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ABSTRACT: This article deals with application of poly (3-
methyl thiophene) synthesized chemically on the surface of
wood sawdust (termed as P3MTh/SD) and then was used
for removal of silver ions (Agþ) from aqueous solution. The
polymer was synthesized directly on the surface of sawdust,
which has previously soaked in monomer solution using
ferric chloride as chemical oxidant. The sorption experi-
ments were performed on both batch and column systems
under simple open circuit conditions. The effects of some
important parameters such as pH, initial concentration, sor-
bent dosage, and exposure time on uptake of silver ion were

investigated. The treatment of the data was also carried out
using both Freundlich and Langmuir adsorption isotherms.
To find out the possibility of the regeneration and reuse of
the exhausted adsorbent, desorption studies were also per-
formed. It was found that sawdust modified with polythio-
phene is an efficient system for uptake or recovery of the
silver ions from aqueous solutions. VVC 2009 Wiley Periodicals,
Inc. J Appl Polym Sci 113: 2293–2300, 2009
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INTRODUCTION

Environmental contamination by heavy metals is a
widespread problem, with sources of pollution aris-
ing from industrial activities.1 The free silver ion
(Agþ) has been reported to be extremely toxic to a
variety of aquatic organisms even at trace concentra-
tions. Silver and its salts are extensively utilized in
the photographic and imaging industry, battery
manufacture, jewelry and silver tableware manufac-
ture, cloud seeding, catalysts as well as in electronics
and electrical applications and other lesser uses.2,3

The increasing use of silver compounds and silver
containing preparations in industry and medicine
has resulted in an increased silver content of envi-
ronmental samples.4,5 It has been reported that about
2.47 million kg of silver are lost each year to the
environment. About 150 t of silver enter the aquatic
environment every year from the mine tailings, pho-
tography, and electroplating industries. It is known
that silver ion to be discharged to the environment
from its industrial applications, and this leads to the
possibility for exposure to aquatic and terrestrial
organisms.

The adverse effects of chronic exposure to silver
are a permanent bluish-gray discoloration of the
skin or eyes. Exposure to soluble silver compounds

may produce some other toxic effects, including
liver and kidney damage, irritation of the eyes, skin,
respiratory, and intestinal tract, and changes in
blood cells. Recommended exposure limit set by the
national institute for occupational safety and health
is 0.1 mg L�1 for all forms of silver.6 So, there is a
need for introducing an efficient method for the
removal or recovery of silver ion as a precious metal
from waste solutions generated from the mentioned
industries due to the both economical and environ-
mental points of views. Different treatment techni-
ques (adsorption, extraction, ion-exchange resins,
reverse osmosis, metal replacement, precipitation,
electrolysis, and electrodialysis) have been developed
for removal of silver ions from wastewaters.7–10 We
have already shown that polypyrrole (PPy) and poly-
aniline (PAni)-conducting electroactive polymers can
be effectively used for removal of some heavy metal
ions (e.g., Hg2þ, Pb2þ, Agþ) from aqueous solu-
tions.11–13 Conducting polymers such as PPy, PAni,
and polythiophene have been the focus of numerous
theoretical and experimental investigations in the
last 2 decades.14 Their structural versatility is attract-
ing researchers for their multiple applications such
as in rechargeable batteries, light emitting diodes,
super capacitors, biological and microbial sensors,
solar cells, and actuators.15–20 Polythiophene and its
derivatives have attracted considerable attention
because they are stable in the oxidized and neutral
state. Relative ease of substitution at the third
position of the thiophene ring has enabled the syn-
thesis of a large number of derivatives, resulting in
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numerous polymers with different degrees of stabil-
ities, conductivities, solubility, and band gaps. Poly
(3-methyl thiophene) has been the subject of exten-
sive investigation due to its good environmental sta-
bility, relatively high electrical conductivity with
excellent electronic and optical properties.21–28

Thiophene and its derivatives is oxidized to form
a conducting electroactive polymer with the greatest
conductivity obtained from a–a linkages. However,
because of the limited solubility of thiophene, in
contrast to PPy and PAni conducting polymers,
which can be prepared in aqueous solutions, this
reaction must be carried out in nonaqueous media.21

