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KATAJITU3ATOPbI HUSKOTEMMEPATYPHOI'O PA3JTIOXEHUA
O30HA HA OCHOBE XNOPMAOOB 3d-METAJIJIOB U NMPUPOAHBLIX
COPBEHTOB

Paxumckaa TJIL., Tpyoa A.C., PackonaJl A.

Ooecckuii nayuonanvuwlii ynusepcumem umenu H.U. Meunuxoea, Odecca, Ykpauna
E-mail: truba@onu.edu.ua

Tonyuenst karamusaropel cocraBa MCl,/S (M = Cu, Co, Mn; S — tpemen, 6a3aibToBbBIA Ty,
KIMHONTWIONKT), KOTOpPBIE  OXapakTepu3oBaHbl MerogoM P®DA U TeCTHpOBaHBI B  peaKiuu
HU3KOTEMIIEPATypHOTO Pa3ioKEHHs O30HA TPH ero cozaepkanud B Bozmyxe 100 m 1 mr/ve. s IIBYX
KOHI[CHTpPAIlMii 030HA YCTAHOBIEHA OJMHAKOBAs 3aKOHOMEPHOCTHh BIMSHHS UPHPOIBI HOCUTENST Ha
aKTHUBHOCTH KaranuzaropoB MCly/ S (CMC|2= (1,2-2,4110 * moms/r): TI-Tp(K)>II-BT(1)* > I1-K.

Knrouesvie cnoea. npupoinsie HocuTend, (a3oBblii COCTaB, HU3KOTEMIIEPATYpHOE DPa3JIOKEHHE O30Ha,
KHHETHKA.

BBEJIEHUE

IpumeHeHre 030HA B PAEC TEXHOJOTHUYECCKUX MpOIeccoB (00paboTKa TMHTHEBON U
CTOYHBIX BOJI, OYMCTKA BO3/yXa OT JIETYYMX OPTaHUYECKUX COCAWHEHWH, CTEpUIHM3AIls H
KOHCEPBHUPOBAHKE MPOIYKTOB) OOYCIOBIMBACT MPOOJIEMY TaK Ha3hbIBAEMOTO OCTATOYHOTO
030Ha, COJIEPYKaHNEe KOTOPOTO B OTXOJSIINX ra3ax MOXET ObITh 3HAUMTENLHO. KpoMe Toro,
W3BECTHBI TEXHOJOTHYECKHE MPOIECChl, HANPUMEP B CBAPOYHOM IPOU3BOJCTBE, B XOJE
KOTOPBIX TIOx jeiicTBieM Y@-m3ayueHHs 030H Bbimensercss B atMmochepy [1]. Oszom
OTHOCHTCS K BEIIIECTBAM TMEPBOTO KIacca OMACHOCTH U SBJISICTCS YPE3BBIYAIHO TOKCHIHBIM —
TPECIBHO JOMYCTHMAs KOHIGHTpAIHs s pabodeil 30mbl coctaBmser 0,1 mr/m®, a
CpeIHECYTOUHAs UIsl HaceNeHHBIX MyHKToB — 0,03Mr/m® [2]. B 9T0if CBSI3M aKTyanbHbIM
SIBIISIETCST  BOTIPOC  paspaboTkv A(P(EKTUBHBIX M JOCTYMHBIX 10 IIEHE KaTalM3aTOPOB,
pasnararoiMx O030H TPH TEMIIEPaType OKPYKAIOIMICH Cpeibl, a TaKkKe MPUTOMHBIX IS
CHAPSDKCHUS UHMBUITYAITbHBIX M KOJUIGKTHBHBIX CPEJICTB 3allIUTHI OPTAHOB JIBIXaHHSI.

HuskoTeMmepaTypHbIe KaTaIn3aTOPhl Pa3IOKECHUST 030HA B CBOEM COCTaBE COEPKAT
d-MeTanmmel B BUJAE KATHOHOB, METATIOKOMILJICKCOB, OKCHJIHBIX W BOCCTAHOBJICHHBIX
¢dopm, a Tawke Hocurenu (SIiO,, Al,O; AY, YBM — yriepoaHsie BOJTOKHHCTBIC
Marepuaibl), MPHPOAa KOTOPBIX OKa3bIBacT CYIIECTBEHHOE BJIMSHHE HAa AKTHBHOCTD
katanmsatopa [3]. Kak mnpaBumo, ykazaHHbIE HOCHTENM TOJYYAOT MO CIOXKHOU
TEXHOJIOTH, TO3TOMY OHH SIBISIOTCS JOPOTOCTOSINMMH W Majio JOCTYIHBIMH. B
HACTOSIIIEE BpEeMsl YCHIIMS —pa3pa0OTYMKOB  KaTaJlM3aTOPOB  PA3NIOKEHHS O030HA
HANpaBJICeHbl Ha TOWCK JICHICBBIX OTEYECTBEHHBIX MPHPOJHBIX MAaTEpPHAJOB, CpEIU
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KOTOPBIX KIMHOITHIIONUT 3aHMMAeT Bemyinee mecto [4—11]. B murupyembix paborax,
KpOME HAlMX, HET JAHHBIX O KUHETUKE PAa3JIOKCHUS O030HA, KUHETHYECKUX U
CTEXMOMETPUYCCKHUX TMapaMeTpax peakI|¥, KOTOpPhIE CYIIECTBEHHO 3aBHCAT OT
COOTHOIIICHMSI KOHIICHTpAIMii 030Ha W akTUBHOW (OpMBI Karanmu3aTopa. Tak
momudunupoBanueiii woHamu Cu(ll), Mn(ll) u Zn(ll) xkmuaomTHIONMMT (Bomrapus)

