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AXTyalbHOCTB PabOThI 00yCIIOBIE€Ha HEOOXOIMMOCTHIO OYMCTKH CTOYHBIX BOJ KPAaCHIbHO-OTIEIOYHBIX IPOU3BOJCTB
OT OPraHUYeCKUX KPACHUTEJEH, 3arps3HSIOIUX BOAHBIE PECYPCHI.

Lenp paboThl: 3aKiovanach B NMPUMEHEHHMHM KOMIIO3MTOB Ha KEpPaMHUYECKOH OCHOBE ANl Jerpajally KpacuTenei
(METHJIOBBIN OpaHIKEBbIN, METHUJICHOBBIH CHHHIA, TAMOJIOBBIH W OPOMTHMOJIOBBIN CHHUI) B ycIoBUsAX YD n3inydeHus ¢
nob6asienreM peareHToB-akTHBaTopoB (H,0,, HoCo0y).

Meroapl  MCCIAENOBAaHMA:  METOA  PEHTTeHOBCKOM  aubppakimu  (qudpakromerp  Shimadzu  XRD6000),
MHKPOPEHTICHOCIICKTpaibHbIi ananu3 (anaimmuzarop Shift ED 3000), meton cnekrpodoromerpun (CekTpodoTomMeTp
Evolution-600), Y® usznyuenue (pryrhas jgamma J[PJI-250).

Pe3ynbTaThl: MPOBECH aHATIHM3 IEMEHTHOTO M (ha30BOTO COCTaBa KOMIIO3UTOB HA OCHOBE HHUTPUAOB OOpa, KpEeMHH,
xpomMa #u cuanoHa. [lokazaHo, YTO Hapsgy C OCHOBOM B KOMIO3MTAaX MPUCYTCTBYIOT (asbl XKeieza W
noJynpoBoaHUKOBbIX coeaunenuii (B4C, FeB, SiC). MccnenoBana akTHBHOCTh KOMIIO3WUIIMOHHBIX MATEPHAIOB B
mporieccax JIEKOJIOPU3AIH PAacCTBOPOB KpacUTeNeH B MPHUCYTCTBUH peareHToB-akTHBatopoB (H,0,, H,C,04) mms
co3maHus B pactBope ¢oroakTuBHBIX cucteM (Padda-Denrona, ¢eppuokcanatHas). Hambonpmas creneHb
nexosiopuzauuu (90-98 %) mocturaercs MpH UCIOJIL30BAHUHM KOMIIO3UTOB Ha OCHOBE HUTpHIA O0pa, 4TO 00YCIOBICHO
COBMEIIIEHHEM ITpolieccoB GoToancopOimu U GoTookucienus. Beicokas akTHBHOCT KOMIO3UTOB Ha OCHOBE HUTPHJIOB
KpEeMHHs, XpoMa U cHalloHa Habronaercsi Tojbko B npucyrcTBun H,C,04, 9TO CBs3aHO ¢ 00Opa3oBaHUEM B PacTBOpE
doToakTHBHBIX OKcanaTHbiX komiutekcoB sxene3a(lll) u xpoma(lll). Metomom ckanmpyroiei crnekTpodhoToMeTpUH
MOKa3aHo, YTO MTPOUCXOUT JeTpasiallvisi KpaCHTENeH.

KaioueBnie cioBa: kpacuteny, GOTOKATAIN3, KOMIIO3UT, HUTPUABI, CHAJIOH.

CATALYTIC ACTIVITY OF METAL-CONTAINING CERAMIC BASED
COMPOSITES IN THE PROCESS OF DECOLORIZATION OF DYE
SOLUTIONS UNDER UV-IRRADIATION

Lidia N. Skvortsova, Ph.D., Associate Professor of Analytical Chemistry Department, National Research
Tomsk State University, Chemical Faculty, 36, Lenina Avenue, Tomsk, 634050, Russia,
E-mail: Inskvorcova@inbox.ru
Liudmila N. Chukhlomina, D.Sc., Leading Researcher, Department of Structural Macrokinetics of the
Siberian Branch of Russian Academy of Sciences (TSC SB RAS), 10/3, Akademicheskiy Avenue, Tomsk,
634021, Russia, E-mail: iudnik@yandex.ru
Darima B. Badmaeva, student, National Research Tomsk State University, Chemical Faculty, 36, Lenina
Avenue, Tomsk, 634050, Russia, E-mail: darimabadmaeva@mail.ru

Relevance of the work is justified by the need to purify dye and finishing plants wastewater from organic dyes.

