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PROSPECTS OF USING COMPLEX COAGULATION SYSTEMS
BASED ON CHITOSAN IN WATER TREATMENT PROCESSES

1. Introduction. Nowadays involving environmentally friendly reagents and materials is
gaining additional importance in water treatment processes, especially if we take into considera-
tion the latest developments in science. Aluminium sulfate, aluminium chloride and ferric chlo-
ride are widely used in coagulation processes, however, as a result of involving these coagulants
the concentration of metal ions dissolved in water increases. Therefore, it is advisable to give
preference to inorganic coagulants in combination with synthetic or natural flocculants. Due to
the growing demand for environmentally friendly materials it could be advisable to use floccu-
lants based on chitosan in order to improve the coagulation and flocculation processes. Chitosan,
which is a polysaccharide produced by chitin deacetylation, is a positively charged natural and
non-toxic polyelectrolyte widely used in the flocculation of negatively charged suspended parti-
cles in water treatment (Figure 1) [1]. Therefore, studying and developing effective complex co-
agulants that could replace conventional coagulation systems becomes a topical problem nowa-
days. In this research we analyzed the optimum dosage and pH of complex coagulation systems
with chitosan using Jar test methodology.

Figure 1 — Chitosan

2. Methods and materials. For experimental studies we used a conventional jar test appa-
ratus (Figure 2) which consists of 6 1 L beakers, 6 mechanical stirrers with adjustable rotation
speed and mixing time. These parameters are regulated by using Flocculator 2000. The device is
additionally equipped with a pH electrode to control the pH in water samples. The pH of water
sample was adjusted using HCl and NaOH solutions with concentration 0.1M. All tests were car-
ried out by using synthetic coloured water. To prepare dyed solutions, 0.1 g of dye (active blue
3SWT) was dissolved in 1 L of distilled water and stirred 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. Experiment was conducted at 140 rpm of mixing rate for 3 min after
adding coagulant then the speed was redused to 50 rpm for 10 min and 20 min of setteling time.

In the experiment, FeCl;-6H,0 and Al,(SO4);-18H,0 were used as coagulants. To prepare
solutions of coagulants, 10 g of the substance was dissolved in 100 ml of distilled water, thus ob-
taining a concentration of 10% coagulant solution. Flocculant solution was prepared by dissolv-
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ing 1 g of chitosan (manufactured by ZAO Bioprogress with a degree of deacetylation of 82%) in
1 ml acetic acid and diluted in 100 ml of distilled water. The resulting solution was stirred with a
magnetic stirrer until chitosan dissolves completely.

Residual iron levels were measured with the help of the spectrophotometry method. Colour
levels were determined using visual method.

3. Results. The objective of the first stage of the research was to determine the optimal dose
of coagulant FeCl;. The results are presented in Figure 3. The effect of the dosage under question
was analyzed at pH 7.5 for a range of coagulant dosage which varied from 20 mg/I to 70 mg/1.

NT

1 — Flocculator 2000 Kemira; 2-7 — beaker volume
of 1 L; 8 — pH electrode; 9-14 — mechanical stirrers
Figure 2 — Laboratory equipment for Jar tests

Figure 3 demonstrates that an increase in the dose of coagulant colour level remained al-
most the same (from 74 to 73 units), while iron concentration in treated water increased from 1 to
33 mg/l. Therefore, the optimum ferric chloride dosage for this research was determined at
20 mg/1.

—o— Color level, units —&— Fe¥* in exit water, mg/l

Color level, units
3+ . o
Fe™ " in exit water, mg/l

20 25 30 35 40 45 50 55 60 65 70
FeCh, mg/l

Figure 3 — Determination of FeCl; optimum dosage (mg/l) f
or removal of colour level in synthetic water at pH of 7,5

The next stage of the experiment served to determine the optimal dose of chitosan in com-

bination with coagulant at pH = 7.5. The experimental results are shown in Figure 4. FeCls
(20 mg/1) was used as the coagulant. Dosage of chitosan varied from 2 to 20 mg/1.
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Taking the figures into consideration, the optimum dosage of chitosan was established as
15 mg/l in complex with FeCls. Increasing the specified dosage causes more intensive colour lev-
els, probably due to restabilization of suspended solids. The current experiment also demonstrat-
ed that removing colour was more effective and its level dropped to 21 units in comparison to 74
units in the previous experiment.
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Figure 4 — Determining optimum dosage of chitosan in combination
with FeCl; concentration of 20 mg/l at pH 7.5 to decrease colour levels in water solutions

