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The aim of this study is to investigate the application of polypyrrole/ polyaniline (PPy/PANI) nanofiber
for Cu (Il) sorption from paper mill wastewater. The tests and their optimization results were based
on the experiments design in three levels of variables using Taguchi method. The results showed that
in Copper removal tests, the pH of the solution was the most effective parameter of the sorption
process and the highest Copper removal rate was achieved in acid conditions. The adsorbent mass
and contact time also had considerable effect (less than pH) on Copper removal in the Taguchi
method. The effect of temperature on the sorption process was also studied and results showed
that the temperature improved the Copper sorption. The adsorption percentage increased with
the rise in temperature from 20 to 40 °C The calculated amounts of thermodynamic parameters
such as AH°(55.33KJ/mol) , AS°(0.209KJ/molK) and AG°(-7.4 ,-8.87,-11.31KJ/mol) showed that the
adsorption of Copper on to nanofiber was feasible spontaneous and endothermic.
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INTRODUCTION

Heavy metals come from several industries
such as mining and smelting, paper industry,
industrial activities, municipal wastes, the
printing and photographic industries and sewage
sludge [1-3]. The effluents of cellulose and
paper industry, including heavy metals such as
copper), are one of the important environmental
concerns [3, 4]. Copper is one of the most toxic
heavy metals, has attracted much attention due
to its toxicity and impact on the public health
and sometimes death, particularly in children [2,
5, 6]. Excessive amounts of Copper in the body
also cause a lot of harm, resulting in a headache,
decreased blood sugar, increased heart rate and

* Corresponding Author Email: shariehhosseini@yahoo.com

nausea. The excess Copper in the brain and the
liver damages the kidneys and prevents the
production of urine. Copper poisoning leads
to anemia and loss of hair in women. The high
amount of Copper interferes the production of
digestive enzymes. Copper poisoning associated
with overactivity of children and learning
disabilities such as reading and writing disorders,
attention deficit disorder, and ear infections.
Other symptoms of copper poisoning associated
with psychology include symptoms of autism
(such as depression, hallucinations, insomnia,
paranoia, personality changes, insanity) and
schizophrenia symptoms (such as high irritability,
lack of awareness and understanding of the senses
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and time). Among the various techniques used for
heavy metals removal from aqueous phase such
as evaporation, electroplating, precipitation, ion
exchange and membrane separation, adsorption
can be introduced as an efficient and cost-effective
technique especially for low concentration.
Many sorbents such as polyethyleneimin
emethylene phosphonic acid [7], acrylic acid
grafted poly(ethylene terephthalate) fibers [8],
Fe,O,/poly(r-glutamic acid) (P-L-Glu) magnetic
microspheres [9], biomaterials [10, 11], fiber
membranes [12], ion exchange [13, 14] and low
cost natural materials [15] were used for heavy
metal from aqueous phase.

Conducting polymers are widely used
in various fields such as microelectronics,
composite materials, optics and biosensors [16]
and as adsorbent [17, 18]. In recent decades,
it has reported that conducting polymers such
as polyaniline (PANI) and polypyrrole (PPy)
has successfully been used for removal of
heavy metals from aqueous solution, water and
wastewater [19]. Polymerization conditions, the
type and size of the dopants incorporated during
the polymerization process as well as on the ions
present in the electrolyte solution strongly affect
onto sorption capacities of conducting polymers
[20]. Ghorbani et al [21] used polyaniline and
polypyrrole composites for treatment of paper
mill wastewater; the composites showed a
considerable capacity for heavy metals, anions,
color and COD (chemical oxygen demand)
removed from paper mill wastewater. It was also
reported  that polypyrrole/perlite composite
was successfully used for Copper removal from
wood and paper industry wastewater [22].
Polyacrylamide (PAM) was used as adsorbent
for pulp and paper mill wastewater treatment.
The effectiveness of the polyacrylamides was
determined based on the reduction of turbidity,
the sorption of total suspended solids (TSS) and
the reduction of chemical oxygen demand (COD)
[23]. The aim of this study was to investigate
the Copper sorption onto PPy-PANI nano fiber
from paper mill wastewater. These experiments
were performed on a batch system. The tests
and their optimization results were based on the
experiments design in three levels of variables
(pH, contact time and adsorbent dosage) using
Taguchi methods. The effect of temperature on the
copper removal and thermodynamic of sorption
process were also investigated.
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MATERIALS AND METHODS
Materials

