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INTRODUCTION

Industries have always been and continuous to be the prime
cause of economic development like Asian countries, has witn-
essed several negative environmental consequences. In the field
of colours, the dyes are visible pollutants and presence of very
minute concentration of colouring substances in water makes
it unsuitable for domestic purpose due to its undesirable appear-
ance. Most industries employ dyes and pigments to impart
colour to their products [1,2]. Around 10,000 different natural
and synthetic dyes are being manufactured and their consumers
are mainly textile, paper-pulp industries, metals, alloys and
plastics, and are responsible for unsafe environment [1]. The
textile industry in India and more particular in Gujarat state is
one of the oldest and largest industry of nation. The textile mills
require highly pure water in huge amount and create equal
volume of polluted (i.e. coloured) wastewater. Such dye effluents
of these industries are coloured and toxic when high concentra-
tions merged into ground water or drinkable water source. Most
of the dyes used in the textile mills are difficult to remove by
effluent treatment plant because they are stable against light
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and microorganism [3]. The discharge of highly coloured
effluents into water source is not only aesthetically displeasing
but retards light penetration which cause less COD. Several
common methods are used for colour removal [4-9], but they
have more demerits. Looking to these the activated carbon is
the most commonly used adsorbent, however, due to high cost
of activated carbon, the low cost material like fly ash, peach,
lignite, bagasse, etc. received attention for decolorization of
the coloured water. The area in which the removal of the dye
using polymer of low cost has received little attention. More-
over, effluents also reach in metal impurities that have detrimental
effect on aquatic animals.

Hence, it was interesting to explore the field of simultan-
eous removal of dyes colour and metal ions using ketonic
polymers from effluent water. In present communication, the
results of laboratory scale investigations for the colour removal
of azo dye solution containing Cu(II) metal ions using acetone-
formaldehyde-salicylic acid (AFSA) copolymeric resin are
reported. The effects of process parameters such as adsorbent
dose, contact time, initial dye concentration, pH and tempera-
ture have been studied.
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EXPERIMENTAL

Synthesis of acetone-formaldehyde (AF) resin: The resin
was prepared by slight modification of the reported method
[7]. Accordingly, a mixture of acetone (1 mol), paraformaldehyde
(0.66 mol) and 30 mL of 2 % alcoholic KOH was heated at 5 ºC
with constant stirring for 1 h. The resulting mixture was then
cooled at room temperature. The so-called resin obtained was
in the form of a colourless thick liquid. It was neutralized by
formic acid and dried azeotropically. The yield was 94 %.

Synthesis of acetone-formaldehyde-salicylic acid (AFSA)
resin: Acetone-formaldehyde (AF) resin and salicylic acid in
a molar ratio of 1:1, 1:1.5 and 1:2 were refluxed in aqueous
solution of 2 % KOH of the total weight for 3 h. The aqueous
layer was decanted and the resultant resin was washed with a
large amount of distilled water to remove unreacted material.
The water was removed by vacuum. All three resins obtained
were pale yellowish amorphous powder. The yield was 83 to
95 % (Scheme-I).

Acetone  
+  

Formaldehyde

Acetone-Formaldehyde resin (I)
+

Salicylic acid

OH

CH2-CH2-CO-CH2-CH2-------HOOC

n

Scheme-I: Proposed synthetic route for AFSA resin

Characterization: Acetone-formaldehyde resin was
colourless and soluble in chloroform and tetrahydrofuran.
Acetone-formaldehyde-salicylic acid resin is pale yellowish
amorphous in colour and soluble in tetrahydrofuran. The visco-
sity of resin was measured by viscometer (Flow cup method).
Storage capacity of resins is stable at least 3 to 4 months. Deter-
mination of structure and functional group of both prepared
resins were carried out by Fourier transform infrared spectro-
scopy (FTIR) (Perkin Elmner GX). The molecular weight (Mn)
determination of prepared resin was carried out by gel per-
meation chromatography (GPC) (Turbo Matrix 40). Thermal
stability was carried out by differential scanning calorimetry
(DSC) and thermogravimetric analysis (TGA) (Perkin Elmner
Pyris 1).

Batch adsorption experiment: Dye adsorption experi-
ments were conducted in batch mode with 50 mL stock solution.
The variables studies were adsorbent dose, contact time, initial
dye concentration, pH and temperature [10-14]. The solution
was stirred by magnetic stirrer for 0.5 h. At the end of experi-
ment, the solution was filtered by vaccum filter system and
analyzed by spectrophotometer (Systronics Spectrophotometer
104) at 500 nm. The dye concentration in solution is deter-
mined with the absorbance value of solution before and after
contact with adsorbent.

Physico-chemical characterization of water effluent:
Water effluent was collected from electroplating industry and
was analyzed for physical and chemical properties. The ob-
tained data is reported in Table-1.

