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ABSTRACT

Novel acid–base ions exchanger for basic dye removal developed through three subsequent
steps. First, glycidyl methacrylate (GMA) was polymerized to have poly glycidyl methacry-
late particles. Second, pyrazole derivative was grafted onto poly glycidyl methacrylate parti-
cles to have pyrazole-g-poly glycidyl methacrylate. Finally, orthophosphoric acid was
doped onto the pyrazole-g-poly glycidyl methacrylate matrix. Factors affecting the pyrazole
derivative grafting process were studied. Structure verification was conducted using FT-IR
and thermogravimetric analyses. A fundamental investigation of the removal of methylene
blue (MB) from aqueous solutions by orthophosphoric acid-doped pyrazole-g-poly glycidyl
methacrylate (OPA-py-g-PGMA) and PGMA particles was conducted under batch condi-
tions. Operational conditions such as initial MB concentration, contact time and tempera-
ture, adsorbent dosage, and finally agitation speed have been investigated and correlated to
the MB removal percentage and adsorption capacity. OPA-py-g-PGMA particles show
higher MB removal percentage and adsorption capacity in comparison with PGMA parti-
cles. Maximum adsorption capacities found 11 and 5 mg/g for OPA-py-g-PGMA and
PGMA particles, respectively.

Keywords: Basic dye removal; Methylene blue; Acid–base ions exchanger; PGMA; Pyrazole;
Grafting; FTIR; TGA

1. Introduction

The effluents from textile, leather, food processing,
dyeing, cosmetics, paper, and dye manufacturing
industries are important sources of dye pollution [1].

The presence of very small amounts of dyes in water
(less than 1 ppm for some dyes) is highly visible and
undesirable [2]. During the past three decades, several
physical, chemical, and biological decolorization meth-
ods have been reported; few, however, have been
accepted by the paper and textile industries. Among
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the numerous techniques of dye removal, adsorption
using different adsorbents is the procedure of choice
and gives the best results as it can be used to remove
different types of coloring materials [3–5].

Adsorption employs adsorbent—a substance that
attaches the substrate or solvent molecule to its sur-
face, and several materials applied as an adsorbent for
the treatment of waste water. Agricultural waste and
activated carbon have proven very efficient as an
adsorbent for many compounds including various
classes of dyes.

In the last few decades, however, polymers and
polymeric gels which have attracted much interest in
the field of biotechnology and medicine [6] directed
toward separation work, and many studies on dye
adsorption by polymers have been published. In
comparison with classical adsorbents such as acti-
vated carbon and clay, the synthetic polymeric
adsorbent is more attractive because of its favorable
physicochemical stability, high selectivity and
structural diversity, eco-friendliness, and regeneration
abilities [7–9]. The application of polymers as an
adsorbent for the removal of cationic/anionic dyes is
found in the literature. For instance, Malana et al.
[10] reported the removal of industrially important
dyes from aqueous media onto polymeric gels by
adsorption process. In recent years, a wide variety of
polymers and polymer composites reported as excel-
lent adsorbents for the removal of various dyes and
organic contaminants from aqueous solution. For
example, cyclodextrin polymer [11], novel polymer—
Jalshakti [12], polystyrene-block-poly(N-isopropyl
acrylamide) [13], PVA hydrogels, and PVA/AC
composites [14].

For heavy metals removal, the ability of pyrazole
and its derivatives to act as ligands with sp2 hybrid
nitrogen donors have been the research subjects for
many researchers [15–17].

In this study, pyrazole derivative was grafted onto
polyglycidyl methacrylate particles to have pyrazole-
g-polyglycidyl methacrylate and then doped the base
nitrogen moieties with orthophosphoric acid to have
acid–base ions exchanger and apply finally in the
removal of MB from the synthetic dye aqueous solu-
tion for the first time.

2. Materials and methods

2.1. Materials

Glycidyl methacrylate (GMA), DMF, DMSO, ethyl
alcohol, sodium persulphate (SPS), 4-(4-chlorophenyl)
azo-1H-pyrazole-3,5-diamine, and methylene blue.

2.2. Methods

2.2.1. Preparation of pyrazole derivative

4-(4-chlorophenyl) azo-1H-pyrazole-3,5-diamine [18]
prepared according to the reported literature.

