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Hcnoab3oBaHue NPUPO/HBIX AJIOMOCHJIUKATOB Y KpanHbI
I pa3pa00TKH HOBBIX METAJIOKOMILTIEKCHBIX KaTaJi3aTOpOB
OYHCTKH BO3JyXa OT ra3oo0pasHbIX TOKCHYHBIX BEIECTB

Paxumckas T.J1.1, Kuoce T.A.1, Boaxoea B.51.1, Ounan A.A.?

I Odeccruil nauuonarvrviil ynusepcumem
2 DUBUKO-XUMUYECKUTE UHCTRUMYM. 3AUUMDBL OKDYHKatouweti cpedv
u yenoeexa MOH u HAH Yxpaunol

[Tostyuerbl HaHECEHHbIe Ha TIPUPOJHbIE ATIOMOCHIUKATHI (KJIMHONTHUIONUT, MOP/EHUT, MOHTMO-
pusiionut, tpered, 6a3aiabrosbiii Tyd) PA(I1)-Cu(I)-kataams3atopbl OKUCAEHUS] MOHOOKCH-
Jla yrjepojia KUCJIOPOJOM IPH TeMIlepaType OKPYIKalolleil cpe/ibl, HOPMAJIbHOM JIaBJIEHUH,
MOBBIIIEHHOM BJIAYKHOCTU Ta30BO3/YIIHOI CMeCH ¥ COJEP)KaHUM MOHOOKCHA YIJIepoja
300 mr/m3 (15 IIJIK ana paGoueii 30Hb1). YCTaHOBJIEHO, YTO, KPOMe Tpemnena, (hopMUpo-
sanue Pd(I1)-Cu(ll)-karanusatopa, obecreumnBaiomero cranuonapHoe okuciaenue CO Ku-
CJIOPOJIOM BO3/yXa, IPOUCXOJUT TOJHKO HA KHCJIOTHOMOAM(UIMPOBAHHBIX 06pas3iax KJu-
nonrunoaura (H-CLI-6), mopaenura (H-MOR-6), moutmopusionuta (H-Mont-6) u 6a-
zaiproBoro tyda (H-BT(1)-6, H-BT(1)*-6, H-BT(2)-6). AKTHBHOCTH KaTajn3atopa 3aBH-
cut ot npupojsl HocuTesasd. Crenenb okucaerns CO KUCIOPOAOM B CTAIIIOHAPHOM PEsKUMe
noHmxkaercss B pagy Hocureneii H-Mont-6 (94) > H-BT(1)-6 (91) > H-BT(1)*-6 (88) >
TP (87) > H-BT(2)-6 (82) > H-MOR-6 (40) ~ H-CLI-6 (38). B ciyuae npumenenns 06-
pasioB 6a3aabToBOrO Tyda pasHOro MPOMCXOXK/AEHUS Hali[leHa KOppessimsa Mexiay ¢aso-
BbIM COCTABOM HOCHTEJISI M AKTUBHOCTBIO KaTaIu3aTopa.

KimoueBble caoBa: xaranmsatop, MoHookcuj yriaepoga, PA(ID-Cu(IT)-karamusartop, npu-
POJIHbIE AMIOMOCUIUKATHI.

OTprMaHO HaHeceHi Ha ITPUPOIHI aJFOMOCHIIKATH (KIMHONITIIONIT, MOPJAEHIT, MOHTMOPUJIJIOHIT,
tpenies, Gasanprouii  Tydp) Pd(ID)-Cu(Il)-katanisatopu OKMCHEHHS MOHOOKCHAY BYTJIEIIO
KHCHEM IIPU TeMIepaTypi HaBKOJMIITHBOTO CEPEIOBHINA, HOPMATbHOMY THCKY, TiBUIIEHIH BOJIO-
TOCTi Ta30MoBiTPAHOI cyMimni Ta BMicTi MoHookcuay Byrero 300 mr/m3 (15 TTK ans po6ouoi
3omm). Beranosseno, mo, kpim tpeneny, dopmysanns Pd(11)-Cu(Il)-karanizatopa, skunii 3a6e3-
neuye crarioHapHe okucHeHHsT CO KHCHeM MOBITPS, BifGyBaeThCs TIMBKH HA KUCIOTHOMOIM(]I-
koBatnx 3paskax kuuHomruiosity (H-CLI-6), mopaenity (H-MOR-6), MoHTMOpPHIIOHITY
(H-Mont-6) Ta 6asabrosoro tydy (H-BT(1)-6, H-BT(1)*-6, H-BT(2)-6). AkTusHicTh Karai-
3aTopa 3aJeXnTh Bl nmpupoau Hocisg. Cryminb oxucHeHHsa CO KICHEM y CTalliOHAPHOMY PEXKHIMi
BHIKY€ETbC y pazi Hociis H-Mont-6 (94) > H-BT(1)-6 (91) > H-BT(1)*-6 (838) > TP (87) >
H-BT(2)-6 (82) > H-MOR-6 (40) ~ H-CLI-6 (38). V Bumajxy 3acTOCyBaHHsS 3Da3KiB
6a3aJIbTOBOTO Ty()y Pi3HOTO MOXOKEHHS 3HANICHO KOPEJAIiio MixK (JasoBUM CKJAIOM HOCIS Ta
AKTUBHICTIO KaTasi3aTopa.