TABLE-1 
PHYSICO-CHEMICAL CHARACTERIZATION  

OF WATER EFFLUENT 

Parameters Characteristics 
Colour Light green 
pH 5.7 
Dissolved oxygen (mg/L) 1.2 
BOD (mg/L) 4.874 
COD (mg/L) 120 
Total solids (mg/L) 2000 
Total dissolved solids (mg/L) 1000 
Total suspended solids (mg/L) 350 
Copper (mg/L) 8.45 

 
Standard curve of copper(II) ions: Standard curve of

copper(II) ions was obtained using standard procedure for esti-
mation of copper (Fig. 1). First solution of copper metal with
different ranging from 100 to 500 ppm and 5 to 20 ppm was
prepared from aqueous and effluent solution and the irrespective
optical density was measured using standard spectrophoto-
meter in visible range [11,12].
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Fig. 1. Standard curve of copper ion in (A) aqueous and (B) effluent solution

RESULTS AND DISCUSSION

Preliminary observation of acetone-formaldehyde (AF)
resin shows that it is soluble in acetone, chloroform, THF and
is white sticky gelatinous resin. While acetone-formaldehyde-
salicylic acid resin is pale yellowish amorphous powder in
colour and soluble in THF only.

FITR analysis: For acetone-formaldehyde (AF) resin the
broad band appeared from 3600 cm-1 to 3200 cm-1 and sharp
peak at 3239 cm-1 attributed to stretching of (-OH) group due
to inter and intra-molecular hydrogen bonding of polymeric
compound. The strong peak observed at 1484 cm-1 of alkyl
(-CH2) group, other sharp peak at 1248 cm-1 about (C-O) group
[15,16]. For acetone-formaldehyde-salicylic acid (AFSA) resin
observed peak at 3428 cm-1 attributed to stretching of -OH group.
Moreover, sharp peak observed at 1703 cm-1 of (C=O) group
and sharp and broad peak observed at 1659 cm-1 and two medium
peak observed at 3006 and 3062 cm-1 for aromatic stretching
so that, this two medium peak and ketonic group indicate the
presence of salicylic acid in AFSA resin.
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Figs. 2 and 3 show the gel permeation chromatography
(GPC) of acetone-formaldehyde (AF) and acetone-formaldehyde-
salicylic acid (AFSA) resin. It allows for the determination of
polydispersity index (PDI) as well as the viscosity molecular
weight (Mv) and based on other data, number average mole-
cular weight (Mn), weight average molecular weight (Mw) and
the size average molecular weight (Mz) can be determined.
Table-2 shows the comparison of both resins and description
about resin molecular weight and parameters related with
polymer.
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Fig. 2. GPC data of acetone-formaldehyde resin (AF)
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Fig. 3. GPC data of acetone-formaldehyde-salicylic acid resin (AFSA)

Hydrodynamic radius can be calculated; if n is known
and M as mentioned above:

310 NA
[ ]M Rn

3

πη = ×

Thus, it is confirmed that AFSA resin is more mono-
dispersed as compared to AF resin.

For homopolymer, (AF and AFSA resin)

n

o

M
Degree of polymerization (Dp)

M
=

where Mn = number average polymer, Mo = molecular weight
of monomer.

TABLE-2 
GPC DATA OF AF RESIN AND AFSA RESIN 

Sample AF resin AFSA resin 
Number average 1153 148 
Weight average 5292 174 
‘Z’ average 15834 194 
Polydispersity 4.589 1.178 
(n-1) average 481 116 

 
Both samples follow typical trends of average molecular

weight for synthetic polymers: Mn < Mw < Mz < Mz+1

Thermal analysis: Figs. 4 and 5 show the differential
scanning calorimetry (DSC) of acetone-formaldehyde (AF)
resin and acetone-formaldehyde-salicylic acid (AFSA) resin.
DSC thermograms of AF and AFSA resin indicate the curing
of AF resin giving a peak in the range of 150 to 210 ºC, and
AFSA resin system obtained a sharp peak range between 142
ºC to 160 ºC. From the thermal data of DSC, we can say AFSA
resin is well prepared.
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Fig. 4. DSC data of acetone-formaldehyde resin
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Fig. 5. DSC data of acetone-formaldehyde-salicylic acid resin

Figs. 6 and 7 show the thermogravimetric analysis (TGA)
of acetone-formaldehyde (AF) resin and acetone-formalde-
hyde-salicylic acid (AFSA) resin. The TGA thermograms of
both resins AF and AFSA giving information about stability
of resin at various temperatures with their percentage weight
loss. Both resins degrade in single step. AF resin is stable upto
200 ºC and at the time weight percentage is 95 %, and after
this temperature decomposition start and weight percentage
is decreasing. Degradation is faster between 300 to 425 ºC.
On other side, AFSA resin decomposition start at 150 ºC and
weight percentage is 91 %. After this, decomposition starts at
200 ºC and charring started.

