KauecTBo BOABI, MOMydeHHOE 1ocie 00paboTku puiibTpaTa Ha Na-KaTHOHUTOBOM (MIIBTPE BTO-
poli cTyneHu, cooTBeTcTBYeT TpeboBanuaM I1TD no kayecTBy mUTAaTENbHOM BOJBI IS MTAPOBBIX
koTnoB Ha Ilomoukoit TOL[. Takum o0pa3oM, MCHOIB30BaHUWE HAHO(DUIBTPAIIMOHHBIX METOJIOB
OUYHMCTKH MO3BOJISIET 00eCeYnTh HEOOXOAMMOE Ka4eCTBO BOJIBI AJIsl MOANUTKY TEIUIOCEeTe U nc-
KIIIOYUTh U3 CYLIECTBYIOIIEH CXEMbl BOJIOIOATOTOBKH 0OpabOTKY BOABI B OCBeTiIUTENEe U B Na-
KaTHOHUTOBBIX (PUIBTPaxX MEPBOM CTyHEHHU.
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CHUHTE3 KOMIIO3UIINOHHbIX COPBEHTOB U3 AKTUBUPOBAHHOI'O YIJIA
N OTXOA0B I'NIMHO3EMHBIX ITPOU3BO/JICTB

N3 U3BECTHBIX METOJIOB IMTYyOOKOM OYHMCTKU CTOYHBIX BOJI HAMOOJIEE MEePCIICKTUBHBIM SIBIIS-
€Tcsl COPOLIMOHHBIN METO/I, 32 €ro MPOCTOTY U OOJIBIIOE pa3zHOOOpa3ue COpPOIMOHHBIX PEarcHTOB.
['my0Ookol OYMCTKH BOJBI COPOIMOHHBIMU METOJIAMU MOXXKHO JIOCTUYh MOAU(DUIIMPOBAHUEM TIO-
BEPXHOCTU aKTHBHPOBAaHHBIX yrieHd (AY). Kak moaudukaropbl MOTyT OBITH UCHOJIH30BAHBI KOM-
MTOHEHTHI OTXOJIOB TIIMHO3EMHBIX M IMUIIEBBIX MPOU3BOCTB. [lepCrieKTHBHBIM HaNpaBJICHUE CO3/1a-
HUs 3G(HEKTUBHOTO COPOIMOHHOTO MaTepuaia ¢ MPUBUTHIMHA (DYHKIIMOHAIBHBIMHU TPYIIIIaMHA Ha
MOBEPXHOCTU AY SBISETCS UCIOJIB30BAHUE KaK MOIU(PUKATOPA METAJUICOASPKAIIUX COCTABIISIO-
[IUX OTXOJI0B TJTMHO3EMHBIX MPOU3BOIACTB — «kpacHbIi mam» (KII). «KpacHserit nuam» — modou-
HBIN MIPOAYKT B Ipoliecce nepepadboTku 60kcuToB Mo Metoay baiiepa. HezaBucumo ot Toro, kakum
UMEHHO CIOCOOOM OCYIIECTBISIIOT MPOIECC MPOU3BOJICTBA TIMHO3EMa, «KPACHBIHM IIIJIaM» COJIep-
JKUT IIECTh OCHOBHBIX 37eMeHTOB — Si, Al, Fe, Ca, Ti, Na. XuMu4eckuii cCoCTaB «KpacHOTO IUIa-
May, TIOITYYeHHOT0 MeToJIoM baiiepa mpu npou3BoACTBE TIIMHO3EMa, IPUBECH B TaOIHIIE.

