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ABSTRACT

Synthesis, characterization, thermal behaviour and flocculation efficiency of
poly(acrylamide-co-acrylic acid) prepared in aqueous medium are studied.
The copolymers are prepared at moderate acidic/basic pH levels and
characterized by IR, 13 C NMR, elemental analysis and differential scanning
calorimetry . The copolymers prepared in alkaline medium show higher T 9 and
intrinsic viscosity value than those prepared in acidic medium . Flocculation
efficiency of these copolymers is studied in tannery waste-water . The
copolymers prepared at pH 10 .0 are found to be a better flocculant than
those prepared at pH 4.0 . The flocculation efficiency of these copolymers
increases with the decrease in acrylic acid content in the copolymer.
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INTRODUCTION

The acrylamide based polymers and copolymers find
the greatest utility in water clarification among the
other polymeric flocculant clue to the presence of
hydrophilic amide pendant groups. Anionic acryl-
amide based polymers, derive their unique properties
from the density and distribution of negative charges
along the macromolecular backbone. Anionic func-
tional groups can strongly interact with suspended
charged particles . The synthesis [l–7] and character-
ization of anionic acrylamide based poiyelectrolytes
have been investigated by several workers [9—12] but

the literature pertaining to the use of non-ionic and
anionic acrylam ides based polymers in the treatment
of tannery waste-water is scarce . In the present work,
ve report the synthesis, characterization and floccul-
ation efficiency of poly(acrylamide-co-acrylic acid)
with tannery waste-water . These tanneries are using
vegetable tanning process for the processing of hides
and skin.

EXPERIMENTAL

Acrylamide (E-Merck) was purified by recrystallization
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from methanol [13] and dried in vacuum dessicator at
room temperature. Acrylic acid (Fluka) was purified by
distillation under reduced pressure [14] at 35 'C in a
stillpot, which was attached through a condenser
containing copper helices and was kept in refrigerator
at 10–15 'C to avoid polymerization.

The initiator, potassium persulphate (S .D . Chem-
icals) was recrystallized twice from de-ionized water
and dried at room temperature in a vacuum dessicator
[15] before use . All laboratory reagent grade solvents
and non-solvents were distilled before use.

Acrylamide-co-acrylic acid copolymers were
synthesized in aqueous medium at 60 'C using K Z S 2Oe
as initiator [15].

A three-necked 500 mL round bottom flask was
fitted with a stirrer through stuffing box, condensor
and a gas inlet tube . The reaction flask was charged
with 100 mL of de-ionized water, requisite amount of
acrylamide and acrylic acid (molar feed ratio, weight
by weight, varied between 1 :1 to 2 :1) and 7 .4X10-5
mel potassium persulphate . The pH of the reaction
mixture was maintained by adding requisite amount
of 0 .5 N sodium hydroxide solution to desired mix-
tures of the monomers . The flask was placed in a
water bath and copolymerization was carried out at
60±1 'C (bath temperature) for 2 h under nitrogen
atmosphere. The reaction mixture (thick liquid) was
precipitated by using methanol and purified by dis-
solving the precipitate in water, reprecipitating twice
with methanol and acetone and finally, it was dried
for 24 h in a vacuum oven.

The copolymers thus obtained were characteriz-
ed by using IR (Perkin-Elmer 599 B), 13 C NMR
(Bruker WM–400, 20 MHz) using Di() as solvent and
1,4-dioxane as the internal reference at 30 ' C. 13 C
NMR Spectra were used to evaluate the composition
of copolymers by the method given by Zurimendi
et al . [16] . Elemental analyzer also determined the
composition of the copolymers. The glass transition
temperature (T g) of copolymers was determined by
Du-pont 910 differential scanning calorimeter (DSC)
with 99XR thermal analyzer . The samples were
scanned at a heating rate of 20 'C/min with initial
temperature of 300 'C . Due to the hygroscopic nature
of the samples they were first heated to 100 'C for

15 min prior to the measurements. The intrinsic vis-
cosity of the copolymers was determined using 0 .2 M
aqueous sodium sulphate solution at 25±1 'C.