Aniline (Merck) and pyrrole (Merck) were
purified by vacuum distillation and stored in
refrigerator prior to use. The pH of the solution was
adjusted by adding 0.5 M HCI and 0.5 M NaOH
solution. The FeCl, was purchased from Merck.
Table 1 shows the characteristics of the wastewater
(paper mill wastewater, Sari, Iran).

Synthesis of the PPy-PANI nano fibers

PPy-PANI nano fibers were synthesized by in
situ simultaneous polymerization of Py and ANI
monomers at room temperature in presence of
FeCl, oxidant. In a typical process, 6 g of FeCl, and
80 mL of distillated water were mixed together in a
250 mL conical flask. A mixture (0.8 mL) of Py and
ANImonomers (0.4 mL each) was poured dropwise
into the FeCl, solution under stirring. After 5 min
stirring, polymerization reaction was performed
without stirring for 6 h. To stop the reaction, 10
mL of acetone was added to the polymerization
reaction. The formed PPy-PANI nano fibers were
filtered and washed several times with distilled
water and then for removal of oligomers, the filtered
fiber was washed with acetone [24]. The nano fibers
were then dried at oven.

Analytical Method

In this study, to study the nano fiber surface,
the Scanning Electron Microscope (SEM) device
model $3400, Hitachi, Japan was used to identify
the absorbent level. Before taking the SEM
photographs of these two specimens, their surface
was fitted with a gold plated sputter to guide these
improved materials, which ultimately resulted in
a higher-quality image and a thickness of 30 nm
coated materials. The identification of functional
groups was also done by Fourier transform infrared
(FTIR) by FTIR Spectrometer (Shimadzu 4100). To

Table 1. Textile wastewater characterization.

Concentration in waste

Compound water before removal
Cu (mg/l) 4.5

Mg (mg/l) 300

Fe (mg/1) 1.5

Zn (mg/l) 16

Total N( NO3™, NO2?) (mg/l) 33

-2 (mg/l) 21

5047 (mg/l) 155

Color (adsorbance at 600 nm) 0.3612

COoD (mg/l) 2700
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prepare the sample for testing, mix 1 milligrams of
absorbent with 1000 milligrams of KBr uniformly,
and then press them on a plate that is transparent
under pressure of 2200 kg.cm™ for 5 minutes. After
this operation, the sample is ready for the FTIR test.
The range of scan for specimens was between 3900-
500 cm™.

Sorption Procedure
The sorption experiments with using a mixer
were performed in a batch system. The required
concentrations of copper solutions were obtained
by paper mill wastewater. The total volume of the
solutions was 100 mL and after each experiment,
the solution was filtered and then adsorbent was
prepared for analysis. The removal efficiency of
Cu(II) was calculated as:
%Removal= 5= S 100
Where C and C, are the initial and final
concentration (mg L") respectively.

(1)

Statistical design of the experiment using the Taguchi
method

Statistical design of the experiments and analysis
of data was done using Minitab statistical software
(version 17). For this design, three main factors of

pH (A), contact time (B) and adsorbent mass (C)
were estimated at three levels. The interaction of
AB, AC and BC parameters is not being considered
and only the effect of the main parameters is being
considered. In general, the range and amount of
each variable used in this study for the Copper ion
removal from paper mill wastewater using nano
fiber are indicated in Table (2).