Tadauna — XuMH4eCKHICOCTAB «KKPACHOT0 MIJIAMA))

KomnoneHt Conepxxanue komnoneHToB B KIII, % macc.
Fe,0; 40-55
ALLO; 14-18
Si0, 5-10
CaO 5-10
TiO, 4-6
Na20 2-4

MonudunpoBanus MoBepxHOCTH AY OKcHIaMHU JKele3a MOXKeT HHTEHCH(UIIMPOBATH
nporeccbl 6nocopOIK 1 OHopereHepaiy, OKUCIUTENIBHBIE MPOLECCH] AECTPYKIIUH OpraHuye-
CKHX BEIECTB, YBEIMYUTh CKOPOCTh UMMOOWIN3AIMKN OaKTepHil U yCHIIUTh UX YCTOWYMBOCTH K
HEOIArONPUATHBIM BHEIITHUM yCIIOBUSIM.
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[enbro paboTHI sSBIISIETCS - 0OOCHOBAHHUE MyTEH CHHTE3a HOBBIX 3(P(PEKTUBHBIX M JCIICBBIX
cOpOEHTOB Ha OCHOBE KOMITIO3HMIIMK M3 aKTUBUPOBAHHOTO YIJISl U OTXOOB TJIMHO3EMHBIX MPOU3-
BOJICTB. J[/1s TOCTH)KEHUS MOCTABICHHOM 1€ He0OXOAMMO OBLIIO PELIUTh CIeAYIOIUe 3a/1a4H, a
MMEHHO: CUHTE3UpPOBaTh KOMIIO3ULIMOHHBIE COPOCHTHI Ha OCHOBE AY U TBEPABIX OTXOAO0B IIHHO-
3eMHBIX MTPOU3BOJICTB; OIEHUTH XapPAKTEPUCTUKHU TOIYIEHHBIX COPOCHTOB Ha MpHUMEpe COpOLUHU
OCTAaTKOB CHHTETHUYECKUX KPACUTENEH U3 3arpS3HEHHBIX HWJIM CTOYHBIX BOJI.

[Ipu BBISIBIICHHMU PAIMOHATBLHON CTPYKTYpbl AY sl BOJIOOYHUCTKH, MOMHUMO CTaHAAPTHBIX
XapakTepUCTUK (3P PEKTUBHAS YeTbHAs TOBEPXHOCTH, aICOPOIMOHHBIA 00BEM O, 00BEM MHUKPO-
U CYNEpPMUKPOIIOp, A0JII ME30HNOPUCTOTO MPOCTPAHCTBA), CIIEAYeT MPUHUMATh BO BHUMaHUE J10C-
TYIHOCTb ITOPUCTOTO MPOCTPAHCTBA sl AIPPEKTUBHOMN acopOIUK OONBIIMX MOJIEKYJ MM acco-
[IMaTOB MHOTUX OPraHMYECKUX BEHIeCTB. JlMama3oH pa3MepoB MOJIEKYJ M MX acCOIMATOB, COJEp-
KAaIllMX B CTOKAX M B BOJOEMAX PAa3UYHBIX KaTETOPHUI OUeHb IIUPOKUI M OXBAaThIBACT HHTEPBAI OT
0,5 mo 10 am u 6onee. [ToaTromy nuIIE HEOOMBITIAST TOJIST ACOPOIIMOHHOTO 00BEMa OOIBIIMHCTBA
MPOMBIIIICHHBIX AY JOCTyIHA JJISi CIOKHBIX OPTaHMYECKUX BEIIECTB, COACPIKAIIUXCS B TIPUPOJI-
HOM ¥ OMONOTMUECKH OYMIIEHHBIX CTOYHBIX Bojax. M3-3a HECOOTBETCTBUS CTPYKTYpPBI MPOMBIIII-
JICHHBIX a/ICOPOSHTOB 3a/1a4e NX MPUMEHEHUS MPH TITyOOKOW OYHCTKE BOJIBI yIEBHBIA PAcXo.l Iep-
BBIX MHOTOKPATHO IPEBBIIIAET JCUCTBUTEILHO HEOOXOIMMYIO BEIMUMHY, KOTOpasi 3aBUCUT OT pa-
[IMOHAIBHOW MOPUCTOM CTPYKTYPHI I YIAJICHHUS JAHHOTO THUMa 3arpsi3HeHui. M3BectHo [1], uTO
NpU aJICOPOLIMH CIIOKHBIX MOJIEKYJ MPUPOAHBIX U CHHTETHYECKUX OPraHUYECKHX BEUIECTB HaM-
OosbIliee 3HAUCHUE UMEET Pa3BUTHUE YJENIbHOM MOBEPXHOCTH ME30MOp B MHTEpBajie 3(p(HeKTHBHBIX
panuycos 1,5-4,5 um. [Ipu sToM 115t oOecriedeHus aicopOuu HU3KOMOJEKYISPHBIX OPraHMYECKIX
COEIMHEHUI HEOOXOAMMO TaK)Ke HAJIMYME OOJBIIOr0 KOJMYECTBA MHUKPOIIOP, TO €CTh OTHOLICHHUE
00BEMOB MHUKPOIIOpP ¥ ME30TOP JOKHO 00eCIeuuBaTh N30MPATEeIbHOCTh aJICOPOLIMHU KaK OOJIBIINX,
TaK ¥ HU3KOMOJICKYJISIPHBIX OPTaHUYECKUX COCAMHEHHH B OUHMINAEMOM BOJE. Y CTAaHOBJIECHHUE 3aKO-
HOMEPHOCTEH TITyOOKOTO W3BJICYECHUSI PA3IMYHBIX TUIIOB OPTaHUUECKHUX BEIECTB U UX CMECEH, KO-
TOpBIC MPUCYTCTBYIOT B CTOKAaX M B UCTOYHHUKAX BOJAOCHAOKEHUS, aficOPOCHTaMH, TIOTYYSHHBIMU 3
YIJIEH, SIBJISICTCS IPEIMETOM 3HAYMTEIIBHOTO KOJIMYECTBA HAYYHBIX UCCICIOBAHMI [2].

