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AHHOTauusa. M3yyeHa OKMUCIUTENbHAsA AeCTPYKLUS KpacuTenss MeTU0BOro p1MoneToBOro B BOAHbIX pac-
TBOpax NepoKCMAOoM BOAOPOAa B MPUCYTCTBUU MOHOB KobanbTa.

MokasaHo, UTo B cnabokucoli cpeae MeTUOBbIV (OMONETOBbI YCTOMUNB K OKUC/IEHMIO, OAHAKO MOHbI KO6asb-
Ta OKa3blBaeT KaTa/MTUUYECKoe BO3AeCTBME Ha MPOLLECC OKUC/IUTENbHOM AecTPyKL MM MeTUTOBOTO (OMOIETOBOTO Npu
3HaueHUAX pH, 6U3KUX K HeliTpanbHbIM. 3aMKCMPOBaHO 06ecLBeUnBaHe pacTBopa U BblAeneHne razoo6pasHoro
npofykTa. CKOpocTb Y 3PHEKTUBHOCTb OKUC/IUTENbHOW AeCTPYKLMUN 3aBUCUT OT COOTHOLUEHUSI KOMMOHEHTOB OKUC/TN-
TeNbHOM cMecu. Kak MoBbIWEHMe KOHLEHTpauuu nepokcuaa BoAoposa, Tak W MOBbILLEHWE COAep>KaHUs UOHOB KO-
6anbTa NPUBOAUT K POCTY CKOPOCTU AeCTPYKL UK.

Resume. Dyes are common models for the investigation and development of methods for cleaning water. In the
last decade discoloration of dyes in agueous solutions has been widely studied using Fenton reagent (Fe2¢/H202) as well
as combined photo-Fenton, electro-Fenton processes etc. It was of interest to study Fenton-like processes using salts of
other transition metals, in particular cobalt salts.

In the present study oxidative discoloration of methyl violet dye in agueous solution has been studied using
such systems as Fe3+/H202 and Co2+/H202. Cobalt (Il) sulfate was used as a source of cobalt. Spectrophotometry was
applied to measure concentration of methyl violet.

It was shown that oxidative degradation of methyl violet dye by hydrogen peroxide in the presence of Fe3+ions
exhibited a high efficiency at pH=3.1-3.2. In the presence of cobalt ions methyl violet was stable in weakly acidic me-
dia. However Co2+ions were demonstrated to affect oxidative degradation of methyl violet at pH values close to neutral
ones. Discoloration of the dye was followed by gas evolution. The rate and efficiency of oxidative degradation depended
on the ratio of oxidative reagents. Both an increase of hydrogen peroxide concentration and an increase of cobalt con-
tent resulted in enhanced rate of the dye degradation.

BBegeHune

KpacuTtenu siBAsitoTCSA pacnpocTpaHeHHOM MoAeNblo NPy n3yvyeHUn 1 pa3paboTke NpoLeccoB
BOA0OYUCTKMU. [leKkonopusaunsa KpacuTtesel npeactaBnsieT He TONbKO MeTOAUYECKNI, HO U NPaKTuU-
YECKWi MHTepec, MOCKObKY MMeeT 60/bLI0e 3Ha4YeHNe A8 CHUXKEHUS BAUSAHUA OTXOA40B TeKCTU/ b-
HOV NPOMBILLINEHHOCTU HA OKPYXKaloLLyo Cpeay.

B nocnefHee gecatTuneTne LUMPOKO U3YyYaloTCA BO3SMOXHOCTU NMPUMEHEHUS cucTemMbl PeHTO-
Ha ANns o6ecuBeYMBaHNA KpacuTesnel - KakK YMCTO XMMUYECKOro OKUC/EeHUS, TaK U ero coyeTaHus ¢
thoTopecTpykumeii, anekTpogecTpykumeni n T. n. [Malik, Saha, 2003; Nunez et al., 2007].

