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Abstract

Membrane separation has been widely used for various applications including microfiltration (MF), ultrafiltration (UF), and
nanofiltration (NF) processes in the fields of biomedicine, food, and water purification. In this work, a facile synthesis of new
polyamide thin-film composite nanofiltration membranes (NF-TFC) for water purification was described. The polyamide thin
film was deposed over a synthetic cellulose acetate (CA) support by interfacial polymerization method. 1,3 cyclohexane bis
(methylamine) (CHMA) and trimesoyl chloride (TMC) were used as monomers. The membranes were characterized using
Scanning Electron Microscopy (SEM), Fourier Transform Infrared spectroscopy (FT-IR), water uptake, porosity, contact
angle, water permeability and rejection towards specific salt and dye molecules. The effect of the variation of the CHMA
concentration (0.2-2 wt.%) on the morphology, porosity, water permeation and rejection properties of the prepared mem-
branes was studied. SEM results displayed the growth of the membrane thickness when the CHMA concentration increased
from 0.2 to 2 wt.%. The strong adhesion between the cellulose acetate substrate and the polyamide layer explained by the
formation of the polyamide film in the substrate surface and inside the pores. The water permeability varied from 36.02 to
17.09 L h™' m™2 bar™". The salt rejection of Na,SO, and NaCl increased from 9 to 68% and from 38.41% to 89.4%, respec-
tively, when the CHMA concentration was changed from 0.2 to 2 wt.%. The prepared membranes were further applied suc-
cessfully for the removal of malachite green and congo red. The results indicated that the maximum rejection reached 89%
and 85% for malachite green and congo red, respectively.
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Introduction

The development of the industrial sector and the increas-
ing demand for textiles has conducted to the use of the
synthetic organic dyes in a wide range of textile fibers,
such as polyester, polyamide, cotton, etc. Nowadays, tex-
tile dyeing represents one of the highest water-consuming
industries, and it generates large quantities of carcinogenic
organic dyes and inorganic salts, which have a negative
impact on the aquatic environment and human health [1,
2]. Therefore, several methods have been used to remove
dyes from contaminated water such as adsorption [3, 4],
electrochemical [5], advanced oxidation processes includ-
ing chemical oxidation and catalytic degradation [6, 7],
etc. However, the above-mentioned processes have been
reported to be quite costly and/or causing additional toxic
sludge or even not practical for large-scale application
[6-8].

Due to several advantageous features such as the easy
scale-up and the relatively low energy consumption, NF
has been emerged as an excellent candidate in a wide vari-
ety of separation applications, particularly in the pharma-
ceutical, textile, and agro-food sectors [9—15]. Commonly,
NF selectively rejects molecules having a size ranging
between 0.5 and 2 nm such as multivalent salts, dyes, and
organic matters with molecular weight of 200-1000 Da
[16—-19]. Several techniques were reported in the litera-
ture for the preparation of nanofiltration membranes such
as polymerization plasma preparation [20], layer-by-layer
[21], UV grafting [22, 23], interfacial polymerization [24,
25], among others. In particular, the interfacial polymeri-
zation, reported by Cadotte in the early 1980s, was consid-
ered the most widely used technique since thin-film com-
posite (TFC) membranes largely dominated the polymeric
NF membranes market [26]. A TFC membrane consists of
at least two distinct layers; a porous substrate conferring a
sufficient water flux and a top active layer that controls the
whole membrane selectivity [25-27]. To date, it is likely
that the most popular TFC membranes are based on poly-
amide (PA) selective layer. The PA layer is formed on the
porous substrate as a result of a reaction occurring at the
interface between an organic solution containing chloride
acid-type compounds and an aqueous solution containing
an aliphatic/aromatic diamine [25]. Despite TFC mem-
branes have been well received in the industry, membrane
scientists still well interested in developing TFC mem-
branes to break the typical trade-off relationship between
permeability and selectivity. For instance, Langming et al.
[28] have been incorporated the cellulose nanocrystals
(CNCs) into PA layer through interfacial polymerization
to improve the physicochemical properties of TFC mem-
branes (CNC-TFC). The resulted TFC membrane showed
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a great rejection performance for divalent salts (ca. 98%)
and dyes (over 99%). More recently, Meng et al. [29] used
sodium alginate and polyvinylidene fluoride (PVDF) sub-
strate to prepare PVDF-CaAlg nanofiltration membranes
with dual thin-film-composite. The results showed that the
prepared membranes exhibited superior surface hydrophi-
licity which improved the pure water flux and the removal
rate for congo red reached 98.4%. Zirehpour et al. [30]
developed thin-film PA layer modified by metal-organic
framework (MOF) nanocrystals over PES substrate. The
results showed that the modified membrane with 0.04%
MOF increased the pure water permeability without
affecting the selectivity. The enhancement of the mem-
brane properties was explained by the better compatibility
between the organic linker of the MOF and the organic
polymer through hydrogen bonds and covalent bonds
formed between the two phases.

