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AHHOTAIIUA B Oannoii pabome npeonodceHO UCHOIb308aMb NPEUMyuecmed OKUCIUMENTbHO20 U COPOYUOHHO20 Memo0o8 O0is
yoanenus. He@hmenpooyKmos u3 CMOYHbIX 600 HA CMAOUU O00YUCMKU B800bl. B kauecmee oxuciumens ucnoavzosan MnQOo,
ocadicoennblll 8 nopax axmueuposannozo yens Filtrasorb 300 ¢ pesynomame obpabomxu nocieonezo pacmeopom KMnOq4. Hzyuen
npoyecc ocadxcoenusi MnQOz na nogepxHocmu yens 6 3a8UCUMOCHU OM UCXOOHOU KoHyenmpayuu nepmanzanama. Cunmesuposan
Komnosuyuonnwiii coppenm F300-MnO: ¢ cooepacanuem oxucnumens 0,5%. Yoenvnas copbyuonnas emkocms ucxooHo20 y2iis no
Heghmu cocmasgnana 68 me/e, 8 mo pems Kax 011 CUHMEIUPOBAHHO20 KOMNOZUYUOHHO20 copbenma oHa bvlia noumu 606oe Ooblue.
Knroueswvie cnoea: cmounvie 600bi; Hegpmenpodykmol, MnQO2; KOMRO3UYUOHHBI COpOEeHm, copOyus, OKUCTIeHUe

TREATMENT OF OIL-CONTAINING WATER BY OXIDATION ONTO
COMPOSITE CARBON SORBENT

O. KHOKHOTVA

Department of Ecology and Technology of Plant Polymers, Faculty of Chemical Engineering, National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, UKRAINE

ABSTRACT Wastewater, treated at sewage treatment plants, contains oil products at low concentrations predominantly in a
dissolved state and the use of sorption or destructive methods will be the most effective. The present paper proposes to combine the
advantages of both methods. Activated carbon, among others, is widely used for the deep removal of 0il and petroleum products from
wastewater. MnO: proved to be a good oxidizer for the removal of organic pollutants. The composite sorbent was synthesized based
on activated carbon Filtrasorb 300. It has high adsorption capacity and a large number of transport pores and is designed to remove
organic compounds from water. The oxidizer MnO: was precipitated in the pores of the carbon as a result of treatment with a
KMnOq solution. The process of MnO: precipitation on the carbon surface was studied depending on the initial concentration of
KMnOq from 1 to 52 g/dm?. With contact 24 h, the mass fraction of MnO: in the carbon was almost independent of the concentration
of the permanganate solution and reached up to 39.7 %. MnQO: forms nanoparticles that gradually fill in the pores of the carbon
sorbent. Obtained material will have a greater oxidizing ability and a longer operating time without regeneration. On the other
hand, too much MnQO: significantly reduces the contact area of the adsorbent with the solution, so the oxidation rate slows down. A
sufficient duration of modification of coal is considered 15 minutes at a concentration of KMnQOqy solution 1 g/dm’. The synthesized
composite sorbent contained 0.5% MnO:. The number of acidic surface sites after carbon modification doubled from 0.55 to
1.1 mmol-eq/g. The specific sorption capacity of the initial carbon after 24 h contact time was 68 mg/g, while for the synthesized
composite sorbent it was 122 mg/g and continued to increase.

Keywords: wastewater; petroleum products; MnO.; composite sorbent; sorption, oxidation

Brenenune BKJIFOUAIOT JIeTKHUE YTJIEBOJIOPO/IBL, TSDKEJbIC

YIJICBOMOPOMABI, Macio, CMOJBI, CMa304yHble Macia.

Hedts u HE(PTETIPOIYKTHI sBisitorcst  CoCTaB WM KOHIEHTpAIMs He(TecoAepKallnX CTOYHBIX
pacupoCTpaHEHHBIMH — 3arpsS3HUTENSIMA B IIMPOKOM  BOJ CHJIBHO Pa3iIMYaIOTCs MEKIY OTPACIISIMH.

CIIEKTpe oTpaciieil mpomblinuieHHOCTH. Hemocrarouno B Tewyenue nocnenHux Jjer ObuM pa3paboTaHbI

OYMIIEHHBIE  He(pTecoAep)Kalle  CTOYHbIE  BOJBI,  Pa3IM4YHBIC METOABl OYUCTKH CTOYHBIX BOA, TaKHe Kak

cOpaceiBaeMble B  OKpYyXalolllylo cpexy, co3paorT ¢uoraums [1, 2], koarymsuus [3, 4], ancop6uus [5, 6],

Meronsl xumudeckoro [7, 8] u  OMOJIOrH4EcKoro
okucienus [9, 10], memOpannoro pasaenenus [11, 12].
OnHAKO TOJBKO HECKOJIBKO TEXHOJOIUH IO3BOJIAIOT

CEpPbE3HYI0 3KOJIOIMYECKYI0 Npo0iieMy BO BCEM MHpE.
CymiecTByeT MHOXECTBO UCTOYHUKOB He(hTeCOeprKaIX
CTOYHBIX BOJl, K OCHOBHBIM M3 KOTOPBIX OTHOCSTCS

OpeaArnpuiaTrud He(l)TCHCpepa6aTLIBaIOHICfI, JOCTUYb KOMIIPOMHUCCHOI'O Oananca MCKIY
He(bTeXHMH‘IeCKOﬁ, MeTaJ’IJ’IprPI‘-ICCKOﬁ u CO6J'IIOH€HI/I€M Tp€6OBaHI/IH 3aKOHOJaTCIbCTBa 1o
MeTaJ'IJ'[OO6pa6aTI;IBaIOIII€I7[ MPOMBIIUICHHOCTU u COACPIKAHUIO 3arpsA3HAONIUX BEIIECTB B CTOYHBIX BOJAX