Various substituted thiophenes have also been oxi-
dized to the corresponding polythiophenes, the most
commonly studied being 3-alkyl thiophenes.22 All
monomers could be oxidized to form conducting
polymers but the oxidation potentials increased
according to: MTh < ETh < Th. Poly (3-alkyl thio-
phenes) are both soluble and melt processable. Poly-
thiophenes can be prepared both by electrochemical
polymerization and chemical oxidative polymeriza-
tion techniques. However, the polymers prepared by
electrochemical method are not processable. Chemi-
cal synthesis offers two advantages compared with
electrochemical synthesis of polythiophenes, a
greater selection of monomers and, using the proper
catalysts, the ability to synthesize perfectly regiore-
gular substituted Poly (3-alkyl thiophenes).

Poly (3-alkyl thiophenes) can be synthesized either
electrochemically or chemically using a simple oxi-
dation process.21 Chemical oxidative polymerization

of 3-methyl thiophene with iron (III) chloride (FeCl3)
produces polymers in high yield. The mechanism of
the oxidative polymerization using ferric chloride
has been proposed a radical mechanism as shown in
Figure 1. As with PPys, the mechanism of polymer-
ization involves formation of radical cations that
react with each other or the starting monomer to de-
velop the polymeric structure. The direct oxidative
polymerization of 3-alkylthiophenes with FeCl3 in an
organic solvent such as chloroform has also been
widely used to prepare P3MTh, with molecular
weights between 30,000 and 300,000.24,25 The overall
polymerization reaction of polythiophene can be
shown as the following (Fig. 2).
Where n is usually between 2 and 4; A� is a coun-

terion incorporated into the polymer during growth
to balance the charge on the polymer backbone, and
m is a parameter proportional to the molecular
weight.23 All of the previous applications of poly-
thiophenes are based on their interesting electrical
and electrochemical properties. However, in this ar-
ticle we have introduced a new application of poly-
thiophene in which is mainly based on its chemical
structure and also redox activity of the polymer as
we have previously reported for PPy and PAni con-
ducting electroactive polymers.13 However, the cur-
rently introduced adsorbent behaves more effective
for uptake of silver ion from aqueous solution than
PPy and PAni electroactive polymers. This might be
due to the stronger interactions between sulfur
atoms (in PTh) and silver ions compared to NAH
groups in PPy or PAni.13

EXPERIMENTAL

Materials and equipments

All chemicals used were analytical reagents grade
and prepared in deionized water. 3-methylthiophene
was obtained from Merck and distilled before use.
Wood sawdust sample (SD) prepared by walnut
obtained from a local carpentry workshop. Silver
nitrate (AgNO3) solution with the concentration of
140 mg L�1 vs. silver ion was prepared in deionized
water, used as stock solution. To prevent the photo-
decomposition of the stock solution of silver stored
in a dark dish. A single beam Perkin-Elmer UV–vis

Figure 1 The proposed polymerization reaction of 3-alkyl
thiophene.

Figure 2 The overall polymerization reaction of polythio-
phene conducting polymers (R¼¼H or alkyl).
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spectrophotometer with a 1 cm cell was used for
measuring all of absorption data. A Metrohm pH
meter (model 827) with a combined double junction
glass electrode, calibrated against two standard
buffer solutions at pH 4.0 and 7.0, was used for
showing pH values. The structure of polymer sam-
ples was studied using X-ray diffraction (XRD) tech-
nique (Model Philips, X’PERT-MPD system).

Determination of silver ion

The measurement of silver ion was carried out
spectrophotometrically based on the formation of a
ternary complex between the silver ions, 1, 10-phe-
nanthroline, and 2, 4, 5, 7-tetra-bromofluorescein
(Eosin Y) in aqueous media (kmax¼ 550 nm at pH 6).29

Quantitative analysis of silver ion was carried out
using a calibration curve obtained by means of the sil-
ver ion standard solutions prepared in deionized
water in the ranges: 0.0–2.0 mg L�1. The calibration
curve shows that Beer’s law is obeyed in this concen-
tration range. The pigment Eosin (Y) does not inter-
fere in our analysis (kmax ¼ 515 nm at pH 6). pH
adjustments were carried out using dilute NaOH and
HNO3 solutions. All the experiments were carried out
at least in triplicate. The results were average of these
measurements. The linear regression analysis was car-
ried out for treatment of the data. The relative stand-
ard deviation was less than 1.0% and the detection
limit value, based on the three times the standard
deviation of the blank, was 0.02 mg L�1.

