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1. XeMocop6UiltHO-KaTaJIiTUYHi HaHOMaTepiaau Ha OCHOBI crosyk nasnagito(ll), kynpymy(Il) ta ¢paoromity ns

OKMCHEHHSI MOHOOKCHAY KapOOHY i AiOKCUIY Cylb(ypy KUCHEM.

2. Chemosorptioncatalytic nanomaterials based on compounds of palladium(Il), copper(Il) and phlogopite for
oxidation of carbon monoxide and sulfur dioxide with oxygen.

Pedepar:

1. B pucepTauiiiHiil po60Ti po3B’si3aHi aKTyaslbHi TEOPETHYHI Ta NPAKTUYHI 3aJja4i, SIKi CTOCYIOTbCSI CUCTEMHOTO
BMBYEHHS (Pa30BOro CKJIay Ta BILJIMBY Pi3HUX YMHHUKIB Ha ¢a3oBi TpaHcdopmalii i Ppisrko-xiMiyHi BIaCTUBOCTI
IIPUPOJHOrO Ta CIIy4€HOro (PJIOTOIIITY, @ TAKOXX Ha KaTaliTUYHY aKTUBHICTb 3aKpinseHux crnosnyk Pd(Il) i Cu(ll) B
PeaxLisix OKUCHEHHSI MOHOOKCHLy KapOoHY i iokcuay cyibdypy aTMOCPEPHUM KUCHEM; ONITUMIi30BaHi CKJIa[, Ta
YMOBHU BUKOPHCTaHHSI HOBUX HAaHOMaTepiasiB B 3aco6ax iHAMBilyalbHOTO 3aXUCTy OPTraHiB IUXaHHS JIOJMHU BiJ
MOHOOKCHJTy KapOOHY B IIPUCYTHOCTI [1apy BOAU Ta AioKcuay cyabypy. B auceprauiiiHiil po6oTi K npeKkypcopu
BMKOPUCTOBYBau npupoauuiil ¢proromit (I1-Phl), repmiuno-cnydennit (TC-Phl) (mocTayanbHUK «YKPBEPMIKYJIT»),
TaKOX XiMidyHO-cnydenuii ¢paioromnit (XC-Phl), orpumanuii giero 30% posunny nepoxkcuay BogHio Ha [1-Phl 3a ymoBu
20°C. Po3po6JieHi HOBi MeTonu LineHanpasieHoro mopudikysanss [1-Phl, TC-Phl i XC-Phl niTpaTHO!0 K1CJIOTO!IO: i)