MOPCKOI'0O TpaHCHopTa. Ero ocHoBHBIE KOMIIOHEHTEI PIHpPICMJIGMOfI CTOMMOCTBIO OUYHUCTKH.
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Ilpyn HU3KUX KOHLEHTpAalMsAX He(TECIPOIYKTOB B
CTOYHBIX BOJAAX, HPOIIEANX OOpabOTKY B OYMCTHBIX
COOPYKEHUSAX, OpraHuyeckas ¢dasa  HaxomuTCcH
NPEUMYIECTBEHHO B PACTBOPEHHOM COCTOSIHUM U
IpUMEHEHHEe NEeCTPYKTUBHBIX METOAOB OyIeT Haubosee
s¢¢extuBHO. MHOTHE OKHCIIUTEIbHBIE METOIBI YacTo
SBILIIOTCSL ~ NIPUEMJIEMBIMH  TOJNBKO  Ha  YPOBHE
9KCMEPUMEHTAILHON YCTaHOBKH, O4Y€Hb JOPOTUMH B
9KCIUTyaTallid M TO3TOMY HE MOAXOAAIIMMH  JUIst
HEMpPEephIBHOTO PEXUMa OYUCTKH B HPOMBIIUICHHBIX
Macmradax.

[lepcrieKTUBHBEIM ~ METOAOM  00E3BpEKUBAHUS
He(TEIPOIYKTOB B BOJE MOXET OBITh MX TBepAo(hazHOe
okucnenne Ha MnQO,. KaramuTudeckoe OKuCICHHE Ha
OKCHIaX MEepPEeXONHBIX METAJUIOB IIONTBEPAMIO CBOIO
BBICOKYI0 3()()EKTHBHOCTH MPU OYHUCTKE CTOYHBIX BOJ OT
(enonoB u kpacutenei [13-15].

Juoxcu MapraHiia siBIsieTcs JOBOJIBHO aKTHBHBIM
OKHCIIUTENIEM, KOTOPBI CIOCOOHBIM pearnpoBath C
OOJIBIIMHCTBOM KOMIIOHEHTOB He(TH M IIPOAYKTOB €e
nepepadboTKu:

MnO,| + 4H* +2& = Mn?*+ H,0; E° = +1,23 B [16]

B nwmrepaType ommcaHO HECKONBKO CIIOCOOOB
ocaxaeHus mieHkn MnO, Ha TBepmoMm Hocutene [17],
CpeIr KOTOPhIX 0COO0T0 BHUMAHHA 3aCITy’KHBAeT METOJ
OKHCIICHUS-BOCCTAHOBIICHHUS.

Leas padoTsl

Hempto  paboTel  sBIAETCS  CpaBHUTEIHHOE
uccleoBaHue COpPOITMOHHBIX CBOMWCTB
cycrmeHaupoBaHHoro MnO, ©M  KOMIIO3UIIMOHHOTO

Marepuajia, MOJYy4YCHHOIo Ha OCHOBE aKTHBHPOBAHHOI'O
yrjige U OKCHMJAOB MapranHna, g YyAaJICHU He(i)TI/I u3
MOACIBbHBIX PACTBOPOB.

Mertoanku NMPOBEACHUSA IKCIIEPUMEHTA

Jnst sKcriepuMeHTOB ObUT BBIOpaH yrojb MapKu
Filtrasorb 300 (mamee F300). OH wuMeeT BBICOKYIO
aJICOPOIIMOHHYIO CHOCOOHOCTh M OOJIBIIOE KOJIUYECTBO
TPAaHCIIOPTHBIX TOP W TpeAHA3HA4YeH Uil YIaJICHUs U3
BOJIBI OpPraHUYECKHUX COETMHEHUH. IImomane
nosepxaocta F300 mo metoxy BAT cocrapiser 950 M2/,
cpeqHMi pa3Mep rpanyi 1,6 M.

UccnenoBanme mpomecca ocaxnaeHus MnO; Ha
yrjile TpOBOJAWIM MO clienayroueid meroauke. HaBecku
aKTHMBHPOBAHHOTO yIWsi | I MOMeNaad B CTakaHbl Ha
200 cm® u 3anmBanm pactBopamn KMnOgs B jguanasone
KOHIEeHTpamuit or 1 jgo 52 r/am® npu HeifTpansHOoM
3HaueHMH pH M TpM nepeMelrBaHHMM, OCTaBISUIM Ha
CYTKH. 3aTeM, TUTPOBAaHHEM pacTBOpa OKcajlaTa HaTpus,
OIIPEIeTSIM  OCTaTO4YHYI0 KoHIeHTpauuio KMnOs u
PacCUMTBHIBAIN YAEIBHYI0O €MKOCTh yriast mo MnO,.
CunTtesnpoBanHbi copOeHT 0003HaueH F300-MnO,.

Cunte3 MnO, B BHIE CYCIICH3WH IIPOBOIMIHN
myteM cmenmBaHus 3%-x pactBopoB MnCl, 1 KMnOy ¢
MOCTIEAYIOINM OTMBIBaHHEM cycneH3nn MnO, Bomoil oT
HETpPOpearnpoBaHHbIX  KOMMOHEHTOB.  Conep:kaHue

OKHCJINTENS B CYCIICH3MN ONPEACISIIN TPaBUMETPHUYECKA
KaK COIEPKaHUE B3BEIICHHBIX BEILIECTB.

