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Annotation

The study investigated the production of a mixed coagulant as a target product when utilizing ferrous sulfate, which
negatively affects the technogenic load of the environment. Iron vitriol, in the form of large-tonnage acid waste of
titanium production, is identified with a number of hazardous, producing environmental problems in places where
enterprises for its manufacture are located. Due to the fact that in its composition it contains free sulfuric acid,
solutions of which through underground waters fall on large areas of land, the structure of the soil changes.
Contamination occurs with titanium and chromium ions, which are part of the waste. A common method of artificial
clarification and discoloration of water, in which the color of water is increased, is the use of coagulants: aluminum
sulfate Al2(S04)3, aluminum chloride AlCl3, iron (II) sulfate FeSO4 and iron (III) sulfate Fez(S04)s3, aluminum chloride
pent hydroxide Alz(OH)sCl, sodium aluminum oxide NaAlO: and others, which form poorly soluble metal
hydroxides Al(OH)s and Fe(OH)s as a result of hydrolysis.

The aim of the work is to develop a technology for the utilization of ferrous sulfate to obtain a mixed coagulant that
will reduce the technogenic load.

To achieve this goal, prototypes of a mixed coagulant with a different ratio of substances useful for coagulation
(Al203/Fez03) have been developed.

Key words: environment; ferrous sulfate; oxidant; alloy; sulfation; mixed coagulant.

PO3POBKA TEXHOJIOTII OJIEPYKAHHA 3MIIIIAHOT'O KOATYJIAHTY 3 OCHOBHOI'O
BIAXO0AY THTAHOBOI'O BUPOGHUILITBA

['anna B. bapcykoBa, Mapuha 10. CaBueHko-IlepepBa
CymcoKull HayioHabHull azpapHuli yHieepcumem, 8ya. I'epacuma Kindpamiesa, 160, Cymu, Cymcoka 064., 40021, Ykpaina

AHoTalif

Y po60Ti AocCIiAKeHO OTPMMAHHA 3MilIaHOT0 KOAryJIAHTY SIK Ii/Ib0OBOT0 MPOAYKTY B Npoueci yTuisanii 3aizHoro
Kynopocy, AKMid HeraTUBHO BIUIMBA€ HAa TeXHOreHHe HAaBAaHTAa)KeHHS HaBKOJIMIIHbLOrO cepejoBUINA. 3aai3HUHA
Kynopoc y BUIVIAAI 6araTOTOHHa)KHMX KHCJIOTHHMX BiAXOAiB THTAaHOBOro BHPOOHHMLTBA BiJHOCATH [0 pAAY
HaliHeGe3ne4yHimMX ¢akTopiB, AKI NpOAYKYyHTb €KOJIOriYHi Mpo6G/jeMH B MiclsX, Je pO3TallOBaHi BiAnoBiAHI
nignpueMcTBa. BHacaizok Toro, mo y cBOEMy CKJIaji BiH MiCTUThb BiJIbHY Cy/ibdaTHy KUCJOTY, pO3YMHHU fAKOi i3
niJ3eMHMMH BOJAMHM NOTPAIUIANTh HA BeJIMKiI Iuomii cymi, 3MiHIOIOYM CTPYKTYpy IpyHTiB. BiadyBaeTbcs
3a6pyaHeHHs ioHamu Turtany i Xpomy, fAKi € yacTuHOW0 BiaxoaiB. [lomMpeHM METOAOM WITYYHOrO OCBIT/I€HHSA i
3HeGapBJIEHHA BO/J, Y AKUX KOJIbOPOBICTh BOAU NiJABUIEHAa, € BUKOPHCTAaHHA KOaryaaHTIiB: amoMiHii (I1I) cyasdaTty
Al2(S04)3, amominiii (I11) xnopugy AlCl;, pepym (II) cynndary FeSO4 i pepym (III) cynnpaty Fez(S04)3, amominiii
neHrarigpokcup, xaopuay Alz(OH)sCl, Hatpiit amominiii okcuay NaAlO: i iHmmx, Aki yTBOpoOTh y pe3yjbTati
rizpoJtisy masopo3sumnHHi rizpokcunau Al(OH)s i Fe(OH)s.

MeTo10 pOoGOTH € pPO3pO6Ka TexHOoJIoril yTuaizanii 3a1i3HOro Kynmopocy 3 OTPMMaHHAM 3MillIAaHOTO KOAryJsHTY,
SIKMY 3HM3UTh TEeXHOTeHHe HaBaHTaKeHHs.

Adna peanisanii mocraB/eHOi MeTHM HampanbOBaHO JOCHIAHI 3pa3kM 3MilIaHOrO KOAryJasiHTy 3 PpI3HMMHU
CniBBiAHOIIEHHAMHU KOPHCHMX AJIA Koary anii peyoBuH (Al203/Fe203).

Karouosi cio0ea: foBKiLIs; 3a1i3HUI KYTIOPOC; OKMCHIOBAY; 1J1aB; Cy/IbdaTH3aliist; 3MillaHHUH KOaryJIsHT.
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PA3PABOTKA TEXHOJIOT'HH IIOJIYYEHHUA CMEIHAHHOI'O KOATYJIAHTA U3
OCHOBHOT'O OTXOJZA TUTAHOBOI'O NTPON3BOACTBA

AnHna B. bapcykoBa, Mapuna 0. CaByeHko-IlepepBa
CymcKull HayuoHaabHbLi azpapHblil yHueepcumem, ya. I'epacuma Kondpamvwesa, 160, Cymol, Cymckas 064, 40021, YkpauHa

AHHOTanus

B pa6GoTe uccies0BaHO NMOJIyYeHHe CMELIaHHOIo Koary/isHTa B KayecTBe Lie/IeBOro NpoAyKTa AJA YTUIN3aLuU
’KeJIE3HOTO Kynopoca, HeraTMBHO BJIMAIOILEro Ha TEXHOTeHHYI0 HarpysKy OKpyxawomeid cpeabl. JKese3HbIi
Kynopoc B BHJie MHOTOTOHH@)KHBIX KHUCJOTHBIX OTX0/J0B THUTAHOBOr0 NMPOU3BOACTBA OTHOCAT K PAAY ONACHBIX
dakTOpoB, mnpoAyIMpYHOIIMX 3JKOJIOTMYeCKHe I@po6G/jeMbl B MeCcTaXx pacHojioKeHHs COOTBETCTBYIOIIUX
npeAnpuATH. BeaeacrBue TOoro, 4To B CBOEM COCTaBe OH COJAEPXKUT CBOGOJHYI0 CEpPHYI0 KHCJIOTY, PacTBOPBI
KOTOpOH BMecTe ¢ MOA3eMHBIMH BOJAMH NONaJAal0T Ha GoJiblliMe IVIOIAJM CyIlH M MEHAKT CTPYKTypy HOYB.
IIpoucxoauT 3arpsisHeHHe MOHAMH THTAaHA U XpOMa, KOTOpble ABJAITCA YacThl0 OTX0J0B. PacnpocTpaHeHHBIM
METO/J0M HCKYCCTBEHHOI'0 OCBeT/IeHHA M 06ecliBeYUBaHUsA BOJ, B KOTOPBIX Ha6./110aeTcs NOBbIIIeHHAas IJBETHOCTD,
ABJIAeTCA MCNOJb30BaHMe KOary/sgHTOB: cyjbdaTa amoMuHuA Alz(SO4)s, x1opuaa amomunus AlCI3, cyabdara
xkenesa (II) FeSOs+ m cynbdarta xkesesda (III) Fez(SO4)s, amomuHuii meHrarmgpokcup xjaopupa Alz(OH)sCl,
amoMmuHata Hatpus NaAlO: u Apyrux, oGpasyloluX B pe3yJjbTaTe rHJpo/u3a MaJOpacTBOPHUMbIE I'HJPOKCHADI
Al(OH)3 u Fe(OH)s.

