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JOCJIKEHHA ITPOLECIB OYUIIIEHHS 3ABAPBJIEHUX PO34YHUHIB
TP BUKOPUCTAHHI HEOPI'AHIYHUX KOAT'YJIAHTIB
TA IPUPOJHOI'O ®JOKYJISSTHTA

IIposedeno docnidsicents 3 NOULYKY eghekmusHux Memooie OHuleHHs 3a0apeieHux CmivHUux 600
ma ix nokpawenns. B x00i pobomu ecmanosneno nepesacu ma HeOONIKU PIZHUX KOA2YISIHMIE MA 3a-
NPONOHOBAHO CNOCIO NIOGUWEeHHs edheKkmugnocmi npoyecy. K rokyisHm uKopucmosysascs Ximo-
3an. Byoyuu crabkum KamioHHumM IOKYIAAHMOM, Ximo3an Mac niosuuery epexmueHicms 0cadlceHHs
OiIKa NOPIGHAHO 3 KIACUYHUMU Memooamu. Busnano 3a doyinvre 3acmocogysamu Ximosau 0Jis GULY-
YeHHS WKIOAUBUX OOMIUOK 3 MEXHOJLOSIYHUX NOMOKIB, SKI CNPAMOBYIOMbCSA 6 03ePa-8I0CMIHUKY |
MexHONI02TYHI bacelinu, a maKoic 05l CKUOHUX 800, WO 8UMIKAIOMb 3 yux osep y piuku. Ilpu npose-
OeHHI 00Ciois 3 nidbopy HAOLIbW eheKMUBHUX peaseHmiE Y Npoyeci OYULeHHs KOHKDEMHOI CMIYHOT
800U, A MAKOJC 01 BUSHAYEHHS IX ONMUMATBHUX 003 BUKOPUCTNO8Y8a8cs Memood [cap-mecm. Cym-
HICTHb MEeMmOOUKU NOJIA2AE 8 MOMY, WO 8 JADOPAMOPHUX YMOBAX 30IUCHIOEMbCS IMimayia npoyecy

VMBOPEHHA NAACNIBYI8, AKULL XaPAKMePHUU 0Ji NPOMUCTOB8UX YCIMAHOBOK OYULEHHS CMIYHOI 800U.
Knouoei cnosa: cmiuni 600u, ouunerst, Koazyusiyis, KOrbopoGiChb, KOA2yIaHmu, QioKyISHmMU.

Beryn. MoxiuBicTe BUKOPUCTaHHS TIpic-
HOi BOAM K NMPHUPOJHOI CHPOBHHHU AJSI MOTPEO
JIIONICTBA € aKTyaJhbHOIO IMpobjemMoro mjs Oara-
TBOX KpaiH cBity. HasBHIiCTH SIKiCHOI NHTHOT
BOJIM — TJI00abHA MpobileMa cydacHoOi nuBifiza-
1ii 1 TOB’s3aHa BOHA 3 THUM, IO 3aIllacy MpPiCHOI
BoIM Ayxe oOmexeHi. OcHOBHa Maca MpicCHOI
BOJIM TIOBEPTAETHCS B KPYrooOir, OgHAaK Haaxo-
JUTH BOHA 3a0pyJHEHOIO 1 MOTpedye SKICHOTO Ta
BapTiCHOTO ouuIieHHsA. KomrekcHu# miaxin mo
mpo0JieM €KOHOMil BOJM, OXOPOHH BOJONM Bif
HIKIAJUBUX 3a0pyIHEHb, PETEIBHOTO OYWIICHHS
MoOyTOBUX Ta CTIYHMX BOJ AAaCTh 3MOTY 3MEHIIIN-
TH aHTPOIIOTEHHE 3a0pyTHEHHS BOJHUX PECYPCIB 1
CIIPUATHME BUXOBAaHHIO B KOXHIHM IIFOIUHI KyITb-
TYpH MOBOJDKEHHS 3 Bojoto [1]. B mporteci BHKO-
pucTaHHS BojAa 3a0pYAHIOETbCS PEYOBUHAMHU
MIHEPAFHOTO Ta OPTaHIYHOTO TOXOJKECHHS.
[TpoMucIoBi CTiUHI BOJM B OCHOBHOMY 3a0pyi-
HEHi BiJ[X0/IaMH Ta BUKUIaMH KOHKPETHIX BHPOO-
HUITB, y 3B 3Ky 3 YMM KITBKICHUH 1 SKiCHUH
CKJIQJI 1X € PI3HOMAHITHHUM 1 3aJICXKHUTh BiJ| rays3i
MPOMUCIIOBOCTI i TEXHOJOTIYHHX TPOIIECIB, SKi

BIPOBaKeHI Ha BUpoOHHUUTBI [2]. Ham3Buyaitno
aKTYaJbHOIO TIPOOJIEMOIO CHOTOJICHHSI € PO3pO0-
Ka e(DeKTHBHUX METOJIB OYHIICHHS CTIYHHX BOJ
BiJ| 3a0pyIHEHHS] pi3HOMAHITHUMH OapBHUKaMHU,
OCHOBHHM JDKEPEJIOM TOTPAIUISHHS SIKHX y CTid-
HI BOJIM € TEKCTHJIbHA, Xap4yoBa Ta XiMiyHa MPo-
MUCIIOBICTb.

AHami3 poOiT CydacHHX JOCIHITHHKIB IIO-
Ka3ye, 110 METOJU OYMIICHHS CTIYHUX BOJ BiJ
OapBHUKIB TIOCTIHHO YIOCKOHAIIOIOTHCSA 3 IIiJI-
BUIICHHSAM 1X €(EeKTUBHOCTI, CHPOIICHHAM Y
BUKOHAHHI, B HampsMi MOLIYKY JENICBIINX Ta
Oe3meyHinmx peareHris. s BUAATIEHHS Pi3HOTO
TUITy OapBHHKIB 31 CTIYHUX BOJI HE TIIBKU PO3pO0-
JIIOIOThCSL HOBI METOIM, a ¥ CHHTE3YIOThCS HOBI
TUIH COPOEHTIB, (IIOKYIISIHTIB, KOATYJISHTIB.

VY pob6ori [3] aBTOpaMu Ha TpUKIazi CTiU-
HUX BOJ, 3a0pyIHEHHX OapBHUKOM aHIOHHUM
YEepBOHUM, CKCIIEPUMEHTAIBHO JIOBEJIEHO, IO
piAKi CTOKHM, SIKIi MICTATh OapBHHUKH, MOXKYTh
OyTH e(eKTHBHO O4YMIIEHi axcopOuiero Ha OeH-
TOHITAX Ta HaIUropchkiTax. Bubip mis moci-
JOKCHb caMe IUX COPOCHTIB OOYMOBIICHUH THM,
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IO 1X BapTICTh € HEBEJIMKOIO MOPIBHSIHO 3 BapTicC-
TIO 1HIIMX COpPOEHTIB, a CcOpOIiifHa E€MHICTh —
JOCTaTHBOIO ISl 1X BHKOPUCTAHHS B TPHPOJIO-
OXOPOHHUX TEXHOJIOT1SX.

Hocmigavkamu [4] Oymo po3pobiieHo HO-
Bl HaHOBOJIOKHUCTHI aIcOpOeHT i3 MoMieTHI-
cynb(hoHy, NpU3HAYEHUH U1 BHUAAICHHS OapBs-
HUKiB. EQeKkTuBHICTh OTO HOBEneHa Ha MPHKIIa-
Il copbuii OapBHMKa METHJICHOBOTO CHHBOTO 3
BOJHHUX PO3UHHIB.

B kpacuipHuX BUpOOHUITBAX HaWdacTilie
BUKOPHCTOBYIOTHCS PO3YMHHI OapBHUKH, BHIA-
JICHHSI SIKUX 31 CTIYHUX BOJ| € HAMOIIBIII aKTyalb-
HUM NUTaHHsAM. B poOori [5] BuB4anacs copOuist
PO3YMHHUX OapBHUKIB, TaKUX SK TpsiMOTo OJia-
KATHOTO, KHCJIOTHOTO YEPBOHOTO, SICKPaBO-
0JaKUTHOrO Ha XITMHBMICHMX KOMIUIEKCAX, IO
Oyiau OTpUMaHi 3 BiAXOJiB O0iOTEXHOJOTIYHOTO
BUPOOHUIITBA JINMOHHOI KUCIIOTH. ABTOPOM OyJio
MPOBEJICHO KIIbKICHE OI[IHIOBaHHS BEIMYWHU
copO11ii Ta HaJlaHO PEKOMEHAIIIT M0JI0 3aCTOCY-
BaHHS KOMIUIEKCIB JUIsI OYHMIICHHS BOJHHX PO3-
YHUHIB y IIMPOKUX Mexax pH.

