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ABSTRACT

The sorption of different dye wastes normaly released from industrial textile
factories by a graft copolymer of poly(vinyl alcohol)/poly(carboxymethyl cellulose)
blend with polystyrene has been investigated. The dye sorption was evaluated at
different conditions. The amount of sorbed dye was determined by using a
spectroscopic method. The blend graft copolymer showed a relatively high sorption
for basic dye than other dyestuffs such as acid, reactive and direct Moreover, it
was found that the dye sorption did not depend on the weight of the blend graft'
copolymer or the volume of the waste solution. The treatment of the dye waste by
using the prepared blend graft copolymer may be considered a practical one from
the point of view of environmental methods.
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INTRODUCTION

Poly(vinyl alcohol) (PVA) is a nontoxic highly crystalline water-soluble polymer and it is
widely used in biochemical and biomedical applications. Moreover, PVA has good film-forming,
highly hydrophilic properties and has been studied as a membrane in various ways. Meanwhile PVA
as a soluble polymer in aqueous medium can not be used in the treatments of waste waters.
Therefore, PVA is rendered insoluble by the introduction of crosslinks into the macrostructure

Although extensive research work has been carried out on the synthesis and application of
polymeric materials in treatment of wastewaters. Few authors were concerned with PVA/CMC
polymer blend. It has been reported that the introduction of 6-16% of CMC Na salt to PVA matrix
lead to increased sorption capacity of the composite films with respect to water vapor™. The
composite films can be used as sorption membranes and hygrometers. Sorption of organic
compounds dissolved or suspended in water and a new crosslinked polystyrene-type sorption material
showed superiority of the latter to other chem-related adsorbents®. The sorption and desorption of
organic compounds by crosslinked polymeric sorbents investigated by the use of a model with a
bidisperse structure has been reported to depend not only on the composition of the sorbent but also
on its morphology<J).

.The structure and compatibility of poly(vinyl alcohol) (PVA) /Silk Fibron ( SF) blend films
were investigated by DSC, TMA, TGA, X-ray diffractometry, SEM, and TEM(4>. DSC curves of
PVA/SF blend films showed a major endothermic peaks at 220°C, and 280°C. These endotherms
were assigned to the thermal decomposition of the ordered PVA component and to the degradation of
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silk fibroin, respectively. The PVA/SF blends behaved in a manner intermediate to the pure
components, as suggested by both contraction-expansion and sample weight retention properties
recorded by TMA and TGA measurements. The IR absorption spectra of the blends were identified
as purely a composite of the absorption bands characteristic of both PVA and SF pure polymers. The
X-ray diffraction patterns of PVA/SF blends showed overlapping spacings due to PVA and SF. All
these finding suggest that PVA and SF are incompatible.

To improve hydrophilicity and enhance the transport flux of nylon-4/PVA membrane for
dialysis, the instability of PVA in water was significantly improved by esterification of PVA with
formic acid when it was used as a casting solvent of PVA/Nylon-4 blend membrane(5). By this
method, the stability of PVA in H2O can be obtained more easily than by other methods, such as
chemical, y-ray crosslinking, or high temperature treatment. The effects of maturation time of the
casting solution, and casting solvent compositions on esterification of PVA, salt permeability, water
content, partition coefficient, diffusivity, and mechanical strength of membranes have been
investigated.

The present work is undertaken to investigate the applicability,capacity and affinity of
poly(vinyl alcohol)/carboxymethyl cellulose graft copolymer for absorbing different dye wastes.

EXPERIMENTAL

MATERIALS

The polymer poly (vinyl alcohol), laboratory grade, used in this study was in the form of powder,
has an average molecular weight (Mw) of 125,000 and was obtained from Laboratory Rasayan.
Carboxymethyl Cellulose, sodium salt (grade pure reagent) was a low viscosity in the form of
granules, and was supplied by El- Nasr Pharmaceutical Chemical-Prolabo, Egypt. Four dyestuffs
belonging to different classes were used throughout this work. These dyes are : Remacryl Blue (basic
dye) was kindly supplied by Hochest, Germany. Sandolan E- 3GSL (acid dye) and Drimarene Blue
K-3GL (reactive dye) were kindly supplied by Sandoz, Switzerland. Solophenyl Olive EGL (direct
dye) was kindly supplied by Ciba-Geigy, Switzerland. The treatments of industrial wastewaters were
carried out on a dye waste taken from the draining released from Hosni Dyers & Finishers Co. Cairo.
It contains different colours from the reactive dye Remazole (product ofHochest, Germany) and the
added usual Glauber salt, sodium hydroxide and detergents.

