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ABSTRACT



Dithioterethiol (DTT) is a typical example of substances that contain
sulfur with adverse effects on human health. Membranes-based cellulose acetate
is used for the separation processes of thiols after the addition of ZnO and TiO,
nanoparticles. The measurement of permeability allows us to estimate the
efficiency of membrane cleaning. The permeability increases from 8.82 L.h-
I. m2bar! for CA membrane to 20.77 L.h"!.m2.bar! for CA-TiO, and 21.96
L.h-".m2bar! for CA-ZnO membranes. For the permeability values of DTT,
we noted that the CA-ZnO membrane has the highest permeability (50.66
L.h-'.m2.bar!). The CA-ZnO membrane changes from nanofiltration to
ultrafiltration membrane. On the other hand, for the CA-TiO, modified
membrane, the permeability decreases to 6.00 L.h''.m2.bar!. The CA-TiO,
membrane is in the category of reverse osmosis membranes. This variation is
explained by the interaction between nanoparticles and DTT. The contact
angles of the incorporated membranes decrease progressively with the
addition of TiO; or ZnO-NPs. The low contact angle with water means high
hydrophilicity, indicated that the addition of TiO, and ZnO improved the
hydrophilicity of the membranes. The CA membrane had the highest contact
angle with water of 92.64+1.5°. After the addition of 0.1 g of TiO, or ZnO,
the contact angle of CA-TiO, and CA-ZnO was reduced to 86.7+0.2° and
70.51£1.5°, respectively. Both TiO, and ZnO caused strong hydrophilicity of
membranes. From the elimination rates of DTT, it is concluded that there are
optimal conditions of (1) Pressure P = 2 bars, (2) pH = 10 and (3) DTT

concentration = 2 mM.
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1. INTRODUCTION



Water pollution occurs due to various organic and inorganic materials
such as pesticides, detergents, heavy metals, sulfhydryl groups (thiols -SH), and
other toxic substances [1]. Sulthydryl groups represent a real danger for the
aquatic fauna and flora and caused serious problems for humanity [2]. Thiols
present as functional groups of macromolecules such as proteins, but also free
as small peptides, not bound to macromolecules, in the cytoplasmic space of
cells and aquatic environments. These thiols are called non-protein thiols or low
molecular weight thiols (LMWT). Dithiothreitol (DTT) is a typical example of
substances that contain sulfur with adverse effects on human health (such as
neurological effects and behavior modification and heart problems...), on the
environment (including :disturbance of wildlife and alteration of water quality),
and also on the wastewater treatment plant (such as corrosion and odor

problems...).

A wide range of physical, chemical, and biological methods are used to
remove sulfur [3]. Strategies for removing thiol from water include separation
by membrane processes such as ultrafiltration and/or nanofiltration. In recent
years, the membrane technologies used in separation processes have been
improved by incorporating inorganic additives into the polymer material.
Nanoparticles used to change polymer membranes are SiO,, Al,Os;, Fe;0,,
Zr0O,, ZnO, and TiO,. These nanoparticles can be a challenge to solve water

pollution problems.

According to Koval (2005) [4], he defined thiols as a set of organosulfur
molecules having a sulthydryl group (-SH) bonded to a carbon atom. This -SH
group acts at the level of different cellular pathways, both in unicellular

organisms and in organisms of more complex organizational levels [5]. Thiols



can be present as functional groups for macromolecules such as proteins, but
also free as small peptides, not bound to macromolecules, in the cytoplasmic
space of cells and aquatic environments. These thiols are then called non-
protein thiols or low molecular weight thiols (LMWT). This distinctive class of
LMWT will be discussed. It plays a key role in the biogeochemical cycling of
sulfur, allowing a transition from inorganic to organic forms of sulfur [6]. Many
thiols have strong garlic-like odors. The odors of thiols, especially those of
LMWT, are often strong and repulsive. Skunk spraying consists mainly of thiols
and low molecular weight derivatives [7]. These compounds are detectable by
the human nose at concentrations of only 10 parts per billion [8]. Thiols show a
weak association with hydrogen bonding, both with water molecules and with
each other. Therefore, they have lower boiling points and are less soluble in
water and other polar solvents than alcohols of similar molecular weight. For
this reason, thiols and isomers of the thioether functional groups have similar
solubility characteristics and boiling points, which is not the case for alcohols
and their ether isomers. Thiols are molecules close to alcohols, but where the
oxygen atom is replaced by a sulfur atom. They are therefore characterized by
one or more sulthydryl groups -SH. Oxygen and sulfur have similar chemical
properties because they belong to the same group in the periodic table. Thiols
form thioethers, thioacetals, and thioesters, in which one or more oxygen atoms
are replaced by a sulfur atom [9]. Many thiols are colorless liquids with a pKa
between 8 and 11 [10]. It is important to note that within certain proteins, the
environment may further promote the deprotonation of thiols, which will
therefore appear rather in the form of thiolate -S- groups [11]. Thiols can easily