Astopamu [6] mociimkyBaBcsi HOBHI cop-
OCHT Ha OCHOBI CaIoOHITYy 1 MarHeTHuTy (Bix 3 1o
10 mac.%). ITokazaHo, 110 BUKOPUCTAHHS MarHi-
TOHAIIOBHEHNX COPOEHTIB A€ 3MOTY OYHWIIATH
poOoui cepemoBuIla Bi OapBHHUKIB 3 BHCOKOIO
e(heKTUBHICTIO, sIKa CTAHOBUTH 0Jin3bko 90-96 %.

B inmiii po6ori [7] BuB4aBCs mporiec Bu-
JIYYSHHSI 31 CTIYHMX MPOMUCIOBHX BOJ aKTUBHO-
ro scKpaBo-TiomapaHueBoro OapBHuka KX. 3a
JIOTIOMOTOI0  KBAaHTOBO-XIMIYHUX PO3PaxyHKiB
OyJ10 JOBEJCHO JOIIIBHICTh BUKOPHCTAHHS JIJIS
poro mporecy peaktuBy Penrtona. Ha ocHosi
NPOBEJICHNX EKCIEPUMEHTAIbHUX JOCIiIKEHb
3aIPOITIOHOBAHO MEXaHi3M OKHCHEHHS aKTHBHOT'O
sICKpaBo-TioMapanueBoro OapBHuka KX cucre-
MO0 (hoTO-DEHTOH.

Astopamu [8] BuBuUamHCS 0COGIMUBOCTI
npoIleciB BUIIyUYCHHS OapBHUKIB, a came OpoMy
(heHOJIOBOIO CHHBOTO NPU BUKOPUCTAHHI TEXHO-
norii ¢aortoekcTpakuii. Ha ocHOBI Tepmoauna-
MIYHHUX pO3paxyHKiB Oyll0 BCTaHOBJIEHO, IO
(hopMyBaHHSI KOMIUIEKCY MiX HoHamu OapBHHKa
ta [TAP BimOyBaeThCsi CaMOYMHHO 1 HE TOTpedye
HAKJIaJaHHs 30BHIIIHIX CHIL

V crarrti [9] aBTOpamu po3risigaBcs peaib-
HUH 1 €KOHOMIYHO BHTIIHMH METOH, SIKMH nae€
MOYJIUBICTh oTpuMaTH HaHogucnepcHuilt TiO; 3
PO3BHHEHOIO MUTOMOIO TUIOLIECIO MOBEPXHi 1 BH-
COKOIO (DOTOKATaJITUYHOIO AaKTHBHICTIO IOJO
OapBHUKIB aHIOHHOTO 1 KaTIOHHOTO THITY.

B po6orti [10] aBropamu Oyio 3anpomnoHo-
BaHO BUKOPHCTAHHSA KepaMidHOi ympTpadimbTpa-

UiHOT MEMOpaHU JJIsl OYUIIEHHS BUCOKOIYKHHUX
CTIYHHX BOJI, IO 3a0€3MeYnI0 BUCOKY e(eKTHB-
HICTh TIPOIIECY OYMIICHHS, a came: 301IbIIeHHS
TPUBAIOCTI (PUIBTPOIMKITY Ta MiABUINEHHS KOe-
¢imieHTa 3aTPUMKH.

B mporecax oumineHHS CTIYHMX BOJ BiA
pi3HOTO THIy OapBHHUKIB IIMPOKO BHKOPHCTOBY-
IOTBCS Ta TIOCTIMHO YAOCKOHATIOIOTHCS KOAryJisi-
UiiiHi Ta QUOKYJsUiiHI MeTonu. XiMi4Ha Koary-
TAiS — 1€ HalOuIhIl epeKTHBHUNA 1 HaIiHMA
METO/]I BUAAJICHHS 3BOKEHUX YaCTUHOK 3 MPUPOI-
HUX 1 CTIYHUX BOJ, IO TAKOX BUAAJISE POZUNHEH]
¢dpakuii AeIKUX KOMIIOHEHTIB, 3HHXKYE KOJIbOPO-
BiCTh BHXIJHOI BOJH, BMicT (ocariB y moOyTo-
BHUX 1 MPOMHUCIIOBUX CTIYHUX Bojax [11, 12].

[Tpu KOMITJIEKCHOMY MiIXO1 10 OUHIICHHSI
CTIYHHMX BOJ Bim OapBHUKIB mocmigHuku [13]
3aCTOCOBYBAIM JIECTPYKTHUBHI METOAM OYHIICHHS
3 BUKOPUCTAHHSM IMONEPEAHbOI KOaryJsiiiHOl
00pOOKH 3 METOO BUJIAJICHHS KOJIOITHOT CUCTEMH
Ta OCHOBHOI uacTuHM OapBHHKa 10 (90 %), a
JIOOYHIIIEHHSI CTOKIB peani3oByBaiu (HOTOOKHC-
HUMH METO/IaMH.

SK KoaryJisiHTH sl OYMIICHHS BOJHHUX
PO3UMHIB HaiyacTtilmie BUKOPHUCTOBYIOTH COJI
amoMiHito Ta 3amiza. KoarysstHty 31aTHI rigpodi-
3yBaTUCS y BOJI 3 YTBOPECHHSM Pi3HUX KOarysi-
LiHHUX CTPYKTYD, SIKI XapaKTEepHU3YIOTbCS BHCO-
KHUMH aJICOPOIfHMMU Ta aAre3iiHUMH BJIACTH-
BocTsiMU. ABTOpamu [14] noBeneHo, 1m0 He3HaU-
Ha KUIBKICTh (DJIOKYJISIHTIB, BBElleHa Y BOIHUUN
PO3YMH, Ha AOAATOK A0 TUIOBUX KOArYJISHTIB,
CHpHsi€ YTBOPEHHIO IUIACTIBLIB OibIIOr0 po3Mi-
py, L0 MPHUIIBHIALIYE IPOLEC BIICTOIOBAHHS 1
MOKpaIy€e sKiCTh BoAM mmicna (inpTpauii, a Ta-
KO CTabuTi3ye OYHIIEHHS 1 TMiABUIIYE e¢()EeKTHB-
HiCTb poOoTH oOnagHaHHA. SIK (IIOKYISHTH BH-
KOPHCTOBYIOTh Pi3HOMAaHITHI HEopraHiuHi i op-
TaHIYHI peareHTH MPUPOTHOTO Ta CHHTCTUIHOTO
MOXO/PKEHHS.

Bimomo, mo 3acTocyBaHHA HEOPraHIYHHAX
peareHTIB Ha OCHOBI COJICH aJFOMiHIIO Ta 3aii3a
Ul TIpollecy KOoaryJsifii crpuse 301TbIICHHIO
KUTBKOCTI 3aJTUIIKOBHX 10HIB X METAJIB Y BOJIL
i mpollecy ouniieHHs. ExcnepruMenTanbHi Ta
TEOPETHYHI OCT/DKEHHS B HAMpsIMi 3HEIIKO-
JDKEHHsS 3aJMIIKOBMX 10HIB B OYHMINEHIN BOAi
MPOBOJATHCS B 6araTboX JOCTIIHUIBKUX TPyMax,
SIKi TIPAIIOIOTh B Pi3HMX KpaiHax cBiTy [15]. Ha
0co0JIMBY yBary HHHI 3acCIyroBy€ HampsiM CTBO-
peHHS  KOarymsiiHO-(IOKYIAMIHHOT ~ MOJeNi
OYHIIIEHHS 3 BUKOPHCTAHHSIM HEOPTaHiYHUX Koa-
TYJISHTIB y KOMIUIEKCI 3 PI3HHUMH MPUPOAHUMH
€KOJIOT19HO Oe3neYHnMHU peareHTamu-
¢okynsaTamu [16-18].

