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Abstract

A novel chelating fiber adsorbent was synthesized by reacting diethyl
iminodiacetate (DEIDA) with glycidyl methacrylate-g-poly (ethylene
terephthalate) fiber (GMA-g-PET) and then hydrolysis of the ester introduced

by HNOg for the removal of methylene blue (MB) dye from aqueous solution.
Various factors affecting the removal behaviour such as graft yield, pH, contact
time, and initial concentration were investigated. The increase in the amount

hydroxyl and iminodiacetate groups on glycidyl methacrylate-g-poly (ethylene
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terephthalate) fiber (IDA-GMA-g-PET) significantly improved the removal
amount of MB. It was observed that 100% of MB dye was removed by IDA-
GMA-g-PET fiber in 45 min contact time.

1. Introduction

Synthetic dyes are widely used in many industries, such as textile,
dying, printing, cosmetics, food colouring, paper making etc., which are
released directly into the environment without any pre-treatment in
developing countries. The industrial wastewater containing synthetic
dyes are among the most dangerous organic pollutants. The presence of
synthetic dyes in wastewater has caused serious concerns to people and
environment due to their toxicity and carcinogenicity [1]. The procedure
of synthetic dye-contaminated wastewater is very difficult since they are
extremely soluble and stable in wastewater. Moreover, they are non-
degradable and cannot be decomposed in municipal water treatment
plants [2, 3]. Therefore, it is necessary to remove synthetic dyes from
industrial wastewater prior to their discharge. Researchers are concerned
over the treatment of synthetic dyes-rich wastewater. So far, a lot of
methods have been developed, such as coagulation and flocculation [4],
membrane separation [5], oxidation or ozonation [6], electro-coagulation
[7], and adsorption [8]. The adsorptive removal of synthetic dyes is the
most widely used process due to its simplicity, low cost, efficiency, and
high selectivity [9]. Many adsorbents have been developed. However,
most of these adsorbents show a limited adsorption capacity because they
do not have enough surface area, functional groups and some problems,
including high cost, difficulties of separation and regeneration of
adsorbents from wastewater. So, it is highly desirable to developed novel
adsorbents with large surface area, active functional groups, high

adsorption capacity, and fast separation [1].

The adsorption capacity of synthetic dyes is highly depended on the
accessible chelating groups on adsorbent surfaces. Therefore, chelating
polymeric fibers are increasingly used in the removal of synthetic dyes

due to their high adsorption capacities, selectivity, fast separation, and
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continuity reuse. Chelating polymeric fibers possess many reactive ionic
functional groups such as carboxylic acid, amine, hydroxyl, epoxy and
pyridine. They have greatly advanced this field and may be used as an
alternative adsorbent for the removal of synthetic dyes from water.
Surface modification of polymeric fibers by grafting is a useful method for
the synthesis of adsorbent with specific surface and structural properties.
It has been developed chemical and mechanical properties of polymeric
fibers by grafting with different vinyl monomers and increases water
absorbency, dyeability and adsorption capacity of polymeric fibers
[10-12].

Iminodiacetate (IDA) resins have been widely used to remove toxic
heavy metal ions from wastewater. However, one of their disadvantages
is slow kinetics in the adsorption process [13-15]. In order to obtain IDA-
chelating polymeric fibers with fast kinetic and high removal capacities
have been studied. There are not reports on functioned IDA onto poly
(ethylene terephthalate) fibers (PET) with high specific surface. In the
present work, glycidyl methacrylate (GMA) was grafted onto PET fibers
by chemical method (GMA-g-PET). The epoxy groups of GMA-g-PET
fibers was converted to IDA polymeric fibers adsorbents using diethyl
iminodiacetate by chemical reaction (DEIDA-GMA-g-PET) and then
hydrolysis of the ester introduced by HNO5 (IDA-GMA-g-PET). The

removal, desorption and reuse of IDA-GMA-g-PET fibers toward

methylene blue (MB) were examined.
2. Experimental

2.1. Materials

The polyester (PET) fibers (122 dTex, middle drawing) were SASA
Co. (Turkey) product. The models were cleared for 10h by dimethyl
ketone and dried in an oven at surroundings temperature. Benzoyl
peroxide was doubly recrystallized from chloroform in methanol and
dried. Other reagents were used like received. Total chemicals were
Merck products.
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2.2. Swelling procedure

The fibers were immersed in dichloroethane at 90°C for 2h. The
swollen the fibers was wiped with cleansing tissue to remove

dichloroethane and place into the polymerization medium [16].
2.3. Graft copolymerization process