Effect of pH: The results pertaining to the effect of pH
are given in Fig. 8. In 50 mL solution of constant value of dye
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Fig. 6. Thermal curve of acetone formaldehyde resin (AF)

100.8

90

80

70

60

50

40

30

20

10

0

W
e

ig
ht

 (
%

)

50  100 150 200 250 300 350 400 450 500 550 600 650 700
Temperature (°C)

10
0.

53
3 

%

91
.9

55
 %

22
.7

18
 %

11
.5

17
 %

9.
24

7 
%

8.
19

1 
%

6.
86

6 
%

6.
15

3 
%

6.
05

7 
%

6.
20

3 
%

6.
44

1 
%

6.
43

5 
%

6.
26

5 
%

Fig. 7. Thermal curve of acetone-formaldehyde-salicylic acid resin (AFSA)
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Fig. 8. Removal efficiency (%) on different pH for (A) aqueous solution
and (B) effluent solution

concentration (10 mg/L), treated with 1 g adsorbent dose, the
dye removal increases from 90 to 99 % as pH increases from
2 to 10. The optimum pH is 6, where equilibrium is established.
With both solutions, the efficiency of copper removal is high
at low pH values and decreases with increase of pH. This is
because hydroxyl ions form Cu(OH)2 with copper. Maximum
removal of copper was observed at pH 5 and pH 4, and removal
efficiency was 95.15 and 98.21 % for aqueous and effluent
solution, respectively.

Effect of contact time: The effects of contact time with
1 g adsorbent dose in 50 mL (10 m/g) dye solution were investi-
gated, the colour removal increases with increase in time. The
colour removal reached 75 % within first 20 min. It was
observed that as the time increased, the amount of copper that
is adsorbed by the sorbent increases, but after 5 h, the solution
attains equilibrium. In starting phase, large number of vacant
sites may be present, which led to fast adsorption, but afterward,
it slows down as the vacant sites maybe exhausted. At equili-
brium the colour removal was 96 % (Fig. 9).

Effect of adsorbent dose: Several 50 mL samples of 10
mg/L dye solution were taken and adsorbent with varying dose
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Fig. 9. Removal efficiency (%) at different time for (A) aqueous solution
and (B) effluent solution

from 0.5 g to 3.0 g was added. The solution was stirred continu-
ously for 0.5 h. It is found that an increase in the adsorbent
dogase does resulted in the increase in removal of dye colours.
(Fig. 10).
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Effect of initial concentration of dye: Constant dose of
adsorbent (1 g) was separately added to 50 mL sample of different
concentration of dye solution (10 mg/L to 40 mg/L) at room
temperature and the solutions were stirred for 0.5 h at constant
speed. Significant removal of dye was recorded for 10 mg/L of
dye solution, with an increase in initial concentration of dye
from 10 mg/L to 40 mg/L, the dye removal decreases from 95
to 85 %  (Fig. 11).
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Effect of temperature: The effect of temperature was also
investigated in 50 mL dye solution of 10 mg/L concentration
treated with 1 g adsorbent dose. The removal of dye increased
from 92 to 100 % with increase in temperature from 20 to 80
ºC. The optimum temperature in 60 ºC, where dye removal is
maximum.
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Adsorption isotherm analysis of copper using sorbent:
Isotherm analysis gives significant information about the rate
of metal uptake and hydrodynamic parameter which helps for
successful adsorption of copper metal by the polymer resin.
The Langmuir and Freundlich are two useful models which
give the information about the equilibrium.

Langmuir isotherm: Fig. 12 shows the results of adsorption
isotherm for copper(II) ion. The straight lines plotted indicate
the occurrence of ion metal adsorption from the treated
samples. This can be proved by looking at the coefficient of
determination (R2), where R2 is 0.99 and 0.98 for aqueous and
effluent solution (Table-3).
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Freundlich isotherm: Fig. 13 shows an adsorption isotherm
for copper(II) ions, in which a linear line of aqueous solution
shows that data fitted on Freundlich model but non-linear of
effluent solution shows that data not fitted on Freundlich model,
where R2 value is 0.95 and 0.82, respectively.
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Conclusion

Acetone-formaldehyde-salicylic acid (AFSA) resin was
found effective in removing methyl orange dye as well as Cu(II)
ions from aqueous solution. It has been identified as an efficient
material which is capable of removing copper from both
aqueous and effluent solution to the extent of 95.15 and 98.21

% at the solution pH of 5 and 4, respectively. The minimum
resin dose required for removal was found to be 3 g at pH 4 and
5. The contact time required for batch process was 5 h at 130
rpm. In adsorption study, Langmuir and Freundlich adsorption
models were used to represent the experimental data fitted very
well in aqueous solution but Langmuir model fit better than
Freundlich model in effluent solution. It can be used as a cheap
substitute of commercial adsorbent for removing of dye from
textile wastewater.
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