
Introduction

In the development of the tanning industry, water plays
a vital role as the industry consumes large quantities.
The wastewater, after processing rawhide/skin into fin-
ishing leather, is highly alkaline and contains decom-
posing organic matter, sulphide and organic nitrogen
with a high amount of other toxic chemicals. Without
proper treatment the discharge of tannery effluent to the
environment can cause serious and long-lasting conse-
quences. One approach to remove the suspended solids
(SS) and the dissolved solids (TDS) from a wide variety
of wastewaters is the adsorption technique, which is
more effective and simpler to operate than other pres-
ently available methods. The use of natural organic
polymers for this purpose has become increasingly
essential, in light of their effectiveness in extremely low
concentrations, biodegradability, inert behavior to pH
changes and easy availability from reproducible

agricultural resources. Among the disadvantages of the
natural organic polymers are shear instability, uncon-
trolled biodegradability and varying inefficiency. On the
other hand synthetic polymers do not suffer from these
drawbacks and are very good treatment agents but are
nonbiodegradable and expensive.

Many attempts have been made to contribute the
best properties of both by grafting synthetic polymers
onto the backbone of natural polymers [1, 2]. Acryl-
amide-grafted natural polymers, such as amylopectin,
guargum and xantham gum [1], starch [1, 3, 4], sodium
alginate [5, 6], psyllium mucilage [7], find extensive
application as flocculants. Acrylonitrile-grafted natural
polymers have also been used as wastewater treatment
agents [8, 9]. Cellulose-grafted coplymers were pre-
pared by the fibres of the Kenaf plant (Hibiscus
cannabinus) with polyacrylonitrile (PAN) and were use
for removal of Zn(II) and Cr(III) ions [10]. Cellulose-
grafted PAN was also utilized for removal of metal
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Abstract Grafted copolymer of
Plantago psyllium mucilage and
acrylonitrile (Psy–g–PAN) has been
synthesized in the presence of
nitrogen using a ceric ion–nitric acid
redox system. The solid removal
efficiency of this copolymer was tes-
ted with tannery effluent. The suit-
able pH, optimum dose of polymer
and contact time for the maximum
removal of suspended (SS) and dis-
solved solids (TDS) are reported.
The optimum dose was found to be
1.2 mg l)1. The suitable pH values,
at which a maximum SS removal of
about 89% and TDS removal of

about 27% occurred, were found to
be 7.0 and 9.2 for SS and TDS,
respectively. The optimum treatment
duration was 3 h. The analysis of
X-ray diffraction patterns of Psy–g–
PAN and solid waste from effluent
before and after treatment suggests
the interaction of the solid waste
with the Psy–g–PAN copolymer.
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ions from the effluent of paper mills and textile
industries [11]. We have recently reported the synthesis
of Plantago psyllium (Psy) grafted-PAN [12] and its
use for the treatment of textile effluent [9]. In the
present communication, the use of Psy–g–PAN as a
treatment agent for SS and TDS removal from tannery
wastewater is reported.

Materials and methods

Psy mucilage was obtained from its husk (Sidhpur Sat-Isabgol
Factory, Gujrat, India) and was used after purification. It was
purified by precipitation from aqueous solution with alcohol and
finally washed with acetone. Acrylonitrile, ceric ammonium nitrate
(Merck Chemical Co., extra pure) and nitric acid (BDH, Analar
grade), were used as received. The Fourier transform IR (FTIR)
spectrum of purified Psy mucilage was recorded using a Brucker-
Vector-22 spectrometer.

The Tannery effluent (wastewater) was collected from a tannery
situated at Jajmau, Kanpur, India, where vegetable and chrome
tanning processes are used. The pH of the wastewater samples and
of the mucilage solution in water was measured using a CP 931
microprocessor pH meter. The conductivity of the wastewater
sample was measured by a Century CC 631 microprocessor con-
ductivity meter and chemical oxygen demand (COD) [13] by the
usual standard methods. The buffer solutions, prepared by using
ready-made buffer tablets (E. Merck), were used for maintaining
the pH of the wastewater sample.

