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Contaminated industrial wastewater significantly reduces the volume of drinking water. A wide
range of composition and insufficient treatment of wastewater from enterprises such as the textile,
chemical or metalworking industries, which often fall into water bodies, negatively affect the state
of aquatic ecosystems, and that is why it is necessary to carefully select the optimal treatment
method. Among the types of wastewater treatment, the coagulation-flocculation process has gained
considerable popularity, which occurs due to the adhesive and adsorption properties of coagulants
and flocculants, which is widely used in the purification technologies of both natural and industrial
wastewater from colloidal particles, radionuclides, phosphates, dyes and suspended particles.

Coagulants are able to hydrolyze in water with the formation of various coagulation structures with
high adsorption and adhesion properties, flocculants, in turn, contribute to the formation of flakes,

sedimentation and filtration, stabilize the cleaning process, improve quality and increase the
efficiency of equipment.

During the experimental work, the employees of the Department of Chemical Technology and
Water Treatment established the advantages of using natural flocculants in the process of
wastewater treatment using colored model solutions as an example. A study was made of the
influence on the degree of purification of such characteristics as the type of flocculant (for example,

chitosan and sodium alginate) and coagulant (Al2(SO4)3-18H20, ALS, PIX-318), the optimal dose of
reagents, the type of dye (direct, active, dispersed) , settling time and content of residual ions.

During the research, the Jar-test method was used, the essence of which is to simulate the process
of floc formation, which is typical for industrial wastewater treatment plants. The study of the
composition of model water samples was carried out using the spectrophotometric analysis method.
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1. Introduction have a very dangerous effect on living

organisms present in water bodies, and

The result of most technological through them on the human body. At a dye

processes for the synthesis of organic dyes
and the processes associated with their use is
the formation of a large amount of colored
wastewater. Dyes practically do not
biochemically oxidize and do not decompose,
when released with sewage into open water.
Dyes are substances of toxic local action that
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concentration of more than 0.1 mg/dm?, the
oxygen regime of water, COD, BOD,
ammonification and nitrification processes are
disturbed. For the treatment of wastewater
contaminated with soluble dyes, to the
maximum possible concentrations that do not
affect the processes of self-purification of
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water, which is about 0.001 mg/dm?, various
methods are used, including coagulation-
flocculation treatment. Inorganic salts of
aluminum and iron preferably are used as
coagulants, and high-molecular compounds of
artificial and natural origin are used as
flocculants. [1,2].

The creation and introduction of
effective and environmentally friendly
flocculants of natural origin into the
purification process of colored aqueous
solutions is of current importance. In this
regard, the scientists of the Department of
Chemical Technologies and Water Treatment
of the Cherkasy State Technological
University were faced with the task of
researching and studying the flocculation
characteristics of chitosan and sodium
alginate and comparing the effectiveness of
their use in the processes of removing soluble
dyes from aqueous solutions when used
together with inorganic coagulants.

2. Materials and Methods

Conditions of the flocculation process
and the determination of optimal doses of
flocculant in combination with inorganic
coagulants (Jar-test) were studied to establish
the optimal mode for the use of flocculants
(chitosan and sodium alginate) and coagulants
(Al2(SO4)3'nH20, ALS, PIX-318). The Jar
test method uses glass vessels in which water
samples interact with reagents under various
mixing conditions, thus simulating the
flocculation process. The chromaticity of the
studied solutions was determined by a single-
beam spectrophotometer Ulab 102. In the
course of the work, the example of soluble
dyes: direct blue, acid red, and active bright
blue, were studied using the interaction of a
flocculant (chitosan) with various types of
coagulants.
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3. Results and Discussion

Dye type impact. Determination of the
optimal dose of flocculants (sodium alginate
and chitosan) in their complex action with a
coagulant was the first stage of the study.
Were filled with the same volume of the
studied model solution and the optimal dose
of coagulant (Al2(SO4);-nH20) was added to
each of six glass beakers, predetermined. The
optimal dose of coagulant was selected after
studies of the degrees of purification from
dyes and turbidity, changes in pH and TDS of
solutions after adding different doses of
coagulant, and settling time. For colored
solutions with active, direct and dispersed
dyes in the presence of suspended particles of
kaolin, the optimal doses are 50, 40 and
40 mg/dm?, respectively.

After intensive stirring at a speed of 140
rpm for three minutes, a 1% flocculant
solution was added to the beakers - from 1 to
20 cm?®, which corresponds to a content of 10
to 200 mg/dm’, while the first beaker
remained the control (only with coagulant).
Next, the stirring speed was reduced to
50 rpm, and flakes formed within 10 minutes.

