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Abstract. The properties of the Tokheim-250 carboxylic cation exchange resin and its selectivity to Co’ * and Ni?
* ions are studied. The values of the sorption capacity for the Co*" and Ni** ions, the effective ionization
constant of the functional groups (pKa = 6,59), and the values of the ion distribution coefficients (~ 103) are
calculated. Founded that the selectivity of the sorption of Co’" increased to Ni’ *. In this regard, carboxylic
cation exchanger Tokem-250 samples with nickel ion was used to create spherical catalysts. The developed

spherical materials have catalytic activity in the reactions of deep and partial oxidation of n-heptane.

Beenenune. KatanmuzaTopsl cepuieckoil pOPMBI BBI3BIBAIOT B HACTOSIIEE BPEMsI TIOBBILICHHBII HHTEPEC.
DTO CBSI3aHO C UX TEXHOJOTMYCCKHM IPEHMYIIECTBOM TMEpe] KaTalu3aTOpaMu IMIMHAPHYECKUX (popM,
MOHOJIUTHBIX OJOKOB u aAp. Mcmomb3oBaHME COEpHIecKHX KaTaln3aTOPOB TIO3BONSET CHU3UTH Mepenas
JaBJIEHUS TIO TpyO4aTodl TMednm WM CcO34aTh pe3epB I TOBBIIICHUS €€ MPOU3BOIUTEIHHOCTH 0e3
PEKOHCTPYKIUH, ¥ 00CCIICYNTh MAKCUMAIBHBIA KOHTAKT CBHIPhS C MMOBEPXHOCTHIO KATaJIH3aTOpPa C MOBBIIICHUEM
ero kaudectBa [1]. M3BecTHBI CImOCOOBI MOJTYYEHHS MATCPHANIOB, HCIIOJB3YIOIIKE IIOJUI0KKY B KadyecTBE
npedopmbl Oynmymero karamuzaropa [2, 3]. B kauectBe 3()()eKTUBHON OCHOBBI JIsi CO3aHUS CPEPUUCCKUX
KaTaIUTUIECKAX MAaTepHajoB MOXKET CIYXHTh KapOOKCHIBHBIA KaTHOHHT Tokem-250, oOamgarontiii
XUMHYECKON U MEXaHMYECKOM YCTOHIMBOCTBIO M TIPOSBIISIONINN BBICOKYIO CEJEKTUBHOCTE K noHam NiZ* u Co?",
Katnonut cunresupoBanbl KemepoBckum OOO TIO «Tokem» Ha OCHOBE TOJHUAKPWIOBOW KHCIOTHI H
CIIMBAIONICTO areHTa MTUBUHIIOCH30a. [loyueHue MaTepralioB ¢ 3aJJaHHBIMH KAaTAJIUTUYCCKAMHU CBONCTBAMU
TpeOyeT MPEABAPUTEIBHOTO KCCIICOBAHUS H30HUPATEIBHOCTA COPOIUM HOHOB KATHOHUTOM H €ro (hU3UKO-
XUMHYECKHX CBOMCTB.

Llens HacTosmeld pabOTHI — HCCIENOBaHME W30MpaTenbHOCTH copbuun wnoHoB Ni2¥ m Co?*
KapOOKCHIIBHBIM KaTHOHUTOM Tokem-250 W mosydeHHe Ha €ro OCHOBE KaTalu3aTOpOB ChepHdecKoil (HopMBI

CIIO’)KHOM MepapXUUECKON CTPYKTYPHI C PEryIHPYEMBIM XUMHUUECKAM COCTaBOM.
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Marepuajbl u MeToAbl HccienoBaHus. lccnenoBanue (QpU3NKO-XHUMHYECKUX CBOWCTB KaTHOHUTOB
BBINOJIHSAJIM C UCIIOJIb30BAHUEM COPOIMOHHBIX METOJOB M IOTEHIIMOMETPUYECKOr0 THTpoBaHus Ha pH-merpe
mapku «UTAH». U36uparensHocTs nornomenuss noHoB Ni2* u Co?* u3 pactBopos HuTpaToB ¢ pH ~ 4,5 B
MHTEpBaNe KOHIeHTpauii noHoB (1 + 6)-10~> Mons/1 n nonHol cumoii ot 0,1 xatnorutom TokeM-250 n3ydeHa
METOJIOM TIOCTPOSHHS HM30TEPM COPOIMM C aHallu30M pacTBOpoB Ha crekTpodoTomerpe «IKPOCH.
[IpocTpaHCTBEHHYIO CTPYKTYPY ChEepUIECKUX KaTalIN3aTOPOB HCCIIeHoBaIN MeToaoM 3D-mukpoTomorpaduu Ha
mudpoBoM penTreHoBckoM 3D-mukporomorpade [4]. KoopauHaumoHHblE 4YHCIa W CTENEHb OKHCIICHUS
KaTHOHOB NEPEXOIHBIX METAJUIOB ObUH M3y4deHsl MeTojgoM Y D-Bun crnektpockonuu Auddy3HOro OTpakeHHs.
CriekTphl oTpaxkeHus peructpupoBasi Ha crnekrpodotomerpe UV-2501 PC pupmbr «Shimadzu» ¢ npuctaBkoi
muddysnoro otpaxenus ISP-250 A ornocurensHO BaSOs;. KartamuTwdeckyio aKTHBHOCTH ITOTyYEHHBIX
MaTepHaJiOB HCCIIEOBAaIM Ha KAaTAINTHYCCKOW YyCTAaHOBKE IPOTOYHOTO THIIA C KBapLEBBIM TPyOUaThIM
peakTopoM Ha MOJENBHOM pEaKIMW OKHCJIEHUWs H-rentaHa. KadecTBEHHBIN aHanIW3 MCXOIHON pPeakIMOHHOW
CMECH ITPOJIyKTOB OKHCIIEHHS H -rentana ocymectisuin Ha UK-Dypre cnekrpomerpe «Shimadzu» FTIR-8300.