The Psy–g–PAN was synthesized by the method given by Fanta
et al. [14]. The graft copolymers were synthesized by grafting
acrylonitrile onto purified Psy. The details of the synthesis are given
in our previous publication [12]. The total monomer conversion
was calculated by the standard equation [15].

A copolymer sample with about 86% grafting was used in this
study. The batch experiments were conducted for adsorption
studies [8]. The SS and TDS were calculated by the standard
equation [16, 17, 18].

The adsorption efficiency of the copolymer sample was studied
by carrying out the experiments at three pH values: 4.0, 7.0 and 9.2.
X-ray diffraction (XRD) patterns of powder samples of grafted
copolymer, solid waste and flocs were obtained at ambient condi-
tions using an Iso-Debyflux-2002 X-ray diffractometer (Rich and
Scifert) with a Cu Ka radiation source.

Results and discussion

Characterization of Psy–g–PAN

The FTIR spectrum of Psy–g–PAN gives characteristic
peaks of –OH between 3,609 and 3,288 cm)1, –C=O
between 1,662 and 1,647 cm)1, the ether linkage at
1,455–1,400 cm)1 and nitrile at 2,357 cm)1. The intrinsic
viscosity of the copolymer could not be determined
owing to its insolubility in many polar, nonpolar and
mixed solvents.

The tannery effluent had a pH of 8.37, a conductivity
of 5.73 mS, a COD of 2815 mg l)1, TDS of 3796 mg l)1,
SS of 415 mg l)1 and a turbidity of 70 NTU. The pH of
the tannery effluent after adding Psy–g–PAN was found
to be 8.33.

Adsorption studies

Determination of optimum dose of Psy–g–PAN

The effect of Psy–g–PAN dose on solid removal from
tannery effluent is presented in Fig. 1. It shows the plots
of the percentage removal of SS and dissolved solids
TDS versus copolymer dose. It is apparent from the
plots that a Psy–g–PAN dose of 1.2 mg l)1 produced the
maximum percentage removal of TDS and SS. With an
increase in the copolymer dose from 0.4 mg l)1 to the
optimal value, the percentage SS and TDS removal also
increased but a further increase in the dose caused a
decreasing trend in solid removal. This behaviour could
be explained by the fact that the optimal dose of floc-
culant in suspension causes larger amounts of SS to
aggregate and settle. However, Chan and Chiang [2]
suggest that an above optimal amount of flocculant in
suspension would cause the aggregated particle to re-
disperse in the suspension and would also reduce particle
settling.

Effect of contact time

The flocculation efficiency of the mucilage with varying
contact time is shown in Fig. 2. It shows the plots of
percentage removal of the solids (SS and TDS) and
contact time using different polymer doses. The maxi-
mum TDS (26.34%) and SS (76.63%) removal occurred
after 5 and 3 h, respectively, using the optimal dose. In
the absence of copolymer, the percentage removal of SS
and TDS was found to be less than 1% even after 24 h.

Fig. 1 Percentage removal of suspended solid (closed circles) and
total dissolved solid (open circles) versus polymer dose at 32 �C
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The maximum solid removal occurred only after a
particular duration, i.e., the optimal treatment time.
After this duration, the reverse trend was seen. The SS
removal always improves with time but the results ob-
tained in the present study did not follow this statement.
Therefore, the most plausible reasons for the reverse
trend may be due to the destabilization of the aggregated
particles after a long duration [9, 18], and the change in
surface chemistry of the edge face with time that changes
the adsorption of polymer with time [19].

Effect of pH

The adsorption efficiency of grafted copolymer at three
pH values (4.0, 7.0 and 9.2) is shown in Fig. 3. The plots

show that the maximum SS removal was 89% at neutral
pH (pH 7.0), though appreciable SS removal was seen at
acidic and alkaline pH as well. The treatment duration
was 3 h. On the other hand, in the case of TDS removal,
the maximum removal (26.93%) was seen at alkaline pH
(9.2) and in acidic and neutral pH it was 11.01 and
21.68%, respectively, and it requires only 1-h treatment
time. The optimal polymer dose was 1.2 mg l)1.

