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CHUHEPI'ETUYHI E®EKTHU CITIOJIYK ITAJIA ATIO(IT)
I KYIIPYMY((I), SAKPIHHIJIEHUX HA MOJAU®PIKOBAHOMY
OJIOTI'OIIITI, B PEAKIII 3 JTIOKCUAOM CVYJIb®YPY

JlocmimkeHo KIHeTHKY B3a€MO/IiT TIOKCHITY CyTb(ypy 3 MOHO- Ta OiMETaTbHUMH KOMITO3HIIISIMHU
Ha ocHoBI crioyk nananito(1l), kynpymy(Il) i kucnorao-moaudikoBanoro npupoxsoro (Phl)
Ta TepmiuHo-ciydenoro (TC-Phl) gnoronity. Jloseneno, mo 6imeranbhi komnosuuii PA(ID)-
Cu(I)-KBr/S (S= 6H-Phl-1; XH-TC-Phl-1, X =1, 2, 3, 6 M HNO,) B peakuii 3 SO, BusiBisi-
10Th CUHEPreTHYHUE eeKT 3 koedimientom K¢ >> 1, mo Mpu3BOIMTH 0 30iMbIIEHHS Yacy
3axMCHOT Aii 3pa3KiB Ta KiJIBKOCTI HONIMHEHOTO JIOKCHAY CYabdypy.

KurouoBi citoBa: niokxeun cynsdypy, moaudikoBanuii duioromnit, mananii(1l), kynpym(Il), cu-
HEPreTHYHU eeKT.

Cnonyku Pd(IT) Ta Cu(Il) € 6a30BUMH KOMIIOHEHTAMH T€TEPOTE€HI30BaHOTO KaTai-
3aropa Bakep-Tuiry HU3bKOTEMIIEpaTypPHOTO OKMCHEHHS MOHOOKCHTY KapOOHY KHCHEM
[1]. BaxMBMM YMHHMKOM, IO BILTMBAE HA aKTHBHICTH Ta CTAOUIBHICTL KaTalizaTopa,
€ mpupona Hocis (S). Haii6inem nommpeno B AKocTi Hocis BuKopucToByioTh AL O,
[2-5], AB [6-8], BymieneBi BojokaucTi Marepianu (BBM) [9, 10]. 3oBcim oOmexe-
Ha iHpopMaIlis PO BUKOPUCTAHHS BYIIICIICBUX HAHOTPYOOK B SIKOCTI HOCISI KyIpyM-
najnajieBoro karamizatopa [11]. 3a yMOBHM AOcATrHEHHs B OLIbIIOCTI BUIAIKIB IO3H-
TUBHOTO e(heKTy 3a3HaYCHHUX HOCIiB HAa aKTUBHICTb KaTalli3aTopiB, CIij] 3BEpHYTH yBary
Ha JIOCUTH CKJIAIHI TEXHOJIOTii OTpUMaHHS HOCIiB i iX BUCOKY BapTicTh. Sk mokazamn
HaIl JOCII/DKEHHS 111 Mpo0JieMa BUPIMIYEThCS 3aBISIKH BUKOPHCTAHHIO TIPHPOTHHUX
HEOpraHiYHUX MarepialiiB, cepel sSIKUX LUEeOodiTH (KIIHONTHIIONIT, MOPACHIT), LIapyBari
AITIOMOCHJIIKAaT! (MOHTMOPUJIOHIT y CKJIaZl OEHTOHITIB), JUCTIEPCHI KPEMHE3EMHU — TPE-
nenu, 6a3ansToBi Tydu [12—-15]. B momrykax HOBHMX MOTEHIIHHUX HMPUPOTHHUX HOCIIB
JIOCJTIJDKCHO MIAPYBATHIl AIFOMOCHIIIKAT — (PJIOTOMIT y CKJIaJIi MPUPOTHOTO (IIOTOIITO-
BOI0 KOHIIEHTPATY Ta JAOBEJECHO, 1110 HA KUCIOTHO-MOAU(DIKOBAHUX 3pa3kax (ioromity
(hopMyIOThCA KynpyM-TNaaieBi KaTalizaTopH, sSKi 3a0e3MedyoTh BUCOKY CTYITiHb KOH-
BepCii MOHOOKCHTY KapOOHYy, 1110 BifNOBiiae canitapHo-ximMiuuiid Hopmi CO B poGouii
30mi, a came CGo < 20 mr/v’ [16,17].

