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Abstract

This research is including of a new polymer from reaction between poly vinyl
alcohol and acryl amide then study some of it's physical properties also study
thermodynamic adsorption for aniline blue dye on polymer surface. The raw materials
used in our experiments are available as commercial products. PVA, AM ,benzoyl
peroxide, potassium persulfate, ferrous sulfate and ethylene glycol were used without
further purification. The synthesis of polymer was done in aqueous solution and in
ethylene glycol /water mixture (70/30). To determine the synthesis condition, took
gravimetric ratio PVA, AM and benzoyl peroxide or redox system (potassium
persulfate /ferrous sulfate as initiators were used. PVA was dissolved in water or
ethylene glycol/ water mixture at (60-70)C®, solution were obtained, then the adequate
quantity of acryl amide and initiator were introduced under continuous stirring in
reaction vessel. Further, the temperature was raised and maintained at 85-90C° for 5
hours. The obtained products were dried at 60C° for 72hours to avoid hydration. The
evidence of grafting was obtained by comparing FTIR spectra analysis of PVA, AM
and grafted polymer as shown in section three . Adsorption studies were carried out to
investigate the effect of different parameters such as: (contact time, adsorbent weight,
pH, initial dye concentration and temperature effects). The results showed that the
adsorption of anilin blue dye at initial concentration (30 ppm) was rapid at the first
minutes of contact time until reached to the equilibrium time at (30)min for polymer.
This percent removal (20ml) of anilin blue was at the equilibrium time for all the
adsorbent also at the optimum weigh which were (0.9)g for polymer. The equilibrium
adsorption isotherm has been examined by applying the Langmuir and Frendlich
isotherms. The optimum experimental results were described by the frendlich
iIsotherm. Thermodynamic parameters such as the change of free energy, enthalpy and
entropy were also evaluated. The results indicated that the adsorption of the anilin blue
dye onto the polymer was an endothermic, decrease disorder and spontaneity of the
adsorption process.

Introduction

Polymers are the giant molecules of Synthetic polymers are a mainstay of
chemistry. Chemists also call them modern life, but nature also makes
macro-molecules. The small building- polymers; they are found in all living
block molecules are called monomers. matter V).
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Poly(vinyl al cohol)  with varying
physical properties can be obtained
from poly(vinyl acetate) by varying the
solvent and temperature usedin the
vinyl acetate polymerization .

It has been widely utilized in
polymer modifications as it is readily
available, it is inexpensive and it has
hydroxyl groups present .

Graft copolymer from poly(vinyl
alcohol) have been prepared especially
by irradiation techniques.

PVA  with grafted methyl
methacrylate has been studied as
membrane for hemodialysis ©.

Graft copolymer consisting of 50%
PVA, 25% poly(vinyl acetate) and 25%
grafted ethylene oxide units have been
used to prepare capsules for drugs
which do not require any additional
plasticizers®.

Acrylamide or (is a with the
Chemical formula Carbon
/Hydrogen/Nitrogen/ Oxygen Its 1upPAC
name is prop-2-enamide. It is a white
odorless Crystallin solid, soluble in
Water_(molecule), /Ethanol, Diethyl
ether, and Chloroform. Acrylamide
decomposes in the presence of acids,
bases, oxidizing agents, iron, and iron
salts.

Experimental
Determination of A max and calibration
curve:

To determine the wave length at
maximum adsorption, adsorption
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Acrylamide is prepared on an
industrial scale by the hydrolysis of

Acrylonitrile by Nitrile_hydratase
Nitrate hydratase.
Most acryl amide is wused to

synthesize Polyacrylamide, which find
many uses as water-soluble. These
include use in Wastewater treatment,
Gel electrophoresis SDS-PAGE
Papermaking, Ore processing, tertiary
oil recovery, and the manufacture of
Permanent press fabrics. Some acryl
amide is used in the manufacture of Dye
g\d the manufacture of other Monomers