2.2.2. Preparation of orthophosphoric acid-doped
pyrazole-g-PGMA

Three consequent steps were followed to have
orthophosphoric acid-doped pyrazole-g-PGMA. First,
glycidyl methacrylate was polymerized to have poly
glycidyl methacrylate particles. Second, pyrazole
derivative was grafted onto polyglycidyl methacrylate
particles to have pyrazole-g-polyglycidyl methacrylate.
Finally, orthophosphoric acid was doped onto the
pyrazole-g-polyglycidyl methacrylate matrix.

2.2.2.1. Polymerization process. Polymerization was car-
ried out with a monomer concentration of 10% (v/v)
through the dissolution of GMA in an alcohol solution
(1:1; ethanol/water) of sodium persulfate (0.1 M).
Polymerization was carried out at 55˚C in a water bath
for 4 h.

2.2.2.2. Pyrazole grafting process. The epoxy group of
the PGMA chains reacted with different molar concen-
trations of pyrazole derivative dissolved in DMF:
DMSO (1:1) at 50˚C for two hours. The reaction of
pyrazole derivative with epoxy rings of PGMA
component illustrated in Fig. 1.

2.2.2.3. Orthophosphoric acid doping process. Pyrazole-
g-polyglycidyl methacrylate particles reacted with 3%
orthophosphoric acid solution at 50˚C for one hour.

2.3. Preparation of basic dye solution

MB, C16H18N3SCl3H2O, the stock solution was pre-
pared by dissolving 0.01 g of MB in 1,000 mL distilled
water. The dye concentration in the supernatant and
residual solutions determined by measuring their
absorbance at 1 cm light-path cell at Max wavelength
660 nm using a spectrophotometer.

2.3.1. Batch MB adsorption experiments

The adsorption experiments were carried out in a
batch process using MB aqueous solution. The vari-
able parameters, namely the initial MB concentration,
the adsorbent dosage, the contact time, the stirring
rate, and the adsorption temperature were studied.
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The MB adsorption studies were performed by mixing
0.1 g of OPA-py-g-PGMA and PGMA with 20 mL of
fixed MB concentration. The mixture was magnetically
stirred at R.T for selected time and then centrifuged at
6,000 rpm for 10 min to separate the adsorbent out of
the liquid phase. The dye concentration, before and
after the adsorption, for each solution, was determined
by measuring the absorbance at the maximum wave-
length (λmax = 660 nm) using UV–vis spectrophotome-
ter. Dye removal percentage is calculated according to
the following formula:

Dye removal ð%Þ ¼ ½ðC0�CtÞ=C0� � 100

where C0 and Ct (mg L−1) are the initial concentration
at zero time and the final concentration of MB at a
definite time, respectively.

2.4 Infrared spectroscopic analysis

The polymer functional groups were investigated
using a Fourier-transform infrared spectrophotometer
(Shimadzu FTIR-8400 S, Japan) connected to a PC, and
the analysis of the data was accomplished using the
IR Solution software, version 1.21.

2.5. Thermogravimetric analysis

Thermogravimetric analysis (TGA) of the polymer
was carried out using a thermogravimetric analyzer
(Shimadzu TGA-50, Japan); the samples were heated
at 10˚C/min in the temperature range from 20 to
600˚C under nitrogen flowing at 20 mL/min.

3. Results and discussion

3.1. Characterization of the synthesized matrices

The success of the pyrazole grafting process was
verified by conducting FT-IR and TGA analyses of

pyrazole-g-PGMA. The FT-IR spectra of PGMA
(Fig. 2) show the absorption bands at 1,725, 1,300–
1,100 cm−1, caused by the stretching vibration of the
ester carbonyl groups, C–O–C stretching in addition to
the characteristic bands of the epoxy ring at 1,260 and
950–815 cm−1 [19]. After performing pyrazole grafting
process, absorption bands of the epoxy rings at
1,260 cm−1 and 950–815 cm−1 start to disappear, while
the band at 760 cm−1 of weak intensity still noticed the
shift to 780 cm−1. That may refer to a minor fraction of
epoxy rings that may have taken part in the formation
of the cross-linking structure during polymerization
[20]. The new characteristic band appearing at
2,300 cm−1 of grafted pyrazole derivative was
recognized. C=C, C=N, NH absorption bands at
1,650–1,550 cm−1 characteristics of pyrazole com-
pounds recognized and the presence of aromatic rings
indicated by bands at 1,589, 1,600, and 1,512 cm−1. For
orthophosphoric acid-doped matrix, P=O stretch band

Fig. 1. Reaction of pyrazole derivative with PGMA epoxy ring.

