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Abstract

Grafting of 4-vinyl pyridine (4-VP) and 2-methylpropenoic acid
(MPA) onto poly (ethylene terephthalate) fibers (PET) was achieved
via chemical grafting technique. A new fibrous adsorbent was
used to the removal of rhodamine B (RB) and methylene blue
(MB) from aqueous solutions through batch sorption method. The
influence of pH, graft yield, removal time and initial concentration
were investigated to study the adsorbing effect of 4-VP and MPA
grafted PET fibers (4-VP/MPA-g-PET). The optimum pH values
for RB and MB were found to be 12 and 10 respectively. The
maximum adsorption capacities of grafted PET fibers were found
to be 45.28 mg g for RB and 56.72 mg g for MB at 250 ppm.
Almost all adsorbed dyes were eluted by acetic acid in methyl
alcohol. Ten removal-desorption cycles indicated that the reactive
fibers were favourable for use it again without a notable change in
removal capacity. Consequently, the 4-VP/MPA-g-PET fibers have
demonstrated potential as an effective adsorbent for the extremely
effective removal of cationic dyes from aqueous media.
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Introduction

Water pollution has been a serious increasing problem in the
recent years. This is due to both the increase in human population and
the increase in industrial plants. There are many various kinds of water
pollution [1,2]. Water has the capacity to dissolve organic compounds
as synthetic dyes. Synthetic dyes are used to add a colour or to change
the colour something. Such dyes are widely utilized in the production
of user products, including paints, printing inks, food, plastics, textile,
pharmaceutical, and paper industries [3-6]. Thence about 10.000,
different dyes are used industrially. The greatest environmental
concern with dyes is their reflection of sunlight entering water and
absorption. Many dyes carcinogenic, mutagenic and toxic to life.
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Therefore, their removal is mandatory from waste before they are
released into the environment [7]. Many methods have been used to
eliminate of dyes from water [8]. The advantages and disadvantages
are widely discussed in the previous work [9-12]. However, among
these, Adsorption have a potential for removing dyes from water as
a result of it’s understood for high efficiency and ability to removal,
low disbursement, and simple operation and in most of the cases,
regeneration of the adsorbent is feasible [2]. Several adsorbents are
used for the removal of dyes from waste product [13-17]. However,
some of these adsorbents have low adsorption capacities, need long
adsorption time, difficult desorption and reuse. Recently, chelating
fibers as grafted PET fibers have been applied for the removal of dyes
from water. This mainly ascribes the relatively large external specific
surface, active functional groups, high adsorption capacity, reuse
and simple process. In addition to they have good resistance to most
strong acids at room temperature, oxidizing agents, sunlight and
microorganisms [18].

Grafting is an easy process to added desired active functional
groups like -COOH, -CN, -C.H\N, CONH,, -NH,, -COOR, and
epoxy on the synthetic fibers for the removal dyes. The radical graft
polymerization of binary vinyl mixtures monomers has been noticed
to introduce appropriate functional groups within the fibers for
eliminating of dyes and heavy metals ions from water [19-21].

In particular, the carboxyl and amino groups on the surface of
an adsorbent have been reported to be effective in the removal dyes
[22]. Therefore, in this work, chelating PET fibers with carboxylic acid
(MPA) and amino (4-VP) groups on the surface were prepared by
graft copolymer. Then the 4-VP/MPA-g-PET fibers were used as a
novel adsorbent for removal RB and MB. The optimal parameters to
removal RB and MB were studied.

Experimental
Materials

The polyester (PET) fibers (122 dTex) were SASA Co. (Turkey)
product. The models were cleared for 10 h 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.

Swelling procedure

The fibers were immersed in dichloroethane at 90 °C for 2 h.
The swollen the fibers were wiped with a cleansing tissue to remove
dichloroethane and place into the polymerization medium.
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Graft copolymerization process

In the first step, graft copolymerization was allotted in a three-
necked polymerization glass tube. The polymerization tube containing
the PET fiber about 0.3 g, acceptable quantity of 4-VP monomer
and benzoyl peroxide at a needed concentration in 2 mL dissolving
agent (acetone) was created up to 20 mL with demineralized water.
The polymerization tube was instantly placed into the water bathtub
adjusted to the polymerization temperature (at 65°C). At the tip of
the present chemical change time (2 h), the grafted fibers were taken
out. Compound and free of the homopolymers were extracted with
methanol for 8 h. Then the modified fibers were dried at 25°C for 24
h and weighed. In the second stage, with the above method, MPA
monomers were grafted onto 4VP grafted PET fibers (at 85°C).
Compound and free of the homopolymers were extracted with
boiling water for 8 h. The modified fibers (4-VP/MPA-g-PET) were
then dried at 25°C for 24 h and weighed. The graft yield (GY) was
calculated from the weight increase in grafted fibers as follows:

GY (%) = [(mg—mi)/mi] x 100 (1)

Where m,and m, represent the weights of the original and grafted
fibers, severally

FTIR spectra

FTIR spectra of 4-VP/MPA grafted PET fibers were obtained. The
fibers were cut into roughly 1 mm size, mixed with KBr, and then
pressed. The spectra were recorded on a Bruker Vertex 70V FTIR
photometer.

