Baghdad Science Journal

Vol.12(1)2015

Adsorption and Kinetic Study of Methylene Blue dye on
New Surface Derived from Copolymer (Melamine –
Formaldehyde – Para- methyl Anisole)
Waeel M. Hamud*
Received 2, December, 2013
Accepted 8, March, 2014

Abstract:
A new copolymer (MFA) was prepared from condensation of melamine (M) with pmethyl – anisole (A) in the presence of condensation agent like 37% (w/v) of
formaldehyde. The new copolymer was characterized by elemental, IR and HNMR
spectra. The chelating ion-exchange property of this polymer was studied for
methylene blue dye in aqueous solution in 100-200ppm concentrations. The
adsorption study was carried out over a wide range of pH, shaking time and in media
of various kinetic parameters models. Thermal parameters like enthalpy, entropy and
Gibbs free energy of adsorption process of methylene blue on surface of MFA resin
were determined on the basis of kinetic parameters at different temperatures. To
describe the equilibrium of adsorption, the Langmuir, Freundlich and Temkin
isotherms were used. The Langmuir isotherm correlation (R2=0.987) was the best
fitted for experimental data with maximum adsorption capacity of 200 ppm. A higher
correlation value of the kinetic's model was observed close to pseudo first order,
second order and Temkin kinetic models values of correlation R2 lie in the range
(0.983-0.987) in comparing to other kinetic models.
Key words: Adsorption, methylene blue, kinetics & equilibrium.

Introduction:
The synthesized copolymer showing
versatile applications and properties
attracted the attention of scientists and
introduce the recent innovations in the
polymer chemistry. These copolymers
can be used as high energy material
[1], ion-exchanger [2], semiconductors
[3], antioxidants [4], fire proofing
agent [5], optical storage data [6],
binders [7], molding materials, [8].The
kinetic properties of copolymer have
gained sufficient ground in recent
years. The work on thermal and kinetic
studies of interactions of copolymers
with toxic organic materials have been
carrying out extensively due to their
wide applications in areas such as
chemically
modified
electrodes,
sensors etc [9,10].., C.H.Weng and Co-

Workers [11] have been adopting the
electrical conductivity of salicylic acidbiuret/dithiooxamide/dithiobiuret
trioxane polymer resins and their
kinetic study. Ion-exchange technique
can remove traces of azo dyes
impurities from water/process liquors
and gives out a product of ultra pure
quality in a simple efficient and
techno-economically viable manner.
Various
Hydroxybenzoic
acidformaldehyde
and
4hydroxyacetophenone-biuretformaldehyde copolymers have been
reported and found to be used as ionexchangers
[12,13].Hence
the
adsorption, kinetic and equilibrium
properties of the newly copolymer
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specific

found to be 90%.The physical
properties of new resin have bases on
the
surface
area
240m2/gm,
length=50micro-metre,
thermal
conductivity=80-100w/mV
and
diameter=500-900nm.
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Fig. (1): chemical
methylene blue dye
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1. Starting materials:
The chemicals (starting materials) used
in the synthesis were of analar or
chemically pure grade, and wherever
necessary the purity was tested and
confirmed by TLC.

Fig. (2): structure of copolymer
(melamine formaldehyde p-methylanisole)

2. Synthesis of MFA copolymer:
The copolymer MFA was prepared
according to the modified method
published in literature [13] involving
the condensing p-methoxy-toluene
(3.77 g, 0.2 mol) and melamine (1.26
g, 0.1 mol) with 37% formaldehyde
(11.1 ml, 0.3 mol) in a mol ratio of
2:1:3 in the presence of 125ml 1M HCl
as a catalyst at 125 °C±2 °C for 6 hr in
an oil bath with occasional shaking to
ensure through mixing. The separated
polymer was washed with hot water
and methanol to remove unreacted
starting materials and acid monomers.
The properly washed resin was dried,
powdered and then extracted with
petroleum ether to remove new
copolymer (soluble in petroleum ether)
.The copolymer was further purified by
dissolving in 5%(w/v) of aqueous
NaOH, and repreciption of the
copolymer was done by addition of
cold concentrated HCl. The process of
reprecipitation was repeated twice. The
copolymer sample MFA, thus obtained
was filtered, washed several times with
hot water, dried in air, powdered and
kept in vacuum desiccators over silica
gel. The yield of the polymer resin was