Kuarouosi caoBa: kartanizatop, monookcus Byraemo, Pd(ID)-Cu(Il)-katanizatop, npupomi
AJIIOMOCHJIIKATH.

B [1-5] o6o6iienbl TeopeTnyeckue u IMpaKTu-
YeCKUe ACIEKTbl Pa3paGoTKU HAHECEHHBIX Ha OK-
cuzanbie (AlyOs, SiOy) u yraepoatbie (AY, yrie-
poanble BosokHUCTbie Marepuanbl (YBM)) nocu-
TEJIN METAJLJIOKOMILTIEKCHBIX KATaJIn3aTOPOB, 00ec-
nedynBaiomux 3(pGEKTUBHYIO OYNUCTKY BO3/JyXa OT
CO, PHj3, O3 npu rtemneparype OKpy Kalomei
Cpejibl, HOPMAJIbHOM aTMOC(HEPHOM JIaBJEHUH, I10-
BBIIIEHHOM COJIEPKAHUU TAPOB BOJBI U HU3KOU
KOHIEHTPAIINT HA3BAHHBIX TOKCHYHBIX BEIECTB B

Bosayxe (1-15 IIJIK), a Takke IpuM HaJUuuK
npuMeceil — KaTaJuTHIecKuX s/10B. KoHewHoit 11e-
JIBIO SIBJISIETCSI TIPUMEHEHUE TaKUX KaTaJu3aTOPOB
B MaJioraGapuTHBIX KOJJIEKTUBHBIX U WHIUBU/LY-
QJIbHBIX CPEJICTBAX 3AIUThl OPTAHOB JIBIXAHUS pa-
OOTHMKOB PAa3JUYHBIX OTPACJEl MPOMBIIIIEHHOCTH
U [POM3BOJICTB, YTO AMKTYET psiji TpebOBaHUil K
KaTam3aTopaM, Cpe KOTOPBIX obecrieueHue CTa-
OUJIbHON OYHMCTKU BO3/[yXa OT TOKCUYHBIX BEIECTB
no IIIK u HusKe TpU MOCTOSIHHO W3MEHSIONMINXCS
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Cee/ieHusi 0 PUPOHBIX COPOEHTaX YKpauHbl, UCIOJIb3yeMbiX B KauecTBe Hocureaeii Pd(I1)-Cu(Il)-

KaTaJanu3aTopoB
Xumuueckuii cocras, % (mMac.)
O6paser MecToposk/ieHne Ma3zosbIii cocras, % (Mac.)
SiO, ‘ Al,O4 ‘ Fe,O3 ‘ Si0, /Al, O3
CLI! CoKupHHUIKOE, 71.50 13.10 0.90 55 CLI — 85 £6; a-SiO»,
3akapmaTckas 00.J1. ’ ’ ” ’ FepO3m 1p. — ocraabHoe
MOR c. JIumnua, 64,56 12,02 0,95 5,4 MOR — 72 + 6; a-SiO»y,
3akapnarckas 061 FepO3 m p. — ocranibHoe
Mont ‘ 58,25 14,27 4,37 41 Mont > 70; kaouuur,
Kyapuscxoe, Kpent FeyO3, a-SiO», moseBoii mimar
) — ocTaJbHOe
TP? Konomistackoe, 80,00 4,00 3,00 20,0 kpemHeseM (omankpucrobamnur,
Kuposorpasckas o6.1. CLI < 8, Mont < 10)
BT(1) IToabinkoe 11, 68,44 12,82 10,14 5,3 CLI u» MOR — 35-40; Mont —
Posenckag 00J1. 30—-40; a-SiOy, FexO3, TiOy u p.
(H = 50-70 m) — OCTaJbHOE
BT(1)"  Ioabmkoe I, 63,62 19,60 10,49 3,2 To xe
Posenckas 00.1.
H = 20-30 m)
BT(2) Bepecroserikoe, 58,79 18,51 7,90 3,2 To xe

Boubrckast 06.1.

Hpumeuanue. 1 — TY Y 14.5-00292540.001-2001; 2 — TY V¥ 14.2-00374485-004:2005.

XapaKTePUCTHKAX Ta30BO3/YITHOTO TOTOKA W MAJIOM
BpeMeHn KoHTakTa [5]. Bbicokasi akTUBHOCTb HaHe-
CEHHBIX METAJIJIOKOMILJIEKCHBIX KaTaJH3aTOPOB JI0C-
TUTAETCS TIPU YCJOBUU ONTUMAJBHOTO COYETAHUS
(PUBUKO-XUMIUYECKUX U CTPYKTYPHO-aJCOPOITMOHHBIX
CBOWCTB HOCHTEJISI, IPUPO/IBI NEHTPATBHOTO aToMa 1
JIUTAH/IOB, & TaKyKe COOTHOIIEHMS] METAJLI © JIUTAH/I.