Fig. 2. FTIR spectra of PGMA, pyrazole-g-PGMA, and
OPA- pyrazole-g-PGMA particles.
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at 1,415–1,085 cm−1 and P–OH stretch bands at 1,740–
1,600 cm−1 while P–O stretch at 1,030–972 cm−1 and
950–917 cm−1.

On the other hand, TGA thermograms (Fig. 3)
showed the weight loss of samples at 120˚C, due to
water evaporation. PGMA grafted with pyrazole
derivative show a significant increase in weight loss.
A remarkable decrease in thermal stability was
observed for the pyrazole grafted sample. A negative
shift of characteristic thermogram of PGMA was
recognized. At 400˚C, the PGMA sample lost 50% of
its weight. Pyrazole grafted sample lost 50% of its
weight at 330˚C. OPA-doped pyrazole-g-PGMA sam-
ple regains thermal stability where it lost 50% of its
weight at 400˚C.

3.2. Pyrazole grafting process

The impact of different factors affecting the pyra-
zole grafting process on the MB removal efficiency
was studied. These factors include pyrazole concentra-
tion, grafting time, and temperature.

3.2.1. Effect of the pyrazole concentration

Table 1 shows the effect of variation the pyrazole
derivative concentration on the MB removal efficiency
from 0.2 to 1 M. From the tabulated results, it is clear
that the variation of pyrazole derivative concentration
has no significant effect on the MB removal efficiency
within the studied range. Different MB synthetic solu-
tion concentrations were tested. This behavior is
explained by the limitation of the grafting reaction by

the exposed epoxy group numbers on the PGMA par-
ticles surface. For comparison, PGMA particles have
been tested under the same conditions. In general, all
the pyrazole grated samples show higher MB removal
efficiency than PGMA one. The difference in favor of
pyrazole grafted samples was detected only in testing
MB solution concentration higher than 25 ppm. This
observation confirms the occurrence of the adsorption
process on the polymer particles surface.

3.2.2. Effect of the grafting time

The effect of variation of the grafting time on the
removal efficiency of MB is shown in Table 2. From
the obtained results, it is clear that minimum grafting
time, 0.5 h, is comparable with 2.0 h that confirmed
our assumption that the grafting process occurs only
on the surface, and the number of epoxy groups on
the PGMA particle surface is the grafting limiting
factor.

3.2.3. Effect of the grafting temperature

Table 3 shows the effect of variation the grafting
temperature on the MB removal efficiency. No effect
was noticed which confirmed our assumption about
the occurrence of the pyrazole grafting on the PGMA
particles surface and the limitation of the process by
the surface epoxy groups. That presents an advantage
of the prepared matrices that did not need any addi-
tional energy for preparation that reduced the cost of
the matrix.

3.3. Methylene blue removal process

The operational conditions affecting the MB
removal process, namely MB concentration, MB
removal time and temperature, adsorbent dosage, and
agitation speed were investigated.

3.3.1. Effect of the MB concentration

The effect of the initial dye concentration factor
depends on the immediate relation between the dye
concentration and the available binding sites on an
adsorbent surface [21]. Fig. 4 shows the effect of initial
dye concentration. The percentage of dye removal
decreases with an increase in initial dye concentration,
which may be due to the saturation of adsorption sites
on the adsorbent surface [22]. At low concentration,
there will be unoccupied active sites on the adsorbent
surface, and when the initial dye concentration
increases, the active sites required for adsorption of

Fig. 3. TGA of PGMA, pyrazole-g-PGMA, and OPA-
pyrazole-g-PGMA particles.
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the dye molecules will disappear [23]. However, the
increase in the initial dye concentration will cause an
increase in the loading capacity of the adsorbent, and
this may be due to the high driving force for mass at
a high initial dye concentration [24]. In other words,
the residual concentration of dye molecules will be
higher for higher initial dye concentrations. In the case
of lower concentrations, the ratio of an initial number
of dye molecules to the available adsorption sites is
low, and subsequently the fractional adsorption
becomes independent of initial concentration. The MB
removal efficiency of OPA-pyrazole-g-PGMA sample
is much higher than the blank sample, PGMA. This
behavior is very clear at the highest MB tested
concentration (100 ppm) where the removal percent-
age was found 50 and 25% for the OPA-pyrazole-g-
PGMA and the PGMA, respectively. That is due to the
induced ion exchanger sites located on the surface of
OPA-pyrazole-g-PGMA samples.

