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EFFECT OF SONOCHEMICAL SYNTHESIZED
TIO, NANOPARTICLES AND COAGULATION
BATH TEMPERATURE ON MORPHOLOGY,
THERMAL STABILITY AND PURE WATER
FLUX OF ASYMMETRIC CELLULOSE
ACETATE NANOCOMPOSITE MEMBRANES
PREPARED V/A PHASE INVERSION METHOD

In this study, asymmetric pure CA and CA/ TiO» nanocomposite membranes
were prepared via phase inversion by dispersing TiO» nanoparticles in the CA
casting solutions induced by immersion precipitation in water coagulation bath.
TiO> nanoparticles, which were synthesized by the sonochemical method,
were added into the casting solution at different concentrations. Effects of TiO>
nanoparticles concentration (0, 5, 10, 15, 20 and 25 mass %) and coagulation
bath temperature (CBT, 25, 50 and 75 °C) on morphology, thermal stability and
pure water flux (PWF) of the prepared membranes were studied and dis-
cussed. Increasing TiO» concentration in the casting solution film along with
higher CBT resulted in increasing the membrane thickness, water content
(WC), membrane porosity and pure water flux (PWF). Also, these changes
facilitate macrovoids formation. Thermal gravimetric analysis (TGA) shows that
thermal stability of the nanocomposite membranes was improved by the addi-
tion of TiO» nanoparticles. Furthermore, TGA results indicated that increasing
CBT in each TiO» concentration leads to the decreasing of decomposition

Nowadays membrane processes are required
for a wide spectrum of separations including supply of
high-quality water for domestic and industrial de-
mands to obtain high-grade products and removal or
recovery of toxic or valuable components from va-
rious industrial effluents [1-4]. The phase inversion
process induced by immersion precipitation is an illus-
trious technique to prepare asymmetric polymeric
membranes [5-10]. In this technique, a cast film con-
taining a polymer and its appropriate solvent is im-
mersed into a coagulation bath containing a non-sol-
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vent (material with high and low affinity to the solvent
and the polymer, respectively). Then precipitation
starts due to the low miscibility between the polymer
and the non-solvent. Simultaneously, the high misci-
bility between the solvent and the non-solvent causes
their diffusional flow (the exchange of solvent and
non-solvent) in several points of the film top layer and
the film sublayer which subsequently leads to for-
mation of nuclei of polymer-poor phase. In fact, the
low affinity between polymer chains and water mole-
cules, at points that water molecules diffuse, results in
repelling of the polymer chains and consequently for-
mation of nuclei of polymer-poor phase. Due to con-
tinuation of the diffusional flow of solvent and non-
solvent, the mentioned nuclei continue to grow until
the polymer concentration at their boundaries be-
comes too high so that solidification occurs (demixing
process completes) [2,5].
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A wide range of parameters have been checked
concerning the membrane formation mechanism and
consequently the membrane morphology and perme-
ability such as polymer concentration in casting solu-
tion [11], type of solvent/non-solvent pair [12], cast
film thickness [13], presence of certain additives [14],
coagulation bath temperature [15], addition of nano-
particles [16] and presence of some other solvents
[17]. It seems that the above parameters have signi-
ficant effects on the instantaneous/delayed demixing
process that takes place in the coagulation bath
during the membrane formation process.

Nanocomposite membranes are formed by the
addition of inorganic oxide particles in micrometer as
well as nanometer sizes to the polymeric casting so-
lution or by /n situ generation. Over the past few
years, such types of membranes have received much
interest in the relevant membrane processes such as
reverse osmosis [18], pervaporation [19], ultrafiltration
[20] and nancdfiltration [21]. Few researchers have in-
vestigated the blend of organic polymer with inorganic
materials like alumina, titania, silica, etc. [22-24].