The aim of the study is synthesis a
new cross linke polymer made from
PVA and acrylamide, then measuring
the new polymer by F.T.I.R. technique,
then study of some physical properties
of it such as solubility, swelling
behavior and make adsorption on the
new polymer by use aniline blue dye
and measuring the effects of various
experimental parameters on adsorption
process such as weight of adsorbent,
pH, contact time, initial concentration
of aniline blue dye, contact time and
temperature, than study of the
thermodynamic parameters such as AS,
AH, AG.

spectrum for dye by using UV-Vis has
been recorded in the range (200-1000)
by using cell (cuvette) of 1cm thickness
(path length). The spectra are shown in
figures (1-1).
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figures (1-1). Maximum wavelength for (A.B) dye.

The calibration curve  was
determined by fixing the Amax at (586
nm) and a specific concentrations that
obeys the (Lambert beer's law) prepared
for (A.B) dye, after that, the absorption
has been recorded and a calibration

curve was plotted absorbance vs.
concentration, the best line between
points has been drawn using least
square method. The spectra are shown
in figure (1-2).

Abs.
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Figure (1-2) Calibration curve for (A .B)dye at A max (586 nm).

Results and discussion

The mechanism of the new polymer
Is show in this scheme:
The  obtained polymers  were
characterized by FTIR spectroscopy In
figs.(1-3) and (1-4), FTIR spectra of
poly vinyl alcohol-grafted with acryl
amide unmodified poly vinyl alcohol
and acryl amid, were presented.
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The specific absorption bands at 1676
cm™ corresponding to .C=O group
(amide band 1)and 1600cm
! corresponding to .NH group (amid
band 2)7.
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The synthesis polymer was
identified with FT.IR, Figure (1-5)
demonstrated appearance of stretching
vibration band at 3490cm™ due to the
stretching vibration of (OH") group, also
showed disappearance of the two
absorption b and at (3338cm™) and
(3371 cm') were due to the stretching
vibrations of (-NH,) group of acryl
amide. and also expressed of medium to
strong bands of aliphatic (C-H), (C-C)
group at  2943,2883cm™,  and

E sHIMADZU

appearance of stretching vibration band
of amid at 1668cm™ due to the
stretching vibration of (C=0), also the
disappearance of (C=C) group at
1429cm™™. also appearance absorption
band at 1082cm™ due to medium band
of (C-N) group, finally appearance of
strong band at 1043 cm™ for (C-O)
group.

All the absorption bands that had
been mentioned were good evidence for
preparation of the new polymer.
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Figure (1-3) Fourier Transform Infrared for poly vinyl alcohol.
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Figure (1-4) Fourier Transform Infrared for acryl amide.
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Figure (1-5) Fourier Transform Infrared for New Polymer.
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Physical properties
solubility

The polymer was dissolved in
DMS,DMSO because it's a good solvent
with high polarity that make it easy to
dissolve the polymers also was dissolve
in (0.05N) of HNOS.
Swelling and deswelling studies as a
function of time

The swelling ratio (Q) as a function
of time at room temperature of the
prepared hydrogel is show in fig.(1-6).
Presented swelling ratio of (1.3)g of
dried polymer that immersed in distilled
water at (25)°C revealed that the
swelling ratio (Q) was increased with

increase of time. An increase in the
swelling ratio (Q) will be more than
twice. the low values of these
parameters were due to the fact that
after water immersion and swelling, the
polymer was divided in to several
fragments; it was partially dissolved and
its weight decreases, thus weighing
errors at determining swelling behavior
were noted . From the data presented
we noticed that in the case of redox
initiated  polymer, the  swelling
characteristics were better. To prevent
the division of the synthesized polymer
in to fragments, it must be cross-linked
with adequate cross-linking agents(8).

Table(1-1): show swelling in distilled water of synthesized polymer at 25 °C
and the deswelling at 50 °C.

No. Time(h.) Swelling Deswelling

1 0.5 3.445 0.930
2 1.0 4.225 0.950
3 2.0 4.680 0.980
4 3.0 4.485 0.990
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Figure(1-6): Show swelling in distilled water of synthesized polymer
at 25°Cand the deswelling at 50°C.