He3anexHo BiJ MpUpOaN HOCISI BUSIBIICHO, 10 KaTAITHYHUN e(PeKT JocaraeThes 3a-
BISIKH cHHeprismMy aii nanaairo(1l) ta kympymy(1l). Okpemo KoXeH i3 INX KOMIIOHCHTIB
Maibke He pearye 3 MOHOOKCHJIOM KapOoHy. KaTaiizaropu, siki B CBOEMY CKJIaJli MiCTATh
nanagii B Oyap-aKkii ¢popMi, € TyKe IyTAUBUMHU JI0 Aii TaKUX ra3onofiOHUX peuOoBHH
gk mapu Bomd [1, 3, 5, 14], docoin [1,18], MmoHOOKCHA a30Ty [7] Ta miokcuna cyabhypy
[13, 19, 20]. ITix niero mUX pe4OBHH KaTalli3aTOpH HEOOOPOTHO BTPAYarOTh CBOKO aK-
THUBHICTb.

TUIoBOIO € cUTYyais, KON Y BIAXOAAIINX ra3axX MPOMHUCIOBUX HiAIPHEMCTB OTHO-
YaCHO TPHCYTHI MOHOOKCHJ KapOOHy Ta HIOKCHI cynbdypy. B 3B’3Ky 3 UM aKTy-
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AIBHHUM € JIOCITIJPKEHHS 1010 TIoiyHKIIIOHATBHOCTI HaHOKaraizaropa Pd(I1)-Cu(Il)/
S Ta BusBICHHS BILIUBY SO2 Ha Horo akTHBHICTh. [H(GOpMAIiS 100 BOTO MATAHHS
€ ayxe ooMexeHnoro. Bimomo, mo xomnoswuiist PA(I1)-Cu(Il)/T1-benT(J]) okucHro€E Ii-
OKCHJI CYIb(ypy KHCHEM 31 BCTAHOBIICHHSIM CTallioHapHOTO pexumy [21]. HaBenenunit
MIPUKIIAJ 1 JIesKi JIiTepaTypHi AaHi [22] He Bi1oOpakaroTh BILUTUB KHCIOTHOTO MOAH(]i-
KyBaHHS HOCIsI HA aKTUBHICTh METAJIOKOMIUIEKCHUX KOMITIO3HIIIH B PEAKIIil 3 TIOKCHIOM
cynbdypy.

Meta poOOTH — JTOCTIIUTH KIHETUKY B3a€MOJIT TIOKCUIY CYJIb(Qypy 3 MOHOMETAIb-
HUAMU Ta OiMeTaJbHUMH KOMIO3HIIIsIMU Ha OcHOBI cnoiyk nanafito(Il) i kynpymy(Il),
3aKpIMJICHUX Ha KUCIIOTHO-MOAM(DIKOBAHUX 3pa3kax (prIorormiTy.

EKCIHEPUMEHTAJIBHA YACTHUHA

Marepiaju. B xocTi BUXiJHOTO MaTepiany BUKOPHCTOBYBAJIH KOMEPIiHHNI KOH-
ueHtpar dioromity i3 Y30ekucrany (I1-Phl) Ta Tepmiuno-cyuennii groromit (TC-Phl)
(mocTavambHUK « YKPBEPMIKYIIT»).

Kucnorno-monudikoBanunit 3pasok 6H-Phl-1 orpumyBanmu kum’stiasM B 6 M
HNO3 npotsiroM 1 roguHu. 3pa3oK BiIMUBAJIM AUCTUIHOBAHOKO BOJOKO A0 HEraTUBHOI
peakuii Ha NO3-iioH. _

Kucnorno-monudikoBani 3pasku TepMmiunHo-crydenoro ¢uoromity XH-TC-Phl-1
OTPUMYBAITH TIPH BapiroBaHHI KOHIIEHTpaIlii HiTpaTHOI kucmot X = 1; 2; 3; 6 M; 3pas-
KU KHUII'ATWJIM BOPOJAOBXK | TOIMHM, a MOTIM BiJIMHUBajM 10 HETaTWBHOI peakilii Ha
NO3 fion. Monomeranbhi komnosuuii Cu(NO,), -KBr/S, K, PdCl, -KBt/S Ta Gimerann-
Hi komnosuuii K, PdC1,-Cu(NO,),-KBr/S (S = 6H-Phl-1; XH- TC Phl-1) orpumyBanu
METOZIOM TIPOCOYCHHS BO,Z[HI/IM PO3YMHOM TIO BOJIOTOEMHOCTI. 3pa3Ku CYIIIIH IIPU TEM-
nieparypi 110 °C BpojoBx 3 rofuH JI0 cTaiol MacH. BMICT KOMIIOHEHTIB y BCIiX 3pa3-
kax Oys cTamuif Ta cknaznas: C = 59107 C, _ =2,72:10% C,, = 1,02-10* monb/T.