On the other hand, the adsorption capacity for
OPA-pyrazole-g-PGMA and PGMA matrices is shown
in Fig. 5. From the figure, it is clear that the adsorp-
tion capacity was increased linearly for PGMA matrix
up to 5 mg/g at 30 ppm MB concentration where the
adsorption capacity reached 10 mg/g for OPA-pyra-
zole-g-PGMA sample at 50 ppm MB concentration.
Beyond these MB concentrations, the adsorption
capacity started to level off. It expected that the pres-
ence of ionic sites over the OPA-pyrazole-g-PGMA
particles surface was the main cause for the gained
MB higher adsorption capacity. The lack of such ionic
sites on the PGMA particles surface explains the lim-
ited adsorption capacity. Within the studied contact
time, it seems that most of the adsorption sites over
the polymeric particles surface have been occupied
by MB molecules at 30 and 50 ppm for PGMA and
OPA-pyrazole-g-PGMA, respectively.

3.3.2. Effect of the contact time

The effect of variation contact time on MB removal
percentage was investigated as shown in Fig. 6. From
the figure, it can be seen that the MB removal percent-
age of OPA-pyrazole-g-PGMA has been slightly
affected by increasing contact time over 5 min. Very
fast equilibrium was achieved due to a lot of available
exchange sites. The removal percentage increases from
55 to 70% with increase time from 5 to 30 min. For
PGMA, the removal percentage increases from 20 to
33% with increase time from 5 to 30 min. Beyond
30-min adsorption time, a slight increase in removal

Table 1
Effect of variation the pyrazole concentration on the removal efficiency of MB

Pyrazole concentration (M)

Methylene blue concentration (ppm)

10 18 25 30 40 50 60

0.0 100 90 83 78 63 50 33
0.2 100 100 100 98 99 92 83
0.4 100 100 100 97 97 87 84
0.6 100 100 100 98 98 88 84
0.8 100 100 100 98 99 94 84
1.0 100 100 100 97 98 90 84

Table 2
Effect of variation the grafting time on the MB removal
efficiency

Functionalization time
(h)

Methylene blue
concentration (ppm)

10 18 25 30 40 50 60

0.5 100 100 100 98 99 97 85
1.0 100 100 100 98 99 92 83
1.5 100 100 100 98 99 96 84
2.0 100 100 100 99 99 92 84

Table 3
Effect of variation the functionalization temperature on the MB removal percentage

Functionalization temperature (˚C)

Methylene blue concentration (ppm)

10 18 25 30 40 50 60

25 100 100 100 97 98 95 84
40 100 100 100 97 98 95 84
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percentage for both samples was observed. This
behavior referred to the reduction of the concentration
gradient between the liquid phase and the adsorbent
surface. This behavior is shown by previously pub-
lished results by the author [25,26] where MB
adsorbed onto hydro-oxime polyacrylonitrile ions
exchanger nanoparticles. The present results show
equilibrium reach at the shorter time. Table 4 shows
the adsorption capacity for both samples. From the
obtained results, it is clear that the adsorption capacity
for the OPA-pyrazole-g-PGMA sample is higher than
its PGMA counterpart. The induced ionic centers over
the OPA-pyrazole-g-PGMA particles’ surface help in
accelerating of the adsorption process and reach to

almost equilibrium within fifteen minutes where
adsorption capacity reaches to its almost maximum
value after one hour contact time. PGMA sample
shows a slower rate of adsorption while reaches to
almost equilibrium within twenty minutes. Maximum
adsorption capacities for OPA-pyrazole-g-PGMA
and PGMA matrices were 10.65 and 5.25 mg/g,
respectively.

3.3.3. Effect of the adsorbent dosage

The effect of variation of the adsorbent dosage on
the MB percentage removal correlated with various
MB concentrations (Fig. 7). It is evident from the
curves that the percentage dye removal increases with
adsorbent dosage. The OPA-pyrazole-g-PGMA sample
shows an advantage over the PGMA sample. Such
behavior is obvious because the number of active sites
available for dye removal would be more as some
adsorbent increases. From the curves, it can be

Fig. 4. Effect of the MB concentration on the MB removal
percentage (%) of OPA-pyrazole-g-PGMA and PGMA
particles.

Fig. 5. Effect of the MB concentration on the adsorption
capacity of OPA-pyrazole-g-PGMA and PGMA particles.

Fig. 6. Effect of the contact time on the MB removal
percentage (%) of OPA-pyrazole-g-PGMA and PGMA
particles.

