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Abstract

The influence of anionic, cationic synthetic polyelectrolytes and their mixtures
on the aggregation of kaolin hydrosuspension has been studied by means of
spectrophotometry, electrophoresis and dynamic light scattering (DLS). An
enhancement of the flocculating property of the cationic polyelectrolyte FO 4650
in accordance with its consumption increases from 0.77 mg/g to 7.7 mg/g has been
found. At these conditions the relative size of floccules (R) increases from 1.0 to 13.0.
The increase of the flocculating property accordingly to the increasing charge
of anionic polyelectrolyte is observed in mixtures of cationic and anionic
polyelectrolytes. The time dependences of R in presence of the weakly charged
cationic polyelectrolyte mixtures reach a plateau region. This can be associated with
the formation of electrostatic contacts between the solid surface and the polymer
mixtures, as well as with stabilizing equilibrium conformation of macromolecules.
It has been found that mixtures of oppositely charged polyelectrolytes lead to more
efficient aggregation of particles than individual polyelectrolytes. This process is
enhanced by the introduction primarily of the cationic polyelectrolyte and then the
anionic one (R = 6-10). Use of the pre-formulated mixtures of polymers leads to
the marked increase in degree of particle aggregation (R = 12). The reason is an
interaction of kaolin particles with inter-polymer complex formed by electrostatic
attraction of oppositely charged polyelectrolytes.

1. Introduction

One of the major problems related to the natu-
ral and waste water treatment by using the layered
silicates is to accelerate the separation of dispersed
particles from the dispersion medium. For this pur-
pose, various coagulants and flocculants are more
appropriate. Notwithstanding that the general regu-
larities of coagulation and flocculation of fine par-
ticles are summarized in some well-known papers
[1-4]; interest in these systems continues to be in
focus of many research group.

In particular, the coagulation and flocculation
method has been used in the work [5], which in-
volves polyelectrolytes containing sulfur-groups to
remove basic and acid dyes used in the textile in-
dustry. The efficiency of the method is shown in re-
moving not only dyes but also ions Cu**, Pb*", Fe*
from the water. Dyes and ions were bound with a
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natural sorbent due to the ion-exchange mechanism.

The high efficiency of a new composite floccu-
lant, which is a mixture of chitosan and thermosen-
sitive poly-N-vinylcaprolactam, in separating clay
particles from their aqueous suspension has been
demonstrated [6].

The important role of adsorption by the macro-
molecular flocculant and the determination of the
flocculant’s equilibrium conformation in the ad-
sorption layer in the dispersed phase flocculation
kinetics was shown in [7]. A new approach to the
search for ecologically clean flocculant is consid-
ered in [8]. It was found that individual organelles
coupled with protease K and diethyl ether can be
used as an effective biodegradable flocculant.

The derivatives of Opuntia ficus — indica are di-
rect flocculants for biomaterials and heavy metal
ions when they are used for purification of polluted
water [9].
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In the previous works [10-12], we showed a
high sorption activity of the Kazakhstan bentonite
clay (montmorillonite of the Monrak Deposit in the
East Kazakhstan Region) to the heavy metal ions
(Cu?, Pb?*, Cd?*', Zn*"). The treatment of waste wa-
ter from the Belousov Ore Mining and Processing
Mill with a thermal-acid activated montmorillon-
ite via its flocculation with a flocculant ensures
95-98% of waste water purification enabling the
same to be discharged to Irtysh River [10].

In addition, we have shown that the flocculating
power of the oppositely charged flocculant mix-
tures depends strongly on the structure of a mixed
adsorption layer [11] of the mentioned polyelectro-
lytes. The thickness of the mixed adsorption layer
has a significant impact on the electrokinetic poten-
tial value of the kaolin particles. While the anionic
polyelectrolyte charge density increases in its mix-
tures with a cationic polyelectrolyte, the thickness
of the mixed adsorption layer increases, and the
flocculating power of such composite flocculant in-
creases as well.