Scanning Electron Microscopy (SEM) analysis

SEM analysis was carried out to research the surface morphology
of original and 4-VP/MPA-g-PET fibers employing a JEOL Model
JSM 5600 scientific instrument. The fibers covered a thin evaporated
layer of gold and were performed.

Sorption process

A volume of 25 mL of cationic dye solution (RB and MB) was
additional onto a certain amount of 4-VP/MPA-g-PET adsorbent in
a glass container. The ingredients were agitated on a shaker (Selectra)
set at a 110 rpm for a fixed period at 25°C. The charged adsorbent
was separated and cleaned politely. The solution was filtered and was
adjusted to 6.5 pH value for RB and 6.8 pH value for MB, the remaining
cationic dye was analyzed employing UV/Visible photometer (A=554
nm RB, A=665 nm MB, Perkin Elmer Lambda 25). The amount of
cationic dye adsorbed by the adsorbent was analyzed by using Eq. 2.

q(mgg")=(C-C)V(L)/w(g) )

Where C, is the initial dye concentration (ppm), C_is the last
concentration of dye solution; V is the volume of the dye solution
used and w is the quantity of the adsorbent used.

Desorption and Reuse of 4-VP/MPA-g-PET Fibers

Desorption of cationic dyes was studied with 25 mL of acetic acid

in methyl alcohol adjusted to different concentrations of values. The dye
was desorbed in a half-hour, then diluted with water and analyzed as
above. The percent of desorption was calculated by employing Eq. 3.

Amount of cationic dye (mg) desorbed

% Desorption = —
Adsorbed amount of cationic dye (mg) by adsorbent

X 100 (3)

The sorption-desorption process was repeated ten times using
4-VP/MPA monomer mixture grafted PET fibers

Result and Discussion

The aim of the current study is the novel practice of effective fibers
containing amine and carboxylic acid groups to removal a hazardous
RB and MB. Firstly, poly(ethylene terephthalate) (PET) fibers were
grafted with 4-vinyl pyridine (4-VP-g-PET) after 2-methylpropenoic
acid (4-VP/MPA-g-PET) using benzoyl peroxide as an initiator.
Fibers were swelled in dichloroethane (DCE) for 2 h at 90°C to
promote the incorporation and the subsequent polymerization
of the 4-VP and MPA onto PET fibers. The graft copolymer
chains grafted upon PET fibers. Functional groups coming from
both 4-VP and MPA were placed into graft copolymer chains.
Therefore, PET fibers contain chelating groups. Grafted PET
fibers were characterized by scanning electron microscopy (SEM)
and FT-IR spectra.

FT-IR spectrum

A FT-IR spectre of original, 4-VP-g-PET, an MPA-g-PET and 4-VP/
MPA-g-PET fiber have been analyzed and is displayed in Figure 1. The
FT-IR spectra of original PET fibers displayed peaks owing to C=0
(at1712 cm™), C=C and aliphatic C-H (at 1411 and 1578 cm™") of PET
fibers, while additional new peaks owing to the ~-OH groups of MPA
(at 3407 cm™) and the 4-vinyl pyridine groups (at 1602 cm™) have
been observed in Figure 1. New peaks (-OH and pyridine groups)
have been shown in spectra of 4-VP/MPA-g-PET fibers.

Scanning Electron Microscopy (SEM) Study

SEM study was carried out to analyse the surface morphology
of original and 4-VP/MPA-g-PET fibers (160%) and are indicated
in Figure 2. SEM photograph of the original PET fiber (Figure 2a)
showed a smooth surface and relatively homogeneous surface. SEM
photograph of 4-VP/MPA-g-PET fibers (at 160%), however, showed
clear residual and cover of the grafting upon PET fibers.