JocaimzkeHHs KiHeTHKHU peakuii. ['a30moBITpsiHY cyMimmn (FHC) 3 KOHIIEHTPAIII€I0
SO,, piBHOIO 150 MI/M’, OTpHMYBaJIH IIAXOM 3MilllyBaHHS HOTOKIB OYUIIIEHOTO TOBIT-
ps Ta SO, y 3mimysaui. [Touarkosy (Cy,, ) i kiHuesy (C* o ) xonnentpauii SO, Bu3Ha-
YaJId 3a JIOTIOMOTOI0 Ta30aHaji3aTopa «6679X08» («AHaJIlTHpI/IJIa,Z[» YKpalHa) qyT-
JIUBICTD — 2 MI/M>.

KineTnky monmHaHHS JIOKCHIY CYJIb(ypy BUBYAIM B IIPOTOUHIHN 3a Ta30M TEPMO-
craroBaHii npu 20 °C ycTaHOBIN, y peakTopi 3 HEPYXOMHM IIApOM BUIIPOOYBAHOTO
3paska Macoro 10 r. O6’emna Burpara I'TIC (1 1/XB), rpaHyioMeTpHYHMI CKJIaJ1 3pa3KiB
(d,= 0,75 mm). Binnocna Bonoricte I'TIC (@) cknanana 76%. KinbkicTs normne-
Horo SO,, (Q ., MOJIb) PO3PaXOBYBaIIM 3 BAKOPHCTAHHSIM CKCIICPUMEHTAIIBHIX JAHHX,
HaBe/ICHHX y KoopauHatax C: — T. KoHcTaHTy MBHIKOCTI peakmii po3paxoByBaId
3 ypaxyBaHHsAM 4acy HaniBrepeTBoperns SO, (1, ,) 3a popMyIoro 1 peakiii mepmoro
nopsaky 3a SO,

1/2

12 I

J11st OLIHKM 3aXMCHUX BJIACTUBOCTEH MIPUPOTHOTO 1 MOAM(PIKOBAHOTO (IIOTOITITY BH-
KOPUCTOBYBAJIM MOKA3HUKHU: T, — MEPIOJl Yacy, NPOTATOM SIKOTO Ha IMHAMIYHINA KpUBiH
TOTIMHAHHA Cf = 0; T, — 9ac pocsaruenns I'TIK (10 mr/m’), sxuii mMae Ha3By 4acy
3ax¥CHOT [il.
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PE3YJIBTATHU TA iX OBTOBOPEHHS

Kommno3uuis Pd(II)-Cu(Il)-KBr/6H-Phl-1. 3a ganumu [16] xommnozwumis Pd(I1)-
Cu(I)-KBr/6H-Phl-1 BusiBHIa BUCOKY KaTadiTHUHY aKTHUBHICTh B pEakKilii OKHC MOHO-
okcuny kapOoHy kucHeM. Ha puc. 1 mpeacraBineHi KiHETUYHI KPUB1 3MiHU Ci, Y gaci
npu B3aeMoAii jaiokcuay Cynbhypy 3 KUCIOTHO-MOAM(IKOBAHMM (bnoromTOM D),
monomeransaumu PA(I1)-KBr/S (2), Cu(Il)-KBr/S (3) i 6imeransroro Pd(IT)-Cu(Il)-
KBr/S (4) xomnosumisvu. [Tpodini KiHETHYHMX KPHBMX MAKOTh HA BiAMiHY Bix HO-
cis (kpuBa 1), XapakTepHHH BUI — B IPUCYTHOCTI MOHO- Ta OIMETaIbHOI KOMIIO3H-
Ii{ 3’ SIBIISTFOTHCS JTIISTHKY, HA SKUX Cy, = = 0 (xapaKkTepu3yroThCsl TIOKA3HUKOM T, XB).
Uepes nesxuit yac Cy,= = I'TIK, (10 Mr/M3) 1 TPUBAJICTb WI€T AUIHKH XapaKTepu3ye
gac 3axXUCHOI Jii 3pa31<113 (th, xB). [licis HOCATHEHHs 3a3HAYCHOTO MOKa3HUKA BH-
XiziHa koHnentpamis SO, CTPIMKO HApOCTAE Ta JIOCATAE TI0YATKOBY (C“ =150 mr/m3).
ITapamerpu, 1110 XapakTepU3yIOTh KIHETUKY peakxilii y3arajbHeHi B a6, 1.