Knaccuueckan cuctema PeHTOHaA WUCMOMb3YeT MOHbI XKefesa ANA KaTtaiuTUYecKoro paau-
KanbHOro pacnaga nepokcupa sogopoga. Cumraercs, ofjHaKo, YTO B KayecTBe KaTa/M3aTtopos passo-
>keHust NzOz MoryT 6bITb TaKXXe UCMO/Ib30BaHbl COMN MeAun, XpOMa, BaHaAus, KobasibTa 1 apyrux ne-
pexogHbix meTannos [Harues, 1985].
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OkuncnuTenbHaa AecTPYKLUUS KpacuTesisi MeTU/I0BOro (PMONeToBOro cuctemon ®eHToHa
noapo6HoO nsyyeHa B ctaTbe [Hashemian et al., 2013]. B HacTosweli paboTe npegnpuHATA MOMbIT-
Ka BbINO/IHUTL OKWUC/IEHWE METWU/I0BOro (QMOEeTOBOr0 MEPOKCUAOM BOAOpPOAa B MPUCYTCTBUMU
MOHOB Kob6anbTa. Mcnonb3oBaHme KobanbTcogepXallux OKUCAUTENbHbIX CUCTEM A/15 o0becLBevun-
BaHWUs KpacuTesielh onucaHo, Hanpumep, B paboTte [Khan, Bhutto, 2010], B KOTOpOIi1 BbIMNO/IHEHA
OKNCAUTENbHAA AECTPYKLUMSA KCUIeHONa OpaHXeBOro U nokasaHo, YTO CKOPOCTb AECTPYKLMU 3a-
BUCUT OT TemnepaTtypbl, pH, COOTHOLLIEHNA KOMNOHEHTOB OKUCANTENbHON CMecK.

O6beKTbl © MeToAbl nccnegoBaHmMA

B pa6oTe Mcnonb3oBasicsl KPacuTeslb METU/IOBbLIN (DMONETOBbIV MapKK «4jax».

Takxe 6e3 4ONOIHUTE/IBHON OUYNCTKU UCMOb30BaNIM MeAULUHCKUIA NepoKcua BoAopoaa,
TOYHOe 3HayeHVe KOHUeHTpauuu KOTOpPOro orpepensnn MeTogoM KOCBEHHOIO OKWUCNUTESIbHO-
BOCCTAHOBUTENIBHOTO TUTPOBAHUA TUOCY/baTOM HaTpUA B KWUCIOW cpefe. B kayecTBe KOMMO-
HEHTOB OKUC/INTENbHOMN cucTeMbl NnpumeHsann CoSON7H20 mapkm «yga» nmo6o Fe(NO3)3°9H20
npou3ssoacTea Acros Organics. Ansa perynuposaHmsa pH ncnonb3oBasncsa ruapokKcng HaTpma map-
KW «ypa».

M3mMeHeHMe KOHLUEeHTpaLun MeTUI0BOro (9MosieTOBOro B NpoLecce OKUC/eHUS OLeHMUBanu
Ha crnekTpodnyopumetpe CM 2203. pH peaKUMOHHOI cMecn M3MepsAIN ¢ MoMOoLLbio pH-MeTpa
Mettler Toledo.

Bo Bcex akcnepMMeHTax n3y4yanu rnpoTekaHUe OKUC/IeHNS MeTUI0BOro )1o/1eTOBOro B BOf-
HbIX pacTBopax o6bemoM 25 M npu Temnepartype 25°C. MicxogHas KOHLUEHTpaLmMsa MeTUa10Boro du-
0/1eTOBOro coctasnsana 17.8 mMkmons/n.

O6CcyXaeHne pe3ynbTaToB

Mpn ncnonb3oBaHUM B KauyecTBe KaTanusatopa conu >xenesa (I11) npouecc gecTtpykuum
MeTMN0BOro (h1oaeToOBOro MAeT C BbICOKOW CKOpOCTbio (puc. 1). Mony4veHHbI pe3ynbTaT Noj-
TBep)XXAaeT AaHHble aBTopoB [Hashemian et al., 2013]. Heobx0a4MMO NOACHUTbL, YTO B yKa3aHHO
paboTe mM3y4yanacb Ksaccuuveckas cucteMa ®eHTOHa, cofep>kawasa cosb xenesa (I1). Tem He me-
Hee, CpaBHEHME OKUCNNTENbHOM CMNOCOGHOCTU ABYX CUCTEM He SINLLIEHO CMbICNa, MOCKO/bKY, KakK
N3BECTHO, B cucTemMe ®eHTOHA B LIMK/INYECKUX OKUCANTE/IbHO-BOCCTAHOBUTE/IbHbIX MPEeBpaLleHun-
ax xene3o (1) nepexogut B xeneso (I11) n o6patHo.