B pamkax pelieHust 3ajad, CBS3aHHBIX C IIPO-
6eMaMi 3HEPTO- W PecypcocOepeKeHns, a TaKxKe
3aMEHON MMIIOPTHBIX MaTEePHAJIOB OTEYECTBEHHBIMU
AKTYaJIbHBIM B 06JIACTH Pa3pabOTKH KATaJIN3aTOPOB
HKOJIOTUYECKOTO HA3HAYEHUST SBJSETCS TOWCK HO-
BbIX JIOCTYIIHBIX U JIENIEBbIX OTEYECTBEHHBIX IIPU-
POJHBIX MaTePHUAJIOB /IS MCTIOJIb30BAHUS WX B Ka-
YyecTBe HOCHUTEseH akTHBHOU (POPMbBI KaTaam3aTopa:
JINCTICPCHBIX METAJIJIOB, OKCH/IOB METAJIJIOB U Me-
TaJJOKOMILIeKCcoB. [lo HaliemMy MHEHWIO, TepCrieK-
THBHBIMU MOTYT GbITH NMPUPOJHBIE 1eomThl (Kau-
nonrunomut (CLI), mopaerur (MOR)), cronctsie
CIJINKATBI C PACHIUPSIONIeH s/eMeHTapHON STYeiKoi
— moutMopu/tonut (Mont), aucnepcHble KpeMHe-
sembl — tpenea (TP), a takxke 6a3asibToBblil Ty
(BT). Musuko-xuMUYeCKUe CBOWCTBA MEPEUNC/ICH-
HBIX TPHUPOJHBIX COPOEHTOB, KpoMe (a3aJbTOBOTO
Tyda, BcecTopoHHe M3ydeHbl [6—8] M MnpoaoKaIoT
usyuarpcst [9,10]. [Ipupoanbie MEOTUTHI UCITOJIB3Y-
I0TCST JIJIsT Pas/ieJIeHns: Ta30B U yJIABJIMBAHUS 3HAUU-
TEJIbHBIX KOJUYECTB aTMOCMEPHBIX 3arpsi3HuTesei
(CO,, SO, NOy, H,S, NH3 ) [11].

[IpuMeHeHMe yKa3aHHDLIX MPUPOJHBIX MaTe-
pHAJIOB B KavyeCTBE HOCUTENEH MUCTIEPCHBIX MeTaJ-
jsudeckux [12] nan okcupnbix [13] kaTaauzaTopos
KpaiiHe orpanmdeHo. Kpome Hamumx paboT
[14—18], npakTuyecku HeT JaHHBIX 00 UX UCIIOJb-
30BaHWK B KAUeCTBE HOCUTENENH MEeTaTTOKOMILIEKC-

HBIX coefnHeHnii. Takas curyarnus o6bsCHIETCS
TeM, 4TO OOGOCHOBAHHBIH BBIGOP HOCHUTENS YCJIOXK-
HSEeTCs MepeMEHHBIM COCTaBOM IPHUPOJHBIX COP-
GEHTOB W MHOKeCTBOM (PaKTOPOB, BJUSIONNX HA
AKTUBHOCTbH METAJIJIOKOMIIJIEKCHBIX KaTaJIUu3aTOPOB.
[To namemy MHEHUIO, KPOMe KOMIIOHEHTHOTO CO-
CTaBa KaTaam3atopa, K HamboJiee BaXHBIM (PaKTo-
paM oTHOCATCA caeayomue: crpykrypa (Tomoso-
TUST aTIOMOCHJINKATHOTO KapKaca, TeOMEeTPUYECKHe
pasMepbl BXOJHBIX OKOH, KAaHAJIOB); HPUPOAA U
cootHotrene a3 s MHOrohasoBbIX COPOEHTOB;
COOTHOIIIEHNE Ngj,/Na[; KUCJIOTHBIE CBOWUCTBA COP-
6eHTOB; YCJOBUs COPOIUE MOHOB I€PEXO/HBIX Me-
TasnoB, dopMa UX HAXOXKJAeHus; Tomnorpadude-
CcKUe MecTa JoKaiausamuu MnT 1 BO3MOMKHOCTb MX
KOOD/JIMHAIIUN € JPYTUMH JUTAHIaMU; BO3MOX-
HOCTb JIOCTYTIa Ta3000pa3HbIX MOJEKYJ K MecTam
JIOKasm3anuu woHa Mn't; Hamwume Apyrux KaTHoO-
HOB U aHMOHOB, BJIMSIONIMX HE TOJHKO Ha JIOKAJIU-
3aIi0 MOHOB MNn™ M MX KOOPAMHAIIMOHHOE OKPY-
JKeHre, HO M Ha IOJBUKHOCTb MOHOB BOOOIE U
MOHOB BOJIOPO/Ia B OCOOEHHOCTH.

B macrosmieit pa6ore Ha NnpuMepe peaxkinu
HU3KOTEMIIEPATYPHOIO OKHUCJIEHUS MOHOOKCH/IA YT-
JIEpPo/ia KMCJIOPOIOM HCCJIE0BAHO BJIUSIHUAE TIPUPO-
apl Hocutenss (CLI, MOR, Mont, TP u BT) na
AKTUBHOCTH HAaHECEHHBIX Ha HUX CJIOKHBIX KOMIIO-
3UIUI, COJepKAIUX COJU MaJaausd (11), memn
(I1) u Gpomua Kajus, KOTOpPble TOJbKO IPH CO-
BMECTHOM [PHUCYTCTBUU ¥ OIPEIEJEHHOM COOTHO-
MIEHNN 0OeCIeunBaiOT MPOTEKAHNE PEaKIMu B CTa-
[IUOHAPHOM PEXKUME,

