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Abstract 
This paper deals with the preparation of polyaniline and its composites/blends  for adsorption of toxic metals from 

industrial waste using saw dust coated by polyaniline and polyaniline composites/ blends with polyacrylamide ( PANI-

PAM) . PAM is an ionic structured polymer and it is closest in chemical nature with PANI, due to presence of the amide 

group one can expect hydrogen bonding between the two polymers which may lead to better miscibility. Al so it acts as a 

good compatibiliser and has sticking properties hence PANI may coat strongly on the Pam particles and saw dust. 

Polyaniline was synthesized chemically and coated on saw dust via solvent cast method. Similarly Pani -Pam composite 

was synthesized for adsorption of toxic metals from water as well as from industrial effluents. The composites were 

characterized by FTIR spectroscopy and UV-Visible spectroscopy. The proposed mechanism for adsorption of toxic 

metals particularly Cr (VI) ion is simple and efficient as compared to the other adsorbents reported by previous 

investigators. 

INTRODUCTION 
Various metals and metallic compounds released 
from anthropogenic activities add up to their natural 
background level in water. Some of these metals 
play essential roles in biological processes, but at 
higher concentrations they may be toxic to biota. 
The most toxic among the trace elements are the 
heavy metals, such as Hg, Cd, Pb, Cr, and 
metalloids, such as As, Sb, And Sc. The heavy 
metals that may be bound to the cell membranes 
interfere with the transport phenomenon across the 
cell wall.  Environmental contamination by heavy 
metals is widespread problem, with source of 
pollution arising from industrial activities. One of 
the most important pollutant in aqueous solution is 
Chromium (VI). The Cr (VI) poses serious risk to 
the environment and dangerous to public health as 
well as the environment.  

       Chromium exists in different oxidation states in 
aqueous solution ( II, III, and VI). Chromium is 
used to harden steel, manufacture stainless steel, and 
form many useful alloys. It is mostly used in 
electroplating industries to prevents articles from 
corrosion. Chromium is found in industrial effluents 
in two oxidation states Cr (III) and Cr(VI), the 
Cr(VI) is highly poisonous, extremely mobile in 
groundwater and wide ranges of pH has been 
identified as a potent carcinogenic [1,2]. According 
to National Toxicology Program, there is sufficient 
evidences for carcinogenicity of Cr (VI), it has been 
reported to be responsible for lung cancer, chrome 

ulcer, perforation of nasal septum brain and kidney 
damage. Chromium (VI) normally exists in the 
anionic forms such as Cr2O7

2- 
, HCrO

4-
 or CrO4

2- 
in 

water depending on pH and concentration. Cr (VI) 
in the form of Cr2O7

2-
 in pH range < 6 is a relatively 

strong chemical oxidant its oxidative nature is a 
reason of its toxic and carcinogenic properties. After 
oxidation it reduced to Cr (III). The accumulation of 
Cr (III) in cells results in changing the structure of 
DNA molecule and disordering the metabolism 
activities [3]. Various treatments techniques have 
been suggested by investigators for the removal of 
heavy metal ions from waste water [ 4-12]  Special 
ion – exchangers are available for the retrieval of 
toxic metal ions from aqueous solutions. Adsorption 
by activated carbon is advantageous to removal of 
small quantities of organic contaminants from 
aqueous solution. This treatment is useful for the 
removal of pesticides and carbamate insecticides. 
Reverse osmosis was also useful to remove 
dissolved solids, but this method is costly due to 
high cost of membranes and the fouling of the 
membranes are the major limitations of this method. 
In this work a new adsorption system based on the 
application of conducting polymer, polyaniline and 
its composite has been used as a adsorbent for 
removing Cr(VI) from effluents.  