be oxidized either to deprotonated sulfenic acids -SO- or in pairs to form



disulfide bridges RSSR' [11]. There are several forms of a thiol such as
methanethiol, coenzyme, lipoamide, cysteine, and dithiothreitol (DTT). DTT is
a small redox molecule, also known as Cleland's reagent. Its gross chemical
formula is C4H;(,0,S, [12]. The molecular structure of the reduced form of this
compound is R-S-H. DTT is a reducing agent mainly used to protect free SH
groups from oxidation during protein isolation or other biochemical procedures.
Due to its low redox potential (-0.33 V at pH 7), the pKa of thiol groups is 9.2.
DTT maintained free SH groups in a reduced state and quantitatively reducing

disulfide bridges [13].

Sulfur is the chemical element with atomic number 16, symbol S. It is a
member of the chalcogen group. It is a multivalent non-metal that is abundant,
tasteless, and insoluble in water. Sulfur is mostly known as yellow crystals and
is found in many minerals (sulfide and sulfate) and even in the native form
[14,15]. Sulfides are also present in industrial wastes from refineries,
petrochemical plants, gas plants, paper mills, heavy water plants, and tanneries
[16]. During various processes, sulfur compounds are released into the

environment which can have harmful consequences for animals and humans

[17].

Membrane techniques operating in liquid media and using pressure as a
driving force are as follows (1) Microfiltration (MF) defined as a solid/liquid
separation process. For this reason, this technique is used for the removal of
macro solutes present in effluents or water for domestic, industrial (electronics),
or medical use [18]. (2) Ultrafiltration is the intermediary between MF and NF,
it has a selectivity of both physical origin by the transfer coefficient and

chemical origin by the partition coefficient [19]. The main industrial
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applications of ultrafiltration are as the following [20] (i) The treatment of paint
baths by electrophoresis, (ii) Treatment of degreasing baths (removal of
suspended solids (SS) and emulsified oil), (iii)) Recovery of metal cations by
complexation-assisted ultrafiltration, (vi) Protein standardization of milk, (v)
The concentration of whey proteins and (vi) Membrane bioreactors. (3)
Nanofiltration lies between reverse osmosis and ultrafiltration. It allows the
separation of components with a solution size close to that of the nanometre (i.e.
10 A), hence its name. Monovalent ionized salts and non-ionized organic
compounds with a molar mass of less than about 200 - 250 g/mol are not
retained by this type of membrane. Multivalent ionized salts (calcium,
magnesium, aluminum, sulfates...) and un-ionized organic compounds with a
molar mass greater than about 250 g/mol are, on the other hand, strongly
retained [21]. (4) Reverse osmosis uses dense membranes that allow water to
pass through and stop all salts [22]. Osmosis is a phenomenon that tends to
balance the concentration of solutes on either side of a semi-permeable
membrane. To reverse the passage of the solvent and increase the concentration
difference, a pressure higher than the osmotic pressure must be applied [23]. A
membrane is defined as a thin semi-permeable layer that acts as a selective
barrier that separates dissolved or undissolved substances under the action of
chemical (concentration ...) or physical (pressure) force. In general, constituents
that are smaller than the pores of the membrane can pass through the membrane
under the effect of applied pressure, while larger substances and molecules are
retained by the membrane [24]. The vast majority of ultrafiltration and
microfiltration membranes consist of organic membranes [25-28]. The structure

of the membrane is an important factor because it will govern the mechanism of



transport of the solutes and thus influence the field of application of this
membrane. The diffusion of the solutes will therefore depends on their
diffusivity and solubility across the membrane [29]. The separation of
molecules in solution is therefore done according to their size and pore size
distribution if the membrane is asymmetric [30]. Membrane geometry is often
equated with module geometry. Thus, it is common to speak of a flat, tubular, or
hollow fiber membrane. The multi-channel module (monolith) made of
assembling parallel tubes in the same matrix represents the current optimized
shape [31]. Hollow fiber membranes are membranes with a diameter of less
than 0.1 pm and therefore the risk of obstruction is very high. These membranes
can only be used for the treatment of water with little suspended solids. The

packing density is very high [30,31].