N3zotepmel copounu Hedtr Ha F300 1 F300-MnO;
Hoayyand npH koutakre 0,5 AM? MOJENBHBIX 3MYJILCHit
neptu  (xomuentparms 2-30 Mr/mm’) ¢ HaBeckoi
copbenroB 100 mr. [lo ucreueHHIO BpeMEHH KOHTAKTa
24 4 ompenemnsutl 0OCTaTOYHOE cofiepKaHne HedTH B Boze
9KCTPAKINOHHO-CIIEKTPO(HOTOMETPHYECKHM METOIOM.

OmnpeneneHne MOBEPXHOCTHBIX (YHKIIMOHAIBHBIX
TPy  TPOBOMWJIM  METOJOM  KHCIOTHO-OCHOBHOTO
TUTPOBAHUSA CyCIeH3Ui HUCXOJIHOTO F300 u
KoMro3unuoHHOro copdenra F300-MnO, mpu 20°C B
npucytcTBuH (onoBoro 3ekrponura 0,1 M NaNO; (mis
MOJJIEpKAHUST TOCTOSIHHOW BEIMYMHBI HOHHOM  CHIIBI
pactBopa). 100 Mr yris BBIIEpKHBAIM B TEUCHHE
72 gacoB B 10 cM> (oHOBOrO 37€KTponHMTa TIipU pH 2,
nonkucnas pactop 0,1 M H,SO4. 3atem cycnensuro
ortutpoBanu pactBopoMm 0,1 M NaOH 1o nmoctmxkeHus
pH 11.

[omydennbie nanHble ObUIM 0OpaboOTaHBI 11O
Mmerony ['paHa ais onpenesneHus: TOYeK SKBUBAJICHTHOCTH
KPHUBBIX TUTpoBaHWA. 3HaueHue ¢yHKuu I['pana Obum
paccunTaHbl, HCIONB3YsI CIIEAYIONINE YPABHCHNUS:

JUIS1 KUCJIIOTHOW CTOPOHBI KPUBOW TUTPOBAHUSL:

H,— pH
G, :(Vo +VN(10H)'1OP o
JUIsL OCHOBHOM CTOPOHBI KPUBOW TUTPOBAHUS:
_ PpH—pH.
Go_(VZ)JrVNaOH)-lO Z’

rae Vo - Ha9anbHBIH 00BEM CyCIIEH3HH, cM>; Vaon U pH -
COOTBETCTBEHHO  00BeM  pactBopa  NaOH, oM,
JI00ABJICHHOTO B Pa3HbIX TOYKaX KPUBOW THTPOBAHUS U
3HaueHue pH B 3tux Toukax; pH; - 3Hauenue pH B
HadaJbHOM TOouke KpuBOW TUTpoBaHus; pH, - 3HaueHue
pH B KOHEuHO# TOUYKEe KPUBOU TUTPOBAHUSL.

[lo pesyapraTam pacdyeToB CTpPOWIH Tpadux
3aBucuMocTH QyHKnmu I'pana (oce ) or oObema
JI00aBIICHHOTO PacTBOPA IEJIOUH (OCh X).

Ompenensutn 3GQPEKT  OYUCTKH  MOJAEIBHBIX
pacTBOpOB HE()TH AMOKCHAOM MapraHia B CTaTHYECKUX
ycnoBusix. OKHCIUTENb JO3UPOBAIH B KomdaecTBax 250 u
500 Mr/nmM> B ouMIIaeMyIo BOoAy B BHAE cycreHsur MnO»
1 MOJIICP’KUBAJIHM BO B3BEIICHHOM COCTOSHHHU C TIOMOIIBIO
MarHuTHOM Mmemanku. O0beM Hedrecomepxaiield BOJIbI
cocrapynsn 1 jgm®. TIpoGbl BOABI Ha aHanM3 OTOMpAIH

yepe3 paBHble TpoMexyTku BpemeHu 10-20 muH.
B3pemennyto a3y ormemsii  Ha  J1abopaTOpHON
neHTpudyre W B OCBETJICHHOW BOJIE ONPENCISIIN

OCTATOYHYIO KOHIICHTPALUIO HEPTH SKCTPAKIIMOHHO-
CHEKTPOPOTOMETpHUISCKAM MeToIoM [18].

O0cy:kaenne pe3yabTaTOB

IIpn nccnenoBaHum mpolecca OKUCICHHE He(TH
Ha CYCHEH3MU IUOKCHJA MapraHiia yCTaHOBJIEHO, 4YTO C
MOBBIIIEHNEM KOHIIeHTpauuu MnO, Bo3pacTaeT CKOpPOCTh
OKHCJICHHsI OPraHMYeCKuX 3arps3HeHuid B Boze (puc. 1).
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Puc. 1 — 3asucumocms ocmamounou KOHYeHmpayuu
Heghmu om epemeHu KOHmaxma a3z u Konuyecmsd
eHeceHHo20 MnO;

[Ipu comepskaHuu IUOKcUaa Mapradna 250 mr/mm3
3a BpeMs KoHTakTa a3 100 MHH HE JOCTUTalIoCh
3Ha4Y€HHE OCTATOYHOTO COJCpKaHHs He(pTH Ha YpOBHE,
KOTOpBI  HAOmIO#ancs B  Clydyae KOHIICHTPAIUH
okucuTens 500 Mr/mv? 3a BABOE MEHBILEE BPEMSL.

