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RESEARCH ON THE EFFICIENCY OF USE OF NATURAL POLYMER FLOCCULANTS
IN THE PROCESS OF WATER SOLUTION PURIFICATION

Natural flocculants are studied in the processes of water solution purification using the method
of Jar-test. Experimental part of the work involves the research of different flocculants for the purifi-
cation of colored water. The aim of this study is to determine the efficacy and optimal doses of floccu-
lants in combination with aluminum sulfate. The flocculants such as chitosan, sodium alginate, starch
and polyacrylamide are used for researching. As a coagulant, Al,(SO,)s18H,0 with a concentration
of 10 % is used. It has been established that chitosan is the most effective flocculation reagent. It is
explored that such factors as the dosage of reagents, chemical nature of links and the composition of
polymer macromolecules, physical and chemical parameters of the process and the concentration of
reagents influence the flocculation process. The optimal conditions for carrying out the process of

flocculation are established.
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Introduction. Water purification efficien-
cy has a significant place in the national economy
of the country, so great importance is given to
substances that purify water. Color is one of the
most important parameters of drinking water
quality control. A combination of chemical and
physical processes consisting of coagulation and
flocculation followed by precipitation and filtra-
tion is used to purify the water. Recently using
natural biopolymers as flocculants in water puri-
fication is growing in popularity [1-3]. Polymers
are water soluble macromolecular compounds,
which, when introduced into disperse systems,
are adsorbed or chemically bind to the surface of
particles of the dispersed phase and combine
particles into agglomerates (flocs), facilitating
their rapid precipitation. The using of metal coa-
gulants with flocculants makes it possible to ex-
pand the optimal coagulation zones (pH and tem-
perature), reduce the consumption of coagulants,
increase the reliability and performance of
wastewater treatment facilities. Organic polymers
have the ability to destabilize the disperse sys-
tem, that is why some flocculants may be used
without adding of metal coagulants [4]. Natural
polymers are activated silica, starches, seeds
from the Moringa Oleifera trees, chitosan, guar
gums, tannins and sodium alginate. Biopolymers
are virtually non-toxic and more environmentally
friendly compared to synthetic polymers [6-12].
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Therefore, it is quite important to research physi-
cal and chemical properties of natural flocculants
and identify ways of their prospective using.

Methods and materials. In the experi-
ment, Aly(SO,);-18H,O was used as coagulant
and potato starch, sodium alginate (production of
“Aldrich”), acrylamide cationic AK-636r (brand
KP-555), chitosan (manufactured by ZAO Bio-
progress with a degree of deacetylation of 82%)
were used as flocculants. To prepare solution of
coagulant, 10g of Aly(SO,); 18H,0 was dis-
solved in 100 ml of distilled water, thus obtaining
a concentration of 10 % coagulant solution. Solu-
tion of chitosan was prepared by dissolving 1 g
of chitosan in 1 ml of acetic acid and diluted in
100 ml of distilled water. The resulting solution
was stirred with a magnetic stirrer until chitosan
dissolves completely. A solution of sodium algi-
nate and polyacrylamide were prepared by dilut-
ing 1 g of sodium alginate and polyacrylamide in
100 ml of distilled water. The resulting solutions
were stirred on a magnetic stirrer to completely
dissolve sodium alginate and polyacrylamide.
The starch solution was prepared by diluting 1 g
of starch in 5 ml of distilled water. The prepared
mixture was poured into boiling distilled water
(100 ml) and boiled for 2 minutes. The concen-
tration of flocculants in the solution was 1 %.

For the preparation of water samples, a dye
was used — active blue 3SWT and distilled water.
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To prepare color solutions, 0.1 g of dye was dis-
solved in 11 of distilled water and mixed on a
magnetic stirrer at a rate of 20 rpm. This solution
was used as a starting material for preparation of
model solutions with a dye concentration of
0.02 g/l. In order to create solutions, close to the
industrial effluent, hardness salts: MgSO,-7H,0
and CaCl,-5H,0 were added.