The aforementioned examples illustrate that the modi-
fication of the active layer of the TFC membrane can
effectively improve their performance. In itself, the active
layer in TFC membranes was strongly affected by the type
of the monomer used in the IP process. In this respect,
several monomers were tested, including piperazine (PIP)
[31], m-phenylenediamine (MPD) [32], and bisphenol A
(BPA) [23] in the aqueous phase, and trimesoyl chloride
(TMC) [33, 34] and terephthaloyl chloride (TPC) [35] in
the organic phase.

Even though the trend of research involved in the devel-
opment of TFC membranes significantly increased in the
last decade, many efforts are still needed to produce mem-
branes with the desired properties. This calls for testing
new substrates other than the conventional ones and the
use of new precursors for developing the PA layer [36].
Based on the available literature, CA as a substrate for
TFC membrane and CHMA as a monomer for PA prepa-
ration had not been widely used in the preparation of PA
TFC [37]. Herein, our current work was devoted to the
preparation of a new PA TFC nanofiltration membranes by
interfacial polymerization. The cellulose acetate substrate
(CA UF), previously investigated as ultrafiltration mem-
brane in our previous study [38] and the monomers couple
of CHMA and TMC, respectively in the aqueous phase
and in the organic phase were used to produce new TFC
membranes. The effect of CHMA concentration during
the preparation procedure was investigated. The resulting
membranes were characterized using FTIR, SEM, water
uptake, porosity, and contact angle. The water uptake and
the contact angle were measured as a function of CHMA
concentration. The membrane performance was evaluated
by measuring the pure water permeability and salt rejec-
tion (NaCl and Na,SO,). The prepared membranes were
further checked for the removal of Congo red and mala-
chite green.
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Experimental Table 1 Properties of Congo red and malachite green

. Dye Formula Molecu- Amax (M)
Reagents and Chemicals lar weight

(g mol™")
_ -1

Cellulose acetate (MW = 30,000 'g mol™', 39.8 wt.% Congo red CoHpNNw,OS, 6966 498
acetyl), acetone, formamide (purity >99.5%), hexane ;. .. green Co,Hy,N,O), 364.9 618

(purity >95%), 1,3-cyclohexanbis(methylamine) (Molecular
weight=142.24 g mol™!, purity >98%), trimesoyl chloride
(Molecular weight =265.48 g mol~!, purity > 98%), Congo
red (C3,H,,N¢Na,OS,, Molecular weight=696.66 g mol ™,
purity > 85%) and malachite green (Cs,Hs,N,O,,, Molecular
weight=927.02 g mol~!, purity >90%), NaCl, Na,SO, were
purchased from Sigma Aldrich. Distilled water was used for
rinsing the membrane samples and to prepare the aqueous
solutions of salts and dyes. The chemical structures of the
monomers and the dyes were shown in Fig. 1, while some
properties of the studied dyes were summarized Table 1.