B TaGuuie mpeactaBieHbl CBEAEHHUS O XUMU-
yeckoM 1 (azoBOM cOCTaBe TMPUPOIHBIX COPOEH-
TOB, UCHOJb3YEMBIX IS TMPUTOTOBJIEHUS KaTaJu-
3aropos. Buano, uro CLI, MOR, Mont u BT(1)
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Puc.1. 3aBucumocts Co* Bo Bpemenn t npn okucaernn CO kn-
caopogoM B npucytersun KaramnsatopoB Ky,PdCl-Cu(NO3),-
KBr-H,O /CLI (nau MOR) na nocurensix: 1 — CLI; 2 —
H-CLI-3; 3 — H-CLI-6; 4 — MOR; 5 — H-MOR-6 (Cpy(p) =
2,72-1075, Ceyap = 2,9-107, Cyg, = 1,02:1074 moub /T; Ceplt =
300 mr/M3).

XapaKTePU3yIOTCS TIPUMEPHO OJIMHAKOBBIM MAacCo-
BbiM cootHomenuem SiOy,/AlyO3; aTOT TMOKa3a-
Tesab BbIcOKMit musg TP m Gosee Hu3kuit ams
BT(1)* u BT(2).

Tosnbko o6pasnbl 6a3aTbTOBOTO Ty(da MMEIOT
BbICOKOE cojiep>kanne FeyOs. Ilpupomnrbie amomo-
CUJIMKATBI SIBJIAIOTCS CJIOKHBIMH TOJUMUHEPAJIb-
HBIMHU CHCTEMaMU C TlepeMeHHBIM (ha3oBBIM COCTa-
BoM. O6pa3Iibl IPUPOIHBIX COPOEHTOB, KPOMe Tpe-
nena, MOAMMUINPOBAIN PACTBOPOM A30THON KH-
caoTel (3 MOJIb /1) TIpH KUNsTYeHnH B TedeHue 3—6
uy [14].

O6pasipl KaTajan3aropa MOJIydYaaud MeTOIOM
UMIIPETHIPOBAHNS HOCUTENS PACTBOPOM, COJIEPsKa-
uM xjaopug namtagus (1), aurpar meau (I1) u
6pomug kamua. Hocurenp (10 r) mocrogmmoro
dpakmmonnoro cocrasa (0,75 MM) MPONUTBHIBAIN
4 MJI pacTBOpa C 3aJaHHBIM COOTHOIIEHHEM KOMIIO-
HeHTOB. [loyueHHYIO BJIQXKHYIO Maccy CYIIMJIU B
BozaymHoii cpene npu 110 °C mgo mocrosgHHOMN
Macchl, a 3aTeM 06pasell BbIIEP’KUBAJIN B 9KCHKA-
TOpe HaJx PacTBOPOM cepHoil kucaorel (30-35 %)
B Tedenue 1 4, 4ToObl OH ajgcopOupoBas 0,03 T
H,O na 1 r HOcutess. IlomydeHuble 06pasIbl Ka-
TAJM3aTOpa SBJSIOTCS MHOTOKOMITOHEHTHBIMH CIHC-
temamu KyPdCl-Cu(NO3)o-KBr-H,O /Hocure.i.
Conep:kaHne KOMIIOHEHTOB KaTaJ3aTopa pPacCcym-
THIBAJIM HA €IUHUIYy Macchl Hocutens. Tectuposa-
HUe 006pasIoB Ha KaTAJTUTUYECKYI0 aKTHBHOCTDH B
peakiuu okucaennsg CO oCymecTBISAIN B MPOTOY-
HOIl 1O Ta3y TepmocratupoBanuoit npu 20 °C
YCTaHOBKE, B PEAKTOPE C HEMOJBUKHBIM CJIOEM Ka-
TaJI3aTopa.

PasmepsnI peaktopa, AMCIEPCHOCTb 06PA3IOB U
JMHeRHasg CKOpoCTh ra3oosayunoil cvecu (I'BC)
(U = 4,2 ¢M/¢) COOTBETCTBYIOT PEKUMY HJ€alb-
HOTO BBITECHEHUSI W TIPOTEKAHUIO PEAKINH B KITHE-
Tyeckoil obmacru [14].

I'BC ¢ xonuenrpauueit CO 100 u 300 mr /M3
noJiydasan pazbaBieHneM KOHIEHTPUPOBAHHOTO Ta-
3a (CO 98-99 % (06.)) OUUIEHHBIM BO3IYXOM.
Hauanpuyio (Ceoh) u koneunyo (Ceok) KOHIEH-
TPaIUU ONPEE/ISIN ¢ MOMOIIBI0 Ta30aHAIN3aTOPa
6219X04 («Aunanitnpuian», YKpauna), 4yBCTBH-
TEJIBHOCTH KOTOPOro 2 Mr,/m3. OTHOCUTETBHYIO
Braxkunoctb TBC (@rgc) mojjiepkuBaim mocTosiH-
Hoit (76 %). O6 aKTUBHOCTH KaTaJu3aTOPOB CY/IU-
au 1o crernenn okuciaenus CO B crannoHapHOM
pexuMe U JIOCTHKEHWIO TMpPeesbHO [I0IYCTUMO
konnenrpaimu CO (ITJKco = 20 mr/m3).