Coating of sawdust by poly (3-methylthiophene)

Polymerization of 3-methyl thiophene was carried
out in nonaqueous solution. A 4.0 mL freshly dis-
tilled 3-methyl thiophene was dissolved in 100 mL
chloroform (CHCl3). To prepare poly (3-methyl thio-
phene) (P3MTh/SD), 10.0 g sawdust (35–50 mesh)
immersed in 100 mL of 3-methyl thiophene mono-
mer solution (0.4M) was prepared in chloroform at
nitrogen atmosphere for 12 h before polymerization.
A 100 mL of oxidant solution (0.8M FeCl3 in chloro-
form) was added via a dropping funnel while the
reaction mixture was stirred vigorously, and then
the reaction was allowed to continue for 4 h at room
temperature. Because of the polymerization, the so-
lution yielded a greenish black precipitate. Methanol
was added in the copious amount in the precipitate,

and the polymer was collected using vacuum filtra-
tion technique.22,23 The precipitate was then washed
with copious amounts of deionized water and meth-
anol and the resulting precipitate was allowed to
dry for 2 days, in which time it formed a solid cake
of flat-black 3- methylthiophene polymer.

RESULTS AND DISCUSSIONS

Sorption experiments

In batch experiment, fixed amounts of sorbent were
treated with silver polluted solution (0–140 mg L�1)
at room temperature. During each experiment, the
solutions were agitated using a mechanical shaker.
In column experiments, a glass column with dimen-
sions of 1 cm diameter and 15 cm length was
employed. A 1.0 g sorbent (P3MTh/SD) was packed
in the column (5 cm height), and then the silver
solution (conc. 50 mg L�1) was passed through the
column with flow rate of 3 mL min�1 at room
temperature. The outlet solution was analyzed for
unabsorbed silver ion after each 10 mL. The percent-
age of sorption was calculated using the following
relationships:

% Sorption ¼ C0 � Ce

C0
� 100 (1)

x

m
¼ C0 � Ce

m
� V (2)

where C0 and Ce are initial and equilibrium concen-
trations of Agþ ion (mg L�1), respectively, V is the
volume (L) of silver test solution. x/m stands for mg
of silver ion sorbed per gram of adsorbent.

Sorption of silver ion by P3MTh/SD and SD
(batch system)

Effect of initial concentration

For performing this experiment, 1.0 g of P3MTh/SD
and SD were treated with 25 mL of silver solution
with concentration of 10–140 mg L�1 for 1 h accompa-
nied by mild shaking at room temperature. The results
obtained are summarized in Table I. The graphical
form of the data has been shown in Figure 3.
As our results show (Figure 3 and Table I), with

increasing the initial concentration of silver ion, total

TABLE I
Effect of Initial Concentration on Sorption Percentage of Ag1 Ion by SD and P3MTh/SD

Adsorbent

C0 (mg L�1)

10 20 30 40 50 60 80 100 110 120 140

SD 50.2 51.6 52.4 54.3 53.2 50.5 46.2 43.5 39.5 37.0 34.0
P3MTh/SD 99.1 98.3 98.5 98.7 98.4 97.8 96.0 93.0 90.2 88.0 77.6
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amount of metal sorption (x/m) also increases line-
arly. However, in the case of P3MTh/SD, metal
uptake or sorption is much higher than SD. It is also
interesting to note that even uncoated sawdust (SD)
can be used to remove silver ion from aqueous solu-
tions effectively. Silver sorption or uptake by SD
seems to be based on partly due to redox or com-
plex reactions between silver ion (as oxidizing agent)
and noncellulosic constituents such as hemicellu-
lose (a disordered array of several sugar polymers),
lignin (which possess many oxidizable functional
groups), and aldehyde or ketone groups that this
case shown in our previous literature, which lead to
silver deposition might be a possible explanation of
mechanism for silver removal.