RESULTS AND DISCUSSIONS
Characterization of the adsorbents

Fig. 1 shows the SEM images of nanofiber. As
shown in Fig. 1, the morphology of nanofiber was
porous. As can be seen, the spherical nanosized
particle has been formed with an average size of
24 nm. The nanofiber structure was examined
by means of the FTIR technique and is shown in
Fig. 2. The characteristic IR peaks at 1513, 1430,
1082, and 957-825 cm™ are attributed to the
pyrrole ring stretching, conjugated C-N stretching,
C-H stretching vibration, and C-H deformation,
respectively [26]. The main characteristic peaks
for PANI homo polymer are assigned as follows:
the bands at 1568 and 1486 cm™ correspond to
quinine and benzene stretching ring deformation
and the stretching bands at 1293, 1137 belong to
C N and N=Q=N (Q denotes the quinoid rings)
[27]. In the case of the PPy-PANI nanofibers, the

Table 2. Experimental ranges and levels of the independent variables

Symbol Factor Levell Level2 Level3
A pH 2 4 6

B Contact time (min) 8 12 16
C Adsorbent mass amount (g) 0.2 0.4 0.6
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Fig. 1. Scanning electron micrographs (SEM) image of polymer nano fiber.
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Table 3. Variables and results from Taguchi experimental design for removing copper using nano fiber.

Variable by encoding surfaces

Copper removal results (%)

Number PH Contact time The amount of Experimental results of Experimental results of the
(min) adsorbent mass (g) the first experiment second experiment
1 1 1 1 35.67 36.72
2 1 2 2 44.13 45.78
3 1 3 3 47.79 48.01
4 2 1 2 71.14 73.17
5 2 2 3 76.17 76.65
6 2 3 1 68.57 69.17
7 3 1 3 89.14 91.12
8 3 2 1 84.56 85.21
9 3 3 2 95.16 93.13

observed peaks at 1541, 1447, 1039, and 930-837
cm™ and 1568, 1490, 1276, 1128 cm™ confirm the
presence of both PPy and PANI in the synthesized
nanofibers.

Results of Taguchi experimental design
The results of designing the Copper adsorption
experiment using nanofiber are:

Analysis of experimental data and performance
prediction

In these experiments, the removal of copper
from aqueous solution using the nanofiber and the
effect of the three variables of pH, contact time and
adsorbent mass using the Taguchi method, in the
batch sorption system were performed based on
L9 array design with two repetitions. The removal
efficiency (% R) was selected as the test response.
In all experiments, 100 ml of paper mill wastewater
was used. In Table (3), the experimental design of
these experiments and the response obtained from
each experiment (Taguchi L9 array) for copper
removal from paper mill wastewater are presented.

In the next step in Taguchi optimization, the
effect of El. (i= A, B, and C) has been calculated.
For the E, analysis, the average response (% of
copper removal efficiency) for all levels of the
factors (surface effect) should be calculated. Then
the effect of the factor, which is a criterion for
analyzing the impact of each of the factors on the
response, can be obtained from the difference of
the lowest average from the highest of it for each
factor [28]. For example, to obtain the effect of
Factor A, the removal of Copper by a nanofiber can
be calculated as:

Step 1: Calculate the mean of responses at all
three levels of factor A.

— 35.67+36.72+44.13+45.78+47.79+48.01

4, =43.02
6

()
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Table 4. The Effects of Factors and Their Rankings for Copper

Removal
- Fac;or - Level
63.32 66.16 43.02 1
70.42 68.75 7248 2
71.48 70.31 89.72 3
8.16 4.15 46.70 E

i
2 3 1 Effectiveness Rank

Table 5. Optimal levels of the studied factors to achieve
maximum copper removal efficiency

Surface value for copper Level  Controllable Factors
6 3 pH
16 3 Contact Time (min)
0.6 3 Absorbent Mass (g)

As the same way, we can calculate the mean of
responses for factor A at two other levels.