Effect of pH

The pH is a significant parameter in the sorption study because
the type of the functional groups, properties of grafted PET fibers and
dyes can be changed with pH. Thus the effect of pH on cationic dyes
removal was examined and Figure 3 was showed. The 4-VP/MPA-
g-PET fibers were incubated for 60 min. with aqueous basic dyes
solution adjusted to required pH values of a range of 2-13 using buffer
solutions (Briton-Robinson buffer).

It was clear from the plots that the pH values for optimum
removal were 10 for MB, 12 for RB. The removal of RB ions at pH 7,
8 and 9 was the minimum, and a maximum in removal was shown
at pH 4. However, when the pH of the solution was increased (> pH
9), the removal of RB ions was increased, and the removal of RB ions
at pH 12 was higher than pH 4. Consequently, both acidic and basic
solutions are suitable for removal RB ions.

pH values effect ionization-dissociation of 4-VP/MPA-g-PET
fibers and RB molecules. Because the adsorbent and RB ions have
both amine and carboxyl groups. At pH values lower than 4, the RB
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Figure 1: Schematic representation of preparation of EMA/SP composites.
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Figure 2: SEM photographs of (a) original and (b) 4-VP/MPA-g-PET Fibers (160%).
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Figure 3: Effect of the pH on sorption: [dye] = 20 mg/L; T =25 °C; t =
60 min; graft yield = 160.
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ions are of cationic and monomeric molecular form and thus, removal
decreased [23]. The electrostatic repulsion between cationic RB ions
and positively charged 4-VP/MPA-g-PET fibers. On increasing the
pH, the interaction between dye molecules and active centers on
the grafted PET fibers is mainly effected by ionization states of the
functional groups of both RB ions and the adsorbent surface. At
pH values higher than 4 the decrease in removal may be due to the
formation of the zwitterions form of RB which form has a net positive
and negative charge [24]. It would not move towards the grafted
PET fibers that they have both (+) and (-) charge. An increase in the
removal of RB on the grafted PET fibers can be observed at pH>9.
The preponderance of OH" compete with ~COO- in binding with -N*
and it decreases the aggregation of RB, which causes an increase in
the removal of RB ions on the fibers adsorbent [25]. This may be
illustrated as in Figure 4.
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Figure 4: sorption of RB dyes onto the adsorbent.

Figure 3 shows that the removal of MB rises with increasing
from pH 5 to 10, reaches a maximum at pH 10 and thereafter almost
levelled off. The removal of MB on the adsorbent cannot be observed
at pH < 5. The important rise in elute efficiency with increasing pH
value may be owing to deprotonation of the carboxyl groups upon the
surface of the adsorbent and thus raises the removal of MB dye. When
the pH of the solution increases, the free COO~ upon the adsorbent
surface favours the sorption of MB dye owing to the electrostatic
attraction. As the low pH, the concentration of free COO~ on the
surface of modified PET fibers decreased, thus the surface site of
the grafted fibers do not favor the removal of MB dye [26]. Most of
the pyridine groups surface of the sorbent was loaded negative pole
(at pH>6). Loaded negative pole pyridine groups (Lewis base) can,
therefore, attract the MB dye. MB would be expected to have activity
as a Lewis acid. In this way, MB interacts with grafted PET fibers by
Lewis acid-base interactions [27].

Effect of % grafting and sorption time

The effect of the graft yield on the adsorbed amount of RB and
MB dyes was investigated at 25°C while keeping all other conditions
constant. The results are shown in Figure 5. With the rise in grafting
yield from zero to 160%, the amount of cationic dye adsorbed raised,
thereafter leveled off. Original PET fibers have very low cationic
dye sorption capacity owing to it has not included the active site.
Increasing graft yield increases the number of functional groups thus,
increases the number of negatively charged surface of 4-VP/MPA
grafted PET fibers. The active sites of adsorbent became saturated
to maximum sorption capacity on the chelating fibers. The increase
in the adsorption with increasing graft yield may be attributed to a
higher surface area and more active sites such as 4-VP and COO". The
similar results were observed in the previous works [28].

The rapid removal of RB and MB with the adsorbent will be
advantageous for practical use. For this aim, the contact time of RB and
MB on the 4-VP/MPA-g-PET fibers was studied. Figure 6 was shown
that removal of the dyes might be considered very fast. After the removal
became fast and saturation levels were reached within 40 min. for RB and
MB. The removal of MB on the fibers was more positive than that of the
RB. At first, faster rates of removal may be attributed to the presence of a
large number of binding sites for removal.

