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1. Introduction

Recent scientific research on polymer nano-composites
has given rise to electro-spinning technology which
is crucial to the production of nanofibers. Nano-

Abstract. This study elaborates on the important role of nanofibers produced from
polyacrylonitrile after reinforcement with iron nanoparticles (y-Fe2O3). The objective is to
expand the applications of these fibers and combine their ability to remove nickel(I1) from
aqueous solutions with the ability to not only remove pollutants such as total suspended
solids, Total Nitrogen (TN), Total Phosphor (TP), chemical oxygen demand, and cyanide
but also kill the bacteria in wastewater. The absorption results for nickel(II) following
the aqueous solution treatment were obtained by an atomic absorption spectrometer type
(AAs-7000) and then, a spectrometer type (Hach DR2800) managed to obtain pollutant
absorption results after treating wastewater samples. The results of adsorption kinetic
parameters for nickel(II) proved that the rates of increase in the maximum absorption
capacity ranged from 43.27 to 133.5 and from 74.63 to 178.571 mg/g when increasing the
initial concentration (10-50 mg/L) for the first and second-order models. pH, contact
time, electrical conductivity, and initial concentration represented good indicators of
adsorption efficiency for nickel(IT), and the high removal efficiency was 23.96% at a low
initial concentration. Intensification of the reduction rate and TN:TP ratio appeared to be
significant enough to increase the removal rate of the total bacteria by 90% in 8 h.
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fibers enjoy unique characteristics such as surface area
to volume ratio as well as mechanical, crystalline,
and magnetic properties [1,2]. Their low particle size
plays an important role in obtaining good homogene-
ity for polymeric solutions and favorable diffusion of

nanoparticles in the polymer matrix with very small
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the applicability of nanofibers to medical fields, e.g.,
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tions, e.g., ahsorption or removal of heavy metal ions,
especially nickel(I) ions, from wastewater through
particle size controlling and surface modification [8].



S.A. Habeeb and B.A. Nadhim/Scientia Iranica, Transactions C: Chemistry and ... 30 (2023) 2056—2069 2057

Therefore, backed by their large surface area,
nanofibers represent a viable alternative to conven-
tional separation methods and they increase ion ab-
sorption rates compared to other types of materials
such as resins, foams, conventional fibers, etc. [9,10].

In addition, pollution with heavy metal ions
has turned into a major threat due to the rapid
increase in global industrial activity [10,11]. Nickel(IT)
is among the pollutants that causes major problems
for water due to its toxicity and tendency for bioac-
cumulation as well as nickel(IT) absorption, which is
dependent on contact time, solution pH, and initial
nickle (II) concentration [12-16]. This pollution is
cumulative in nature and cannot be biodegraded [10].
Water can be purified through absorption, which is
a unique and independent magnetic property [17],
because electrically spun nanofibers have limited func-
tional groups that remove or absorb certain substances
from wastewater solutions [10]. Absorption technol-
ogy, especially absorption of heavy metal ions from
water, is of high importance, sensitivity, and accu-
racy and is quite inexpensive [14,15,18-20]. It is
obvious that relevant complex operational processes
should be less costly in operation and utilize optical
sensors to detect Hg(II) ions using chromophores,
fluorophores, functional polymers, graphene, proteins,
and biologically modified nanoparticles [21]. Sun et
al. synthesized cyclic amine monomer and 1-acryloyl-
2, 2, 5, 5-tetramethyl imidazolidine-4-one (ACTMIO)
copolymerized, containing many monomers such as
acrylonitrile (AN), methyl methacrylate (MMA), and
vinyl acetate (VAC). These materials use an an-
tibacterial like Escherichia coli [22]. Polyacrylonitrile
was employed to serve as an antimicrobial activity
after blending it with the developed chitosan (N-(2-
Hydroxy) propyl-3-trimethylammonium chitosan chlo-
ride (HTCC)) and converting it into nanofibers, as 5%
addition of chitosan suffices to kill bacteria by 100%
[8]. In addition, polyacrylonitrile nanofibers enjoy a
high surface area and good thermal stability, and they
have, therefore, been used as a membrane for filtration
and bacterial removal [23,24]. On the other hand, the
polyacrylonitrile nanofibers reinforced by single-walled
carbon nanotubes were used to remove chemical and
biological substances from graywater pollutants [25].
Anderson and Yu studied the effect of acidic pH and ba-
sic pH solutions on bacterial growth. They found that
acidic solutions could accelerate bacterial growth, while
bacteria growth decreased significantly in solutions
with pHs 5-9 [26]. High pHs killed bacteria in wastew-
ater [27]. Harris et al. studied the relation between the
ratio of Total Nitrogen (TN) to Total Phosphor (TP)
and growth of bacteria. They found when the TN:TP
ratio was low, the cyanobacteria concentrations were
high [28]. Increasing the absorption time would lead
to the reduced concentration of polluted wastewater as

Chemical Oxygen Demand (COD), Total Suspended
Solid (TSS), and Cyanide (CN) [29].

This study makes two contributions as part of
its novelty. First, the Polyacrylonitrile (PAN): ~-
Fe; O3 nanofiber film is used as an adsorption material
with high selectivity and fast detection for nickel(II)
from aqueous solution. In addition, this composite of
nanofibers is used to reduce low-concentration pollu-
tants such as COD, TSS, and CN and to decrease the
number of bacteria in real wastewater samples.

2. Experimental section

2.1. Materials

PAN powder, N, N-dimethylformamide (DMF) solvent,
and iron oxide nano-powder (y-FeyOg3) were borrowed
from the referenced study [30]. GX3007 nickel(II)
nitrate hexahydrate with formula (Ni(NO3)~2.6H,0)
was supplied from Glentham Life Sciences Lim-
ited. Hydroxylamine hydrochloride with formula
(NH,OH.HCl) and sodium carbonate with formula
(NayCOg3) were supplied from Sigma-Aldrich.

2.2. Preparation of solutions

2.2.1. Preparation of composites of polymeric
solutions

To prepare the functional groups of the PAN surface

for obtaining the best interaction between the polymer

chains and v-Fe; O3 nanoparticles, PAN containing the

nitrile group reacted with hydroxylamine hydrochloride

in the presence of sodium carbonate. The reaction

shown in Figure 1 occurred under the following con-

ditions and quantities.

0.4 g of PAN powder was added to 100 ml of
deionized water in a 250 ml bottle for reacting with
16 g of hydroxylamine and 12 g of sodium carbonate
at a temperature of 70°C for 120 minutes. At the end
of the reaction, the product was filtered and dried.

7 Wt.% PAN was weighed and dissolved with a
solvent DMF, and the percentage weights of v-FesO3
nanoparticles (1.43, 4.3, and 7.14 Wt.%) were added to
the composite polymeric solution for use as a composite
of nanofibers by the electrospinning method. The
reaction between the PAN and ~-FesO3 nanoparticles
is shown in Figure 1 [31]. The electrospinning con-
dition for the production of composite nanofibers was
presented in [30].

2.2.2. Aqueous solution

The aqueous solution prepared in the laboratory as-
sociated with polymer and petrochemical industries
contained 10, 25, and 50 mg/L of nickel(II) nitrate hex-
ahydrate for adsorption of nickel(IT) using composite
nanofiber films. The corresponding steps are as follows:

¢ Dissolving 4.955 g of (Ni(NO3)2.6H,0) in one liter
of non-ionic water using a 1000 mL glass volumetric
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Figure 1. The hypothesized reaction of hydroxylamine hydrochloride and iron oxide nanoparticles with the PAN nitrile

group.