PesyabTarnl. Pe3ynpraThl SKCHEpHMEHTa B CTaTHYECKHX YCIOBHAX MOKA3aJld, 4YTO COPOLMOHHAS
eMKocTb KaTnoHnTa Tokem-250 1o moram Co?" u Ni** 6mm3ka u cocrasisieT ~ 6,0 MMonbs-3kB/T. B metom CE mo
WOHAM METaJUIOB cocTaBisieT mopsagka 85% ot IIOE, T.e. mpaktudeckum Bce (DYHKIMOHAIBHBIE TPYIIIHI

y4acTBYIOT B COPOLIMOHHOM IIpoLecCe.

Tabnuya 1
Xapaxmepucmuxu usuKo-XxumMuueckux coUCme KAmMuoHumo8s
T— TIOE, CE, MMOJIB-3KB/T K,
0 MMOJIIb-3KB/T Co?" Niz* P
Tokem-250 7,03+0,14 5,9+0,2 6,0+0,3 6,59

CorylacHO JaHHBIM IOTEHLIHMOMETpUYECKoro TuTposanus H-¢opmbl katmoHnTa pabouumit nquanasoH pH
JEeXKUT B CIHa0OKHCION oOnacTd, T.e. 3a mpexenaMd pH ocCaIeHUS THIPOKCHIOB H3Yy4aeMBIX METaJLIOB.
3nadyeHne 3PpPEeKTHBHON KOHCTAHTHl MOHM3AIWHU (YHKIHOHANBHBIX Tpymm (pK.) KaTHOHUTA, paccYMTaHHOE IO
ypaBuenuio ['ennepcona-I"'accennbaxa, ykaspiBaeT Ha ci1adble KHCIOTHBIE CBOWCTBA HOHHUTA TokeM-250.

Hccnenopanne u36MpaTenbHOCTH noromenus noHoB Co?" u Ni?* katmonnToM TokeM-250 B Na-popme B
PaBHOBECHBIX YCJIOBMSAX TIPOBOJIMIN METOIOM MOCTPOEHHs U30TepM copbimu. Kpussie uzorepm Co?* u Ni*
HMEIOT BBITYKIYIO (POpMY, XapaKTepHYIO Julsl n30upaTenpHoro ooMena. HayanbHble y9acTKH KPUBBIX HMEIOT
KPYTOH MOJIbEM, YTO yKa3bIBa€T HA BHICOKYIO M30MpaTEIbHOCTh COPOLMH K HOHAM MeTasuioB. Hanbompuryto
KPYTH3HY Ha4aJbHBIX yYaCTKOB H BBITYKJIOCTh UMEKOT U30TEPMbI copOimu Ni2' 3a cUET ero BHICOKOTO CPOJICTBA
K noHuTy. Paccuntanuble 3HaueHns K03()GUIMEHTOB pacTIpe/IeNeHHst KFOHOB MMEIOT OIMH TOPSoK — 10° n
yBemmuuBaroTcs oT Co?' k Ni2*. DTo cOOTBETCTBYET MOBBIIECHHIO N30MPATENLHOCTH COPOIMH B JAHHOM
HaIpaBJICHUH.