3. Batch Adsorption Experiments:
In order to contact between adsorbent
MFA and dye solution, all tests were
conducted in a closed Erlenmeyer
flasks with 100 mL capacity as a batch
system. Different doses of MFA tere
polymer were applied by adding( 0.15,
0.25, and 0.35 gm) of adsorbent per
(100 mL )of dye solution. Furthermore,
the pH was adjusted to the desired
value with( 1M) HCl and NaOH
(Merck, Germany). In this study,
various parameters such as contact
time ranges from (20-200 minutes), pH
3 to 9, adsorbent dosage (0.2, 0.4, 0.6
g/L), initial dye concentrations (50,
100, 150, and 200 mg/lit) were
investigated in different experiments.
In all experiments, the temperature was
kept constant (298K). For better
mixing, the Erlenmeyer flasks which
contain 100-200 mg/lit of dye solution
were placed in the illuminated
refrigerated incubator shaker (Inn ova
4340, USA) and were agitated at (150
rpm). At the end of equilibrium time
the suspensions were centrifuged for
(30 min). at (3000 rpm) and then the
supernatant of suspension was filtered

n
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K° ) was evaluated by relevant plots of
Huggin,s equation (1) [14] .

using a( 0.60 μm) Millipore filter. The
final dye concentrations (methyenel
blue) were evaluated by UV-visible
spectrophotometer (Shimadzu 670spectrometer) at maximum wavelength
(415-650 nm). After taking these
measurements, the concentrations of
residual dye were determined by
calibration curves. Removal efficiency,
adsorption capacity (%E) was calculate
using mathematical equations of
adsorption.

µsp /c = [µ] + k1[µ]2 c

----(1a)

ln µr / c = [µ] + k2 [µ]2 c

----(1b)

where c = concentration in gm/100ml
µr = ratio of polymer viscosity to
viscosity of pure solvent (DMSO)
[µ] = intrinsic viscosity which
characteristic parameter of a polymer

Results and Discussion:
1. Characterization of polymer
resin:
The elemental analysis (CHN) , degree
of polymerization Dp , and the
linearity of viscosity according to
Taun- Fuoss viscometer at different
concentrations ranging from (0.05 to
1.02 % ) of polymer in DMSO at (298

The values of carbon, hydrogen and
nitrogen parameters performed with
micro-elemental analysis on PerkinElmer 2400 analyzer were acceptable
with proposed repeated unit of (C23 H26
N6 O4) with physical properties Dp¯ =
15.5 , Mn=688.9 g/mol and intrinsic
viscosity of the value 0.895 dl/g .

Table (1): elemental analysis ,viscosity and other physical properties.
CHN
C23H26N6O4
(450 g/mole)

C% 60.89
(61.22) *
H% 6.221
(6.51)*
N% 19.95
(20.11)*

Surface
area m2/gm

Length µm

Thermal
conductivity w/v

Diameter µm

80-100

50-90

240
50

* = values found by elemental analysis
2. 1 H NMR Spectroscopy:
The proton NMR spectrum of the
copolymer (MFA) was scanned in
DMSO-d6 on 300 MHZ- Brunker
Ultra shield NMR spectrometer at AlYarmok University (Jordan) using
TMS (tetra methyl silane ) as internal
solvent and the absorptions of proton
(1H) resonances were measured as
chemical shift (ʆ ) in part per million
(ppm ) units from (0-14) ppm range,
figure (3).
The absorption of proton NMR of
MFA copolymer in DMSO-d6 showed

singlet chemical shifts at 2.50-2.51,
3.61 and 5.75 ppm , which were
belonged to resonance at DMSO
solvent,( CH2-N) and(- OCH3) protons
respectively [15,16]. While the
deshielded absorption at 6.65-6.76 and
7.56-7.83 ppm may attributed to
aromatic (A-H) and (C-H) of melamine
moiety respectively. The data obtained
from 1H NMR spectrum confirm the
proposed structure of the newly
copolymer.
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Fig. (3): 1H NMR spectrum of MFA copolymer in DMSO-d6 solution.
intensities at 3100 , 2962 and 15001600 cm-1 , may suggest the presence
of methylene bridges of formalin
starting materials , melamine ring C=N
and C=C of p-methoxy toluene moiety
respectively [17] . A sharp strong peak
at 850-590 cm-1 may be due to-NHdeformation out of plane of secondary
amine [17, 18].