Microporous Cellulose Acetate Support Preparation

The microporous substrate of the TFC membrane was pre-
pared from CA polymer, largely used for polymeric mem-
brane fabrication [39-41]. Polymeric solution was prepared
by dissolving CA (15 wt.%) in acetone-formamide (2:1; v/v)
solution at 25 °C. The dope solution was stirred for 24 h
until the polymer was completely dissolved. Later, the dope
solution was casted onto a glass plate with a casting knife
set at 200 um. The glass plate was then immersed for 1 h
in a water coagulation bath at 4 °C without further evapo-
ration time. Finally, to remove the remaining solvent, the

Fig. 1 Chemical structure

of the studied dyes and the
used monomers: a congo

red, b malachite green, ¢ 1,3
Cyclohexanebis(methylamine),
and d Trimesoyl chloride

CH; (b)

A\

H;C

resulting membrane was immersed in a bath of distilled
water at 60 °C.

Preparation of Thin-Film NF Composite Membranes

The TFC membranes were prepared by IP technique using
microporous synthetic cellulose acetate ultrafiltration mem-
branes as support (CA UF). The support membranes were
taped onto a glass plate leaving the topmost surface available
for reaction. Initially the membranes were immersed in a
several concentrations of CHMA aqueous solution (0.2, 0.5,
1, 2 wt.%) for 2 min at room temperature. The pre-soaked
membranes were later taken out from the aqueous solution,
and vertically positioned for 1 min to drain the excess mono-
mer on the membranes surface. Then, all the membranes
were dipped for 1 min in the organic phase of hexane and
the monomer TMC (0.1 wt.%), until reaching the complete
IP. The reaction of the monomers CHMA and TMC occurs
at the membrane surface and thus producing a PA layer. The
typical polymerization reaction between such reactants is
depicted in Fig. 2.

(©
o cl
(d)
NH,
o o)
NH, Cl cl
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Fig.2 The polymerization reac-
tion between CHMA and TMC

NH,
+
o
NH,
cl
Table 2 Summary of TFC Membranes ~ CHMA (w.%)
membranes prepared in this
study CA UF 0
TFC-0.2 0.2
TFC-0.5 0.5
TFC-1 1
TFC-2 2

Finally, the membranes were dried in air for 30 min to
evaporate the organic solvent. The resulting TFC mem-
branes were stored in pure water overnight before charac-
terization tests. All TFC membranes prepared in this work
were listed in Table 2.

Characterization Instruments and Methods

The effect of CHMA concentration on the surface and
cross-section morphology of the membranes was studied
using a Scanning Electron Microscopy (Zeiss EVO MA
100, Assing, Italy). The membrane samples were spattered
with gold before observation. The chemical structures of
the substrate layer (CA UF) and the TFC membrane (TFC-
2) were investigated using Fourier transform infrared spec-
troscopy instrument with IR (IRAffinity-1S, Tunisia). The
measurements were performed in the wavenumber range
of 450-4000 cm™".

The surface wettability of the membranes was evaluated
using an Attension Theta optical tension-meter (Biolin
Scientific, Tunisia). The measurements were performed
using ultra-pure water drop (5 pL). The measurements
were performed at least five times for each sample and the
average was noted-down. The porosity (¢%), defined as the
ratio between the volume of voids in the membrane and
the whole membrane volume, was determined using gravi-
metric method [42]. The dry membrane was weighed and
then immersed in kerosene for 24 h. Then, the excess of
kerosene was eliminated, and the membrane was weighed
once again. The porosity was determined using Eq. 1:
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where ¢ is the membrane porosity (%), W, and W are the
wet and dry weight of the membrane, respectively, p,, is the
polymer density (1.28 g cm™), py is the density of kerosene
(0.82¢g cm™).

The water uptake of the prepared membranes was per-
formed using Eq. 2 [43]:

(MW -M, )
Water uptake = . )x 100 )

where M, and W are the wet and dry weight of the mem-
brane sample, respectively.