The main aim of the study: The application of ceramic based composites for the degradation of dyes (methyl orange,
methylene blue, thymol and bromthymol blue) under UV-irradiation with addition of the activating reagents (H,O, and
H,C,0,).

The methods used in the study: X-ray diffraction (Shimadzu XRD 6000 Diffractometer), micro-X-ray spectroscopy
(analyzer Shift ED 3000), spectrophotometry (Evolution-600 UV-Vis Spectrophotometer, Thermo Scientific), UV-
radiation (mercury-vapor lamp DRL-250).
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The results: The elemental and phase analyses of composites based on boron, silicon, chromium and sialon nitrides have
been done. It was shown that besides the composite base there were phases of Fe and semiconducting compounds (B4C,
FeB and SiC) in the composite. The activity of the composite materials has been investigated in the process of
decolorization of dye solution in the presence of the activating reagents (H,O, and H,C,0,) forming photoactive Raff-
Phenton and ferrioxalate systems. The highest rate of decolorization (90-98%) has been achieved using boron nitride
based composite due to the combination of photo-adsorption and photo-oxidation. The high activity of the composites
based on silicon, chromium and sialon nitrides was observed only in the presence of H,C,0, because of the formation
of photoactive oxalic complex of Fe(Il) and Cr(lll) in a solution. The dye degradation has been confirmed by scanning
spectrophotometry.

Key words: dyes, photocatalysis, composite material, nitrides, sialon.

[lepcieKTUBHBIMH METO/JAMU JI€KOJIOPU3ALMU CTOYHBIX BOJ SIBJIAIOTCS JI€CTPYKTHBHBIE
METOJIbl C HCIOJb30BAaHUEM BBICOKON OKHCIUTEIHHOW CIIOCOOHOCTH THJIPOKCHIIBHBIX PaJHMKalIOB
[1]. ®orokataiuTuueckass Jerpajganus OpPraHUYECKUX KpacuTelied B HACTOSIIEE BpeMs
paccMaTrpuBaeTcs B COUETaHUU ¢ UX ouoaerpananueii [2]. Hamu nokasano [3], uto Fe-conepskamue
KOMIIO3UTHI HA OCHOBE HUTPUIOB KPEMHHs U O00pa MEpCHEKTUBHBI ISl AECTPYKIIUH OPTaHUYECKHX
3arpsi3HuTeneld B ycnoBusx Y@ uznydeHus. D(PPeKTUBHOCTH CBsi3aHA C CO3/JaHHUEM B PacTBOpE
dorokatamutnyecknx cucreM (Padda-Denrona, deppmokcanarHas) MOCPEACTBOM COBMEIICHUS
reTepOoreHHOr0 U TOMOT€HHOT0 KaTalln3a.

B pabore mnpoBeneHa oneHKa (POTOKATAIUTUYECKONW AaKTMBHOCTHM METAJNIOKEPAMUYECKHUX
KOMITO3UTOB B Ipolleccax Jerpajalunu Kpacurenei (MeTuinoBslii opanxkeBbiid (MO), MeTUIeHOBBIN
cunuit (MC), tumonoBelii cunuii (TC) u Opomrumonosbsii cunuil (BTC)). MccnenoBanbl
KOMITO3UTHI HA OCHOBE CHaJOHa U HUTPUAOB KpeMHHUs, 60pa U Xxpoma, nonydeHHsie Mmetogom CBC
B THIL CO PAH. Conepxxanue kpacutenei konTponuposaiu merogoM CP: MC — nipu A 661 uwMm,
MO — npu A 661 M, TC — npu A 544 um; BTC — npu A 435 um. Crenens aexonopusanuu (R,%)
OIICHUBAJIU 110 YOBLIIM KPaCUTEIsI U3 PacTBOpA.

