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ABSTRACT

Arsen (As) is one of the most detrimental substances in drinking water owing to its carcinogenic
impact on human health. Among many technigues for removing Arsenic, membrane filtration pro-
cess has emerged as an efficient technology for removing As from water. In this study, nanofiltration
(NF) thin-film composite membrane based on polyamide is synthesized via interfacial polymeriza-
tion between piperazine (PIP) in water and trimesoy! chloride (TMC) in hexane onto polyacryloni-
trile (PAN) supporting substrate. The influence of PIP and TMC concentrations in the two insoluble
solvents on the separation performance (flux and rejection) of the obtained membrane is studied.
The physicochemical properties of the derived membranes are characterized by ATR-FTIR and pure
water contact angle measurements. The separation performance of the membrane is evaluated
for filtering pure water and 150 ppb arsenate (NayAsHSO4) aqueous solution. The results indicate
that the PIP and TMC concentrations affect the physicochemical properties and thus the separation
performance of the polyamide membrane. The hydrophilicity of the membrane surface increases
as rising the TMC concentration. Nevertheless, the increment of PIP concentration results in the
decline of hydrophilic property of the membrane. The increase in TMC and PIP concentrations lead
to increasing the As(V) rejection, while the TMC concentration is dominant to an increment of the
thickness of the synthesized membrane. Thus, the permeability of the membrane decreases more
significantly with an increase in TMC concentration. The PIP concentration of 2 wt.% and TMC con-
centration of 0.15 wt.% is found to produce the NF membrane for reducing As(V) in drinking water

with high flux of 64 Lm~2 h~! and good rejection of 95%.
Key words: Arsenic, separation, nanofiltration, membrane

INTRODUCTION

Arsenic contamination in water resources has been
considered as a serious problem in the modern world
since a variety of arsenic-containing compounds are
widely known as potent carcinogens'. The removal
of arsenic compounds by suitable methods, there-
fore, is crucial in water treatment. Different methods
for removing arsenic from water have been studied
such as, co—precipitationz, adsorpti0n3, membrane
filtration (i.e., reverse osmosis - RO* and nanofil-
tration - NF!). Major drawbacks of co-precipitation
and adsorption methods were reported including an
addition of chemical reagents, high operating cost
and production of the medium of sludge. Hence,
membrane-based (RO and NF) techniques was in-
troduced as a novel and effective approach for ar-
senic removal®. More particularly, NF has been ex-
tensively exploited due to its lower operating pressure
and higher flux compared to RO°®.

There are several researches on removing arsenic by
NF have been reported until now. For instance, Saitu
et al. used thin-film composite polyamide membrane

(192-NF300) from Osmonics Inc to remove arsenic
with rejection of 95%’. Fiogi et al. used two com-
mercial polyamide NF membranes (NF30 and NF90)
to reject arsenate with the rejection of above 91% in
which the rejection of NF30 was lower than that one of
NF90°. According to our investigation, modern NF
membranes have a thin film composite (TFC) struc-
ture that consists of the ultra-thin polyamide film over
amicroporous substrate. The higher permeability and
selectivity of the TFC membranes are the key advan-
tages compared to asymmetric membranes®’. The
separation performance of TFC NF membranes in-
cluding permeability and selectivity are directly cor-
related with the structure and physicochemical prop-
erties of the ultra-thin polyamide (PA) film ', The
selective polyamide active layer is synthesized by an
interfacial polymerization (IP) process at the inter-
face of two insoluble solvents. In the IP technique,
processing parameters such as the monomer concen-
trations, types of monomers and reaction time could
affect the physicochemical properties and separation
performance of the membrane ! !2, Therefore, many
studies have focused on improving the properties of
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the top active layer. Previous studies reported that
PIP and TMC can be used as reactants to produce PA-
based NF membrane with high permeability and salt
rejection ” 5.

In this work, the effect of the monomer concentration
on the physicochemical properties and performance
of the thin PA layer was investigated by removing pen-
tavalent As from water. Particularly, synthetic PA lay-
ers were fabricated in this study from trimesoyl chlo-
ride (TMC) and piperazine (PIP) reagents on poly-
acrylonitrile (PAN)-support membranes through IP
reaction.