Table 1. Comparison of the adsorption capacity, and initial concentrations of nickel(II) in aqueous solution at 25°C in

previous and current studies.

Adsorbent material Co (mg/L) gmax (mg/g) References
Phosphorylated: Polyacrylonitrile nanofibers 150 68.3 [39]
200 160 [33]
Lewatit mono plus SP 112 cation-exchange resin 100 98
50 43
PVA /Chitosan nanofibers 13 27 [61]
poly(vinyl alcohol)/silica nanofibers 120 229.9 [62]
Poly ethylene oxide /Chitosan nanofiber 100 175 [63]
100 84
Cellulose acetate/Chitosan nanofibers 200 102 [64]
300 116
400 123
10 57.535 This work
PAN: v-FesOg nanofibers 25 135.47 This work
50 140.733 This work

flask to obtain a concentration of 1000 mg/L of
nickel(IT) Ion;

e Using 100 ml of the above solution and diluting it
with one liter of non-ionic water to get a concentra-
tion of 100 mg/L;

e Using 10, 25, and 50 ml of a concentration of
100 mg/L and diluting each amount to 1000 ml to
obtain nickel(IT) ion concentrations of 10, 25, and
50 mg/L with the pH range of 3.5 — 7.5 at room
temperature.

2.3. Wastewater source and sample
characteristics

This study used three samples from the final filtration

tanks of the Al-Muaymira site in Al-Hilla city, Iraq

before being discharged into rivers and water bodies.

Table 1 represents the physicochemical analysis of
Al-Muaymira wastewater in Iraq using a spectrom-
eter (Hach DR2800) before treatment by composite
nanofibers and limits of parameters according to In-
ternational Standards.

2.4. Methods

2.4.1. Namo-fibers fabrication

The composite nanofibers were fabricated under electro
spun conditions [20]. In this work, glass slides of
7.5 x 2.5 cm were used after being weighed and fixed
on the surface of a rotary drum collector of the electro-
spinning device for use in absorbing nickel(IT) ions
from the solutions prepared in Subsection 2.2.2 and
the wastewater in Subsection 2.3.
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Figure 2. (a) The nutrient agar plates containing the total bacterial colony count before and after applying the treatment
in many time periods; (b) The FE-SEM image of 7-Fe;O3: PAN nanofibers used for treating the wastewater at

Al-Muaymira site.

2.4.2. Adsorption

Following the collection of optimum composite
nanofibers (as seen in Figure 2(b)), the glass slides
used in this method included 4.3 Wt.% ~-Fe,O3/PAN
nanoparticles [20] with a weight of 0.0038 £0.0006 g, in
addition to the 50 x 25 mm area of collected nanofibers.
Furthermore, nickel(IT) adsorption process was carried
out through the following steps:

e Immersing glass slides followed by nanofiber deposi-
tion in a solution of 100 mL at concentrations of 10,
25, and 50 mg/L for 2,4,6,8 h;

e At the end of the absorption, the glass slide with
nanofibers is removed and the aqueous solution is
filtered with a filter paper;

e Samples of the aqueous solution are sent to check
the pH meter, the electrical conductivity, and the
remaining nickel(IT) concentrations after treatment
by using atomic adsorption spectroscopy (AAS-
7000);

Moreover, the treatment of the wastewater at Al-
Muaymira site by composite nanofibers takes place
according to the following steps:

e Immersing the glass slides after depositing the com-
posite nanofibers on them in wastewater samples for
20,40,60,80,100,120 minutes;

e At the end of the contact time, the glass slides with
nanofibers are removed from the wastewater and the
water is filtered using a filter paper;

e Samples are sent to check the pH and electrical
conductivity and to conduct the physicochemical
analysis of the Al-Muaymira wastewater parameters
after treatment by composite nanofibers at different
times, as represented in Table 2.

2.4.3. Calculating the total bacterial colony count
Bacteria and other pollutants diffused in the real
wastewater can be removed by the composite
nanofibers according to the following steps:

e Using one millimeter of treated wastewater for each
sample according to 2,4,6,8 h intervals and placing
each sample in the nutrient agar plate.

e The bacteria culture medium (Nutrient agar) is pre-
pared in the biomaterial laboratory at a temperature
of 50°C so as not to kill bacteria. Then, it is placed
in a CRYSTE-PURISTER autoclave.

e The bacteria culture medium is added to the
wastewater sample placed in the nutrient agar plate
and placed in an incubator for 24 h at a temperature
of 37°C.

e The total number of bacteria for each sample is
calculated using Eq. (1):

CFU _ no-of - colonies x dilution - factor

= 1
mL volume - of - culture - plate » (1)
where CFU is a colony-forming unit [32]. Figure 2(a)
represents nutrient agar plates containing the total
bacterial colony count before and after applying the
treatment in many time periods.

2.5. Characterization

This section centers on the removal of nickel(II)
ions from aqueous solutions by Atomic Absorption
Spectrometer (AAS-7000, Shimadzu-Japan) as well as
the determination of low-concentration pollutants in
wastewater such as COD, TSSs, TP, Nitrate (NO3)~2,
nitrite ion (NOy)~2, CN, and TN by the ampules
(Hach chemical Kit) with a spectrophotometer (Hach
DR2800). In addition, the pH is determined by HQ11D
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Table 2. Comparison of the adsorption kinetic parameters results for nickel(IT) by pseudo-first-order and

Pseudo-second-order models between previous studies and this work.

Pseudo-first-order

Adsorbent material CO (mg/L) gm (mgg™?t) K, (min—?1) R? Ref.
Cellulose acetate/Chitosan nanofibers 100 75.50 0.54 0.79 [64]
Fe3Oy4 -coated cellulose acetate/Chitosan nanofibers 100 77.47 0.58 0.81 [64]
Phosphorylated: Polyacrylonitrile nanofibers 150 51.05 0.0131 0.9497 [39]
PVP/Chitosan/HZSM-5 nanofibers 100 40.34 0.033 0.968 [65]
PAN-TiO2-APTES nanofiber 100 31.5 0.012013 0.9879 [66]
Nonwoven composite hydrogel nanofibers 50 47.10 0.0433 0.9988 [37]

100 94.48 0.0394 0.9998

10 43.27 0.0212 0.8834 This work
PAN: v-Fe;O3 nanofibers 25 133.5 0.0175 0.9748 This work

50 102.72 0.0226 0.8765 This work

Pseudo-second-order

Adsorbent material CO (mg/L) g (mgg™') K (g mg~'min™?) R? Ref.
Cellulose acetate/chitosan nanofibers 100 102.20 149x107° 0.99 [64]
Fe3Og4-coated cellulose acetate/Chitosan nanofibers 100 103.40 157x107° 0.99 [64]
Phosphorylated: Polyacrylonitrile nanofibers 150 70.39 0.0028 0.9774 [39]
PVP/Chitosan/HZSM-5 nanofibers 100 46.31 0.0009 0.994 [65]
PAN-TiO2-APTES nanofiber 100 32.0 0.001623 0.9147 [66]
Nonwoven composite hydrogel nanofibers 50 46.55 0.2721 0-9670 [37]

100 93.85 0.3623 0.9276

10 74.63 0.00026 0.9474 This work
PAN: y-Fez O3 nanofibers 25 170.77 0.00010 0.9161 This work

50 178.571 0.00032 0.9526 This work

Note: ¢np: maximum sorption capacity.