Mpn 3ameHe NOHOB Xese3a Ha MOHbI KobanbTa B C/1aboKUCON cpefe MeTU/OBbIM hroneTo-
Bbll YCTOMYMB K OKUCNEHUIO: Npu pH 5.7 KOHUEHTpaumsa Kpacutens B peakUMOHHOW cMecu NpakTu-
Yeckn He MeHsieTcsa (puc. 2). VIHTeHCMBHOE OKMCcNeHUe cybecTpaTa HaunHaeTcs Npy nosbliweHnn pH
[0 3Ha4YeHU, 6NN3KNX K HelATpanbHbIM, 6.6-6.8 (puc. 3). B 3TUX yCNOBUAX BU3yallbHO HabntoaaeTcs
He TONbKO 06ecLBevYnBaHne pacTBopa, HO U BblAeneHne Ny3bipbKOB rasda U3 peakunoHHOM CMecu.

JecTpyKumns mMeTunoBoro proneTtoBoro Npu noBbilieHHOM pH M3yyanack 6onee getancHoO.
BapbupoBasin KOHLEHTPALMIO NEPOKCUAA BOAOPOAA N KOHLEHTPaLUMIO con KobanbTa. AHain3 nony-
YEHHbIX KMHETUYECKUX KPMBbIX (CM. puc. 3) MoKasas, YTo C YBE/IMYEHUEM COAEPXXaHUS Mepokcuia
BOAOPOAA M coneli KobanbTa B peakLVOHHOM CMecu CKOpOoCcTb M 3(EeKTUBHOCTL OKUC/IEHUS CyLLie-
CTBEHHO BO3pacTalT

3aknwyeHne

TakMm 06pas3om, B HacTosieli pa6oTe MoKa3aHo, YTo MOH COo2+ 0KasblBaeT KaTa/IMTUYecKoe
BO3/eiCTBME Ha MPOLLECC OKUC/TUTENLHOW AeCTPYKLUM METUI0BOrO (OMO/IETOBOr0 NEPOKCUAOM BOJO-
poaa B 6/IM3KNX K HeliTpanbHbIM cpeaax. CKOpocTb M 3IPEKTUBHOCTL OKMUCNTENbHOW AecTpyKuuu
3aBUCAT OT COOTHOLLIEHWSI KOMMOHEHTOB OKUCANTE/TIbHON CMECH.
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Puc. 1. KuHeTtnyeckune
KPUBblE OKMCNEHUSA
MeTWn0BOro omone-
ToBoro H202 B npu-
cytcTBum Fe(NO3)3
(pHmcx:3'|-3’2)Z 1-
C(Fes+)=0.5 mmons/n;
2 - C(H202=40
MMoOnb/n,
C(Fes3+)=0.25
MMOb/1;
3 - C(H22=40
Mmone/n, C(Fes+)=
0.5 mmonb/n
Pig. 1. Kinetics of me-
thyl violet degradation by H202in the presence of Fe(NO3)3 (pHinitiai=3.1-3.2): 1 - C(Fes+)=
0.5 mmol/l; 2 - C(H202=40 mmol/l, C(Fe3+)=0.25 mmol/l; 3 - C(H202=40 mmol/Il, C(Fes+)=
0.5 mmol/I

Puc. 2. KuHeTnyeckue
KPUBblE OKMCNEHUSA
MeTWU0BOrro hmosne-
ToBoro H202 B npu-
cytcTBun COSO4
(pHucx=5¢7): 1-
C(H202=40
MMOnb/n,
C(Co2+)=0.5
MMonbe/n; 2 -
C(H202=40
MMoOnb/n,
C(Co2)=1 mmons/n
Fig. 2. Kinetics of methyl violet degradation by H202in the presence of CoSO4 (pHinitiai=5.7):
1- C(H202=40 mmol/l, C(Co2+)=0.5 mmol/l; 2 - C(H202=40 mmol/Il, C(Co2+)=1 mmol/I

Puc. 3. KuHeTnyeckue
KpUBble OKMCNEHUSA
MeTWn/0BOro omorne-
ToBoro H202 B npu-
cytcTBun CoSO4
(pHmcx:6'6-6°8):
1- C(H202=20
Mmone/n, C(Coz+)=
1 mmone/n; 2 -
C(H202=40
Mmmone/n, C(Coz+)=
1 mmone/n; 3 -
C(H202)=20
Mmone/n, C(Coz+)=
2 mmons/n; 4 -
C(H202=40 mmonb/n, C(Co2+)=2 mmonb/n
Fig. 3. Kinetics of methyl violet degradation by H202in the presence of CoSO4 (pHinitiai=6.6-6.8):
1- C(H202=20 mmol/l, C(Co2+)=1 mmol/l; 2 - C(H202=40 mmol/l, C(Co2+)=1 mmol/l; 3 -
C(H202=20 mmol/Il, C(Co2+)=2 mmol/l; 4 - C(H202=40 mmol/I, C(Co2+)=2 mmol/I
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