PenrtrenorpamMmbl uccieyeMbix 06pasioB B 00-
gactm 8° > 20 < 60° momydennl Ha mpubope
JIPOH-3M, a B ob6mactu 6 or 1 g0 4° — ¢ moMmo-
nipio Mo durmpoantoro nputopa [IPOH; uzmyye-
e CuK, (A = 0,154178 um), nanpstkenue 30 kB,
TOK 28 MA.

Ha puc.1 mpeacraBiienbl JaHHble MO H3MeHe-
Huto KoHeunoil kouienrpanuu CO Bo BpemeHu
MPU OKUCJEHWH €T0 KUCJIOPOJOM Ha KaTaau3aTo-
pax KyPdCl;-Cu(NO3)9-KBr-HyO /CLI (kpusbie
1-3). Buano, 4to 3akpeneHHble HA MPUPOAHOM
kauronTuaonure Pd (IT) m Cu (II) we oGecneun-
BalOT CTAIIMOHAPHOTO pekuMa okuciaerns CO u
TOJIBKO Ha KUCJOTHOMOAUMUITMPOBAHHOM KJUHOII-
TUJIOJIUTE TIPOSIBJSIOTCS KaTaJUTHYECKUE CBOIMCTBA
ammaokomtiexcos masmaans (I1) u memm (11).
OHAaKO W B 3TOM CJiydae CTeleHb INpeBpaIleHus
CO nuskag u npu Bapbuposanuu Pd (II) or 0 10
3,05-1075 moab,/r u Cu (II) or 0 mo 2,3-10°4
Mosb /T CooX mpesbimaer II/IK. Ananormunas
KapTuHa Ha6II0/aeTCsS W B CJyvyae MpPUMEHEeHUs
mopaenuta (kpusbie 4, 5). OueBUAHO, HU3KAS aK-
TUBHOCTb TAKNX KAaTAaJIM3aTOPOB OOYCJOBJEHA He
TOJBKO (DUBUKO-XUMUYECKUMHU CBOWCTBAMU CJIOXK-
HOM KaTaJUTUYECKOH CHUCTEeMbl, HO M OTPAaHWYEH-
noil pocrynuocrtbio Aag Mogekys CO akTUBHBIX
MEeHTPOB B UG (y3MOHHOJUMUTUPYIONNX KaHAIAX
IIEOJIUTOB, KOTOPBIMHU, TI0 AaHHbIM [11], muasg xJu-
HOTITUJIOTATA SBJSIOTCS 8-4seHHble KaHauol C, a
JUISE MODJICHUTA — 8-YJIEHHbIE KAaHAJbBI 2.

TectupoBanme B peaxiun okucaennss CO kuc-
JIOPOZIOM KOMITO3WIINHM C TIPHUMEHEHHeM MOHTMO-
pusionnta KyPdCly-Cu(NO3),-KBr-H,O /Mont
(puc.2) mokasaso, 4TO HOCHTENb Takke TpeGyer
HpeJBAPUTEIBHOTO KUCJIOTHOTO AKTUBUPOBAHUS,
HO, KaK BUJIHO M3 MPE/JCTABJEHHBIX JAHHBIX, JIsI
JIOCTI>KEHUST BBICOKON crenenu mpesparienuss CO
B CTAllMOHAPHOM PEXKUME MOKHO OTPAHUYUTDHCS
moauduiupoBanuem B tTedenne 1 u. Ilpu Gosee



Inepzomexnonozuu u pecypcocbepesxenue. 2009. Ne 6 21

C Eo , MI/M°
300

250
200
150
100

50 L L |

0 50 100

T, MHH

Puc.2. 3aBucumoctb Cn* Bo Bpemenn t mpn okucaennn CO kn-
caopogom B mpucytersun  Kataansatopo  KyPdCl-Cu(NOs),-
KBr-H,O /Mont: 1 — Mont; 2 — Mont-H20; 3 — H-Mont-1; 4
— H-Mont-3; 5 — H-Mont-6 (Cpyqpy = 2,72:107, Ceyap =
2,91073, Cgp, = 1,02:1074 mostb /13 Ceptt = 300 Mr,/mM3).

JUTUTETHHOI KUCJIOTHOH 06pa6oTKe MOHTMOPHJLIO-
HUTA KaTaJu3atop 06ecleunBaeT OYMCTKY BO3/yXa
HamHoro Hike [IAKcq.

Panee paspaGoTaHHBII HaMU KaTaJau3aTop
KyPdCl,;-Cu(NO3)9-KBr-HyO /T3K-M (T3K-M
— Tpenes, MOAU(UIIMPOBAHHBIN M0 CIHEIUATbHON
texHostornu u copepxkamuii 99,7 % (mac.) SiOs;
3UKeeBCKOe MECTOPOKAeHNEe, Poccusa) mpoaeMOH-
CTPUPOBAJ BBICOKYIO AKTHUBHOCTb U CTAOUIBHYIO
ounctky Bozayxa or CO B ycJoBHSX aJdiOMUHHE-
BOTO TIpon3Bo/icTBa [S]. Ilpu mcnonbp3oBanuu mnpu-
POJTHOTO Tperiesia BBIEHA3BAHHOTO MECTOPOKICHUS

Puc.3. Usmenenne Ccp* Bo Bpemenn t nipn okuncaennn CO xn-
cIopooM  Tpu  pasHoil  Macce Katammsartopa KoPdCly-
Cu(NO3),-KBr-H,0 /TP, r: 1 — 2,5;2 — 3,0; 3 — 5,0; 4 —
7,5; 5 — 10,0 (Cpyqp = 4,0-1075, Ceyqpy = 8,8107, Cgp, =
1,02:1074 Moab /1; Ceott = 100 Mr/M3).

nosyunts aktushblii PA(ID-Cu(1)-katanmsatop He
YIAJIOCh.