Portable pH meter with Rugged Field Gel pH, Hach,
and electrical conductivity of the solutions after treat-
ment via HM digital Combo meter TDS pH EC (COM-
300). Furthermore, the preparation (Nutrient agar) to
calculate the total bacterial colony count in the treated
wastewater for all samples was done by (CRYSTE-
PURISTER) Autoclave.

3. Results and discussion

3.1. Absorption of nickel(II) from aqueous
solutions
3.1.1. Effect of pH solution and contact time
In this study, pH is one of the important factors in the
detection of nickel ions in aqueous solution. It was used
as an indicator of absorption efficiency and the removal
of nickel(IT) from the aqueous solutions for different
initial concentrations. The absorption capacity was
calculated at contact time (¢) according to Eq. (2):
Co—Ct
= *

qt = — V. (2)

Moreover, the absorption capacity in an equilibrium
state is determined via Eq. (3):

Co—Ce
= — %

—CL, (3)

qge

where (Co, Ct, and Ce) represent the initial concentra-

tion, concentrations at a time (t), andconcentration in
equilibrium (mg/L), while (V') represents the volume
of the aqueous solution (L), and (m) the mass of the
nanofiber adsorbent (g) [11,33].
Moreover, the removal efficiency (%) can be cal-
culated using Eq. (4) [14,34]:
Co—Ct

RE(%) = 0070 %100, (4)

where RE is removal efficiency (%).

Figure 3 shows the removal efficiency for nickle(II)
from aqueous solution at many contact times (Figure
3(a)) and different solution pHs (Figure 3(b)), with the
initial concentration range of 10-50 mg/L. The experi-
mental results proved that nickel(II) removal efficiency
from aqueous solutions is directly proportional to the
increase in the contact time with the nickel nanofibers
before reaching the equilibrium state.

The highest percentages of nickel(IT) removal are
23.97, 20.708, and 11.714% in a period of 120 min when
the initial concentrations of nickel(Il) are reduced (50—
10 mg/L). Moreover, the pH of the aqueous solutions
increases with increase in the contact time as well as
decrease in the initial concentration of the aqueous
solutions containing nickel ions. The pH range rep-
resents the highest removal percentage of nickel ions at
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Figure 3. Nickel(1l) removal efficiency (%) from aqueous solution (a) for many contact times (min) and (b) different
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160 4
—=— 10 mg/L
1404 | —*— 25 mg/L //
@ 1204 | —— 50 mg/L J—
o0 .
g 100
~ 804
by
e 60 4
o 404
?
O 204
0-
-20 v v
0 20 40 60 80 100 120
Contact time (min)
(a)
140 A
= 120
~
50
=100 A
O
a3
80 A
60 -

160 1
140 1
1207 1 -
10071 4 =
80 - " ¢
601 ;
401
201 1
O.!
-20

] - 10 mg/L
A *= 25 mg/L
=<=-50 mg/L

-
-
~=

.”
/

Capacity (mg/g)

!’
é
: -
:
i

4.9 5.8 6.7 7.1 7.6 8.1
Solution pH

(b)

10 15 20

25

30 35 40 45 50

Co (mg/L)

(c)

Figure 4. Nickel(II) adsorption capacity (mg/g) (a) for many contact times (min), (b) different solution pHs, and (c) the

initial concentrations (10-50 mg/L).

pHs (6.21 — 7.63). Therefore, aqueous solutions that
contain the lowest concentration of nickel ions give the
highest removal rate and high selectivity over a wide
range of concentrations. These results are consistent
with previous findings [35,36].

Based on Figure 4, the pH values of the aqueous
solutions after completing the absorption process at
all concentrations gradually shift to the basal state
with increase in the contact period, accompanied by
an increase in the absorption capacity of nickle(II)
on v-FesO3: PAN nanofibers. The large capacities

of nickel(IT) are 63.06, 136.26, and 154.16 mg/g in a
period of 120 min (as seen in Figure 4(a)) and aqueous
solution pHs 7.63, 7.2, and 6.21 (as seen in Figure 4(b))
when the initial concentration of nickel(IT) increases in
the aqueous solution from 10 mg/L to 50 mg/L (as seen
in Figure 4(c)).

The behavior of adsorption capacity as a func-
tion of initial nickel(II) concentration appears to be
consistent with the findings achieved in [37]. It is
worth noting that PH~8 has a high absorption capacity
[12,14,38,39]. Table 1 summarizes the comparison of
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the absorption capacity and the initial concentrations
of nickel(II) for this research with the results of the
absorption capacity of the composite nanofibers based
on the initial concentrations of nickel(IT) in aqueous
solutions given in the previous research. Previous find-
ings indicate that increase in the initial concentrations
of nickel(II) leads to an increase in the absorption
capacity of these ions on the surface of nanofibers. The
absorption capacity depends on the efficiency of the
functional groups of the filler materials, as well as the
decrease in the diameter of the nanofibers, thus enhanc-
ing the rise of its surface area. Therefore, the superior
performance of composite nanofibers is evident in the
adsorption of nickel ions from aqueous solutions with
high concentrations in the acidic state more than in
the basic state. The competitive adsorption between
available H* and metal ions hinders the adsorption, but
the number of free nickel(II) is large, thus increasing
the adsorption capacity of nickel(II) on the surface of
nanofibers. This result is consistent with the previous
findings [40,41].

The electrical conductivity of solutions was de-
fined by the solution ability to pass electric current,
where cations and anions transfer the current. Aqueous
solutions vary in the degree of conductivity of electric
current, and the ionic strength ranges from low con-
ductivity of ultrapure water to high conductivity of
concentrated chemical samples. The behavior of the
electrical conductivity of treated aqueous solutions is
reduced when increasing the contact time 0 — 120 min.
(Figure 5(a)). The minimum electrical conductivity
rates are (4.15, 9.167, 17.73 mS/cm). In addition,
the electrical conductivity is reduced upon increasing
solution pH; then, the minimum value of electrical
conductivity at pHs 7.63, 7.2, and 6.21 (as seen in
Figure 5(b)) is determined when increasing the initial
nickel(IT) concentration in aqueous solution from 10 to

20
1817 10 mg/L
* 25 mg/L
16 50 mg/L
g 14
O
P
E 12
Q 4
9 10 . . . . . .
84
64
4 " & ] - -
4 . v v v 1
0 20 40 60 80 100 120

Time (min)

(a)

50 mg/L. Therefore, conductivity decreases because the
number of ions per unit volume is reduced.

The above results indicate adsorption material
with high selectivity and fast detection for nickel(IT)
from solution [16,42-45].