Most of the studies have focused on TiO, nanoparticles. ZnO nanoparticles also
have many remarkable properties such as (1) easily absorb hydrophilic hydroxyl
groups (-OH) to become hydrophilic [32], (2) have a high specific surface
compared to nano-TiO, due to its crystallographic structure [33], (3) have
excellent antibacterial and antifungal characteristics, thanks to their valuable
ultraviolet resistance and photocatalytic properties [34], (4) ZnO nanoparticles
have a low cost and are less toxic than TiO, nanoparticles, (5) ZnO
nanoparticles are easily processed compared to TiO, nanoparticles, (6) TiO, and
ZnO nanoparticles are well known for their potential cytotoxicity to living
organisms [35], (7) TiO, is stable, non-toxic and inexpensive, and (8)
nanoparticles of TiO, [18], and ZnO [36,37] have antibacterial properties. TiO,
is widely used in the fields of environment and energy, air treatment and water

purification systems, sterilization, hydrogen release, and photo-electrochemical



conversion [38]. ZnO nanoparticles are used in the production of antibacterials,
cosmetics, electronics, paint pigments, pharmaceuticals [39], photocatalytic
degradation of dyestuffs in water [40] rubber additives, and transparent sun
filters [41], as well as their potential use as photodetectors [42]. The membrane
pore size varies from a few microns in microfiltration to one nanometer in
nanofiltration. The porosity of a membrane is never perfectly uniform. The
solvent transfer mechanism is more solution/diffusion than convection: water is
not only pushed to infiltrate through the membrane, but also it diffuses through
the membrane material. The polymer structure of the material changes
depending on the activation energies and therefore on the temperature. The
selectivity of these membranes depends on the chemical affinity of the material
with the different compounds that pass through the membrane [43]. The
membrane cut-off corresponds to the molar mass of the smallest compound with
observed retention of 90%. It is expressed in Da or kDa (1 Da =1 g. mol'!). It is
a quantity whose simple definition hides the difficulty of unambiguous
determination. Indeed, the retention of a solute does not only depend on its size,
but also hydrodynamics and the physicochemical environment play an
important role if charged solutes are in the feed solution [44]. The presence of
sulfur in wastewater causes serious odor and corrosion problems in sewage
systems. This work proposed to study the elaboration of cellulose acetate
polymer-based membranes for their application in the removal of a synthetic
thiol. Membranes of cellulose acetate are used for the separation processes of

DTT after the addition of ZnO and TiO, nanoparticles.

2. MATERIALS AND METHODS



2.1. Materials

Cellulose acetate (CA) extra pure with acetyl content ranging from 29 to 45%
from lobachemie, dimethylformamide pure (DMF), and PEG 1000(purity 99%)
was obtained from Merck which were used as received to prepare the casting
solution. Zinc Acetate dehydrate (Zn (OAc) 2H;0), and sodium hydroxide
(NaOH) were obtained from Sigma Aldrich. The TiO, nanopowder was

purchased from US Nano with a particle size of 80 nm.

2.2. Nanoparticle preparation

In optimal conditions, ZnO NPs were synthesized according to other reported
works through low-temperature co-precipitation. 25 mL of NaOH solution (2M)
was added dropwise for 30 minutes to 25 mL of Zn(OAc)2H,0 solution 0.2 M,
and the mixture was vigorously stirred for 2 h at 60 °C. The resulting precipitate
was centrifuged to separate ZnO powder from solvent, washed several times
with distilled water and ethanol, finally dried at 80 °C for 5 h, and then treated

at a calcination temperature of 400 °C for 1 h.