3. Infra-red Spectrum:
Figure (4) shows the scanning of FTIR
spectrum for thin film of MFA. A
broad band appeared in the region
3500 cm-1 of - NH- related to ring of
melamine, where as the absorptions as
medium band at 3377-3282 cm-1 may
be assigned to -CH2-NH polymerized
as chain to p-methyl-anisole.
The
band obtained as sharp and medium

Fig. (4): IR spectrum of MB dye in KBr disc
the adsorbed amount of dye reaches its
equilibrium value. The equilibrium
value. The equilibrium was found to be
nearly 150 minutes when the
maximum dye (MB) adsorption
capacity was reached [19].

4.The Effect of contact time:
The effect of contact time on the
removal of methylene blue dye was
studied and shown in figure (5) . A
rather fast uptake occurs during the
first 50-100 minutes of adsorption
process, followed by a slower stage as
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equilibrium
characteristic
of
adsorption. Isotherm is a relationship
between the equilibrium amount of
methylene blue dye absorbed newly
copolymer (melamine formaldehyde pmethoxy toluene ) surface and residual
concentration of dye in solution. Figure
(7) illustrates Langmuir isotherm plot.
For experimental data R2 was
determined from straight line found to
be 0.9872, this one supports the
heterogeneous process or surface of
MFA copolymer. Further than
Freundlich isotherm [21, 22] in figure
(8) showed the linearly with R2 =
0.9809 which investigate the high
efficiency of functional sites to interest
with methylene blue dye like C=N, OH & C-S groups, where n=1500.9
sites.

Fig. (5): Effect of time contact on
%efficiency of M.B. (100ppm)
5.The Effect of PH adsorption of MB
on MFA copolymer:
The PH of the solution is one of the
most important parameter to effect the
adsorption this illustrates the effect of
PH of the solution on the percents
removal of methylene blue dye , which
provides good evidence for the
increasing the percents of efficiency
with the lowering of the acidity of
solution until reaches the plateau
values at PH ~ 6.5 , this is
investigating the saturation of resin
surface functional groups -NH2 - C=N
with H+ ion at PH (2-5) , and at PH
>7.0 effects the ionization of
methylene blue dye , since it involves
protic and inprotic groups[19, 20].

Fig. (7): Langmuir adsorption
isotherm of 200ppm at 298 K on
MFA surface

Fig. (6): Effect of PH % removal
adsorption of MB on MFA
copolymer
Fig. (8): Freundlich adsorption
isotherm on MFA surface at 298K

6. Adsorption Isotherm:
In this study, various isotherms models
such as Langmuir, Freundlich
and
Temkin were studied to describe the

In contrast with figure (9) , Temkin
model kinetic isotherm ,the slope of
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formal line from plotting I is equal to
21.232 which confirms the good
distribution of methylene blue
molecules in the vacuities of surface of
new copolymer , as well as the
correlation of R2 =0.9578 , it is less the
Langmuir and Freundlich models ,
leads to optimization of conditions like
contact time , structure of methylene
blue dye, temperature , regulation of
solution , and PH of solution[20,23] .

log qe =log kf + 1/n log Ce
----(3 )
While for Temkin model of kinetic
adsorption was shown in equation (4)
and [25], which was investigated in
literature
of
O.Hamdaoui
and
Coworkers.
qe = B1 lnk1+B1 lnCe
----(4)
7. Kinetic Study:
In order to investigate the capacity of
dye mass interaction on surface of new
copolymer MFA, kinetics adsorption
was evaluated. The analysis of the
isotherm data is important to develop
an
equation
which
accurately
represents the results and could be used
for design purpose [25, 26]. Therefore
in this work the pseudo – 1st and
pseudo 2nd order reactions kinetics for
(100- 200 mg/lit) of dye solution (in
D.W) studied by following the changes
of UV-Visible spectra (figure 10) at
(ƛ=450,650nm) respectively, and these
models are such as pseudo- first order:
Log (qe-qt) =log (qe)-k1 /2.303.t ---- (5)

Fig. (9): Kinetic of Temkin isotherm
of MB adsorption on MFA surface at
298K
The best time for contacting the
sorbent (methylene blue) on the
surface of MFA was 125 minutes,
figure (5), at PH = 6.5 and 298 K.
The
effect
of
Hydronium
concentrations
[H3O+]
on
the
adsorption process is shown in figure
(6) where the PH =6.5 it is optimum
for interact of nitrogen groups of new
resin with functional groups of sorbent
[23] .
The adsorption isotherms Langmuir,
figure (7) showed the linearity of
adsorption models which involves the
heterogeneous process at optimum
conditions of PH in high concentration
of methylene blue solution.
Ce/qe = 1/Q°KL + Ce/Q° ---- (4)
The plotting according to Freundlich
isotherm model investigate the
homogenous linearly of adsorbent with
sorbent with R2 = 0.988 figure (7) that
is very close to survey results [24].