MATERIAL AND METHODS

Material

Polyacrylonitrile (PAN) porous support substrate was
provided by Dow-Filmtec (USA). Piperazine (PIP)
and trimesoyl chloride (TMC) with the purity of 99%
was received from Sigma-Aldrich (USA). Deionized
(DI) water and hexane (99%) were used as solvents
for the synthesis of polyamide membrane. Arsenate
(Nay AsHSO4) was purchased from Guangzhou Zio
Chemical (China).

Methods

PA thin film was hand-cast on the PAN substrate
through interfacial polymerization '*. PA based TFC
membrane was formed by immersing the PAN sup-
port membrane in a PIP aqueous solution for 2 min.
Excess PIP solution was removed from the support
membrane surface using an air knife (Exair Corpo-
ration) at about 4-6 psi. The PIP saturated support
membrane was then immersed into the TMC-hexane
solution for 1 min, which resulted in the formation of
an ultra-thin polyamide film over the PAN support.
The derived membrane was vertically held for 2 min
before it was immersed in a 200 ppm NaClO for 2 min
and then dipped in 1,000 ppm Na;S,O5 solution for
30s. The membrane was finally dipped in DI water for
2 min. Before the obtained membrane can be used for
the experiments, it was immersed in a DI water con-
tainer with the water replaced regularly.

The derived membranes were characterized by us-
ing ATR-FTIR (IFS28, Bruker) and pure water sessile
drop contact angles (DSA10, Kruss). The permeabil-
ity of synthesized membrane was evaluated for pure
water, 150 ppb arsenate (Na; AsHSO,4) aqueous so-
lution using a custom fabricated bench-scale cross-
flow membrane process simulator (Figure 1). The ex-
periments comprised steps of compaction, equilibra-
tion and cleaning under a fixed temperature of 25 °C.
First, DI water was filtered through the membranes
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at 200 psi for at least 6 h. After achieving the stable
flux, the permeability of membrane was determined
by measuring the water flux under applied pressure of
150 psi. Next, the arsenate solution with a fixed con-
centration of 150 ppb was filtered through the mem-
brane at 150 psi. The flux was measured after the
system performance was stable for at least 30 min.
The concentration of As(V) in the feed and perme-
ate solutions were determined via ICP analysis (ICP-
AES, Horriba). The data of flux and arsenate rejec-
tion reported in this paper were based on the average
of three experimental runs. Water flux can be deter-
mined from permeate water flow rate as follow:
2, 9y

J(Lm™2h 1)=m (1)
Where Qp is the permeate water flow rate, A m is
the effective membrane area (0.0024 m?) and ¢ is the
filtration time. The As(V) concentrations in the feed
and permeate solutions were used to calculate the ob-
served arsenic rejection as shown below:

C
Ry(%) = 1 — =Zermeate. _ 1009 )
Feed
Where Cpermeare and Cre,q are the arsenic concentra-
tion in feed and permeate sides, respectively.

RESULTS - DISCUSSION

Influence of the TMC concentration

For an evaluation of the effect of the TMC concentra-
tion on the physicochemical properties and As separa-
tion performance of the NF membrane, the PIP con-
centration was fixed at 2.0 wt.% while the TMC con-
centration was varied from 0.05 wt.% to 2.0 wt.%.

The FTIR spectra of prepared membranes were de-
picted in Figure 2a. The characteristic peaks at wave
number of 1448 cm™! and 1625 cm™! are assigned
to the amide II band (C - N - H) and amide I band
(N - C=0) of the PA thin film, respectively13’14. Ad-
ditionally, the peak at a wave number of 1729 cm™!
belonged to the carboxylic groups, which is the result
of the hydrolysis of unreacted acyl chloride '°-!2. The
intensity of these peaks was found to increase with the
increase of the TMC concentration. Therefore, the ra-
tio of the peak intensity at 1729 cm ™! and 1625 cm™!
could be used to roughly estimate the degree of cross-
linking in the PA membrane (Figure 2b). The results
demonstrated that the cross-linking degree enhanced
as increasing TMC concentration in the range from
0.05 wt.% to 0.15 wt.%. With the TMC concentration
higher than 0.15 wt.%, the ratio of I coon) /I (conn)
exhibited an opposite trend. It indicated that the IP
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Figure 2: FTIR spectra of the PA membranes prepared with different TMC concentrations (a) and the ratio

of the intensity of COOH and CONH groups (b).
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reaction was improved with the increase in TMC con-
centration from 0.05 wt.% to 0.15 wt.%.