The changes in the adsorption efficiency of the co-
polymer occur with varying pH. It may be suggested
that lowering of the pH and an increase in the pH cause
strong ion association, but only at the sites not involved
in the hydrogen bonding. At neutral pH, the hydrogen
bonding between neighbouring hydroxyls and between
surface adsorbed water and surface hydroxyls was dis-
rupted by electrolyte adsorption resulting in an increase
in the percentage of solid removal. The lowest percent-
age removal obtained at acidic pH is probably due to the
utilization of H+ ions in oxidation of proteinacious
matter rather than in the oxidation of metallic ions

Fig. 2 Percentage removal of suspended solid versus contact time
with polymer dose 0.4 mg l)1 (closed squares), 0.8 mg l)1 (closed
circles), 1.2 mg l)1 (closed triangles), 1.6 mg l)1 (closed diamonds).
Percentage removal of total dissolved solid versus contact time with
polymer dose 0.4 mg l)1 (open squares), 0.8 mg l)1 (open circles),
1.2 mg l)1 (open triangles), 1.6 mg l)1 (open diamonds)

Fig. 3 Percentage removal of suspended and dissolved solids versus
contact time at various pH: 4.2 (closed and open squares), 7.0
(closed and open circles), 9.2 (closed and open triangles). Mucilage
dose 1.2 mg l)1

Fig. 4 X-ray diffraction patterns of a untreated solid waste,
b polysaccharide and c treated solid waste
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present in tannery effluent. The appreciable percentage
removal of SS at alkaline pH may be due to the pre-
cipitation of metal ions, like chromium and sodium, in
the form of their hydroxides, thus increasing the
adsorption efficiency of the copolymer [19, 20]. The
presence of these two metals has been confirmed by
XRD. An appreciable percentage removal of TDS in the
neutral-to-alkaline pH range may be due to the presence
of such substances, which precipitate in this pH range.

The increase and decrease in the percentage solid
removal is indeed the effect of pH. It does not seem to be
the effect of dilution (owing to addition of buffer) be-
cause if it were, the percentage removal should be the
same at all pH values. The maximum removal of SS and
TDS at two different pH values suggested that the
wastewater sample treatment process would require a
two-step procedure. Since the effluent samples were
alkaline in nature, the TDS removal was the first step
and in the second step SS was removed by lowering the
pH slightly to neutral.

Although the XRD patterns do not give any specific
evidence for the mechanism of flocculation, they may be
used as supportive evidence. The comparison of XRD
patterns observed for the copolymer and solid waste
before and after treatment at room temperature from
2h=10–90� (the error range of 2 h is 0.01–0.31) showed
changes. The diffraction pattern of the copolymer
showed an amorphous nature, whereas the patterns for
solid waste showed a crystalline nature but the 2h (dif-
fraction angle) and the d values (diffracting intensities)
observed in the XRD pattern for solid waste before

treatment are changed altogether in the pattern for
treated waste (Fig. 4). This constitutes primary evidence
that a different crystal type was formed [21]. The change
in the 2h angle and d values indicates the change in the
nature of the crystalline waste material in wastewater
during the adsorption process. This may be due to
interactions between the functional groups of copolymer
and the contents of the tannery waste [8, 9].

Conclusion

A new grafted copolymer, Psy–g–PAN, was synthesized
by ceric ion initiation and was used as a treatment agent
for tannery effluent. The optimum polymer dose for
maximum solids removal was 1.2 mg l)1and the most
suitable pHs for SS and TDS removal were neutral and
alkaline, respectively. Therefore the overall wastewater
treatment process involves two steps. XRD patterns
were used to suggest the primary chemical interaction
between the polymer and solid waste. All the results
obtained after treatment process indicate that Psy–g–
PAN copolymer is as good an adsorbent as activated
carbon in controlling water pollution.
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