2.3. Membrane preparation

CA/Nanoparticles mixtures membranes were prepared with the various
compositions indicated in Table 1 using the phase inversion method. For the
membranes with 0/4, and 0.1/4 NPs/ CA ratios (w/w), 0 g, 0.1 g of nanoparticles
were added to DMF (dimethylformamide) solution (20 g) under quick stirring.
For 3 hours, the mixture solution was ultrasonicated and stirred. Subsequently, 4
g of CA was added to each mixture while stirring and mixed thoroughly for 72
hours at 70 °C. To get the casting suspension, approximately 1 g of the pore-

forming reagent (PEG- 1000) was added to each combination solution and



stirred for 12 hours at 70 °C. The casting suspension was static to eliminate the
air bubbles before use for 24 hours at 70 °C. The prepared casting solution was
poured onto a clean glass plate and dispersed using Filmographe Doctor Blade
360099003 (Brave Instrument, Germany) at a thickness set at 0.25 mm. The
nascent membrane was evaporated in the air for 15 seconds at room temperature
before being immersed in a deionized-water precipitation bath. After complete
precipitation, all prepared membranes were transferred to a drip-washing water
bath for 3 days at room temperature to remove any remaining solvents from the

membrane structures. The prepared membranes were then put to the test.
2.4. Characterizations

A Philips x-pert X-ray diffractometer, equipped with a radiation source Cu (ACu
= 0.154 nm), has been used to investigate the crystal structure of the prepared
powder (ZnO NPs). At a scanning rate of 0.02°, the 2 range was varied between
20° and 70°. The crystallite size D was calculated from the line broadening

using Scherrer's relation:

_ 0.9 %1

D= Beos0” where A is the X-ray wavelength, B is the angular width of the peak at

half its maximum intensity (full-width at half-maximum (FWHM)) corrected for
instrumental broadening and is the Bragg angle of the corresponding peak. The
morphology and size distribution were characterized by scanning electron
microscopy (SEM)(Philips XL30 SFEG) and transmission electron microscopy
(TEM) measurement in the TECHNAI-20- Philips instrument. The Infrared
spectrum has been registered by a Perkin-Elmer (FTIR 2000) spectrometer
using KBr pellets in the region of 4000— 400 cm™!. The Attention Theta optical

tension-meter determines the membrane hydrophobicity character via the



measurement of the membrane contact angle (CA). The measurements were
performed using ultrapure water drop (5 pL). For all membranes, at least 3
measurements were taken and the average value and the corresponding standard

deviation were then calculated.
2.5. Water content and porosity

The equilibrium water content (EWC) of samples was determined by immersing
them in water for 24 hours and weighing them (WW) [45]. After drying
overnight at 75 °C, the samples were weighed again (wg). After that, the EWC
was determined using the following equation [46]:

ww — wd ()
EWC = ————%x100
ww

Membranes porosity (% ¢ ), defined as the ratio between the volume of voids
present in the membrane and the overall membrane volume, was measured by
the gravimetric method as reported in the literature [47], which consisted of
weighting the membrane in dry and wet (kerosene for 24 h) conditions. The

porosity was determined using the following equation (3):

0 =
hE = oy —wd) ¥ 100
T+ Wd/pc

Where w,, and w4 are the weight of the wet and dry membrane, respectively. p;
is the kerosene density (0.82 g.cm™) and p, is the CA density (1.28 g.cm?).
Three measurements were taken for each membrane, and the average values and

standard deviations were calculated.



2.6. Frontal filtration pilot

The performance of the prepared membranes was analyzed through a cross-flow
system. Figure 1 represents the scheme of the experimental system, consisted of

a filtration cell, a storage tank, and a magnetic stirrer.

2.7. Experimental protocol

A volume of 200 mL of the solution to be treated was introduced into the feed
tank. The pressure applied to the solution varied from 2 to 5 bar through a
nitrogen flow. The filtration model was frontal type and the recirculation speed is
1 m/s. The volume of permeate samples collected (not recycled) does not exceed
30 mL for each test, and the solution was replenished at each pressure value.
After each test, the membrane held in the module was washed by the circulation
of ultrapure water to the reference state. As for the UF membrane, it must be
conditioned, at the time of first use, by immersion in pure water for 24 hours. It
was then subjected to a pure water filtration pressure equivalent to the maximum
pressure of use to avoid any modification such as possible compaction that could

be caused by the high pressures.

The selectivity of a membrane for a given substance depends on its nature and
structure, the chemical environment near the membrane, and the chemical

properties of the substance to be separated.

The selectivity is expressed by a retention rate TR defined by:

TR=1-Cp/Ca

There are two extreme values of the TR (values expressed as percentages):



TR =0% means that the solute is not retained by the membrane at all;

TR=100% means that the solute is fully retained by the membrane. Cp and Ca
are successively the concentrations of a solute in the permeate and the feed [48].
The permeability (Lp) of a membrane is an intrinsic characteristic of the
membrane that depends on its structure. In practical terms, permeability can be
defined as the ratio between the permeate flow (JP) and the effective

transmembrane pressure difference (APm) [49].