Iles1b10 paGoOTHI SIBJISIETCA pa3paGoTKa TEXHOJIOTUM YTUIM3aLHMHU YKeJIE3HOT0 Kynopoca ¢ HoJIyYeHHeM CMEeIIaHHOTo
KOaryJisiHTa, KOTOPBIA Gy eT CHIXKaTh TEXHOTEHHYI0 Harpy3Ky.

JJis peasM3anuy MOCTABJIEHHON LleJIM HapaGOTaHbI ONbITHbIE 06Pa3nbl CMEIIAHHOrO0 KOAry/asHTa C Pa3/HYHbIM
COOTHOIIeHUEM I0JIe3HBIX Koary/siHToB (Alz03/Fez03).

Kawouesvie caosa: OKpyXKarllas cpeaa; JKeJIe3HbIN KyInopocC; OKHCJ/INTEJIb; CIlJIaB; Cy}'[bq)aTI/ISaL[I/IH; CMelllaHHbIA KOaryJsHT.

Bcryn TBEP/IUX, PiAKUX i ra30M0AiOHUX PEUOBUH, SIBJISIE
OaHMM i3 6araTOTOHHaXHUX  JpKepes €060 B NPUPOJHHMX  YMOBax  CKJIaJHY
yTBOpeHHH Hebe3neyHMx BigxoAiB Ak B CyMcbKili  6araToKoMIOHeHTHy cucTeMy. Kpim Toro,
obsacti, Tak i B VYKpaimi B 1isoMy € TNPHUpPOJHA BOjAA B OLIbIIOCTI BUNAAKIB MiCTUTb
mignprueMcTBO  XiMiyHOi mpomucaoBocti [IAT — OpraHiyHi pe4YoBHHM - 3aJMIIKM POCAWHHOIO i

«CymuxiMnpom». Lleit 3aBo/; MOCTilTHO HETaTUBHO TaKOX  >KUBI
BIJIMBAaE Ha HABKOJIMILHE cepejoBuile. [Ipu
BUpoO6HULTBI TUTaH (VI) okcuny ¢opMyeTbes
TBepAUH Bigxia Ha ocHoBi ¢pepym (II) cynbdarty,
o0 € 1npobJsieMOl0 CBITOBOro Macmraby. Y

TBAapUHHOTO TMOXO/JJKEHHS, a
opranismu [8; 9].

[IpakTHYHEe BUKOPUCTAHHS NPUPOJHUX BOJ,
BUMara€ [JOTPUMaHHS peTeJbHO PO3pOOJIeHUX
MeTO/liB OYMIEHHS BiJi HaWpi3HOMaHITHILIUX

pesyJbTaTi TpUBaJOi [AiAJILHOCTI ILexiB o /JAOMINIOK. 3aBJaHHA IITYYHOrO MOJINIIEHHA
BUpo6HUNTBY TuTaH (VI) okcuay B BifgBani Ha SKOCTI  OpUpPOJHOI  MUTHOI  BOJM  CTae
teputopii [TAT «CyMHUXIMIPOM» HAKOMMYMJIOCS LEHTPAJIbHOKW  NPOG/IEMOI0  BOAOMOCTAYaHHs

6a1u3bko 1,5 MJIH T 3aji3Horo kymopocy. Yepes
BifcyTHiCTL  Ge3medyHHUx Ta  3/elleBJIEHUX
TEeXHOJIOTIA HaKONMHWYEHHUH 3a/li3HUU Kymopoc He
nepepo6sieETbCs, a pisHULA Mk ob6csAraMmu
HaKONMWYeHHsA  BigaxoxiB 1  o6caramum X
3HEIIKO/KEHHSA Ta BUKOPHUCTAaHHA 3HaYHa.
Hapaszi, Hakonu4eHHs cyJ/ibdaTHOI KHUCJAOTH, SIKa
€ 4YeTBEepPTOK YaCTHHOK 3aJli3HOr0 KyIopocy,
NPU3BOAUTH [0 PYHHIBHOI €KOJIOTIYHOI KpHU3H,
IO € aKTyaJIbHOIO MPOO6JIeMOI ChOrofZieHHs [1-
4].

OpHuM i3 HallpAMKIiB MOKpallleHHA
eKOJIOTIYHOr0  CTaHOBUIA €  Mepepobka
Hebe3NeYyHoro BiAxoAy 3ali3HOro Kymopocy i
YTBOPEHHSl KOaryJsiHTy Ha HOro OCHOBI [Jisi
OYHILEeHHA CTiYHUX BOJ. Take TexHiyHe pilleHHA
Jl03BOJINTb CKOPOTUTH BUKOPUCTAaHHA MHUTHOI
BOAM 1 TMOJINIIMTH CTaH HaBKOJUIIHBOIO
cepenosuia [5-7].

Ananiz ocmannix oocnioxcenv ma nyoaiKayii.
Bo/ia, fika € rapHUM PO3YMHHHUKOM [iJis 6araTbox

MicT i npoMuca0Bux 06'ekTiB [10; 11].

Pa3oM 3 MM, pO3BUTOK NPOMHCJIOBOCTI 4aCTO
CHPUYHMHSE 36i/bIIeHHS 3a0pyHEHb IPUPOAHUX
BOJ i, B Ilepuly 4epry, BoJ, BiJKPUTHUX BOJOUM--
piyok 1 o03ep, YCKIAQJHIOWYM LUM 3a7a4y
BOJIOOYMIEHH [12].

AxicTe BOAYM NPUPOAHUX [KepeJs 4acTo He
33/l0BOJIbHAE BHMOraM, fIKi INpeJ saBJAITbL [0
NMUTHOI BOJM. 3BiicK BMHHUKA€E HeOOXiJHICTb
OYMILEHHS] BOJM BiJj 3a6pyJHEHUX PEYOBHH [JIsI
il mofiaspLIOro BUKOpUCTaHHA [13; 14].

OcHoBHa  3aZjaya  OYHUILEHHA  NUTHHUX
NPUPOJAHUX BOJ, 3BOAUTBHCA [0 BHUJaJEHHA
CYCNeH3il — KOJIOIAHUX PEYOBUH OpraHiyHOro i
HeopraHiuHOro noxo/keHHs [15-17].

Y npakTuui icHye JBa CHOCOGM TakKoro
OYMILIEeHHS:

- MeToJ, NpPUPOJHOrO OCBITJIEHHS BOJY,
3aCHOBAHMUM Ha Bi/|cTOOBaHHI ii 3 MocCaiAyI0UYUM
bibTpyBaHHAM, 3aCTOCOBYBaHUMU ISt
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OYHMIEeHHA MYTHHUX | NPUPOJHMUX BOJ, y SAKHUX
KOJIbOPOBICTb 3HMKeHa [8; 18];

- O6iaplI MOWIMPEHUH MeToJ LITYYHOTO
OCBiTJIEHHs | 3HeGapBJeHHS BOJ, Y SKHUX
KOJIbOPOBICTb ~ MiJiBUILlEHa, 3aCHOBAaHUM Ha
3acToCyBaHHi koaryysaHTiB: anwoMminiit  (I1I)

cynbdaty Alz(SO4)s, amtominint (III) xnopuny
AlCl;, dpepym (II) cynbdary FeSO4 i depym (III)
cynbdarty Fez(S04)s, amoMiHIM meHTarigpokcuj
xaopuay Alx(OH)sCl, naTpiét anwominiét okcupay
NaAlO; i iHmuX, ki yTBOPWOIOTH y pe3yJbTaTi
rizpoJisy Masiopo3yuHHi rigpokcuau Al(OH)s i
Fe(OH)., BoHH € OCHOBHUMH JilOUYUMU
peyoBUHAMHU NIPU OYHMIEeHH] BOAY KoaryasiHTaMH1
[19; 20]. 3acTocyBaHHSI KOaryJisiHTiB J03BOJISIE
3HAYHO MPUCKOPUTH MpOLieC OYHUIIeHHA BOAU
[21; 22].