TECTUPOBaH B PEaKIUU DPA3JI0KEHHUS O30Ha MpH Cg3= 23000 ppm (49286 mr/v°);

HanboJjiee aKTMBHBIM OBLT KaTajm3arop, comepxkammit MNn(Il), omrako B Teuenne 20 Mun
CTeleHb pas3nokeHns o30Ha cHmsmiaach ¢ 30 mo 18% [11]. Karammuzatop Ag/Kn [10] mpu

Cg3= 4390 ppm (9407 mr/v®) B Teuenne 120 wac. cTaGHIBHO 0OECTICUMBAI OUYHCTKY

BO3/yXa OT 030Ha 10 85%,mpu 3TOM 0CTaTOYHOE COAEpIKaHUE 030Ha — BbIcOoKoe. Creayer
OTMETHUTh, 4T0 aBTophl [10, 11]He MCHONB30BaIM UCTUHHO MPUPOIHBIA KIMHOMTHIONNT,
a MoJIydJaJiv ero JabopaTopHbIM CIIOCOOOM U3 OEHTOHUTA.

Kpome raszodasHbix peakiuii pas3ioXKeHHs O030Ha COOOIIAeTCs O NPUMEHEHUH
npupoanoro 6pycura (94,7% MQ(OH)) B peakuun KaTaaWTHYECKOTO O30HHPOBAHHUS
¢enona B Boze [12].

Takum 00pa3oM, MOXHO 3aKJIFOYWTh, YTO JaHHBIE O NPUMEHEHHUH MPUPOTHBIX
MaTepuaoB B pa3pabOTKe KaTaln3aToOpOB Pa3IOKEHHUs 030HA OYCHb OrpaHuucHbl. Bonee
TOr0, HaMH ToKa3aHo [13], uro BBHIOOP MPUPOIHBIX MATEPHATIOB B Ka4eCTBE HOCHUTENEH
METAJUIOKOMIUIEKCHBIX KaTalH3aTOPOB SBIIACTCS JOBOJILHO CIIOKHOM 3aqadeid, Tak Kak
OHH  XapaKTEPHU3YIOTCS TMEPEMEHHBIM XHUMHYECKMM W  (ha30BBIM COCTABOM 4,
CIIEIOBATEHHO, H3MEHSIOIUMHCS (PU3UKO-XUMHIECKUMH CBOMCTBAMH.

Ienp HacTOsIMIIENH PabOThI — COMOCTABUTH KATATMTHYECKYIO aKTHBHOCTH TPHPOIHBIX
MarepuaiaoB, Mmomupuimposanusix xmopumamu Cu(ll), Mn(ll) u Co(ll), B peaxmmn
PA3IOKEHHS 030HA IPH €ro KOHICHTPAINH B Ta30B0ii cmec 100u 1 mr/m®.

MATEPHAJIBI 1 METO/bI

B kauecTBe NMPHPOAHBIX HOCHUTENEH HCMOIB30BAIH KIMHOMTHIIONUT, 0a3albTOBBIN
Ty} W Tpemena COOTBETCTBYIOIIMX MECTOPOXXKICHHMH YKpaunbl. Hocutenm ornmyarotcs
XUMHYECKAM ¥ MHHEPAIOTHYECKHM COCTaBOM, MPOTOJIUTHYECKHUMH CBOWCTBaMHU
MOBEPXHOCTHHIX 1eHTPoB (pHy), a Takke yaenbHONH MOBEPXHOCTBIO, OMPENENEHHON IO
TEIJIOBOM JecopOuyu aprosa (tadi. 1).

Hocurens ¢pakumonnoro cocraBa 0,5-1,0 mm (d3 = 0,75 MM) mpeaBapUTEIHHO
MPOMBIBAITM JIUCTHJUTMPOBAHHOW BOJIOW JUTS yIANEHUsI MBUTH, CYIIWINA TIPU TeMIIEpaType
110°C go nocrostuHoi Maccel. O6pasiusl MCly/S (M = Cu, Co, Mn;S —nocurenu I1-Ki,
II-BT(1)*, TII-Tp(K)) momydamd MeTOMOM HWMIIPETHUPOBAHUSA II0 BJIIATOEMKOCTH C
MOCIENYIONIMMHU CTaUsIMUA «co3peBaHus» B TeueHre 20 4acoB B 3aKpBITHIX 4Yallkax
IleTpu U CYIIKK O MOCTOSIHHOW Macchl B BO3AyIIHOM cpexae mpu 110°C.

Pentrenoga3oBeiii aHanu3 o0pa3lOB BHITIOJHEH Ha MOPOIIKOBOM JHdpakroMeTpe
Siemens D5008 wmemnom wmsnyuenmu (CuK, (A = 1,54178 A)), ¢ rpadurossm
MOHOXPOMAaTOPOM Ha BTOpPUYHOM Tmydke. OOpas3ipl Mocie pacTHpaHHus B CTYIKe
MOMEIIATH B CTEK/ISHHYIO KIOBETY ¢ pabounM obbemoM 2x1x0,1 cM® mms perucrpariuu
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mudpakrorpamM. JludpakrorpamMMel  M3MepeHsl B MHTepBasie yriaoB 3° < 20 < 70°c
mrarom 0,03°u BpeMenem HakoruieHust 60 cexyHIB KaK10# TOUKE.