Jlnist cuHTe3a TPpaHyJIUPOBAHHOTO KOMIIO3MIIMOHHOTO COPOLIMOHHOTO MaTepHuajia UCIOIb30-
BalIl «KPACHBIN IIaM», TJIMHY, KaK CBA3YIOILIEE, U MOPOIIKOBHIN aKTUBUPOBAHHBIM YIroOjib B CO-
otHomenuu 1: 1: 0,5 mpu TmarensHoM cmemuBanun. K 310 cMecu ObLI10 100aBIEHO COOTBETCT-
BYIOIIlee KOJIMYECTBO BOJIBI JI0 MEPEX0/Ia PeareHToB B nactoobpasuyto Gopmy. ChopmupoBanbie
Y BBICYIIICHHBIE TPAHYJIbI IIOMEIIATN B TUTAHOBBIN THUIJIb, TUTJIb - B KBAPIIEBYIO TPYOKY U TPyOKY
- B TpyOUaTyIo MeUb,IPOTyBacMy0 HHEPTHBIM T'a30M, HarpeBaiu cmech 10 350-400 °C B TeueHwme
30 MUH 710 TOCTOSTHHOM MacChlI.

DNeMEeHTHBIN COCTaB MOMyYEHHOr0 cCOpOLMOHHOrO MaTepuana uccieaoBann CEM-Mukpo-
CKONMeN Ha ckaHHpyromeM 31ekTpoHHOM Mukpockone EVO 50XVP (CarlZeiss) 3 cucremoro
INCAEnergy 350 (OxfordInstruments) ¢ yBenmmdaerrnem B 1000 pa3 (pucyHok 1).

Quantitative results

Weight%
8

0 - E 7
O Al Si S ClI Ca Ti Fe

a 6

a — CEM wu3zobpakeHue; 6 — 2IeMEHTHBIN COCTaB
Pucynok 1 — Pe3yabTaThl MUKPOCKOIUYECKOT0 HCCJIEJOBAHUS COPOIIMOHHOT0 MaTeprajia
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AHaNM30M TOTYyYSHHBIX JIaHHBIX YCTAHOBIICHO HAJTMYKE OKCHJIOB XKeJie3a, aIFOMUHUS U TH-
TaHa, KOTOPBIE SBISIOTCS OCHOBHBIMU KOMIIOHEHTAaMH «KPAcCHOTO IIJIaMa» B COCTaBE MOJTYYECHHO-
ro COpOIMOHHOTO MaTepHaia.