3.1.2. Mechanism of absorption
The adsorption mechanism verifies the performance of
the composite nanofibers in removing nickel(IT) from
aqueous solutions prepared at concentrations (10-50
mg/L) and pH (3.5—7.5) for contact periods with aque-
ous solutions (0-120 min). Strengthening the poly-
acrylonitrile matrix with iron (y-FeaOgs) nanoparticles
expands the surface area of the composite nanofibers,
reduces the diameter of the nanofibers, and increases
magnetite. Moreover, the mechanism and kinetics
of the adsorption process depend on several factors
such as surface morphology and magnetic behavior of
adsorption in the pseudo-first-order model [36,46].
The Lagergren rate (pseudo-first-order) is given
in Eq. (5) as follows:
dgq

= Kilge - qt), (5)

where K7 is the rate constant of pseudo-first-order ad-
sorption (min~1!), ¢ the amount of metal ion adsorbed
at different times (mg/g), and ge the amount of metal
ion adsorbed onto adsorbent in equilibrium (mg/g).
After integrating with the initial conditions, Eq. (5)
converts into Eq. (6) [33,47]:

In(ge — gt) = Inqe — Kt
Pseudo — first — order (Linear form). (6)

All information about the absorption of nickel(II) ions
by nanofibers was fitted into the pseudo-second-order
adsorption kinetics according to Eq. (7) [11,48]:

* 10 mg/L
20 * 25 mg/L
50 mg/L

4.9 5.8 6.7 7.1 7.6 8.1
Solution pH

(®)

Figure 5. Electrical conductivity (mS/cm) before and after adsorption of nickel(IT) from the aqueous solution by
composite nanofibers (a) for many contact times (min) and (b) different solution pHs, with the initial concentration (10-50

mg/L).
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Figure 6. Adsorption kinetics of nickel(II) on composite y-Fe»O3-PAN nanofibers by using (a) the pseudo first-order
model represented by the relation between In(ge — ¢t) and ¢, (b) Pseudo-second-order model represented by relation
between t/qt and t, when increasing initial concentrations of aqueous solution (10-50 mg/L).

dqt ‘
=Kl — gt (7)
After integrating Eq. (7) and rearranging it, Eq. (8) is
achieved [12,18,20]:

Lo
gt Kaqe?  qe

)

Pseudo — second — order (Linear form), (8)

where K, represents the second-order absorption rate
constant (g/mg min), and 1/K,qe® represents the
interception of the relationship between (t/qt) and
contact time (¢) and the slope (1/qt) [48]. The lin-
ear fitting plots of adsorption processes according to
the pseudo-first-order and pseudo-second-order kinetic
models are shown in Figures 6(a) and (b) when using
nanofiber composites based on the absorption informa-
tion of nickel ions referred to in Table 2. The table
shows the comparison of the results of the adsorption
kinetic parameters for Ni(II) by pseudo-first-order and
pseudo-second-order models in previous and current
research studies. The results of previous studies on
the adsorption mechanism of nickel ions on the surface
of the PAN: 4-Fe;O3 nanofibers with different initial
concentrations and different polymeric nanofibers were
used as adsorption materials. The correction coeffi-
cient increases in value with an increase in the initial
concentration; the results of this research agree with
those of all previous findings, especially in the case of
polyacrylonitrile.

To investigate the sorption mechanism of nicle(IT)
on the surface of PAN: 4-Fey O3 nanofibers, we es-
timated the maximum sorption capacity (gmax) for
the pseudo-first-order model (Figure 6(a)). The ¢max
represents the interception of the relationship between
the In(ge — gqt) and ¢t (Eq. (6)), while gmax represents

the (1/ slope) of the relation between t/qt and t(Eq.
(8)) for the pseudo-second-order model (Figure 6(b)).

The increment rates in the maximum sorption
capacity (gmax) of nickel(II) on the surface of PAN:
~-Fes O3 nanofibers were 137.4% and 139.3% for the
pseudo-first-order and pseudo-second-order models, re-
spectively. Although the rate constant of sorption
K, and K, increased slightly when increasing the
initial concentration of nickel(IT) in aqueous solution
(10 — 50 mg/L), the correlation coefficients were high,
ranging from 0.916 to 0.952 for the pseudo-second-order
model. Therefore, better results were obtained using
the pseudo-second-order model [49].

3.2. Physicochemical analysis of the
wastewater

Sewage and groundwater pollutants are among the
most important determinants for the use of these water
sources for watering plants or benefiting from them
in other fields. Among the important pollutants is
TSS, which is an important indicator of the presence of
Total Dissolved Solids (TDS) in water, and it consists
of organic and inorganic materials that come from
mining, crushing, washing materials, etc. They can be
removed using micro-membranes and nano-membranes
[50]. Reduction in the efficiency (%) of pollutant
removal from wastewater can be determined via Eq.
(3). Table 3 shows the results of spectrometer (Hach
DR2800) for the three models applied to the limited
concentrations of untreated sewage pollutants of water
taken from (Al-Muaymira) site, as well as the limits
of wastewater parameters according international stan-
dards. From the above table, we notice that the limits
of pollutants have low concentration levels. In this
work, the PAN: v-Fe; O3 nanofibers were used to reduce
these concentrations. Table 4 and Figure 7(a) show
a significant reduction in the concentrations of these



2064 S.A. Habeeb and B.A. Nadhim/Scientia Iranica, Transactions C: Chemistry and ... 30 (2023) 2056—2069

Table 3. Physicochemical analysis of the Al-Muaymira wastewater in Iraq by using the spectrometer (Hach DR2800)
before treatment and limits of parameters according to International Standards.

Limits according

Parameters Limits before treatment References
International Standards

1100 67
(COD) 150-154 (mg/L) [67]
120 [68]
150 56
(TSS) 129-135 (mg/L) [>6]
800 [67]
25 [67]
(TP) 2.9-3.4 (mg/L) 10 [69]
5 [68]
3 70
(NO3z?) 0.7-0.8 (mg/L) (70l
50 [68]
(NO3z?) 0.567-0.587 (mg/L) 3 [70]
0.2 67
(CN) 0.045-0.09 (mg/L) [67]
2 [69]
20 70
(TN) 3.78-4.5 (mg/L) [70]
100 [67]
300 CFU/ mL 71
Collection of bacteria 3000-3600 (CFU/ ml) /m (1]
650 CFU/ mL [72]
EC 4.25 (mS/cm) 30 (mS/cm) [71]

pH 7.38 —8.15 6.5-8.5 (67,68, 73]

International standards as (Law 93/1962: Law 93/1962 for discharge of waste waters provided by Food and

Agriculture Organization (FAO); PML: Permissible Maximum Limit in wastewater; World Health

Organization (WHO) ); discharged to national waterbodies; C.O.D= chemical oxygen demand; TP = total phosphor;

cn = cyanide; tn= total nitrogen; tss = total suspended solid , CE = electrical conductivity .

Table 4. physicochemical analysis of the Al-Muaymira wastewater in Iraq by using the spectrometer (Hach DR2800) after

adsorption for many time periods with the presented composite nanofiber film.

Pollutant concentrations (mg/L) at many absorption times

Parameters Initial time 2 h 4 h 6 h 8 h
(COD) 152 42 39+1.53 7042.52 3243 3442.52
(TSS) 133+3.5 14.53 6+1.54 340.36 2+0.94
(TP) 3.1+0.25 3.47£0.49 3.1240.04 3.0+0.36 3.23£0.5
Nitrate (NOEQ) 0.7£06 1.4£0.055 1.440.06 1.440.04 1.4£0.038
Nitrite Ion (NO;2) 0.587 0.0244+0.003  0.00940.0037 0.01440.003  0.01+£0.0053
(CN) 0.05 0.00940.007  0.016£0.0025 0.02140.002  0.018£0.005
(TN) 2.040.37 2.340.284 2.14+0.153 2.240.277 2.540.223
TN:TP Ratio 0.645 0.66 0.67 0.73 0.77
Collection of bacteria (CFU/ml) 3000 2000 1400 800 300
EC (mS/cm) 4.25 4.14 3.3 2.52 1.98

CFU: Colony Forming Unit and cfu/ml calculation, EC:

Electrical Conductivity.



