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Water Soluble Dextran-Polyacrylamide Graft
Copolymers for Capturing Metal lons

N. Kutsevol,*' J.-M. Guenet,®> N. Melnyk,1 D. Sarazin®

Summary: The graft copolymers of Polyacrylamide (PAA) to Dextran (M,, = 20000 and
M,, =70000) have been synthesised by ceric-ion-reduced redox initiation method.
Molecular characteristic of graft copolymers were determined from light scattering,
SEC, and viscometry data. It was established that the increase of molecular weight of
Dextran component up to 3.5 times do not influence essentially organization at
molecular level of these copolymers in aqueous solution. Thet D-g-PAA copolymers
capable of binding the heavy metal ions.

Introduction

Heavy metals, due to their high toxic effect
on living organisms, are highly harmful to
human health and to ecological systems.
Chemical precipitation, electrodialysis, sol-
vent extraction, and ion exchange are some
of the methods used for removal of heavy
metals from wastewaters [!l. However they
are relatively expensive; therefore, there is
research interest in using alternative low-
cost effective methods for water clearing
process. Water-soluble synthetic and nat-
ural macromolecules are among the most
efficient materials used as flocculants in the
process of water clarification 2l The
attempts have been made in the past
decades to combine by grafting the best
properties of synthetic and natural poly-
mers ). It was concluded that by grafting
flexible PAA chains onto the polysacchar-
ide backbone it is possible to develop
efficient and shear stable polymers for
water treatment in industrial effluents and
mineral processing. PAA as well as poly-
saccharides have on their chains ligands
capable to coordinate the metal ions; thus
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these compounds have attracted our
interest.

The aim of the present work is the
preparation of graft copolymers consisting
of Polyacrylamide chains grafted to a poly-
Dextran using M, =20000) and M, =
70000 backbone, and of determining the
influence of polysaccharides main chain
length on their molecular structure in
aqueous solution and functional properties
with special emphasis on the possibility to
capture heavy metal ions.

Experimental

Materials
Dextran-graft Polyacrylamide (D-g-PAA)
copolymers were synthesized by ceric-ion-
reduced redox initiation method *. Dex-
tran (Leuconostoc) with M,, =20 000 (D20)
and M,,=70000 (D70) (Serva, Sweden),
acrylamide (AA) (Reanal, Hungary) and
ammonium cerium (IV) nitrate (Aldrich,
USA) were used. The amount of initiator,
of AA and the molar ratio of Ce*"/ Dextran
were the same during the synthesis of D20-
g-PAA and D70-g-PAA in order to obtain
comparable number and length of grafts
chains in copolymers.

The analytical grade hydrated cobalt,
nickel, aluminum and iron sulfate were
used for preparing the stock solution for
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experiment on complex formation in the
systems D-g-PAA/Me?".

Instruments and Methods
The FT-IR spectra were obtained by
Spectrophotometer Nicolet NIXUS-475
(USA) in the range 4000-400 cm ™! using
thin copolymer films (1= 6-9 wm). The films
were cast from aqueous solutions.
Viscosity measurements were perform-
ed for dilute solution using an Ostwald type
viscometer kept in a bath at 25+0.05°C.,.
The data were analyzed through the
equation 1°!:

nsp/C = [77] + kﬂ[n]zc'

The light scattering experiments were
carried out by using the commercial
apparatus (SEMATECH) working with a
laser source He-Ne at N =632,8 nm. The
scattering angle, 0, range investigated was
between 30 and 150°. We made conven-
tional static light scattering analysis of the
Zimm-plots using the following equation
relating the excess Rayleigh ratio R(g),
weight-average molar mass M, the radius
of gyration R, and the second virial
coefficient A, :

KC/R(q) = 1/M[1 +q* /3] + 2A4,C

All solutions and solvent after dilution
were filtered using 0.45 pm Millipore filters
directly in the measurement cells.