Preparation of PVA/CMC blends

Films of carboxymethyl cellulose / poly(vinyl alcohol) blend (20wt%/80wt%) were prepared
by the casting solution technique. The PVA powder was dissolved in distilled water at 95°C while the
sodium salt of carboxymethyl cellulose was dissolved in distilled water at room temperature. The
polymer solutions were then mixed with continuous stirring till complete miscibility and subsequently
cast onto glass dishes to form a transparent films. The cast films were dried in vacuum oven at 80°C
for 24 hours.
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Preparation of Blend Graft Copolymer

PVA/CMC blend was grafted with styrene monomer in the presence of methyl alcohol and
4% carbon tetrachloride using the direct method of radiation grafting. The grafting conditions such
as styrene concentration and radiation dose were adopted so that the graft yield of polystyrene onto
PVA/CMC blend was ~ 30%. At this graft yield the obtained blend graft copolymer was
homogeneous and suitable for aqueous processing. Irradiation to the required doses was carried out
in Co-60 gamma cell (made in India) at the National Center For Radiation Research and Technology,
Cairo, Egypt. The grafting process was carried out at a dose rate of 2.75 kGy/hour.

Dye Sorption Measurements

The dye sorption of the different dyesruffs and the industrial dye waste by PVA/CMC-g-PS
blend graft copolymer was carried out by a general procedure based on spectrophotometric
measurements of the dye solution before and after dye sorption. Standard curves were first
constructed representing a relation between different known concentrations from each dye and the
corresponding light absorption as shown in Figures 1 and 2.
The different expressions governing these relations were calculated to be as follows:
Light absorption = 0.223 x basic dye concn. (mg/L)
Light absorption = 0.026 x acid dye concn. (mg/L)
Light absorption = 0.023 x reactive dye concn. (mg/L)

Light absorption = 0.013 x direct dye concn. (mg/L).

In this procedure, a certain concentration from each dye under investigation (20 mg/L) was
first dissolved in boiled water and added to the dye solution without any additives. Thereafter, a
constant weight of PVA/CMC blend graft copolymer was then immersed in the different dye
solutions and the dye uptake by the graft copolymer was determined by measuring the light
absorption of the residual dye solution. The dye sorption by the blend graft copolymer was
determined according to the following equation:

n c, , . / n / \ Dye concn. on graft copolymer 1 r t A
Dye SorptlOn{%) = Initial dye concn * 100

The light absorption measurements were performed using a UV/ Vis Spectrophotometr (Unicam UV2
series).

Colour Difference Intensity Measurements

A computerized micro colorimeter unit made by Dr. Lange (Germany) was used for colour
measurements. The L*, a*, and b* system used is based on the CIE -colour Triangle (Commission
International de I'Eclairage Units X, Y, and Z). In this system, the L* value represents the dark-white
axis, a* represents the green-red axis and b* represents the blue-yellow axis. The L*, a* and b*
values of PVA/CMC-g-PS blend graft copolymer films before dye sorption were measured and taken
as a reference. The colour difference (AE*) intensity on the grafted samples after sorption was
determined as follows:

AE* = V(AT) 2 +{Aa*f +(Ab*f
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Fig. 1. UV/Vis. aborbance of different concentrations
of the basic and acid dyes Sandocryl Blue and
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Fig.2. UV/ Vis. absorbance of different concentrations
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RESULT AND DISCUSSION

The highly absorbing capacity of PVA/CMC blend is attributed to the presence of the
hydrophilic groups such as the hydroxyl and sodium carboxylate. However, this blend is soluble in
aqueous solution and can not be used in treatment of wastewaters. Thus, an attempt was made to
convert PVA/CMC blend to a non-soluble material through grafting with styrene monomer using the
direct method of radiation grafting under appropriate conditions to give a graft yield of ~ 30%.