pedakc-MeTO/, 32 YMOBU BapilOBaHHS KOHIEHTPAllil KUCJIOTH 3a CTaJuM Yacom KoHTakry "X" oH-Phl-1, "X" obH-TC-
Phl-1, "X" bH-XC-Phl-1 ("X" o = 0,25; 0,5; 1,0; 3,0; 4,0; 6,0; 8,0 monb /51 HNO3); ii) pedakc-meTor 32 yMOBU
BapiloOBaHHS TPUBAJIOCTI KOHTAKTy KUCJIOTH 3i 3pazkamu ¢ioronity "X" oH-Phl-no, "X" oH-TC-Phl-g, "X" nH-XC-Phl-o (o =
0,5; 1; 3; 4 roguHm); iii) HU3BKOTEMneparypHe (20°C) moBrorpusasie MoaAUQiKyBaHHS HITPaTHOIO K1ca0TO "X" 0H-
Phl-n, "X" oH-TC-Phl-no (o = 1; 24; 48; 72 ronunau). Ha ocHoBi BuxinHux 3paskis [1-Phl, TC-Phl, XC-Phl ta ix kuciotTHo-
mopudikosanux ¢opm "X" oH-Phl-o, "X" oH-TC-Phl-g, "X" tH-XC-Phl-0 MmeTozom 11pocodyBaHHS B OJHY CTaiio 110
BOJIOTOEMHOCTI OTPUMaHO cepii KaTanizaTopiB OKMCHEHHSI MOHOOKCHUY KapOOHY, 6a30BUMU KOMIIOHEHTAMU SIKUX €
K2PdCl4, Cu(NO3)2, KBr Ta Hociii ("S" o) - PA(IT)-Cu(Il) /"S" o. I7151 HOCSATHEHHSI MeTA POOOTH OyJIM BUKOPUCTAHI
HACTYIHI METOJM AOCiIKEHHS: peHTreHo(da3oBuii aHani3 (PPA); ckaHy4a eJ1IeKTPOHHA MiKPOCKOMIs 3
€JIEKTPOHHO-30HI0BUM MiKkpoaHanizoM (CEM-E3M); [U-cnekrpockoris; pH-MeTpist; KiHeTuyHU MeTog, AJ1st
BCTaHOBJIEHHS 3aKOHOMIpHOCTEN OKMCcHEHHs CO i SO2, BU3HAa4Y€HHS 4Yacy 3aXMCHOI Ail KaTaliTUYHUX KOMIIO3ULiN
BiZIHOCHO ra3ornofioHUX TOKCMYHUX PEYOBUMH Ta OLiHKM xapakrepy 3B’13ky Pd(II), Cu(Il) 3 noBepxHeto Hocis;
MaTeMaTU4YHi MeTOIU 0OPOOKU pe3yJIbTaTiB JOCHiIKeHHs. BcTaHOB/IEHO, 110 He3a1esKHO Bill METOAY KMCJIOTHOTO
mogugixkysanHg [1-Phl, TC-Phl i XC-Phl (pednakc-meTon a60 HU3bKOTEMIIEPATypPHA LOBrOTpUBaja 06pooKa), Hist
HITpaTHOI KMCJIOTY € aHAJIOTiYHOIO Ta BifgOyBaeThCs: i) 3MiHa (pa30BOTO CKJany, CHiBBifHOMEHHS (a3 i
KPUCTaIIYHOCTI 3pa3KiB; ii) posiapyBaHHs Jamesielt, sike CyIIPOBOIKY€EThCS 30iIbIIEHHIM 00’eMy 3pa3ka; iii)
BUJIYTOBYBaHHSI aJlIOMiHil0, MarHiio 1 pepymMmy 3a MEXaHI3MOM «KpaeBOi» aTaky; iiii) 3MiHa KMCJIOTHO-OCHOBHUX
BJIaCTUBOCTeN noepxHi 3pa3kis [1-Phl, TC-Phl, XC-Phl. MeTomom POA BcTaHOB/IEHO, 1110 TPUPOIHUN
(pJ10roniTOBUI1 KOHLEHTPAT € N01i(a3oBUM MiHepasioM i3 nepeBaxkHUM BMmicToM ¢roromity (Phl) Ta HasBHOCTI a3
xiiHoxsopy (Clc), nioncuny (Di) it Tpemoutity (Tr). BMmicT pyioromity 3pocTtae B pe3ysibTaTi BUCOKOTEMIIEPATYPHOTO
MoIMpiKyBaHHS HITPaTHOIO KUCJIOTOIO (MaKCUMabHO 10 70%) Ta Tepmiynoro criyyeHHs (TC-Phl) npupognoro
¢duorormity (MakcumanbHO 1o 80%). Y pasi HuabkoremnepatypHoi (20°C) mosrorpusanoi (o = 1; 24; 48; 72 rogunm) nii
HITpaTHOI KUCJIOTH BMICT (pasu (JIorormiTy B IpUpogHOMY Ta TEPMIYHO-CITyY€HOMY 3pa3Kax PeryssipHO yOyBae 3