Lp =Jp/APm
Lp: permeability
Jp: the permeate flow
APm: the effective transmembrane pressure
In the case of membrane techniques, the flow of the fluid to be filtered can be
continuous and tangential. The flow fraction of the fluid flowing through the

membrane is called the conversion rate of the separation operation [22].
Y=Qp/Qa

Y : conversion rate

Qp: permeate flow rate

Qa: feed rate
The permeate flux was evaluated by the equation:
J=V/S*t
J: permeate flux (L/m?h)
V: volume of accumulated permeate (L)

S: Membrane surface area (m?)



t: filtration time (h)

2.8. Determination of DTT concentration

DTT was determined in the sample at 412 nm using 5,5-dithiol-bis-(2-

nitrobenzoic acid) (DTNB) [50]. We used DTT as a standard.

3. RESULTS AND DISCUSSION

This work is devoted to the study of the removal of synthetic thiols through
three types of membranes. The filtration tests in the frontal mode were realized

using water from three treatment plants.

3.1. Analysis of zinc oxide nanoparticle

Figure 2a depicts the XRD patterns of ZnO nanoparticles synthesized via the co-
precipitation method. The XRD pattern revealed the orientation and crystalline
nature of zinc oxide nanoparticles. The peak position with 20 values of 31.7°,
34.4°,36.2°,47.5°, 56.6°, 62.8°, 65.5°, 67.9°, 68.8°, 72.3°, and 76.7° are indexed
as (100), (002), (101), (102), (110), (103), (200), (112), (201) and (202) planes.
In comparison to the data from JCPDS card No. 36-1451; all of the observed
peaks were coordinated with the hexagonal phase (Wurtzite structure). There
were no other peaks associated with impurities observed, confirming that the
synthesized powder is pure ZnO. Similar XRD results have been reported in the
literature for ZnO nanoparticles [51, 52]. The average crystalline size of ZnO
was estimated to be 35 nm based on the line width broadening of the XRD peak
using the Debye-Scherer method [53]. Figure 2b shows that the particles in
general spherical shape had no agglomeration and were similar in a spherical

shape to the results obtained in previous research [54]. Simultaneously, the TEM



image of ZnO nanoparticles prepared under optimal conditions was shown in
Figure 2c¢ The average particle size of ZnO nanoparticles was approximately 35
nm, which was consistent with XRD data. The results obtained from this study
seemed to be compatible with those obtained by Chemingui et al [54]. Figure 2d
shows the FTIR spectrum of nanoparticles from ZnO registered in the area of
4000-400 cm!. In the synthesized ZnO NPs there were two large bands of
absorption: the band at 3450 cm'! correlates to the presence of hydroxyl groups —
OH, and the band between 400 and 600 cm™! contributes to the bending vibration

of ZnO [52,55].
3.2. Characterization of membrane

Figure 3 summarized the effect of NPs on the water content (%) and porosity (%)
of CA membranes. The porosities of NPs/CA hybrid membranes are higher than
that of the CA membrane. The porosity increases with the contribution of
nanoparticles in the membrane. It is known that high porosity is favorable to
water flux. It is widely accepted as a general rule that increased exchange rates
between water and solvent can result in more porous membranes and vice versa
[56]. The reasons for the porosity variable are discussed further below. The
presence of nano-ZnO causes two effects: hydrophilicity and viscosity. During
the phase inversion process, hydrophilic nano-ZnO easily draws water into the

casting suspension.

To investigate the efficacy of various contents of ZnO NPs on the CA
ultrafiltration membrane, Scanning Electron Microscopy (SEM) analysis was
utilized. CA membranes morphology was examined by (SEM), the obtained
images of cross-section and top surface were reported in Figure 4. As seen in

Figure 4a, CA NF membranes showed an asymmetrical morphology consisting



of a dense layer supported on a porous sub-structure characterized by the
presence of macro voids, whereas both the surfaces appeared uniform, smooth
and dense. It is identified that the up-layers of the membranes restrict the flux
and determine the rejection [57]. As seen from Figure 4b, by adding ZnO NPs,
the number of pores in the matrix membranes increases. Also, in the sub-layer,
the macro-void volume of all the modified membranes seems to be larger than
the unfilled CA. The reason for this phenomenon can be a higher chance of
agglomeration for ZnO NPs. Furthermore, as ZnO NPs amount rises, polymeric
solution viscosity increases. Although the viscosities were not measured
precisely, an increase in viscosity of the polymeric solution with the addition of
the nanoparticles was visually detected and has been reported in the same papers

[58].