Dye Sorption By PVA/CMC-g-PS Blend Graft Copolymer

In textile industry, different dyestuffs belonging to different classes are being used to dye
textile fabrics depending on the kind of fibers. Moreover, among the one class of dye, there are
various types of dyes and colours according to the producers. While the reactive and direct dyes are
specific for dyeing cotton cellulose fibers, the acid and basic dyes are used for dyeing protein fibers
such as wool and silk. Also, the disperse dyes are now widely used in dyeing the cotton blends with
polyester fabrics. In general, the choice of the dyestuff is based on the function groups on both the
fiber and the dyestuffs.

In the present work, solutions of the basic, acid, direct and reactive dyes already used ir
textile factories were prepared by dissolving a constant concentration from each one. The dye
sorption of the different dyes by PVA/CMC blend graft copolymer as a function of immersion time ai
room temperature and 70°C was investigated as shown in Figs. 3-6. It can be seen that the dye
sorption by the blend graft copolymers with increasing time of immersion differs from one dye tc
another. The dye sorption of the basic and the acid dye was found to increase significantly after E
very short time of 10 minutes and afterwards tends to level off with increasing time of immersion up
to 120 minutes as shown in Figs.3 and 4. In the case of the reactive and the direct dyes, the sorptior
by the blend copolymer was observed to increase substationally with increasing time of immersion up
to 60 minutes and then tends to levell off. In all cases, the dye sorption was found to increase with
increasing the temperature of the dye solution from room temperature to 70°C. Comparing the
maximum dye sorption at 7o°C of the different dyestuffs by the blend graft copolymer at equilibrium
the affinity for absorpting can be arranged according to the following order:

Basic dye> Acid dye > Reactive dye > Direct dye

The relative sorption affinity of the blend graft copolymer for the different dyestuffs ma'
explained on the basis of the following points:

(1) The affinity of the blend graft copolymer for absorbing the different dyestuffs is essentially diu
to the highly hydrophilic groups present in the blend. Also, the sorption process goes through i
chemical bonding between the active groups of the different dyes and those of the blend and no
through physical absorption. This is because when the blend graft copolymer was left for lonj.
time in the dye solution for equilibrium, the desorption of dyes did not occur. Thus a sort o
dyeing of the blend graft copolymer with the different dyestuffs is believed to occure depending
on the relative affinity for each dye.
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Fig.3. Dye sorption (%) of basic dye Sandocryl Blue PVA / CMC

-g-PS blend graft copolymer at room temperature and 70°C
as a function of immersion time. Dye sorption conditions:
initial dye concn., 20mg/l blend graft copolymer, 0.17g;volume
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Fig.4. Dye sorption (%) of the acid dye Sandolan E-3GSL by PVA/CMC-g-PS
blend graft copclymer at room temperature and 7(3C as a function of-
immersion time. The dye sorption conditions are the same as in Fig.3.
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Fig.5. Dye sorption(%) of the reactive dye Drimarene Blue K-3GLby
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Fig.6.Dye sorption (%) of the direct dye Solophenyl Olive EGL by PVA/QMC- g
PS blend graft copolymer at room temperature and 7<3C as a function of
immersion time. The dye sorption conditions are the same as in Fig.3.
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(2) Since the mechanism of dyeing with basic dyes implies the presence of an anionic part in the
medium to react with the cationic part of the dye through ionic bond. Therefore, the enhanced
sorption of the basic dye goes though the reaction with hydroxyl groups of the PVA component of
the blend.

(3) The enhancement in acid dye sorption is also due to the formation of ionic bonds with the
hydroxyl groups of PVA component of the blend.

(4) In addition, the opening up ofthe blend structure during grafting of styrene may also facilitate
the absorption and diffusion into the blend macrostructure

Factors Affecting Dye Sorption

The economics of treatment and removal of toxic substance from wastewaters is very
important. From the practical view point, it is effectively to use a small weight of absorbent to treat a
large volume of wastewaters. This because the preparation and synthesis of such materials are
relatively expensive. Therefore, in the present work, the effect of weight of PVA/CMC-g-PS blend
graft copolymer on the sorption of different dyestuffs was carried at room temperature and the
sorption was performed on constant volume of 100 ml as shown in Fig.7. In general, it can be seen
that the dye sorption increases with increasing the weight of the blend graft copolymer to a certain
weight and the tends to show a saturation state. This trend is shown to occur with all the dyestuffs
under investigation. However, this certain weight differs from dye to another. It is clear that
increasing the weight of blend graft copolymer has no effectof the sorption of the basic and acid
dyes. On the other hand, increasing weight ofthe blend graft copolymer seems to affect the sorption
ofthe reactive and direct dyes to some extents. On the basis of the data on Fig.7, the depending of
sorption on weight of the blend graft copolymer for the reactive and direct dyes can be calculated as
56% and 75% respectively. This high dependency can be attributed to the relatively low affinity of
the blend to these dyes.