Self-exclusion  chromatography (SEC)
analysis was carried out by using a multi-
detection device consisting of a LC-10AD
SHIMADZU pump (throughput 0.5 ml/mn),
an automatic injector WISP 717+ from
WATERS, 3 coupled 30cm-Shodex OH-pak
columns (803HQ, 804HQ, 806HQ), a
multi-angle light scattering detector DAWN
F from WYATT TECHNOLOGY, a differen-

tial refractometer R410 from WATERS.
Distilled water containing 0.1 M NaNOj;
was used as eluent. The solutions for the
SEC analysis with concentration were
prepared.

The samples of graft copolymers
were dissolved at room temperature. The
measurements carried out in 24 hours
after preparation of solution for balance
achievement.

Results and Discussion

FT-IR and 'H NMR spectroscopy con-
firmed that we are dealing with graft
copolymers 4. One narrow peak on the
SEC chromatograms testify that the pro-
duct of grafting process is only graft
copolymer. The molecular characteristics
of D-g-PAA copolymers calculated from
SEC, LS and viscometry are reported in the
Table 1.

Unfortunately we could not calculate
the number and molecular weight of grafts
in D-g-PAA copolymers as during the
process of degradation of Dextran chains
of the graft copolymers by acid hydroly-
sis 7! the cross-links of PAA chains occurr-
ed 8l Therefore for graft copolymer
characterization we used only total M, of
D-g-PAA (Table 1).

The value of M, and R,, determined by
SEC and LS methods are in good agree-
ment. The second virial coefficient value
(A), testify that water is good solvent for D-
g-PAA. Increase of Dextran chain length in
3.5 times (70000/20000 =3.5) do not influ-
ence essentially the copolymers macromo-
lecule state in solution. It follows from the
comparable values of My, R, and [n] for
D20-g-PAA and D70-g-PAA samples.

Table 1.
Molecular characteristics of D-g-PAA copolymers calculated from SEC, LS and viscometry
Sample M, x10° My/M, R,nm M,x10° A,cm’/g R, nm [n], Content of
(SEC) (SEC) (SEC) (Ls) (Ls) (Ls) Id/g  Dextran component
in GC, %
D20-PAA 8,5 17 47 8,7 3.1 60 23 3
D70-PAA 7.9 2,7 35 10 3,37 52 2,0 9
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Table 2.

The value of reduced viscosity change of D-g-PAA
solution at metal ions presence. Cpolymer = 0.01 g/dl;
Cume" " =0.06 g-ion Me""/I

Metal ion D20-g-PAA D70-g-PAA
An, dli/g A, di/g
Ni2 " 2,5 2,4
co*t 15 1,6
APT 73 63
Fe3t 2 2

The graft copolymers ability to bonding
heavy metal ions was studied by viscometry
and FTIR spectroscopy. For FTIR investi-
gation we used the thin films prepared by
drying of aqueous polymer solution with
addition of Ni**, Co>*, AI’** and Fe** ions.
Table 2

Fig. 1 (a; b) shows as example the change
of reduced viscosity of the graft copolymer
solution in the presence of metal ions. The
increase of reduced viscosity observed with
increase in ions concentration. The most
drastic changes An in comparison with
solution of individual copolymers are
observed for the most dilute solution
(Table 3).

The increase in reduced viscosity is
connected with the formation of donor-
acceptor bonds between metal ions and
functional groups of two or more macro-
molecules.

Fig. 2 reports as example the FTIR
spectrum of D70-g-PA A. In the spectrum in
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Figure 1.

addition to the characteristic vibrations of
a-glycoside rings of Dextran in the range of
750-1040 cm~!, also the characteristic
Amide I (CO stretching at 1730-1580
em ') and Amide II (NH deformation at
1730-1580 cm™!) vibration of —CO-NH,
groups of the grafted PAA-chains are
observed. The correct spectrum analysis
in the range of 3500-3000 cm ' is impos-
sible as the stretching vibrations of hydro-
xyl groups of to dextran overlap the
stretching vibrations of —NH, groups of
PAA chains and of -OH groups of bond
water present in the graft copolymers.
Moreover, for all copolymers the charac-
teristic stretching vibration of Dextran
component is poorly resolved due to low
content of the Dextran constituent
(Table 1).