S.A. Habeeb and B.A. Nadhim/Scientia Iranica, Transactions C: Chemistry and ...

100 A
§ 80 4
x
S 60 4
=]
.,
Y 40
el
=
20 4
0 a B U 8 =
[al -
o a o £ o
< ~ g
= M
Parameters

(2)

Parameters

30 (2023) 2056—2069 2065

9 - Solution pH

Contact time

7 3
6 3 —
53
4 3
3 ]
23

13

0
<
—
<

o=l
o

4.25

o~
2
]

1.98

EC (mS/cm)
(b)

Figure 7. (a) Reduction percentages for the Al-Muaymira wastewater parameters in Iraq after eight hours of treatment
with the presented composite nano-fiber film as well as such parameters as solution pH and contact time as a function of
electrical conductivity of wastewater after treatment by ~-Fe;O3-PAN nanofibers.

pollutants in wastewater, and the reduction efficiency
for pollutants reached 98.5, 80.26, 98.3, and 64% for
TSS, COD, NO3; 2, and CN, respectively, at time & h.

COD reduction (%) in this work was greater
than the rate achieved in the case of using Ag-
Clinoptilolite/Polyethersulfone nanofiber as an ab-
sorber material [51]. On the other hand, reduction in
TSS removal efficiency (%) in this work was greater
than that when using (PAN: Ag) or (PVDF: Ag)
nanofibers [52]. In addition, CN is considered a toxic
pollutant. Removing these pollutants implies removing
bacteria even if they are within the minimum limits.
The significant reduction of removal efficiency for CN
and COD agreed with previous findings [53].

Pollutants such as nitrate (NO;?), TP, and TN
are all exposed to organic pollutants in wastewater.
Because the studied samples have low concentrations of
pollutants (TSS and COD), the removal efficiency (%)
is approximately stable with increase in the nanofiber
treatment period for some pollutants such as TP, while
the role of nanofibers is negative in the reduction of
nitrate (NO;?) removal efficiency.

Because of some physical and chemical techniques
such as absorption, ion exchange or reverse osmosis
is employed to transfer pollution instead of removing
it. This event occurred in increasing nitrate (NO3?)
concentrations after the nanofiber treatment process
[54]. The treated wastewater concentrations by com-
posite nanofibers at time 8 h for TSS and COD were
2+ 0.94 and 34 + 2.52 (mg/L), while the permissible
limits for wastewater stipulated by the World Health
Organization (WHO) were 600 and 250 (mg/L) [55]. In
addition, the permissible wastewater limits for T'SS and
COD according to the National Environmental Quality
Standard (NEQS) were 150 and 150 mg/L, respectively
[56]. The electrical conductivity of a solution expresses
the ability of a solution to transmit electric current,
and this ability is enhanced with increase in the density

or concentration of metal particles or ions having
electrical conductivity. Figure 7(b) shows the electrical
conductivity of sewage water and its relationship to
contact time and solution pH. From the figure, we note
that the electrical conductivity of treated water is lower
than that of untreated water, and this conductivity
decreases with increase in treatment time. This is
evidence of the efficiency of nanofibers in removing
pollutants by reducing the concentrations of these
pollutants with an increase in the treatment time and
wastewater pH. These results are consistent with the
referenced study that used polymers as adsorbents to
remove pollutants from wastewater [45].

3.3. Reduction of bacteria

The researchers have employed many techniques such
as filtration, reverse osmosis, degassing, sedimenta-
tion, flocculation, sedimentation, and adsorption for
the purpose of removing or reducing pollutants from
wastewater [57]. The adsorption technology, especially
when using highly porous adsorbent materials such as
nanofibers, plays a significant role in eliminating bac-
teria because it increases their efficiency by increasing
the total surface area of exposure [58]. The bacterial
log reduction is calculated using Eq. (9):

R(%) = (A — B) % 100, 9)

where R is the reduction in CFU, A the number
of bacteria isolated from the inoculated electrospun
nanofibers after defined time contact time, and B
the number of bacteria isolated from the inoculated
electrospun nanofibers at zero contact time [24]. The
ratio between TN and total phosphorous (TN:TP) is
one of the important indicators of the concentration of
total bacteria colony count (CFU/mL).

The lower ratio between the two pollutants leads
to a higher bacterial concentration in sewage water.
This result indicates an increase in TSS in the water
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sewage. Table 4, Figure 7(a), and Figure 2(a) illustrate,
similar to the above table, that the ratio (TN:TP)
increases with an increase in the treatment periods by
nanofibers, because bacteria cannot resist high alkaline
conditions due to the high pH of the treated water upon
increasing treatment periods [27]. Therefore, we notice
a decrease in the total bacteria colony count from 3000
to 400 CFU/mL at time 8 h of the treatment (as seen
in Figure 2(a)), accompanied by a significant rise in
the efficiency (%) to reduce TSS. These results were in
agreement with previous findings [59]. To compare the
percentage of bacterial reduction in wastewater with
that of coliform bacteria reduction to 1340 CFU/ml,
which represents drinking water quality by nanofibers
[60], we note that the rate of bacterial reduction by the
utilized nanofibers reached 300 CFU/ml at time 8 h.

4. Conclusion

This study explained the efficiency of PAN: ~v-Fe, O3
nanofibers in absorbing nickel(I) from aqueous so-
lutions at low initial concentrations (10-50 mg/L)
and reducing the concentrations of pollutants such
as Total Suspended Solid (TSS), Chemical Oxygen
Demand (COD), Total Phosphor (TP), Total Ni-
trogen (TN), and Cyanide (CN) and bacteria from
real wastewater. Polyacrilonitrile (PAN): ~-Fe;Og3
nanofibers had electromagnetic properties and a high
surface area, which increased the absorption efficiency.
The results of the adsorption kinetic parameters for
nickel(IT) by pseudo-first-order and pseudo-second-
order models indicated that the maximum adsorption
capacity of nickel(IT) on the surface of PAN: -Fe;O3
nanofibers increased with increase in contact time,
solution pH, and initial nickel(II) concentration. In
addition, increasing the initial absorption rate in K
(min~!) and K, (g mg~' min~!) was dependent on
increasing the initial concentrations and the adsorbent
materials used. In this work and previous studies,
the composite nanofibers had a lower adsorption rate
than other polymeric materials. Moreover, physico-
chemical analysis of the Al-Muaymira wastewater in
Iraq using the spectrometer (Hach DR2800) proved
that the composite nanofibers had a high ability to
reduce the pollutants such as TSS, COD, (NOy) 2,
and CN from wastewater. The increase in the TN:TP
ratio and contact time leads to the enhancement of
the nanofiber efficiency in reducing bacteria in the
wastewater, followed by a reduction in the electrical
conductivity of the wastewater with an increase in the
contact time and the pH.