© T. B. Conogosuik, H. M. Toncronanosa, H. M. ®owmina, 1. K. SIkumenxo, 2019

109

DOI: 10.24025/2306-4412.3.2019.167654



pISSN 2306-4412 / eISSN 2306-4455

BicHuk YepkacbKkoro gepxaBHOro TeXHOSOri4YHOro yHiBepcuteTty

VY 3B’S3Ky 3 UM aKkTyaJbHHM € TUTaHHS
BUBYCHHS (DIIOKYISIIIHUX BIACTHBOCTEH XITO-
3aHy B KOMIUIEKCI 3 HEOPraHIYHUMH KOAaryJsH-
TaMH JJIs1 TIPOIIECIB OUMIIEHHS 3a0apBICHUX Op-
raHiyHUMH OapBHUKAMH pO3YHMHIB. XiTO3aH €
MO3UTUBHO 3apsHKEHUM TPUPOTHUM TOJTiEIEKT-
POIITOM, SIKWH MOXe OyTH 3aCTOCOBaHHM y IMPO-
necax (QIUoKymsALii 3apsKEHUX 3BaKEHUX dac-
TUHOK Tpu 00poOmi Boxu. Bimomo, mo xiTo3zaH
Ta HOTO TOXiJHI BUABJISIOTH CIIOPiITHEHICTH IO
B)XKMX METAJIB Ta XeJIaTHI BIACTUBOCTI 1 3HAMIII-
JIM MIMPOKE 3aCTOCyBaHHs sk copbentu [19, 20],
ase iX 3acTocyBaHHS SIK (JIOKYJISHTIB MOTpedye
JOAATKOBOTO TEOPETUYHOTO U EeKCIIEPUMEHTaNb-
HOTO JOCHiKeHHS. ToMy MOCIiIKEHHS MOXKIIH-
BOCTI iX BUKOpDHUCTAHHS SIK (MIOKYJSHTIB — Le
TIEPCIIEKTUBHUIN HAIPsIM Y Po3po0dili eheKTUBHUX
EKOJIOTIYHO OE3MeYHUX METOMAIB OYMINEHHS Ta
JOOYUILEHHS BOJH.

MeTto10 poGOTH € JOCIIKEHHS BILTUBY
YMOB TPOBEJICHHS KOATYISIIHHOTO Ta (PIoKyIsi-
[IHHOTO MPOIIECiB HA CTYIIHb OYHIICHHS 3a0apB-
JICHUX PO3YMHIB, BU3HAUCHHS ONTHMAIBHUX J103
peareHTiB Ta po3poOKa peKOMEHHAIlil IS KOM-
TUIEKCHOT'O OYHINEHHS 3a0apBICHUX PO3YMHIB 3
BUKOPUCTAHHSIM TIPUPOJHOTO (PIIOKYJISIHTA —
XiTO3aHy B KOMIDIEKCI 3 HEOPraHIYHAMH KOary-
JISTHTAMH.

Marepiasau Ta MeTOAM DOCTiAKeHHs. SK
00’ €KT AOCIiAKEHHS BUKOPHCTOBYBAIN MOJICIIbHI
3pa3ky 3a0apBJICHOT BOJU, HAOIHMKEHI 10 CTIYHMX
BOJI TEKCTHJILHUX MiINPUEMCTB YKpaiHH, a caMme,
3 KOHLIEHTpALi€l0 OapBHUKA aKTUBHOTO-CHHBOTO
(3CBT) Big 20 mo 100 Mr/;lMS. Jns mpurotyBas-
HS 3a0apBJIICHUX MOJEIHHUX PO3YMHIB PO3UHMHS-
mu 0,12 r O6apBHUKa B 1 AM® UCTUILOBAHOI BOJIH
1 BUKOPHUCTOBYBAJIH IIEH PO3YMH SIK BUXITHUAN IS
NPUTOTYBaHHS MOJICITBHUX PO3YHHIB 3 KOHIICHT-
pauiero 20 MF/,Z[MS.

Sk xoarymsatn BHKOpucToByBamucs 10 %
PO3UMHM coNleld alOMiHIIO Ta 3aji3a, a came:
Aly(SOy)3'18H,0, cymsbar amoMiHilo piakuit
(ALS) ta posumn cynbgary 3amsza (PIX-318). V
XOJ1 eKCHepuMeHTy OyJio MPOBEIEHO MOPiBHSIH-
HS e(PeKTUBHOCTI OYHINEHHS 3pa3KiB MOJEITHLHUX
3a0apBJICHUX BOJ 3 BUKOPHCTAHHAM KOATYJISHTIB
Ha OCHOBI QIOMiHIIO Ta 3ali3a Ta MPH iX KOM-
TUTEKCHIH i1 3 (PIOKYISTHTOM.

Sk QuoxkyasiHT BUKOpucToBYBaiu 1 % pos-
YMH MPUPOTHOTO OiomomiMepy XiTo3aHy (BHpOO-
Hunrea 3A0 «biomporpec» 3i cTymeHeMm jeare-
TwnoBaHHS 82 %). XiTo3aH — 1€ MPHUPOIAHUI
OpraHiYHUI amiHOIMOIicaXapua 3 BHUCOKOI MO-
JICKYJISIPHOIO MACOI0 i BUCOKOIO IIUTBHICTIO 3apsi-

ny. Jns npurorysanns 1 % pozunHy QrokynsHTa
ToTiepeTHhO HaBaXKKY XiTO3aHy Macoro 1T po3un-
Hami B 1 oM JIbOJISHOT AIeTaTHO! KHCIIOTH i I0BO-
WA 00°€M JUCTINIBOBAHOK0 BOIOK 10 100 cM®
TIPH TIOCTIHHOMY TIEpEMITITyBaHHI.

Jnist BU3HAYEHHST KOJBOPOBOCTI AOCITIIKY-
BaHUX PO3YHMHIB METOJIOM KaJiOpyBaIbHOTO Tpa-
(ika BUKOPUCTOBYBaJIHM OJHONPOMEHEBUI CIIEKT-
podoromerp Ulab 102 3 giama3oHOM JOBXHH
xBwIb 325-1000 HM.

B mponeci migbopy HaiOinbm epekTHBHIX
peareHTIB IS OYMIIEHHS MOICIBHHUX 3a0apBiiec-
HUX PO3YMHIB, @ TAaKOX ISl BUSHAYEHHSI OITH-
MaJbHOI O3 KOAryJsiHTiB 1 (QIOKYJISIHTa
(Me/mm®) 3aCTOCOBYBaIH METOJ IPOGHOI Koary-
nsiuii — Jhxap-tect (JAR-test). Leit meTox iMiTye
BHPOOHHMYHNI TTPOIIEC 1 Ta€ MOKIIUBICTD HE TUTHKH
BU3HAYUTH €EKTHBHY /03y KOaryjisHTa Ta ¢Jo-
KyJIIHTa, aje€ W BCTAHOBUTH ONTHMAJbHE 3Ha-
geHHs pH 1 MiHIMaTbHUN Yac, IKUHA MTOTPiOeH IS
YTBOPEHHS IJIACTIBLIB Ta OCaKEHHS a0 CIUIU-
BaHHS 1X y BUDVIAAI ocaay. IIpu 1bOMy Takox
MIPOBOIUTHCSA JOCIIHKEHHS SKOCTI 00poOIeHOoi
BOJM MICJS BiJICTOIOBaHHS. 3 IIECTHU JOCTIIKY-
BaHUX 703 KOaryisHTa abo ¢IOKyIsIHTa BHOUpa-
€THCS Ta, IO CIPUSE YTBOPEHHIO OiIbII LIITEHO-
TO Ocaay 3 XOPOIIUMH CeTUMEHTAI[ITHUMHE BJac-
tuBocTsamu [21-23].

B nabopaTopHux ymMoBax BUKOPHCTOBYBa-
Jach CTalioHapHa ycTaHoBKa st Jxap-tecTy
(poxynsarop 2000 Kemira), ynockoHajieHa B
aHAIIITHYHO-XIMIYHIA 1abopaTopii kadenpu xi-
MIYHMX TEXHOJIOTi Ta BomoouumeHHs YTV
[24, 25], cxema sikoi 300pakeHa Ha pUCYHKY 1.