            Pani can be synthesized by chemical or 
electrochemical routes [13,15], exhibiting 
considerable chemical and mechanical stability [16]. 
Pani has been employed for the synthesis of new 
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materials, such as intercalation compounds, pH 
measurements devices and artificial muscles [17- 
19]. Pani can exists in various oxidation states 
characterized by the ratio of imines to amine 
nitrogen [13]. By de-doping it changes from its 
emeraldine salt form to emeraldine base (EB) form, 
which consist of equal number of reduced and 
oxidized repeated units, insoluble in water and 
common organic solvents. This paper deals with the 
new application of Pani as an anion exchanger 
material.  

 

EXPERIMENTAL  

The aniline were procured from  Sigma Aldrich 
(USA). acryl amide, ammonium per sulfate, HCL, 
Formic acid and K2Cr2O7 all these AR grade 
chemicals were procured from Merck , Formic acid 
and N-Methyl pyrrolidone were used as solvents for 
casting of polyaniline.   

Synthesis of polyacrylamide  

Acryl amide was polymerized to polyacrylamide by 
bulk polymerization technique. In this method, 
known quantity of acryl amide was taken in the 
flask which contain known quantity of distilled 
water. 0.2 gm of Ammonium per sulfate dissolved 
in 10 ml distilled water was added drop by drop in 
to the flask containing acryl amide solution. The 
above mixture was heated on the heating mental for 
one hour at     70

0
C,the solution became transparent 

and viscous. Then the flask was removed from 
heating mental and kept for cooling. After cooling it 
was precipitated in distilled methanol. White lumps 
of polyacrylamide was obtained were filtered and 
dried in the vacuum for 4 hours and this dried mass 
was chopped in small pieces and were used for 
preparation of blend with Pani.            

Synthesis of polyaniline ( PANI ) EB form 

                Polyaniline was synthesized by chemical 
oxidation rout. In this method 0.054 moles of 
distilled aniline dissolved in 250 ml HCl ( 1M ). The 
mixture cooled to below 10 0C using ice bath, to 
this precooked mixture 25 ml of 0.3 M ammonium 
per sulfate solution in HCL was added slowly with 
vigorous stirring. After complete addition of oxidant 
the reaction mixture was left stirring for 2 hours and 
then kept for overnight at room temperature. The 
dark blue polymer ( ES )was precipitated, it was 
filtered several times with distilled water and dried. 
In order to make this EB form of Pani in NMP for 

casting, it was treated with 0.5 M NH4OH solution 
for 2 to 3 hours. Then it was washed with distilled 
water and dried in oven at 60

0
C. For preparation of 

Pani coated sawdust 5gm of sawdust were mixed 
with 50 ml EB form of Pani in formic acid and 
stirred for 2 hours at room temperature and left for 
another 3 hours. The excess of solvent was 
evaporated by heating at 60 

0
C in an oven. 

Synthesis of Pani- Pam Blend and sawdust coated 
Pani-Pam blend 

      The Pani-Pam blend was prepared by in-situ 
synthesis technique. In this method 1gm Pam was 
dissolved in 100 ml distilled water and same 
measured quantity has taken in separate beaker, to 
that 0.5 gm of aniline and 5ml of 1M HCl solution 
were added. About 25 ml of 0.1M NH4S2O8 was 
added slowly under constant stirring. The reaction 
was carried out at ambient temperature for 10 hours. 
The blend was precipitated in distilled methanol 
filtered and washed with methanol several times. 
The green mass obtained was dried to remove 
moisture. The sample was used for characterization. 
This blend can also be prepared by solution mixing, 
in which 25ml solution of Pani ( EB form ) and 
polyacrylamide in formic acid and NMP were 
prepared  separately with concentration of 1% (w/v) 
. Then these solutions were mixed with previously 
dried sawdust ( 5.0 gm ) vigorously for half an hour. 
The excess of solvent was removed by heating the 
mixture in oven at 40- 45 

0
C temperature avoiding 

higher temperature. The sawdust coated uniformly 
with Pani-Pam blend was used for adsorption of 
toxic metal from effluents.     