Graft copolymerization was allotted in a three-necked polymerization
glass tube. The polymerization tube containing the PET fiber about 0.3g,
acceptable quantity of GMA monomer and benzoyl peroxide at needed
concentration in 2mL dissolving agent (acetone) was created up to 20mL
with demineralized water. The polymerization tube was instantly placed
into the water bathtub adjusted to the polymerization temperature (at
70°C). At the tip of the preset chemical change time (2h), the grafted
fibers were taken out and residual solvent, monomer and homopoly
(GMA) were removed with acetone for 24h. The modified fibers were then
dried at 25°C for 24h and weighed. The graft yield (GY) was calculated

from the weight increase in grafted fibers as follows:

GY(%) = [(mg — m;)/m;]x100, 1)

where m; and m, represent the weights of the original and grafted

fibers, respectively [17].
2.4. Preparation of IDA-GMA-g-PET fibers

GMA-g-PET fibers were immersed in 0.5M diethyl iminodiacetate
(DEIDA) in 50% ethanol. The contents were shaken at 110rpm for 4h at
80°C using orbital shaker (Selectra). Then, the resulting PET fibers were
separated from the DEIDA solution, washed with deionized water.
Subsequently, the hydrolysis of the introduced DEIDA was carried out by
heating (80°C) the resulting PET fibers in 1M HNOj for 4h. IDA-GMA-g-

PET fibers were washed repeatedly with deionized water. IDA-GMA-g-
PET fibers were vacuum-dried at 50°C for 24h and weighed. The amount
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of IDA (%) was calculated from the weight increase in IDA-GMA-g-PET

fibers as follows:
IDA(%) = [(ws —wg )/ws]x100, 2)

where w; and w, denote the weights grafted PET fibers and IDA-GMA-
g-PET fibers, respectively [10].

2.5. FTIR spectra

FTIR spectras of ungrafted, GMA grafted and IDA-GMA-g-PET fibers
were obtained. The fibers were cut into roughly 1mm size, mixed with
KBr, and then pressed. The spectra were recorded on a Bruker Vertex
70V FTIR photometer.

2.6. Scanning electron microscopy (SEM) analysis

SEM analysis was carried out to research the surface morphology of
original and GMA-g-PET fibers employing a JEOL Model JSM 5600
scientific instrument. The fibers covered a thin evaporated layer of gold

and were performed.

2.7. Sorption of MB

Volume of 25cm® of MB solution was added onto 0.1g of IDA-GMA-g-
PET fibers in 50mL Erlenmeyer. The contents were shaken at 125rpm for
a predetermined period of time at 25°C using orbital shaker (Selectra).
The loaded adsorbent was separated by centrifugation and washed
gently. After the MB concentration of supernatant was adjusted to 6.8pH
value. After it was measured by using UV/Visible spectrophotometer
(pH = 6.8, L = 665nm, Perkin Elmer Lambda 25). Calibration curves

were plotted between absorbance and concentration of the standard dye
solutions. The adsorption capacity of the fibers was evaluated by using

the following expression:

q = (CO - C)V/m’ 3
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where g is the amount of dye adsorbed onto unit mass of the PET fibers
(mg g7'), C; and C are the concentration of the MB in the initial
solution and in the aqueous phase after adsorption treatment for a
certain period of time (mgLﬁ1 ); V is the volume of the MB solution used

(L); and m is the amount of the PET fibers used (g), respectively.
2.8. Desorption and reuse

Desorption of cationic dye were studied with 25mL of 1M HNOg4

solution. The dye was desorbed, then diluted with water and analysed as

above. The desorption percent was calculated employing Equation (4).

Amount of cationic dye (mg) desorbed

— 100.
Adsorbed amount of cationic dye (mg) by adsorbent x

%Desorption =

4)

The sorption-desorption process was repeated ten times using IDA-GMA-
g-PET fibers.

3. Results and Discussions

3.1. Characterization of the fibers adsorbent

Chemical grafting of GMA onto PET, grafting mechanism and
characterizing was illustrated with our previous work [17]. The surface
chemical structures of original, GMA-g-PET and IDA-GMA-g-PET fibers
have been analysed by FT-IR spectroscopy and is displayed in Figure 1.
The FT-IR spectra of original PET fibers displayed peaks owing to C = O

(at 1712cm™!), C = C and aliphatic C-H (at 1411 and 1578m™') of
PET fibers. After the grafting with GMA, the spectrum of the GMA-g-PET

fiber changed. The new peak at 905cm ™! in the spectrum is owing to the

resonance peak of the epoxy groups. After IDA functionalization of GMA-

g-PET fibers, the new peak disappeared (905cm™') and the new peak at

1634cm ™! in the spectrum emerged owing to carboxylate ions, which is
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assigned to the absorption of IDA-GMA units and confirming the reaction
of epoxy on GMA-g-PET fibers with amino groups in the IDA. In addition,

the new peak at 3349cm™! shown in Figure 1 was attributed to the O-H
peak [17, 18].
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Figure 1. FT-IR spectra of PET fibers.