Taéauna 1
XapakTepHCTHKA NMPUPOAHBIX COPOEHTOB
XHUMHUYECKHUM COCTaB,
Mmac. % ,
O6pasern MecTopoxKaeHne o - | PHs 1\?7
o 2| 3 |M] g
[9p] 3: LL
KnunonTtuno CoKupHHULIKOE
JIUT (3axapmarckast 0071.) 71,5 | 131 09| 6,45 14
I1-Kn TY Y 14.5-00292540.001-2001
BazanbpToBuii IMomunkoe
YD (PoBenckast 001.) 63,6 19,6 10,5/ 7,65 18
[I-BT(1) H”=20-30 m
Tpenen Konomnnsuckoe
IT-Tp(K) (KupoBorpazckast 0671.) 82,1 6,8 45| 9,8( 36
TV V 14.2-00374485-004:2005

H"- rIyOMHA 3aJIeTaHmsl.

Kunetnky paznoxenust o3oHa oOpasuamu MCI/S wu3ydanmm B mporodHoit mo rasy
tepmocTatupoBannoil (20 °C) ycraHoBKe IpH ycioBusX (pa3sMepbl peakTopa, JMHEHHas
CKOpOCTh 030HO-Bo3aymiHoW cmecu (OBC) u = 3,2cm/c, GppakimoHHBI cocTaB 00pa3LoB),
KOTJla BIUSHHEM MAaKpPOKHHETHYECKHX (DAKTOPOB HAa CKOPOCTh PEAKLHH MOYKHO
npeneOpeus. OBC ¢ 3amaHHON KOHIIGHTpaleld 030Ha Mojydaau B o3oHartope MI-1I11

v H
JCHCTBHEM THXOTO SJIEKTPHYECKOro paspsina Ha Kucinopoa Bozayxa. Hawamsnyro (Cop, ) u

KOHEYHYIO (CKO3) KOHILICHTPAIIMH 030Ha B auarnasone ot 1 1o 1000mr/m® anammsuposamm ¢

HOMOIIBI0 ONTHYECKOro razoaHanmsaropa (mozpens «IlukimoH-PeBepe») ¢ mpenenom
oGuapyxenus 1 mr/m®. U3MepeHue KOHIEHTparuy o30Ha B obmacti ot 0,05 10 1 mr/m°
OCYILIECTBIISUIH C [IOMOILIBIO mprbopa «6529X04»¢ npenenom obHapyxerns 0,025mr/nve.

Ckopoctb peakimu (W), KOHCTaHTY CKOPOCTH MEPBOTO IMOpsIKa IO O30HY Ha
HayanbHOM Odtame (K;) M KoHcTaHTy ckopoctd mnepBoro mnopsiaka (Kip) Ha Bpems
noJynpeBparieHus 030Ha (1) paccunTbiBaiu o Gopmynam (1)-(3):

o(C, —C C
W:M, Mons/(rd)  (1); k= =2 o1 2); o= 209 1 (3)
m T 83 T]/Z

rie w = 1,66107 — o6bemusiit pacxon OBC, n/c; Cp , Cp  — HavanbHas M KOHeUHas
KOHIIEHTPAIMH 030Ha MOJIB/TT; M —Macca o6pasiia, . B ToM clydae, Korja Ha Ha4albHOM

JTarne peakiuu CK03 = 0, KOHCTaHTy CKOpOCTHU K; paccuntaTh HEBO3MOXKHO.
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OmnbITHOE KOJIMYECTBO 030HA, BCTYMHBIIEr0 B peakiuio (Q,, Moib O3), HAXOIIIH 110
TJIOMIAH COOTBETCTBYIONIUX 030HOTPaMM, TTOCTPOCHHBIX B KOOpAMHATAX (Cg3 - Cg3) -T.

Teopernueckoe Koiau4ecTBO 030HA (Q;), BCTYMMBIIEr0 B PEAKIMIO, PACCUUTHIBAIH B
COOTBETCTBMH CO cTexuomerpueit peaxuuii (4) u (5):

2M?* + Oy + 2H = 2M** + H,0 + O, (M = Cu, Co) , (4)
Mn? + Oy + H,O0 = MnQ, + 2H + O, . (5)
Yucio KaTalIuTHYECKUX IIUKJIOB Pa3JIOKCHHUSA 030HA OIIPEACIIAIN U3 OTHOICHUA
n = Q./Q. (6)