Hageneni pesynbsraTn CBimgars mpo Te, M0 MOHOMETaIbHI KOMITO3HUII] 3a0e3medy-
I0Th Yac 3axucHoi Jii B Mexax 20, 40 xB. Ilelt moka3Huk 30imbmyeThes 10 220 xB y pasi
OimMeTasbHOT KOMTIO3HIIIT. Bigomo, mo st 6iMeTanbHUX KOMITO3UIIH B peakxiii 3 Ji-
OKCHIIOM Cynb(ypy XapakTepHi MmposiBu cuHeprismy [21, 23], skuil MOXXHA OLIHUTH
3a JIONOMOTOI0 KoHCTaHTh cuHeprismy K. 3a ymoun K >1 — nosutuBHuiA cuHeprism;
K<l — ranbmyrounii cuneprism. B poGoTi KOHCTaHTy CHHEPri3My PO3paxOByBaju 3a

ITOKa3HUKaMU Tk a caMe

~ k(PA(ID-Cu(m)
S tr (Cu(ID) + T (PA(ID)

Ta0muusg 1
IapameTpu peakuii OKMCHeHHS JiOKCHAY CYIb(ypPy KHCHEM B PHCYTHOCTi MOHO-
Ta GiMeTaJbHUX KoMIOo3uLiii Ha ocHoBi cnoyk Pd(IT), Cu(IT) ra 6H-Phl-1 C302= 150 mr/m?;
U=42cm/c;t=20°C; m=10r; h=3,2 cm; T = 0,76¢.
Criany = 2,72:10% C_ ;= 5,9°10%; C, =1,02-10~* mon/r
Table 1
Reaction parameters of sulfur dioxide oxidation by oxygen in the presence of mono-
and bimetallic compositions based on Pd(II), Cu(Il) and 6H-Phl-1 compounds
C8o,= 150 mg/m*; U=4,2 sm/s; t=20°C; m=10g; h=3,2 sm; 1,,=0,76s.
Cooan =2,72°10%; C ., =5,9:10%; C_, =1,02-10~* mol/g

Pd( Cu(In)

o | 5 | | S | St | e | 7|
6H-Phl-1 - 1 150 0,97 6,23 900 7,7
gﬂ{%{ﬁw 10 | 20 150 0,99 630 | 3000 23
gﬁfg}){lﬁw 20 | 40 150 1,81 11,59 | 5400 1,28
gﬁ(_%ﬁflu(n)'@” 180 | 220 | 150 3,09 19,79 | 18600 | 0,37
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T, XB

0 70 140 2100 280 330 420

Puc. 1. 3mina Cgo2 3 9acoM IpH OKHCHEeHHI SOz KHCHEM B IPUCYTHOCTI KHCIOTHO-MOIM(DIKOBAHOTO
¢uoromiry (1), MoHOMeTaNBHEX (2,3) 1 GiMeTaNBHOT (4) KOMITO3HITIH:
1 — 6H-Phl-1; 2 — Pd(II)-KBr/6H-Phl-1; 3 — Cu(I)-KBr/6H-Phl-1; 4 — Pd(II)-Cu(II)-KBr/6H-Phl-1.
Cpaan = 2,72- 1075; Ccuan = 5,9- 107; Cxar = 1,02-10™* monb/T; Cgozz 150 mr/m; t =20 °C
Fig. 1. Change of Cgo2 over time during oxidation of SO, with oxygen in the presence of acid-modified
phlogopite (1), monometallic (2,3) and bimetallic (4) compositions:
1 — 6H-Phl-1; 2 — Pd(I)-KBr/6H-Phl-1; 3 — Cu(Il)-KBr/6H-Phl-1; 4 — Pd(II)-Cu(1I)-KBr/6H-Phl-1.
Cpaan = 2,72-107%; Ceum = 5,9-107%; Cke: = 1,02:10™ mol/g; isn02= 150 mg/m3; t=20°C

Busnadeno, mo ai1s GiMeranbHoi komnosuii K, = 3,6, To6To criocrepiraersbes mo-
3UTHBHHMI CHHEPTI3M, SIKHH BUKIWKA€E 301IbIIEHHS KUIBKOCTI MOTIUHEHOTO JIOKCUTY
cynsdypy (Q,.,) Ta yacy Horo HamiBHEPeTBOPEHHS (T, ,), O IPU3BOJE 10 3MCHILICHHSI
KOHCTaHTH MIBUAKOCTI peakuii (k).