Among different metal oxide nanoparticles, TiO,
had received the most attention because of its sta-
bility, availability, and promise for applications such
as medicine [25], catalysis and photocatalysis [26,27],
battery [28] etc. Hence, it is of great importance to
improve the preparation method of nanocrystalline
TiO,. Up to now, the methods for preparing nanome-
ter TiO, can be summarized as follows: sol-gel me-
thod [29], vapor decomposition of titanium alkyloxides
or TiCl, in oxygen [30], hydrothermal technique [31],
reversed micelle method [32], and oxidation of
metallic Ti powder [33]. Sonochemistry, by which
influential ultrasound is used to inspire chemical pro-
cesses in liquids, is currently the focus in a wide
range of chemical materials science and technology,
since it causes novel chemical reactions and physical
changes which do not occur unless sonically inspired.
Now, different nanostructured oxides can all be pre-
pared by using high-intensive ultrasound [34]. As a
result, ultrasonic assisted-method can be desirable
for synthesis of different kinds of metal oxides such
as TiO,, Si02, A|203 and CuO.

In the present study, TiO, nanoparticles were
first synthesized via sonochemical methods. Then,
TiO, nanoparticles were added at concentrations from
5 to 25 mass% to the casting solution. Each casting
solution was immersed in three coagulation baths at
temperatures of 25, 50 and 75 °C to prepare new
CA/TiO, composite membranes. Effects of TiO, nano-
particles and coagulation baths temperature on pre-
pared membranes were investigated by SEM, XRD,
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TGA, WC, membrane porosity, membrane mean pore
diameter and PWF tests.

MATERIALS AND METHODS

Materials

Tetraisopropyl titanate (TIPT) with analytical
purity of 99.5% (Merck), ethanol (analytical grade,
Merck) and de-ionized water were used without addi-
tional purification for synthesis of TiO, nanoparticles.
CA with an average molecular weight of 30,000 g/mol
(Aldrich) was used as the polymer forming mem-
brane. The solvent used was 1-methyl-2-pyrrolidone
(NMP) with an analytical purity of 99.5% (Merck).
Distilled water was used as the non-solvent agent.

Synthesis of TiO, nanoparticles

TiO, nanoparticles were synthesized by the
hydrolysis of tetraisopropyl titanate (TIPT) in the pre-
sence of de-ionized water, ethanol, and acetic acid as
a dispersant under ultrasonic irradiation (24 kHz, 300
W/cm?). In a typical synthesis, 150 ml of de-ionized
water mixed with acetic acid (0.15 ml) and sonicated
in a sonication cell. Then a mixture of TIPT and etha-
nol was injected drop-wise into the aqueous solution
in 3 min. The water-to-TIPT and water-to-ethanol
ratios were 75 and 25, respectively. The mixture was
sonicated continuously under ambient air for 3 h. The
sonication was conducted without cooling so that the
temperature was raised from 25 to 78 °C at the reac-
tion end. The obtained precipitates were separated by
centrifugation (12,000 rpm in 30 min) and washed
with de-ionized water and ethanol several times. The
product was dried at 60 °C for 24 h.

Membrane preparation

CA/TiO, flat sheet membranes were prepared
by the phase inversion method. Figure 1 shows mem-
brane formation process in the coagulation bath. A
casting solution was prepared by the addition and
dispersion of TiO, nanoparticles in NMP, then dis-
solving the CA (17.5 mass%, by weight of the so-
lution) in the mixture at room temperature. For the
nanocomposite membranes (CA/TiO,), at first TiO,
nanoparticles were mixed with NMP and stirred for 4
h to ensure homogeneous spread of the nanoparti-
cles. The mixture was sonicated for 5 min in a so-
nication cell. Then CA was added to the initial mixture
in three 30-min intervals and dissolved in the solvent.
Special care was taken to ensure the homogeneous
dispersion of the TiO, nanoparticles. The concentra-
tion of TiO, added to CA was varied from 0 to 25
mass%. Table 1 shows the composition and CBT for
each solution. In order to obtain optimal dispersions
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Figure 1. Membrane formation process.
Table 1. Solution compositions and CBTs of each membrane
Polymer content (17.5 mass%)
Membrane code Solvent (mass%) NMP - CBT, °C
CA TiO,