Step Two: The difference of the highest response
means from its lowest for factor A.

Z = (Z)mm‘ B (Al )mm @)

Furthermore, the effect of other factors can
also be calculated in the same way. Table 4 shows
the effect of factors on Copper removal. Based on
this table, the factor A, the pH of the solution, has
the highest effectiveness on the Copper removal
efficiency. After that, the amount of adsorbent
mass and contact time are respectively in second
and third place of the effectiveness. In the future
study, the more efficient the removal (%) is, the
more ideal the process will be. A quantitative
diagram of the effect of the main factors in the
removal of Copper from paper mill wastewater is
shown using nanofiber in Fig. 3. According to these
forms and information given in Table 5, it can be
concluded that the combination of A, B,, and C,
has the greatest effect on increasing the removal
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Fig. 2. FTIR spectrum of polymer nano fiber.
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Fig. 3. Diagram effects of main factors of copper absorption by the adsorbent

efficiency of Copper from paper mill wastewater
by adsorbent. According to the results obtained
from the diagrams of the main factors for copper
removal from paper mill wastewater, the optimal
conditions were predicted as follows:

Statistical Analysis of Variance of Taguchi Method
In addition to analyzing the effect of factors,

statistical analysis (ANOVA) shows which factor

has a meaningful significance. Variance analysis

is a method used for the average comparison of
two or more groups [29]. The results of ANOVA
analysis for sorption of copper are presented in
Table 6 and the effects of the three main factors in
the design are briefly presented. Meanwhile, due to
the fact that with 9 experiments, the effect of the
interaction of factors cannot be investigated, the
effect of interactions between AB, AC, and BC was
discarded. Based on the design of ANOVA, the
more the P value of the investigated factor is smaller

J. Nanoanalysis., 6(2): 90-98, Spring 2019
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Table 6. Analysis of variance for the process of copper removal using the nano fiber.

P F Sum Degree
of Factor
Amount amount Square
Freedom
0.0001 2497.70 3346.47 2 A
0.048 19.63 26.31 2 B
0.011 88.22 118.20 2 C
B B 134 ) Residual
Error
- - 3492.31 8 Total

(close to zero), the more effective it is. In the same
condition (P-number is equal), the sum of squares
(SS) will be decisive, so the larger the SS number,
the more effective it will be. As can be seen, the
results of ANOVA analysis for sorption of Copper
from wastewater by the nanofiber were consistent
with the results of the analysis of the effect of the
factor considered in the previous section.

The last step in the Taguchi statistical analysis
is predicting the response of the optimal situation.
After determining the optimal combination of
factors and their levels by analyzing ANOVA and
analyzing the effect of the agent, we can predict the
optimal response from the following relationship
[30, 31]:

R, =R+(4,-R)+(B,-R)+(C,-R) (4)

R, is the predicted removal efficiency in the
optimal relationship, and R is the average of the
responses in 18 experiments, which is 68.41 for
Copper adsorption. The predicted answer of the
software is 94.69 to adsorb Copper. A confirmation
experiment for optimal conditions was repeated
for both adsorbents and the removal efficiency
for copper was 95.78. The error percentage of the
repeated experiment is calculated as:

(©)

pred

R
%Error =|—£ x100

exp

In which R is the removal efficiency obtained
from the confirmation experiment and R,
is the optimum adsorption capacity predicted
by the Taguchi method. The repetition of the
experiment had an error about 1.14 for Copper,
indicating its repeatability. Comparison to study
of Ferrah et al (efficiency=85.69) that used
polyethyleniminemethylene phosphonic acid[7],
removal of Copper from paper mill wastewater by

PPY/PANI in our study was higher. Removal of
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Copper by PPY/PANI nanofiber was more effective
compare to PPY or PANI alone [21]

Effect of three main factors

As described above, three factors, pH, contact
time (min) and adsorbent mass (g) were considered
as the main factors for Copper removal by the
adsorbent.