Fig. (10): Variation of UV-Visible
spectra of MB in D.W before and
after adsorption on MFA.
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The results obtained in the figure (11)
investigate the straight line with (k1
=0.0214179 min-1) which support the
effect of other factors besides the
concentrations of MB on reaction of
adsorption [25, 26].
In contract, figure (12) reveals the
linearity of pseudo 2nd order reaction
with correlation factor R2 = 0.9783 ,
slope = 0.0167 , according to equation
(6) :
1/qt =1/n +1/qe .t
---- (6)
qe =59.880 mg/lit which reveals the
high efficiency of adsorbed amount of
MB dye on new copolymer , therefore ,
the structure and amount dose of
copolymer , should be considered to
obey to pseudo-2nd order kinetic
adsorption [27].

Fig. (12): Second order kinetic
plotting for MB adsorption on MFA
copolymer
The thermodynamic study to evaluate
,
and
values of the
adsorption of MB dye on MFA resin
was adopted and shown in figure (13a,
13b, 13c).
Results from slope of Vant-Hoff,
equation =18.95 Kcal/mole ,
=
56.60 Kcal/mole while
= -5364.3
Kcal/mole, these results indicate the
endothermic
process
with
spontaneously, due to presence
functional groups presents on both dye
MB and new copolymer [28,29].

Table (2): Kinetic details of MB
adsorption of MFA copolymer.
Kinetic
models

100-200
ppm

Parameter

1st order

2nd order

R2
qe

0.987
35.77
0.02141
min-1

0.973
59.80

K1
K2

59.80
min-1M-1

Fig. (13a): Vant Hoof,s plotting of
MB dye adsorption (200ppm) on
MFA copolymer at 298 K

Fig. (11): First order kinetic of MB
adsorption on MFA copolymer
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امتزاز ودراسة حركية لصبغة المثلين الزرقاء على سطح جديد مشتق من
كوبوليمر(ميالمين – فورمالديهايد – بارا  -مثيل انيزول)
وائل محمد حمود*
*الجامعة المستنصرية  -كلية العلوم – قسم الكيمياء -بغداد -العراق

الخالصة:
تم تحضير كوبوليمر جديد ) )MFAمن تكثيف بارا-ميثوكسي-تولوين والميالمين ( ( Mبوجود الفورمالديهايد
( )Fفي وسط عامل (حامض الهيدروكلوريك  (2-Mوبنسبة مولية 2:1:3لمونمرات التفاعل .تم تشخيص الراتنج
الجديد بالتحليل الدقيق للعناصر ,اطياف االشعة تحت الحمراء ,واطياف الرنين النووي المغناطيسي للبروتون
 .HNMRاجريت دراسة التبادل االيوني المخلبي للراتنج لصبغة المثيلين االزرق ( (MBفي المحيط المائي في
مدى من التراكيز ) )100-200 ppmكما اجريت دراسة االمتزاز في مدى من الدالة الحامضية  ,ووقت الرج
واجراء عدة دراسات حركية  .تم قياس العوامل الثرموديناميكية مثل االنثالبي  ,االنتروبي و طاقة كبس الحرة
المتزاز صبغة المثيلين االزرق من سطح الراتنج الجديد  MFAبعدة درجات حرارية مختلفة  .ولوصف
االمتزاز عند االتزان درست ايزوثيرمات النكماير ,فريندلج وتمكن ووجد ان معامل التصحيح R2=0.987
اليزوثيرم النكماير ليعطي اقصى سعة لالمتزاز عند تركيز مثالي ( (200 ppmوتشير التصحيحات العالية R2
المدى ) ) 0.983-0.987بان خضوع عملية االمتزازالى المعادالت الحركية للدرجة االولى والثانية الكاذبة
وتمكن هي اثبات لتاثير عوامل اخرى مثل تركيز الهدرونيوم والدالة الحامضية  PHوتاثير كمية
الكوبوليمر(سطح) المستخدم في عملية االمتزاز الثرموديناميكي.
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