Pure Water Flux and Rejection

Distilled water was used to perform membrane permeability
to pure water. The membrane performances were evaluated
using sodium salts (NaCl, Na,SO,) aqueous solutions with a
concentration of 20 mg L~! and dyes (Congo red and mala-
chite green) aqueous solutions with concentrations of 10, 20,
50, and 100 mg L' In all cases, the membrane performance
was determined using stainless steel cell (Millipore) with
a total volume of 350 mL, and effective membrane area of
38.54 cm?. Before measurements, the membrane was com-
pacted for 1 h at 16 bar. The pure water flux, salt and dyes
rejection tests were determined at a pressure of 9 bar. The
effect of pH variation on dyes retention was investigated in
the range of 2—12 by either adding solution of NaOH (0.1 M)
or HCI (0.1 M). The permeate flux was measured as water
volume permeating per unit area membrane at specific time:

1%
J"_E (3)

where Jy, is the permeate flux (L m~2h™"), v is the volume
of permeate (L), A is the membrane area (m?) and At is the
operating time (h).

The retention rate of salts and dyes was calculated as
follows:
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nm

Gy
R(%) = <1——>x100 4)
Cr

where, C; and Cp are the concentrations of feed and permeate
solutions, respectively. The measurement of the dye concen-
tration before and after filtration was performed using an UV
Perkin—Elmer Lambda 25 spectrophotometer.

Cross Section

TFC-2

Results and Discussion
SEM Morphology Characterization

Figure 3 showed the morphology (cross section, top and
bottom side) of the CA UF membrane used as substrate,
as well as TFC membranes using the lowest (0.2 wt.%)
and highest (2 wt.%) content of CHMA (TFC-0.2 and
TFC-2, respectively). The CA UF membrane showed
the typical asymmetric structure of the phase inversion
technique, which has been also reported in the literature

Bottom Side

Fig.3 SEM images of CA UF support, TFC-0.2 and TFC-2 composite polyamide membranes [cross section (X 1500 K), top side (x 10,000 K)

and bottom side surface (X 5000 K)]

@ Springer



712

Journal of Polymers and the Environment (2022) 30:707-718

[44-47T]. Moreover, CA UF exhibited a relatively smooth
and defect-free surface (top side image), with some pores
that appear, especially, on the bottom side. Whereas the
cross-section image of the substrate showed large pores
with a finger-like structure.

After the PA layer being deposited over the CA UF sub-
strate, the surfaces of the TFC membranes (TFC-0.2 and
TFC-2) became denser and turned to a rougher structure
(top side images). In particular, the top side image of TFC-2
showed a rougher surface with nodular morphology gen-
erated by the “ridge and valley” structure, which is the
common structure of polyamide films [48]. The roughness
structure could be attributed to the stress during the IP reac-
tion and swelling in the drying process. Firstly, the support
saturated with CHMA was in contact with TMC. Herein, the
amine monomer, transported by diffusion to the interface
by hexane and later reacts with the TMC. While when the
TFC was dried in the air, the solvent evaporated from the
membrane top surface, resulting in an uneven-type surface.

The cross-section images of the TFC membranes showed
that when CHMA concentration increased the selective layer
thickness grows and the size of the pores becomes tighter
and transformed to the dead-end form compared to the CA
UF substrate. In that, when the CHMA concentration was
increased from 0.2 to 2 wt.%, more monomer species were
deposited on the surface of the membranes. Hence, dur-
ing IP, more CHMA can react with TMC and subsequently
increase the thickness of the membranes, which expected
also to improve the selectivity during the nanofiltration
studies.

Eventually, the images of the bottom side show that the
pores which appeared in the CA UF substrate gradually dis-
appeared with increasing the CHMA concentration. This
finding suggests that the PA layer was formed in the pores

in addition to the substrate surface, conferring more stability
in case of high pressure running.