Effect of pH Parameter on Responses

The pH solution is one of the most important
factors in sorption process. The inherent value of
the optimal pH value in the filtration system can
have a significant impact both on the design and
construction costs of the facility and on the system,
and then on the maintenance and operation of the
system. As a result of the accurate study of this
parameter, it is important to study the optimal
point of the purification process or the sorption
process in this study and its efficiency and the
effect of deviation from this point, if necessary, in
practice or sensitivity analysis of the parameter.
At high pH values, de-doping process occurred in
PPY/PANIand then desorption of Cu(II) became
the predominant process. No measurable Cu(II)
sorption was observed when the treatment media
was neutral or alkaline. Under alkaline conditions
(pH>7), the polymer (PPy/PANI)became
completely undoped and the polymer changed
into its deprotonated emeraldine base form, with
no counter anions in the polymer to be exchanged
with Cu(II) ion in the solution.

As shown in Table 4, the maximum effect on
the removal efficiency of Copper from paper mill
wastewater by the adsorbent is the pH parameter
(with a lower P-value). Fig. 3 shows the effect of
pH parameter (factor A) on the Copper removal
efficiency using nanofiber. As canbe seen, increasing
the pH leads to increase the Cu(II) adsorption.
This increase gradually reached a maximum value
sharply at pH 6. Working over pH=6.0 was avoided
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to prevent the possible precipitation of Copper.
It can be concluded that, at low pH values, the
concentration of H* ions increases, and thus an
intense competition occur between H* ions and
Cu (II) ions for the sorption on binding sites of the
nanofiber. As a result, H" ions could either occupy
the binding sites or protonate functional groups
on nanofiber, i.e. metal-binding sites. Because of
protonation, the amount of positively charged sites
increases, the corresponding electrostatic repulsion
restricts the adsorption of positively charged
copper ions. Thus, the sorption capacity of Copper
ions reduced at pH 2.0. On the other hand, as the
pH values increased, the negative charge density
on the surface of nanofiber also increased due to
deprotonation of the metal binding sites. This in
turn enhances the affinity toward positively charged
Cu(II) ions and leads to the improved adsorption
of metal ions [32, 33]. Thus, all future sorption
experiments in this research were conducted on
initial pH value of 6.0.

The effect of the contact time parameter on responses

Contact time is the other parameter which
study of its effects on the system responses and its
overall effect on the adsorption process is one of
the goals of this research. In any filtration system
based on a batch process, the contact time can have
a significant effect on the overall system efficiency
and therefore the total purge capacity of the system.
In fact, it can be said that any part of the system’s
time and its sensitivity to deviation will, directly
and indirectly, affect all costs and benefits. It should
be noted that the contact time in the sorption
process is an equilibrium parameter. This means,
this variable has an optimal and equilibrium point,
which at this point does not have a significant effect
on absorption. As a result, the accurate study of this
variable can be very important and necessary. Fig.
3 shows the influence of the contact time variable
(factor B) on the removal efficiency of Copper
from the paper mill wastewater by the nanofiber.
As can be seen in this figure, with increasing
contact time, the removal efficiency of Copper
increases. To demonstrate this phenomenon, it
can be said that at the beginning of the reaction,
with increasing contact time, the absorbed particles
have more chance of penetrating into the adsorbent
and occupying active sorbing sites, but when the
process reaches the equilibrium, adsorbent would
be saturated and increasing the contact time has no
effect on sorption efficiency.