The work [12] analyzes the effect of electro-
lytes with monovalent, divalent or trivalent metal
cations as well as cationic and anionic surfactants
on the electric surface properties of kaolin and ben-
tonite. It was found that while the electrolyte con-
centration increases the ¢-potential of the particles
of both minerals reduces significantly. The effect
increases while the cation valency increases. The
cationic surfactants recharge and the anionic ones
increase markedly the negative ¢-potential of ka-
olin and bentonite particles.

The influence of cationic, anionic polyelectro-
lytes and their mixtures on the stability of kaolin
suspensions has been studied in this paper.

2. Experimental
2.1 Materials

We used kaolin (Light kaolin BP, United King-
dom) dispersed in water at pH = 7 and fractionated
by the sedimentation method. The fraction with the
average particle diameter of 1.9 + 0.2 um, stable
for one day, was used. The particle size was mea-
sured using the DLS spectrometer Zeta Sizer Nano
ZS (Malvern) instrument [16].

Products of SNF (France) — Company, the cat-
ionic and anionic polyelectrolytes, synthesized
on the basis of polyacrylamide, were used as the
water-soluble polymers (WSP). Characteristics of
the polyelectrolytes used in the study are shown in
Table 1.

Table 1
Characteristics of used polyelectrolyte
Product’s Type Molecular | Charge density
name mass /10°Da| (content of

the functional
groups mol.%)

FO 4115 | Cationic 67 5

FO 4650 | Cationic 67 35

AN 910 | Anionic 89 5

AN 945 Anionic 89 30

AH 956 | Anionic 89 60

2.2. Methods

The influence of polyelectrolytes and their mix-
tures on the stability of water based kaolin suspen-
sions was studied by monitoring the kinetics of the
changing optical density of suspensions and by
changing sizes of floccules (aggregates of kaolin
particles). The floccule dimensions were determined
by means of the Zeta Sizer instrument, using a PDA
2000 (particle dynamics analyzer) (Rank Broth-
ers Ltd, United Kingdom) flow system with con-
stant mixing rate of 90 rpm with a magnetic stirrer.

The parameter R = Vs , which is the ratio of
ds
the root-means-square (rms) value of the fluctuating

light signal (V,,,) to the light transmission of the
original system V. (dc —direct current), was used to
assess the degree of flocculation [13]. The principle
of'this instrument has been well described in several
papers [14, 15], but basically the larger R the more
flocculated the suspension is. The optical density
of the clay suspension was determined by means
of spectrophotometric method, using the spectro-
photometer PD — 303 at a wavelength of 490 nm.

Electrophoretic mobility of kaolin particles was
measured with DLS (dynamic light scattering)
spectrometer Zeta Sizer Nano ZS at room tempera-
ture, within 6-15 V/cm range of external electric
field gradient values. We used the average values
from five measurements of the {-potential. Devia-
tions of the {-potential values from the average do
not exceed 5%.

3. Results and discussion

In order to optimize the flocculation process of
kaolin particles, the effect of the cationic, anionic
polyelectrolytes and their mixtures on the aggre-
gation of dispersed phase particles was studied.
Factors such as polymer concentration, composi-
tion of their mixtures, density of positive and neg-
ative charges of polyelectrolytes, and the method

Eurasian Chemico-Technological Journal 18 (2016) 117-121



Zh.A. Lakhbayeva et al. 119

of feeding the components of the mixture into the
suspension, which influences this process, were
studied as well.

0.05% kaolin suspension proved to be quite sta-
ble, as its optical density is practically unchanged
for 40 min. Figure 1 shows that increasing concen-
tration of the cationic polymer FO 4650, leads to a
significant decrease in the suspension optical den-
sity. This may be due to increasing aggregation of
particles and their sedimentation.

For more information on the kaolinite particles
aggregation in the presence of polyelectrolytes, an
influence of the latter on the R parameter has been
studied. For small (up to a few microns) particles,
this method is about 100 times more sensitive than
the method of turbidity [14, 15].