Effect of cationic dye concentration

Effects of initial dyes concentration on removal efficiency of RB
and MB were investigated in the concentration range of 10-250 mg L.
The results were shown in Figure 7. As the concentration increases,
the removal values increased to 45.28 and 56.72 mg g for RB and
MB, respectively. The removal values steadily increased from 10-250
mg g'. All cationic dyes present in the sorption environment could
interact with the active functional groups on the grafted PET fibers,
therefore higher dye removal percentage. The most common active
groups attached to the fibers are the carboxylate, -COO" and amine,
-4-VP. These sites have an anionic property that suitable for dyeing
with cationic dyes. Thus, 4-VP/MPA-g-PET fibers showed very high
adsorption capacity.

Effect of temperature

The temperature may be important in determining the capacity of
removal. The experiments were carried out at the temperature in the
range of 15-55°C. Figure 8 showed the influence of temperature on
the removal of RB and MB dyes onto 4-VP/MPA-g-PET fibers. It was
observed with increase in the temperature, removal of the RB and MB
dyes increased, and indicating endothermic nature of the adsorption.
The higher temperature was in favour of removal [29].
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Figure 5: Effect of the graft yield on the adsorbed amount of cationic dye on
4-VP/MPA-g-PET fibers: [dye] = 40 mg/L; T =25 °C; t = 60 min.
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Figure 7: Sorption of cationic dye with 4-VP/MPA-g-PET fibers at different
dye concentration: T = 25 °C; t = 40 min; graft yield = 160.

—+—MNB —e=—RB

q (mg dye/g fibers)

0 10 20 30 40 50 60 70 80
time, min

Figure 6: Adsorption time of cationic dyes on 4-VP/MPA-g-PET fibers: [dye]
=50 mg/L; T = 25 °C; graft yield = 160.

Desorption studies

The desorption of RB and MB dyes are important for the
regeneration of 4-VP/MPA-g-PET fibers. 4-VP/MPA-g-PET fibers
adsorbent did not adsorb dye significantly at pH<3, that the adsorbed
dye on the fibers adsorbent may be possibly desorbed in acidic
solution with a low solution pH value. The adsorbed RB and MB dyes
by 4-VP/MPA-g-PET fibers were recovered by using the different
acetic acid concentrations in methyl alcohol as shown in Figure 9. At
30°C, in 30 min., as the acetic acid concentrations in methyl alcohol
raised, from 5% to 35% the desorption% raised from 80% to almost
100% for MB and from 78% to 98% for RB adsorbed of 20 ppm.
Desorption rate of RB and MB dyes from 4-VP/MPA-g-PET fibers
were very high. 4-VP/MPA-g-PET fibers were eluted without losing
its stability and activity. Thus, it should be effective an adsorbent for
the removal of RB and MB dyes.

Reuse of grafted fibers

In order to indicate reusability of the 4-VP/MPA-g-PET fibers
desorption cycles of RB and MB dyes were repeated ten times by
using same the 4-VP/MPA-g-PET fibers. The regeneration of the
fibers indicates that the fibers were used repeatedly for the removal
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Figure 8: Effect of temperature: [dye] = 50 mg/L; t = 40 min; graft yield =
160.

RB and MB dyes without loss of dyes removal capacity as indicated
Figure 10. Thus, due to the good recycling efficiency, 4-VP/MPA-g-
PET fibers are used for practical applications.

Conclusions

4-VP/MPA-g-PET fibers were prepared as a new adsorbent and
the removal of rhodamine B and methylene blue from water was
achieved successfully using the adsorbent. The adsorption capacities
were investigated in different conditions with various operating
parameters such as pH, grafting yield, contact time, initial dye
concentration and temperature. The adsorption process was highly
pH dependent and a maximum adsorption achieved at pH 12 and 10
for RB and MB, respectively. The removal of cationic dyes increased
with the increasing percent grafting. The sorption of cationic dyes
very depended on active groups as 4-VP and MPA that inserted in
the PET fibers. The maximum adsorption capacities of the grafted
fibers are 45.28 mg g for RB and 56.72 mg g for MB at 250 ppm.
The process has considerably fast kinetic, which achieve equilibrium
at 40 min. Cationic dyes adsorbed onto 4-VP/MPA-g-PET fibers was
desorbed by using the acetic acid in methyl alcohol. The adsorbent
can be used repeatedly in the sorption-regeneration cycle without any
loss and stability of the removal capacity. 4-VP/MPA-g-PET fibers
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Figure 9: Desorption study: graft yield = 160.
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Figure 10: Effect of number of cycle on the percent removal of cationic dye
on 4-VP/MPA-g-PET fibers.

were found to be effective in removal of cationic dyes, such as RB
and MB.
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