Kommno3suuist Pd(IT)-Cu(I)-KBr/XH-TC-Phl-1. Ha puc. 2 a-r npeiacrasieHi Kine-
THUYHI KPUBI Cy,,~ T OKHCHEHH: JHOKCHAY Cynb(ypy KUCHEM B IIPUCYTHOCTI MOHOME-
TanpHuX Komnosuuiit Cu(Il)-KBr/S (1), Pd(II)-KBt/S (2) Ta GiMeTanbHUX KOMIIO3HITii
PdA(I1)-Cu(I1)-KB1/S (3), B sIKMX HOCIEM BUCTYNAIOTh 3pa3Ku TEPMI4HO-CITy4eHOTO (I10-
TOIiTY, MOIM(IKOBAHOTO HITPATHOI KUCIIOTOK NMPH KOHIEHTpaii X, Mois/1 = 1,0 (a),
2,0 (6), 3,0 (B), 6,0 (1). [Ipodhini KiIHETUIHUX KPUBHUX aHAIOTIUHI THUM, 110 MIOKa3aHi Ha
puc. 1. AHami3 OTpUMaHUX pe3yibTaTiB (Tadd. 2) IPUBOANUTE IO HACTYITHUX BHCHOBKIB.

Monomeranbai komnosuii M(I1)-KBr/ XH-TC-Phl-1, M(II) = Cu(Il), Pd(II) 3akpi-
IUICH] Ha KUCIIOTHO-MOIM(iKOBAaHMX 3pa3Kax CIydeHoro ¢uoromity, kpim 6H-TC-Phl-1,
HE BHSBIISIIOTH 3aXUCHI BIACTHBOCTI IIO/I0 TIOKCUIY Cynb(ypy. biMeTansHi koMmmo3uii
Pd(I1)-Cu(1I)-KBr/ XH-TC-Phl-1 1eMOHCTpYIOTh BUIIly aKTUBHICTh B Peakilii, 110 Cy-
IPOBOJIKY€THCS 30LIBLICHHSM NapamMeTpiB 1, T, Q  Tat . Y BCIX BUlIA/KaxX CyMic-
na npucytHicth Pd(IT) i Cu(Il) Buknmkae cunepretnunuii epexr (K >1). Koncranra
CHHEPTi3My 3aJICKUTh Bil YMOB KHCJIOTHOTO MOM(IKYBaHHS HOCISI Ta Ma€ MakKCH-
MaJIbHE 3HAYCHHS Y pa3i OiMeTanbHOI KoMIo3ulii, 3akpimuieHoi Ha Hocii 2H-TC-Phl-1.
3a O/IHAaKOBHMX YMOB KMCIOTHOrO Moaudikysanns (6M HNO,) 6imeTanbHa KOMITO3HILis
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Ha OCHOBI IpupoAHOTo (hrroromiTy (Tabdn. 1) OLIBII aKTHBHA HI’K HA OCHOBI TEPMIYHO-
crydeHoro ¢uroromity (Tadm. 2).

OTiKe, JOCHTIIKEHHS TTOKA3aIIH, 1[0 MOHO- Ta O1MeTaIbHI KOMITO3HIlIT Ha OCHOBI CIIO-

nyk nanairo(Il) i kynpymy(Il) Ta KucnoTHO-MOAM(IKOBAHUX MPHUPOITHOTO 1 TEPMIYHO-
CITy4eHOro (hIIOTOIiTy B peakilii 3 JIOKCHIOM Cyab(ypy BHSIBISIOTH CHHEPTETHYHUN
edekr. [lepebir peakiii, Ha BIMIHY BiJl peakilii OKHCHEHHS MOHOOKCH]Iy KapOOHY, €
XapaKTePHHUM JUTS XeMOCOPOIIIIHUX TPOTIECiB.
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Puc. 2. 3mina Cgp, 3 vacom npu okucuenni SO; kncneM B pucyTHOCT MOHOMeTambHIX Cu(ID)-
KB1/XH-TC-Phl-1 (1), Pd(I)-KBr/XH-TC-Phl-1 (2) i 6imeransuux kommosuwiit Pd(IT)-Cu(II)-
KBr/XH-TC-Phl-1 (3), 3akpirieHux Ha 3pa3kax KHCIOTHO-MOIHU(DIKOBAHOTO TePMi4HO-CITy4eHOro
¢orormity: XH-TC-Phl-1: ¢ — 1H-TC-Phl-1; 6 — 2H-TC-Phl-1; 6 — 3H-TC-Phl-1; 2 — 6H-TC-Phl-1.
Craany = 2,72-107%; Ceuan = 5,9-1075; Ckpr = 1,02-10"* Moms/T; C3o,= 150 mr/m3; t =20 °C.

Fig. 2. Change of C§O2 over time during oxidation of SOz with oxygen in the presence of monometallic
Cu(ID)-KBr/XH-TS-Phl-1 (1), Pd(I)-KBr/XH-TS-Phl-1 (2) and bimetallic Pd(IT)-Cu(II)-KBr/XH-TS-
Phl-1 (3) compositions fixed on samples of acid-modified thermally swollen phlogopite: XH-TS-Phl-1:
a— 1H-TS-Phl-1; 6 — 2H-TS-Phl-1; ¢ — 3H-TS-Phl-1; 2 — 6H-TS-Phl-1.