FT-IR Spectroscopy Investigation

Figure 4 reported the FT-IR spectra of the CA UF sub-
strate and TFC membranes. The FT-IR spectrum of the
support membrane displayed the characteristic bands of
the CA such as O—H (around 3510.13 cm™"), C-H (around
2912.52 cm™!), C=0 (1750 cm™"), C-H (1372 cm™") of
—CHj;, and C-O-C (917 cm™!) of ether from the glycosidic
linkage [49, 50]. Compared with the CA UF substrate, new
absorption peaks characteristics of polyamide appeared in
the range of 1400—1700 cm™! in the FT-IR spectrum of the
TFC-2 membrane which confirms the success of the inter-
facial polymerization. The peak appearing at 1453 cm™!
is ascribed to the O—H deformation of carboxylic acid.
The strong absorption band registered at 1559 cm™! was
assigned to the amide group C-N in-plane bending [51].
While the absorption band seen at 1642 cm™! was attributed
to the C—O groups characteristic of the amide group [51].
Moreover, the characteristic bands of the CA UF membrane
showed a slight shift to higher wavenumbers values in the
FT-IR spectrum of the TFC-2 as mentioned in Fig. 4. In
particular, the bands of C=0, C-H, and O-H were moved
to around 1895.63; 3113.28; and 3666.41 cm™', respectively.

Contact Angle Measurement

The wettability of membranes surface was evaluated by
means of water contact angle measurements. Figure 5 shows
the average water contact angle values for the TFC mem-
branes as a function of the CHMA content. All the mem-
branes showed contact angles below 90°, which confirms

Fig.4 FT-IR spectra of CA UF
support and thin-film composite

TFC-2 c-oc

Transmittance (%)

C-H

C-H

CATUF

TFC-2

' 3666.41
——

1 — 1 "
500 1000
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Fig.5 Change of the contact angle of the TFC membranes as a func-
tion of CHMA concentration (0-0.2-0.5-1-2)

their hydrophilic nature. The contact angle decreased from
65° to 40° when CHMA concentration increased from 0 to
2 wt.% and membranes hydrophilicity followed the order of
UF < TFC-0.2 < TFC-0.5 < TFC-1 < TFC-2.

In fact, the increase of the CHMA concentration pro-
vides more hydrophilic polar amide functional groups on
the membrane surface and consequently an improvement of
the hydrophilic behavior [52]. Moreover, the improvement
of the rugosity after deposing the thin film layer could be
another reason for the decrease in contact angle values.

The hydrophilic behavior makes favors the transfer of
water molecules across the membrane rather than the other
pollutants giving more selectivity during filtration [53].

Water Uptake Property

Figure 6 displayed the water uptake of the prepared mem-
branes at different CHMA concentrations. It was found that
the water content decreased from about 76% to 50% when
the CHMA concentration increased from 0 to 2 wt.%. Gen-
erally, the increase of the membrane hydrophilicity creates
new stream ways for water transport, improving water uptake
[54]. However, in this study, the hydrophilicity behavior
surges together with the decrease in water uptake. This
result means that the water uptake was mainly related to the
other properties of the upper layer including the crosslinking
degree and the pore size of the formed PA. In particular, the
increase of the polyamide thickness explains the strong poly-
mer interactions. Hence, the increase of the cross-linkage
could restrict the mobility of PA chains, rendering a weak
water uptake. In addition, the decrease in water uptake val-
ues could be justified by the decrease of porosity observed
by SEM images, which does not provide free spaces for

CHMA concentration

Fig.6 Water uptake of the TFC membranes as a function of the
CHMA concentration (0-0.2-0.5-1-2)

water hosting. In fact, such results are in agreement with
the reduction of porosity as a function of CHMA content.

Permeability and Porosity Characteristics

Figure 7 shows the influence of CHMA concentration on
the porosity and the pure water permeability of the CA
UF and TFC membranes. The results clearly show that
water permeability and porosity were strongly affected
by the increase of the CHMA concentration. The poros-
ity decreased from 70 to 40% when the CHMA concen-
tration increased from 0 to 2 wt.%. Correspondingly,
water permeability was reduced drastically from 36
to 17 L h™' m~2 bar™! for the same CHMA concentra-
tion variation. These results suggest the formation of
denser and lesser permeable PA layers at higher CHMA

35 | 5 —O— Permeability 8o
—=&— Porosity L
-
— 70

§ 301 \.\

3 L
i 1 (a]

. \. Loo
= Il 3
S 2

(=]

2 20 * %0 3
a \ | ©

© 4 =]