M1 82,5 100 0 25
M2 100 0 50
M3 100 0 75
M4 95 5 25
M5 95 5 50
M6 95 5 75
M7 90 10 25
M8 90 10 50
M9 90 10 75
M10 85 15 25
M11 85 15 50
M12 85 15 75
M13 80 20 25
M14 80 20 50
M15 80 20 75
M16 75 25 25
M17 75 25 50
M18 75 25 75

of the particles in the polymer solutions, agitation was
required for at least 24 h. The casting solutions were
then kept for 24 h to remove air bubbles. After that the
casting solutions were cast on a glass plate using a
film applicator in a thickness of 200 pum. The cast
films were subsequently immersed in a distilled water
in 25, 50 and 75 °C baths to complete the phase
separation, where exchange between the solvent
(NMP) and the non-solvent (distilled water) was in-
duced. Finally, the membranes were heat-treated in a
de-ionized water bath at 50 °C for 20 min to remove
the excess NMP. The synthesized membranes were
kept in a container of de-ionized water to be ready for
characterization.

Size analysis of TiO, nanoparticles

For analyzing the particle size of TiO,, a particle
size analyzer (SALD-2101) was used. The size of
TiO, nanoparticles was also investigated by transmis-

sion electron microscopy using a PHILIPSEM208S-
100KV TEM.

Membrane characterization
Scanning electron microscopy (SEM)

The membranes were snapped under liquid nit-
rogen to give a generally consistent and clean cut.
The membranes were then sputter-coated with thin
film of gold and mounted on brass plates with double-
sided adhesive tape in a lateral position. Cross-se-
ctional images of the membranes were obtained with
a CamScan SEM model MV2300 microscope.

XRD Analysis

For CA membrane, CA/TiO, nanocomposite
membrane and TiO, nanoparticles, X-ray diffraction
patterns were obtained with an X-ray diffractometer
(D/max-rB 12 kW Rigaku, Japan; 45 kV, 40 mA)
operated at 50 mA and 50 kV from 108 to 808.
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Thermal gravimetric analysis (TGA)

The thermal degradation was conducted by ther-
mal gravimetric analysis (TGA-50, shimadzu). 25 mg
of sample was loaded in a pre-tarred platinum pan
and pre-heated above 120 °C to remove moisture.
After cooling, the sample was reheated from 25 to
700 °C at a rate of 10 °C/min.

Water content (WC)

Water content of the membranes was obtained
after soaking membranes in water for 24 h and the
membranes were weighed followed by mopping it
with blotting paper. The wet membranes were placed
in vacuum drier at 75 °C for 48 h and the dry weights
of the membranes were determined [35]. The percent
of water content was calculated using the equation:

WC%:waO (1)

wet

Membrane porosity

Membrane porosity was measured in the me-
thod of dry-wet weight, which was determined accord-
ing to a procedure reported by Chen et a/. [36]. The
porosity £ (%) of the membranes was determined ac-
cording to Eq. (2) [37]:

W..—-W, )/
g% - ( wet dry) pwater % 1 00 (2)
(Wwet - V,/dn/) / pwater + V'/dry / pwater
Pure water flux (PWF)

The PWF measurement was carried out in a
batch mode. A flat-sheet membrane module made
from stainless steel was used in the experiments. The
effective area of the membrane in the module was 39

cm? The schematic representation of the setup is
shown in Figure 2. PWF experiments were run at a
transmembrane pressure of 1 bar with the following
equation:

Q

PWF =—_

AAT ©)

where Q is the quantity of the permeate (L), A is the
membrane area (m?), and Atis the sampling time (h).

Membrane mean pore diameter

The membrane mean pore diameters were mea-
sured by the water flow rate method. The mean pore
diameter of the total membrane was calculated by the
following equation:

r:\/(2.9—1.75€)><877/J @

cAAP

where ¢ is the membrane porosity (%), /is the mem-
brane thickness (m), 7 is water viscosity (Pa s), Jis
the pure water flux (ms), A is the effective mem-
brane area (m?) and AP is the transmembrane pres-
sure (Pa).