The FTIR analysis results were used to investigate the interaction between ZnO
and cellulose acetate. The FTIR spectra of MO and composite CA/ZnO
membrane are shown respectively in Figures 5a and b. The main characteristic
bands of CA have been given as follows: The appearance of hydroxyl groups can
be likened to the characteristic absorption peak at 3500 cm™! and the peaks at
1743, 1270 and 1050 cm™! correlate to the stretching of C—O group, aromatic ring
group and —C—O-bond of the -CH,—OH group, respectively [59]. In Figure 5b, in
addition to the CA characteristics peak, a new peak around 477 cm! is assigned
to the Zn—O vibration, proving the existence of ZnO in the membrane. When the
IR spectra of the ZnO/CA composite membrane were compared to those of pure
CA membrane, the characteristics peak of the —OH group was shifted to 3451
cm! from 3450 cm!, as seen in the figure. Peaks located at 1744, 1271, and 1051

cm! each show a similar change. The identified peak shifts may be explained by



the formation of complexes between ZnO and CA [60].
3.4. Optimization of DTT removal conditions by ultrafiltration

The purpose of this section was to determine the optimal conditions (pressure,

concentration, pH, and time) for the removal of DTT.
3.4.1. Water permeability

The permeate flow was measured during the filtration of pure water, at different
transmembrane pressures between 0 and 5 bars, across different membranes
(Table 2). The results in Figure 6A show that the permeate flow is proportional

to the applied pressure.

The permeability values obtained, at 25 °C, are as follows:
Lp (CA) =8.82 L.h"'.m2.bar!

Lp (CA-TiO,) =20.77 L.h"!.m2.bar"!

Lp (CA-ZnO) =21.96 L.h'!.m2.bar!

The measurement of permeability also allows estimating the efficiency of
membrane cleaning. From the permeability values, it can be noted that
membranes based on ZnO and TiO, have a higher permeability (Figure
6A). The permeability increases from 8.82 L.h-!.m-2.bar"! for (CA membrane)
to 20.77 L.h''.m2.bar"! for (TiO, membrane) and 21.96 L.h-!.m-2.bar"! for ZnO
membrane. The result shows that membrane modifications by nanoparticles
lead to an increase in pore size. It is therefore a pyrogenic additive, i.e. it
increases the pores of the membranes, which increases the permeability.
The CA-ZnO and CA-TiO, membranes change from nanofiltration to

ultrafiltration membranes. Zinc oxide-modified membranes have a positive



effect. The influence of TiO, and ZnO nanoparticles on the permeation
properties of PSf membranes has been studied at 32% of PSf and 0.125% of
nanoparticles [61]. Results confirm our findings that the addition of
nanoparticles has a positive influence on the permeation properties of
membranes. Membranes mixed with ZnO nanoparticles have a better
improvement of water flow compared to treated membranes and membranes

mixed with TiO, nanoparticles [62].

3.4.2. Membrane permeability for DTT

The permeate flow was measured during the filtration of DTT solution,
at different transmembrane pressures between 0 and 5 bars using CA, CA-
Zn0O, and CA-TiO, membranes. Results in Figure 6B show that the permeate
flow is proportional to the applied pressure. Permeability values obtained at 25

°C are as follows:

Lp (CA)=9,33 L.h'.m2.bar!

Lp (CA-TiO,) = 6,00 L.h'!.m2.bar"!
Lp (CA-ZnO) = 50,66 L.h'!.m.bar"!

From the permeability values for DTT, we noted that the CA-ZnO membrane
has the highest permeability. The permeability increases from 9.33 to 50.66
L.h-'.m=2.bar"! between CA membrane and CA-ZnO membrane. The CA-ZnO
membrane changes from nanofiltration to ultrafiltration membrane. On the
other hand, for the CA-TiO, modified membrane, the permeability decreases
from 9.33 to 6.00 L.h-"".m2.bar!. The CA-TiO, membrane is in the category of

reverse osmosis membranes. This variation is explained by the interaction



between nanoparticles and DTT.