For experimental research, a laboratory
unit for Jar test was used, the scheme of which is
shown in Figure 1. Jar test unit consists of

Flocculator 2000
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6 laboratory glasses of 11, 6 mechanical stirrers
with adjustable rotation speed and mixing time.
These parameters are regulated by using Floccu-
lator 2000. The rotation speed is from 10 to 140
revolutions per minute. The maximum mixing
time is 60 minutes. The device is additionally
equipped with a pH electrode to control the pH in
water samples. The pH of water sample was ad-
justed using HCI and NaOH solutions with con-
centration 0.1 M.

Figure 1 — Laboratory equipment for Jar tests

Experiment was conducted at 140 rpm of
mixing rate for 3 min after adding coagulant or
flocculant then the speed was reduced to 50 rpm
for 10 min and 20 min of settling time.

The color of the solutions was investigated
using a spectrophotometer UV-5800 (Shanghai,
China).

The removal efficiency of the dye (RE) was
calculated using the following equation:

1—&} -100%
D

RE(%) :[

where D, is the initial optical density and D is
the final optical density of colored solutions.
Results and discussion. Since chitosan is a
cationic polymer, it has the property of neutraliz-
ing the charge due to its personal charge. Chito-
san has a high charge density. In addition, the
charge density of the polymer rises when the
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adsorption polymer is increased [5]. In this way,
this means the rapid destabilization of particles
and therefore, chitosan may be used without add-
ing of metal coagulants.

The objective of the first stage of the re-
search was to determine the optimal dose of chi-
tosan. The results are presented in Figure 2. The
effect of the dosage was analyzed at pH 7.5 and
temperature 20 C. The experiment was carried
out by changing the concentration of chitosan
from 5 mg/l to 35 mg/l. It can be observed from
the Figure 2 that at the dose of chitosan 30 mg/I
the removal efficiency of the dye is equal to
80 %, this is the best result among other doses.
The velocity of sedimentation of the flakes was
0.025 mm/s. This is due to the fact that at such
concentration there is a rapid destabilization of
particles. Thus, an optimal dose of chitosan was
determined, which was 30 mg/I.
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Figure 2 — Effects of chitosan dosage on removal efficiency and velocity of sedimentation
without coagulant

The next stage of the experiment served to
determine the optimal dose of chitosan in combina-
tion with Al,(SO,);- 18H,0 coagulant at pH 7.5 and
20 C. The experimental results are shown in Figure
3. The dose of Aly(SOy)s'18H,0 40 mg/l was used.
Dosage of chitosan varied from 5 to 35 mg/I.

The using of chitosan in combination with
aluminum sulfate leads to an increase in the effi-
ciency of the flocculation process, to the forma-

tion of denser flakes and their rapid sedimenta-
tion at a lower chitosan dose. When using alumi-
num sulfate as a coagulant, the optimal dose of
chitosan decreased to 15 mg/l. In addition, using
of chitosan as a flocculant helps in the processes
of coagulation and flocculation to reduce the
residual AI** in purified water [2]. The optimal
ratio of chitosan to aluminum coagulant was set
to 1:2.6.
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Figure 3 — Effects of chitosan dosage on removal efficiency and velocity of sedimentation
with coagulant Al,(SO,)s-18H,0
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The pH value not only affects the surface
charge of flocculants, but also affects the stabili-
zation of the suspension. In addition, the solubili-
ty of chitosan in aqueous solution depends on
pH. Thus, the study of pH is important for deter-
mining the optimal conditions for the treatment
model solutions. The effect of pH was analyzed
at previously determined optimum dosage of
chitosan 30 mg/l, for pH range varied from pH 2
to pH 10. Experimental results are shown in Fig-
ure 4. By analyzing the removal efficiency of dye
at different pH values, it can be stated that pH has
an effect on coagulation and flocculation
processes using chitosan. In addition, it was de-
termined that increase in dye removal efficiency

up to 82 % occurs at pH 8. Chitosan maintains
the sorption ability and interacts electrostatically
with anionic suspended particles in the model
solution at pH 8 [6].