Craqn = 2,72-10°%; Ceuny = 5,9-10%; Ckpr = 1,02 10 mol/g; C&,= 150 mg/m®; t =20 °C.
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Tabuws 2

ITapamerpu peakuii OKHCHEeHHS JiOKCHIY Cy/1b(ypy KHCHEM B IIPUCYTHOCTI
MOHO- Ta 0iMeTaJbHUX KOMIIO3HIIili HA OCHOBI TePMiYHO-CIIyYeHOI0 i KHCI0THO-
Moau(ikoBaHOro (pJioronity Cgoz= 150 mr/m*; m_=10r1; U=4,2 cm/c; C =2,72-105;
Ceoan=5,9107%; C, - =1,02-10~ moan/r

Cu(in)

Pd(I)

Table 2
Parameters of the reaction of sulfur dioxide oxidation by oxygen in the presence of mono-
and himeta]lic compositions based on thermally swollen and acid-modified phlogopite

C50,= 150 mg/m’; m, = 10 g; U = 4,2 sm/s; Cpy = 2,72°10% C = 5,9°10°%;
C,-=1,02-10" mol/g
Kovnoamin o] Cme | e | |l K
1H-TC-Phl-1
Pd(11)-KBr/IH-TC-Phl-1 - 0,05 150 | 4600 | -
Cu(Il)-KBr/1H-TC-Phl-1 - - 0,20 300 | 2300 | -
Pd(I1)-Cu(11)-KBr/1H-TC-Phl-1 5] 15 104 | 3000 | 230 | 15
2H-TC-Phl-1
Pd(IT)-KBr/2H-TC-Ph-1 -] - 0,05 180 | 3833 | -
Cu(l)-KBr/2H-TC-Phl-1 - 2 0.51 1200 | 575 | -
Pd(IT)-Cu(11)-KBr/2H-TC-Phl-1 20 | 50 1.91 3000 | 230 | 25
3H-TC-Phl-1
Pd(I1)-KBr/3H-TC-Phl-1 - - 0,39 900 | 767 | -
Cu(I)-KBr/3H-TC-Phl-1 2 | 4 097 | 2700 | 256 | -
PA(I1)-Cu(ll)-KBr/3H-TC-Phl-1 30 | 50 2,80 8400 | 082 | 125
6H-TC-Phl-1
Pd(I1)-KBr/6H-TC-Phl-1 5| 15 1.21 3900 | 176 | -
Cu(Il)-KBt/6H-TC-Phl-1 15 | 30 1.84 | 5400 | 128 | -
Pd(I1)-Cu(11)-KBr/6H-TC-Phl-1 100 | 120 3,61 9600 | 072 | 27

CIIMCOK JITEPATYPH

1. Paxumckas T.JI., Ounan A. A., Bonkosa B. 1. HuskoremnieparypHas KaTaaIuTHYECKash OYMCTKA BO3yXa OT MOHO-
okeuza yriuepona. — Onecca: Dxonorust, 2005.— 191 c.

2. ShenY, Lu G., Guo Y, Wang Y. A synthesis of high-efficiency Pd-Cu-Cl /AL, O, catalyst for low temperature CO
oxidation // Chem. Commun.— 2010. — Vol. 46, N44. — P. 8433-8435. https://doi.org/10.1039/COCC02776F

3. Yafen FEN.G., Li W.A.N.G., Zhang Y, Yun G.U.O., Yanglong G.U.O., Guanzhong L.U. Deactivation
mechanism of PdCL,-CuCl,/AlO; catalysts for CO oxidation at low temperatures // Chinese J. Catal.—2013. —
Vol. 34, N5. — P. 923-931. https://doi.org/10.1016/S1872-2067(12)60556—7

4. Zhang Y, Cai Y., Guo Y., Wang H., Wang L., Lou Y., Guo Y., Lu G., Wang Y. The effects of the Pd chemical state
on the activity of Pd/Al O, catalysts in CO oxidation // Catal. Sci. Technol.— 2014. — Vol. 4, N11. — P. 3973~
3980. https://doi.org/10.1039/C4CY00552)

29



T. O. Kioce, A.11. Hasap, T.JI. Pakumcovka

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

30

Shen Y., Guo Y., Wang L., Wang Y., Guo Y., Gong X., Lu G. The stability and deactivation of Pd-Cu-Cl x/Al,0,
catalyst for low temperature CO oxidation: an effect of moisture // Catal. Sci. Technol.— 2011. — Vol. 1, N7. —
P. 1202—-1207. https://doi.org/10.1039/C1CY00146A