Ucnonb3oBanue cycneHsuu MnQO,, uMeeT CBOU
HEJOCTATKU: YaCTHUIIBI JTUOKCHIA Maprasia
MEJKOUCTIEPCHBIC, UMEIOT CKIIOHHOCTh K CIHUIIAHUIO H
TAKOM OKHUCIUTENh HENb3S HCIOJIh30BaTh B KadeCTBE
¢unpTpyromei 3arpy3ku. MHTEHCHPHUINPOBATH MpoIece
yIaJeHNs MOHOB-BOCCTAHOBUTENEH KaK OpPraHUYECKOTO,
TaK W HEOPTaHWYECKOTO IIPOUCXOXKICHHUS MOXKHO,
O00BEAMHUB MPEUMYILIECTBA COPOIMOHHOTO MeToJa C
METOZOM XHUMHUYECKOTO OKHCIeHHA. B omimume ot
HCTIONBb30BaHUS CYCICHIUPOBAHHOTO MnO,,
aKTHBHUPOBAHHBIN yrojb UMEET ropazno 0olee pa3BUTYIO
MOBEPXHOCTh,  TO €CTb, IpoIecC  OKUCIICHUS
3arps3HATENCH  OyIeT TMPOWUCXOAWTh HA  IUIOIMIAIH
HECKOJIbKO COTEH KBAJPaTHBIX METPOB.

MnO, Ha mNOBEPXHOCTH YIS OCAXKAAIU IO
OKHUCJIMTEIbHO-BOCCTAHOBUTENBHON PEAKIMH, B KOTOPOH
okucaureiaeM sBusiercss KMnQO4, a BOCCTAaHOBHTEIEM -
yroms.  McciemoBaHus — TOKa3aiuM, d9TO  PEAKIH
aktuBupoBaHHoro yriast ¢ KMnOs4 mnpu  KOMHaTHOM
TemIeparype IpOTEeKaeT JIOCTaTOYHO OBICTpO.
Ilepmanranat-uon paspsiBaer cBi3u C-C u Ha
ocBoOoMBIICECS MecTo BcTpamBaercss MnO, [19].
OOpazoBaHne IMOKCHIA MapraHia B [Opax YIJs
OTHCBIBAETCS ypaBHEHHEM HOTyPEaKLnuu:

MnOy + 4H" +38 = MnO»| + 2H,0; E° = +1,69 B [16]

[Ipyn mOBBIIEHWMHM BpPEMEHHM KOHTAKTa MEXIY
YIJIEPOIHBIM COPOCHTOM W IEPMAaHTaHATOM BO3PACTAIIO
koimdectBO MnQO», ocaxaeHHOTro B mopax. [Ipudaem mpu
JUIUTENBHOM KOHTakTe MaccoBas gosnsi MnO, B yrie
MOYTH HE 3aBHCENa OT KOHIEHTpPAalUH pPacTBOpa
nepMmaHrasara. Tak, MpM BpPEMEHH KOHTakTa 1 CyTKH U
xoHnenrpanuax KMnOs 1,3 u 48 r/zmm® o (MnOy)
cocrtaBjisiia coorBeTrcTBeHHO 35,4 wu 39,7 %, dro
MOTBEPHKAAET PE3YIbTATHL, OIy4YeHHBbIE B [19].

Ha puc. 2 npexacraBieHsl nM30TepMa OCaXICHUS
MnO; na yrne F300.
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Puc. 2 — Hzomepma ocascoenus MnO; na yene F300

I[lpu  oOpabGoTKe  aKTUBHPOBAHHOTO  YIJIS
pacTBOpoM pu BBICOKHX KOHLIEHTPALHSIX
HCIOJB30BAaHHOTO pacTBOpa IE€pMaHraHaTa WIM MpU
3HaYUTEIBHOM BPEMEHH €ro KOHTaKTa C yIJeM YIoJb
npuobperan ¢uoneToBslii orTeHOK. Cormacuo [19], mpu
YBEJIMUYCHUH KOHLCHTPAIlMK IIepMaHraHaTta ¥ BpEMEHH
KOHTaKTa yJeNbHas IUIOMa]b ITOBEPXHOCTH aacopOeHTa
YMEHBIIAETCS], YTO HCCIENI0BATENN OOBACHIIOT TE€M, YTO
MnO; nmeer GONBIIYIO MIIOTHOCTH U TIOATOMY TSDKEJIee.
To ectp, 1 T 00paboTaHHOTO YTIiIA 3aHUMAaeT MEHBIIHHA
00bEM U MO3TOMY IUIOLIAJb TIOp, HPUXOISIIasics Ha
€IMHHILy MacChl YTJIs, CHHXKACTCH.

dotorpadun, NnojgyueHHbIE METOJOM TYHHEIbHOM
ANEKTPOHHONH MHKpocKonuu [17], CBHIETENBCTBYIOT O
ToM, u4To MnO, o00pa3yer HaHOYACTHIBI, KOTOpHIC
MOCTETICHHO 3allOJIHSIOT IOPbl YIIIEPOJHOTO COpOEHTA.
Takoit  yromp Oymer wumers  Oonbmmid  3amac
OKHCJIMTEILHOM CIOCOOHOCTH U 60Jiee MPOIOIDKUTEIBHOE
BpeMsi paboThl Oe3 pereHepanuu. C JIpyroid CTOPOHBI,
ciumkoM Oospmiass nonss MnO; CymIecTBEHHO CHIDKAaeT
IUTOIa b KOHTAaKTa aacopOeHTa ¢ PacTBOPOM, MOITOMY
CKOpOCTb ~ OKHCIEHHUS  3ameansercd.  JloctaTouHoM
MPOJODKUTENBHOCTRIO  MOAM(GHUKAINK  yIJII  MOXKHO
cuntaTh 15 MuH mpu KoHueHTparmu pactBopa KMnOg4
1 t/nm3, on comepaxur 0,5 % MnO,. CHHTE3UPOBaHHEIN B
TaKUX YCIIOBUsX cOpOeHT MapkupoBaH F300-MnOs.