Po3po6ka TexHoJiorii ofepaHHA i mojasblie
3aCTOCyBaHHA 3MilIaHUX KOAryJIsHTIB Ha OCHOBI
coseit TpuBajseHTHUx Al i Fe € ogHum 3
NepCleKTUBHUX HANpsIMKIB [AJ  Oofep:KaHHS
€KOHOMIYHO BUTiJHOI'O peareHTy B IIOPiBHAHHI 3
TpaJUIiiHUM KoaryJassHToM - amoMiniid (I11)
cynbdarom [22; 23].

Y npakTuii BoAONiArOTOBKYU HA JJAHOMY eTali
B OCHOBHOMY BUKOPHUCTOBYIOTB COJIi a/IFOMiHIIO i
3aJ1i3a, AKI MOXHa JOCHIAUTH Ha CleliaJIJbHOMY
ycTaTKyBaHHI [24-26]. KoarynsiHTu gK Ti, 110
MICTSITh a/JIOMiHIiH, SIK 1 3a/1i30BMiCHIi, MalOTb psij
BiJoMUX CyTTEBUX HEJIOJIKIB [16; 27]:

1. Alz(SO4)3x18H20 - OCHOBHMH KOaryJisiHT,
0 3aCTOCOBYETbCA  [JJA  OCBiTJIEHHA 1|
3HeOapBJIEHHSA BOJMU. [cToTHUI HeJ0JIK
amoMinito (III) cynabdaTy - d4yTaUBICTH [0
TeMIlepaTypHy BOJH, Ky OUMILYIOTb. Lle noscHIoe
BeJIMKY rifgparaunito anominin (1) rizpokcugy 3a
Hu3bkux Temnepatyp (1-2°C). 3pocraHH:A
rifpaTtanii B IMX yMOBax CcHOpuUsi€ cTabintizanil
3ost0 antoMminio (III) rizpokcupay, sIKMK MOraHo
KOaryJoe B JaHOMy Bunajaky, ioHamMmu HCO3- i
SO32" HaBiTH y KOHLEHTpaLidX, y KiJbKa pasiB
MepeBUIYOYHUX IX 3BHYAWHUNW BMICT y BOJ
[lizBUIIeHHA CTIHKOCTI 30J110 CUJIBHO BILJIMBA€E Ha
IWBUAKICTD YTBOPEHHS1 JANaToro ocajy; Mpu
BUKopucTaHHi antoMiHii (III) cynbdaTy B ymoBax
HU3BKHX TeMIlepaTyp CrocTepiraeTbcs
CHOBIJIbHEHHS] MPOLECY YTBOPEHHS JIAaToro
ocajZly, InepexoAy 3a/JMIIKOBOTO aJIOMiHIIO B
OuUMIlleHy BOJAy ¥ BUNAJAHHIO Ocaay aloMiHik
(III) rizpokcuay B Tpybax.

2. ®epym (III) cynbdpar  Fez(S04)3x2H20
3BUYAaWHO TOTYIOTh PO3YMHEHHSIM 3aJi3HOTO
kynopocy. IIpoAyKT  KpuUCTaliuHUH, Jyxe
rirpockoniyHui, 06pe PO3UUHSIETHCS ¥ BO/II.

Coni TpuBasieHTHOrO0 PepyMy 3acTOCOBaHI K
KOaryJsiHTH, MatoThb nepeBary Hag Alz(S04)s. Tak,

NpA IXHbOMY BHUKOPHUCTAHHI NOJINIIYETHCA
KOaryJsilisgs 3a HU3bKUX TeMIIEpATyp BOJHY,

IpUYoOMy Ha Ipouec Majno BimjauBae pH
cepeJloBUINA, IPHUCKOPIOETHCA oCa/pPKeHHA
3K0aryJIbOBAaHUX YaCTHHOK 1 CKOpOYYEThCA

TPUBAMICTh BiZICTOIOBaHHA (TyCTHHA JanaToro
ocany Fe(OH)s 6inbia, Hixk y Al(OH)3).
Hepousik cosneéd TpuBaseHTHoro ®Pepymy fkK

KOaryJIIHTiB - HeOOXiJHiCTh 1X peTesbHOro
JI03yBaHHS,  OCKUIBKM  HOro  NOpPYIIeHH:
NpU3BOAUTL [0 mNoTpamiassHHa @epymy B

ouniieHy Boay. Jlamati 4actuHku Fe(OH)s
oCizjaloTh HepiBHOMIpHO, y 3B'SI3Ky 3 YHUM Yy BOJi
3/IMIIAETBCA  BeJIMKA  KiJbKICTh  ApiOHUX
JanaTUX 4YacTo4yoK, 1o MncyioTh ¢inprpu. i
HeJl0JIIKM 3Ha4yHOI0 Mipol MOXHa YCYHYTH,
A0JaBIIH A]z(SO4)3 [2]

Ha ganuii yac y TexHoJ10Tii BOJOOYHUILEHHS HE
MO>KHa ILIIJIKOM BiZJMOBJIATUCS BiJl BAKOPHUCTAHHA
OZJHOKOMIIOHEHTHHUX KOAryJsaHTIB cojiell Pepymy
i AmoMinito [28; 29]. 3acTocyBaHHSI 3MillaHUX
KOAryJIAHTIB JJA€E MOXJ/IMUBICTb YCYHYTH HeJO0JiKU
BUKOPHUCTAHHA OZJHOKOMIIOHEHTHUX
KOaryJIIHTIiB. 3HaYeHHS K KOaryJIsHTIB I0JIAra€e
B sIKicHOMy npoBeZeHHi cop6uil Ta ocamxeHHi
YaCTUHU NPUPOAHUX 3a6pyaHeHb [30; 31].

3acTocoBYyBaHi B TexHili BOJOOYMILEHHS
KOaryJIAHTH HaWyacTille € COJAMU CJabKUX
OCHOB i CUJIBHUX KHUCJAOT. [Ipu po3uyuHeHH] iX y
BoAi BibyBaeThcsa rifgposis. [Ipouecy rigpoisy
NiAJalTbCA  KOAryJsHTH, 100 YTBOPIOIOTh
rigpokcuam, AKi € CJIaOKUMH eJieKTpoJiiTamy, i
MarThb HEBUCOKI 3HAaYeHHd CTyleHd guconianii -
a<2%, B NOPIBHAHHI 3 CUJIbHUMH eJIeKTPOoJIiTaMU
- a>30%). BiznosigHo rigposis cosel 3aisza [20]
MOBMHEH TMPOTIKaTU TMOBHille, HDK coJen
amoMiHiro i 3astiza [19], 6o JP(Fe(OH)s3) = 3.8 10-
38 a IP(A1(OH)3) = 1.9 1033, IP(Fe(OH):) = 6.3
10-16 [13].

Y BogomigroToBLi npu KoaryJsLii 3MilIaHOT O
koarysssHTy anwominin  (III) rigpokcuz, mo
YTBOPUBCA npu rifipoJisi KOaryJsHTY,
abcopbyetrbca Ha ¢epym (III) rigpokcuai [20;
32]. BinbyBaeTbcsi ofHOYacHe 1 cmisibHe
YTBOPEHHS IJIACTiBLIB U iX oca/PKeHHs, a eeKT
OYMIEeHHAd BOJAM 3MillaHUM  KOaryJsaHTOM
BU3HAYA€ETbCS  3/e06i/bLUIOTO0  BJIACTUBOCTSMH
¢depym (III) rigpoxcuay, To6TO muUTOMa Bara
depym (1) rigpokcuay Fe(OH)s = 3.6, a A1(OH)3
=2.4.

3acTocyBaHHA 3MillaHUX KOAryJdgHTIB Mae€
pan nepesar y IIOPiBHAHHI 3
O/JHOKOMIIOHEHTHHUMHU KOaryJIAHTaMH:

1) koaryJsanisg NOJMNIIYETbCA 3a HU3BKHUX
TeMIepaTyp BOIH;

2) macTiBIi 0Ca/PKYIOThCS PiIBHOMIPHO;
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3) [ocAraeTbCs [OCUTH TMOBHE OCBITJIEHHS
BOJIU.