PE3YJIbTATBI U OBCYK/IEHUE

Ha puc. 1 mpencraBiensl audpakTorpaMMbl TOpOIIKOBEIX obpasmos I1-Ki (a), TI-
BT(1)* (6) m II-Tp(K) (B), M3 KOTOpBIX CieAyeT, 4YTO BCe OOpasibl SBISIOTCSI
KPUCTAJUTMYECKUMH. KIIMHONTHIONNT WISHTHOUIHMPOBAH IO CIEAYIOIMM Hanboiee
WHTEHCHBHBIM nuHusM 20 = 9,845 22,4695 22,805 and 30,07 [15]. Kpome TorO, B
oOpasie oOHapyxuBaercs (aza O-KBapiia, COOTBETCTBYIOIIAs MHTCHCUBHBIM MHKaM IIPH
20 = 20,85, 26,6%. B kauecTBe mpUMeCH MPUCYTCTBYET MOPICHUT: Ca0ble JTHHUU MPU
20 = 9,745 22,285 25,65° u 27,66° bazanpToBbIii Ty sBaseTCS MOaU(DA30BBIM
muHepaiaoM [16], B KOoTopoM HIAEHTHU(HUIHUPOBAHBI (a3sl KIHHOMTHIONMuTa 20 = 9,97T,
22,505 29,79°u 35,64, mopaenuta 20 = 23,627 27,81°u moHTMOpHILIOHHTA 20 =
20,785 kpome Toro mpucyTcTBYyOT (asbl O-kBapua 20 = 20,825 26,79 u a-Fe,0; (20 =
24,27°, 33,30, 35,76). Tpemen B CBOEM COCTaBE COACPKUT pa3iuuHbIe MOIU(DUKAIIHU
okcuma Kkpemuust: O-kBapi (20 = 20,815 26,67); a-tpunumut (20 = 20,445 22,34) , B-
kpuctadomut (20 = 21,32) [17].

TecTupoBaHue 00pa3uoB MCI /S (M = Cu, Co, Mn) npu Cg3 = 100mr/m°

JIi1s IpOBeeHHsT CPABHUTEIBHOTO aHAIN3a AaKTUBHOCTH KaTallM3aTOPOB Ha OCHOBE
xnopokommiekcoB Cu(ll), Co(ll) m Mn(ll), HaHeceHHBIX Ha NPHPOAHBIC HOCHUTEIH,
HE0O0XOAMMO OBLIO YCTAaHOBUTH AKTHBHOCTh HOCHTEJICH MO OTHOLICHHIO K 030HY. M3 puc.
2 BHAHO, YTO JJIs KJIMHONTWIIOJIHMTA M Tpereia KOHIEHTPAIUs 030Ha Ha BBIXOJE W3

K _ ~H o
peakropa ObicTpo Hapactaer u depes 15-20mun. Cp =C, . basanbroseiii Tyd Gonee

K _ ~H
AKTHBEH B PEaKUMHM DasiokeHus o30Ha m Toibko vepes 120 mun C, =C, . Takoe

OTJIMYHE PEAKIIMOHHOW CIIOCOOHOCTH MPHPOIHBIX HOCUTENIEH MOXKET OBITh CBA3aHO C UX
(U3UKO-XUMUYECKUMH CBOWCTBAMH W B TEPBYIO OUYEpeb C XHMHUYECKUM COCTABOM.
bazanpToBEI Ty, TI0 CpaBHEHHIO C APYTHMH Marepuanamu, comepkut Gombime Al,Os
(19,6%) u FeOs (10,5%), mposBIASIOMNX aKTHBHOCTH B PEAKIMH Pa3lIOKEHHS O30HA.
IMony4yeHusle pe 3yJbTATBl HAXOJSATCS B COTJACHH C JaHHBIMH aBTOpoB [18],

YCTaHOBHUBIIKX, YTO TIPH Cg3 = 4-40ppb ((8-80Y10° mr/m>) ko3(duIHEHT pasnoKeHHs
030Ha MMHEDPAIbHBIMH a3PO30JIAMM Ha HadyalbHOM dTane peakuuu (Yo,) yMEHbIIAETCA

NPUMEPHO Ha NOPsAAOK B psiay O-F&03;> a-Al,05; > Si0, > kaomnuH.
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Puc. 1. IndpaxrorpaMmbl 00pasiioB MpUpOAHEIX copberTos: a — I1-Kir; 6 — IT-BT(1)*;
B —II-Tp(K).
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Puc. 2. KuHeTuka pa3ioXEHHS O30HA IMPUPOAHBIMH  COPOCHTAMH:
1 -TEBT(1)*; 2 — IFKum; 3 — TETp(K).

PaccMOTpUM BIIMSIHHE TIPUPOJIbI HOCHUTENS Ha aKTUBHOCTH XyopokomiuiekcoB Cu(ll)
(puc. 3 a,6), Co(ll) (puc. 3 B,r) u Mn(ll) (puc. 3 me) mpu Huskom (1,210° mois/r) u
BoicokoM (1,200% monb/r) comepkanmy Metamta. W3 JaHHBIX prC. 3 BHIHO, YTO XapakTep

KWHETHUYECKHX KPUBBIX Cgs — T 3aBucut ot coaepxxanust MCl, (M = Cu, Co, Mn)1 npupost

socutes. [Tockomsky xmopuabl Meau(ll) MamoakTHBHBEL B peakIvu pasioyKeHus 030Ha [7], To
Tomsko B ciydae [I-Tp(K) mpu Ceucl, = 1,710* moms/r (puc. 3 6) HaGMOKACTCS PEXUM,
OJIM3KHI K CTAl[MOHAPHOMY, B KOTOPOM CTEIeHb Pa3lioKeHust 030Ha mopsiyika 20%. B cirydae
IT-Kox u TT-BT(1)* xmopun Cu(ll) 610KupyeT moBEpXHOCTH HOCHTENEH U HaOII0qaeTCs qaxe
TIOHIKCHHE aKTHBHOCTH OTHOCHTETBHO HCXOIHBIX HOCHTENIEH.