Flocculation studies were carried out in tannery
waste (obtained from tanneries situated in Jajmau,
Kanpur, India, which are using vegetable tanning for
the processing of hides and skins) water at room
temperature (--21–36 'C) by the standard jar test [17–
18] . Beakers of 1000-mL capacity each equipped with
a variable speed (0–100 rpm) agitator were used . In
each beaker 500 mL of waste-water was taken and
requisite amount of polymer was added into it by
means of a syringe . The agitator was first adjusted to
100 rpm for I min and then continued for a total
period of 10 min at 50 rpm . The agitator was subse-
quently stopped and the waste-water was allowed to
settle for 1 h . A measured volume of samples from
each beaker (with and without polymeric flocculant)
was taken to determine the suspended solids.

Analysis of tannery effluent shows pH 8 .0,
negative charge, high BOD and high total and
suspended solids (proteins, inorganic salts and lime
suspension, etc .) . Total solid content, dissolved solid
and suspended solid contents of waste-water were
determined by the equations:

Total solids (mg / L) = (A – B) x 1000

where:
A = weight of dried residue after evaporation of liquid
from the sample + dish
B = weight of dish

Total dissolved solids (mg/L) = 	
(A – B) x 1000

Vol of sample (mL)
(2)

where:
A = weight of dried residue after evaporation of liquid
from filtered sample
B = weight of crucible:

Suspended solids = Total solids – Total dissolved
solids.

Vol of sample (mL)
( 1 )

86

	

Iranian Polymer Journal / Volume 10 Number 2 (2001)



Jha A. n al.

Table 1 . Effect of pH and feed ratio on intrinsic viscosity, composition and glass transition temperature of copolymers.

pH of the
reaction medium

Molar feed ratio I

	

Reactivity ratio [n] dUg
25 'C

Mol percent of amide in copolymer
T° ( ~C)AcrylamidelAcrylic acid Elemental analysis 13C NMR

4.0 1 :1 0 .80:1 .02 4 .25 41 .09 41 .10 194 .8

4.0 1 .5 :1 5 .10 48 .69 49.10 196 .0

4.0 2 :1 5 .50 62.84 63.00 210 .0

10 .0 1 :1 1 .18 :0.60 4 .80 47.79 48.20 201 .0

10 .0 1 .5:1 5.30 56 .90 57.10 207 .0

10 .0 2:1 6.15 72 .82 73 .00 215 .0

Polymerization temperature = 6011 'C; polymerization time = 120 min.

RESULTS AND DISCUSSION

As the monomers contain polar/ionizable groups, the
copolymerization reaction was carried out at moderate
acidic/basic pH levels, which ultimately controls the
content of acrylamide and acrylic acid in their
copolymers . A few experiments which were carried

out at pH 2 .0 and 12 .0 using monomers feed ratio 1 :1

in presence of 7 .4x l0-5 mol of initiator gave un-

desired results . At pH 2 .0, copolymer was not
obtained even after 4 h due to less reactive protonated
form, of acrylamide and at pH 12 .0, the reaction

mixture was gelled in about 20 min. In view of this

the pH values of 4 .0 and 10 .0 were selected for

further studies. However in the pH range between 2 .0

and 6 .0 the system undergoes terpolymerization [14].
Table 1 shows the composition, glass transition

temperature and the intrinsic viscosity of copolymers
prepared at pH 4 .0 and pH 10.0 using different feed
ratio of two monomers.

Figures 1 and 2 show I3 C NMR spectra of the
copolymer samples prepared using 2 :1 molar feed

ratio of acrylamide to acrylic acid at pH 4 .0 and 10.0,

respectively . The resonance peaks due to the carbon
atom of the carbonyl group of amide appeared near
180 ppm carbon of acrylate carbonyl group near 182
ppm (in Figure l only) and carboxylic carbonyl as
multiplet in the region 185 .0 to 187 .2 ppm . The peaks
due to methine carbon atom of the amide and carbo-
xylic group appeared at 42 and 45 ppm, respectively.
The peaks due to methylene carbon atom appeared at

32 and 35 ppm. Table 1 shows the intrinsic viscosity,
composition, glass transition temperature of the
copolymers and the feed ratio of two monomers at
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Figure 1 . 13 C NMR Spectrum of poly(acrylamide-co-acrylic acid), molar feed ratio (who) 2:1, pH 4 .0.
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ppm

Figure 2 . 73 C NMR Spectrum of poly(acrylamide-co-acrylic acid), meter teed ratio (wlw) 2 :1, pH 10 .0.