RESULTS AND DISCUSSION

Size analysis of TiO, nanoparticles

The result of the particle size analyzer evalua-
tion of the TiO, nanoparticles is shown in Figure 3a. A
mixture of distilled water and ethanol (80 mass% H,O
+ 20 mass% CH3;CH,OH) used as a solvent for the
determination of particle size distribution. As Figure 3a
shows, the average particle size of TiO, was equal to
62 nm. Transmission electron microscopy (TEM) was

Retentate
| bypass 3
/ P 5 Pout
6
= 3 4 4 3
=
=
@
g
g
h 3 Q
1. Feed tank 4. Pressure guage
2. Pump 5. Membrane cell
3. Valve 6. Membrane

Figure 2. Schematic diagram of the experimental setup.

388



R. ABEDINI, S.M. MOUSAVI, R. AMINZADEH: EFFECT OF SONOCHEMICAL SYNTHESIZED TIO,.. CI&CEQ 18 (3) 385-398 (2012)

100 CNSSCHCN SRR § CHCH N WO |

90 |
80 || Mean Particle Size: 62 nm

70
60

S0

(a) 150 NIM br—

(b)

40 foooeeberb i
30 |-
20 |- 3

10 |.....

Normalized particle size

0.01 0.05 0.1 05 1

Particle diameter (micrometer)

5

Figure 3. a) Particle size distribution and b) TEM image for TiO» nanoparticle produced sonochemically.

used to investigate the particle size of sonochemical
synthesized TiO, nanoparticles and the result is shown
in Figure 3b. The TiO, nanoparticles can be seen in
the form of black spots and the size are about diffe-
rent from 20 to 140 nm. As this figure shows the ave-
rage particle size of TiO,is equal to 62 nm.

Effect of TiO, nanoparticles on membrane
morphology

SEM images were taken to determine the ef-
fects of the TiO, nanoparticles concentration on the
membrane morphology. Figures 4 and 5 depict the
SEM cross-sectional images of the membranes.

Figure 4. SEM Cross-sectional images of the CA and CA/TiO> membranes (M1-M9).
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Figure 5. SEM Cross-sectional images of the CA/TiO, membranes (M10-M18).

Small addition of TiO, nanoparticles to the cast-
ing solution resulted in the formation of membrane
with denser structure. However, higher concentration
of nanoparticles, /e., 20 and 25 mass% resulted in
greater formation of macrovoids and more porous
structure. When the cast film was immersed in the
distilled water bath, precipitation started because of the
low miscibility between the polymer (CA) and the non-
solvent (water). Simultaneously, the miscibility between
the solvent (NMP) and the nonsolvent (water) caused
diffusional flow of the solvent and nonsolvent (ex-
change of solvent and nonsolvent) in several points of
the film top layer and the substrate, which subse-
quently led to the formation of nuclei of the polymer
phase. In fact, the low affinity between the CA chains
and water molecules at points where the water mole-
cules diffused resulted in the repelling of the CA chains
and, consequently, the formation of nuclei of the poly-
mer phase. Because of the continuation of the diffu-
sional flow of solvent from the surrounding cast film,
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these nuclei continued to grow until the polymer con-
centration at their boundaries became so high that so-
lidification occurred (the demixing process was com-
pleted) [38].

The rate of the demixing process affects the
membranes morphology. Instantaneous demixing often
leads to the formation of macrovoids in membrane
structure, whereas slow demixing results in denser
structures. In the case of slow demixing, nucleation
occurs after a certain period of time, and the polymer
concentration increases in the top layer. Then, nucle-
ation starts in the inferior layer at short time intervals
successively. Hence, the size and composition of nu-
clei in the former layer is such that new nuclei are
gradually formed in their neighborhood [39]. In other
words, in slow demixing, free growth of limited nuclei
(on the top layer) is prevented, and a large number of
small nuclei is created and distributed throughout the
polymer film. Consequently, contrary to instantaneous
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demixing, the formation of macrovoids is suppressed,
and denser membranes are synthesized.