The scanning electron micrographs of original and GMA-g-PET fibers
are shown in Figure 2. It is clear from the SEM results that, the
ungrafted PET fiber surface (Figure 2(a)) has a smooth and relatively
homogeneous appearance. The grafted side chain, GMA, seems to form
microphases attached to the PET back-bone and caused a heterogeneous

appearance in the graft copolymer (Figure 2(b)), and showing proof of
grafting.



8 METIN ARSLAN and KUBRA GUNAY

IKKALE

\
|
KIR

Figure 2. SEM micrographs of (a) ungrafted PET fibers and (b) GMA-g-
PET fibers (150%).
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3.2. IDA functionalization of GMA-g-PET fibers

Iminodiacetate groups on glycidyl methacrylate-g-poly (ethylene
terephthalate) fiber (IDA-GMA-g-PET) were attached by reacting diethyl
iminodiacetate (DEIDA) with glycidyl methacrylate-g-poly (ethylene
terephthalate) fiber (GMA-g-PET) and then hydrolysis of the ester

introduced by HNOj3 (Figure 4). The maximum value of conversion of

epoxy groups to IDA was obtained from ethanol (50%, v/v) as solvent. The
effect of graft yield on the attached amount of IDA (%) was investigated.
The results are shown in Figure 3. The IDA (%) increases significantly by
increasing the graft yield up to 150%, then falls upon further increase in
graft yield. The amount of epoxy groups increased with increase in the
graft yield. However, the decreasing trend showing in higher graft yield
than optimum graft yield (150%) may be due to the graft layer thickening
with the increase in the graft yield [10].
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Figure 3. Effect of the graft yield on the attached amount of IDA (%) on
GMA-g-PET fibers.
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Figure 4. Reaction mechanism of IDA-GMA-g-PET fibers.

3.3. Effect of pH value on removal

The pH value of the solution highly influences the synthetic dyes
removal capacity by chelating fiber adsorbents. The effect of pH on MB
dye removal over the range 3-13 was investigated and shown in Figure 5.
The results illustrate the removal capacity of MB obviously increases at
high values of pH. IDA-GMA-g-PET fibers showed distinctly higher MB
dye removal capacity than DEIDA-GMA-g-PET and GMA-g-PET fibers
throughout the pH range. The removal of MB dye on IDA-GMA-g-PET
fibers increased from 8% to 100% in the pH ranging from 3 to 7, and then
it was approximately constant at pH 7-13. This increase in the removal
capacity was due to the availability of more active sites with increasing
pH. The effect of solution pH could be explained by considering the
surface charge of the IDA-GMA-g-PET fibers and the ionic forms of the
MB dye. It is necessary to examine various mechanisms such as
electrostatic interaction, and chemical reaction which are responsible for
adsorption on sorbent surface. At different pH values, the protonation
and deprotonation would influence the surface structure of the IDA-

GMA-g-PET fibers, and dye ions would exist in different forms. Under

acidic conditions, H" ions are abundant at its surface, where COO~ groups
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and H* ions produce COOH groups. The carboxyl groups are present in
nonionized form and no interaction can occur between the carboxyl
groups and MB dye molecules which lead to the observed removal
capacity reduction. On increasing the pH, the carboxyl groups are ionized
and the probability of interaction between the carboxylic groups and the
cationic groups of MB increases. At higher pH, the surface of IDA-GMA-
g-PET fibers may become negatively charged, which enhances positively
charged MB dyes through electrostatic forces of attraction. The uptake of
MB increases due to the dissociation of carboxylic groups suitable for
coordination with MB. The similar mechanism was suggested in our
previous work [19]. This may be illustrated as in Figure 6. Figure 7

shows the MB dye removal process.
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Figure 5. The pH dependence of MB dye removal by IDA-GMA-g-PET
fibers (dye concentration = 20ppm, temperature = 25°C, contact time =
60 min, graft yield = 150%).
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Figure 6. Removal of MB dye on the IDA-GMA-g-PET fibers.
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Figure 7. Photograph showing the MB dye removal process.

3.4. Effect of removal time

Removal time plays a key role in removal of dye on adsorbent surface.
The removal amount of MB on IDA-GMA-g-PET fibers as a function of
the removal time was plotted in Figure 8. It is observed that the removal
takes place rapidly at first, then slows down and levels off. The removal
equilibrium was attained within 45 min. The rapid removal of the dye by
chelating fiber adsorbent is significant for industrial use. Usually,
removal kinetics includes two stages: the first initial removal stage is
rapid and contributed to equilibrium uptake. It is thought to be outer
surface removal due to the availability of many active removal sites. The
second stage is slower and interpreted to be a gradual removal stage [20].
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Figure 8. Relationship between adsorption time and removal of MB dye
with IDA-GMA-g-PET fibers (dye concentration = 30ppm, pH = 9,
temperature = 25°C, graft yield = 150%).