In the case of P3MTh/SD, sorption capacity of sil-
ver ion was much higher than SD and even higher
than sawdust coated by PAni and PPy as we have
previously reported.13 The proposed mechanism for
removal of silver ion employing our currently intro-
duced adsorbent may be ionic, chelation, redox reac-
tions. Higher sorption of silver ion by P3MTh/SD
can also be explained using Pearson hard-soft acid-
base theory.30 According to Pearson concept, the
hard OA (or NA) bases are preferred to their SA (or
PA) analogs by hard acids. Conversely a "soft acid"
possesses an acceptor center of high polarizability
and exhibits the reverse preference for coordination
of a soft base. However, these preferences are not
defined in a quantitative sense. Therefore, complex
formation of silver ion (as a soft acid) with P3MTh
(as a soft base) can be considered as a type of Lewis
acid/base (termed as soft acid–soft base reactions)
might be a possible description for high-sorption
capacity of P3MTh/SD toward silver ion.

It was also interesting to notice that some silver
deposition (by visual inspection) is formed on the
surface of polymer when it was exposed to silver

ion solution. To have a more accurate conclusion,
the samples were further studied using XRD tech-
nique. Inspection of XRD patterns obtained from sil-
ver ion treated and untreated adsorbent (P3MTh/
SD) are shown in Figure 4. As our XRD patterns
indicate, P3MTh polymer showed an amorphous na-
ture with a characteristic weak peak at 2y ¼ 22.69�

[Fig. 4(a)]. Silver-treated polymer also showed an
amorphous nature (weak peak at 2y ¼ 22.21�) and
with a new recognized peak at 2y ¼ 38.05� [Fig.
4(b)] corresponding to the presence of metallic silver
particles on the polymer surface. The calculated
intracrystalline d-spacing (d ¼ 2.359) using Bragg’s
Law confirms the presence of silver deposition dur-
ing treatment of the polymer with silver ion

Figure 3 Effect of initial silver concentration on its sorp-
tion by SD n and P3MTh/SD ~.

Figure 4 The X-ray diffractograms (XRD) patterns
obtained for: (a) untreated polymer, (b) treated polymer to
silver ion solution. Anode tube: Cu Ka radiation (b1:
1.54056 A�, b2: 1.54439 A�), intensity ratio (Alpha 2/1):
0.500. Generator tension: 40 kV, generator current: 40 mA.

Figure 5 Freundlich linear isotherm for sorption of silver
ion by SD n and P3MTh/SD ~.
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solution.31–33 On the other hand, a redox reaction
seems to be important in the course of adsorption
process.

Therefore, silver removal by P3MTh seems to be
partly due to the redox reaction between electroac-
tive polymer (P3MTh) and silver ion, which leads to
some deposition of silver particles on the polymer
surface. Synthesis of polymer/nanoparticles com-
posite materials seems to be important in advanced
material science. These materials combine both the
unique properties of nanoparticles and polymers
and possess new properties, which are not specific
to the original components.

Adsorption isotherms

To model the sorption behavior, adsorption iso-
therms were studied at room temperature. Both
Langmuir and Freundlich equations were employed
to plot the isotherms.12,13 For plotting the sorption
isotherms, 1.0 g of the selected adsorbents were
treated with constant volume (25 mL) of silver ion
possessing different concentrations (40–100 mg L�1)
at room temperature and pH 6. As our results show
(Figs. 5, 6), the data obtained for Agþ ion sorption
fit with both the linearized form of Langmuir and
Freundlich adsorption isotherm models (linearized
form). The k and n constants (in adsorption equation
of Freundlich) and b and Xm constants (in adsorption
equation of Langmuir) and the correlation coeffi-

cients (R2) were determined by using linear regres-
sion analysis and have been summarized in Table II.
As our data show, the constant n calculated for
P3MTh/SD are higher than the n obtained for SD.
Higher values of k indicate a higher adsorption
capacity. The high values of correlation coefficients
obtained for these adsorbents (SD, P3MTh/SD) indi-
cate that both Langmuir and Freundlich models can
be applied to these sorbent systems. The removal
rates of silver (x/m) for a unit gram of SD, P3MTh/
SD were 1.98 and 2.45, respectively. The values of n
obtained for P3MTh/SD indicate (Table II) that it is
a suitable adsorbent for sorption of silver ion from
aqueous solutions. For a suitable sorbent, value of n
is normally between 2 and 10.