The analysis of the FTIR spectra for D-
g-PAA/Me™" systems was carried out in
particular in the 1500-1700 cM ' region
(Amide I and Amide IT). Table 3 reports
the Amide I and Amide II characteristic
vibration of D-g-PAA/Me"" systems and
D-g-PAA.

D-g-PAA copolymers can form H-bonds
of different types (Fig. 3) which are less
probable in solution but presents in the
bulk state. It is known that the H-bonds
formation between functional groups
causes the decrease of frequencies of
stretching vibration and increase of fre-
quencies of deformation vibration. Table 4
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Dependence of reduced viscosity of D70-g-PAA (a) and D20-g-PAA (b) vs Ni** and AP" ions concentration.

cpolymer =0.01 (1); Cpolymer =0.05 (2) g/dl
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Table 3.
Amide | and Amide Il characteristic vibrations of D-g-PAA/Me"" systems and D-g-PAA.

Metal ion D20-g-PAA D70-g-PAA
Amide | (v, cm™) Amide Il (v,, cm™) Amide | (v, cm™) Amide Il (v,, cm ™)

— 1662 1618 1661 1618
co*" 1657 1615 1663 1615
Ni* " 1656 1609 1655 1603
Al 3T 1665 1601 1656 1598
Fe3* 1649 1575 1653 1577
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Figure 2.
FTIR spectrum of D70-g-PAA.
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Figure 3.
H-bonds in D-g-PAA (a) and (b) — between functional groups of PAA grafted chains; (c)- between main and
grafted chains.

Table 4.
The shift of Amidel and Amide Il characteristic vibration of D-g-PAA/Me"" system relatively of amidel and amide
Il characteristic vibration of different D-g-PAA.

Metal ion D20-g-PAA D70-g-PAA

Amide | (Av,, cm™) Amide Il (Av,, cm™)  Amide | (Av, cm™")  Amidell (Av,, cm™)

C02+

5 3 2 3
Ni2 " 6 9 6 15
Al 3T 3 17 6 20
Fe3™ 13 43 8 4
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The increase in the frequencies of the
stretching as well as of the deformation
vibration occurs for the systems D-g-PAA/
Me?" in comparison with the individual
copolymers. It testify more strong bonding
of carbonyl CO groups with metal ions and
as results the partial formation of NH,
groups not involved in H-bonds (Fig. 3, a,
b). Thus, the interaction between macro-
ligand and heavy metal ions occurs mainly
by formation of donor-acceptor bonds
between CO groups of PAA chains and
metal ions. The process of complex forma-
tion between macroligand and heavy metal
ions do not depend on the molecular weight
of Dextran component for D20-g-PAA and
D70-g-PAA copolymers. The complex for-
mation ability of metal ions with this
macroligand is following: Fe™ > AIP" >
Ni*" > Co**.

Conclusion

The copolymers Dextran- polyacrylamide
based on Dextran of various molecular
weight (Mw =20000 and Mw = 70000) have
been synthesised by ceric-ion-reduced
redox initiation method. It was shown that
increase of Dextran component length in

© 2006 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

3,5 times (70000/20000) influences moder-
ately the state of molecules of D-g-PAA in
aqueous solution. It was establish that D-g-
PAA copolymers are capable of binding the
heavy metal ions. The process of complex
formation between macroligand and heavy
metal ions do not depend on the molecular
weight of Dextran component for D20-g-
PAA and D70-g-PAA copolymers. The
modification of these copolymers will allow
one to prepare highly effective flocculants
for ecological problems solution.
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