The water contact angle representing the hydrophilic-
ity of the TFC membrane surface was shown in Fig-
ure 3. As can be seen in Figure 3, the hydrophilic-
ity of the prepared membrane increased with increas-
ing TMC concentration. It can be explained by the
increase in the number of carboxylic acid groups on
the membrane surface through the kinetics of PA film

formation 12

. The structure and morphology of PA
membrane were controlled by the diffusion of PIP and
TMC monomers into the interface between water and
hexane solvents. The initial dense film was formed
quickly and thereby limited the amount of the PIP
monomers diffusing through the film to react with
TMC in the organic phase. Thus, more acyl chlo-
ride functional groups were hydrolyzed with water to
produce produced carboxylic acid groups on the sur-
face of the PA membrane. As a result, the PA mem-
brane was not fully cross-linked and the carboxylic
acid functionality was associated with a more linear
structure 1°.

The flux and As(V) rejection of the PA membrane
prepared by different TMC concentrations were de-
scribed in Figure 4. The pure water flux of PAN which
was employed as a support substrate nanofiltration
membrane was 200 Lm~2 h~!. The pronounced de-
crease in water permeability indicates that a dense
film was formed on the top surface of the support.
It was observed that the flux decreased sharply with
increasing TMC concentration. However, the rejec-
tion of the membrane enhanced significantly with the
TMC concentration in a range of 0.05 - 0.15 wt.%. The
observed rejection changed slightly with a further in-
crease in the TMC concentration. The results indi-
cate that the increase in TMC concentration led to a
thicker, denser and more hydrophilic PA membrane.
This trend is in agreement with the previous reports
on synthesizing PA membranes for desalination and
softening water applications '°.

The interfacial polymerization occurred at the organic
side of the interface of water and organic solvents
which can be controlled by the diffusion of MPD and
TMC 27!, Therefore, an increase in either MPD or
TMC concentrations might enhance the driving force
for diffusion of monomers to the reaction region to
form rapidly a dense thin-film and thereby limited the
growth of thickness of the membrane. However, in-
creasing TMC concentration may induce a deficiency
in the available MPD at the organic side of the inter-
face. It would lead to an increase of a linear structural
fraction with carboxylic acid functional groups, asso-
ciated with a more hydrophilic surface in the organic
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site. From the results, it can be seen that the TMC
concentration of 0.15 wt.% is suitable to form a PA
membrane for arsenic removal with a good separation
performance.

Influence of the PIP concentration

For studying the effect of the PIP concentration on
the physicochemical properties and As(V) separation
performance of the NF membrane, the TMC concen-
tration was fixed at 0.15 wt.% while the PIP concen-
tration was varied from 0.5 wt.% to 3.0 wt.%.

Figure 5 illustrated the FTIR spectra and the ratio
of the intensity of COOH and CONH groups of the
resulting membrane prepared by different PIP con-
centrations. It was found that the ratio of Icoop)
/Nconn) sharply decreased with the increase in PIP
concentration. Moreover, the water contact angle
(Figure 6) was observed to increase with elevating
the PIP concentration. It suggests that the cross-
linking degree of the membrane was improved notice-
ably with an increase in the given PIP concentrations.
Figure 7 described the water permeation flux and the
arsenic rejection of the PA membrane. As can be
seen in Figure 7, the permeation flux slightly reduced,
while the As(V) rejection of the membrane improved
remarkably with the PIP concentration varied from
0.5 wt.% to 2.0 wt.% and then leveled off with a fur-
ther increase in the PIP concentration. By increasing
PIP concentration, the diffusion of PIP to the reaction
side of the interface was accelerated. Consequently,
the reaction rate is faster and a dense PA film with
high extent of cross-linking was formed. The dense
film also plays as a role of a barrier, which prevents
and blocks the diffusion of PIP to the organic side of
the interface for reacting with TMC 214, Therefore,
the obtained membrane became thinner, denser, and
more hydrophobic. It can be seen from the results that
the PA membrane produced with the TMC concen-
tration of 0.15 wt.% and the PIP concentration of 2.0
wt.% exhibited a good separation performance with
permeation flux of 64 Lm~2 h~! and As(V) rejection
of 95%, respectively.

The performance stability of the prepared PA based
NF membrane for arsenic removal is a vital factor for
practical applications. Accordingly, a long-term sepa-
ration test was carried out under 150 psi at 25 °C with
150 ppb arsenic aqueous solution. The permeation
flux and arsenic rejection of the prepared membrane
during 40 h of filtration are presented in Figure 8. It
can be seen that the flux of this membrane slightly de-
clined along the time while the rejection was almost
stable. It indicates that the PA membrane prepared
by interfacial polymerization exhibited a good perfor-
mance stability.