3acTocyBaHH# 3MilIaHoro KOaryJIsIHTY
JlO3BOJIIE ~ CYTTEBO  CKOPOTHUTHM  BUTPATH
amoMinin (III) cynpdarty, 0co6gnBO B X0J04HY
nopy poky [19]. 3a HU3bBKUX TeMmIepaTyp y
3UMOBY NOPY POKY OYMIIEHHS BOAY aJIIOMIiHIN
(III)  cysnbdaToM mNpoTiKae  He3aJOBIIBHO:
Mpolecyu YTBOPEHHS MJACTIBLiB U iX oca/»KeHHS
CIIOBIJIBHIOIOTBCH; NJIACTIBLI YTBOPIOIOTHCA LyXKe
JIpiOHi; B ouMIlleHiN BOAil 3'ABJSETHCA MOMiTHa
KIJIBKICTh 3aJIMLIKOBOTO a/OMiHiI0. 36i/bIIeHHS
KisbkocTi coser  ®Pepymy [20] y ckuagi
3MillIaHOr'0 KOAryJIsIHTy [J03BOJISIE 3MEHIIUTHU
HeraTUMBHI HacJaiIKU TrifpoJiizy asnwoMiHito [19;
33].

Memotw docaidxceHb € po3pobKa TexHOoJIoril
yTUai3anii 3ai3HOT0 Kynopocy 3 OTPUMaHHAM
3MIlIaHOrO KOAryJsHTy, SIKUA 3HIKYBaTUME
TeXHOTeHHe HaBaHTaXEHHsS Ha HaBKOJIUIIHE
cepeZloBHUILE.

3asdanHs 00cAiOKHCEeHHA:

- BifpaloBaHHSl TEXHOJIOTIYHOTO PEXUMY
BUPOOHUIITBA 3MILIAHOTO KOATYJISAHTY;

- po3pobKa TMPUHIMIOBOI TEXHOJOTiYHOI
CXeMU BUPOOHUIITBA;

- HalpaloBaHHA 3pa3KiB KOATyJSHTY.

MaTepiaiu Ta MeTOAM JOC/TiAXKEeHb

Po3pobka TexHOJrii OTpMMaHHS 3MillaHOTO
KOaryJsiHTy 6a3yBajioCch Ha:

- eKCIIepHMEeHTI Ta
JOCJIiDKeHHSAX;

- BAKOPUCTAaHHI BITYU3HAHOI CHPDOBUHM.

Pob6oTa mpoBeZieHa Ha OCHOBi rocrnojap4yoro
foroopy Ne 1-69-01 Bim 04.06.2001 p. Ha 6asi
AT «HAT «MinJill» [23].

J1abopaTOPHUX

Y npoueci mnpoBefeHHsI  J1abOpaTOPHUX
JOC/iKEeHb 3 oJiep>KaHHA 3MiIIaHOrO0
KOaryJISHTy Oy/JM  BUKODPMUCTaHi:  3aJi3HUH

kynopoc, NaClO, cynbdaTHa KUC/I0Ta, allOMiHiN
(III) rizpoxcup.

BignoBigHo 0 MOCTaBJIEHO] 3aJavi
JlabopaTopHi Jociaiiu Oy/au CcHOpsiMOBaHi Ha
OJlep>KaHHA 3MIIIAHOTO KOAryJdHTy 3 pi3HUM
cuiBBigHomeHHsM Al;03/Fe;03[23].

JaHi focaigy npoBoAUINCA B TPU eTallu:

- okucHeHHs Biaxoay (FeSO4) 3 ofepkaHHSAM
depym (III) cynbdaTty Fez(S04)s;

- oTpuMaHnH# anwoMminito (II) cynbdary;

- 3MillyBaHHS KOMIIOHEHTIB y HeOOXiJHHUX
MIPOIOPLIiAX.

BuxioHi KomnoHeHmu:

1. 3axiznuti Kynopoc. [lnis TpoBeJleHHSA
JOCIiZiiB MO OKHWCHEHHI0 OyB BUKOPUCTAaHUU
3a/i3HMM  Kymopoc - Biaxiy TUTaHOBOTO

Bupo6HuUTBa [IAT «Cymuximmnpom». 3asi3HUH
KYIIOpOC € IPO30PUMH 3eJleHyBaTo-6JJaKUTHUMU
KpUCTa/laMH, 1[0 MBUAKO 6ypiloThb Ha MOBITPI,
HAaCU4YyO4YUCh BOJIOTOI, [ Ma€ HACTyNHUH
xiMiYHUM ckaz [34]:

Fe3+*- 1.74 %; Fesar — 19.16 %; H2SO04pinu — 0.16 %.

2. Hampiii einoxsaopum. BUKOPHUCTOBYBaHUU
HaTpin TiNOXJIOPUT BHUPOGHHIITBA Al
«KpeMHilinoaimep» M. 3anopinokd, Mae€
HactynHud ximiuyHuit ckiaf [35]: Cluer - 149.5
r/nm3; NaOH - 14.375 r/am3; pH - 11.2; 9 - 1.25
r//cms3.

3. Cyavghamua Kucsaoma MexHI4Ha.
Bukopucrana cyJbdaTHa KHUCJI0Ta
BUpo6HuLTBa [IAT « CymuxiMmnpom» [34]:
9=1.828r/cM3; C=93 %.

4. Anrwominiii (I1lI) 2idpokcud. BukopucTaHUit
amroMinin (111) TiIpoKCcUz BUPOGHUIITBA
«MukKonaiBCbKMM TJMHO3eMHUUA 3aBoj» OYB
pocaimxkennit B ymoBax Al « HAI «Min/lill» [23].
H20 = 0.4 %; IIIIII = 34.26 %.

YemamkysanHs.  OTpuMaHHS — 3MillaHOro
KOaryJIAHTY 3 3aJ/li3HOTO KyHnopocy NpPOBOAUJIN
Ha JabopaTopHiii ycraHoBui. /Jlo ckaagy
YCTAaHOBKM BXOAUTb KoJiba eMHicTio 500 mu 3
MeXaHIYHOI MillaJKow JonateBoro tumy IKA
RW20 digital. lIBugkictTe ob6epTaHHS Baly
MilllaJIKY, 3TiJHO 3 NACHOpTOM, MOXe J0CAraTH
2000 o6/xB B 3ajeXHOCTi BiJg B’A3KOCTI
cycrneHsii. B yMOBax eKCIIepUMEHTY
3abe3nedyBajocs MepeMilllyBaHH IO BCbOMY
00’eMy peakI[iliHOI MacH Ta BiJICYyTHICTb 3acTOI0.
Jlnis  oTpuMaHHA HeobxilHOI  KOHCHUCTeHITii
cycneHsil BUKOPUCTOBYBaBcSl 6apboTep, AKUU
MOCTiMHO Mo/la€ NOBITPs A0 Ko6u. TemnepaTypy
peakLiiiHOI Macu KOHTPOJIFOBa/IM 3a J0NMOMOTOH)
pPTyTHOrO TepMOMeETpY. 3OBHIiWIHIKN 06irpis
3abe3nevyyBaBcsl ~ 3BHYAWHOK  eJIeKTPUYHOIO
IVINTKOW, SIKa >XUBUTBHCA BiJi Mepexi 3MiHHOIO
ctpymy 3 Hanpyroto 220 B [1].

Pe3ysibTaTH Ta iXx 06roBOpeHHA
Ilepwa cepis pocnifiB 6yna cnpsiMoBaHa Ha

OKMCHEHHf  3a/i3HOr0  Kymopocy, Bigxony
TUTAHOBOT0 BHpPOOHUITBA (oAep:kaHHs Fe3* 3
Fez+), 3 BUKOPUCTAHHAM BITUM3HAHOTrO

OKMCHIOBaya — HATpIilo riNnoxJopUTa.