Kunetnka peakumm pe3ko MeHseTcs B ciaydae obpasioB CoCly/ S (puc. 3B, 1) 1

MNCI/S (puc. 3 1, e). IIpu Ceoqy = 1,210° mons/r st 06PA3IOB, 3aKPEIUICHHBIX HA
IPUPOTHOM KJIMHONTUIIONNTE, KOHEYHas KOHICHTPAIMs O030Ha Ha BBIXOJIEC pE3KO
Hapactaer Ha mnporTsokeHun 100 wmumH., Torma kxak Ha II-BT(1)* wu II-Tp(K)
IPOIOJDKUTEIIBHOCTD OIBITA YBEIIMUMBACTCS M MOSBIISIFOTCS CTAlMOHAPHBIC ydacTKu. [Ipu
yBenuueHun KoHueHTpauuu kodambra(ll) (Ceory = 1,200* mons/r) (puc. 3r) m1st 06pasua
CoCl/TI-Kn B wHauyame peaknWd KOHICHTpAlMs O30Ha Ha BBIXOJAE U3 peakTopa
CTPEMHUTEIBHO HapacTaeT, TIIOCIe Yero YCTAHABIMBACTCS YETKO  BBIPAKCHHBIH

CTAIMOHAPHBIN peskuM mpu Cy = 21mr/v. JIis 06pasioB KaTaau3aropa ¢ MPUMEHEHHEM
O3

II-Tp(K) u TI-BT(1)* koHeuHast KOHIIEHTPAIMS 030HA ILUIABHO HAPACTAET HA MPOTSHKEHUN
600 mun. HeoOxonumo oOpaTtuTh BHUMaHHUE Ha TO, uTo yepe3 10 uac. mpomyckanus OBC
creneHs npeppamieHus o3ona cocraisier 88% (1-Tp(K)), 78% (I-BT(1)* u 68% (1-Ku).
Xaopun mapranna(ll), kak u xmopun kobamsra(ll), MPOsSBISIET ITOCTATOYHO BBICOKYIO
aKTUBHOCTP Ha Bcex HocuTensx (puc. 31, €).
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Cg3 . Mr/Me Cg3 , Mr/Me
100 [I-Kn IT-BT(1)* 100
80 80
60 60
40 40
20 20
0 0
0 50 100 150 200 250
T, MHH.
K
Co, »mr/
100 r
80

T-BT(1)*

0 1 1 1 1 1
0O 100 200 300 400 500 0O 100 200 300 400 500 600
T, MUH.
K T, . K y
CO3 , Mr/v° MHH C03 , Mr/v°
100
80
60
40
20
0
0O 30 60 90 120 150 180 0 100 200 300 400 500 600
T, MMHH. T, MMHH.

Puc. 3. M3MeHeHHe KOHEYHOM KOHIIEHTPAIMK 030Ha BO BPEMEHH NPHU Pa3I0KCHUH
ero karamusaropamun  CUCH/'S (a, 0); CoCl/S @, 1); MnCL/S (1, ¢) npn Cyvci,=

1,210 ® mons/r (@B, m)m CMC|2= 1,210 * mons/r 6,1,¢€) (Cg3 = 100MF/M3).
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Tpu Hu3KOM copepskanuy xiopuaa mapranna (Cungy = 1,2010° moss/r) B kaTamu3aTopax
¢ npumenennem [I-Tp(K) u I1-BT(1)* Ha KuHETHYECKOW KPUBOH MOSBISETCS Y4acTOK

MPOIOJDKATENRHOCTRIO [[15 MuH., Ha KOTOpOM Cg3 = 0. Jlanee HaOmogacTCs IIaBHOE
HapacTaHWe KOHIICHTPAIMK 030HAa C BBIXOJOM Ha PEKUM, OJTU3KUH K cTarioHapHoMy. s
oOpasia Ha ocHoBe [1-Kit HaOmomaeTcss pe3koe HapacTaHHE Cg3_ Ipu Cynay = 1,210*
MOJIB/T 7T BCEX HOCHUTENCH Ha KHMHETHUYSCKOW KPUBOW CYIIIECTBCHHO YBEIUYHMBACTCS

K
IPOTSDKCHHOCTH y4acTka, Ha kotopom Cq = 0.[lanee mpoucxoaut Gosee peskoe, 4eM B

ciyuae oopasioB CoCly/S (puc . 3 B, I), HapacTaHHE KOHEYHOIN KOHIICHTpPAI[MKM 030HA U
yepe3 10 vacoB (HA MOMEHT OKOHUYAHMS JKCIICPUMEHTA) CTCMEHb MPEBPAIICHUS 030HA
coctasiseT 63% (I-Tp(K)), 44 % (I-bT(1)*) u 28% (1-Knx).