YcTaHOBKAa CKIIANAEThCA 3 MIECTH Jlabopa-
TOpHHX cTaKaHiB 00’eMoM 1 aM° (2-7), npusHaue-
HUX JJIS1 OTHOYACHOTO JTOCIIPKEHHS PIBHOI Kijlh-
KOCTi mpo6 Bomu, obOJagHaHA MEXaHIYHWMH Mi-
mankamu (9-14) 3 perynbOBaHUMH IIBUJIKICTIO
o0epTaHHA 1 YacoM TEPEeMIITyBaHHs, IO 3iiic-
HIOETBCSA 32 gonomoroio ¢uokymstopa (1). [pu-
Jajn poaaTkoBo obnagHaHuid pH enexrpomom (8)
JUTsL KOHTPOITo piBHA pH y mocmimkyBaHUX 3pas-
Kax BOJH.

Pe3yabTaTi Ta iX 00rosopennsi. Ilepumm
€TaIoM €KCIIEPUMEHTAITLHOT YaCTHHU POOOTH OYII0
BH3HAUCHHS MiHIMaNbHOI po6ouoi 103u (Me/mm°)
KOaryJsiHTiB Ta (rmokynsHTiB. BpaxoByroum Te,
0 JOCHKYBaHI 3pa3KH XapaKTePH3YIOTHCS
cepemHIM cTymeHeM 3abapBieHHs (20 Mr/mnv),
OyJio TpoTecTOBaHO Aiana3oH a03 Big 20 10
70 Mr/oM® ist KOaryJIsTHTiB Ha OCHOBI aJIFOMiHItO
(Al(SO4)3:nH,0 i ALS) Ta Big 10 mo 60 mr/mm’
JUTSL KoaryJsiHTa Ha ocHOBI 3amiza (PIX-318).
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1 — doxynsrop 2000 Kemira; 2-7 — nabopatopui crakanu mictkictio 1 g%, 8 — pH enextpop;
9-14 — mexaHIYHI MillIAJIKA
Pucynok 1 — JlaGopaTopHa ycTaHoBKa /11 npoBeaAeHHs /[xap-TecTy

B 1miicTh crakaHiB, 3allOBHEHHX MOJEJIb-
HUMU 3pa3kaMu 3a0apBJICHUX PO3UMHIB 3 KOHIICH-
Tpamieto 20 Mr/am° Oapeanka 3CBT, BBOIMIN
no3u KoaryisiHTa Big 20 10 70 Mr/om® 3 Kpokom
10 mr/om®, moTiM po3umMHM TepeMimryBamH 3i
mBUAKICTIO 140 00/XB BOPOJOBXK JBOX XBWIIHH.
Leit mepiox BiamoBimae ctanii rigposilzy koary-
asHTa. Jlami MBHIOKICTD IEpEeMIIlyBaHHSA OyJio
3HmKeHo 70 50 00/xB i BopomoBxk 10 XB BinOy-
BAJIOCsl YTBOPEHHS IUIACTiBLIB. BisyanpHi cmo-
CTEPEXKCHHS 3a MPOILIECOM YTBOPEHHS Ta OCiJaH-
HS OCaly A 3MOT'Y BCTAHOBHUTH ONTHUMAJIbHY
JI03y KOAryJIsTHTa Ta ONTUMAJIbHI YMOBH IPOIECY
JUTsl YTBOPEHHSI IJIACTIBIIB JOBOJII BEJIMKHX PO3-
MipiB. JlocmipKeHHsT IPOBOIMIINCS B HEHTpab-
HOoMy cepenoBuii 3 pH=6-8. PerymoBanns pH
MIPOBOJIMIIN JTOJIAaBaHHSIM €KBIBaJI€HTHOI KiTBKOC-
Ti 5-10 % po3unniB NaOH a6o HCI o kinbkocTi
BBeZIeHOI Oe3BoAHOI coni koarynsHTa. Hactyn-
HOFO CTa/Ii€l0 JIOCIHIDKEHHS € MepioJl cequMeHTa-
11ii, TOOTO OCa/KCHHS TUIACTIBIIIB Y BUIJISIII Oca-

ny. OLiHIOBaHHS SKOCTI OYMIIEHHS 3pa3KiB OyIo
npoBeneHo 4epe3 60 xB Ta uepe3 A00y TMicis
MOYaTKy TMPOIECY CeIUMEHTAI] HIITXOM BimbO-
py mpod 3 KOXKHOI CKIISHKM Ha OIHIM 1 Til ke
INIMOWHI BIACTOSIHOTO IIapy BOJH, 3 TOAAIBIINM
X aHaII30M Ha BMICT 3QJIMIIIKOBUX KOHIICHTPAIIH
3a0pyIHIOIOYUX PEUOBHH.

Opnepkani rpadiuHi 3aeXKHOCTI, SKi 30-
Opa’keHO Ha PUCYHKY 2, TIOKa3yloTh, 110 ONTHMa-
JbHA 7032 TS €PEKTUBHOTO OYHIIICHHS MOJICITb-
HOTO PpO3YMHY 3 KOHIICHTpaIli€ OapBHUKA
aKTHBHOTO-cHHBOro 20 Mr/aM°® Ipu 3acTOCYBaHHI
KOAaryJIsiHTiB CTaHOBHUTH. 40 mr/om° s PIX-318
Tta Aly(SO,)3-nH,0 1 20 mr/mm° st ALS. [Tpu
30iJbIICHH] Yacy MPOBEJCHHS CEeIMMEHTAIli 10
24 rox onTUMaibHA J103a Ui KoaryisHra PIX-
318 HE 3MIHIOETHCS (40 MF/,Z[M3), I
Alx(SO4)3-nH,O i ALS 30imbmiyerhes 10
50 mr/nm® Ta 10 60 Mr/am> BiIMOBiIHO (pHUCy-
HOK 3).

100

g

o 98

g % —:—><.>"<gL

g

< 2 ——ALS

s 90

E 88 —f—Al2(504)3
=

Z 86 i PIX-318
2 84

[ 82 T T T T T 1

>

] 20 30 40 50 60 70

Dosa koarynauta, mr/n

PucyHok 2 — 3ajie:kHicTh CTyNeHsI 04MCTKY 3a0apBJIeHNX 3pa3KiB BOH 3 KOHIIEHTPaLiclo 0apBHUKA
20 mr/am°® Bix x03m KOAryJisiHTa (TpHBaJicTh Mpolecy ceruMeHTaIii — 60 xB)
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Pucynok 3 — 3ane:kHicTh cTyneHsl OUMCTKH 320apBJIeHUX 3pa3KiB BOIU 3 KOHIEHTpaNLiclo 0apBHUKA
20 mr/am° Bix xo3m KOAryJIsiHTa (TpUBAJicTh mpouecy celuMeHTauii — 24 rox)

3aBgaHHSAM HACTYITHOTO €Tamy JOCIHi-
JOKCHHS OyJI0 BU3HAYCHHS ONTHUMAIBHOI 103U
(hr1oKynsSHTA-XiTO3aHY B KOMIUIEKC 3 KOKHUM 13
KOAaryJIsHTIB, IO OyJaW B3SATI y KUIBKOCTI, sKa
BIJIMOBila€ iX BH3HAYEHWM HA TIOMEPETHBEOMY
erami, micas 60 XB ceqUMEHTAIlil, ONTUMAILHUM
nmo3aM. JlJis 1bOro yci MICTh CKIISIHUX CTaKaHiB
OyJM 3armoBHEHI OJTHAKOBHM 00’ €MOM JOCIIJIKY-
BaHoi Boxu (1 av°) i momaHa oxHa i Ta X ONTH-
MajghbHa J03a KoaryisiHTa. [licis iHTEeHCHBHOTO
nepemimryBaHHs 31 mBuAKicTIo 140 00/XB BIpo-
JIOBX 2 XB y CKJSHKU Oyno BBeneHO 103U 1 %
po3unHy (IIOKYISHTA-XiTO3aHy B IHTEpBali BiX
0,2 10 3,4 cM®, w0 BimOBizaE BMiCTy XiTO3aHY
Big 2 10 34 Mr/aM°, IpH LbOMY HepUIHii CTAKaH
3aJIMIIABCSI KOHTPOJIBHUM, TOOTO 0€3 J10/1aBaHHS
dmokymstaTa. Tlicas mbOro eKCIepuMEeHT MPOBO-
I aHAJIOTIYHO TOMY, SIKWUA OIMCAHWHA IS
KOAryJIsSiHTIB, 1 OIIIHIOBaHHS SIKOCTI OYHINEHHS
npoBoauiocs uepe3 60 xB Ta uepe3 24 roJ micis
MOYATKY MPOLECY CeUMEHTAIII.