Tpenen, po6piBaemblii B Ykpaune (cM. ta6m-
1y), SABJSETCS BBICOKOKPEMHUCTBIM I10JU(pa3HBIM
MUHEPAJIOM, B HEM, KpoMe Kpucrtobaaurta, o6Hapy-
xuBaercst He Gomee 8—10 % (mac.) CLI u Mont.
Takoit ke cy0oXHDBINA (Da30BbIl COCTaB OTMeEYAeTCA
y Genopycckux tpemnesoB [18]. OueBuano, mpe-
UMYIECTBEHHOE COJIeP/KaHie KpeMHe3eMa B Tpere-
se obycaosnusaer dopmuposanue Pd(I1)-Cu(1I)-
KaTajams3aropa, 0GecleyrBaloNero BbICOKYIO CTe-
nenb npespanieHuss CO B cTallMOHApPHOM peXuMe,
yKe Ha HpupojHoM oOpasie. IIpm sTOM BUIHO
(puc.3), uro B cayuae Coplt = 100 mr/m3 paxe
IPU Macce KaTaamsaropa 2,5 T BO3/IYX OUYHIAETCS
no I1JIK. Bapbuposanuem cogepsxkanusa Pd (II) u
Cu (IT) HaiifleHo MX ONTHMAJbHOE COOTHOIIEHHE B
COCTaBE KaTaJn3aTopa.

Puc.4. 3asucumoctp Cop® Bo BpeMenn t npn okuciennun CO ku-
caopogom B mpucyterBun  Kataamszaropos  KyPdCl,-Cu(NOsy),-
KBr-H,O/BT: 1 — BT(1); 2 — BT(1)*; 3 — BT(2); 4 —
H-BT(1)-6; 5 — H-BT(1)*-6; 6 — H-BT(2)-6 (Cpyqpy =
1,36-1075, Coyay = 2,91073, Cyp, = 1,02:1074 Moab /13 Ceg!
=300 mr/Mm3).

B cayuae mpumenenusi 6asanabToBoro tyda B
kauecTBe Hocutess armgokomiiekco Pd (I1) wu
Cu (II) maMu mokasaHo, 4TO TOJIBKO Ha KHCJIOTHO-
moaudunuposannbix obpasnax BT dopmupyercs
aKTUBHBIN KaTtayuzatop okuciaenus CO [14, 17].
[Tpu kwucnornoit o6paborke BT npoumcxonur me
TOJIBKO M3MEHEHHe ero KHCJOTHBIX cBoicTB [19],
HO ¥ CYIECTBEHHbIE CTPYKTYPHbIE M3MEHEHUS HO-
CuTessI, B pe3yJbTaTe 4Yero BO3PacTaeT BEPOST-
HOCTb coBMecTHOH mokammsamuun Pd (II) m Cu
(I1), meo6xoaMMOI A JOCTYKEHUS CTallMOHAp-
HOro mpoTekaHms peaknuu okucienus CO. Us
puc.4 BUIHO, YTO aKTUBHOCTb KaTaJM3aTOPOB Psijia
PA(ID-Cu(I1) /H-BT-6 npu 0poYux PaBHBIX
YCJIOBUSIX 3aBUCUT OT MPOUCXOXKIEHUS 0a3aabTo-
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Puc.5. /ludpaxrorpaMmMbl 06pas3iioB MpupoHOro 6a3aabTOBOTO
typa: 1 — BT(1); 2 — BT(1)*; 3 — BT(2).

Boro tyda (cMm. Tabuauiry): HaumGOJBIIYIO CTENEHD
npespaienuss CO B cranmuoHapuoM peskume obec-
neunBafor armgokomiiekesl Pd (I11) u Cu (I1), Ha-
necennble na H-BT(1)-6, KOTOpBI, IO mZaHHBIM
[19], wumeer wHaumeHnbillee 10 CPaBHEHUIO C
H-BT(1)*-6 u H-BT(2)-6 comepskaHue JIbIONCOB-
CKUX U OPEHCTEJOBCKUX KHCJIOTHBIX IIEHTPOB.

O/HaKO KUCJOTHOCTH O6PA3IOB HE SBJSETCS
e/IMHCTBEHHON TMPUYNHON, 06yCJOBJIMBAIONIEH pas-
HYI0O aKTHBHOCTHb KaTaim3aTopoB. O6 aToM cBuje-
TEJbCTBYIOT BBIMOJHEHHbIE HAMH PEHTTeHO(ha30BbIe
uccseIoBaHus 06PasIiioB MPUPOJHOTO 6a3abTOBOTO
tya pasnoro mpoumcxoxaenus (puc.5), a Takke
XUMUYECKU-MOANMPUITMPOBAHHBIX 06pasioB [20].