Ta6auma 1
®a30Bblii COCTAB KOMIIO3HIHOHHBIX MATEPUAJIOB U cofep:kaHue (Macc. %) 3JIeMEHTOB B HCCJIeyeMbIX
MaTepHasax no AAaHHLIM MHKPOPEHTTeHOCNeKTPAJbHOI0 AaHAIN3A

. Conepxanue, Macc. %

Obpa3zen ®dazoBbIii COCTaB Fo Si C 0 Mg
B35 BN, Fe, FeB + Fe,B 15-35 0,3-0,8 1,2-4,1 3,5-5,7 0,3-1,2
B156 BN, Fe, FeB + Fe,B, Fe;C 46-50 0,8 11-17 8-9 0,6
b179 BN, B,C, H;BO; — 0.11 10-28 3.0-4.4 0.8-4.9
DC75-N SizN,, Fe, Fe,Siy 0,7-1,1 41-47 8-17 1,2-3,9 0,11
DC65-N SizN,, Fe, Fe,Siy 2,6-9 38-42 17-25 5,2-6,5 0,12
DC45-N SizN,, Fe, Fe,Siy 4-34 24-33 8-9 1,5-6 0,08
SIiAION Si3Al303N5, Fe, SigNy, SiC 1,6-2,5 9-10 44-46 9-10 —
CrN CrN, Cr,N — 0.1-0.2 5-7 — —

N3 Tabn. 1 BugHo, yTo 00pa3ubl Ha ocHoBe HUTPHIOB Oopa (BN) u kpemuust (SizNg)
coJiepkaT Takxke (azbl HE BCTYMUBIIUX B peakiuio deppobdopa (FeB + Fe;B) u deppocununus
Fe\Siy, mpoaykTos ropenus — Fe, FesC (B mpucyTcTBuM MOUEBUHBI), G0OpHYIO KHCIOTY. KOMIO3HUTHI
Ha OCHOBE HHUTpHJA O0Opa M CHAIOHA BKIIOYAIOT B CBOW COCTaB IOJYIIPOBOIHUKOBEIC COCTMHEHUS
(BN, B4C, FeB, SiC), uto nmo3BoJsieT 0KUAaTh MPOSIBICHHUS aKTUBHOCTH UX MATPHUIIBI B YCIOBUSX
YO uznyueHns.

Bunno (tabm. 2), 4to Oonblmas CTENEeHb OOECIBEUMBAHUS PACTBOPOB HAOMIOJAETCS B
NPUCYTCTBUU 00pa3lioB Ha oOcCHOBe Hutpuaa Oopa. CormacHo [4], wutpug Oopa sBIsIeTCS
[IMPOKO30HHBIM TOJIYTIPOBOJHUKOM U B YCIOBUSX Y@ wu3imydeHus crnocobeH ancopOoupoBaTh
AJIEKTPOHOIOHOPHBIE MoJIeKysbl. HaumbGonee »sdQexkTuBHOM AT OYNCTKA CTOYHBIX BOJ OT
KpacuTtenei siBisiercs: pepprokcanarnas cucrema (Y ®/HyCy04), uTo cornacyercs ¢ pe3yiabTaTaMu
aBTopoB [5]. Bbicokas cTemeHb nerpamaiu KpacuTenaeid B mpucyrcTBuM Kommo3uta CrN ¢
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nobaskoit H,C,0,, mo-BuamMoMmy, cBsizZaHa ¢ oOpa3oBaHHEeM (DOTOAKTUBHOTO KOMILIEKCA

[Cr(C,04)3]*.

Tabunuua 2
Pe3yabTaThl 1€K0JI0pPU3aLMH PACTBOPOB KpacuTeseid B IPUCYTCTBUH KOMIIO3UTOB (Cyic S MI/i; epo 10 Mr/it; cgre
10 mr/a; crc 100 mr/im; My 200 Mr; Vy,_p, 20 MIL5 Zye) 20 MuH)

O6paserr YO Y®/H,0, Y®/H,C,0,

MC MO BTC TC MC MO BTC TC MC MO BTC TC
B156 92 90 76 47 91 96 60 32 96 97 88 67
B35 97 32 27 40 90 83 55 27 98 95 85 44
SIiAION 35 7 26 ~0 27 13 29 0 95 89 60 30
dC75-N 26 2 ~0 ~0 37 2 27 25 93 39 30 8
DdC65-N 27 20 ~0 32 56 8 — 17 70 92 - -
®OC4A5-N 49 39 30 12 76 35 50 12 60 82 75 12
CrN 39 2 15 10 35 12 31 14 92 94 86 41