The effect of amount of adsorbent material on the
responses

The other operating parameter has been studied
is the amount of adsorbent in sorption process.
The sorption process takes place on the surfaces
and structures of the adsorbent material, so the
availability of the surface will have a considerable
effect on the removal efficiency. Like all other
operating parameters, this item is also directly
and indirectly related to processes and costs and
other issues related to the treatment system. The
amount of adsorbent is perhaps the most important
determinant of choice with not choosing that
material in an absorption process-based system,
because the cost of procuring and as well as using
this substance, if necessary, washed or disposed of
it can be economical or completely uneconomic. As
a result, this parameter must be carefully studied.
Fig. 3 shows the effect of increasing the amount
of adsorbent material on the removal efficiency of
copper from wastewater by the nanofiber. As can be
seen, with the increase in the amount of adsorbent,
the removal efficiency of Copper increases, and
after reaching to equilibrium, it is almost constant,
and the increase in the amount of adsorbent does
not affect the removal efliciency of the Copper.
Meanwhile, the graphs of the interaction of the
amount of an adsorbent substance with the two
previous variables were presented and analyzed in
the previous forms.

Effect of Temperature on the Copper sorption

The sorption studies were conducted at 20-
40 °C, pH 6 and an adsorbent dosage of 0.6 g in
a 100 mL wastewater solution to examine the
thermodynamics of adsorption. The equilibrium
contact time for adsorption was kept constant at 16
min. The adsorption percentage increased with the
rise in temperature from 20 to 40 °C. By increasing
the temperature, the higher rate of evaporation will
happen in the aqueous solution. More evaporation
will change the volume of the aqueous solution that
make a considerable error for determination of the
pollutant concentration in aqueous phase. So, we
have to determine of the temperature in the range
of the 20- 40 °C for reducing the volume change
during the thermodynamic study.

Results suggested that the adsorption process
has an endothermic nature. Table 7 indicates the
effect of temperature on the removal efficiency. To
determine the changes in Gibbs free energy (AG),
heat of adsorption (AH) and entropy (AS) of the

J. Nanoanalysis., 6(2): 90-98, Spring 2019
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Table 7. The effect of temperature on the removal efficiency.

Temperature (°C) Removal efficiency of copper (%)

20 95.43
30 97.13
40 98.72

Table 8. Thermodynamic parameter for adsorption of Cu (II)
onto sorbent.

Kj Kj Kj
AH(EL As(moj_k) TC)  AGl-L R?
54.33 0.209 20 74 0.9778
30 -8.87
40 -11.31

adsorption of Copper from wastewater, the data of
Table 7 were used.

Effect of Temperature on
Parameter on Cu(II)

Thermodynamic parameters such as the enthalpy
change AH, free energy change AG and entropy
change AS were calculated using the equations (6-8)
in order to study the thermodynamics of adsorption
of Cu(Il) on nanofiber. Using the following
equations, the thermodynamic parameters AH,
AS and AG for Cu (II) on nanofiber system were
calculated as follows [34]:

Thermodynamics

K =—2¢ 6

¢ 1-F, (©)
-AH AS

log K. = 2.303RT + 2.303R )

Where F, is the fraction of Cu(II) sorbed at
equilibrium. The values of these parameters
are presented in Table 8. It indicates that the
enthalpy change AH is positive (endothermic)
because of the increase in Copper removal on the
successive increase in temperature. The negative
AG values revealed that the nature of adsorption
is spontaneous and thermodynamically feasible.
The positive value of AS indicates the increased
randomness at the solid-solution interface during
the fixation of the ion on the active sites of the
sorbent.

CONCLUSIONS

The nanofiber showed considerable potential for
the removal of Copper from paper mill wastewater.
The Taguchi method was used as a most effective
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software to optimize the removal efficiency of
Copper. In the acid condition, Copper removal is
more than neutral and alkaline soluble conditions.
After pH, adsorbent mass and contact time,
respectively, had the most effect on copper removal
efficiency. Thermodynamic studies were indicative
of a negative AG and positive AS and AH. Results
indicated that the adsorption has an endothermic
nature. The negative AG values suggested that the
sorption has spontaneous nature. The positive value
of AS shows that there is an increased randomness
at the solid-solution interface during the fixation of
the ion on the sites of the sorbent.
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