OO606111eHbI JaHHBIE 0 U3MEHEHUIO KPHCTAJ-
JIMYHOCTH 06pasiioB GazaibroBoro tyda (%) B 3aBU-
CHMOCTH OT UX TPOUCXOK/EHUS U XHMIYECKOTO MO-
aucmmmposanus: BT(1) — 100; H-BT(1)-6 — 84;
PA(ID-Cu(ID) /H-BT(1)-6 — 76; BT(1)* — 67,
H-BT(1)*-6 — 70; Pd(ID-Cu(I) /H-BT(1)*-6 —
61; BT(2) — 43; H-BT(2)-6 — 44; Pd(I11)-Cu(Il)
/H-BT(2)-6 — 33.

B 1esiom 1o pesysbraraMm peHTreHodasoBOro

aHaIM3a C/IeJIaHbl cJieylolne BbIiBOJbl. OO6pPasIlhl
IPUPOIHOro 6a3aJbTOBOTO Ty(da pasHOro Mpoucxo-
JKIEHUST SIBJISTIOTCSI MHOTO(DA30BBIMU MHUHEPAJTIAMH,
OTJIMYAIOMIMMUCS KPUCTAJJINIHOCTBIO ¥ OTHOCH-
TEJbHBIM cojiepskaHmeM ocHOBHBIX a3: CLI,
MOR, Mont n Fey,O3. KpucraammdHocTb HCXOA-
ubix BT ymenbmaercss 8 psaay BT(1) > BT(1)* >
BT(2). [as BT(2) ycraHoB/IeHO HAMMEHbIIEe CO-
nepskanne gasz Mont u FeyOs.
[Ipu xkucrorHoM MouduimpoBanun o6pasiioB bT u
Hanecennn Ha Hux anmpokomiiekcos Pd (I1) n Cu
(II) xpuCTaIIMIHOCTD 00PA3IOB CHIDKAETCA 0e3 pas-
pynieHus cTpyktypbl 1eosmTHbIX a3z CLI 1 MOR;
MOHTMOPHJIJIOHUT UCIIBITBIBAET CTPYKTYPHBIE N3MEHe-
HUsI, YTO COITPOBOKIAETCS M3MEHEHWEM PEeHTTeHOC-
nexrpanbbix xapakrepuctik (d u 1,/10) neppoii 6a-
30BOi1 JimHuM mipu O = 2,87°, d = 1,55 HM.

BriepBbie ycTaHOBJIEHO, YTO IIPH HaHECEHUU
Pd (II) u Cu (II) na xuciroTHO-MOAU(UIMPOBAH-
Hble 006pasibl 6a3aJbTOBOTO Tyda JOKAJN3AIUS
KATHOHOB METAJIJIOB MPOUCXO/JUT HE TOJHKO Ha
amomocunkatapix (CLI, MOR n Mont), Ho u
na oxcuanbix (dasax (FepOz m TiO5). Bee o6pas-
sl paga Pd(I1)-Cu(I1I) /H-BT-6 m3-3a Hu3KOTO
cogepxkanua Pd (II) (oxono 0,24 % (mac.)) m Cu
(I1) (oxoso 0,4 % (Mac.)) ABIAIOTCSA OJHOPOIHBI-
MH ¥ He coaepykaT a3 COOTBETCTBYIOIIUX COJIEH,
okcuaos (PdO, CuO, CuOy) u PdO.
TectupoBanme 06pasioB KaTaamsaTopa B pe-
akguu oxucaenna CO (cm. puc.4) mokasanao, 4To
UX aKTUBHOCTH YMEHbBINAETCS B PSAY HOCUTeJelt
H-BT(1) > H-BT(1)* > H-BT(2). 210 06yc/0B-
JIEHO yMeHbIlleHneM cojepskanust ¢paspl Mont, Ha
KOTOPOH, KaK HaMH YyCTaHOBJIEHO, (OpMHUPYyeTCs
naubosiee akTuBHbII KaTaausarop (cM. puc.2).
Kpome Toro, uaMeHsist poI0JKUTETbHOCTD KHC-
JotHoro Mo uduirpoBanus o6pasios BT u omru-
MH3HPYsI COCTAB KATAJIM3aTOpa Ha KasK/OM HCCJIe-
ayemoM o6pasiie BT, MOXKHO TOJNYyYHTh KaTaJn3a-
TOp, ObecrieynBaionuii ouncTKy Bozayxa or CO 1o
IMAK u mmxe (TY ¥V 24.6-02071091-001:2008:
Karasmizatop HHU3bKOTEMIIEPATYPHOTO OKUCHEHHSI
okcuay Byraerio (IT) KHO-CO /BT) [21].
Oo6o61aoriye JaHHble O BIUSHUN TTPUPOTHBIX
amoMocuankartoB Ha akrtusaoctb Pd(ID—Cu(Il)-
katammusaTopa okuciaenns CO mpeacTaBicHbl Ha
puc.6. Han6oJibIiyio aKTHBHOCTD TIPOSIBJISIET Karta-
ausatrop Ha H-Mont; Tpe6GoBaHusIM caHuUTapHO
OYNCTKHW OTBeYaoT W Kataausdatopbl Ha H-BT-6,
0JIHAKO C TEXHOJIOTMYECKOW TOUKH 3peHust OoJiee
MPOCTBIM SIBJISIETCST KaTaJaW3aTOP Ha MPUPOIHOM
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Puc.6. Biuanue npupoabl Hocutens Ha axtuHocts Pd(IT)-
Cu(I)-katanusatopa B peakiuu okucaenus CO KUCIOPOIOM
(Cpaany = 2721075, Coyan = 2,9-10°5, Cypy = 1,02:1074
Moub/T; Ceot = 300 mr/m3; B caygae TP CPd(yy = 4,0-107°
MOJIb /T).
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Tperiesie, Tak Kak He TPeOyeTcst ero IpeaBapuTeib-
Has KUCJOoTHAs o6paboTKa.