3.4.3. Contact angle

As shown in Figure 7, the contact angles of the incorporated membranes
decrease progressively with the addition of TiO, or ZnO-NPs. The low
contact angle with water means high hydrophilicity, indicated that the addition
of TiO, and ZnO can improve the hydrophilicity of the membranes. However,
the change in hydrophilicity may be related to the type of NPs. The CA
membrane had the highest contact angle with water of 92.64+1.5°. After the
addition of 0.1 g of TiO, or ZnO, the contact angle of CA-TiO, and CA-ZnO
was reduced to 86.7+0.2° and 70.51+£1.5°, respectively. Both TiO, and ZnO

caused strong hydrophilicity of membranes.

3.5. Study of thiol retention by ultrafiltration membrane assisted by ZnO
and TiO, nanoparticles The retention efficiency of thiols by nanoparticle-
assisted ultrafiltration was determined using two parameters: the permeate flux

Jp (L.h"1.m2) and the retention rate R (%).

3.5.1. Pressure effect on thiol retention by ultrafiltration membrane assisted
ZnO and TiO, NPs The variation of DTT retention rate as a function of
transmembrane pressure was studied at different pressures from 2 to 5 bars.
The concentration of thiol is fixed at 3 mM. According to Figure 8A,
retention is higher at 2 bar and then decreases as the pressure increases.
During filtration, the retained species gradually accumulate on the surface of
the membrane under the effect of pressure. This observation indicates that the

retention of DTT is essentially linked to the complexation of thiol molecules by



CA. Choi et al. (2020) [63] suggested that thiol was incorporated onto the surface
of cellulose nanofibers by chemisorption of each doubly charged metal ion that
occurs with two thiol groups. Above a certain pressure, the driving forces of
the solute become greater than the surface forces, as a result, the transport of
solute increases, resulting in a decrease in the retention rate. We recorded
good retention of 99.98% at 2 bar pressure for the CA and CA-ZnO-based
membranes and less for the TiO, based membrane. This could be due to the
difference in solubility of the two nanoparticles and as indicated in the
chemical safety data sheet that titanium dioxide is poorly soluble in water and
in solutions that contain concentrated sulfur (H,SO,4) [64] while Zinc oxide has a

high solubility in water [65].

3.5.2. pH effect on thiol retention by ultrafiltration membrane assisted ZnO
and TiO; NPs We have considered an initial concentration for a pH
range of 2-10 while maintaining a constant temperature of 25 °C. The pH of
the solution is set by adding HCI (0.1 M) or NaOH (0.1 M), under stirring.
According to Figure 8B, it can be seen that at a basic pH, there is a very high
removal of DTT. At pH 10, retention is about 99.5% for CA, 88.5% for CA-
Zn0O, and 97.90% for CA-TiO, membranes. The retention rate of cellulose
acetate-based membrane is higher than that of membrane mixed ZnO at pH 10.
The variation in thiol retention as a function of pH can be explained by the
interaction between thiol and cellulose acetate. Thiol (sulthydryl group) is
essentially in the ionic form SO4* while ZnO and TiO, are positively charged
and are mainly in the neutral form at low pH equal to 2 and 4 which explains
the low retention rates. The increase in pH leads to an increase in the

cationic groups which favor the formation of the thiol-cellulose acetate



complex by electrostatic interaction between Zn?*, Ti*", and SO4*. Studies on
the effect of zinc oxide and titanium dioxide nanoparticles on supported lipid
bilayers demonstrated the variation of the zeta potential of ZnO with a pH of 7-
8.5, the dispersions are stable and positively charged (pH 7.4 ~ +3 mV) [66].
It is known that low zeta potentials tend to coagulate or flocculate the ZnO
suspension. In variations of the zeta potential of TiO, with a pH of 5 to 9, the
dispersions are stable and the surface is positive (with a pH of 7.4 ~ 33 mV).
In this case, a high zeta potential will confer stability to TiO,, i.e. the suspension

resists aggregation [67].

3.5.3. Effect of DTT concentration on thiol retention by ultrafiltration
membrane-assisted ZnO and TiO, NPs Results in Figure 8C show that thiol
retention rates decrease with increasing DTT concentrations. It appears that
the presence of high thiol concentration reduces the electrostatic interaction
between thiol and cellulose acetate. On the other hand, Zn and Ti ions
compete with DTT in the complexation process. Despite the addition of large
amounts of DTT, retention rates remain high in the order of 99.67% at 2 mM. It
can be seen that the removal of sulfur is perfect at a concentration of 2 mM
and that the CA-ZnO and CA-TiO, membranes give the best removal results.
In the absence of a precise study, we can make the hypothesis that the force
of the charges has become important in ZnO and TiO, based membranes.
Previous results confirmed that the nanoparticle-membrane interaction
depends on the nanoparticle charge as well as the zeta potential. While,

cationic nanoparticles are known to penetrate through the membrane [68].