Acknowledgement

The authors of this research are very grateful for the
Laboratory of Polymer Engineering and Petrochemical

Industries at the University of Babylon and the services
provided by Al-Qasim Green University to conduct lab-
oratory tests, Al-Muaymira site, and Bio Laboratories,
College of Science, University of Babylon.

Contributions

Baseem Ali Nadhim: Methodology, investigation, data
curation. Salih Abbas Habeeb: Resources, conceptual-
ization, supervision, writing and editing.

Declaration of interest statement

The authors declare that they have no known com-
peting financial interests or personal relationships that
could influence the work reported in this paper.

Conflict of interests

The Author(s) declare(s) that there is no conflict of
interest.

References

1. Habeeb, S., Rajabi, L., and Dabirian, F. “Comparing
two electrospinning methods in producing polyacry-
lonitrile nanofibrous tubular structures with enhanced
properties”, Iran. J. Chem. Chem. Eng. (IJCCE),
38(3), pp. 23-42 (2019).

2. Habeeb, S.A., Rajabi, L., and Dabirian, F. “Produc-
tion of polyacrylonitrile/boehmite nanofibrous com-
posite tubular structures by opposite-charge elec-
trospinning with enhanced properties from a low-

concentration polymer solution”, Polym. Compos,
41(4), pp. 1649-1661 (2020).

3. Habeeb, S.A., Alobad, Z.K., and Albozahid, M.A.,
“The effecting of physical properties of inorganic fillers
on swelling rate of rubber compound: A review
Study”, J. Unw. Babylon Eng. Sci., 27(1), pp. 94-104
(2019).

4. Albozahid, M., Habeeb, S.A., Alhilo, N.A.I., et al.
“The impact of graphene nanofiller loading on the
morphology and rheology behaviour of highly rigid

polyurethane copolymer”, Mater. Res. Ezpress, 7(12),
125304 (2020).

5. Habeeb, S.A., Hasan, A.S., Talu, S., et al. “Enhancing
the properties of styrene-butadiene rubber by adding
borax particles of different sizes”, Iran. J. Chem.
Chem. Eng., 40(5), pp. 1616-1629 (2021).

6. Habeeb, S.A., Diwan, A., and Albozahid, M. “A com-
pressive review on swelling parameters and physical
properties of natural rubber nano composites”, Fgypt.
J. Chem, 64(10), pp. 5713-5724 (2021).

DOI: 10.21608/ejchem.2021.72560.3613

Faris, D., Hadi, N.J., and Habeeb, S.A. “Ef-
fect of rheological properties of (Poly vinyl alco-
hol/Dextrin/Naproxen) emulsion on the performance

=1



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

S.A. Habeeb and B.A. Nadhim/Scientia Iranica, Transactions C: Chemistry and ...

of drug encapsulated nanofibers”, Materials Today:
Proceedings, 42, pp. 2725-2732 (2021).

Kenawy, E.R., Worley, S.D., and Broughton, R. “The
chemistry and applications of antimicrobial polymers:
a state-of-the-art review”, Biomacromolecules, 8(5),
pp- 1359-1384 (2007).

Haider, S. and Park, S.Y. “Preparation of the electro-
spun chitosan nanofibers and their applications to the
adsorption of Cu (II) and Pb (II) ions from an aqueous
solution”, J. Membr. Sci., 328(1-2), pp. 90-96 (2009).

Saeed, K., Haider, S., Oh, T.J., et al. “Preparation
of amidoxime-modified polyacrylonitrile (PAN-oxime)
nanofibers and their applications to metal ions adsorp-

tion”, J. Membr. Sci., 322(2), pp. 400405 (2008).

Sun, B., Li, X., Zhao, R., et al . “Hierarchical aminated
PAN/~+-AlOOH electrospun composite nanofibers and
their heavy metal ion adsorption performance”, J.
Taiwan Inst. Chem. Eng., 62, pp. 219-227 (2016).

Awual, M.R. “A novel facial composite adsorbent
for enhanced copper (II) detection and removal from
wastewater”, Chem. Eng. J., 266, pp. 368-375 (2015).

Islam, M.A., Awual, M.R., and Angove, M.J. “A
review on nickel(II) adsorption in single and binary
component systems and future path”, J. Environ.

Chem. Eng., 7(5), 103305 (2019).
Awual, M.R., Hasan, M.M., Igbal, J., et al. “Ligand

based sustainable composite material for sensitive
nickel(II) capturing in aqueous media’, J. Environ.

Chem. Eng., 8(1), 103591 (2020).

Awual, M.R., Hasan, M.M., Khaleque, M.A.] et al.
“Treatment of copper (II) containing wastewater by a
newly developed ligand based facial conjugate materi-
als”, Chem. Eng. J., 288, pp. 368-376 (2016).

Sheikh, T.A., Arshad, M.N., Rahman, M.M., et
al. “Trace electrochemical detection of Nis-+ions
with bidentate N, N'-(ethane-1, 2-diyl) bis (3,
4-dimethoxybenzenesulfonamide)[ EDBDMBS] as a
chelating agent”, Inorganica Chim. Acta, 464, pp.
157-166 (2017).

Xu, P., Zeng, G.M., Huang, D.L., et al. “Use of
iron oxide nanomaterials in wastewater treatment: a
review”, Sci. Total Environ, 424, pp. 1-10 (2012).

Awual, M.R. “Novel nanocomposite materials for
efficient and selective mercury ions capturing from
wastewater”, Chem. Eng. J., 307, pp. 456—465 (2017).

Shahat, A., Hassan, H.M., El-Shahat, et al. “Visual
nickel(IT) ions treatment in petroleum samples using
a mesoporous composite adsorbent”, Chem. Eng. J.,
334, pp. 957-967 (2018).

Hasan, M.M., Shenashen, M.A., Hasan, M.N., et al.
“Natural biodegradable polymeric bioadsorbents for
efficient cationic dye encapsulation from wastewater”,
J. Mol. Liq., 323, 114587 (2021).

Abbas, K., Znad, H., and Awual, M.R. “A ligand
anchored conjugate adsorbent for effective mercury (I1)

detection and removal from aqueous media”, Chem.
Eng. J., 334, pp. 432-443 (2018).

22.

23.

24.

26.

217.

28.

29.

30.

31.

32.

33.

30 (2023) 2056—2069 2067

Sun, Y., Chen, T.Y., Worley, S.D., et al. “Novel
refreshable N-halamine polymeric biocides containing
imidazolidin-4-one derivatives”, Polym. Sci., Part A:

Polym. Chem., 39(18), pp. 3073-3084 (2001).

Zhang, L., Luo, J., Menkhaus, T.J., et al. “An-
timicrobial nano-fibrous membranes developed from
electrospun polyacrylonitrile nanofibers”, J. Membr.
Sci., 369(1-2), pp. 499-505 (2011).

Fahimirad, S., Fahimirad, Z., and Sillanpaa, M. “Ef-
ficient removal of water bacteria and viruses using
electrospun nanofibers”, Sci. Total Environ., 751,

141673 (2021).

Mohsenibandpey, A., Eslami, A., Maleh, H.K., et al.
“Investigating the efficiency of nanocomposite mem-
branes synthesized by polyacrylonitrile polymers con-
taining single-walled carbon nanotubes in decreasing
chemical and biological pollution indicators of grey-
water”, Bulg Chem Commun, 2016(48), pp. 102-
111(2016).