B T1a6n. 2 06061mens! kunetnueckue (W, Ky, Ky, T1p) u crexuomerpudeckue (Qyy,
N) mapaMeTpsl peakini, a TakKXKe MpPeACTaBIECHBI JaHHbIE O CTEICHH IPEBPAIIEHUs 030Ha
Ha MOMEHT OkoHYaHusi ombita (N, %). OOpaiaer BHUMaHUE TOT (DAKT, YUTO 3HAYCHUS
KOHCTAHT Ky 1 Ky, T/Ie BO3MOKHO HX OIPENENINTE, HE COBIAMAIOT, YTO CBUIAETENBCTBYET O
PaaVKaIBHO-IIETHOM MEXaHHU3ME Pa3IoKCHUs 030HA. BO MHOTMX cioydasx HE TOJBKO
HEJb3s COMOCTABHUThH TH JIBE KOHCTAHTHI CKOPOCTH, HO W ONPEACinTh Kip, Tak Kak Ha
MOMEHT IpeKpaienus onbira (depe3 600 mun), He O6bUT0 mocTurHyTO 50% pasmokeHus
o3oHa. TakuM 00pa3oM, YeM aKTHBHEEC KaTalM3aToOp, TEM OOJbIIE BPeMs JOCTHIKECHHUS
MOJTYTIPEBPAIIICHHS 030HA.

W3 mpencraBiaeHHBIX HaHHBIX (prc. 3 U Tabm. 2) cliemyeT, 4To B 3aBUCHMOCTH OT

HOPUPOABl HOCHUTENsS psAbl aKTHBHOCTH KatammzatopoB MCI/S  onpenenstores
conepkannem B Hux MClp. Tak npu Cyc= 1,210 ° moms/r (M = Cu, Co, Mn)
aKTHBHOCTh KaTanu3aTopoB yObiBaeT psgy Hocureneit [1-BT(1)* > II-Tp(K) > I1-Ku, a
npu Cyc,= 1,210 * MoJIB/T psix aktHBHOCTH BhIrsiuT Tak [I-Tp(K) > II-BT(1)* > IT-Ku.
V3mMeHeHne MeCTOMOIOKEH!s 0a3aIbTOBOrO Ty(a B psiiaX akTHBHOCTH OOBSACHSCTCS TEM,
gyro Hocutenb I[1-BT(1)* HemocpeACTBEHHO BHOCHT CYIISCTBCHHBIH BKJAJ B PEAKIIUIO
pasnoxenus o3oHa (puc. 2) n nosromy npu Cyci,= 1,210 ® MoIB/T ero BKiaj SBISETCS
otrytuMbiM. [lpu BbicokoMm coaepxanuun MCIl, ompepensronmm SIBIs€TCS BKJIAa B
PEaKIHMIO HOHA METAJLIA.
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Tadauna 2

Bausnue NMPUPOABI HOCUTEJAA HA KHHETUYICCKHUE H CTEXUOMETPUYECCKHUE ITapaMeTPbI

peakuuu pasjioxeHusi 030Ha odpaszuamu MCl,/ S

(M = Cu, Co, Mn; S —I-Ku, I-BT(1)%, II-Tp(K)) (Cg, = 100mr/v’)

*
Hocurenb W, (10% klEI_l103 " Ty c kl’ﬂlog Qor,ﬂos n n, %
MoJIb/Tld c ) C
monb O3
Ccumy = 1,2[10° mons/r
I1-Kn 19,6 1.4 20 7,7 0,61 1,0 1
I1-Tp(K) 21,4 1,7 150 4.6 0,80 1,0 3
I-bT(1)* 33,9 4,2 1260 0,5 4,69 8,0 5
Cicuny = 1,2010" mous/r
I1-Kn 32,9 2,4 480 14 3,58 0,1 3
I1-Tp(K) 35,0 6,9 1020 0,7 11,7 0,2 16
II-BT(1)* 35,0 3,3 1680 0,4 5,48 0,1 12
Cicopyy = 1,2010° mouts/r
IT-Kn 33,9 4,7 900 0,8 4,16 7,0 8
IT-Tp(K) 35,0 - 1680 0,4 14,0 23,0 16
I-BT(1)* 35,0 - 4800 0,1 30,6 51,0 15
Cicopyy = 1,2010" mouts/r
IT-Kn 35,0 6,0 -- - 91,2 15 68
I-bT(1)* 35,0 - - - 109,0 2,0 78
IT-Tp(K) 35,0 - - - 116,0 2,0 88
Covngny = 1,200° moms/r
IT-Kn 31,9 2,8 600 1,2 1,82 15 6
IT-Tp(K) 35,0 - 630 11 2,18 2,0 9
II-BT(1)* 34,7 - 1920 0,4 8,03 7,0 15
Cnqry = 1,210" mons/r
I1-Kn 35,0 - 17400 0,04 68,5 0,6 28
I-BT(1)* 35,0 - 33300 0,02 96,3 1,0 44
I1-Tp(K) 35,0 - - - 115,0 1.0 63

K
Ilpumeyanue. - Ha HauanbHOM 3Tare peaxkuu C03 =0.