ITpoBepeHO BO3MOXKHOCTH HCIIOJIB30BAHUS MOJTYYEHHOTO COPOIIMOHHOTO MaTepuana JJis
OYHCTKM CTOYHBIX BOJ, 3arps3HEHHBIX KpacutenaeM «IIpsMbIM myprnypHBIM» U YCTaHOBICHO pa-
[[MOHAJIbHBIC YCIIOBUSI COPOIIMOHHOW OYUCTKU BOJbI. COPOIMOHHBIC MCIBITAHUS TPOBOJIUIN TI0
CTaH/IapPTHON METOIHKE.

HccnenoBaHo BIMSHHE MCXOMHOW KOHICHTPAIIMHM KPACHTENS «IPSIMOTrO IypIypHOTO» Ha
CTENCHb OYMCTKH BOJBI HAa IMOJYYEHHOM COpPOIMOHHOM Martepuane mpu paszmmdaoM pH cpems
(pucyHok 2).

CrerneHb
o4uCcTKH, %
100 -

90 - -_._._k'_._'\-\-\.ﬂ\._.
80 A

—=—pH 4
50

C kpacwur., mr/nmm3

20

0 10 20 30 40 50

Pucynok 2 — 3aBUCUMOCTb CTeNEHU OYHCTKHU BOJIbI
OT MCXO/IHOI KOHIEHTPALMHU KPACUTeJs

¥YcTaHoBneHo, 4To mpu 103e copOenta 1 F/Z[M33(1)(13)6KTI/IBHOCTL OUHCTKU BOJBI JTOCTHUTAET
50-55 % npu KOHILIEHTpaluu Kpacureds oT 5 10 50 mr/nM” B cnabo mienoyHoi cpene, u 96 % npu
KOHIIGHTPAIHI KpacuTels 10 20 MI/IM’° B KUCIIO# cperie.

HccnenoBano BIUSHUE 03Bl MOJYYEHHOTO COPOEHTA Ha OCHOBE MOPOIIKOOOPA3HOTO YIJIS
U «KpacHOro nuiaMa» Ha 3(QEeKTUBHOCTH U3BJICUEHUS KPACUTENS B KUCIIOHN cpefie. Y CTaHOBIIECHO,
YTO JUIS JaHHOTO COPOEHTa YBEIIMYCHHUE CTENIEHU COPOLIMU KPacUTeNs HA0MI0AaeTCs B TUANa30He
103 oT 1 r 1o 5 r. Ilpu no3e 5 r creneHb ounucTKU BoabI cocTaBuiia 100 %.

UccnenoBano BIMSIHUE TPOAOHKUTEIBHOCTH cOpOIMU Ha 3(PPEKTUBHOCTH M3BICUCHHUS
KpacuTels B KHCTION cpefie. Y CTaHOBJICHO, YTO ISt COPOCHTa Ha OCHOBE TOPOIIKOOOPa3HOTO YT-
7Sl U «KPAcHOTO IIJIJaMa» YBEIHMYECHHUE CTENIEHU COPOIMHU HAOII01aeTCs IPHU MPOAOKUTEIBHOCTH
copOmoHHOro npouecca 10 120 MuH, nanee cTeneHb OYUCTKA HE MEHSIETCS.

[ToaTBepxkneHa BricoKas 3PpPEeKTUBHOCTh COPOLIMOHHOTO MaTepuana B KUCION cpene: A0c-
turaercs 96 %-as CTENEHb OYMCTKHU BOJABL. PallMOHAIBHBIMU YCIOBUSIMU HMCHOJIB30BAHUS IOJIY-
YEHHOTO MaTepHuayia SBISIETCS OrpaHUYCHHE MO HayaJdbHOM KOHIEHTPALIMM KpacUTENsl 10
20 Mr/aM’, mpoBeIeHHe COPOLIHOHHOrO MPOLecca B KHCIION cpejie IPH 103¢ COPOLIHOHHOIO Ma-
Tepuana | T/aM’, IPOIOIKUTENEHOCTH COpOIHn 2 .