Park E.D., Lee J. S. Effect of surface treatment of the support on CO oxidation over carbon-supported Wacker-
type catalysts // J. Catal.— 2000. — Vol. 193, N1. — P. 5-15. https://doi.org/10.1006/jcat.2000.2879

Wang L., Feng Y., Zhang Y., Lou Y., Lu G., Guo Y. Effect of original activated carbon support and the presence of
NOx on CO oxidation over supported Wacker-type catalysts // Fuel.— 2012. — Vol. 96. — P. 440-445. https://doi.
org/10.1016/j.fuel.2011.12.005

Lee J.S., Park E. D., Song B.J. Process development for low temperature CO oxidation in the presence of water
and halogen compounds // Catal. Today.— 1999. — Vol. 54, N1. — P. 57-64. https://doi.org/10.1016/S0920—
5861(99)00168-6

Xamuney C.I, Paokesuu B.3., Bunvcon K., Cenvro T.JI. ViccnenoBaHue yIIIeBOJIOKHUCTBIX KaTAIUTHYECKHX
cucTeM Hu3KoTeMIeparypHoro okucieruss CO B yClIoBUsIX MMUTAuu asixaHus // M3sectust HapoHansHO#
akajiemuu Hayk benapycu. Cepust xumnueckux Hayk.— 2014.— Ne 4. — C. 37-43.

Paxumcora TJL, Kioce T O., Ennan A.A.-A., Pakumcokuu O.C. BrumB aeskux KaTaJlliTH4HUX OTPYT Ha
AKTHBHICTh HAHECEHMX Ha BYIVICLIEBUI MaTepiall KynpyM-NajiaJieBUX KOMIUIEKCIB B PEaKIii OKMCHEHHS MOHO-
OKCHIY KapOoHy KicHeM MoBiTps // BicH. Onechbk. Ham. yH-Ty. Ximis.—2022. - T. 27, Ne 2. — C. 5-19. https://doi.
org/10.18524/2304-0947.2022.2(82).264875

Shen Y., Lu G., Guo Y., Wang Y. A synthesis of high-efficiency Pd-Cu-CI /Al O, catalyst for low temperature CO
oxidation / Chem. Commun.— 2010. — Vol. 46, N44. — P. 8433-8435. https://doi.org/10.1039/COCC02776F
Paxumcxkas T.JI., Tpy6ba A. C., Kuoce T. A., Packona JI. A. MexaHn3mbl ()OPMHUPOBAHUS HA TOPUCTHIX HOCUTEIISX
KOMILIEKCOB d-METaJUIOB M MX KaTaIUTHYECKash aKTUBHOCTb B pelloKC-peakiusx // BicH. OpechbK. Hall. YH-TY.
Ximis.— 2015. = T. 20, Ne 2. — C. 27-48. https://doi.org/10.18524/2304—-0947.2015.2(54).50626

Paxumcvra T.JI., Kioce T.O., Ounan A.A.-A. KoHuenryaibHble OCHOBBI pa3pa0OTKH HU3KOTEMIICPATyPHBIX
KaTaJM3aToOpOB OKUCIICHHSI MOHOOKCHA YIIIepoaa KUCIOpoaoM Bosayxa // Bich. Onecek. Hall. yH-TY. XiMis.—
2020. —T. 25, Ne 4. — C. 6-23. https://doi.org/10.18524/2304-0947.2020.4(76).216920

Rakitskaya TL., Kiose T.A., Truba A.S., Ennan A. A. Effect of water on activity and protective properties of
catalysts used in respiratory protective equipment / Handbook of Research on Water Sciences and Society.—
2022. —N2. —P. 469-499. https://doi.org/10.4018/978—1-7998-7356-3.ch021

Kiose T A., Rakitskaya T. L., Ennan A. A.A., Popruha Yu.I. Nanocatalysts for carbon monoxide oxidation based
on the acid modified polyphase aluminosilicate support and contained palladium(II) and copper(II) salts // Acta
Phys. Pol., A.—2022. — Vol. 141, N4. — P. 286-292. http://doi.org/10.12693/APhysPolA.141.286

Nazar A., Rakitskaya T., Kiose T. Influence of acid modification of natural phlogopite on catalytic activity of
supported Pd(II)-Cu(II) complexes in the reaction of oxidation of carbon monoxide by air oxygen // Chem.
J. Moldova.— 2022. — Vol. 17, N1. — P. 47-55. https://doi.org/10.19261/cjm.2022.927

Rakitskaya, T., Nazar, A., Kiose, T, Truba, A. Catalyst containing natural nanosilica, palladium(II) and copper(Il)
salts in oxidation of carbon monoxide with oxygen // Appl. Nanosci.— 2023. — P. 1-10. http://doi.org/10.1007/
$13204-023-02772-y

Parxumcran TJL, Ounan A. A. Pocdhun. OUIHNKO-XUMUYECKHE CBOWCTBA U MPAKTHICCKHE ACTICKTHI YIaBIHBa-
nust. — Opecca: Actpornpusr, 2012.— 208 c.