In this study, the presence of TiO, nanoparticles
as a hydrophilic additive with nonsolvent properties
[40] increased the thermodynamic instability of the
cast film and, consequently, led to instantaneous de-
mixing in the coagulation bath and, thus, to the forma-
tion of macrovoids in the membrane structure [41].
Hence, the addition of hydrophilic TiO, nanoparticles
caused greater formation of macrovoids and more po-
rous structures. The effect of TiO, nanoparticles on
the structure of two prepared membranes is shown in
Figure 6. This figure shows the structure differences
due to the addition of TiO, nanoparticles from 15 to
20 and 25 mass%, in particular, macrovoids size and
membrane thickness are more obvious.

Effect of CBT on membrane morphology

As mentioned, SEM images were taken in order
to explain the effects of TiO, nanoparticles and CBT
on the membrane morphology. According to Figure 7,
it can be observed that at constant TiO, nanoparticles
concentration (5 mass%), increasing CBT causes for-
mation of macrovoids and more porous structures.
Reduction of CBT (particularly to 25 °C) slows down
growth of limited nuclei formed after immersion of the
cast film into the coagulation bath. This tranquil growth

DET. 52 Dutaciar
WO lddBkom  100em

M1 M15

N WAL 4301
Vep@Tesran  H 2S00

DET. BE Do
WO 1 38683

of primary nuclei, results in formation of numerous nu-
clei in the cast film. The higher number of nuclei along
with intensive reduction of the nuclei growth rate re-
sults in suppression of macrovoids and approximately
formation of denser structures. These observations
are in agreement with the literature [42,43]. In gene-
ral, it can be said that formation of macrovoids occurs
during quick precipitation and the precipitation is faster
at higher temperatures. Figure 8 depicts the changes
in membranes thickness due to addition of TiO, nano-
particles and increasing of CBT.

XRD Analysis

The XRD diffraction patterns of nano-sized TiO,
particles, CA/TiO, nanocomposite membrane and CA
membrane were shown in Figure 9. It can be ob-
served that the pattern of TiO, nanoparticles had three
crystalline characteristic peaks at 268 of 25.37, 38.43
and 49.61, which correspond to anatase, rutile and
brookite respectively. Between three crystalline struc-
tures of TiO, nanoparticles, the anatase has been re-
ported as a good stabilization and hydrophilicity agent
and it is suitable for membrane modification [44].
Figure 9 shows the characteristic peaks of the synthe-
sized TiO, nanoparticle located at 25.37° which is
close to the literature reported data 25.24° of anatase
[44]. It is confirmed that the synthesized TiO, nano-

M18

Figure 6. Effect of TiO, nanoparticles on porosity and thickness of the M12, M15 and M18 membranes.

Figure 7. Effect of CBT on porosity and thickness of the M4, M5 and M6 membranes.
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Figure 9. X-Ray diffraction patterns of TiO, powder, CA/TiO, nanocomposite membrane (with 20 mass % TiO;) and CA membrane.

particles are mainly composed of anatase, which pro-
mises excellent stability, hydrophilicity and anti-foul-
ing characters. The pattern of CA/TiO, nanocompo-
site membrane also had the three crystalline charac-
teristic peaks in addition to the dispersion peak of
amorphous CA membrane though the peak locations
showed a little shift. It indicated that the nano-sized
TiO, has distributed to the membrane matrix and there
possibly also existed interaction between TiO, and CA.

Effect of TiO, nanoparticles and CBT on thermal
stability of the prepared membranes

The thermal analysis results of the pure CA and
CA/TiO, nanocomposite membranes are illustrated in
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Figure 10. It was found that the decomposition tempe-
rature (Tq4, defined as the temperature at 3% weight
loss) was increased with increasing TiO, amount.
These results confirm that: there is a good compati-
bility between the TiO, nanoparticles and CA; the in-
teraction between TiO, nanoparticles and CA in-
creased the rigidity of polymer chain, which enhanced
the energy of breaking down the polymer chain; this
interaction is due to the covalent bonds between TiO,
nanoparticles and CA chains.