Graphical dependences are shown on
Fig. 1 and Fig. 2 presented the results of the
experimental determination of the optimal
dose of flocculants. It has been established
that using chitosan, is achieved a higher
purification efficiency of colored solutions
than with using sodium alginate. It can be
explained by the fact that chitosan, due to the
presence in its structure of a large number of
hydro-oxidizing and ammonium functional
groups, contributes to the formation of more
durable and compact agglomerates, which
accelerates their precipitation.
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Fig. 1. Dependence of the degree of
purification of colored model solutions from
dyes in the presence of suspended kaolin
particles and the dose of the flocculant -
chitosan (the optimal dose of coagulant for
each dye determined at the previous stage of

research)
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Fig. 2. Dependence of the degree of
purification of colored model solutions from
dyes in the presence of suspended kaolin
particles on the dose of the flocculant -
sodium alginate (determined at the previous
stage of research by the optimal dose of
coagulant for each dye)
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The relative effectiveness of two
flocculants for different types of dyes was
determined by the average value of the
differences in degrees of purification from
flocculant doses.

The impact of different types of
coagulant. The next stage of the study was to
compare the action of the flocculant (chitosan,
as more effective) together with different
types of coagulants based on aluminum
(Al(SO4)3'nH20 and ALS) and iron-based
(ferric chloride sulfate - PIX-318), taken in
the amount of predetermined optimal doses,
amounting to 40, 20, and 40 mg/dm’
respectively (Fig. 3-4). For this, all six glass
beakers were filled with the same volume of
the model solution (direct blue dye) and the
same optimal dose of coagulant was added.
After intensive mixing, doses of a 1%
solution of chitosan flocculant were
introduced into the beakers in the range from
0.2 to 3.4 cm? which corresponds to a
chitosan content of 2 to 34 mg/dm?, while the
first beaker remained the control.

The results presented in Fig. 4 indicate
that the optimal dose of chitosan flocculant,
determined 60 minutes after the start of the
process and when used together with various
coagulants, contains 20 mg/dm® - with PIX-
318 and Alx(SO4)3;-nH>0 and 34 mg/dm? with
ALS.

Also, as a result of the experiment, it
was found that an increase in the dose of
chitosan flocculant contributes to the
formation of larger flakes, and this, in turn,
accelerates the sedimentation process, in
contrast to the aggregates formed from
PIX-318, which form stable compounds, and
the degree of purification, in this case, can
reach almost 100%.
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Fig. 3. Dependence of the degree of
purification of colored wastewater with a dye
content of 20 mg/dm’ on the dose of different
types of coagulants (duration of the
sedimentation process is 60 minutes)
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Fig. 4. Dependence of the degree of
purification of colored wastewater with a dye
content of 20 mg/dm’ on the dose of
flocculant-chitosan when acting  in
combination with different types of coagulants
(duration of the sedimentation process is
60 minutes)

Impact on residual ion content. In the
study of the optimal dose of coagulant, it was
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also found that as a result of using PIX-318
purified water contains several residual Fe**
ions, the presence of which increases the
color of the solutions (Table 1).

At the same time, the addition of a
small amount of chitosan flocculant from
6 mg/dm>® makes it possible to halve the iron
content and even extract
it (Table 2).

In our opinion, this is due to the

completely

chelating properties of chitosan, which it
exhibits to heavy metal ions [3,4].

Table 1. The content of residual Fe’*
ions in pure water after coagulation with

coagulant PIX-318
Dose of Concentration
PIX-318, mg/dm?® | Fe**-ions, mg/dm?

10 0

20 0,014

30 0,014

40 0,144

50 0,38

60 0,524

Table 2. The content of residual Fe’*
ions during the complex action of the

flocculant-chitosan ~ with  the coagulant
PIX-318 (40 mg/dm’)
Dose of )
Concentration
flocculant, Fe3*-ions, mg/dm?
mg/dm? ’
2 0,66
6 0,03
10 0
20 0
28 0
34 0
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4. Conclusions

When conducting research on the study
of the properties of flocculants, using the
example of chitosan and sodium alginate, the
prospects for their use in coagulation-
flocculation processes for treating colored
effluents were established. When conducting
a comparative analysis of the action of
flocculants, it was established that the natural
biopolymer chitosan is more effective for use
in a complex with the coagulant
Al(SO4)3-18H,0 than sodium alginate (by
2.1% for direct, 3.1% for active and by 6.0%
for acid dyes), and the resulting sediment is
denser and characterized by greater aggregate
stability.

During the study of the process of
purification of solutions with different types
of  coagulants (PIX-318, ALS and
Al(SO4)3-nH20), it was recorded that when
using an iron-containing coagulant, the
residual content of iron (III) ions is present in
the purified water samples, and it was proved
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that the addition of a certain dose chitosan
flocculant allows to completely remove iron
ions from purified water.

References

1. Zapolskyi, A. K.; Baran, A. A. Coagulants
and Flocculants in Water Purification Processes:
Properties.  Receiving.
Leningrad, 1987.

2. Matsnev, A. 1. Water disposal in industrial

Application;  Khimiya:

enterprises; Vyshcha shk: Lvov, 1986.

3. Kotodynska, D. Chitosan as an Effective
Low-Cost Sorbent of Heavy Metal Complexes with the
Polyaspartic Acid. Chemical
Journal 2011, 173 (2),
https://doi.org/10.1016/j.cej.2011.08.025.