Koh D.J., Song J.H., Ham S.W., Nam I.S., Chang R. W., Park E.D., Lee J.S., Kim Y.G. Low temperature
oxidation of CO over supported PdC1 -CuCl, catalysts / Korean J. Chem. Eng.— 1997. — Vol. 14, N6. — P. 486~
490. https://doi.org/10.1007/BF02706597

Park E.D., Choi S. H., Lee, J.S. Active states of Pd and Cu in carbon-supported Wacker-type catalysts for low-
temperature CO oxidation // J. Phys. Chem. B.—2000. — Vol. 104, N23. — P. 5586-5594. https://doi.org/10.1021/
jp000583z

Rakitskaya T L., Kiose T. A., Golubchik K. O., Dzhiga G. M., Ennan A. A., Volkova V.Y. Catalytic compositions
based on chlorides of d-metals and natural aluminosilicates for the low-temperature sulfur dioxide oxidation
with air oxygen // Acta Phys. Pol., A.—2018. — Vol. 133, N4. — P. 1074-1078.

Ivanova E., Koumanova B. Adsorption of sulfur dioxide on natural clinoptilolite chemically modified
with salt solutions // J. Hazard. Mater.— 2009. — Vol. 167, N1-3. — P. 306-312. https://doi.org/10.1016/].
jhazmat.2008.12.124

Brandt C., Van Eldik R. Transition metal-catalyzed oxidation of sulfur (IV) oxides. Atmospheric-relevant
processes and mechanisms // Chem. Rev.— 1995. — Vol. 95, N1. — P. 119-190. https://doi.org/10.1021/
cr00033a006

Crartst Hagiima no penakimii 26.07.2023



Cunepeemuuni epexmu cnonyx nanaoiro(ll) i kynpymy(ll), 3axpinaenux na gpnozonimi

T. O. Kiose, A.P. Nazar, T. L. Rakyts’ka
I.I. Mechnikov Odesa National University, st. Dvoryanska, 2, Odesa, 65082, Ukraine,
E-mail: kiose@onu.edu.ua

SYNERGETIC EFFECTS OF PALLADIUM(I) AND
COPPER(II) COMPOUNDS FIXED ON MODIFIED
PHLOGOPITE IN THE REACTION WITH SULFUR DIOXIDE

Palladium(IT) and cuprum(Il) compounds are the basic components of the Wacker-type
heterogeneous catalyst for the low-temperature oxidation of carbon monoxide with oxygen.
AlQ,, activated carbon and carbon fiber materials are most commonly used as a carrier. In
search of new potential natural media, layered aluminosilicate — phlogopite as part of natural
phlogopite concentrate was investigated and it was proved that copper-palladium catalysts are
formed on acid-modified samples of phlogopite, which provide a high degree of conversion
of carbon monoxide, which meets the sanitary and chemical norm of CO in the working
area, namely Céo < 20 mg/m®. Regardless of the nature of the carrier, it was found that the
catalytic effect is achieved due to the synergism of palladium(II) and copper(Il). A typical
situation is when carbon monoxide and sulfur dioxide are simultaneously present in the waste
gases of industrial enterprises. In this regard, research on the polyfunctionality of the Pd(II)-

Cu(II)/g nanocatalyst is relevant. The kinetics of the interaction of sulfur dioxide with
mono- and bimetallic compositions based on compounds of palladium(Il), copper(Il) and
acid-modified natural (Phl) and thermally swollen (TS-Phl) phlogopite were studied. It was

established that monometallic compositions M(IT)-KBr/XH-TC-Phl-1, M(II) = Cu(Il), Pd(II)
fixed on acid-modified samples of swollen phlogopite, except for 6H-TS-Phl-1, do not show
protective properties against sulfur dioxide. It has been proven that the bimetallic compositions
Pd(IT)-Cu(IT)-KBr/S (S = 6H-Phl-1; XH-TS-Phl-1, X = 1, 2, 3, 6 M HNO,) in the reaction
with SO, reveal a synergistic effect with a coefficient of K; >> 1, which leads to an increase
in the time of the protective action of the samples and the amount of absorbed sulfur dioxide.
The synergism constant depends on the conditions of acid modification of the carrier and has
a maximum value in the case of the bimetallic composition fixed on the carrier 2H-TS-Phl-1.

Keywords: sulfur dioxide, modifications of phlogopite, palladium(II), copper(Il), synergistic
effect.
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