Figure 2 shows that the cationic flocculant FO
4650 does not significantly increase the aggregation
degree (R ~ 3—4) at low concentrations (0.77 mg/per
1 g of solid phase), while the increase in its content
from 1.5 mg/g to 7.7 mg/g leads to the noticeable
rise in degree of particles aggregation over time
(R ~ 7-13). In this case the kaolin particles aggre-
gation may be caused by the decrease of the nega-
tive surface charge of particles due to the flocculant
polycations adsorption and by reducing electrostat-
ic repulsion between the clay particles [13]. This is
evidenced by the kinetics of varying ¢-potential of
kaolin particles in the presence of cationic polyelec-
trolyte FO 4650, anionic polyelectrolyte AN 945,
and their mixtures (see Fig. 3). As is seen from this
figure, with increasing concentration of FO 4650,
the inversion of ¢-potential sign of kaolin particles
takes place.

In the presence of the anionic polyelectrolyte,
firstly the slight increase in the negative &-potential
of particles is observed, probably due to the forma-
tion of the polymer adsorption layer [16].
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Fig. 1. The kinetics of change in optical density of
0.05% kaolin suspension without flocculant (1) and in
the presence of the cationic polyelectrolyte FO.

t, min

Fig. 2. The kinetics of change in the factor R of 0.05%
kaolin hydrosuspension in the presence of the cationic
polyelectrolyte FO 4650 at concentrations: 0.77 mg/g (2)
1.5 mg/g (3) and 7.7 mg/g (4).
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Fig. 3. Dependence of particle zeta potential on the
concentration of cationic kaolin FO 4650 (1), AN 945
anionic (2) polyelectrolytes and mixtures thereof of 1: 1
by weight (3).

The decrease of &-potential of kaolin particles
caused by the further rise in concentration of an-
ionic polyelectrolyte may be associated with com-
pression of the electrical double layer (EDL) of
particles possessing the polyelectrolyte adsorption
layer. While increasing the addition of mixture (up
to 1:1 by weight) of FO 4650 and AN 945 polyelec-
trolytes to the hydrosuspension, the reduction of the
negative -potential is initially observed and then its
growth (Fig. 3, curve 3.).

Of great interest is the study of the influence of
the mixtures of oppositely charged polyelectrolytes
on suspension stability. This is due to the possibility
of changing the charge and conformation of mac-
romolecules, when they interact. In this regard, the
flocculation of kaolin particles by the mixture of
cationic polyelectrolyte FO 4650 with anionic poly-
electrolytes having different densities of negative
charge was studied (Fig. 4).
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R 14

Fig. 4. Kinetics of R factor changes in a 0.05% kaolin
hydrosuspension in the presence of (1 mg/g) cationic
polymer (FO 4650) (1) and its compositions with anionic
polyelectrolytes: AN 910 (2), AN 945 (3), AN 956 (4) at
a weight ratio of 1:1.

As is seen from the figure, the mixtures of oppo-
sitely charged polyelectrolytes enhance the aggre-
gation of the particles. This phenomenon has been
revealed for dispersions containing the increasing
concentrations of individual polymers [2, 17]; in
this case, the regularity has been found to be the
rule for mixtures of polymers as well. While treat-
ing kaolin suspensions with mixtures of oppositely
charged polyelectrolytes, firstly the layer of cation-
ic polyelectrolyte, adsorbing macromolecules of
anionic polyelectrolyte, is formed on the particle
surfaces [13].

Formation of the mixed layer of cationic and an-
ionic polyelectrolytes on the particle surfaces has a
very important practical value [16, 18]. It always
begins with formation of the polyelectrolyte mono-
layer, charged oppositely to the surface [11].

In this regard, the flocculation of kaolin sus-
pensions by mixtures of weakly charged cationic
polyelectrolyte FO 4115 with anionic polyelectro-
lytes, having different charge densities, was stud-
ied (Fig. 5).

The considered dependences display initial pla-
teau which length decreases in accordance with
increasing charge density of anionic polyelectro-
lyte, namely: if the R values start to increase af-
ter 4 min in the presence of FO 4115 — AN 910
mixtures, the introduction of FO 4115 and AN 956
mixtures leads to the flocculation rise, visible al-
ready in 2-2.5 min. The appearance of the plateau
in the R growth kinetics curves may be associated
with formation of inter-polymer complex between
oppositely charged polyelectrolytes.