MeTogoM ~ KUCIIOTHO-OCHOBHOTO  THTPOBaHUS
CcycneH3uil yried OBUIO YCTAHOBJIEHO, 4YTO IIOCIE
Moaudukau yriusg oOmiee KOJIMYECTBO KHCIOTHBIX
(YHKIIMOHANBHBIX TPYNN Ha TOBEPXHOCTH CcopOeHTa
BEIpocya BaBoe - ¢ 0,55 MMoib-3kB/T 10 1,1 MMONB-2KB/T
- B pe3ynbTare paspblBa YIJICPOAHBIX CBs3ed Ha
MOBEPXHOCTH YTJIS M UX OKHCJICHHS TIEPMaHTaHAT-HOHOM.

Meton THTpOBaHUS CyCIIeH3WH, 00paOOTaHHOI
KHCJIOTOW, MIMPOKO HCHONB3YETCsl MPH HCCIEIOBAHUN
XapaKTEPUCTUKU TOBEPXHOCTH copOeHToB. Jlmst 3Toro
UCTIONB30BAIM CEPHYI0 KHUCIOTY, a HE Aa30THYI WIH
coisinyto, nockonbky HCl OymeT BoccraHaBiIMBaThCS
OCaXKIEHHBIM Ha MoBepxHocTu yrist MnO,, a HNO3 cama
MOXET OKHUCISITh TOBEPXHOCTHBIE (YHKIHOHAJIbHBIC
IPYIIB U YBEINYMBATh KOJMYECTBO KUCIIOTHBIX TPYIIL,
YTO TPHUBEAET K HCKAKECHUIO PE3yJIbTaTOB TUTPOBAHMS.
Bce  kucinotHble  (YHKIMOHAJIBbHBIE  TIPYyNIbBl  Ha
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MoBepXHOCTH yrist mepexomsat B H-¢popmy. Bo Bpems

TUTPOBAHUS CYCIEH3UH IIEI0YbI0 CHayasa
OTTHTPOBBIBAIOTCS  CBOOOJHBIE  HENPOPEarupoBaBIINE
NPOTOHBI, & 3aTeM MPOTOHBI KUCIOT HA IMOBEPXHOCTU
copbOeHra.

Ha JUarpaMmax KHCIJIOTHO-OCHOBHOTO
TUTPOBAHHUS CYCIICH3UH yris B KHCJIOTE,
PACCUMTAHHBIX W TIOCTPOCHHBIX MO MeTony [paHa
(puc. 3), BumHO, Yto B ciaydae yris F300
amnMpoOKCHUMAIMOHHBIE  TMpsIMble € KUCIOTHOH U

OCHOBHOM CTOpPOH HOYTH CXOAATCS B OJHOH TOUKe,
YTO  yKa3blBa€T HAa  OTHOCHTENBHO  HEOOJBIIYIO
pasHHIly 3HAYEHHH KOHCTAHT IUCCOLMUALMU KHCIOTHBIX
(YHKIIMOHAJIBHBIX TPYNIl Ha MOBEPXHOCTH yrisi. B TO
)K€  BpeMs IIPU  OKUCIEHHMH yINg  BO3HHUKAIOT
KHUCJIOTHBIE Tpymmel ¢ Oojiee UIMPOKUM CHEKTPOM
KOHCTAQHT JUCCOIMAlUU (YCJIOBHO, HECKOJBKO TOUEK
SKBHUBAJICHTHOCTH MpPU TUTPOBAHMU).

12,0 1 14,0
® F300-MnO2 L 12,0

- 10,0

10,0 1

- 80 G,
- 6,0
4,0
- 2,0
0,0

0 05 1

L5 2 25 3 35 4 45

3
VNaoH, €M

Puc. 3 — 3nauenue @pynxyuu I'pana c xucromnoii (Gk) u
ocnognotl (Go) cmopor npu mumposaHuy Weio4sio
cycnenzuu F300 u F300-MnO;

Ha puc. 4 moka3aHbl H30TEPMEI
HepTn Ha yrie F300 u F300-MnO,.

copoummn
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Puc. 4 — Hzomepmor copoyuu negpmu na F300 u F300-
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Puc. 4 — Hzomepmwi copoyuu ne¢pmu na F300 u F300-

MnOz
[IpenenbHast ~ cOpOLUMOHHAsT ~ €MKOCTh  TpPHU
copOuuy He(dTH M3 BOJHOTO pacTBopa B TeueHHE
CyTOK  cocTaBisuila 68  Mr/r.  KoMIo3WIMOHHBIH
COpOCHT TpOSBISLT ceOsi W Kak COpOeHT, W Kak
OKHCIIATEIb. [pu OJTMHAKOBBIX HaYaJIbHBIX

KOHLIEHTpaLMsIX He(TH [oCTHrajmuch Ooyee HH3KHE
OCTaTOYHbIE KOHIEHTpalMH. B 3TOM »KcliepuMeHTe ¢
F300-MnO, mnomydeHa copOLMOHHAs €MKOCTh ObuIa
Jlaneka OT HAchIIIeHWs, a JOCTUTHyTa BEIIMYMHA
cocraBisia 122 MI/T ¢ TEHACHIWEH K ManbHEHIeMy
pocrTy.

OueBHIHO, YBEIMUYCHHE BPEMEHH  KOHTAKTa
HedTecoaepKalield Bobl C KOMIO3UIIMOHHBIM YTOJIbHBIM
COpOEHTOM 3aMETHO MOBBICHT INTyOMHY OYHCTKH BOABI OT
HedTH.