Characterization of PANI and PANI-PAM Blend 

1.FT-IR Spectroscopy 

The Pani and its blend with Pam was characterized 
by FT-IR spectroscopy. Fig. 1 (a) corresponding to 
Pam, b corresponds to Pani and c shows the FT-IR 
spectra of Pani-Pam blend. There are large number 
of absorption bands observed, Pam shows a band for 
the amide C=O stretching appear at 1665 cm-1 
shifted in peak position was found in the blend 
composition. This shifting was owing to hydrogen 
bonding interaction between amino group of pani 
and carbonyl group of Pam. The peaks at 1600 cm-1 
and 1500 cm-1 were resulting from protonation and 
it is characteristic of conversion of quinonoid ring to 
the benzenoid ring by proton induced spin unpairing 
mechanism and stretching vibration of nitrogen 
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atoms in aromatic and diamine unit respectively. 
These bands have equal strength in the emeralidine 
oxidation state of Pani. The absorption band at 
1650cm-1 have been associated with C=C stretching 
in quinonoid ring and benzenoid rings respectively. 
The C-N stretching vibration mode in aromatic 
amine nitrogen in doped Pani was found at 1290 
cm-1 corresponding to the oxidation or protonation 
state. The peak at 1233 cm-1 is attributed to C-N 
stretching vibration mode in benzenoid ring system 
of Pani due to the conducting protonation form. In 
plane vibration of C-H bending mode in N=Q=N, 
Q-N+H-B or B-N+H-B ( Q- quinoid and B- 
benzenoid ) was observed at 1146 cm-1. The 
presence of this band is expected due to the 
polymerization of Pani. 

 

Fig. 1 FTIR of PANI (ES) and PANI(EB) 

 

Wave No. (Cm-1) 

Fig.2 FTIR of (a) PANI , (b) PANI-PAM 10%  (c) 
PANI-PAM 20% 

2. UV-Visible Spectroscopy 

The Fig. 2 (a) and (b) UV-Visible spectra of  Pani 
and Pani-Pam Blend respectively. The sample were 
prepared in formic acid solution, color of the 
solution was found to be green and scanned in the 
wave length region 300 nm-900 nm. The spectra of 
Pani-Pam blend shows absorption band at 360 nm; 
apparently, this result from overlapping of the amine 
excitation band and imine-amine transformation 
band. This overlapping becomes effective 
particularly in the presence of the support polymer 
polyacrylamide. Solubilization of the effective 
dispersion of pani formed in presence of Pam may 
arise as consequences of coating pani on the Pam 
molecule. 590 nm shows π-π* transition and the 
excitation band of the quinonoid ring. From this 
band position, it was again clear that the blend 
doped during synthesis and was conductive. 

 
      Fig. 3 UV-VS spectra of (a) PANI,  
(b)PANI-PAM 10% and (c) PANI-PAM  20% 

Determination of Toxic/ heavy Metal C 

   Measurement of unadsorbed toxic metals  was 
carried out spectrophotometrically at pH ≥ 12 using 
NaOH 0.2 M solution using calibration or slandered 
curve. A single beam spectrophotometer was 
employed        ( Perkin-Elmer, model 35) for 
analysis of Cr(VI). The % of adsorption was 
calculated from the equation (C0 – Ce) / C0 x 100. 
C0 and Ce are the initial concentration of Cr (VI) 
and Equilibrium concentration of Cr (VI) 
respectively. During this sectrophotometric analysis 
λmax was kept at 375 nm. For adsorption studies 1.0 
gm of sieved sawdust coated by PANI (SD/PANI, 5 
% coating) was packed as a fixed bead in glass 
column of length 15 cm and 1 cm in diameter with 
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glass wool support at the bottom. In order to remove 
any dissolvable colored materials in SD/PANI 
columns, they were washed with acetone and dilute 
solution of NaOH until washing liquid was 
colorless. Then the column were washed with 
distilled water and conditioned with HCl or NaOH 
solution to obtain desired pH. The Flow rate of the 
test solution through column was kept 5 ml/min. 
Similar adsorption column was prepared using 
sawdust and blend of PANI with PAM.     