Jus monmydeHns Kartann3aTopoB cdepmdeckoidr ¢opmel Ha ocHOBe Tokem-250 O BBIOpaHBI
HHUKEJIbCOJIEpKAlMe 0Opa3llbl KaTMOHWTA M3-3a BBICOKOW m3bupatenbHoctu k Ni**. Kapkac karamuzaropa
npeacrapien TiO>—SiO;, a BHyTpeHHss dacTh 3anojiiHeHa okcuiaom Ni*™ (o6pasen TiO»—SiO»/NiO). s
(opMHpoBaHus KapKaca KaTaJUTHYECKH aKTHBHOIO Marepuaia cepuyecKoi (pOpMBI TOTOBHJIM arperaTHBHO

YCTOﬁqHBLIﬁ 30JIb: CMCLIMBAJIIM PACTBOPUTCIIL — 6yTaHOJ’I, UHHUOUATOP PCAKUUU TUAPOJJIH3a AJIKOKCUAOB —
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JUCTHJUIMPOBAHHYIO BOJAY M KHCJIOTHBIH KaTajlM3aTOp IIOJIMKOHAEHCAIMM — COJSHYIO KHCJIOTY; IIOciie
HacTyIUIeHMs Xumudyeckoro pasHoBecus B cmecn C4HoOH-H,O-HCl, B Hee BHOCMIM cMech
terpadbyTokcututana (TBT) u terpastokcucunana (TOOC). Co3peBanue 30J7€l MPOBOAWINA MPH KOMHATHOM
TeMmmeparype B TedeHHe 3 cyTok. Hukenbcomepkamuii oOpaser] KaTHOHHWTA IIOTPYXald B arperaTuBHO
YCTOMYMBBIN 3076 Ha 12 4, ¢ MOCIIEAYIOMNM €r0 M3BJICYCHNEM U TepMHudeckoi oOpabotku: cymka npu 80 °C B
tedeHue 60 MUHYT 1 cTyneHuaToe npokanusanne npu 50 °C, 150 °C, 250 °C B reuenne 30 MUHYT KaXKIBIH U IIPH
500 °C B Teuenue 60 MUHYT.

Pesynbratel 3D-mMukpoToMorpaduu ¥ MHKpPOCKOIIMH ITOKa3ajH, YTO MOJYYEHHbIE MaTepHalbl HMMEIOT
CIIOUCTYIO CTPYKTYpY, BHYTPEHHssS 4YacTb C(EpHYECKHX KalcyJ 3arojiHeHa OKcHIoM d-Meramia, XOTs H
BCTPEYAIOTCS OTACIbHBIC MOJIBIE YACTHIIBI, & BHEITHUH KapKac MpecTaBiieH okcuaHoi cucteMoit Ti0>—Si0,.

B cnexrpax CJ10 B o6nactr 28000-32000 cM™' 3adukcHpoBaHa MOJIOCA HOTIOIIEHHS, XapaKTepHas IJIs
TiO,. [Monoca nornomenus okomo 14000 cmv™' mus o6pasma TiO2—-Si02/NiO cootBercTByeT KatnoHam Ni2'™ B
OKTa’IPUYECKON KHUCIOPOIHONW KOOpAWHALMK B cocTosiHUM Onn3koM K NiO. Peakuust okucieHus H-rentaHa Ha
obpazie TiO>—SiO2/NiO naumnaercs mpu 300 °C, B amanazone 300-350 °C mpenmMylIECTBEHHO INPOTEKACT
peaxys MapuuabHOTO OKHCICHHS H-T€NTaHa, OCHOBHBIMU IPOTYKTaMU KOTOPOH SBISIOTCS KETOHBI. Brimre
350 °C nabmronmaercsa riryOOKoe OKHCIIEHHE HCXOTHOTO CHIphs. KomBepcms H-remraHa Ha TiO,—SiO2/NiO He
mpesbimaer 50 %. Pa3paboransbie chepuyeckre MaTephaibl 00Jamal0T KaTaJUTHICCKOH AaKTHBHOCTBIO B
peakuuy riry0boKoro ¥ napiuaibHOrO OKHCICHUS H-TeNTaHa.

BoiBoABI. YCTaHOBJIEHAa BBICOKAs H30MpaTENbHOCTL copbuuu noHoB Co?* m Ni** kapOGOKCHIBLHBIM
katunonuToM Toxem—250. Boisieno mnosbienne uzduparensHoctn or Co?t k Ni**. B cBasu ¢ 3tuM npu
CO37MaHNH CPEPUIECKUX KaTAIM3aTOpPOB HA ocHOBE Tokem-250 HCIOIB30BaHBI HUKEIHCOISPIKAIINE O0pa3Ilbl
katnoHnTa Pa3paboraHHble cdepudeckne MaTepHaibl 00Jafal0T KaTaIUTHISCKOW aKTHBHOCTBIO B PEAKIUIX
TTyOOKOTO ¥ MAaPIHATBHOTO OKUCIICHHS H-TeNTaHa.

Paboma svinonnena 6 pamxax eocyoapemeennoco 3adanus Nel0.2281.2017/114.

Aemopbl  gvipaccarom 6aazooaprocme  0.X.H., ooyenmy E.A. Ilaykwmucy; k.x.H., Ooyewmy JLA.

bobrosou, k.p.-m.n., n.c. T.B. Jlapunoil.
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