With increasing TiO, content, more heat was
absorbed by the TiO, in the membranes during heat-
ing. This results in the decomposition of delay CA.
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Figure 10. TGA curves of pure CA and CA/TiO» nanocomposite membranes.

TGA results also indicated that increasing in
CBT leads to the decreasing of decomposition tem-
perature (7y) of prepared membranes. According to
the mechanism of membrane formation, decreasing in
CBT caused the sequestration process to happen
slower and this lead to smaller thickness of formed
membrane. This means that the resulting membrane
has more compact polymer chains and more inter-
connected structure. So with such a membrane struc-
ture, greater thermal stability is entitled. According to
these descriptions, membranes formed in CBT of 25 °C
are more stable than those formed at 50 and 75 °C.
As shown in Figure 11, for all prepared membranes,
increasing CBT caused the decomposition tempera-
ture of polymer chains to decrease.

Water content and membrane porosity

Water content is related to the membrane hydro-
philic property [43]. Water content of each membrane
is calculated using Eq. (1). As Figure 12 shows, it is
obvious that water content is increased by increasing
the weight percent of TiO, nanoparticles and CBT. In
addition of macrovoid formation, separation of poly-
mer chains due to the presence of TiO, nanoparticles
creates spaces in the polymer matrix, which leads to
increasing the water content.

The effect of TiO, loading on porosity of nano-
composite membrane was investigated. The porosity
of CA and CA/TiO, nanocomposite membranes is
shown in Table 2. As can be seen, the porosity of
membranes slightly increases by increasing the TiO,
loading in the CA matrix. The reason for this is related
to the presence of TiO, nanoparticles that increase
both porosity and absorption capability of CA/TiO,
nanocomposite membranes.

Effect of TiO, nanoparticles and CBT on Pure Water
Flux (PWF)

Figure 13 reveals the effect of TiO, nanopar-
ticles concentration and CBT on pure water flux of the
membranes prepared from CA/TIO,/NMP system in
water coagulation bath at transmembrane pressure of
1 bar. As observed in Figure 13, addition of TiO, na-
noparticles to the casting solution results in an incen-
sement in PWF of the prepared membranes. Addition
of TiO, nanoparticles to the casting solution increases
porosity of the membrane support layer and this result
in higher PWF. High sub-layer porosity of the mem-
branes prepared from different concentrations of TiO,
nanoparticles as nanofiller additive in the casting so-
lution, especially at 20 mass%, can be responsible for
high performance (higher flux) of the membranes. At
25 mass% of TiO, nanoparticles, the aggregation of
TiO, nanoparticles on the membrane top layer leads
to the little decrease of PWF. At constant TiO, nano-
particles concentration, PWF increased with the in-
crease of CBT. These measurements confirm the
trends observed in the SEM images (Figure 7), where
increase in the CBT led to increases in the macrovoid
formation and film porosity and, therefore, higher PWF
values behavior. As mentioned before, a decrease in
the CBT levels intensively reduces the membrane po-
rosity and causes denser structures in the top layer
and the sublayer. Thus, a decrease in PWF at lower
CBTs is expected. The some cases of PWF results
were compared by the other works and presented in
Table 3. After determination of PWF and using Eq. (4),
the mean pore diameter of each membrane was cal-
culated. Table 2 reveals the changes in mean pore
diameter of membranes due to the addition of TiO,
nanoparticles and increasing in CBT. However, the