3.5. Effect of dye concentration

The amount of dye adsorbed by the chelating fibrous adsorbent is
dependent on the initial concentration of the dye. The effect of the
concentration of MB dye on the removal capacity was studied in the

range of 10-700mgL_1. Figure 9 shows the very high removal capacity

against initial dye concentration. It is clear from that adsorption amount
increased with the increase of initial dye concentration. IDA-GMA-g-PET
fibers removed 100% of MB dye when initial concentration varied 10 to

600mgL ! but after 600mgL ™!, the percentage removal of dye up down

95%. This may be explained by the availability of many removal binding
sites during initial stage. MB dye which is water soluble and has a polar
amino group present in the removal environment could interact with the

active functional groups such as — COO~ and OH~ which are polar and
very hydrophilic upon the IDA-GMA-g-PET fibers. These sites have

anionic property that is suitable for dyeing with MB dye. Thus,
IDA-GMA-g-PET fibers show very high removal capacity.
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Figure 9. Effect of initial concentration of MB dye on removal (pH = 9,

temperature = 25°C, contact time = 45 min, graft yield = 150%).

3.6. Desorption studies

The desorption of MB dye is important for the regeneration of IDA-
GMA-g-PET fibers. IDA-GMA-g-PET fibers adsorbent did not adsorb MB
dye significantly at pH < 6, that the adsorbed MB dye on the fibers
adsorbent may be possibly desorbed in acidic solution with a low solution
pH value. The percentage desorption profile is presented in Figure 10. It
can be observed from this figure that the adsorbent can be regenerated in
low acidic environment. The fiber adsorbent was regenerated around

100% at 1M HNOg after 1h of operation. Desorption rate of MB dye from

IDA-GMA-g-PET fibers were very high. IDA-GMA-g-PET fibers were
eluted without losing its stability and activity. Thus, it should be effective
a fiber adsorbent for the removal of MB dye.

Desorption studies can help elucidating the mechanism of a removal

process. If the strong acids, such as HNOg3 can desorb MB dye, it can be
concluded that the attachment of MB dye on to the fibers adsorbent is by
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ion exchange or electro static attraction [21]. The investigation in the
desorption studies confirms the mechanism of removal stated in the pH
effect.
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Figure 10. Effect of time on desorption (graft yield = 150%, dye
concentration = 20ppm, temperature = 25°C, solution = 1M HNOg).

3.7. Reuse of modified fibers

Excellent reusability is desired to reduce the amount of fibers
adsorbent, thereby lowering the material costs for MB dye removal. To
indicate reusability of the IDA-GMA-g-PET fibers desorption cycles of
MB dye was repeated ten times by using same the IDA-GMA-g-PET
fibers. The regeneration of the fibers indicates that the fibers were used
repeatedly for the removal MB dye without loss of dyes removal capacity
as indicated Figure 11. Thus, due to the excellent recycling efficiency,

IDA-GMA-g-PET fibers are used for practical applications.
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Figure 11. Effect of number of cycle on the percent removal of MB dye on
IDA-GMA-g-PET fibers.

4. Conclusion

In this study, a chelating fibers containing IDA have been identified
as potentially and efficient adsorbent for removal MB dye. Chelating
fibrous adsorbent containing IDA groups were prepared by reaction
between IDA groups and epoxy groups on GMA-g-PET fibers synthesized
by the graft copolymerization technique. Removal MB dye from aqueous
solution by IDA-GMA-g-PET fibers was investigated. The maximum
value of modification of epoxy groups to IDA onto GMA-g-PET fibers was
obtained at graft yield 150%. It was observed that pH is the most
important parameter. IDA-GMA-g-PET fibers removed 100% of MB dye
(up to 600ppm) at optimum pH. A treatment time of 45min was sufficient
to reach the removal equilibrium value. MB dye adsorbed onto IDA-
GMA-g-PET fibers was desorbed by using 1M HNOs. The fiber

adsorbent can be used repeatedly in the removal-regeneration cycle

without any loss of removal capacity. It was recognized that IDA-GMA-g-
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PET fibers have an advantage of fast removal, high removal capacity,

good reusability, and high chemical stability. The fiber adsorbent should

be addressed for other cationic dyes. In the future, it could be applied in

wastewater contaminated with cationic dyes.
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