BriBoaBI

[Momy4eH KOMMO3MIMOHHBIN COPOCHT, B KOTOPOM
MaTpHULEH-HOCUTEIEM  BBICTYNAeT  AKTUBHPOBAHHBIN
yromp Filtrasorb 300, a mucmepcHo# ¢azoir - MnOs.
Jlyammit  3¢pdexr oUYMCTKH BOABI TOCTHUTACTCS TIPH
MO (UKAIIH YIS pacTBopom KMnOy4 c
koHLeHTpauel 1o 1 r/mm® B Teuenue 10-15 mun. Ipu
3ToM B Topuctod mpoctpanctBe F300 ocemator
HAHOYAaCTHUILIbI MHOZ B KOJIHYCCTBEC, AOCTATOYHOM JIA
OKHCJIMTENILHOTO YJaJIeHUs] OPraHMYeCKUX COEINHEHUMH,
IpU 3TOM HE OYEHb YMEHBIIAs YAENbHYIO ILIOIIA/Ib
MOBEPXHOCTH copOeHTa. YaenbHas emkocTh F300-MnO»
BaBOe Oombmie, 4em y HemomuduuupoBanHoro F300.
CopOumoHHasT E€MKOCTh KOMITO3MIIMOHHOTO copOeHTa
YBEIMUYMBACTCS C YBEIMYCHHEM BpPEMEHH KOHTAaKTa C
OUHIIAEMOHN BOAOH, TOCKOJIBKY YBEITHUMBACTCS BPEMSI €TO

OKUCJIMUTENBHOrO  JAelcTBUA. Meron  Jydiie  BCEro
HCIOJIL30BaTh HA CTAgUUd  JOOYUCTKH BOABI IS
M3BJICYEHUS] OCTATOYHBIX KOJUYECTB PaCTBOPEHHBIX
HE(PTETPOIYKTOB.

CHucoK HCIOJIb30BAHHOM JTHTEPATYypPhI

1. Moosai, R. Gas attachment of oil droplets for gas flotation
for oily wastewater cleanup / R. Moosai, R. A. Dawe //

112

BICHUK HTY "XIII" Ne 26 (1302)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PIIEHHA B CYYACHUX TEXHOJIOI'AX"

10.

11.

12.

13.

14.

Separation and Purification Technology. —2003. — Ne 3. — P.
303-314. — doi: 10.1016/S1383-5866(03)00091-1.

Effect of bubble hydrodynamic and chemical dosage on
treatment of oily wastewater by Induced Air Flotation (IAF)
process / P. Painmanakul, P. Sastaravet, S.
Lersjintanakarn, S. Khaodhiar // Chemical Engineering
Research and Design. — 2010. — 88. — Ne 5-6. — P. 693-702.
—doi: 10.1016/j.cherd.2009.10.009.

Cong, L. N. Synthesis and application of PAZSC in oily
wastewater treatment / L. N. Cong, Y. J. Liu, B. Hao
Chemical Engineer. —2011. —Ne 1. —P. 5-9.

El-Naas, M. H. Assessment of electrocoagulation for the
treatment of petroleum refinery wastewater / M. H. El-
Naas, S. Al-Zuhair, A. Al-Lobaney, S. Makhlouf // Journal
of Environmental Management. —2009. — Ne 91. — P. 180-185. —
doi: 10.1016/j.jenvman.2009.08.003.

Ibrahim, S. Removal of emulsified oil from oily
wastewater using agricultural waste barley straw /
S. Ibrahim, S. B. Wang, H. M. Ang // Biochemical
Engineering Journal. —2010. — 49. — Ne 1. — P. 78-83. — doi:
10.1016/j.bej.2009.11.013.

Cuporkuna, E. E. Marepuanel mms  aacopOIHOHHON
OYHCTKA BOABI OT HepTH © HEeDYTENPOAyKTOB /
E. E. Cuporkuna, JI. }O. HomocemoBa // Xumus 6
unmepecax ycmouuugoeo paseumus. — 2005. — Ne 13, —
C. 359-377.

Santos, M. R. G. The application of electrochemical
technology to the remediation of oily wastewater / M. R. G.
Santos, M. O. F. Goulart, J. Tonholo, C. L. P. S. Zanta //
Chemosphere. — 2006. — 64. — Ne 3. — P. 393-399. — doi:
10.1016/j.chemosphere.2005.12.036.

Yu, L. Catalytic Supercritical Water Oxidation of Oily
Wastewater / L. Yu, Y. Chen, F. He // Chemistry and
Technology of Fuels and Oils. - 2015. - 51. -Ne 1. - P. 87-92.
- doi: 10.1007/s10553-015-0578-9.

Liu, G. H. Biotreatment of heavy oil wastewater by
combined upflow anaerobic sludge blanket and immobilized
biological aerated filter in a pilot-scale test / G. H. Liu, Z.
F. Ye, K. Tong, Y. H. Zhang // Biochemical Engineering
Journal. — 2013. — 72. — Ne 15. — P. 48-53. — doi:
10.1016/j.bej.2012.12.017.

Wu, L. Biodegradation of oil wastewater by free and
immobilized Yarrowia lipolytica W29 / L. Wu, G. Ge,
J. Wan // Journal of Environmental Sciences. —2009. — 21.
— Ne 2. — P. 237-242. — doi: 10.1016/S1001-0742(08)62257-
3.

Zhang, Y. Q. Development of a sulfated Y-doped
nonstoichiometric zirconia/polysulfone composite
membrane for treatment of wastewater containing oil / Y. Q.
Zhang, P. Cui, T. D. Du, L. B. Shan, Y. L. Wang /
Separation and Purification Technology. — 2009. — 70. — Ne
2. —P. 153-159. — doi: 10.1016/j.seppur.2009.09.010.

Yang, T. Formation and performance of Kaolin/MnO: bi-
layer composite dynamic membrane for oily wastewater
treatment: Effect of solution conditions / T. Yang, Z. F.
Ma, Q. Y. Yang // Desalination. — 2011. — 270. — Ne 1-3. —
P. 50-56. — doi: 10.1016/j.desal.2010.11.019.