393



R. ABEDINI, S.M. MOUSAVI, R. AMINZADEH: EFFECT OF SONOCHEMICAL SYNTHESIZED TIO,.. CI&CEQ 18 (3) 385-398 (2012)

92.5
= ”
923 120 =,
LT (8 O i
100 = 92.1 T = — — 100 037 - N - < 2
( Q ? a1 @4 e -
80 \', o ... - 20 93.3 — -
3 % ™ \ 92.9 N =, ‘
| N - N
TGA% 60 | 915 + \ . . . TGA% 60 025 \ oy S
305 306 307 308 309 310
40 + - 40 \ 340 342 344 346 348 |
20 — 20
0 T T k“A 0 T T T
o 200 400 600 800 0 200 200 600 800
T rature (C]
empemes (C) Temperature (C)
9
120 fe ay - - M10
120 935 --“Lt E m—
100 \ .
100 e o -, m12
& 80 ‘ 92,5 - “,;‘,\,x
\ \
TGA% 60 TGA% 6o | i bl
40 a0 4— t 325 327 329 331 333 335 \
2 1 20
L 0 Y
9 2% - o L 0 200 400 600 800
Temperature (C) Temperature (C)
| 92.5 | 94
b ¥ & - = M16
92 — LT 93.8 “—‘—%
- 120 hie - - M17
120 o —15 N s
93.6 N ik A8
N k- . \

| 91.5
10— 0 Sa - . W0 ———————— 934 | - E
L - 3 oy N
" 905 - N 3 80 Y (93.2 I\ ~
{ 90 -
V]

N N e
~ 93 L
TGA% 60 = TEAX: 60
177 379 381 383 385 | 377 379 381 383 385
20 20 \
. L ” 7
0 T T 0
0 200 400 600 800 0 200 400 600 800
Temperature (C) Temperature (C)

Figure 11. Effect of CBT on decomposition temperature of each membrane.
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Table 2. Porosity and mean pore diameter of CA and CA/TiO, nanocomposite membranes

Membrane code

Porosity, %

Mean pore diameter, nm

M1 69.28 £0.12 28.3+0.1
M2 69.76+0.11 28.5+0.2
M3 70.14+0.13 28.5+0.1
M4 71.12+0.12 30.2+0.1
M5 71.574£0.15 30.4+0.3
M6 71.92+0.09 30.5+0.2
M7 72.87+0.11 31.1+0.3
M8 73.04+0.10 31.1+£0.3
M9 73.43+£0.13 31.2:0.4
M10 74.650.14 32.4+0.2
M11 74.86+0.13 32.5+0.1
M12 75.08+0.12 32.7£0.2
M13 76.14+0.08 33.8+0.1
M14 76.4310.11 33.8+0.4
M15 76.78+0.13 34.0£0.2
M16 78.24+0.12 34.5+0.4
M17 78.63+0.11 34.5+0.1
M18 78.87+0.10 34.7+0.3
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Figure 13. Effect of TiO, nanoparticles concentration and CBT on PWF of the prepared membranes.

Table 3. Comparison of pure water permeability of different CA membranes

Composition of the different prepared membranes Parameter
CA content, mass% Additive (Type/mass%) Solvent CBT, °C PWF, LIm? h Ref.
Pure CA - NMP 25 10.2 [38]
15.5 PVP/6 NMP 25 39.0 [45]
15.5 PVP/6 NMP 50 10.1 [45]
15.5 PEG/5 NMP 0 84.9 [46]
Pure CA - DMF 25 15.6 [47
17.5 Si0,/20 DMF 50 42.0 [47
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Table 3. Continued

Composition of the different prepared membranes Parameter

CA content, mass% Additive (Type/mass%) Solvent CBT, °C PWF, L/Im? h Ref.
17.5 Si0,/40 DMF 50 46.7 [47]1
Pure CA - NMP 25 12.2 [48]

12 AlL,O5/10 DMF 20 223 [49]
Pure CA - NMP 75 18.4 This study
17.5 TiO2/10 NMP 75 38.1 This study
17.5 TiO,/20 NMP 75 61.2 This study
structure of the membranes were different with the in- r Membrane mean pore diameter (m)

crease of TiO, content, the higher TiO, content (25
mass%) induced a slight aggregation phenomenon,
and produced a considerable number of broken and
collapsed pores mostly formed in the vicinity of TiO,
aggregates in membrane cross section. The defective
pore structure originated from the interfacial stresses
between polymer and TiO, during the membrane dry-
ing process when the TiO, content was higher. During
the drying, the shrinkage rates of the membrane and
TiO, were different, so the pores morphologies and
the membrane interior were destroyed, resulting in
broken and collapsed pores.