BriBoamr:

1)  TOKa3aHO, YTO Jerpajauus KpacuTeled B MPUCYTCTBUM KOMIIO3UTOB Ha OCHOBE
HUTpUJa Oopa cBsA3aHa HE TOJIBKO C AEUCTBUEM TMAPOKCUI-PAAUKAIOB, 00pa3yroIIMXCcs B paCTBOpPE
B YCJIOBUAX (DOTOKATATUTHUECKUX CHUCTEM, HO U C aKTUBHOCTHIO KEPAMUYECKON MATpPUIIbI, B COCTaB
KOTOPOi BXOJST MOJIYIIPOBOIHUKOBBIE COEAMHEHNUS;

2)  aKTUBHOCTh KOMIIO3UTOB Ha OCHOBE HUTPHJA KPEMHHUS IpPEXKIE BCEro CBfA3aHa C
CoJiep’)KaHUEM  JKeneza, Heobxomumoro mansg oOpaszoBanusi cucteM Padda-Oentona wu
(bepproKcanaTHON B IPUCYTCTBHH PEareHTOB-aKTHBATOPOB.

Jlannoe nayunoe ucciedosanue evinoiHeHo npu noooepicke Ilpoepammor «Hayunoii ¢pono TIY um. [H.
Menoeneesar» ¢ 2015-2016 ee.

Cnucok JurTeparypsl
1. Ince N.H. UV/H202 degradation and toxicity reduction of textile azo dyes: Remazol Black-B, a case study /
Stefan M.1., Bolton J.R. // Journal of Advanced Oxidation Technologies. 1997. Vol. 2, No 3. P. 442-448.
2. Donlagic J., Levee J. Comparison of catalyzed and noncatalyzed oxidation of azo dye and effect on
biodegradability // Environmental Science and Technology. 1998. Vol. 32, No 9. P. 1294-1302.
3. Skvortsova L.N. Catalytic Oxidation of Phenol in the Prestnce of Iron-containing Composites Based on Silikon
and Boron Nitrides / Chuklomina L.N., Mokrousov G.M., Batalova V.N., Wu J.J. // Russian J. Appl. Chemistry. 2012.
Vol. 85, No 1. P. 2021-2025.
4. Tlapubos A.A. ®oronmusz H,O u CO, na moBepxHocTu rpadurononodHoro Hutpuaa Gopa / Tacanos H.T'.,
MexpaboBa M.A. //®u3uka u acrporomusi. 2005. No 5. C. 149-151.
5. Binsong W. Photodegradation of reactive dyes by UV/ferrioxalate/H,O, system / Junli H., Jie Z. /I High
Technol. Lett. 2004. Vol.10, No 4. P.75-78.

References
1. Ince N.H. UV/H202 degradation and toxicity reduction of textile azo dyes: Remazol Black-B, a case study /
Stefan M.1., Bolton J.R. // Journal of Advanced Oxidation Technologies. 1997. VVol. 2, No 3.P. 442-448.
2. Donlagic J., Levee J. Comparison of catalyzed and noncatalyzed oxidation of azo dye and effect on
biodegradability // Environmental Science and Technology. 1998. Vol. 32, No 9. P. 1294-1302.
3. Skvortsova L.N. Catalytic Oxidation of Phenol in the Prestnce of Iron-containing Composites Based on Silikon

and Boron Nitrides / Chuklomina L.N., Mokrousov G.M., Batalova V.N., Wu J.J. // Russian J. Appl. Chemistry. —
2012. Vol. 85, No 1. P. 2021-2025.

4, Garibov A.A. Fotoliz H,O i CO, na poverhnosti grafitopodobnogo nitrida bora / Gasanov N.G., Mehrabova
M.A. //Fizika i astronomiya. 2005. No 5. S. 149-151.

5. Binsong W. Photodegradation of reactive dyes by UV/ferrioxalate/H,O, system / Junli H., Jie Z. /I High
Technol. Lett. 2004. Vol.10, No 4. P.75-78.

221


http://elibrary.ru/issues.asp?id=16806
http://elibrary.ru/issues.asp?id=16806
http://elibrary.ru/issues.asp?id=16806
http://elibrary.ru/issues.asp?id=16806