The effect of volume of dye solution on the sorption (%) ofthe basic dye Remacryl Blue, as
an example, at different immersion times at room temperature is shown in Fig.8. It is to be noted that
the dye sorption process was carried out on constant weight of the blend graft copolymer of ~ o.75g.
It is obvious that the depending ofthe sorption on volume of dye solution displayed different trends
depending on the time of immersion. When the immersion time was 24 hours, the volume of dye
solution has nearly no effect on sorption whereas when the blend graft was immersed for 2 hours, the
dye sorption was affected by the volume of dye solution to some extent.

In conclusion, the sorption of the basic dye by the blend graft copolymer does not depend on
either the weight ofthe absorbent or the volume of dye solution when immersed for longer times.

Treatment of Industrial Dye Waste

The radiation-induced degradation of dye waste has been extensively reported (6"3>. Even
though, the ionizing radiation may be promising in this field, the radiochemical yield products ofthe
degraded dye wastes are not granted. This is because most dyestuffs are aromatic compounds having
at least two fused benzene rings or sometimes polynuclides. As a matter of fact the the discolouration
of dyestuffs is mostly due to the degradation ofthe chromophor group responsible for the colouring
and not the main structure of dyes. In some cases, the high energy radiation may cause a partial
degradation to the main structure to small aromatic fragments. Thetoxicity of their fragments may
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cause dangerous effects rather than the original structure. The treatment and purification of such dye
waste by sorption using graft copolymers with active groups may be considered the most efficient
active practical method from the point of view of enviromental pollution.

In the present work, PVA/CMC-g-PS blend graft copolymer was utilized in the treatment of
industrial waste normaly released from some textile factories in cairo. It should be noted that the dye
waste sample was taken from the drain of the dye bath at the end of the dyeing process. This dye bath
contains, beside the reactive dyes used for dyeing cotton fabrics, the usual additives used during
dyeing such as salts, wetting agents and alkalies. In practice, it is difficult to determine the amount of
absorbed dye by the graft copolymer because the concentration of dyes in the waste drains is
unknown. However, an attempt was made to determine approximately the dye sorption of the
industrial dye waste by comparing a corresponding known dye sorption of similar class of dyestuff by
the same blend graft copolymer. Figure 9 shows the dye sorption (%) of the reactive dye Drimarene
Blue (taken from Fig.5.) by PVA/CMC-g-PS blend graft copolymer and the corresponding colour
difference intensity on the blend graft copolymer at different immersion times. It should be noted
that the colour difference intensity is measured after the dye sorption, i.e., it is proportional to the dye
sorption (%). It can be seen that, at shorter time of immersion of 20 min., there is a large difference
between the percentage dye sorption by the blend graft copolymer and the corresponding measured
colour difference intensity on the graft copolymer. However, this difference seems to significantly
decrease with increasing time of immersion to end with an approximately concide points. Therefore,
it can be concluded that the colour difference intensity is propertional to the dye sorption.

Table 1 shows the colour difference intensity on PVA/CMC-g-PS blend graft copolymer after
had been immersed in the industrial dye waste for different lengthes of immersion times. It is
obvious that the blend graft copolymer displayed a remarkable dye sorption behavior higher than its
sorption capacity for the identical laboratory dye solution. Moreover, it shows a high sorption
behavior after a very short time as much as 5 minutes

Table. 1. Colour Difference Intensity on PVA/CMC -g-PS Blend Graft Copolymer As a Result of
Immersion for Different Lengths of Time in an Industrial Dye Waste*.

Time of Immersion
(min.)

Colour Difference
Intensity (AE*)

5

72

10

74

20

75

30

75

40

76

60

76

*It contains different colours of reactive dye; Remacryl Red 2BS, Remazol Black and Remazol Blue
RSP at different concentrations according to the factory recipe.
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