Anderson, R.C. and Yu, P.L. “Factors affecting the
antimicrobial activity of ovine-derived cathelicidins
against E.”, coli 0157: H7. Int. J. Antimicrob. Agents,
25(3), pp. 205-210 (2005).

Xu, S.,; Yao, J., Ainiwaer, M., et al. “Analysis of
bacterial community structure of activated sludge from
wastewater treatment plants in winter”, Biomed Res.
Int., 2018, pp. 1-8 (2018).

Harris, T.D., Smith, V.H., Graham, J.L., et al. “Com-
bined effects of nitrogen to phosphorus and nitrate
to ammonia ratios on cyanobacterial metabolite con-
centrations in eutrophic Midwestern USA reservoirs”,

Inland Waters, 6(2), pp. 199-210 (2016).

Zeinaddine, H.R., Ebrahimi, A.] Alipour, V., et al.
“Removal of nitrogen and phosphorous from wastew-
ater of seafood market by intermittent cycle extended
aeration system (ICEAS)”, J. Health Sci. Surveill.
Syst., 1(2), pp. 89-93 (2013).

Nadhim, B.A. and Habeeb, S.A. “Studying the
physical properties of non-woven polyacrylonitrile
nanofibers after adding y-Fe> O3 nanoparticles”, Egypt.
J. Chem, 64(12), pp. 7621-7630 (2021).
DOI: 10.21608/ejchem.2021.75271.3694

Nabizadeh, R., Jahangiri-rad, M., and Sadjadi, S.
“Modelling the effects of competing anions on fluoride
removal by functionalized polyacrylonitrile coated with
iron oxide nanoparticles”, S. Afr. J. Chem., 68, pp.
201-207 (2015).

MacFaddin, J.F., Biochemical Tests for Identification
of Medical Bacteria, Lippincott Williams and Wilkins,
USA, (2000),
http://vlib.kmu.ac.ir/kmu/handle/kmu/89211

Jafarnejad, M., Asli, M.D., Taromi, F.A., et al. “Syn-
thesis of multi-functionalized Fe3O4-NH>-SH nanofiber
based on chitosan for single and simultaneous adsorp-
tion of Pb (IT) and Ni (IT) from aqueous system”, Int.
J. Biol. Macromol, 148, pp. 201-217 (2020).



2068

34.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

S.A. Habeeb and B.A. Nadhim/Scientia Iranica, Transactions C: Chemistry and ...

Behera, S.K., Sahni, S., Tiwari, G., et al “Removal of
chromium from synthetic wastewater using modified
maghemite nanoparticles”, Appl. Sci., 10(9), 3181
(2020).

Dizge, N., Keskinler, B., and Barlas, H. “Sorption of
Ni(IT) ions from aqueous solution by Lewatit cation-
exchange resin”, J. Hazard. Mater., 167(1-3), pp. 915—
926 (2009).

DOI:10.1016/j.jhazmat.2009.01.073

Qasem, N.A., Mohammed, R.H., and Lawal, D.U.
“Removal of heavy metal ions from wastewater: A
comprehensive and critical review”, Npj Clean Water,
4(1), pp. 1-15 (2021).

Li, T.T., Wang, Z., Ren, H.T., et al. “Recyclable and
degradable nonwoven-based double-network composite
hydrogel adsorbent for efficient removal of Pb (IT) and
Ni (II) from aqueous solution”, Seci. Total Environ.,

758, 143640 (2021).

Ciesielczyk, F., Bartczak, P., Wieszczycka, K., et al.
“Adsorption of Ni (IT) from model solutions using co-
precipitated inorganic oxides”, Adsorption, 19(2-4),
pp. 423-434 (2013).

Hu, Y., Wu, X., He, X., et al. “Phosphorylated
polyacrylonitrile-based electrospun nanofibers for re-
moval of heavy metal ions from aqueous solution”,

Polym Adv Technol, 30(3), pp. 545-551 (2019).

Utomo, S.B., Jumina, J., Siswanta, D., et al. “Kinetics
and equilibrium model of Pb (I1I) AND Cd (1I) adsorp-
tion onto tetrakis-thiomethyl-C-4-methoxyphenylcalix
resorcinarene”, Indones. J. Chem., 12(1), pp. 49-56
(2012).

Mahapatra, A., Mishra, B.G., and Hota, G. “Elec-
trospun Fe2O3-AlaO3 nanocomposite fibers as efficient
adsorbent for removal of heavy metal ions from aque-
ous solution”, J. Hazard. Mater., 258, pp. 116-123
(2013).

Duong, H.C., Pham, T.M., Luong, S.T., et al. “A novel
application of membrane distillation to facilitate nickel
recovery from electroplating wastewater”, FEnuviron.
Sci. Pollut. R., 26(23), pp. 23407-23415 (2019).

Basra, S., Igbal, Z., Ur-Rehman, H., et al. “Time
course changes in pH, electrical conductivity and heavy
metals (Pb, Cr) of wastewater using Moringa oleifera

Lam. seed and alum, a comparative evaluation”, J.
Appl. Res. Technol, 12(3), pp. 560-567 (2014).

Akhurst, D.J., Jones, G.B., Clark, M., et al. “Phos-
phate removal from aqueous solutions using neu-
tralised bauxite refinery residues (Bauxsol™)”, En-
viron. Chem., 3(1), pp. 65-74 (2006).

Sallam, A.E.A., Al-Zahrani, M.S., Al-Wabel, M.I., et
al. “Removal of Cr (VI) and toxic ions from aqueous
solutions and tannery wastewater using polymer-clay
composites”, Sustainability, 9(11), 1993 (2017).

Zheng, J., Sun, B., Wang, X.X., et al. “Magnetic-
electrospinning synthesis of ~-FeaOs nanoparticle-
embedded flexible nanofibrous films for electromag-
netic shielding”, Polymers, 12(3), 695 (2020).

47.

48.

49.

50.

51.

52.

53.

54.

56.

57.

58.

59.

60.

30 (2023) 2056—2069

Tjagbemi, C.O., Baek, M.H., and Kim, D.S. “Montmo-
rillonite surface properties and sorption characteristics
for heavy metal removal from aqueous solutions”, J.

Hazard. Mater, 166(1), pp. 538-546 (2009).

Nalbandian, M.J.C. “Development and optimization of
chemically-active electrospun nanofibers for treatment
of impaired water sources”, University of California,
Riverside (2014).

Dizge, N., Keskinler, B., and Barlas, H. “Sorption of
Ni(IT) ions from aqueous solution by Lewatit cation-
exchange resin”, J. Hazard. Mater, 167(1-3), pp. 915—
926 (2009).

Butler, B.A. and Ford, R.G. “Evaluating relationships
between Total Dissolved Solids (TDS) and Total Sus-
pended Solids (TSS) in a mining-influenced water-
shed”, Mine Water Environ., 37(1), pp. 18-30 (2018).

Zendehdel, M. and Nouri, F.H. “Electrospun
polyethersulfone/Ag-Clinoptilolite to remove chemical
oxygen demand from real wastewater”, Polym. Polym.
Compos, 29(9-suppl), S1498-S1509 (2021).