3.5.4. Effect of time on thiol retention by ultrafiltration membrane assisted



Zn0 and TiO; NPs under different pressures, DTT concentrations, and pH.
According to Figure 9, DTT treatment time decreases with increasing pressure
and increases with increasing pH and concentration. The ZnO-modified
membrane takes less time at few seconds than other membranes to process
the synthetic solution because the pore size of the CA-ZnO membrane is larger
than the CA-TiO, membrane. The CA membrane exhibited effective and rapid
adsorption behavior toward heavy metal ions in aqueous solutions as a function

of the thiol concentrations, pressure, and pH [63].

3.5.5. Identification of thiols retention by ultrafiltration membrane assisted
Zn0O and TiO, NPs using the fluorescence spectrum The fluorescence
intensity gives a general idea about the characteristics of thiols and
concerning the efficiency of the membranes that give the best sulfur removal. It
can be seen from Figure 10 that the intensity of fluorescence as a function
of pressure, concentration, and pH gradually decreases for all three
parameters, and the ZnO- modified membrane eliminates better than the other
membranes. The retention rate depends on the physicochemical parameters.
From the elimination rates, it is concluded that there are optimal conditions
to have a better synthetic result, these conditions are the following: (1)

Pressure P = 2 bars, (2) pH = 10, and (3) DTT concentration = 2 mM.

4. CONCLUSION

This work proposed to study the elaboration of cellulose acetate polymer-based
membranes for their application in the removal of a synthetic thiol. The results

obtained show that the ZnO-modified membrane gives a good synthetic sulfur



removal efficiency at optimal conditions of pressure at 2 bars, pH 10, and thiol
concentration of 2 mM. We found that a synthetic sulfur removal membrane
treatment gives better retention of 99.67 % at 2 mM. The characteristics of the
cellulose acetate membrane under the influence of ZnO or TiO, nanoparticles
were tested by fluorescence correlation spectroscopy. It was found the
significant reduction of the mobility of sulfur diffusion, which can be
explained by the binding of ZnO-sulfur aggregates, as a function of the ZnO
concentration. TiO, has little effect on the mobility of sulfur diffusion. The
addition of nanoparticles to membranes improves the water purification
capacity by promoting a good separation of sulfur, more particularly by

ZnO NPs.
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Table 1. The composition of casting solutions.

M 20 4 1 0

M, ( CA/TiO2 NPs) 20 4 1 0.1
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Table 2. Measurement of permeability fluxes of AC, AC-ZnO and AC-TiO, membranes.

AC membrane

S (m?) 0.0028 0.0028 0.0028 0.0028

Time (h) 0.0811 0.0475 0.0349 0.0217

AC-TiO2 membrane

S (m?) 0.0028 0.0028 0.0028 0.0028

Time (h) 0.0852 0.0577 0.0450 0.0349

AC-ZnO membrane

S (m?) 0.0028 0.0028 0.0028 0.0028

Time (h) 0.0097 0.0075 0.0061 0.0038
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Figure 2. XRD patterns (a), SEM (b), TEM (¢), and FTIR (d) of Zinc oxide nanoparticle
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Figure 4. SEM images of the bare Cellulose acetate and the ZnO blended CA Membranes.
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Figure 5. FTIR spectrum (a) Pure Membrane M, (b) ZnO/CA membrane.
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Figure 6. Effect of transmembrane pressure on (A) water and (B) DTT flow of AC, AC-ZnO,

and AC-TiO, membranes.



Figure 7. Profile of water drops on membrane surfaces: (A) AC, (B) AC-TiO,, and (C) AC-

7ZnO membranes.
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Figure 8. Effect of (A) transmembrane pressure, (B) pH, and (C) DTT concentration on

permeate retention of thiol by ultrafiltration assisted ZnO and TiO, NPs membranes.
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Figure 9. Effect of time on thiol retention by ultrafiltration membrane assisted ZnO and TiO,

NPs under different pressures, DTT concentrations, and pH.
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Figure 10. The intensity of thiols identified by fluorescence spectrum in permeate obtained

by ultrafiltration membrane assisted ZnO and TiO, NPs.
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