- - [lonynpeBpalieHre 030Ha HE JOCTUTHYTO.
* Quu U N paccyMThIBAIM HA MOMEHT MPEKPALICHUs OMbITA MPH Pa3HON CTEIeHU
TIPEBPAIICHHS 030Ha.
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TecTupoBaHue 00pa3oB MCI,/S (M = Co, Mn) npu Cg3 = 1 mr/m®

JIJis OIIEHKU TIEPCIIEKTUBBI MCIIOJIE30BaHUS KaTaIH3aTOPOB HA OCHOBE MPUPOTHBIX
COpOCHTOB M1l OYHCTKHA BO3AyXa OT MUKPOKOHIIEHTPAIUil 030HAa B CPEJICTBAX 3allUThHI
OKpY’Kaomed W BHYTPEHHEW cpeanl YelloBeKa HEOOXOIUMO WCCISIOBATh 3aIllUTHHIC
CBOMCTBa MPUPOTHBIX COPOSHTOB M KaTAIM3aTOPOB HA X OCHOBE.

Cg3 . Mr/Me
0,7
0,6
0,5
0,4
0,3
0,2

0,1
0

0 100 200 300 400
T, MHUH

Puc. 4. U3meHeHne KOHEYHOW KOHIICHTpAITUH O30HA Cg3 BO BpEMEHM IpHU
Pa3IOKEHHH 030HA MpUPOmHBIME copbentamu: 1 —II-BT(1); 2 — [I-Tp(K); 3 — [I-Kn
(Cg3 = 1mr/M% m=1071).

W3 naHHbIX puc. 4 clienyeT, YTo KHHETHKA PA3I0KEHHS 030Ha CYIICCTBEHHO 3aBHCUT
OT TIpUpOJIBI copOeHTa U 4Yepe3 HEKOTOPOE BPEMsI PEaKIUsi OCYIECTBISCTCS B PEKUME

K
OJIN3KOM K CTaIllMOHAPHOMY, KOTIa CO3 He m3MeHsercs. [lpu sToM HanOombIIas CTEIEHb

npeBpaieHusi o3oHa (77%, C& = 0,23mr/M%) JocTHraeTCs B MPUCYTCTBHH 0a3aIbTOBOIO

Tyda. Pe3ynbpraThl, IOMy4eHHBIC TIPH PA3IOKEHUH 030HA MPUPOAHBIMUA MHHEpaIaMH IIPU
Ho_ 3 3 .

Co, = 100mr/M” (puc. 2)u 1 mr/m” (puc. 4) cornacyrotes Mex Ly COOOM.

3anMTHBIC CBOMCTBA COPOCHTOB CYIICCTBEHHO YIy4IIAIOTCs (YBETHIUBACTCS Tryjk)
npu MogudunupoBannu ux xmopumamu Co(ll) w Mn(ll) [19]. B kauecTBe mprmmMepa Ha

puc. 5 mokasaHsl KHHETHYECKHE KPHUBBIC B KOOpIAMHATAX Cg3 — T pasJIoKCHHUsST 030HA
karammzatopama MnCly/S (S = TI-Tp(K), II-BT(1)*, II-Kn). Bnmsaue mpupoast
HOCHUTEIIsI Ha BpeMsl 3allIUTHOTO JeHCTBHSA (Tjx) KAaTaIM3aTOPOB M3Yy4EHO NP X Macce

2,5 1. Bunno, 4ro HamOoJbIIee BpeMsl 3aIUTHOTO JICHCTBUS MPOSBIII KaTanm3aTop Ha
ocuose II-Tp(K) (maxe uepes 30uac ITJIK 1o 0308y He mocTUTHYTO). J[iIst KaTanu3aTopoB

MnCl/S Cwnqry = 2,410 Monb/r) B peakiuy paslioKeH:s MUKPOKOHLICHTPALHIT 030Ha
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BJIMAHHUEC HOCHUTCJIA Ha AaKTHUBHOCTL KaTajlud3aTopa aHaJOIM4YHO, YCTAaHOBJICHHOMY IIpH
Co. = 100mr/m> TI-Tp(K) > [I-BT(1)* > I1-Ku.
3

0 500 1000 1500 2000
T, MHH

Puc. 5. Kuneruka pasnoxenus o3oHa oopasuamu MnCl,/ S:1 —II-Tp(K); 2 —1I-
BT(l)*; 3 —I1I-Kn (CMnC|2: 2,410* monsl/r; Cgs = 1mr/M®, m= 2,51).

3AK/IIOYEHHUE

1. TlpupojHbie COPOCHTHI PA3HOTO MHUHEPAIOTHYHOTO M XMMHUYECKOrO COCTaBa (Tperern,
0a3ambTOBBIA Ty © KIMHONTHIONHMT) MOKHO HCIOJB30BaTh MAJsS TONYYCHUS
HAHECCHHBIX KATAaIM3aTOPOB U PAa3lOKEHHs 030HA Kak mpH BeicokoM (100 mr/m)
tak 1 H3KoM (1 Mr/m®) ero conepikanuu B BO3IyXe.

2. Jlns nOBYX KOHIIGHTpAlMii O30HA YCTAHOBIICHA OOINas 3aKOHOMEPHOCTH BIIHSHUSI

NPUPOJBI HOCHTENSl Ha aKTUBHOCTH KaTaimzatopoB MCI,/ S Cwa, = (1,2-2,400*

moas/T): TI-Tp(K) > II-BT(1)* > I1-Ku. ITomydeHHas 3aKOHOMEPHOCTD OIPEEIAETCS
MHHEPAJIOTHYECKAM COCTaBOM M (PU3MKO-XUMHYECKIMU CBOWCTBAMH HOCHTENEH.
Tpenen, B ommune ot II-BT(1)* m II-Ki, cocTOMT B OCHOBHOM M3 pa3lIMYHBIX
Moaupukanuii kpemHesema (O-KBapi, O-TPHIMMHUT W [3-KPHCTAOONUT), HMEET
GONBIIYIO YAENBHY0 MOBEPXHOCTh (36 M7/T), KOTOpas XapaKTepU3yeTCs OCHOBHBIMHU
csotictBamu (pHs = 9,8).