Yang, M. Synthesis of Monodispersed Nanospheres of
Mn30s4 and Its Adsorption Behavior for Alizarin Red / M.
Yang, D. Li, T. Zhao, J. Ma // Journal of Dispersion
Science and Technology. —2010. — 31. — Ne 4. — P. 563-566.
—doi: 10.1080/01932691003681522.

Song, Y. The Kinetics of Oxidizing Phenol in Wastewater
by Natural Manganese Oxide Minerals / Y. Song,
X. Qiaoqin, C. Tianhu // Bulletin of Mineralogy, Petrology
and Geochemistry. —2006. — 25. — Ne 4. — P. 324-329.

15.

16.

18.

19.

10.

Chenzi, F. Pretreatment of actual high-strength phenolic
wastewater by manganese oxide method / F. Chenzi, L.
Anhuai, Y. Li, C. Wang // Chemical Engineering Journal.
- 2010. - Ne 160. - P. 20-26. - doi:
10.1016/j.cej.2010.02.042.

I'oponosckmii, M. T. Kpatkuii cnpaBoyHHK 1Mo XuUMuH /
HN. T. I'oponosckuii, 10. I1. Hazapenko, E. ®. Hekpsu.
Kues, "Haykosa oymxa". — 1987. — 833 c.

. Wu, M. Redox deposition of manganese oxide on graphite

for supercapacitors / M. Wu, G. A. Snook, G. Z. Chen,
D. J. Fray // Electrochemistry Communications. — 2004. —
Ne 6. —P. 499-504. — doi: 10.1016/j.elecom.2004.03.011.
Tomens, H. JI. DOKCTpaKIHOHHO-CIIEKTPOPOTOMETPHIECCKUI
METO/ OTIpeeIeHHs OOIIEro COAepIkKAaHMI Macell U TKEIBIX
Hedptenponykro / H. JI. Tomens, JI. B. Kana6una,
A. II. XoxoTBa // Xumuss u mexnonocuss 8oodvi. — 1999. -
Ne 6. - C. 611-616.

Dong, X. A structure of MnO: embedded in CMK-3
framework developed by a redox method / X. Dong, W.
Shen, J. Gu, L. Xiong // Microporous and Mesoporous
Materials. — 2006. — Ne 91. — P. 120-127. — doi:
10.1016/j.micromeso.2005.11.019.

Bibliography (transliterated)

Moosai, R., Dawe, R. A. Gas attachment of oil droplets for
gas flotation for oily wastewater cleanup. Separation and
Purification  Technology, 2003, 3, 303-314, doi:
10.1016/S1383-5866(03)00091-1.

Painmanakul, P., Sastaravet, P., Lersjintanakarn, S.,
Khaodhiar S. Effect of bubble hydrodynamic and chemical
dosage on treatment of oily wastewater by Induced Air
Flotation (IAF) process. Chemical Engineering Research
and  Design, 2010, 88, 5-6, 693-702, doi:
10.1016/j.cherd.2009.10.009.

Cong, L. N., Liu, Y. J., Hao, B. Synthesis and application
of PAZSC in oily wastewater treatment, Chemical Engineer,
2011, 1, P. 5-9.

El-Naas, M. H, Al-Zuhair, S., Al-Lobaney, A., Makhlouf,
S. Assessment of electrocoagulation for the treatment of
petroleum refinery wastewater. J. Environ. Manage, 2009,
91, 180-185, doi: 10.1016/j.jenvman.2009.08.003.

Ibrahim, S., Wang, S. B.,, Ang, H. M. Removal of
emulsified oil from oily wastewater using agricultural
waste barley straw. Biochem. Eng. J., 2010, 49(1), 78-83,
doi: 10.1016/j.bej.2009.11.013.

Sirotkina, E. E., Novoselova, L. Yu. Materials for
Adsorption Purification of Water from Petroleum and Oil
Products. Chemistry for Sustainable Development, 2005,
13, 359-377.

Santos, M. R. G., Goulart, M. O. F., Tonholo, J., Zanta,
C. L. P. S. The application of electrochemical technology to
the remediation of oily wastewater. Chemosphere, 2006. —
64(3), P. 393-399, doi: 10.1016/j.chemosphere.2005.12.036.

Yu, L., Chen, Y., He, F. Catalytic Supercritical Water
Oxidation of Oily Wastewater. Chemistry and Technology of
Fuels and Oils, 2015, 51(1), 87-92, doi: 10.1007/s10553-
015-0578-9.

Liu, G. H., Ye, Z. F., Tong, K., Zhang, Y. H. Biotreatment
of heavy oil wastewater by combined upflow anaerobic
sludge blanket and immobilized biological aerated filter in a
pilot-scale test. Biochem. Eng. J., 2013, 72(15), 48-53. doi:
10.1016/j.bej.2012.12.017.

Wu, L., Ge, G., Wan, J. Biodegradation of oil wastewater
by free and immobilized Yarrowia lipolytica W29. Journal

BICHUK HTY "XIII" Ne 26 (1302)

113



CEPIA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'AX"

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

of Environmental Sciences, 2009, 21(2), 237-242. doi:
10.1016/S1001-0742(08)62257-3.

15.