 

Result and Discussion  

  Sawdust was found as a suitable substrate for 
coating PANI because of its high polarity (leading 
to good adhesion of polymer), hydrophilic nature 
and adequate chemical and physical stabilities in 
aqueous solutions. The adsorption capacity of 
sawdust is much higher than other low cast 
agriculture waste . The adsorption of heavy metals 
can affected by some important factors such as 
contact time, initial heavy metal concentration, flow 
rate, temperature and PH.   

         The activated carbon is a popular adsorbent for 
removing of broad range organic and inorganic 
contaminants from air soil and liquids. Its high 
adsorption capacity is due to its abundant pores and 
large internal surface area. It was observed that 
removal of Cr(VI) by activated in acidic medium is 
accompanied by catalytic reduction of Cr(VI) to 
Ce(III). This kind of reduction in acidic medium by 
activated carbon as sorbent seems to be an important 
drawback of its application for removal of Cr(VI) 
polluted water. However, in the case of SD/PANI 
and SD/PANI-PAM adsorbent, complete removal of 
Cr(VI) without side product was achieved. Efficient 
removal of Cr(VI) occurred at relatively low pH 
value. PANI in doped state can be easily exchanged 
with anions like Cr(VI) which exist as anionic form 
in aqueous solution. The rate of adsorption by both 
sawdust – PANI and  saw dust PANI-PAM 
composite decreases with increasing pH value. The 
results of this work show that sawdust- PANI and 
Sawdust-PANI-PAM composite adsorbents were 
completely removed Cr(VI) contamination from 
acidic aqueous solution. It was investigated that, 10 
ml of Cr(VI) acidic aqueous solution with different 
concentrations when treated with 1.0 g of 
composites, adsorbed 100 % of Cr(VI). The results 
are shown in table no.1 

Initial 
Concentrati
on of 
Cr(VI) 
ppm 

% of Cr(VI) 
adsorbed by 
SD-PANI 
composite 

% of Cr(VI) 
adsorbed by 
SD/PANI-PAM 
composite 

100 100 100 

200 100 100 

400 100 100 

600 96 100 

1500 92 95 

  Table No.1 Adsorption percentage oF Cr(VI) 

 

         The mechanism of Cr(VI) sorption by 
conductive polymer composites seems to be mostly 
occurred via anion exchange process. When the acid 
doped PANI is treated with an aqueous solution of 
Cr (VI) ions in acidic medium the Cl

-
 ions in the 

doped polymer may easily exchanged with Cr
2
O7

2- 

or HCrO
4-

 ions as follows  

Cr2O7
2- 

 +  H
+
  —→   2HCrO

4- 
 + H2O 

Then 

PANI(EB)/ HCl   +   HCrO
4-

   —→ 

PANI(EB)/ HCrO
4-

  +  Cl
 - 

 

 Conclusion  

      The adsorbent of conductive polymer with 
sawdust SD/PANI and SD/PANI-PAM blend are 
cheap and easy for synthesis. These can be used for 
elimination of Cr(VI) ions from aqueous acidic 
solution. The adsorption capacity of PANI mostly 
affected by pH of the treated solution it was only 
useful at relatively low acidic solution of pH = 1-2. 
It was also investigated that undoped PANI ( EB 
form ) does not adsorbed Cr(VI) ions. The rate of 
adsorption of the columns of SD/PANI and 
SD/PANI-PAM decreases consistently in alkaline 
medium. The adsorption of Cr(VI) ions by 
conductive polymer composites can be achieved by 
simply controlling pH value of treated solution. 
Such kind of adsorption is supposed to be based on 
ion exchange properties of PANI ( ES form) and 
some chemical reactions such as complex formation 
or redox reaction.  
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