CONCLUSIONS

Pure CA and CA/TiO, nanocomposite membra-
nes were prepared v/ia phase inversion by dispersing
the TiO, nanoparticles, which were synthesized by
sonochemical method, in the CA casting solution.
Addition of TiO, nanoparticles and increasing in CBT
resulted in considerable effects on membrane proper-
ties. Increasing of TiO, nanoparticles concentration in
the cast film and CBT resulted in the facilitation of
macrovoid formation in the membranes, which in-
creases WC and PWF. TGA analysis showed that
CA/TiO, nanocomposite membranes had better ther-
mal stability than the pure CA membrane and also by
decreasing CBT, greater thermal stability is entitled.
PWF of the nanocomposite membranes also impro-
ved greatly as the membranes had a more porous
structure in addition to the better hydrophilicity. Also
like TiO, nanoparticles concentration, increasing of
CBT led to the permeation enhancing of prepared
membranes.

Symbols

Wyer Weight of the wet membranes (g)
Wasy  Weight of the dry membranes (g)
Q Quantity of permeate (L)

A Effective membrane area (m?)

t Permeation time (h)

£ Membrane porosity
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0 Water density (kg/m®)
n Water viscosity (Pa s)
AP  Transmembrane pressure (Pa)

/ Membrane thickness (m)
J Pure water flux (m*/s)
Abbreviations

TEM Transmission electron microscopy
SEM Scanning electron microscopy
TGA Thermal gravimetric analysis

XRD X-ray diffraction

CBT Coagulation bath temperature (°C)
WC  Water content

PWF Pure water flux (L/m*h)
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NAUCNI RAD
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UTICAJ SONOHEMIJSKI SINTETISANIH TIO,
NANOCESTICA | TEMPERATURE KOAGULACIJE
NA MORFOLOGIJU, TOPLOTNU STABILNOST |
FLUKS CISTE VODE ASIMETRICNIH CELULOZNO-
ACETATNIH NANOKOMPOZITNIH MEMBRANA
PRIPREMLJENIH METODOM FAZNE INVERZIJE

U ovom radu pripremijene su asimetricne nanokompozitne membrane od samo CA i
CA/TiO;, koriscenjem fazne inverzife dispergovanjem TiOz-nanocestica u rastvoru CA
indukovanom imerzionom precipitacijom u vodenom kupatilu za koagulaciju. TiO» nano-
Cestice, koje su prethodno sintetizovane sonohemijskom metodom, dodate su u rastvoru
za livenje u razlicitim koncentracjjama. Proucavan je i diskutovan uticaj koncentracije
7iO> nanocestica (0., 5, 10, 15, 20 i 25 mas. %) i temperature koagulacije (CBT, 25, 50 i
75 °C) na morfologiju, termicku stabilnost i fluks Ciste vode (PWF) pripremijenih mem-
brana. Povecanje koncentracife TiO: u filmu rastvora za livanje zajedno sa vecom CBT
rezultiralo je u povecanju debljine membrane, sadrZaju vode (WC), poroznosti mem-
brane i fluksa ciste vode (PWF). Takode, ovakve promene olaksavaju formiranje makro-
supljina. Termalna gravimetrijska analiza (TGA) pokazuje da je termicka stabilnost kom-
pozitnih membrana poboljsana dodavanjem TiO, nanocestica. Osim toga, TGA rezultati
pokazuju da povecanfe CBT pri svakoj koncentraciji TiO, dovodi do smanjenja dekom-
pozicione temperature (TD) hibridnih membrana.

Kljucne reci: nanokompozitne membrane, celulozo-acetat: TiO, nanocestice,
fazna inverzijja, temperatura koagulacije.
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