Studying the flocculation action of the mixture
of oppositely charged polyelectrolytes on kaolin hy-
drosuspension, is important to clarify the impact of
the rate of the components feeding into the disper-

sion system on the particles aggregation. Individu-
al cationic (FO 4115) and anionic (AN 910) weakly
charged polyelectrolytes do not possess significant
flocculation effect (Fig. 6, curves 1 and 2, respec-
tively). When entering into hydrosuspension firstly
anionic polyelectrolyte AN 910, and then, after 30
sec, cationic polyelectrolyte FO 4115, the particles
aggregation is enhanced (R ~ 6, curve 3). Reorder-
ing the mixture components feeding, the first intro-
duction of cationic polyelectrolyte FO 4115, then,
after 30 sec, followed by anionic polyelectrolyte
AN 910 (Fig. 6, curve 4), leads to the larger degree
of particles association (R ~ 10).

Addition to the kaolinite suspension of a pre-
formed mixture of oppositely charged polyelectro-
lytes results in the maximum particle aggregation
(R~12).

1 ke

T, min
Fig. 5. Kinetics factor R changes of kaolin hydrosuspen-
sion in the presence of a weakly charged cationic polye-
lectrolyte FO 4115 (1) and its composition with anionic
polyelectrolytes: AN 910 (2); AN 945 (3); AN 956 (3) at
a weight ratio of 1:1.
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Fig. 6. The kinetics of formation of the kaolin particles
flocculate in its 0.05% hydrosuspension in the presence
(1 mg/g) of the anionic polyelectrolyte AN 910 (1);
cationic polyelectrolyte FO 4115 (2); mixtures (1:1)
anionic polyelectrolyte AN 910 + after 30 sec. FO 4115
(3); cationic polyelectrolyte FO 4115 + after 30 sec. AN
910 (4); GRP previously prepared mixture (5).
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Interpretation of the experimental results con-
cerning the effect of WSPs and their mixtures on
the stability of the kaolin hydrosuspension can be
carried out on the basis of existing concepts of sta-
bility of polymer-containing dispersed systems [2],
taking into account the chemical structure peculiar-
ities of the mineral particles under consideration
[19], as well as the characteristics of formation of
the polymer adsorption layer [20].

Kaolin is a bi-layered clay mineral where layers
of tetrahedral silicon-oxygen structures are neigh-
boring with octahedral aluminum-oxygen-hydrox-
yl ones [19]. Polymer adsorption and, more spe-
cifically, polyelectrolyte adsorption, on the surface
of clay particles greatly varies with sign and value
of the electric charge of the particles, which very
significantly depending on pH. At neutral pH clay
particles, as a rule, are negatively charged [21].

Therefore, the significant flocculating effect
on the kaolin suspension is caused by the cationic
polyelectrolyte FO 4650 (Fig. 2). This effect rises
in accordance with increasing concentration of the
cationic flocculant. The observed effect may be due
to flocculation of clay particles as a result of neu-
tralization of the negative charge of colloidal parti-
cles ("neutralization mechanism") or formation of
polymer bonds ("bridges") between the dispersed
phase particles ("bridge mechanism") [2].

Flocculation action caused by mixtures of op-
positely charged polyelectrolytes and associated
with formation of interpolymer complexes (IPC).
At low relative concentrations of the oppositely
charged components, this process is accompanied
by decrease in the charge density and hydrodynam-
ic size of IPC. With further increase in concentra-
tions of the second component, charge reversal and
the growth of the hydrodynamic size of IPC are ob-
served [22]. The IPC formation in "loops" and "tails"
of the adsorbed macromolecules [2, 20] may lead to
the formation of larger floccules that reflects on the
R values (Fig. 5). The growth of polyelectrolytes
charge density can strengthen this phenomenon.

4. Conclusions

Thus from the research results it can be conclud-
ed following:

— mixtures of oppositely charged polyelectrolytes
on the basis of polyacrylamide are more effective
flocculants compared to the individual components;

— flocculation action of polyelectrolytes, both in
the individual state and within the mixtures rises in
accordance with increasing of their charge density;

— the pre-formed mixture of cationic and anionic
polyelectrolytes is the most efficient flocculant.
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