Science & Technology Development Journal - Engineering and Technology, 2(2):60-67

Contact Angle (°C)

§ =

0.05 010 015 020
TMC Concentration (wt.%:)

Figure 3: Water contact angle of the membranes formed with different TMC concentrations.
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Figure 4: As(V) separation performance of the membranes formed with different TMC concentrations.
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Figure 8: Performance stability of the prepared membrane.

CONCLUSION

The polyamide-based nanofiltration thin film com-
posite membrane for the removal of Arsen was suc-
cessfully synthesized via interfacial polycondensation
between PIP in water and TMC in n-hexane solvents.
Both the TMC and PIP concentrations were found to
affect the physicochemical properties and separation
performance of the PA membrane. The increase in
TMC concentration resulted in the improvement of
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the hydrophilicity and crosslinking degree of the re-
sulting membrane. Meanwhile the increment of PIP
concentration was observed to form a denser, thin-
ner and more hydrophobic membrane. The PA mem-
brane produced with the TMC concentration of 0.15
wt.% and the PIP concentration of 2.0 wt.% exhib-
ited a good separation performance with water per-
meation flux of 64 Lm~2 h™! and arsenic rejection of

95%, respectively.



Science & Technology Development Journal - Engineering and Technology, 2(2):60-67

ABBREVIATION

As: arsen

MFD: multi-flash distillation

RO: reverse osmosis

NEF: nanofiltration

TFC: thin film composite

IP: interfacial polymerization

PIP: piperazine

TMC: trimesoyl chloride

PAN: polyacrylonitrile

PA: polyamide

ATR-FTIR: attenuated total reflectance - Fourier
transform infra-red

DI: deionized

ICP: Inductively Coupled Plasma

ICP-AES: Inductively Coupled Plasma Atomic Emis-
sion Spectroscopy
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Bai Nghién ciiu

Téng hop mang loc nano polyamid dang mang méng compozit dé
khit Arsen

Tran Lé Hai", Nguyén Thi Nguyén, Mai Thanh Phong

TOM TAT

Arsen (As) la mét trong nhiing tac chat cé hai nhat trong nudc udng vi co kha nang gay ung thu
cho con ngudi. Trong rdt nhiéu cac ki thuat dung dé loai bd As, qua trinh loc mang néi lén nhu
mot ky thuat hiéu qua dé loai bo As trong nudc. Trong nghién clu nay, mang loc nano dang mang
madng compozit trén ca sé vat liéu polyamid dugc tao ra dé loai bd As(V). Lp chon loc polyamid
dugc téng hap bang phan ting trung hop tai bé mat phan pha gitta piperazine (PIP) trong nudc va
trimesoy! chloride (TMC) trong hexane trén I6p dé x&p polyacrylonitril (PAN). Anh hudng clia néng
dod PIP va TMC trong hai dung méi khéng hoa tan vao nhau lén hoat dong phan tach clia mang
(thong lugng va hiéu sudt loc) da dugc nghién ctu. Cac tinh chat hoéa ly cia mang dugc xéac dinh
bang phuong phép phé ATR-FTIR va do géc tiép xuc vai nudc cat. Hoat dong phan téch clia mang
dugc danh gia bang qua trinh loc nudc cat va dung dich 150 ppb arsenat (NayAsHSOy). Két qua
cho thdy néng d6 PIP va TMC déu cé anh hudng Ién tinh chat héa ly va hoat déng phan tach cta
mang polyamid. Tinh ua nudc clia bé mat mang tang khi tang ndng dé TMC. Tuy nhién su gia tang
ndng dé PIP lai lam gidm tinh ua nudc ctia mang. Tang néng dé PIP va TMC déu lam tang hiéu suét
loc As(V), trong d6 néng do TMC anh hudng Ién dén su gia tang chiéu day clia mang tao thanh.
Do d6, d6 thdm thdu clia mang gidm dang ké khi tang nong d6 TMC. Néng do PIP 2 %kl va néng
d6 TMC 0,15 %kl 1a thich hop dé tao ra mang NF dé khir As(V) trong nudc uéng véi thong lucong
cao 64 Lm—2h~! va hiéu suat loc t6t 95%.
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