BianosigHo, 3 siTepatypHux aanux [20; 30]
BijoMO, 1m0 XJOp, KUK BXOAWUTH [0 CKJIALY
OKCHUT'€HOBMIiCHHX KHUCJIOT i ix coJiel,
BITHOBJIIOETBCA [0 CTYINleHS OKUC/IOBaHHA -1.
ToMy ©OpU OKHUCHEHHI 3aJi3HOro Kymnopocy
HaTpil0 TIiNOXJIOPUTOM BiOYBAETHCA HACTyIIHA
peakuis:

2FeS04 + NaOCl+H2804 -
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FEZ[SO4)3 + NaCl + HzO (1)

Y npomy mnponeci yrBoproeTbcst ¢epym (11I)
cysbdarT, 1[0 Ma€ KOaryJirdi BJaCTUBOCTI.
Y pmaHin cepii fgocuaifiB HaATpid TiNOXJIOPUT

Opasii B  HaJJUIIKY BiZi pO3paxyHKOBOI
(ctexiomeTpuuHoOi) KisibKocTi Ha 15-100 %.
Ipouec OKHUCHEHHS MPOBOIUIIH npu

Temnepatypi 70 °C npotsirom 40-55 XBUJIMH NpHU
MoCTiiHOMY NepeMillyBaHHI Ta BUMiptoBaHHi pH
KOXKHi 5-7 XBHJINH.

Cnip Takox 3a3HA4YMTH, WO B JaHik cepil
JlociiiB OyJia JocC/ipKeHa 3a/1eXKHICTh CTyneHs
OKHCHEHHS BijJ TeMIepaTypu i 4yacy OKMCHEHHSI.
Jlani jocaigiB HaBeeHi B TabJ. 1 Ta 2.

80 40 - 8.7 8.7 100 12.5 1.4

Table 1
The composition of the investigated solutions
Tabauys 1
Ck/1aj AocaifJKeHHX pO34HMHIB
Raw
FeSO4-
7H:0, g NaClo, g H2S04, g H20, g
200 108 45 0
200 150 46 30
200 160 46 30
200 160 44 40
200 160 44 50
200 170 45 50
200 170 45 70
200 170 44 70
200 180 44 65
200 180 46 65
Table 2
Experimental conditions and results obtained
Tabauys 2
YMOBM eKClIepMMEHTIB Ta OTPUMaHi pe3yJbTaTH
Parameters
X
g H
T,°C t,°C Fe2:,% Fe3+*,% Feg % = Fe203, %
<
=
o
70 40 49 6.0 109 55 15.7 1.3
70 40 1.7 9.0 108 843 156 1.3
70 40 1.5 9.0 105 857 152 1.5
80 40 0.9 8.8 9.7 901 14 1.45
80 55 0.5 8.8 93 946 134 1.5
70 40 0.6 8.2 88 932 127 135
80 40 0.3 8.1 84 964 121 1.4
80 50 - 8.7 8.7 100 125 145
70 40 - 8.7 8.7 100 125 135

3 oTpUMaHUX JJAaHUX CJIiJi 3a3HAYUTH, 1110 TIPU
30iibIIeHH] KiJIbKOCTI OKMUCHIOBa4a, a TaKOX
36i/IbIIeHHI Yacy OKHMCHIOBAHHS MPOCTEXKYEThCS
TeH/JIeHIlisd /10 306i/bllIeHHs CTyneHi OKHCHEeHHs
Fe2+y Fe3* no 100 %. ¥ pe3ysibTaTi npoBefeHUX
JIabopaTOpHUX JOCHIPKEHb 6yJ0 JOCATHYTO
MOBHe OKHMCHeHHsA Fe2+y Fe3+,

Apyeuil Hanpsamok y po6oTi - ojeprkaHHSA
miaBy amominid  (III) cynasdaty. [lpomec
ofepxaHHsA 1aBy amoMidii (III) cyabdaty
ONHCYETHCS HACTYITHUM PiBHSHHSAM:

2A1(0H)3 + H,S04 — AL (S04); + 6H,0
(2)

[Ipouec opepkanHs maBy asmoMinii (1)

cysibdary (cynbdaTusarnis) MPOBO/IUIH
BiMOBiAHO [0  Ail0OYOrO0  TEXHOJIOTiYHOTro
persiaMeHTy BUpo6bHUNTBA  anwoMidin (1)
cynbdaty B [l 3aBoai «Koaryasut» [IAT

«CymuxiMmnpom». CyTb TexXHOJIOTIl oOJepKaHHA
IJIaBY NOJIATA€ B HACTYNHOMY:

3 Boau i amwomiHik (III) rigpokcuay rortysanu
nysabny rycruHorwo 1.3 r/cM3. 3a peTesibHOTO
nepeMillyBaHHA NyJbOA B Hel JojAaBaju
po3paxoBaHy KIJBbKICTb Cy/ab(aTHOI KHUCJIOTH.
Takok 3a paxyHOK po3BeJeHHs CyJabdaTHOI
KHUCJOTA BOJOKW 3 MyJablNd  BigbyBasocs
Ni/iBULIeHHS TeMIlepaTypH peakLiiiHOl Macu 10
105-125 °C. Jany TeMnepaTypy peakLiiiHol Macu
NiATPUMYBa/IM 3a [JONOMOIOI0 eJIEKTPOIJIUTKH
npotsiroMm 1.0-1.5 roAuvHU [0 oJiep>KaHHSA
KOHJAMILiHOrO  MJaBy, TO6TO TMJaBy 3
HEpPO3YMHHUM 3aJulKoM He O6inbm 0.7 %,
KoHUeHTpanis 3a AlbO3 - 14.5 %, H,S0s -
BiZICyTHA.

Tpems cepis pocnifiB OyJsa crnpsiMoBaHa Ha
OJilepKaHHA 3MIIIAHOI0 KOAaryJdaHTY 3 Pi3HUMHU
CIiBBiIHOLIEHHAMU KOPUCHHUX JJI1 KOAryJsLil
komnoHeHTiB  Al,03/Fe;0;  (30/70, 50/50,
70/30). Y  paniit cepii pgocnaigiB  pobusu
3MimyBaHHs iaBy asioMidin (III) cynbdarty i3
33/laHOI0  KijibKicTio po3uuHy ¢epym (III)
cyJabdary. y pe3yJsbTaTi IpPOBeEHUX
JlabopaTopHUX pOGIT OyaM OTpPHUMaHi 3pasKu
CKJIaJIHO-3MIIIAaHOTO KOAaryJsHTy 3 PIi3HUMHU
cniBBigHOomeHHAMH Al;03/Fe;0s.

3pa3ku KoaryJgHTIB poaHaJ/li30BaHi i MalTb
HACTYNHI TOKa3HUKHU:

3paszok Ne 1
Al;0;- 11.8 %; Fe20; - 4.5 %; H20 - 0.4 %.
3pa3ok Ne 2
A1203 -8.1 %; F€203 -79 %; HzO -0.6 %.
3pa3ok Ne 3

A1203 -51 %; F6203 -10.5 %; HzO -0.5 %.
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3MilIaHUU KOAryJgHT — Lie NO€JHAHHS JBOX
koaryasiHTiB: Fey(S04)3 Ta Al>(SO4)s. B
OTpuUMaHUX KoaryssaHTax BmicT Al,03, Fe;03 Ta
BOJY Pa3oM CKJajgaE 6yu3bko 16 %, a SOszsar, ~
84 %.

Ciip TakoK 3a3HA4YWTH, 10 NPH MiJBUILIEHHI
KoHUeHTpauii Fe;03 y ckiaagHo-3MilIaHOMY
KoaryJsiHTi 1mo  BigHomeHH0 g0  Al:03
MOTIPIIYETHCA MPOLLEC KPUCTAi3aLil IPOAYKTY.

Y pe3syabTaTi NpoBeJieHUX J1aGopPaTOPHUX
JlocsipkeHb 6ysa po3pobJieHa MPUHIMIIOBA
TEXHOJIOTiYHA CXeMa BHUPOOHUIITBA 3MilIAHOIO
KoaryJsHTy (cxema 1).

NaClo  FeSO. &1 (QH), H.O
oxidation preparation of pulp
mixing sulfation

tinished produdt

Scheme 1. Technological process of production of mixed
coagulant
Cxema 1. TexHOJIOTiYHMA poLeC BUPOGHUILITBA
3MillIaHOT'0 KOAryJasHTY

Bu3HayeHO BUJATKOBI HOPMU CHUPOBUHHU i
TeXHOJIOTI4YHI NapaMeTpH oJiep>KaHHA 3MilllaHOT0
KOoaryJyisiHTy (Tabs. 3 i Tabu. 4).