Effect of pH

For this investigation, fixed amounts of the selected
sorbents (1.0 g) were treated separately with 25 mL
of Agþ ion (50 mg L�1) in various pH values from 1
to 6. The results obtained are shown in Table III and
Figure 7. According to the results, the sorption of
Agþ ion increases as pH of treated solution
increases. To prevent the precipitation of silver ion
in alkaline media, all of our further experiments
were carried out at pH 6. The increase of Agþ sorp-
tion with the increase in pH can be attributed to the
increase in free surfaces sites in polymers, with the

Figure 6 Langmuir linear isotherm for sorption of silver
ion by SD n and P3MTh/SD ~.

TABLE II
Comparison of Freundlich and Langmuir Constant

Values Obtained for SD and P3MTh/SD

Sorbent n K b Xm

SD 1.70 0.10 0.02 1.98
P3MTh/SD 2.95 1.29 1.26 2.45

TABLE III
Efffect of pH on Removal Percentage of Silver Ion by

SD and P3MTh/SD

Adsorbent

pH

1 2 3 4 5 6

SD 53.2 50.2 45.3 40.0 34.1 25.3
P3MTh/SD 71.2 76.3 84.2 91.1 95.3 98.4

Figure 7 Effect of pH on sorption of silver ion by SD n
and P3MTh/SD ~.

APPLICATION OF POLY 3-METHYL THIOPHENE 2297

Journal of Applied Polymer Science DOI 10.1002/app



increase of pH. In addition to, under neutral condi-
tions, the free AS groups will be available for com-
plex formation or metal chelating.

Effect of sorbent dosage

In this experiment, different weights of sorbents
(0.1–1.0 g) were treated with 25 mL silver ion solu-
tions with concentration of 50 mg L�1. The results
obtained have been summarized in Figure 8. As our
results show (Table IV and Fig. 8), higher sorption
or silver uptake is observed in the case of P3MTh/
SD. With increasing sorbent dosage up to 1.0 g,
sorption percentage is also increased gradually.

Effect of exposure time

For performing this experiment, 1.0 g of adsorbents
(P3MTh/SD and SD) were treated with 25 mL of
50 mg L�1 silver ion for different periods (10–70 min)
accompanied by stirring at room temperature. The
results of adsorption obtained from the analysis of
unadsorbed Agþ ion in solution are shown in Table V
and Figure 9. As the results indicate, removal of silver
using the selected sorbent occurs quickly and is not a
very time dependent process.

Desorption studies (column system)

In this study, 1.0 g of adsorbent (P3MTh/SD and
SD) was first treated with 25 mL of Agþ ion with
concentration 50 mg L�1. The exhausted column was
then treated with 0.01–0.5M HNO3 solution for 1 h for
regeneration. As our data show, increasing concen-
tration of acid, recovery percentage was increased.
Higher concentration of acid was avoided because SD
is not very stable in highly acidic (or basic) solutions.
Desorption percentage was calculated from the fol-
lowing expression:

% Desorption

¼ Amount ofmetal ions desorbed

Amount ofmetal ions adsorbed onto sorbent
� 100

ð3Þ
Maximum recovery achievable was 40% for

P3MTh/SD and 33.5% for SD when a solution of
0.50M HNO3 was used as regenerant. In separate
experiments, we also used EDTA (0.05 and 0.10M)
and ammonia (1.0M) solutions for recovery of silver
ion from the exhausted column (containing P3MTh/
SD). Low-soluble silver compounds are possibly
formed between the polymer dopant anions (e.g.,
Cl�) and silver cation should be dissolved in EDTA
or ammonia solution. In the case of EDTA as regen-
erant, maximum recovery observed was about 33%.