Table 4
Effect of variation of the contact time on the adsorption
capacity for OPA-pyrazole-g-PGMA and PGMA matrices

Contact time (min) PGMA OP-pyrazole-g-PGMA

0 0 0
2 1.5 5.4
5 3 8.25
10 4.2 9.75
15 4.65 10.2
20 4.8 10.35
30 4.95 10.5
60 5.25 10.65
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depicted that only 0.25 g of OPA-pyrazole-g-PGMA is
enough to have the same MB removal percentage as
0.75 g of PGMA, 85%. Time-rate adsorption curve is
single and continuous, suggesting the possibility of
monolayer coverage of MB onto the surface of
adsorbent [27].

Fig. 8 shows the variation of the adsorption
capacity of both matrices with the adsorbent dosage.
Within fixed amount of MB molecules and increased
adsorbent dosage, it is expected that the adsorption
capacity decreases. Accordingly, the adsorption capac-
ities for both matrices are almost equal for adsorbent
dosage 1 g where almost all of MB molecules were
adsorbed from the medium.

3.3.4. Effect of the agitation speed

The effect of variation agitation speed from 0 to
1,000 rpm on the removal percentage of MB was stud-
ied (Fig. 9). From the figure, it is clear that the enhanc-
ing effect of agitation ranged from 0 to 250 rpm on the
percentage of MB removal. That is because MB,
through their transportation to the solid phase, meets
resistance in the liquid phase, through the boundary
layer. The motion induced through the agitation of
suspensions during experiments leads to a decrease in
the boundary layer thickness and a consequent
decrease in the transportation resistance of MB [28].
That increases the transfer rate of the ions, and thus
the MB removed percentage. However, a negligible
increment in MB removal percentage was noticed for
agitation speed above 150 rpm for OPA-pyrazole-g-
PGMA and 200 rpm for PGMA samples, confirming
that 200 rpm shaking rate is sufficient to expose all the

polymer surface binding sites for MB molecules in the
solution. Table 5 shows the effect of agitation speed
on the adsorption capacities of PGMA and OPA-pyra-
zole-g-PGMA particles. The increment of the agitation
speed was found most effective in the adsorption
capacity of PGMA particles. That is may explain by
the fact that the limitation of active sites over its sur-
face compared with OPA-pyrazole-g-PGMA particles.

3.3.5. Effect of the adsorption temperature

Table 6 shows the effect of variation of the adsorp-
tion temperature over a wide range, from 25 to 55˚C,
on the MB removal percentage for both OPA-pyra-
zole-g-PGMA and PGMA particles. Almost constant
removal percentages were observed. The obtained

Fig. 7. Effect of the adsorbent dosage on the MB removal
percentage (%) of OPA-pyrazole-g-PGMA and PGMA
particles.

Fig. 8. Effect of the adsorbent dosage on the adsorption
capacity of OPA-pyrazole-g-PGMA and PGMA particles.

Fig. 9. Effect of the agitation speed on the MB removal
percentage (%) of PGMA and OPA-pyrazole-g-PGMA
particles.
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results are considered an advantage since the dye
removal process does not need any additional heating
and or other extra cost and could perform over a wide
range of effluent temperature. This behavior may refer
to the acceleration effect of temperature on the dye
molecules adsorption on the surface of both OPA-
pyrazole-g-PGMA and PGMA particles. This fast ini-
tial step reduces the concentration gradient between
the MB dye liquid phase and the copolymer solid
phase. MB concentration limitation from one side and
high concentration of exchange sites over the particles
surface on the other side contribute significantly to
obtain this behavior. The absence of pore diffusion
process also eliminates the effect of temperature [23].

4. Conclusion

Orthophosphoric acid-doped pyrazole-g-poly gly-
cidyl methacrylate (OP-Py-g-PGMA) particles were
developed as a novel acid–base ions exchanger for
basic dye removal. The variation of different factors
affecting the pyrazole derivative grafting process was
studied. None of the studied factors has affected
significantly the MB removal efficiency of the OPA-
py-g-PGMA which revealed the surface nature of the
grafting process. Operational conditions such as initial
MB concentration, contact time and temperature,
adsorbent dosage, and finally agitation speed have
been investigated and correlated to the MB removal

percentage and adsorption capacity. OP-Py-g-PGMA
particles show higher MB removal percentage and
adsorption capacity in comparison with PGMA parti-
cles. The OP-Py-g-PGMA particles show a faster rate
of MB adsorption and higher removal percentage.
Maximum adsorption capacities found 11 and 5 mg/g
for OP-Py-g-PGMA and PGMA particles, respectively.
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