Table 3
Consumption standards and technological parameters
for the oxidation of iron (II) sulfate
Ta6auys 3
BuaTKOBI HOpMM i TeXHOJIOTiYHI IapaMeTpH AJ14
okucHeHHA pepym (II) cynbdpaTy

NaCloO, kg H2S0s4, kg T,°C tmin  oxidation, %
800-950 200-250 70-80 40-55 95-100
Table 4

Consumption standards and technological parameters
for the production of aluminum (III) sulfate
Ta6auys 4
BuaaTKkoBi HOpMHM i TEXHOJIOTiYHI MapamMeTpH AJis
oTpuMaHHs amoMiHii (III) cynsdaTy

BHuCHOBKH

1. Ha miacraBi mpoBeAeHHX J1aGOpPaTOPHUX
JocJipKeHb 0yJia BCTAHOBJIEHA MOXJIUBICTh:

- makcuMaJsibHOro (100 %) okucHennsa ¢epym (II)
cysibdaTy (3a/1i3HOTO KyMmopocy) 3 oJiepKaHHAM
depym  (III) cynbdaTy, BHUKOPHUCTOBYIOUH
OKHCHIOBAY, L0 BUNYCKAETbCA MiZIPUEMCTBAMU
Ykpainy;

- O/lep>KaHHS 3MillIaHOT'0 KOATYJISHTY.

2. Y npoueci ofepaHH ~ 3MilIaHOTO
KOaryJsiHTy 6yJia po3pobJieHa MNPUHIMIIOBA
TeXHOJIOTiYHa cxeMa.

3. BusHayeHO BUTpPATH CUPOBUHU |
TeXHOJIOTiYHi NapaMeTpu oAep>KaHHS 3MilIaHOTO
KOaryJsiHTy JJjs  oTtpuMadHs ¢epym (1)
cyabdaty i Jisg oTpuMaHHA anwoMinik (1)

cysbdary.

4. [na peanizanil mocTaBJieHOI  MeTH
HanpaubOBaHO [JOCJHiJHI 3paskd 3MillaHOTro
KOaryJIdHTy 3  pi3HUM  CHiBBiJHOLIEHHAM
KOPUCHUX A1 KoaryJdaunii pe4o0BUH
(Aleg/FEzO3).

5. OrpumaHHi B pe3yJsbTaTi J1ab0paTOPHUX
JOC/II/PKeHb 3pa3KU KOaryJdHTIB IepefaHi B
[HcTUTyT KOJIOiAHOI Xximil i ximil Bogu HAH
Ykpainy, ™. KwuiB, pgnsa  sabopaTopHHUX
JOCJipKeHDb IX Koary/owyol eGeKTUBHOCTI NpU
BOJOMIArOTOBLi Ta BUOOPY ONTHUMaJbHOTO
CHIiBBIIHOLUIEHHSI AaKTUBHUX KOMIIOHEHTIB Yy
3MilIAHOMY KOaryJIsiHTI.

Bibliography

[1] BapcykoBa I'. B. 3MeHILIeHHSI aHTPONOI€HHOT' O BIJIUBY
Ha HaBKOJIMIIHE CepeoBMIIe NMpH yTUJIi3awil 3asiza
3aJ1i3HOr0 MIrMeHTY AIOKCUAY TUTAHY: AYcepTalis Ha
3406yTTA HAyKOBOro CTyleHs KaHAauzAaTta / laHHa
BosiogumupiBHa BapcykoBa. - CyMcbKUH Jep:KaBHUH
yHiBepcuTeT, 2017.- 157 c.

[2] Bapcykosa I. B, CaBueHko-IlepepBa M.I0. 3Hm>KeHHSA
TeXHOTeHHOI HaBaHTaXeHHs Ha JOBKIiJJA 3a PaXyHOK
TeXHIYHOro pilleHHd 1O yTHWJi3alii 3aJi3HOro
kynopocy /T'.B. BapcykoBa, M.I0. CaBuyenko-IlepepBa
// *¥ypHaa ximii Ta TexHosorii. - 2020. - 28(2). -
C.168-176 doi: 10.15421/082018

[3] Jdaninimiun B.M. /[lepxkaBHa LijJbOBa €KOJIOTiYHA
nporpama «[Tporpama yTNOpsAAKYBaHHS
BO/IOBiZiBe/IeHHSI B HaceJleHUX NYHKTax YKpaiHu» fK
OCHOBHMHM [JJOKYMEHT IepCHeKTHBHOTO0 PO3BUTKY
BOJIOKOpUCTYBaHHA B kpaiHi / B.M. [laninimuy, 0.0.
JlmiTpieBa // Boga i BogoouuncHi TexHouorii. - 2006. -
Ne 3.-C.17-22.

[4] KysuenoB O.B. TirieHiuna oniHka e¢geKTHBHOCTI
OYMIIeHHs | 3He3apaXKeHHH CTIYHUX BOJ, 3a CaHiTapHO-

Al(OH)3, H2SO0s4, 3 3 o
kg kg H20, m p, g/cm T, °C

t, min

BipycoJIOrIYHUMHU MNOKa3HUKaMH (aHamiTHYHI
nocnimxenHss) / O0.B. KysnemoB // AxktyasnbHble

158 443 0.3

1.28-1.32 100-120 60-120

Mpo6JIeMbl TPAHCIOPTHOU MegunuHbL. — 2008, - Ne 2

(12). - C.13-106.



295

Journal of Chemistry and Technologies, 2020, 28(3), 289-297

[10]

(13]

[14]

[15]

BuHokypoB A.I0. OxpaHa okpyxawollel NpUPOJHOU
cpeabl / AJO. BuHokypoB // COOpHUK HOPMaTUBHBIX
aKTOB: MEXJYHapoJHbI He3aBHUCHMbIA 3KOJIOIrO-
noJsiutoJior. - MockBa: M3a-so MHIIIY. - 1995. - 200 c.
Prevalence of enteropathogenic bacteria in treated
effluents and receiving water bodies and their
potential health risks / G.Z. Teklehaimanot, B. Genthe
[etal] // Sci. Total Environ. - 2015. - 518-519:441-9.
Baxup B.M. VYcranoBka AKBAXJIOP: onTumasbHas
cucrema AJ1s1 o6e33apaxuBanus Bogel / B.M. Baxup //
BogocHa6xeHue U kaHaiausanus. - 2009. - Ne 3 - 36c¢.
3anosbcbkui A.K. BogonocrayaHHs, BOJIOBiABeIeHHS
Ta sKicTh Boau: migpyyHuk / AK. 3anosbcbKui. -
Kwuis: Buma mkosa, 2013. - 671 c.

Bioremediation of heavy metals from soil and aquatic
environment: an overview of principles and criteria of
fundamental processes / R. Dixit, D. Malaviya, K.
Pandiyan [et al.] // Sustainability. - 2015. - 7 (2). - P.
2189-2212.

AnunoB  A.H. Bopoobecrneyenue  HaceseHus,
NPOMBILIJIEHHOCTH U CeJIbCKOro Xo3siicTBa JoHb6acca.
BoBsieyeHne co6cTBeHHBIX pecypcoB / AH. Anunos,
A.J. Msarku#, €.B. fnkoBckas // Bopaa i BojgooducHi
TexHoJoril. - 2007.- Ne 4. - C. 17-22.

Kyabckuit JI. A. OCHOBBI XMMHH U TEXHOJIOTMH BOJABI /
JLA. Kynbckuii. - Kuis: HaykoBa fymka, 1991. - 680 c.
CrenaHoBa H.I0. JKoJIoruyecKue KpUTEpPUHU
ynpaBJieHUsl Harpy3koid Ha BOJOEM B YCJIOBHAX
3arpsA3HEeHHUsT  MHOTOKOMIIOHEHTHBIMH  CTOYHBIMHU
Bogamu / H.IO. CremanoBa, A.M. Iletrpos, B.3.
JlaTeinoBa // dxosnorudeckass xumus. — 2000. - Ne 9
(1).-C.38-48.