JI71s1 momy4eHHOTO COpOeHTa Ha OCHOBE AKCIIEPUMEHTANIBHBIX JAHHBIX ONMpeeIeHbl OCHOB-
HbIE COpPOIMOHHBIE CBOMCTBa. M30TepMa copOumu KpacuTens Ha MOTYy4YEHHOM COpOEHTE Mpe-
CTaBJICHA HA PUCYHKE 3.

[IpoBeneHo MaTeMaTHYECKYIO0 00padOTKy M30TEpPM COPOLMH ISl TPaHyJIUPOBAHHOTO COP-
OeHTa Ha OCHOBE MOPOIIKOOOPA3HOTO YISl U «KPACHOTO IIiama» Mo Moxaenu Jlenrmropa (pucy-
HOK 4 a). Paccuntano eMKOCTh MOHOCIIOS, KOTOpas 1o Mozaenu JIenrmtopa cocraBmia 32,68 mr/r,
u koHcTanty Jlenrmiopa K — 1,63 mav’/r. TIpoBe/ieHO MaTeMaTHUECKyl0 0OpabOTKY pe3y IbTaToB
no monenu DpeilHmmnxa (pucyHok 4 0) M pacCUMTaHBl OCHOBHBIE MapaMeTphbl: KOHCTaHTa
Opentngnuxa K cocrasuia 18,89 )1M3/r, a KoHCTaHTa n — 3,22. AHajau3 NMOJIyYCHHBIX JTaHHBIX T10
COpPOIIMOHHBIM XapaKTEPUCTUKAM IMOKA3bIBAET COM3MEPUMOCTh MOJYYEHHOIO0 MaTepHuaia ¢ Xa-
paKkTepUCTUKAMH TOBapHBIX yTJCH.
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a, Mr/r

Cp, mr/am?
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Pucynok 3 — U3otepma copOuumn Kpacurtes «psMoro mypinypHoro»
HA MOJY4eHHOM COPOIMOHHOM MaTepuaJle

Cp/a
0,16 - P
0,14 - y=10,0306x +0,0188
0.12 - R2= 0,9231 L 2
0,1 -
0,08 -
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0,04 -
0,02 - Cp, mr/mv?
O ’ T T T T 1
0 1 2 3 4 5
a
Lg(a)
100
y = 18,892x03107
R2=0,9515 /{,»—"/‘/‘
) Lg(Cp)
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o

Pucynok 4 — MaremaTn4yeckasi 00padoTKka u30TepMbl COpOIMHU
no moaeasam Jleurmiopa (a) u @peiinaimxa (0)

Hcnonp30BaHue OTXOIOB B COCTaBe aACOPOIIMOHHOIO KOMIIO3UTa CHUKAET CTOMMOCTb I10-
CJIETHETO M OIpejesieHHbIM 00pa3oM peliaeT MpoOiieMy YTHIM3AlMH OTXOJI0B TIMHO3EMHBIX
npous3BocTB. K HeocTaTkaM MOTy4eHHOr0 MaTepuaia MOXKHO OTHECTH HEBBICOKYIO MPOYHOCTh
rpaHyJ, B pe3yJIbTaTe Yero OTAeICHHE OTPAOOTAHHOTO COPOSHTA OT CTOYHBIX BOJI HECKOJIBKO OC-
JIOKHSET 3TOT Mpouecc. B pampHEHMNX HCCIeAOBaHUAX IUIAHUPYETCS MOJIy4YeHHE TPaHyJIHpO-
BAaHHOT'O COPOEHTA C BBICOKOW MPOYHOCTHIO TPAHYIL.
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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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