different pH level . It is apparent from the Table 1 that
the composition of the copolymers in terms of mol %
of amide obtained by the two routes are in proximity
to each other, 72 .82 mol % at pH 10 and 62 .84 mol %
at pH 4 . It could be inferred from the results obtained
that the acrylamide monomer favours to react its own
radical in basic medium. The reactivity ratio of the
two monomers acrylamide and acrylic acid (r) and r2,
respectively) was determined by Finemann and Ross
method 119] . The r l values were 0 .80 and 1 .18 and r2
values were 1 .02 and 0 .60 at pH 4 .0 and 10 .0, respect-
ively. These values of r l and r2 show that the increase
in pH increases rl as well as the product of the two
reactivity ratios. The increase in the value of the
product of the reactivity ratio shows that the random-
ness in the copolymer structure decreased with the
increase in pH. The value of reactivity ratio at the two
selected pH levels again confirms that the acrylamide
content in the copolymer increases with the increase
in pH .

The glass transition temperature and intrinsic
viscosity of the copolymers prepared at two different
pH levels show an increase with the increase in the
feed ratio of the two monomers. At any feed ratio the
increase in pH increased Ts and [rl] which is probably
due to increase in the amide content of the copolymer.

The flocculation efficiency of all the copolymer
samples was assessed by determining the percent

removal of total and suspended solids present in the
treated waste-water samples . The experiments with a
particular flocculant were completed in a day to avoid
the effect of temperature . The trials with each floccul-
ant were started with a lower dose and were gradually
increased, so that the optimum dose could be obtained.
Figures 3 and 4 show the plots between polymer dose
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Figure 3 . Plots of percent removal of total solids vs . polymer
dose, mol % wt . of amide in copolymer, (1) 41 .09, (2) 48 .69,
(3) 62.84 at pH 4 .0, (4) 47.79, (5) 56.90, (6) 72.82, at pH 10.0.
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Figure 4 . Plots of percent removal of suspended solids vs.

polymer dose, mol % wt. of amide in copolymer, (1) 41 .09,
(2) 48 .69, (3) 62 .84 at pH 4 .0, (4) 47 .79, (5) 56.90, (6)

72.82, at pH 10 .0.

vs . total and suspended solids, respectively . It is
apparent from both figures that the optimum dose is 1 .2
mg L 1 for all the copolymer samples . Further increase
in the polymer dose decreases the removal of solids
from the waste-water.

The copolymer prepared in an alkaline medium
and heaving 27 .18 mol % of acrylic acid determined
by elemental analysis and 13 C NMR shows the highest
solid removal, whereas, the copolymer prepared in
acidic medium having 37 .16 % of acrylic acid shows
the least removal of solid . It was inferred from the
results that the copolymers prepared in alkaline
medium are better flocculant for tannery waste-water
than the copolymers prepared in acidic medium . The
flocculation efficiency has also been found increasing
with the feed of acrylamide to acrylic acid from 1 :1 to
2 :1 in copolymer preparation.

CONCLUSION

Present study was done basically to emphasize the

flocculation efficiency of copolymers of acrylamide-
acrylic acid of varying composition and prepared at
acidic and alkaline pH in treatment of tannery
effluent . The effluent was collected from the tanneries
using vegetable tanning for skins and hides . The
analysis of the effluent shows a mild alkaline pH,
high BOD and 34034 mg/L of total solids . These
copolymers were found effective to remove up to 75%
of solids from the effluent.

The standard jar test was used to study the
flocculation capacity of these copolymers . The pH 4
and pH 10 were selected to prepare the flocculent
samples. The effective pH range for preparation of co-
polymers was found to be between 6 and 10 . Between
pH 4 and 6, the terpolymerization of acrylamide-
acrylic acid and sodium acrylate was noticed . It was
concluded that poly(acrylamide-co-acrylic acid)
prepared at pH 10.0 is a better flocculant for tannery
waste-water clarification than the same prepared at
pH 4 .0. The flocculation efficiency increased with the
decrease in acrylic acid content in copolymer.

The flocculation efficiency has also been found
increasing with the increase in the molar feed ratio of
acrylamide to acrylic acid from 1 :1 to 2 :1 in copoly-
mer preparation . These copolymers were not found to
be economical, as their higher doses are required for
removal of solids from tannery effluent in comparison
with a commercial flocculant.
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