TosncronanoBa H.M. TeopernuHi ocHOBM XiMii Ta
TexHoJiorili 06po6ku Bogu / H.M. Toscromasnosa. -
[IporpaMa HaB4YasbHOI AucuumiaiHgd. - 2018. - C. 13-
20.

XpamenkoB C.B. O6Ge3zapakuBaHHe OYHILEHHBIX
CTOYHBIX BOJ, YJbTPadHO/JEeTOBBIM H3Jy4YeHHEM Ha
MOCKOBCKMX CTaHIMs aspauuu [[J1laBa W3 KHUTH
«PasBuTue MockoBckoi KaHaJIM3alun») /
C.B. Xpamenkos, B.A. 3aropckuii, C.B. KocTioyeHko,
H.H. KyapsiBue // BomocHaGkeHMe M caHUTapHas
TexHUKa. — 2004. - N2 4. - C. 39-42.

Biochar for Wastewater Treatment - Conversion
Technologies and Applications / G. Enaime, A. Bagaoui,
A. Yaacoubi, M. Liibken // Appl. Sci. - 2020. - 10(10). -
P.3492.

[16] On-farm wastewater treatment using biochar from

(17]

local agroresidues reduces pathogens from irrigation
water for safer food production in developing
countries / K. Kaetzl, M. Liibken, G. Uzuna [et al.] // Sci.
Total Environ. - 2019. - 682. - P. 601-610.
3anonbcebkuil A.K. ®i3uko-xXiMiyHI OCHOBU TeXHOJOTii
OYMLIEeHHSA CTIYHUX BOJ;: NiAPYYHUK /
A. K. 3anoJibCbKHH, H. A. MimkoBa-KiuMeHKo,
I. M. Actpenin [Ta iH.]. - KuiB: Jli6pa, 2000. - C.171-
178.

Environmental Policy Parameters in Urban Planning to
Reduce Air Pollution and Save Energy / A. Bhargava,
P.Patel // International Journal of Environmental
Engineering and Management. - 2011. - Vol. 2. - N 2. -
P.129-134.

CosioMeHIIeBa H. M. [IpoGsiema 0CTaTOYHOT'O
AJIIOMUHUA B ouMilleHHOH Boge / U. M. CosioMeHIIeBa,
JI. A. BenuyaHckas, U.T. 'epacumenko // Xumus u
TeXHOJIOTUA BoAbL — 1991. - Ne13(6). - C.10-12.

[20]

[21]

[22]

[23]

[24]

[25

—_

[26]

[27]

[28

—_

[29]

(30]

[31]

[32]

[33]

Physico-Chemical =~ Waste = Water  Treatment
Technologies: An Overview / A. Bhargava // IJSRE. -
2016.-Vol.4.- N 5.-P.5308 - 5319.

Bond T. Themed issue on drinking water oxidation and
disinfection processes / T. Bond, W. Chu, U. Guntened,
M. Farrée // Environ. Sci.: Water Res. Technol. - 2020.
-N6.-P.2252-2256.

[TameHnko AB. [lepcneKTUBBI NpUMeHeHHUs
pacTBOPUMBIX OHOIMAHBIX N0JIUMEDPOB JIs
o6e33apaKMBaHUA TOPOACKUX CTOYHBIX Bog / A.B.
[amenko // HaykoBuii BicHUK 6yiBHULTBA. — XapKiB:
XATYBA, XOTB ABY. - 2002. - N218. - C. 264-268.
KapnoBuu E.O. [IpoBesieHHs J1abopaTOPHHUX
JIOCJI/KEHD 110 OZlepKaHHI0 3MilIaHOro KOaryJAHTY,
HalpalloBaHHA yKpynHeHoro 3pa3ka / E.O0. KapnoBuu
// AnoTauiiinu# 3siT npo H/P. C/Zl HII Min/lill. - Cymu.
-2004.-C. 2-17.

Optical piezometer and precision researches of food
properties at pressures from 0 to 1000 MPa / Valerii A.
Sukmanov, Oleg V. Radchuk, Marina Y. Savchenko-
Pererva, Nina V. Budnik // Journal of Chemistry and
Technologies. -2020. - 28(1). - P.68-87.

Kononuyk 0.0. [lepeoBble XUMHUYeCKUE TEXHOJIOTUHU
nepepaboTKu  aJlOMUHHEBBIX oTxogoB /  0.0.
KonoHuyk, A.W. Anekcees, H.B. HukosiaeBa // C60pHHK
JIOKJIQIoOB KPYTJIOTO CToJIa BbICOKMe TexHOJIOrMu:
noTeHIMas U nepcrneKTussl. CII6. - 2014. - C. 20-23.

KoHonuyk 0.0. BbicOKOTeXHOJIOTMYHbIE NOAXOJbI K
nepepaboTKe  TOKCHYHBIX  OTXOJOB  OYHCTHBIX
COOpYKeHUH HedTenepepabaThIBAIOIKX

npeanpusatuii / 0.0. Kononuyk, A.M. Anekcees, O.C.
YypkuHa // COOpPHMK [AOK/IQf0B KpYTrJOro CToJa
Bblcokre TeXHOJIOTMH: IMOTeHLHaJ U NepCleKTUBBIL.
CI16. - 2014. - C. 23-24.
The use of effective coagulants and flocculants to
intensify the process of water purification at coke
plants / O. Galkina, H. Blahodarna // Slovak Journal of
Civil Engineering. - 2019. - Vol. 27.- N 2. - P. 21 - 28.
Gobena B. Evaluation of Mix-Chemical Coagulants in
Water Purification Process / B. Gobena, Y. Adela, E.
Alemayehu // International Journal of Engineering
Research & Technology (IJERT). - 2018. - Vol. 7. - N 1.
- P.431-435
[letpenko H.®. K o060CHOBaHUIO NpPUMEHEHUS
JMOKCHJAA XJiopa [ o00e33apaKMBaHUSA OBITOBBIX
ctounbix Boj / H.®. Ilerpenko, A.B. Mokuenko //
JloBkinns ta 3gopos'sa. — 2004. - Ne 1. - C. 14-17.
Applications of Natural Coagulants to Treat
Wastewater — A Review / V. Kumar, N. Othman, S.
Asharuddin // MATEC Web of Conferences. - 2017. -
103(3).
Headway on natural polymeric coagulants in water and
wastewater treatment operations / N.A. Oladoja // J. of
Water Process Engineering. - 2015. - N6. - P. 174-192.
BenukoB C.E. Bopgomogroroska: CnpaBoYHHUK [
C. E. besiukos. - M.: AkBa-Tepm, 2007. - 240 c.
[Togropckuit B. C. OnTuMHU3anus mpouecca OYUCTKHU
cyabdaTocoepKaIINX CTOYHBIX BOJ, /
B. C. lloaropckuyi, T.M. Knromuukora, I.®. CMmupHoBa
// Xumus v TexHosorust Bogpl. — 1996. - T.18, Ne 2. - C.
206-211.
Hukutun B.M. CTaTucTudeckne MeToJbl 06PaGOTKHU
3KCINEepUMEHTAJIbHBIX JJaHHbIX: [YyeGHOoe mocobue] /
B.U. HukutuH. - Camapa: CAMTI'TY, 2016. - C. 40-43.
TopJsau B.B. 06paboTkKa, NpejcTaBJeHUE,
WHTepIpeTanus pe3yJbTaToB u3MepeHHuH /
B. B.T'opsay, B. JI. Eropos, H. A. UBaHoB. - Omck, 2006.
- C.73-83.



296

Journal of Chemistry and Technologies, 2020, 28(3), 289-297

References

(1]

(10]

[11]

[12]

[13]

Barsukova, H. V. (2017). Reducing anthropogenic
impact on the environment on disposal of iron
sulphate pigment titanium dioxide production
(Candidate of Technical Sciences dissertation).