Even in the study of pH influence on the
complex aluminum sulfate-chitosan, the best
result was observed at pH 8. There is a complete
hydrolysis of aluminum sulfate to form difficult
soluble aluminum hydroxides that contribute to
the adhesion of colloidal particles, and therefore
better sedimentation of flakes at pH 8. In a higher
pH range, the coagulant-flocculant system does
not work efficiently, because when pH is higher
than the optimal, there is a decrease in the ioniza-
tion of chitosan and its solubility in water.
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Figure 4 — Effect of pH on removal efficiency, using dose of chitosan 30 mg/l without coagulant

The next flocculant, which was studied,
was sodium alginate. Since sodium alginate is
anionic flocculant, it does not exhibit coagulating
properties in water purification processes, such as
chitosan. Therefore, in the study of the effective-
ness of sodium alginate as a flocculant, an addi-
tional coagulant Al,(SOy4)s18H,0 was used. The
process of coagulation and flocculation was car-
ried out at pH 7,5 and temperature 20 °C. The
concentration of sodium alginate was variated
from 10mg/l to 50mg/l. The dose of
Aly(SO,)s- 18H,0 40 mg/l was used. The results
are shown in Figure 5. From the data, it was de-
termined that the optimum dose of sodium algi-
nate was 40 mg/l, because at such dosage the
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better discoloration of solution was and removal
efficiency of dye occured 74 %, and the fastest
sedimentation of particles was 0.033 mm/c. The
ratio of sodium alginate to aluminum coagulant
was set to 1:1.

The finally flocculant, which was studied,
was starch. The starch does not exhibit high floc-
culating properties, therefore, in order to improve
its properties, copolymerization with acrylamide
is used. Copolymerization is successfully used to
make significant changes to the properties of
solutions of many flocculants, such as starch,
cellulose, synthetic polysaccharides, etc. [7]. This
allows them to be more effective in the process of
flocculation.
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Figure 5 — Effects of sodium alginate dosage on removal efficiency and velocity of sedimentation
with coagulant

As flocculants for research, starch and carried out at pH 7.5 and temperature 20 °C. The
cationic acrylamide were used and as coagulant, dose of acrylamide 10 mg/l was used. The con-
40 mg/l solution of Aly(SO,)3-18H,O was used. centration of starch was variated from 5 mg/l to
The process of coagulation and flocculation was 30 mg/l. The results are presented in Figure 6.
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Figure 6 — Effects of starch dosage on removal efficiency and velocity of sedimentation,
using acrylamide and coagulant
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The results at different concentrations of
starch are almost identical, but according to the
data, the optimum dose of starch was 10 mg/l. At
a dose of 10 mg/l the color level was 2 units, the
velocity of sedimentation flakes was 0.037 mm/s.
The optimal ratio of Al,(SOy4)s-18H,0 to starch
and acrylamide was determined as 4:1:1. The
starch is as an auxiliary reagent for increasing the
efficiency of the flocculation process. It can be
used in flocculation and coagulation processes in
order to reduce the concentration of the main
flocculant and accelerate the sedimentation of the
flakes. Using starch with a coagulant is not ap-
propriate, because it has poor flocculating proper-
ties. The starch works efficiently in the process of
water treatment only when it is in combination
with other flocculants in the role of copolymer.