AHami3 oTpuMaHuX TpadidHAX 3aJeKHOC-
TeH J1aB MOXJIMBICTh BU3HAYUTH €(DEKTUBHY 703y
(hbnokyyIsgHTAa Ta ONTUMAbHI YMOBU HOTO 3aCTO-
CYBaHHS B KOMIUIEKCI 3 PI3HUMHU KOATyJISTHTaAMH.

OtpumaHi rpadivHi 3a71eKHOCTI, 300pakeHi
Ha PUCYHKY 4, CBi4aTh NpO Te, IO ONTHMAIbHA
no3a  (QIIOKYJISIHTa-XiTo3aHy, BHU3HAueHa depe3
60 xB mic)Is MOYaTKy MpOIecy Ta MPU BUKOPUC-
TaHHI WOTO pa3oM 3 pI3HUMH KOAaryJsSTHTAMH,
cranoButh 20 mr/mM° - 3 PIX-318 i
Aly(SO,)5-NH,0 Ta 34 Mr/nm° — 3 ALS.

30inpIIeHHs Yacy MPOBEACHHS TIPOIECY
cenuMeHTalii 710 24 roa cropus€ 3MEHILIEHHIO
03U XiTo3aHy 10 6 MF/I[MS mpu  mii 3
Aly(SO4);-nH,0 Ta mo 2 mr/om® — 3 PIX-318, a
mpu 1ii B KomIutekci 3 ALS onrmmaneHa mo3a
3aIHIIA€ThCA HE3MIHHOW — 34 mr/am® (pucy-
HOK 5).

Takox y pe3ynbTaTi €KCIIEpUMEHTY BCTa-
HOBJICHO, IO 30UThIICHHS A03M (UIOKYJISHTA-
XiTO3aHy CIIPHUSE€ YTBOPECHHIO IUIACTIBIB OlTb-
LIOT0 PO3MIpY, a 1€, B CBOIO Yepry, IPUILIBUALIYE
mpoiuec  oca/pkeHHs, koarynsHtu ALS Ta
Al(S0,)3-nH,O 3 XiTO3aHOM YTBOPIOIOTH arpe-
raTH, SKi 3 9aCOM PYHHYIOTHCS, Ha BIOMIHY Bix
arperariB, 10 yTBoprotoTecs 3 PIX-318, ski
YTBOPIOIOTH CTiHKi CIOJIYKH, a CTYIiHb OYHIICH-
HS TIpU IIboMYy ftocsirae mpaktuaao 100 %.

[Ipu mocnimkeHHI SKOCTI BOIH, SIKE IIPO-
BOJAMIIOCS TICIJIS 3aBEpUICHHS MPOIeCy KoaryJs-
1ii, TakoX OyJ0 BCTAaHOBIIEHO, IIO B Pe3yJbTaTi
BUKOpucTaHHs KoaryisHta PIX-318 oummena
BOJa MICTHTHh JeSKYy KIJTBKICTh 3aJIMITKOBHAX
ionie Fe*, masBHicTh fKuX 36imblIye MyTHiCTb
Ta KOJBOPOBICTh pOo3uMHIB (Tabmuus 1). Y Toit
K€ Jac J0JaBaHHS HE3HAYHOI KITBKOCTI (IOKY-
JSHTA-XiTO3aHy, a came 6 Mr/am°, Jae 3Mory
3HM3UTH BMICT 3aii3a BIBiYi, a MpH BUKOPHUC-
TaHHI ONTUMAIBHOI 03U (IIOKYJISIHTA — IOBHIC-
TIO BUIYYHATH Horo (tabmwms 2). Ha mamy aym-
Ky, I TIOB’SI3aHO 3 XEJIaTHUMHU BIACTHBOCTSIMU
XiTO3aHy, sIKi BiH BUSBISE JI0 10HIB BOXXKUX Me-
tanis [19, 20].
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Dosa dnokynanta, mr/n

PucyHoK 4 — 3a/Ie;KHICTh CTyNeHsl 0UMCTKH 3a0apBJIeHNX CTIYHHX BOJ 3 BMicToM GapBHuKa 20 Mr/am°
Bi 1031 QIoKyJsIHTA NPH Ail B KOMILIEKCi 3 pi3HUMH THUIIAMH KOAryJISIHTiB
(TpuBagicTh mpouecy ceruMeHTauii — 60 xB)
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Pucynok 5 — 3ane:kHicTh cTyneHsl 0YMCTKH 320apBJIeHUX CTIYHUX BOJ 3 BMicTOM O0apBHHKa 20 mr/am®
Bift 1031 1oKyJIsIHTA NPH Ail B KOMILIEKCi 3 pi3HUMH THIIAMH KOATyJISIHTIiB
(TpuBaicThH Npouecy ceiuMeHnTauii — 24 roa)

Ta6muusa 1 — Bmicr 3anmmxoBux Fe* -ionis y oummeniii Boxi mic/1s mpouecy Koarysiii
3 koaryiasinTom PIX-318

Jlo3a PIX-318, mr/am° Konnentpartis F 63+-i0HiB, mr/ om®
10 0
20 0,014
30 0,014
40 0,144
50 0,38
60 0,524

Tabmuus 2 — Buict 3aanmxoux Fe®' ioniB npn xommiekcHiii aii ¢uokyasinta-xirosany
3 koaryasiaTom PIX-318 (40 mr/am®)

Jo3a ¢mokynsHTa, mr/am° Konnentpartis F 63+-i0HiB, mr/ om®
2 0,66
6 0,03
10 0
20 0
28 0
34 0
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BucHoBku. B pe3ynbpTati BUKOHaHHS J0C-
JTHUIIEKOT poOOTH OyJIO MPOaHA30BaHO IIPO-
1ec OYMINEeHHS 3a0apBICHUX MOJICIBHUAX PO34H-
HiB, HaOMIKEHUX JIO0 CTIYHUX BOJ TEKCTUIHHHX
MIIPUEMCTB YKpaiHd, METOIaMH KOAryJisIlii Ta
(IOKYJISALIT 3 BUKOPHCTAHHIM PI3HUX THUIIB KOa-
TYJASHTIB Ta MpUpoAHOro (iokymsHTa. SIK Koa-
TYJASHTH  BUKOPUCTOBYBQJIM:  KPHCTAJIOTiIpaT
cipuanokucioro amoMiniio (Aly(SO4)3-18H,0),
pozunH cynbgary xmopumy 3amza (PIX-318) Ta
cyiabdar amominito pinkuit (ALS). fAx ¢uoky-
JITHT BUKOPHUCTOBYBAJIM TPUPOTHUN OiomomimMep
xito3an (BupoOHunTBa 3A0 «biomporpecy 3i
CTyIEHEM JieaneTHiIIoBaHHs 82 %).

B mporeci mocmimkeHHS KOAryNsiiifHOTO
Croco0y OYMIIECHHS MOJCIBHUX PO3YMHIB OYyII0
BU3HAYCHO ONTHUMAJbHI 103U KOArylisHTIB Ta
(hnokysHTa-XiTO3aHY JJIsi PO3YHHIB 3 KOHIICHT-
pariiero 6apeauKa 20 Mr/ﬂMS, 110 CTAHOBJIATH JUIS
koaryasHTiB - PIX-318 i Aly(SQO4)3-nH,O0 -
40 MF/,I[MS a ALS - 20 MF/I[Ma, a s QIIOKYJISH-
Ta-XiTO3aHy NP BUKOPUCTAHHI HOTO B KOMILICK-
ci 3 pisauMu koarymsiaTamu 20 mr/am° — 3 PIX-
318 i Aly(SO4)3-nH,O Ta 34 mr/am®— 3 ALS.