Barsukova, H. V. Savchenko-Pererva M. Y. (2020).

Reducing the technogenic load on the environment due
to the technical solution for the disposal of iron
sulphate. Journal of Chemistry and Technologies, 28(2),
168-176 (in Ukrainian). http://doi.org/
10.15421/082018

Danilishin, B.M. (2006). [State target environmental
program "Program for streamlining drainage in the
settlements of Ukraine" the main document of
prospective development of water use in the country].
Water and water treatment technologies, 3, 17-22 (in
Ukrainian).

Kuznetsov, 0.V. (2008). [Hygienic evaluation of
wastewater treatment and disinfection efficiency
according to sanitary and virological
(analytical research)]. Actual problems of transport
medicine, 2(12), 13-106 (in Ukrainian).

Vinokurov, A. Yu. (1995). [Environmental protection].
Collection of normative acts: international independent
environmental and political scientist. -
Publishing house of MNEPU, 200 (in Russian).
Teklehaimanot, G.Z., Genthe, B. Kamika, I, Momba
M.N.B. (2015). Prevalence of enteropathogenic bacteria
in treated effluents and receiving water bodies and
their potential health risks. Sci. Total Environ., 518-
519:441-9.
http://dx.doi.org/10.1016/j.scitotenv.2015.03.019.
Bakhir, V.M. (2009). [AQUACHLOR unit: an optimal
system for water disinfection]. Water supply and
sewerage, 3, 36 (in Russian).

Zapolsky, A.K. (2013). [Water supply, drainage and
water quality]. Textbook. Kyiv: Higher School (in
Ukrainian).

Dixit, R, Malaviya, D., Pandiyan, K., Singh, U.B,, Sahu, A,
Shukla, R, Singh, B.P,, Rai, ].P,, Sharma, P.K, Lade, H,,
Paul, D. (2015). Bioremediation of heavy metals from
soil and aquatic
principles and criteria of fundamental processes.
Sustainability, 7(2), 2189.

Alipov, A.N. (2007). [Water supply to the population,
industry and agriculture of Donbass]. Involvement of
own resources Water and water treatment technologies,
4,17-22 (in Russian).

Kulsky, L.A. (1991) [Fundamentals of water chemistry
and technology]. Tutorial. Kyiv: Naukova Dumka (in
Russian).

Stepanova, N. Yu,, Petrov, A.M., Latypova, V.Z. (2000).
[Environmental criteria for managing the load on a
water body under conditions of pollution with
multicomponent waste waters] Ecological chemistry, 9
(1), 38-48. (in Russian).

Tolstopalova, N.M. (2018). [Theoretical foundations of
chemistry and technology of water treatment]. The
program of the discipline, 13, 13-20 (in Ukrainian).

indicators

Moscow:

environment: an overview of

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Khramenkov, S.V., Zagorsky, V.A., Kostyuchenko, S.V.,
Kudryavtsev, N.N. (2004). [Disinfection of treated
wastewater by ultraviolet radiation at the Moscow
aeration stations (Chapter from the book
"Development of the Moscow Sewerage")]. Water
supply and sanitary engineering, 4, 39-42 (in Russian).
Enaime, G., Bacaoui, A, Yaacoubi, A., Liilbken, M. (2020).
Biochar
Technologies and Applications. Appl. Sci., 10, 3492.
http://doi.org/10.3390/app10103492

Kaetz], K, Liibken, M., Uzuna, G., Gehring, T., Nettmann,
E., Stenchly, K, Wichern, M. (2019).
wastewater treatment using biochar from
agroresidues reduces pathogens from irrigation water
for safer food production in developing countries. Sci.
Total Environ, 682, 601-610.

Zapolsky, A.K. Mishkova-Klimenko, N.A, Astrelin, M.
(2000). [Physico-chemical bases of wastewater
treatment technology]. Textbook. Kyiv: Libra, 171- 178
(in Ukrainian).

Bhargava, A, Patel, P. (2011) Environmental Policy
Parameters in Urban Planning to Reduce Air Pollution
Energy. Journal  of
Environmental Engineering and Management, 2(2),
129-134.

Solomentseva, .M., Velichanskaya, L.A., Gerasimenko,
L.G. (1991). [The problem of residual aluminum in
purified water]. Water chemistry and technology, 13
(6),10-12 (in Russian).

Bhargava, A. (2016). Physico-Chemical Waste Water
Treatment Technologies: An Overview. IJSRE, 4 (5),
5308 - 53109.

Bond, T, Chu, W, Guntened, U. Farrée, M. (2020).
Themed issue on drinking water oxidation and
disinfection processes. Sci.. Water Res.
Technol, 6,2252-2256.

for Wastewater Treatment-Conversion

On-farm
local

and Save International

Environ.

https://doi.org/10.1039/DOEW90042G

[22]

(23]

[24]

[25]

[26]

Pashchenko, A.V. (2002). [Prospects for the use of
soluble biocidal polymers for the disinfection of urban
wastewater]. Scientific Bull. of Construction, Kharkiv:
KhDTUBA, KhOTV ABU, 18, 264-268 (in Russian).
Karpovich, E.O. (2004). [Carrying out of laboratory
researches on reception of the mixed coagulant,
working out of the enlarged sample]. Abstract report on
GDR. MinDiP. Sumy, 2-17 (in Ukrainian).

Sukmanov, V. A, Radchuk, 0. V., Savchenko-Pererva, M.
Y., Budnik, N. V. (2020). Optical piezometer and
precision researches of food properties at pressures
from 0 to 1000 MPa. jJournal of Chemistry and
Technologies, 28(1), 68-87.
http://dx.doi.org/10.15421/082009

Kononchuk, 0.0., Alekseev, A.L, Nikolaeva, N.V. (2014).
[Advanced technologies processing
aluminum waste]. Collection of reports of the round
table High technologies: potential and prospects, 20-23
(in Russian).

Kononchuk, 0.0., Alekseev, A.lL, Churkina, 0.S. (2014).
[High-tech approaches to the processing of toxic waste
from treatment facilities of oil refineries]. Collection of

chemical for



297

Journal of Chemistry and Technologies, 2020, 28(3), 289-297

[27]

(28]

[29]

(30]

round table reports High technologies: potential and
prospects, 23-24 (in Russian).

Galkina, O., Blahodarna, H. (2019). The use of effective
coagulants and flocculants to intensify the process of
water purification at coke plants. Slovak Journal of Civil
Engineering, 27(2), 21-28.
http://dx.doi.org/10.2478/sjce-2019-0012

[28] Gobena, B. Adela, Y., Alemayehu, E. (2018).
Evaluation of Mix-Chemical Coagulants
Purification  Process. International Journal of
Engineering Research & Technology (IJERT), 7(1), 431-
435. http://dx.doi.org/10.17577 /IJERTV71S010171
Petrenko, N.F, Mokienko, A.V. (2004). [To the
justification of the use of chlorine dioxide for the
disinfection of domestic wastewater]. Environment and
health, 1, 14-17 (in Russian).

Kumar, V., Othman, N. Asharuddin,
Applications of Natural

in Water

S. (2017).
Coagulants to Treat

[31]

[32]

[33]

[34]

[35]

Wastewater - A Review. MATEC Web of Conferences,
103(3).
http://doi.org/10.1051/matecconf/201710306016
Oladoja, N.A. (2015). Headway on natural polymeric
coagulants
operations, J. of Water Process Engineering, 6, 174-192
Belikov, S.E. (2007). [Water treatment]. Handbook. M.:
Aqua-Term, 240 (in Russian).

Podgorskiy, V., Klyushnikova, T., Smirnova, G. (1996).
[Optimization of the sulphate-containing wastewater
treatment process]. Water chemistry and technology,
18(2),206-211 (in Russian).

Nikitin, V. (2016). [Statistical methods of experimental
data processing]. Study guide. Samara: SAM GTU, 40-
43 (in Russian).

Gorlach, V., Egorov, V., Ivanov, N. (2006). [Processing,

presentation, interpretation of measurement results].
Tutorial. Omsk, 73-83 (in Russian).

in water and wastewater treatment