3. Karammarop MnCl/II-Tp(K) mpu xonuentpamuu o3ona 1,0 mr/m® obecreunBaer
ouncTky Bo3ayxa Hmke IIJIK (0,1 mr/m’) B Teuenue Gonee 30 4acoB, YTO AOCTATOUHO
Il PEeKOMEHAAIMM NPUMEHEHUs KaTaau3aTropa B CPEACTBAX 3aIlUTHl OPraHOB
JBIXaHMS pabOoTAOLIETro epcoHaa.
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Pakurceka T.JI. KaranizaTropu HH3BKOTEMIEPATYPHOrO PO3KJIaJy 030HY Ha OCHOBi xJopuiis 3d-
MeraniB i npupoanux cop6entis / T.JI. Pakurcbka, A.C. Tpy6a, JL.A. Packoaa // Bueni 3amucku
TaBpilicbkoro HauioHanabpHOTO yHiBepcuteTy im. B.I. Bepuaacekoro. Cepis ,Bionoris, ximis”. — 2013. —T. 26
(65),Ne 4. —C. 358-371.

Orpumani karanizaropu ckiaany MCly/S (M = Cu, Co, Mn;S —tpenen, 6a3anbToBHil Ty}, KIHHONTHIONIT),
SKi oxapaktepu3oBaHi MeTogoM PDA Ta TecroBaHi B peakilii HU3bKOTEMIIEPATYPHOTO PO3KIALy O30HY MpH
jioro Bmicti y mositpi 100 i 1 mr/m®. Jlns mmx [BOX KOHUEHTpauiii 030HY BCTAHOBIECHA OXHAKOBA
3aKOHOMIPHICTh BIUTHBY HPHUPOIH HOCISA HA aKTUBHICTH KaTanizatopoB MCly/ S (ch|2= (1,2-2,4)10 * moms/r):

II-Tp(K) > II-bT(1)* > I1-Ku.
Knrouogi cnosa: npupoani Hocil, Gpa3oBuil ckiiaja, HU3bKOTEMIIEPAaTYpHUI PO3KIIaa 030HY, KIHETHKA.

CATALYSTS BASED ON CHLORIDES OF 3D METALS AND NATURAL
SORBENTS FOR LOW-TEMPERATURE OZONE OXIDATION

Rakitskaya T.L., Truba A.S., Raskola L.A.

Odessa I.I. Mechnikov National University, Odessa, Ukraine
E-mail: truba@onu.edu.ua

MCI,/S catalysts (M = Cu, Co, and Mr§ — tripoli, basalt tuff, and clinoptilolite)
obtained by incipient wetness impregnation have been characterized by X-ray phase
analysis and testified in the reaction of low-temperature ozone decomposition at the ozone
content in air equal to 100 and 1 md/ms is shown by X-ray phase analysis, the natural
samples from Ukrainian deposits are crystalline and do not change their X-ray spectral
characteristics after their modification with chlorides of Cu(ll), Co(ll), and Mn(ll). These
natural sorbents are polyphase minerals. Clinoptililite, in addition to its main component,
contains alsa-Si0, and impurities ofa-Fe,0; and mordenite; basalt tuff (N-BT())
consists of clinoptililite, mordenite, montmorillonite, anmdFe,Os; tripoli (N-Tr(K))
contains different modifications of silicon dioxide e-quartz, o-tridymite, and p-
cristobalite. These natural materials directly decompose ozone at its above two
concentrations in ozone-air mixture. Their activity in the reaction of ozone decomposition
decreases in such a sequence: N-BT¥1IN-CLI = N-Tr(K). This fact is explained by a
decrease in AD; and FgO; contents in these materials.

The natural sorbents, namely, tripoli, basalt tuff, and clinoptilolite, in spite of their
different mineralogical and chemical compositions, can be used for obtaining supported
catalysts for ozone decomposition at both a high (100 fgind a low (1 mg/f) ozone
content in air. The following general sequence N-Tr(K) > N-BTEN-CLI has been

found for the influence of a support nature on the activity of ZM_KZbatalystsQqu =

(1.2-2.4) 10* mole/g). The regularity obtained is determined by mineralogical
composition and physicochemical properties of the supports. Tripoli, as opposed to N-
BT(1)" and N-CLI, has not only a different from them composition, but also the large (36
m/cf)) specific surface and basic properties{pH8) of its surface.

MnCI,/N-Tr(K) catalyst asserts the air purification below maximum permissible
concentration (MPg, = 0.1 mg/m) for more than 30 h at the initial ozone concentration
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of 1.0 g/m. Thus, such a behavior is sufficient to recommend this catalyst for its
application in a respiratory protection equipment meant for the personnel in a hazardous
environment.

Keywords natural supports, phase composition, low-temperature ozone decomposition,
kinetics.
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