[Ipu mopiBHAHHI €()EeKTUBHOCTI BUKOPHC-
TaHHA KOATyJISIHTIB BCTAHOBJICHO, IO CTYITIHB
OYMIIICHHS METOJIOM KOaryJsilii, 3 BHKOPUCTAH-
HSIM Oy[AB-SIKOTO 3 JOCHIIPKyBaHUX KOAryJsSHTIB,
TP 30UTBIICHHI TPUBAJIOCTI MPOBEACHHSI IPOIIE-
Cy CeAMMEHTAIIIT TEXK 301IBIIYETHCS.

Takox 3a(ikcOBaHO, 110 MPH 3aCTOCYBaHHI
3aJ1130BMICHOTO KOAryJisiHTa B OYMIIEHUX 3pa3Kax
BOIM HasABHHUM 3aJIMIIKOBHII BMICT 10HIB 3aii3a
(IIT), Ta moBemeHO, MO JOAABAHHSA BH3HAYCHOI
JI03u (PIOKYJSTHTA-XITO3aHy Ja€ 3MOTY ITOBHICTIO
BUJIYYHMTH 10HHM 3aj1i3a 3 OUHUIIEHOT BOJIH.

JloBenieHo, 1110 BUKOPUCTAHHS XITO3aHY SIK
¢GoKyNgHTa cHOpuse YTBOPEHHIO IUIACTIBLIB
3HaYHO OUTBIIOrO PO3Mipy, IO NPHUIIBUALIYE
MIPOLIEC CeTUMEHTAII].

BceraHoBEHO, 110 CTYIIHL OYHMINEHHS 3a-
OapBIEHNX MOEIHFHUX PO3YHHIB 3aJIEKHUTH BiJ
KOHIIEHTpaIii J0JAaHUX KOAryJsHTIB Ta (IoKy-
JISTHTA, a TAKOX BiJl CTyNeHs 3a0pyTHEHOCTI BOIU
1 BiJ{ TPUBAIIOCTI OCa/KEHHSL.

Cnucok Jitepatypu

[1] I M. Actpenin, Ta X.PartnaBipu, @izuxo-
Ximiuni Memoou ouuwents 6oou. Kepyeanns
600HUMU pecypcamu’ TIiapyqHUK. 2015.

[2] T.B.Comonornik, Ta [I.C.CromsipeHko,
"BupinieHHst akTyalbHUX MUTaHb BOIOMIM-
TOTOBKM Ta OYMIIEHHS CTIYHUX BOJI HAYKOB-

[IMHA MIDKHapOJIHOTO PiBHS B paMKax MPOEK-
Ty "Bomna "apmonis”, Bicnux Yepkacvkoeo
0€pIHCABHO20 MEXHONOSTUHO20 YHigepcume-
my, Ne 1, ¢.137-149, 2017 (Texniuni nayxu).
[3] I M. Ilerpymika, I'. 3. JIechkiB, Ta
T". I. ITnaxTiii, "OunieHHs CTIYHUX BOJ Bif
OapBHUKIB TPUPOTHUMH copOeHTaMu", Bic-
Huxk Hayionanvnoeo yuisepcumemy "Jlogis-

coka nonimexnixa", Ne 488, c.230-233,
2003.

[4] Shahin Homaeigohar, Ahnaf Usman
Zillohu, Ramzy  Abdelaziz,  Mehdi

Keshavarz Hedayati, and Mady Elbahri, in
Materials A novel nanohybrid nanofibrous
adsorbent for water purification from dye
pollutants, vol.9, no. 10, 848, pp.1-16,
2016.

[5] T.B. Cononosuuk, "CopOiusi pacTBOpH-
MBIX Kpacheﬂeﬁ Ha XWUTHHCOJACPpIKAIIUX
KoMIuiekcax', Xumus u mexmonozus 600bl,
25 (4), c. 342-349, 2003.

[6] N.Mykhailenko, O. Makarchuk, T. Dontso-
va, S. Gorobets, and I. Astrelin, "Purifica-
tion of ageous media by magnetically oper-
ated saponite sorbents”, Eastern European
Journal of Enterprise Technologies, 4,
pp. 13-20, 2015.

[7] I. Kosogina, I. Astrelin, G. Krimets, and
N. Vereshchuk, "The process of wastewater
treatment with advanced oxidation methods
to remove dye", Chemistry & Chemical
Technology, 8 (3), pp. 365-369, 2014.

[8] T.Obushenko, N. Tolstopalova, O. Kulesha,
and 1. Astrelin, "Thermodynamic studies of
bromphenol blue removal from water using
solvent sublation", Chemistry & Chemical
Technology, 10 (4), pp. 515-518, 2016.

[9] T.A. Dontsova, I. Ivanenko, and I. Astrelin,
"Synthesis and characterization of titani-
um (IV) oxide from various precursors"”,
Springer Proceedings in Physics, 167,
pp. 275-293, 2015.

[10] B. B. I'onuapyk, T. 1O. [lynbHesa,
H. A. Kyuepyk, ta I'. M. Tiropyk, "Cnociod
OYMILEHHS CTIYHUX BOJ BiJl HpsAMHUX OapB-
nukiB", Ilamenm Ne 78892, Ksit. 10, 2013,

[11] A. K. 3amonsckuii, u A. A. bapan, Koazy-
JIAHmMbl U d)]lOKyJZ}lebl 6 npoyeccax ovucm-
xku 600vwt: Ceoticmea. Ilonyuenue. Ipumene-
nue. Jlenunrpan: Xumus, 1987.

[12] A. . MarmeB, Bodoomeedenie Ha npombli-
JeHHbIX npeonpusmusix. JIbBoB: Buima mik.
Wzn-Bo nipu JIbBOB. yH-TE, 1986.

© T. B. Conogosuik, H. M. Toncronanosa, H. M. ®owmina, 1. K. SIkumenxo, 2019

114

DOI: 10.24025/2306-4412.3.2019.167654


https://research.aalto.fi/portal/shahin.homaeigohar.html
https://research.aalto.fi/portal/ramzy.abdelaziz.html
https://research.aalto.fi/portal/mady.elbahri.html
https://research.aalto.fi/en/journals/materials(ad310a8c-700c-4cfb-be05-9c4994c8913a)/publications.html
https://research.aalto.fi/en/publications/a-novel-nanohybrid-nanofibrous-adsorbent-for-water-purification-from-dye-pollutants(f663fce2-cc6a-49c1-bd4d-906ed065f67f).html
https://research.aalto.fi/en/publications/a-novel-nanohybrid-nanofibrous-adsorbent-for-water-purification-from-dye-pollutants(f663fce2-cc6a-49c1-bd4d-906ed065f67f).html
https://research.aalto.fi/en/publications/a-novel-nanohybrid-nanofibrous-adsorbent-for-water-purification-from-dye-pollutants(f663fce2-cc6a-49c1-bd4d-906ed065f67f).html

TexHi4Hi Haykun

3/2019

[13] I. B. KocoriHa, I. M. Actpemnin, Ta
H. M. Toncromanosa, "KoMimuiekcHe ou4u-
IEHHS CTIYHWX BOJ Bix OapBHHKIB", Ha
Il Beceykp. 3°i30i exonoeie 3 migcHap. yuac-
mio. 30. HayK. CT., T.2. Binnuns, 2011,
c. 601.

[14] 1. K. SIkumenko, ta T. B. CononosHik, "Jlo-
CJIIJUKSHHS TIPOIIeCY KOaryJsIlii Ta mpoliecy
OUMIIEHHSI MyTHUX Ta 3a0apBJICHUX PO3YM-
HiB IIPH BUKOPHUCTAHHI Pi3HOTO THITY KOary-
nsHTiB", Ha VII Miscnap. koug. cmyoenmis,
acnipanmis ma Moa00ux 64eHux 3 Ximii ma
xim. mexnonozii: 36. te3 gom. Kwuis, 2018,
c. 169.

[15] F. W. Pontius, "Chitosan as a drinking
water treatment coagulant”, American
Journal of Civil Engineering, vol. 4, iss. 5,
pp. 205-215, 2016.

[16] Sara Ann Fast, Bahareh Kokabian, and
Veera Gnaneswar Gude, "Chitosan en-
hanced coagulation of algal turbid waters —
comparison between rapid mix and ultra-
sound coagulation methods”, Chemical En-
gineering Journal, 244, pp. 403-410, 2014.