In the next experiment Jar tests were conducted to determine optimum pH values for
comlex coagulants. The results were presented in Figure 5.
The effect of pH was analyzed at previously determined optimum dosages of complex co-
agulants, for pH range varying from pH 3.5 to pH 9.5.
By analyzing this curve, it was proved that complex produces significant reduction of col-
our levels between pH 8.5-9.5. The highest degree of cleaning was achieved at pH 9.5 — colour
level was 10 units, residual iron remained 0.17 mg/l. The excess alkalinity in water was required
to complete hydrolysis of coagulant.
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Figure S — Effect of pH on the colour removal in water solutions,

using complex coagulant: FeCls:chitosan at ratio of 1.3:1
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4. Conclusions. The results of this study prove that using complex systems has several ad-
vantages as compared with conventional coagulants for water treatment: they increase formation
of flakes and their sedimentation, reduce costs of coagulants and flocculant, reduce the concentra-
tion of ions Fe’" in purified water, increase the level of cleaning coloured solutions. It was shown
that chitosan successfully promotes flocculation of anionic suspended particles and reduces con-
tent of metal 1ons in purified water.
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OJIOTOIKCTPAKIIMOHHOE YJAJEHUE NOHOB TAKEJIbIX METAJIJIOB
N3 CTOYHBIX BOJI

OnHUM U3 OCHOBHBIX MCTOYHUKOB 3arpsi3HEHUS MOBEPXHOCTHBIX BOJ| TSDKEIIBIMU MeTalia-
MU SBIISIOTCS CTOYHBIC BOJBI FalbBAHMYECKHUX MPOU3BOJICTB, 4 TAK)KE CTOYHBIE BOJBI 00OTaTH-
TeNbHBIX (aOpuk. (s ynaneHusi HOHOB TSDKENBIX METAIIOB M3 CTOYHBIX BOJ| TAJIbBAHHUYECKUX
MPOU3BOJICTB UCIOJIB3YIOT B OCHOBHOM PEAar€HTHbIC METOAbl OYMCTKH, OCHOBHBIM HEJOCTATKOM
KOTOPBIX SIBJISIFOTCSI 0€3BO3BpaTHAsl MOTEPs IEHHBIX KOMIIOHEHTOB M HEOOXOJIUMOCTh YTHUIIN3a-
MU OOJIBIIUX KOJMYECTB BIAKHOTO Ocagka. [103ToMy MOMCK METO0B, MO3BOJISIOIIMX MPOBO-
JUTh PETEHEPAINI0 LIEHHBIX KOMIIOHEHTOB, SIBJISIETCS OJJHUM M3 OCHOBHBIX HAIlPaBICHUN pa3BU-
THS TEXHOJIOTUHM OUYKMCTKH CTOYHBIX BOJI OT HOHOB TSDKEIBIX METAILIOB.

K uucny pacnpocTpaHEHHBIX METO/IOB OYMCTKH CTOYHBIX BOJ OT HOHOB TOKCUYHBIX METAJI-
JIOB OTHOCSTCS (PIIoTammst M SKCTpaKius. DKCTpakius ¢ (HeKTUBHA, KOTAa KOHIEHTPAIUs TOK-
CHUYHBIX BEMIECTB MpeBbImaeT | /nm’ , @ KUCJIOTHOCTh BOJHOM (ha3bl BeICOKA. IIpw BBIICICHUN
MeTaJIOB U3 Oosiee pa30aBIEHHBIX PACTBOPOB MPUMEHEHHE SKCTPAKIUK HEIEeIeCO00pa3Ho U3-3a
MOBBIIIICHHOTO PacXo0/1a TOPOTOCTOAIINX dKCTpareHToB. MloHHast dioTaimsi, B CBOIO OYEPe/ib, BbI-
COKOIIPOU3BOIUTENbHA U d(PPEeKTHUBHA MPHU MepepadoTKe HU3KOKOHIIEHTPUPOBAHHBIX PACTBOPOB,
OJIHAKO B 3TOM CIJIy4ae 4acTO HaOJI0/IaeTCs 3arpsi3HEHHE TIEHHOTO MPOJYKTa OYMIIAEMBIM pac-
TBOPOM H COJCpKAIUMUCS B HEM TpuMecaMu. DIOTOIKCTPAKIHS SIBIIETCS KOMOMHALIMEH MOH-
HOHM (hIOTaMKM M >KUJIKOCTHOM SKCTPAKIIMU U COYETACT TOJOKHUTEIbHBIE CTOPOHBI 00OMX METO-
noB. [log ¢raoToskcTpakimel MOHUMAIOT TaKo# (IOTAIMOHHBIN TIPOIECC, MPU KOTOPOM C(HIOTH-
pOBaHHOE BemIeCTBO (Cy0JiaT) KOHLEHTPUPYETCS B TOHKOM CJIO€ OPraHMYeCKON HECMEIINBAIo-
mieiicst ¢ BOJAOW KUAKOCTH, HAXOMASIIEHCS Ha MOBEPXHOCTH BOAHOM (pa3pl. B oTnuyme ot oObIu-
HOM KUJKOCTHOW SKCTPAKIIMK, B JAHHOM IPOIIECCE Macconepeaaya u3 BOAHON B OPraHUYECKYIO
a3y IpoUCXOAUT C yYacTHEM Iy3bIpbKoB ra3a. [Iporecc peanusyercs mpu HeOOIBIINX Pacxoaax
rasa, He pa3pylIalfX BEPXHUU CIOW OpraHUYecKOi KuAKocTh. CyOmaT MOXKET, KaK pacTBO-
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