Chenzi, F., Anhuai, L., Li, Y., Wang, C. Pretreatment of
actual high-strength phenolic wastewater by manganese

11. Zhang, Y.Q., Cui, P., Du, T. D., Shan, L. B.,, Wan, Y. L. oxide method. Chemical Engineering Journal, 2010, 160,
Development of a sulfated Y-doped nonstoichiometric 20-26, doi: 10.1016/j.cej.2010.02.042.
zirconia/polysulfone composite membrane for treatment of  16. Goronovsky, 1. T., Nazarenko, Yu. P., Nekryach, E. F.
wastewater containing oil. Separation and Purification Kratkyy spravochnyk po khymyy [A brief reference book on
Technology, 2009,  70(2), P. 153-159,  doi: chemistry]. Kiev "Naukova dumka", 1987, 833 p.
10.1016/j.seppur.2009.09.010. 17. Wu, M., Snook, G. A., Chen, G. Z., Fray, D.J. Redox

12. Yang, T., Ma, Z. F., Yang, Q. Y. Formation and deposition of manganese oxide on graphite for
performance of Kaolin/MnOz bi-layer composite dynamic supercapacitors. Electrochemistry Communications, 2004, 6,
membrane for oily wastewater treatment: Effect of solution 499-504, doi: 10.1016/j.elecom.2004.03.011.
conditions. Desalination, 2011, 270(1-3), 50-56. doi: 18. Gomelya, N. D., Kalabina, L. V., Khokhotva, A. P.
10.1016/j.desal.2010.11.019. Ekstraktsionno-spektrofotometricheskiy metod opredeleniya

13. Yang, M., D. Li, T. Zhao, Ma, J. Synthesis of obshchego soderzhaniya masel i tyazhelykh nefteproduktov
Monodispersed Nanospheres of Mn3O4 and Its Adsorption [Extraction-spectrophotometric method for determination of
Behavior for Alizarin Red. Journal of Dispersion Science total oil and heavy oil products]. Khimiya i tekhnologiya
and  Technology, 2010, 31(4), 563-566, doi: vody [Journal of water chemistry and technology], 1999, 6,
10.1080/01932691003681522. 611-616.

14. Song, Y., Qiaoqin, X., Tianhu, C. The Kinetics of 19. Dong, X., Shen, W., Gu, J., Xiong, L. A structure of MnO2

Oxidizing Phenol in Wastewater by Natural Manganese
Oxide Minerals. Bulletin of Mineralogy, Petrology and
Geochemistry, 2006, 25(4), 324-329.

embedded in CMK-3 framework developed by a redox
method. Microporous and Mesoporous Materials, 2006, 91,
120-127, doi: 10.1016/j.micromeso.2005.11.019.

Cgenenusi 06 aTopax (About authors)

Xoxomea Anexcandp Ilemposuu — KaHIUIAT TEXHUYECKMX HayK, JOLCHT, HalMOHANbHBIA TEXHHYECKHIl yHUBEPCHUTET
VYxpauns! "KueBckuii momurexauueckuii ”HCTUTYT" uM. M. Cukopckoro, AomeHT Kadeapsl SKOJIOTUH M TEXHOJOTU PACTUTENIBHBIX
monuMepoB; T. Kues, YkpanHa; e-mail: khokhotva@bigmir.net.
Oleksandr Khokhotva — Ph. D., Docent, Associate Professor, Department of Ecology and Technology of Plant Polymers,
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, Ukraine; e-mail: khokhotva@bigmir.net.

Toowcanyiicma, ccvlnatimecs Ha My cmamuio ciedyIouum o0pasom:
XoxotBa, A. I1. Ounctka HeTecoAepKAIINX BOJ OKUCICHHEM Ha KOMIIO3UIIMOHHOM yrojbpHOM copbente / A. I1. XoxoTBa

/I Becmuux HTY «XIIH», Cepus: Hogvie peuienus é cogpemennvix mexnonocusx. — XappkoB: HTY «XITH». — 2018. — Ne 26 (1302).
—T.2.—-C. 109-114. — doi: 10.20998/2413-4295.2018.26.40.

Please cite this article as:

Khokhotva, O. Treatment of oil-containing water by oxidation onto composite carbon sorbent. Bulletin of NTU "KhPI".
Series: New solutions in modern technologies. — Kharkiv: NTU"KhPI", 2018, 26 (1302), 2, 109-114, doi:10.20998/2413-
4295.2018.26.40.

Byow nacka, nocunatimecs na yio Cmammio HACHyNHUM YUHOM.

XoxotBa, O. II. Ounnienns HaQTOBMICHHX BOJ OKHCJIEHHSM Ha KOMIIO3HLiItHOMY ByrinsHomy copOenti / O. I1. XoxoTBa //
Bicnux HTY «XIIl», Cepis: Hogi piwenns 6 cyuachux mexnonozisx. — Xapki: HTY «XIII». — 2018. — Ne 26 (1302). — T.2. — C.
109-114. — doi:10.20998/2413-4295.2018.26.40.

AHOTAL[IA YV oOaniti pobomi 3anponoHo6aHo GUKOPUCMAMU Nepesazi OKUCTIO8ANbHO20 | COPOYIliHO20 Memooie O/l 6UOANEHHS
Hagpmonpodykmig 3i cmiunux 600 Ha cmaodii 0oouuwenHsi 600u. Ak okucmosay euxopucmanuti MnQO3z, ocaddcenuii y nopax
axmugoganozo eyzinna Filtrasorb 300 6 pesynsmami o6pobku ocmannvozo posuunom KMnQOy. Busuerno npoyec ocadocenna MnO: na
NOBEPXHI 8yl 8 3anexncHocmi 6i0 6uxionoi koHyenmpayii nepmaneanamy. Cunmesosano komnosuyivnui copoenm F300-MnO: 3
emicmom oxucaosaua 0,5%. Iumoma copbyiiina emuicms 6uXiono2o @yeinia 3a Hagmoro cknadara 68 me/e, 6 moi uac Ak Ons
CUHME308AHO20 KOMNO3UYINIHO20 cOpOenmy oHa Oyia matidice 606iui Oinvule.

Knrwwuoei cnosa: cmiuni 600u; nagpmonpooykmu,; MnQ2,; komnozuyitinuti copbenm, copoyis,; OKUCIeHHSA
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