Figure 8 The effect of sorbent dosage on Agþ sorption
percentage by SD n and P3MTh/SD ~.

TABLE IV
Effect of Sorbent Dosage on Sorption Percentage of

Silver Ion by SD and P3MTh/SD

Adsorbent

Sorbent dosage (g)

0.1 0.2 0.4 0.6 0.8 1.0 1.2

SD 30.0 34.6 40.4 47.3 52.1 53.2 53.2
P3MTh/SD 81.2 88.1 94.2 97.1 98.2 98.4 98.4

TABLE V
Effect of Exposure Time on Sorption Percentage of Silver

Ion by SD and P3MTh/SD

Adsorbent

Contact time (min)

10 20 30 40 50 60 70

SD 47.0 49.2 51.8 52.0 53.2 53.2 53.2
P3MTh/SD 83.6 90.2 94.3 97.1 98.4 98.4 98.4

Figure 9 The effect of exposure time in sorption of Agþ

ion SD n and P3MTh/SD ~.

2298 ANSARI AND DELAVAR

Journal of Applied Polymer Science DOI 10.1002/app



When ammonia solution (1.0M) was used as
regenerant solution, maximum recovery observed
was 42% in the case of P3MTh/SD. These findings
clearly show that silver ion is not just sorbed via
reduction process. Some other reactions such as
complex formation, precipitation, chelation might be
occurred during silver removal by P3MTh conduct-
ing polymers. Incomplete desorption of the sorbed
silver ion from the sorbent materials used in this
research also express the strong interactions between
the silver (both metallic and ionic forms) with the
polymer matrix or sawdust.

Breakthrough curve (column system)

When working sorption experiments with columns,
the breakthrough curves are very useful. A plot of
effluent solute concentration vs. time usually yields
as S-shaped curve, at which the solute concentration
reaches its maximum allowable value referred to as
a breakthrough curve. The point where the effluent
solute concentration reaches 95% of its influent value
is usually called the point of column exhaustion. For
performing this experiment, 1.0 g of P3MTh/SD and
SD packed in a glass column, and then Agþ solution
with concentration of 50 mg L�1 passed through the
column with constant flow rate (3 mL min�1). Each
time 10 mL was poured into the column. The outlet
solution was then analyzed for unsorbed Agþ ion to
obtain the breakthrough curve. The breakthrough
curves obtained for the examined sorbents used for
sorption of silver in a column system are shown in
Figure 10.

As it is evident from our results obtained in this
experiment, the break point for P3MTh/SD is ob-
served after treatment of about 400 mL of 50 mg L�1

silver polluted solution and the breakthrough curve

for SD is very sharp and the break point or column
exhaustion occurred very quickly. As the results
show that P3MTh/SD seems to be much more effec-
tive sorbent compared with SD for removal of silver
ion in column or flow systems. According to the
results shown in Figure 10, 1.0 g of P3MTh/SD can
remove more than 95% of silver ion from 400 mL sil-
ver polluted solution under the used experimental
conditions.

CONCLUSIONS

Sawdust was found a very cheap, economical, and
environmentally friendly substrate for coating of
high performance conducting electroactive polymers
such as poly (3-methyl polythiophene) as an effec-
tive adsorbent for removal of silver ion from aque-
ous solutions. High uptake of silver ion by the
currently introduced adsorbent can be due to the
high tendency of silver ion toward sulfur containing
compounds (e.g., complex or chelation reactions).
According to our XRD analysis, the importance of
the redox reaction cannot be ignored. The treatment
of data using adsorption isotherms shows that the
data obtained for silver ion sorption using P3MTh/
SD fit better with Freundlich equation. The high-
sorption capacity (obtained from breakthrough
curve), high Freunlich constants (k, n), and the posi-
tion of the isotherm obtained for P3MTh/SD, all
imply that it is a suitable and efficient adsorbent for
removal of silver ion from aqueous solutions.
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