[17] D. Zeng, J. Wu, and J. F. Kennedy, "Appli-
cation of a chitosan flocculant to water
treatment”, Carbohydrate Polymers, vol. 71,
no. 1, pp. 135-139, 2008.

[18] F. Renault, B. Sancey, P.M. Badot, and
G. Crini, "Chitosan for coagulation/ floccu-
lation processes — an eco-friendly ap-
proach", European Polymer Journal, 45,
pp. 1337-1348, 2009.

[19] Dorota Kotodynska, "Chitosan as an effective
low-cost sorbent of heavy metal complexes
with the polyaspartic acid”, Chemical Engi-
neering Journal, vol. 173, iss. 2, pp. 520-529,
2011.

[20] W. S. Wan Ngah, and M. A. K. M. Hana-
fiah, "Removal of heavy metal ions from
wastewater by chemically modified plant
wastes as adsorbents: a review", Biore-
source Technology, 99, pp.3935-3948,
2008.

[21] P. Aragonés-Beltran, J. A. Mendoza-Roca,
A. Bes-Pia, M. Garcia-Melon, and E. Parra-
Ruiz, "Application of multicriteria decision
analysis to jar-test results for chemicals se-
lection in the physical-chemical treatment of
textile wastewater”, Journal of Hazardous
Materials, vol. 164, iss.1, pp.288-295,
2009.

[22] Herbert E. HudsonJr, and E.G. Wagner,
"Conduct and uses of jar tests", Journal of

American Water Works Association, vol. 73,
iss. 4, pp. 218-223, 1981.

[23] B. Tassinari, S. Conaghan, B. Freeland, and
I. W. Marison, "Application of turbidity me-
ters for the quantitative analysis of floccula-
tion in a jar test apparatus™, Journal of Envi-

ronmental Engineering, vol. 141, iss. 9,
2015.
[24] T. V. Solodovnik, H. S. Stolyarenko, and

A. A. Slis, "Prospects of using complex co-
agulation systems based on chitosan in wa-
ter treatment processes”, va V Meacoynap.
600HOM (hopyme "BooHvle pecypcvl u Kiu-
mam", 4. 2. MuHck, Pecrrybnuka bemapyces,
2017, c. 87-90.

[25] T. B. CononoBHik, Dizuuna ma KoioioHa
Ximis: mabopaTOpHUl MpakTHKyM. Yepkacu:
YTV, 2014.

References

[1] 1. M. Astrelin, and Kh. Ratnaviry, Physico-
chemical methods of water purification. Wa-
ter management: textbook. 2015 [in Ukrain-
ian].

[2] T.V.Solodovnik, and H.S. Stoliarenko,
"Solution of topical issues of water treatment
and sewage purification by scientists of in-
ternational level within the framework of the
"Water Harmony" project”, Visnyk Cher-
kaskogo derzhavnogo tekhnologichnogo
universytetu, no.1, pp. 137-149, 2017 [in
Ukrainian].

[3] I M. Petrushka, H. Z. Leskiv, and
H. I. Plakhtii, "Purification of waste water
from dyes by natural sorbents", Visnyk
Natsionalnoho universytetu "Lvivska
politekhnika", no. 488, pp. 230-233, 2003
[in Ukrainian].

[4] Shahin  Homaeigohar, Ahnaf Usman
Zillohu, Ramzy  Abdelaziz,  Mehdi
Keshavarz Hedayati, and Mady Elbahri, in
Materials A novel nanohybrid nanofibrous
adsorbent for water purification from dye
pollutants, vol.9, no. 10, 848, pp.1-16,
2016.

[5] T.V. Solodovnik, "Sorption of soluble dyes
on chitin-containing complexes”, Khimiya i
tekhnologiya vody, 25 (4), pp. 342-349,
2003 [in Russian].

[6] N.Mykhailenko, O. Makarchuk, T. Dontso-
va, S. Gorobets, and I. Astrelin, "Purifica-
tion of ageous media by magnetically oper-
ated saponite sorbents”, Eastern European

© T. B. Conogosuik, H. M. Toncronanosa, H. M. ®owmina, 1. K. SIkumenxo, 2019

115

DOI: 10.24025/2306-4412.3.2019.167654


http://www.sciencepublishinggroup.com/journal/index?journalid=229
http://www.sciencepublishinggroup.com/journal/index?journalid=229
https://www.infona.pl/resource/bwmeta1.element.elsevier-3787ae24-affb-3738-bccf-5e48815f6d99/tab/jContent
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894/164/1
https://www.researchgate.net/scientific-contributions/2026728145_Herbert_E_Hudson_Jr?_sg=f4fugs5VfwMQkg-XFgKcVMRnlREj6wrFTTdLSkd9sIfjPjSk4hXcWawDf0JxJ3Z_iwyoms4.t4lhWd7NCthQrLQKMVPVmMh9A2PHa-V9nFGuOeljEfQvWqaBe7E36-iVgB3V4r_ux3o7IBpzJUpIgYESWCjxhQ
https://www.researchgate.net/scientific-contributions/2110543640_E_G_Wagner?_sg=f4fugs5VfwMQkg-XFgKcVMRnlREj6wrFTTdLSkd9sIfjPjSk4hXcWawDf0JxJ3Z_iwyoms4.t4lhWd7NCthQrLQKMVPVmMh9A2PHa-V9nFGuOeljEfQvWqaBe7E36-iVgB3V4r_ux3o7IBpzJUpIgYESWCjxhQ
https://ascelibrary.org/author/Tassinari%2C+B
https://ascelibrary.org/author/Conaghan%2C+S
https://ascelibrary.org/author/Freeland%2C+B
https://ascelibrary.org/author/Marison%2C+I+W
https://research.aalto.fi/portal/shahin.homaeigohar.html
https://research.aalto.fi/portal/ramzy.abdelaziz.html
https://research.aalto.fi/portal/mady.elbahri.html
https://research.aalto.fi/en/journals/materials(ad310a8c-700c-4cfb-be05-9c4994c8913a)/publications.html
https://research.aalto.fi/en/publications/a-novel-nanohybrid-nanofibrous-adsorbent-for-water-purification-from-dye-pollutants(f663fce2-cc6a-49c1-bd4d-906ed065f67f).html
https://research.aalto.fi/en/publications/a-novel-nanohybrid-nanofibrous-adsorbent-for-water-purification-from-dye-pollutants(f663fce2-cc6a-49c1-bd4d-906ed065f67f).html
https://research.aalto.fi/en/publications/a-novel-nanohybrid-nanofibrous-adsorbent-for-water-purification-from-dye-pollutants(f663fce2-cc6a-49c1-bd4d-906ed065f67f).html

pISSN 2306-4412 / eISSN 2306-4455

BicHuk YepkacbKkoro gepxaBHOro TeXHOSOri4YHOro yHiBepcuteTty

Journal of Enterprise Technologies, 4,
pp. 13-20, 2015.

[71 I Kosogina, |I. Astrelin, G. Krimets, and
N. Vereshchuk, "The process of wastewater
treatment with advanced oxidation methods
to remove dye", Chemistry & Chemical
Technology, 8 (3), pp. 365-369, 2014.

[8] T.Obushenko, N. Tolstopalova, O. Kulesha,
and 1. Astrelin, "Thermodynamic studies of
bromphenol blue removal from water using
solvent sublation", Chemistry & Chemical
Technology, 10 (4), pp. 515-518, 2016.

[9] T.A. Dontsova, I. lvanenko, and I. Astrelin,
"Synthesis and characterization of titani-
um (IV) oxide from various precursors",
Springer Proceedings in Physics, 167,
pp. 275-293, 2015.

[10] V. V. Honcharuk, T. Yu. Dulneva,
D. D. Kucheruk, and H. M. Titoruk, "Meth-
od of purification of waste water from direct
dyes", Patent no. 78892, Apr. 10, 2013 [in
Ukrainian].

[11] A. K. Zapolskyi, and A. A. Baran, Coagu-
lants and flocculants in water purification
processes: Properties. Receiving. Applica-
tion.. Leningrad: Khimiya, 1987 [in Rus-
sian].