Khulbe, K.C. and Matsuura, T. “Art to use electro-
spun nanofbers/nanofber based membrane in waste
water treatment, chiral separation and desalination”,

J. Membr. Sci. Res., 5(2), pp. 100-125 (2019).

Potivichayanon, S., Toensakes, R., Supromin, N., et
al. “Removal of high levels of cyanide and COD
from cassava industrial wastewater by a fixed-film
sequencing batch reactor”, Water Air Soil Pollut, 231,
pp. 1-14 (2020).

Yehya, T. “Study of electrochemical and biological pro-
cesses for the removal of water pollutants: application
to nitrates and carbamazepine”, Doctoral dissertation,
Université Blaise Pascal-Clermont-Ferrand 1T (2015).

Jahan, M.A.A., Akhtar, N., Khan, N.M.S., et al
“Characterization of tannery wastewater and its treat-
ment by aquatic macrophytes and algae”, Bangladesh
J. Sci. Ind. Res., 49(4), pp. 233-242 (2014).

Nasir, A., Arslan, C., Khan, M.A., et al. “Industrial
waste water management in district Gujranwala of
Pakistan-current status and future suggestions”, Pak.
J. Agric. Sci., 49(1), pp. 79-85 (2012).

Saravanan, A., Kumar, P.S.; Jeevanantham, S., et al.
“Effective water/wastewater treatment methodologies
for toxic pollutants removal: Processes and applica-

tions towards sustainable development”, Chemosphere,
280, 130595 (2021).

Zamel, D. and Khan, A.U. “Bacterial immobilization
on cellulose acetate based nanofibers for methylene

blue removal from wastewater: Mini-review”, Inorg.
Chem. Commaun., 131, 108766 (2021).

Niasari-Naslaji, A., Mosaferi, S., Bahmani, N., et
al. “Effect of lactose extender with different levels
of osmolality and pH on the viability of Bactrian
camel (Camelus bactrianus) spermatozoa”, Iran. J.
Vet. Res., T7(4), pp. 14-22 (2006).

Mataram, A., Ismail, A.F., Yuliwati, E.; et al. “Water
treatment perfomance: Application of electrospun

nanofibers”, J. Teknol., 77(1), pp. 263-267 (2015).



61.

62.

63.

64.

66.

67.

68.

69.

70.

S.A. Habeeb and B.A. Nadhim/Scientia Iranica, Transactions C: Chemistry and ...

Esmaeili, A. and Beni, A.A. “A novel fixed-bed reac-
tor design incorporating an electrospun PVA /chitosan
nanofiber membrane”, J. Hazard. Mater., 280, pp.
788-796 (2014).

Islam, M.S., Rahaman, M.S., and Yeum, J.H.
“Phosphine-functionalized electrospun poly (vinyl al-
cohol) /silica nanofibers as highly effective adsorbent
for removal of aqueous manganese and nickel ions”,
Colloids Surf. A Physicochem. Eng. Asp., 484, pp. 9—
18 (2015).

Aliabadi, M., Irani, M., Ismaeili, J., et al. “Electrospun
nanofiber membrane of PEQ/Chitosan for the adsorp-
tion of nickel, cadmium, lead and copper ions from
aqueous solution”, Chem. Eng. J., 220, pp. 237-243
(2013).

Karamipour, A., Parsi, P.K., Zahedi, P.,
“Using FezOg4-coated nanofibers based on cellulose
acetate/chitosan for adsorption of Cr (VI), Ni (II)
and phenol from aqueous solutions”, Int. J. Biol.
Macromol., 154, pp. 1132-1139 (2020).

Shafiee, M., Abedi, M.A., Abbasizadeh, S.; et al.
“Effect of zeolite hydroxyl active site distribution on
adsorption of Pb (II) and Ni (II) pollutants from water

system by polymeric nanofibers”, Sep Sct Technol,
55(11), pp. 1994-2011 (2020).

Mokhtari, M. and Keshtkar, A.R. “Removal of Th
(IV), Ni (I) and Fe (II) from aqueous solutions by
a novel PAN-TiOs nanofiber adsorbent modified with
aminopropyltriethoxysilane”, Res. Chem. Intermed.,
42(5), pp. 4055-4076 (2016).

Mahmoud, A.S., Mohamed, N.Y., Mostafa, M.K.,
et al. “Effective chromium adsorption from aqueous
solutions and tannery wastewater using bimetallic
Fe/Cu nanoparticles: response surface methodology

and artificial neural network”, Awr Soiul Water Res.,
14, 11786221211028162 (2021).

Ogunlade, T.M., Babaniyi, B.R., Afolabi, F.J., et al.
“Physicochemical, heavy metals and microbiological
assessment of wastewater in selected abattoirs in ekiti
state, nigeria”, J. Environ. Treat. Tech., 9(4), pp. 788—
795 (2021).

Lépez, E., Patico, R., Vazquez-Sauceda, M.L., et al.
“Water quality and ecological risk assessment of inter-
mittent streamflow through mining and urban areas

of San Marcos River sub-basin, Mexico”, FEnviron.
Nanotechnol. Monit. Manag., 14, 100369 (2020).
Jafari, S. and Mostafavi, S.A. “Investigation of nitro-

gen contamination of important subterranean water in
the plain”, Medbiotech J., 3(01), pp. 10-12 (2019).

et al.

30 (2023) 2056—2069 2069

71. Abbas, H., Abuzaid, A.S., Jahin, H., et al. “Assessing
the quality of untraditional water sources for irrigation
purposes in Al-Qalubiya Governorate”, Egypt. J. Soil
Sci., 60(2), pp. 157-166 (2020).

72. Bichai, F., Polo-Lépez, M.I., and Ibafiez, P.F. “Solar
disinfection of wastewater to reduce contamination of
lettuce crops by Escherichia coli in reclaimed water
irrigation”, Water Res., 46(18), pp. 6040-6050 (2012).

73. Aneyo, I.A., Doherty, F.V., Adebesin, O.A., et al.
“Biodegradation of pollutants in wastewater from
pharmaceutical, textile and local dye effluent in Lagos,

Nigeria”, J. Health Pollut., 6(12), pp. 34-42 (2016).

Biographies

Salih Abbas Habeeb is an Assistant Professor at the
Polymers and Petrochemical Industries Engineering
Department, Materials College, University of Babylon,
Al-Hilla, TRAQ. He received his BSc degree with
distinction in Chemical Engineering from University of
Technology, Iraq, MSc degree in Materials Engineering-
Polymers Technology from University of Babylon, and
PhD degree in in Polymer Nanotechnology from Razi
University, Iran. He has authorized more than 20 inter-
national publications besides 10 publications in Scopus
and web of science index. His interest is mainly in
electrospun polymeric nano-fiber technology, especially
with the physicochemical processes of water treatment
by the incorporation of membranes. In addition to the
composite bio-nanofibers for the drug delivery system,
his projects have primarily dealt with membranes,
oxidation-reduction, and catalysis processes for low-
level pollutant removal. In addition, he has interests
in polymer nano-composites such as rubber composite.
Moreover, he teaches heat transfer, mass transfer, and
process control for undergraduate students as well as
the polymer nano-composite with advanced rubber
technology for postgraduate studies at the Department
of Polymers and Petrochemical Industries.

Baseem Ali Nadhim holds a BSc degree in Materials
Engineering in 2008 and a MSc degree from Babylon
University, College of Materials Engineering in Polymer
and Petrochemical Industries in 2021. He is currently
working at the Nanotechnology Laboratories at the
Faculty of Materials Engineering.