2 . d

g 15 40
o

10 - 30
T T T T T T T T T
0,0 0,5 1,0 15 20
CHMA Concentration

Fig.7 Pure water permeation and porosity as a function of the
CHMA concentration (0-0.2-0.5-1-2) (amine=2%; curing tempera-
ture =25 °C; curing time =2 min)
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Fig.8 Salts retention in TFC membranes as a function of CHMA
concentration  (0-0.2-0.5-1-2) (TMC=1%; curing tempera-
ture =25 °C; curing time=1 min)

concentrations. The decrease of membrane permeability
is due to the reduction of porosity and to the additional
permeation resistance generated from the thick and com-
pact PA layer. A similar result was also found by other
researchers [55, 56]

Effect of CHMA Concentration on the Salt Retention
Performances

Figure 8 gave the rejection ability towards salt molecules as
a function of CHMA concentration. The results indicated
that the prepared membranes showed an increase in salt
retention when the CHMA concentration increased from 0
to 2 wt.%. Firstly, at low monomer concentration 0.2 wt.%,
the retention was about 9% and 38% for NaCl and Na,SO,,
respectively. Therefore, at this concentration, the CHMA
concentration was not enough for a complete polymeriza-
tion reaction [57]. On the contrary, the increase in CHMA
concentration displayed a dependent increase towards NaCl
and Na,SO, rejection. Herein, the highest retentions rates
were found at the highest CHMA concentration (i.e., 2
wt.%), where the salt rejection was about 68% and 89% for
NaCl and Na,SO,, respectively. It is worth to mention that
CHMA concentration (i.e., monomer concentration) plays a
crucial role in the preparation of the membranes by interfa-
cial polymerization technique. Precisely, increased CHMA
concentration tends to boost the crosslinking degree, which
was likely responsible for the simultaneous decrease in
water permeability and increase in salt rejection. In fact,
the typical trade-off relationship between permeability and
selectivity of the TFC membranes was widely mentioned
in previous studies with other monomers [53, 58]. On the
whole, the TFC-2 membrane exhibits a good compromise
between permeability and salts rejection.

@ Springer

Effect of CHMA Concentration on the Dyes Removal

TFC membranes performance were also evaluated for
dyes removal, using Congo red and malachite green and
the results were presented in Fig. 9. In principle, all TFC
nanofiltration membranes showed higher dye rejection com-
pared to the CA UF substrate. Clearly, the rejection rate was
strongly affected by the monomer concentration. In other
words, the dyes rejection increased when the CHMA con-
centration increased. For instance, the raising of the CHMA
concentration from 0 to 2 wt.% increased the retention rate,
from 12 to 89% for malachite green and from 10 to 85%
for Congo red. It has been noticed that the rejection was
slightly better for malachite green. In theory, the molecular
weights of such compounds are different, e.g., 364.9 and
696.7 g mol™! for malachite green and Congo red, respec-
tively; and therefore, it could be expected to have a higher
retention rate towards Congo red. However, as these pres-
sure-driven processes are based on molecular sieving effect,
there molecular size is crucial for their rejection which are
0.7 and 0.8 nm for congo red and malachite green, respec-
tively. From these results, it may conclude that the dyes
retention by the thin-film composite nanofiltration mem-
brane depended on the dye molecular size [11, 59].
Additionally, the TFC-2 membrane was used to explore
the dye retention as a function of the dye concentration and
the results were illustrated in Fig. 10. An increase in reten-
tion for both types of dye was found when the dye concentra-
tion increased. For example, the highest retentions rates (at
100 mg mol™") were about 89% and 76% for malachite green
and Congo red, respectively. While the lowest retention rates
(around 50% and 40% for malachite green and Congo red,
respectively) were found at the lowest dye concentration
(at 10 mg L"), Typically, when the concentrations of the
dyes are higher, membranes are able to absorb molecules

100

—=— Congo red
—e— Malachite green

90

80

70

60 [~

50

40 |-

Retention (%)

30

20

0 1 1 1 1 1
0,0 0,5 1,0 15 2,0

CHMA concentration

Fig. 9 Dye retention in TFC membranes as a function of CHMA con-
centration (0-0.2-0.5-1-2) (pH=6.8, T=25 °C, pressure =9 bar)
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easily. On the other hand, increased concentration promotes
the formation of another filter barrier through the gel layer
formed by the accumulated dye molecules. The thickness of
this layer increases by increasing the concentration of the
dye, which enhances the retention rate. Compared to other
published studies, the results obtained in this work indicated
that the synthesized samples, notably TFC-2, are effective
and could remove organic pollutants from water efficiently
(Table 3).