[12] A.l. Matsnev, Water disposal in industrial
enterprises. Lvov: Vyshcha shk. 1zd-vo pri
Lvov. un-te, 1986 [in Russian].

[13] I. V. Kosohina, I. M. Astrelin, and
N. M. Tolstopalova, "Complex wastewater
purification from dyes", in 11l All-Ukr. En-
vironmental Convention with Internat. Par-
ticipation: coll. of sci. papers, vol. 2. Vinny-
tsia, 2011, p. 601 [in Ukrainian].

[14] I. K. Yakymenko, and T.V. Solodovnik,
"Investigation of the process of coagulation
and the process of purification of muddy
and colored solutions using different types
of coagulants”, in VII Internat. Conf. of Stu-
dents, Graduate Students and Young Scien-
tists in Chemistry and Chem. Technology:
collected abstracts. Kyiv, 2018, p. 169 [in

Ukrainian].
[15] F. W. Pontius, "Chitosan as a drinking
water treatment coagulant”, American

Journal of Civil Engineering, vol. 4, iss. 5,
pp. 205-215, 2016.

[16] Sara Ann Fast, Bahareh Kokabian, and
Veera Gnaneswar Gude, "Chitosan en-
hanced coagulation of algal turbid waters —

comparison between rapid mix and ultra-
sound coagulation methods", Chemical En-
gineering Journal, 244, pp. 403-410, 2014.

[17] D. Zeng, J. Wu, and J. F. Kennedy, "Appli-
cation of a chitosan flocculant to water
treatment"”, Carbohydrate Polymers, vol. 71,
no. 1, pp. 135-139, 2008.

[18] F. Renault, B. Sancey, P.M. Badot, and
G. Crini, "Chitosan for coagulation/ floccu-
lation processes — an eco-friendly ap-
proach”, European Polymer Journal, 45,
pp. 1337-1348, 2009.

[19] Dorota Kotodynska, "Chitosan as an effec-
tive low-cost sorbent of heavy metal com-
plexes with the polyaspartic acid”, Chemical

Engineering Journal, wvol. 173, iss. 2,
pp. 520-529, 2011.
[20] W. S. Wan Ngah, and M. A. K. M. Ha-

nafiah, "Removal of heavy metal ions from
wastewater by chemically modified plant
wastes as adsorbents: a review", Biore-
source Technology, 99, pp.3935-3948,
2008.

[21] P. Aragonés-Beltran, J. A. Mendoza-Roca,
A. Bes-Pia, M. Garcia-Mel6n, and E. Parra-
Ruiz, "Application of multicriteria decision
analysis to jar-test results for chemicals se-
lection in the physical-chemical treatment of
textile wastewater”, Journal of Hazardous
Materials, vol. 164, iss.1, pp.288-295,
2009.

[22] Herbert E. HudsonJr, and E.G. Wagner,
"Conduct and uses of jar tests", Journal of
American Water Works Association, vol. 73,
iss. 4, pp. 218-223, 1981.

[23] B. Tassinari, S. Conaghan, B. Freeland, and
I. W. Marison, "Application of turbidity me-
ters for the quantitative analysis of floccula-
tion in a jar test apparatus™, Journal of Envi-

ronmental Engineering, vol. 141, iss.9,
2015.
[24] T. V. Solodovnik, H. S. Stolyarenko, and

A. A. Slis, "Prospects of using complex co-
agulation systems based on chitosan in wa-
ter treatment processes”, in V Int. Water Fo-
rume "Water Resources and Climate",
part 2. Minsk, Republic of Belarus, 2017,
pp. 87-90.

[25] T. V. Solodovnik, Physical and colloidal
chemistry. Cherkasy: ChDTU, 2014 [in
Ukrainian].

© T. B. Conogosuik, H. M. Toncronanosa, H. M. ®owmina, 1. K. SIkumenxo, 2019

116

DOI: 10.24025/2306-4412.3.2019.167654


http://www.sciencepublishinggroup.com/journal/index?journalid=229
http://www.sciencepublishinggroup.com/journal/index?journalid=229
https://www.infona.pl/resource/bwmeta1.element.elsevier-3787ae24-affb-3738-bccf-5e48815f6d99/tab/jContent
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/article/pii/S0304389408012004#!
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894/164/1
https://www.researchgate.net/scientific-contributions/2026728145_Herbert_E_Hudson_Jr?_sg=f4fugs5VfwMQkg-XFgKcVMRnlREj6wrFTTdLSkd9sIfjPjSk4hXcWawDf0JxJ3Z_iwyoms4.t4lhWd7NCthQrLQKMVPVmMh9A2PHa-V9nFGuOeljEfQvWqaBe7E36-iVgB3V4r_ux3o7IBpzJUpIgYESWCjxhQ
https://www.researchgate.net/scientific-contributions/2110543640_E_G_Wagner?_sg=f4fugs5VfwMQkg-XFgKcVMRnlREj6wrFTTdLSkd9sIfjPjSk4hXcWawDf0JxJ3Z_iwyoms4.t4lhWd7NCthQrLQKMVPVmMh9A2PHa-V9nFGuOeljEfQvWqaBe7E36-iVgB3V4r_ux3o7IBpzJUpIgYESWCjxhQ
https://ascelibrary.org/author/Tassinari%2C+B
https://ascelibrary.org/author/Conaghan%2C+S
https://ascelibrary.org/author/Freeland%2C+B
https://ascelibrary.org/author/Marison%2C+I+W

TexHi4Hi Hayku 3/2019

T. V. Solodovnik!, Ph. D., associate professor of the department of chemical technologies
and water treatment,
e-mail: solodovniktetana@gmail.com
N. M. Tolstopalova?, Ph. D. (Eng.), associate professor, acting head of the department
of inorganic matters technology, water purification and general chemical technology,
N. M. Fomina®, senior lecturer of the department of chemical technologies
and water treatment,
I. K. Yakymenko®, student
e-mail: yakimenko97@ukr.net
'Cherkasy State Technological University
Shevchenko blvd, 460, Cherkasy, 18006, Ukraine
*National Technical University of Ukraine “lgor Sikorsky Kyiv Polytechnic Institute”
Peremohy ave., 37, Kyiv, 03056, Ukraine

STUDY OF THE PROCESSES OF COLORED SOLUTIONS PURIFICATION
USING INORGANIC COAGULANTS AND NATURAL FLOCULANT

Today the problem of purification of domestic and industrial wastewater from a variety of or-
ganic and inorganic pollutants is one of the most important and topical issues in the world. The fur-
ther harmonious existence of all aquatic ecosystems depends on a successful solution of this problem.
In the process of work, studies on the analysis of existing methods of sewage treatment, painted with
different types of dyes, and the search for efficient ways to improve them have been carried out. The
coagulation process using coagulants in combination with natural and artificial flocculants is one of
the effective ways of treating colored sewage. The coagulation process is usually carried out using
coagulants based on aluminum and iron salts that are capable of hydrolyzing in water to form various
coagulation structures with high adsorption and adhesion properties. The addition of flocculants, even
in small amounts, besides conventional coagulants, promotes the faster formation of flakes, sedimen-
tation and filtration, stabilizes the process of purification, improves the quality and efficiency of the
equipment operation.

At the Department of Chemical Technologies and Water Treatment, the research of the deter-
mination of the optimal dosage of coagulants based on aluminum (Alx(SO,)s * 18H,0, ALS) and iron
(PIX-318) to purify colored model solutions that are similar to the sewage of Ukrainian coloring com-
panies has been conducted. Natural amino polysaccharide — chitosan, which is offered as the effective
flocculant, has been used in combination with inorganic coagulants. Being a weak cationic flocculant,
chitosan has an increased efficacy of protein sedimentation compared with classical flocculants. In the
process of purification of model solutions, the optimal dosages of coagulants and the flocculant — chi-
tosan have been determined using the Jar-test method. The degree of purification of colored model
solutions, from the concentrations of added coagulants and flocculant, as well as the degree of water
pollution and the duration of deposition have been established. Increasing the duration of the sedi-
mentation process allows to increase the degree of purification of colored model solutions. The ad-
vantages and disadvantages of different properties of coagulants are identified and recommendations
are developed to improve the efficiency of the use of the coagulation process of purification.

Keywords: sewage, purification, coagulation, coloration, coagulants, flocculants.
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