMA 300

PMAA 47 15 350 98.0 343 168 0.31 W+V
PMMA 350

PMAA 47 17.5 50 48 Soluble
PMMA so

PMAA 47 17.5 150 79.3 119 33 S
PMMA 150

PMAA 47 17.5 225 91.5 206 141 0.32 S+SW
PMMA 225



PMAA 47 17.5 300 91.0 273 189 0.28 W
PMMA 300

PMAA 47 17.5 400 92.0 368 102 0.15 \Y
PMMA 400

PMAA 47 20 125 84.0 105 Soluble
PMMA 125

PMAA 47 20 175 81.1 142 41 0.1 S
PMMA 175

PMAA 47 20 225 94.2 212 142 0.38 S+SW
PMMA 225

PMAA 47 20 300 92.0 276 158 0.24 W
PMMA 300

PMAA 47 20 400 89.7 359 148 0.16 \Y
PMMA 400

PMAA 47 25 150 79.3 119 35 0.17 S
PMMA 150

PMAA 47 25 225 92.4 208 147 0.24 S+SW
PMMA 225

PMAA 47 25 275 934 257 182 0.38 W
PMMA 275

PMAA 47 25 350 90.8 318 186 0.19 W+V
PMMA 350

PMAA 47 27.5 75 74.6 56 Soluble
PMMA 75

PMAA 47 27.5 150 81.3 122 38 0.07 S
PMMA 150

PMAA 47 27.5 225 92.0 207 153 0.28 S+SW
PMMA 225



PMAA 47 27.5 350 315 193 0.32 W+V
PMMA 350

PMAA 47 30 100 61.0 61 Soluble
PMMA 100

PMAA 47 30 150 78.0 117 41 0.10 S
PMMA 150

PMAA 47 30 225 84.0 189 47 0.12 S
PMMA 225

PMAA 47 30 275 88.3 243 171 0.31 S+SW
PMMA 275

PMAA 47 30 325 91.1 296 187 0.32 W
PMMA 325

PMAA 47 30 400 92.2 369 120 0.12 \Y
PMMA 400
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made from P$®-P4VP

featuring anti biocidal characteristics.

In our previous chapter, we have demonstrated that mixed matrix membrane could be
prepared from PMAA-b-PMMA patrticles of different morphologies (spheres, worms, and
vesicles) synthesized via polymerization induced self-assembly (PISA) and iron oxide
nanoparticles coated with quaternized poly(2-dimethylamino)ethyl methacrylate. We also
demonstrated that the added amount the inorganic sols with positive surface charge, as well

as the pH values, play a crucial role in the mechanical stability of the prepared membranes.

In this work, we demonstrate that a straightforward linear diblock copolymer of
poly(methacrylic acid)-b-(methyl methacrylate)(PM&&-PMMAsg; Mw/Mn= 1.02 M=

10.1 kg/mol) along with iron oxide nanoparticles could be used in the preparation of mixed
matrix membranes with magnetic properti®gell-defined linear diblock copolymers
based on poly(methacrylic acipoly(methyl methacrylate) (PMAA-PMMA) are
synthesized by RAFT controlled polymerization and the iron-oxide cores coated with
poly(methacrylic acid), quaternized poly(2-(dimethylamino) ethyl methacrylate and meso-
2, 3-dimercaptosuccinic acid using different synthetic routes. The membranes were
prepared from casting solutions containing the diblock copolymer in a good solvent (THF)
and the iron oxide nanoparticles in water. Membranes were cast using either traditional
tape casting or spin coating methods. The resulting mixed matrix membranes are fully
characterized by SEM, TEM, EDX and water filtration tests.

4.2 Experimental

Synthesis of poly (methacrylic acid) macro chain transfer agent (PMA4)

A typical synthesis of PMAA macro-CTA was conducted as follows: Methacrylic acid
(MAA; 5 g; 58.07 mmol), 4-Cyano-4-(phenylcarbonothioylthpentanoic aci§324.5 mg;

1.16 mmol) 4, 4’-azobis (4-cyanovaleric acid) (32.55 mg; 0.12 mmol; CTA/ACVA molar
ratio = 10.0) was dissolved in ethanol (5.0 g). The sealed vessel was purged with nitrogen
for 30 minutes and placed in a pre-heated oil bath at 70 °C for 6 h. The polymerization was

quenched by cooling the reaction mixture to 20 °C and subsequently exposing the mixture









vibrating sample magnetometer (VSM, Lake Shore

7410) operating at room temperature and 2 Tosla






@.@femu/g and coercivity of

Oe (Fig. S2). These particles bare negative surface charge due to the prese

polymethacrylic acid groups on their surface (Fig. S2E). W

ghtuaatio
10.1 emu /g and coercivity of 4.9 Oe (Fig. S3). These particle

positive surface charge due to the presence of the quaternized amine groups on th{

(Fig. S3E). The third type of the iron oxide nanoparticles, were prepared

tiigh-temperature (280 °
procedure as explained b The resulting nanoparticles had

7.0 Oe (Fig. S
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Iron Nanoparticles
coated with PMAA,

Sl

, the casting solutions were prepared in the absence of the inorganic p

Control membranes were prepared by casting these solutions containing 4f

PMMAG&s9 (20 w/w %) with different amounts of water (6-1L..0 mL). We were expecti

to have hydrophilic membranes due to the presence of the PMAA block that is sd

THFE: HO

characteristic with high contact angles between 100 and 123 degrees (Fig.

mixture. But to our surprise, the membranes exhibited hydroy

which block formed the corona of the particid$ NMR studies were carried out. 0.5

of 20 w/w % diblock copolymer in deuterated THF was titrated with deuterium

Proton signals were recorded after addition of every 0.025 mk®f Bs shown in Figu

1, after addition of 0.3 mL of D the characteristic signal of PMMA (3.5 ppm) as we

the signals of the RAFT agent (7-8 ppm) was still visible. This meant that the hydr

particles instead of the hydrophilic H

PMMA chains were forming the corona of the

A possible explanation for this could be as follows; both blocks forming the d

copolymer were soluble in THF. As water was added, some of the methacrylic aq
got deprotonated (since the pH of the used water was above the pKa of the polymg

acid; 6.1). The introduced negative charge (due to deprotonation of the acid gro

















































































































































































































































































































































































































