4. Wan Ngah, W. S.; Hanafiah, M. A. K. M.
Removal of Heavy Metal lons from Wastewater by
Chemically Modified Plant Wastes as Adsorbents: A
Review. Bioresource Technology 2008, 99 (10), 3935—
3948. https://doi.org/10.1016/j.biortech.2007.06.011.

5. Solodovnik, T. V.; Unrod, V. I. Sorption of
soluble dyes on chitincontaining complexes. Khimiya i
Tekhnologiya Vody 2003, 25(4), 342-349.

6. Solodovnik, T. V. Physical and colloidal
chemistry: Laboratory Practice [Electronic resource];

Engineering
520-529.

Ministry of Education and Science of Ukraine,
Cherkasy. state technol. Un.: Cherkassy, 2014.

13



Water and Water Purification Technologies. Scientific and Technical News ISSN 2218-9300

JAOC/IIKEHHA TIPUPOJHUX ®JIOKYJIAHTIB AJ1A
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3abpyoneni cmiuni 6oauU NPOMUCIOBUX NIONPUEMCIE 3HAUHO CKOPOUYIOMb 00 €MU NUMHOI 800U.
Hlupokuii diana3on cknady i HeOOCMAMHE OYUWJeHHS CMIYHUX 600 MAKUX NIONPUEMCME SK
MeKCMUNbHOI, XiMIYHOI abo MmemanypeiuHoi eanysetl, 4acmo HOMPANIAIOMb ) B8000UMU MdA
He2amueHo 6NIUBAdMb HA CMAH B6OOHUX eKOCUCmeM, i came MOMY GUKIUKAE HeoOXiOHICMb
pemenvHo20 6UOOPY ONMUMATLHO20 Memody ouucmku. Ceped 8udie ouuwjeHHs CMIiYHUX 600 HAOY8
3HAYHOI NONYNAPHOCMI KOALYAAYIUHO-PIOKYIAYIUHULL npoyec, AKUU 8i00Y8AEMbCsa 3d PAXYHOK
ao02e3iuHUX ma aocopoOYiuHUX B1ACMUBOCMEl KOA2YIAHMIE ma (QIOKYIAHMIE, WO WUPOKO
3aCcmMoCco8YEMbCSL 8 MEXHONOIAX OUUUeHHA AK NPUPOOHUX, MAK [ NPOMUCIOBUX CIMIYHUX 800 B8i0
KONOIOHUX YaCMUHOK, padioHyKioie, pocchamis, bapsrukie ma 36axcenux wacmurox. Koazynanmu
30amti 2i0ponizyeamucs y 8001 3 YMEOPEHHAM PI3HUX KOA2YIAYIUHUX CMPYKMYP, U0 B0J100i0Mb
BUCOKUMU  AOCOPOYIIHUMU mMa A02e3IUHUMU  B1ACUBOCMAMY, (QIOKVIAHMU, ) CB0I0 uepey,
CRpUsIIOMb YMEOPEHHIO NJACMIBYi8, 8I0CMONBANHHIO Ma QitbmpysanHio, cmabinizyioms npoyec
OuULUeHHs, NIOBUWYIOMb AKICMb Ma 30i1bUYyOMb eheKMusHicms pobomu 00 1AOHAHHSL.

11i0 uac euxoHaHHs1 eKCnepuUMeHmaibHoi pobomu cnispodimHuKamu Kageopu XiMidHUX mexHo102ill
ma 800004ULeHHs OVIU 6CIMAHOBIIEH] nepesazy UKOPUCTAHHSA NPUPOOHUX (DIIOKYIAHMIE Y npoyeci
OUUWeHHA CMIYHUX 800 HA Npukiadi nogapbosanux MmooervHux poszuunie. Ilposedeno
00CNI0NCEHHS GNAUBY HA CMYNIHbL OYUWEHHS MAKUX XAPAKMEePUCMUK aK mun @Qroxkyraumy (Ha
npuxnadi ximosawy ma anveinam uampir) ma rkoaeynaumy (Alx(SO4)3-18H>0, ALS, PIX-318),
ONMUMANbHA 0034 pedzeHmis, mun 6apeHuxKa (Mpsamutl, aKkmueHull, OUCNEePCHULL), YAC OCAONCEHHS.
ma emicm 3anuwkosux ioHie. Ilpu nposedenHi 00CRiONCEHb BUKOPUCOBY8ABCS Memoo Jlcap-
mecmy, CYMHICMb K020 NOAA2AE 8 IMimayii npoyecy YmeopeHHs NIACmieyis, XapaKmepHomy OJisl
APOMUCTIOBUX YCIMAHOBOK OYUWEHHS CMIYHOI 800uU. J{OCNIONHCEHHS CKAAO0Y MOOENbHUX 3PA3KIE 600U
APOBOOUNIOCS 3 BUKOPUCAHHAM CHEKMPOPOMOMEMPULUHO20 MEMOOY AHANI3Y.

Knwuoei cnoea: bapsnuku, koazyiaHmu, OYUWeHHs CMIYHUX 600, CMIYHI 800U, (hIOKYIAHMU
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