Further analysis of TFC-2 performances on the removal
of Congo red and malachite green was performed using
the effect of pH variation and the results were reported in
Fig. 11. The concentration of the dyes, pressure, and tem-
perature were maintained constant. The data clearly indicate
that there are significant differences in dye removal rates and
their changing behaviors with the variation of the pH of feed
dye solutions. Inversely to the rejection of Congo red which
increased with the increase of pH, the maximum rejection
of malachite green was achieved at lower pH values. This
result suggests that the membrane separation properties are
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Fig. 11 Dye retention in TFC membranes as a function of pH (2-12)
(concentration= 10 mg, T=25 °C, P=9 bar)

determined mainly by electrostatic repulsion known as the
Donnan exclusion effect [62]. The polyamide membranes in
the acidic medium are positively charged owing to the strong
protonation of NHj;. Thus, the positively charged membrane
rejected the cationic dye (malachite green). While, when
the membrane turned to the negative charge in the alkaline
medium, the anionic dye (Congo red) reached a maximum
rejection rate through the Donnan exclusion. Herein, this
approach can give us an insight that when the dye concen-
tration is low, the change of pH could be a good alternative
for enhanced retention. It is clear that the congo red can be
better retained (e.g., over 80%) at pH values over 8, while
the malachite green reaches its better retention (e.g.,> 68%)
at low pH values (below 6).

Conclusion

In this study, a series of polyamide TFC membranes were
successfully prepared using the interfacial polymeriza-
tion method. The UF CA membrane was used as sub-
strates. The monomers of CHMA and TMC were used,

Table3 A comparative study
between some published
membranes and the synthesized
CA UF and TFC-2 membranes
in this study

Membrane Dye Dye concen- Rejection (%) Permeability References
tration (ppm) (L m2h™! bar™h)
PVDF-CaAlg-10 Congo red 20 98.3 325 [29]
TFC-control-M Congo red - 97.4 12.3 [60]
CNC-TFC-M6 Congo red - 99.83 20.3
PES18PACWNTO0.1  Malachite green 30 98.7 53 [61]
CA UF Malachite green 100 12 36 This study
Congo red 100 10
TFC-2 Malachite green 100 89 17
Congo red 100 85 This study
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respectively, in the aqueous phase and organic phase to
produce the PA layer over the CA UF substrate. The effect
of CHMA concentration (0, 0.2, 0.5, 1, and 2 wt.%) on the
physicochemical properties of the prepared membranes
was investigated using SEM, FT-IR, water uptake, poros-
ity, contact angle, water permeability, and rejection rate
of specific salt and dye molecules. SEM analyses showed
the increase of the rugosity and the thickness of the mem-
branes by increasing CHMA concentration. The TFC-2
membrane exhibited the common morphology of the poly-
amide membranes distinguished by the “ridge and valley”
structure. FT-IR results showed new absorption bands
characteristic of polyamide which confirm the success of
the interfacial polymerization. The increase of the CHMA
concentration enhanced the hydrophilicity and declined
the porosity and permeability of the membrane; e.g., water
permeability changed from 36.02 for CA UF membrane
to 17.09 L h™! m~2 bar~! for TFC-2. The rejection rate of
salts and dyes of all the TFC membranes was better than
the CA UF membrane. In particular, the TFC-2 membrane
showed a desalination rate of up to 89%, and the rejection
rate of malachite green and Congo red reached 89 and
85%, respectively. Such separation performance depends
on the molecule’s concentration and pH of the feed solu-
tion. Overall, this study indicated that CHMA can serve
as a potential candidate to produce TFC membranes for
desalination and water treatment.
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