Karammzaroper ¢ mpumenennem CLI m MOR

MaJIOAKTUBHBI, HO 3TO He 03HAYaeT, 4TO 3TU HOCH-
Tea BOOOIIE HE MMEIOT HEPCIEKTUB MPUMEHEHMUS.
Tak, HaMM NOKa3aHO, YTO HAHECEHHbIE Ha IIPUPO/-
HBII KJMHONTUIONUT XJIOPUAHBIE KOMILJIEKCHI M€/
(I1) axTuBHbl B peakuun okucaenus SOy KUCJIO-
poxom [22], a xaopuanbie komiLtexcsl Co (I1) u
Mn (I1) — upwu passosxkenuu o3oHa [23].
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Ukrainian Natural Silica-Alumina Application
for New Metal Complex Catalysts
of Air Purification from Gaseous Toxic Substances Development

Ratkitskaya T.L.1, Kiose T.A.1, Volkova V.Ya.!, Ennan A.A.?

" Odessa National University
2 Physicochemical Institute of Environment
and Humans Protection of the Ministry of Education
and Science of Ukraine and NASU, Odessa

Pd(ID)-Cu(II) catalysts deposited on natural silica-alumina (clinoptilolite, mordenite,
montmorillonite, tripoli, and basalt tuff) for carbon monoxide oxidation at ambient tem-
perature, normal pressure, increased air-gas mixture humidity and carbon monoxide con-
centration of 300 mg,/m3 (15 MPC for working area) are obtained. It is established that
PA(ID-Cu(II) catalyst formation that provides CO steady-state oxidation descends only
on acid modified clinoptilolite (H-CLI-6), mordenite (H-MOR-6), montmorillonite
(H-Mont-6), and basalt tuff (H-BT(1)-6, H-BT(1)*-6, and H-BT(2)-6) samples. The
catalyst activity depends on carrier nature. The level of CO oxidation (%) by oxygen in
the stationary mode decreases in the following consequence: H-Mont-6 (94) > H-BT(1)-6
(91) > H-BT(1)*-6 (88) > TP (87) > H-BT (2)-6 (82) > H-MOR-6 (40) > H-CLI-6
(38). The correlation between carrier phase composition and catalyst activity in case of
different origin basalt tuffs application is discovered.

Key words: catalyst, carbon monoxide, PA(IT)-Cu(II) catalyst, natural silica-alumina.
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BuoxuMuyeckoe H3BJeUYeHHE cepedpa
U3 Pyl Ka3aXCTaHCKUX MeCTOPOXKIAeHUN

Cemenuenxo I'.B., Bepxun6aeea A.H.,
Myxyweea A.C., llonomapesa E.H.

AO <Ilewmp nayx o 3emae, memarnypzuu u obozawenusys, Aamamot, Kasaxcman
[TokazaHa BO3MOKHOCTDH yBEJMUYEHUS U3BJEUEHUS cepedpa M3 30JI0TO-CepeOpOCOIePIKAIINX
pyn Mectopoxaenwii Kazaxcrana OGHOXMMHUYECKMMU METOJAMH BBINETaunBanus. Bormesna-
YUBaHUE TTPOBOJIMJIN KOMILJIEKCHBIM PACTBOPUTEJEM, B COCTaB KOTOPOTO BXOJVJIM ITHAHU/I,
poJanu, GaKTepuu U aMUHOKHCJO0Ta. OITUMHU3AIMSA COOTHONIEHUS KOMITOHEHTOB BbITIE/Ia-
YUBAIOIIEr0 PacTBopa OblIa TPOBEJIEHA METOJIOM MaTeMaTHYeCKOTO IJIAHUPOBAaHM. YcTa-
HOBJIEHO, 4YTO B TiepBble 8—16 U BbIIEIAYNBAHKUS B PACTBOP NEPEXOJUT B OCHOBHOM 30JI0TO
n mMenb. Yepes 30 4 B BbIleIaunBaIONeM PAcTBOPE BO3pacTaeT cojepskanue cepebpa. B pe-
3yJbTare TMPOBEJEHHDBIX MCCJIE0BAHNIN Y/IaJ0Ch MOBBICUTD U3BJeUeHHe OJIaropo/IHbIX MeTaJl-
aa Ha 10—15 % 1o cpaBHEHWIO ¢ OGBIYHBIM IHAHUPOBAHUEM.

Kimouessie cioBa: cepe6po, 30J10TO, IUAHU[, POAAHUJ, reTepoTpodHbie GaKTEpUN, aMUHO-
KICJIOTa, GUOXUMIYECKOE BbIIIETAUYNBAHIIE.
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