Conclusions. The results of this study
prove that in the research of natural flocculants,
chitosan is the most effective flocculant in the
process of purification of color solutions. It was
shown that chitosan has a high charge density,
successfully flocculates anionic suspended par-
ticles and is environmentally friendly. The use of
complex aluminum sulfate-chitosan increases the
formation of flakes and their sedimentation, re-
duces costs of coagulants and flocculant, reduces
the residual AI** in purified water and increases
the level of purification of color solutions.
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JOCHIIKEHHA E@EKTUBHOCTI BUKOPUCTAHHSA NTPUPOJHUX ITOJIMEPHUX
@OJIOKYJISIHTIB Y ITPOLECI OYUMIIIEHHA BOJHUX PO3YUHIB

Y pobomi npupooui ¢hroxyisumu 00crioxncysarucs 8 npoyecax OYUweHHs 600HUX PO3UUHIG
memooom [xcap-mecmy. Excnepumenmanvua wacmuna pobomu 6Kuouana OOCHiONCeHHs (AOKYIAH-
mie 0J1 OUUUeHHs KOIboposUux 600. Mema pobomu — guznauumu eghpeKmusHichv i ONMUMATbHI 003U
DROKYAAHMIG Yy KOMNIEKCI 3 CYIbPAMOM amoMiHiio. [ 00CHiOdNCeHHsT BUKOPUCAHO QAOKVIAHMU,
maxi K Ximo3aH, anbeiHam HAmpil, KpoXmanib ma noaiakpuiamio. Ax Kxoazyisaum euKopucmogysaiu
Aly(SOy)3'18H,0 3 konyenmpayiero 10 %. Jns eusnauenns onmumanbhol 003u (LoKyISHMA UKOPUC-
moeysagca /[cap-mecm, AKUL 0A€ MONCIUBICIb 3 BEIUKOI0 MOYHICMIO IMIMYy8amu npoyecu ymeo-
PEeHHS NAACMIBYIs, Wo UOYMb HA RPOMUCTOBUX YCMAHOBKAX (DI3UKO-XIMIUHO20 ouuujerHs 6oou. Jloci-
0dfceHo, wo maki paxkmopu, 1K 003Y8AHHA pea2eHmis, XIMIYHa Npupooa 38 ‘sA3Ki6 i CKId0 NOJIMEPHUX
MAKpomonekyn, Qizuyni 1 XiMiyHi napamempu npoyecy ma KOHYeHmpayis peazenmis eNIu8arms Ha
npoyec ¢aoxyasayii. Bcmanosneno, wo ximozan € Hatbinvu epeKmusHuM peazenmom 015 ProKyIayii
— AK CamMOCmiiHO, Max i y NOEOHAHHI 3 CYAbhamom amoMinio. Busnaueno onmumanvui ymosu 0
npogederus npoyecy gaoxynayii. Ilicis nposedenns 6a2amopasosux 00CHIONCEHb BCIMAHOBNEHO, WO
MAaKCUMATIbHE NONINUIeHHSL IKOCI 04UWY8aHOT 600U docseacmuvcs npu snavenusx pH=8, =20 C ma
BUKOPUCMANHI XIMO3aHy 6 KOMOIHaYil 3 cyibgamom anominiio y cniegionouenti 1:2,6 8ionogioHo.
Haubinvwa epexmusnicme ouuwenns zabapenenux posuunie (6ausvko 80 %) oocseanacs npu 003i
ximo3zany 30 me/om>, a 6 kombinayii 3 Aly(SO4)3 18H,0 — 15 me/om’. Bemarnosneno, wo npu UKOPUC-
MAHHI KOMAAEKCHO20 XIMO3AH-CYAb@am amoMIHII0 GLOKYIASHMA 30L16UYEMbCS WEUOKICHb YMEOPEH-
HA NIACMIBYI8 MA iX OCIOAHHS, 3MEHULYIOMbC UMPAMU KOA2YIAHMIE Ma (IOKYIAHMIE, 3MEHULYEMb-
cs sanuukosuti AP 6 oyuweHitl 600i ma NiOBUULYEMbCA PiBeHb OUULYEHHSA KOTbOPOBUX PO3UUHIS.

Knwwuogi cnosa: ¢noxynsanmu, nonimepu, ximosaw, koazyasyis, ocap-mecm.
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