Effect of Adsorbent weight on A.B dye adsorption
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Figure (1-7): Effect of adsorbent weight(0.1-1 g) on adsorption of (20 ml)
A.B dye concentration (30 ppm) at 35°C.

From the above figure, it is clear that
adsorbent weight for the best adsorption
Is (0.99). Beyond these weights, there is
no increase in the adsorption. With
increase in the adsorbent weight the
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percentage removal of A.B dye
increase. That attributed to increased
adsorbent surface area and availability
of more adsorption site®.
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Effect A.B dye concentration on the adsorption:
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Figure (1-8): Effect ofconcentration(5-40 ppm) adsorbent weight(0.9 g)
on adsorption at (20 ml) A.B dye at (35°C).

That due to increasing the driving were remain constant. therefore (30
force between adsorbent and dye ppm) dye concentration was chosen as
solution. after (30 ppm) of dye the optimum dye concentration. %

concentration the removal percentage

Effect of pH solution on A.B dye adsorption
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53



A. M. Hameed et al. MJPS, Vol:3, No. 1, (2016)

vy

ar -
YA
Y,

ay,¢ -

Removal %

pH

Figure (1-9): )pH effect of adsorption with (20ml) A.B dye concentration (30 ppm)
on(0.99g) polymer at (35°C).

The maximum adsorption of dye onto polymer at the pH(4) .

Effect of Contact Time on A.B dye adsorption
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Figure (1-10): Effect of Contact Time at pH (4) with (20 ml) )
A.B dye concentration (30 ppm) on (0.9g) polymer at (35°C).

It can be estimated that the equilibrium is reached after (30 min).
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Effect of temperature on A.B dye adsorption
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Figure (1-11): Effect of temperature(10-60 °C) at pH (4) with (20 ml)
A.B dye concentration (30 ppm) on (0.9g) polymer for (30m.

The figure (1-11) exhibit an
increase in the adsorption of A.B dye on
the polymer with increase the
temperature that due to presence of
pores on the surface of adsorbent and

Then  exhibit  decrease  the
adsorption of A.B dye on the polymer
with increase the temperature that due
to when temperature increasing that

Adsorption isotherm of A.B dye on polymer

when temperature increasing that lead
to increase the Kinetic energy for dye
molecules and enter inside the pores
thus increase the adsorption with
increasing the temperature.™

lead to increase the kinetic energy for
adsorbing molecules on the adsorbent
surface  which may increase the
probability of molecule desorbed. *?
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Figure (1-12): Freundlich isotherm for A.B dye on polymer (35, 45, 55)°C.
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Figure (1-13): Langmuir isotherm for A.B dye on polymer at (35, 45, 55)°C.

The fig. show the straight lines of temperatures (35, 45, 55)°C. which
freundlich and Langmuir isotherm for indicate the adsorption isotherm for A.B
B.B dye solution at different dye solution is freundlich isotherm.

Thermodynamic parameters of adsorption of A.B dye on the polymer
The thermodynamic parameters were calculated based on the following
equations:
AG = —RT InK; (2-4)
AG AH

— =——AS (2-5)

T AG T AH

T(E) = T(7T— AS)

T(?)=AH;—AST

AG = AH — TAS (2-6)

whereK¢is the equilibrium constant, R is the universal gas constant (8.314 J/mol K),
and T is the temperature (K) 2.
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Figure(1-14): Shows the values for the AG parameters that is calculate
in different temperatures.

Table (1-2): Thermodynamic parameters of adsorption of A.B dye on polymer.

No. Temp.(K) AGJmol' AHkJmol* ASJmol'K!
1 283 -20644.990 0.733
2 293 -21374.495 3.197
3 303 -22104.000 5.500
4 313 -22833.504  -20.4375 7.654
5 323 -23563.009 9.676
6 333 -24292.514 11.576
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