napa’sesbHUM 3pOCTaHHSIM a3y KIiHOXJIopy 1o 35,9 %. KpucraniTi Bu3HayeHux (a3 € HAHOPO3MIpHUMU.
JloBeneHO, IO B Pe3yJIbTaTi pyHHYBAaHHS aJIOMOCUJIIKATHOTO KapKacy, HE3aJIEXKHO Bif IPUPOIY BUXiZHOTO
¢aoronity (IT-Phl, TC-Phl) Ta criocoby kucnotTHOro moaudikyBaHHsl, BinoyBaeTbcst (POPMYBAaHHSI HAHOCUJIIKY, SIKA
BUCTYyIae HocieM crionyk nanazio(ll) ra kynpymy(ll). BctanoBsieHo, 10 y ckiiafii KaTani3aToOpiB He BUSIBJISIOTbCS
Iopatkosi ¢asy, a came codi nanagio(ll), kynpymy(Il), okenpHi popmu (PdO, CuO, Cu20) ta BinHOBIEHI MeTanu
(PdO, Cu0). KaraniTiyHi KOMIIOHEHTHU 106pe romoreHizosani. Metogom gecop6uii Pd(II) ta Cu(Il) i3 mogenbHUx
3pa3KiB KaTaji3aTopiB JOBEIEHO, 0 Ha KUCIOTHO-MoAudikoBaHuX HOCisIx 70% nanaziio(Il) i 50% xynpymy(Il)
YTBOPIOIOTH 3 [IOBEPXHEI0 HOCIs cy1abKi 3B'513Ku. 3a pe3ysibTaTaMy TecTyBaHHs KaTtasizaTopis PA(II)-Cu(ll)/"S" o B
peaxiii okucHeHHs1 CO KMCHEM BCTaHOBJIEHO, 110 32 YMOBU OJJHAKOBOTO BMiCTy 6a30BMX KOMIIOHEHTIB aKTUBHICTb
KaTasi3aTopiB B CTalliOHAPHOMY PEKMMi CYTTEBO 3aJIEKUTh Bifl BUXiJHUX IIPEKyPCOPIB (PJIOTOMITYy Ta YMOB iX
KUCJ0THOrO MoaudikyBaHHs. BcTaHOBJIEHI HACTYIIHI psiiu aKTUBHOCTI Kartasizatopis: cepis 1 PA(I)-Cu(Il) /X" oH-
Phl-1: 3H-Phl-1(53) < 4H-Phl-1(80) < 6H-Phl-1 (91) < 8H-Phl-1 (95); cepis 2 Pd(II)-Cu(Il) /8H-Phl-o: 8H-Phl-0,5 (92) <
8H-Phl-1(95) < 8H-Phl-3 (99) = 8H-Phl-4 (99); cepis 3 Pd(II)-Cu(ll) /8H-Phl-no (o = 1; 24; 48; 72 rogun; t = 20°C): 8H-
Phl-1(26) < 8H-Phl-24 (71) < 8H-Phl-48 (90) < 8H-Phl-72 (97); cepis 4 Pd(II)-Cu(ll) /"X" bH-TC-Phl-1: 1H-TC-Phl-1 (68)
< 2H-TC-Phl-1(86) < 3H-TC-Phl-1(98) = 6H-TC-Phl-1 (98) < 8H-TC-Phl-1 (100);

2. Current theoretical and practical problems are solved in the dissertation related to the systematic study of
phase composition and the influence of various factors on phase transformations and physicochemical properties
of natural and expanded phlogopite, as well as on the catalytic activity of fixed compounds Pd(II) and Cu(II)) in
reactions of carbon monoxide and sulfur dioxide oxidation by atmospheric oxygen; the composition and
conditions of use of new nanomaterials in means of individual protection of human respiratory organs against
carbon monoxide in the presence of water vapor and sulfur dioxide were optimized. Natural phlogopite (N-Phl),
thermally expanded phlogopite (TE-Phl) (supplier "Ukrvermiculit"), as well as chemically expanded phlogopite (CE-
Phl) obtained by work-up of N-Phl with 30% solution of hydrogen peroxide at 20°C were used as precursors in the
dissertation work. New methods of targeted modification of N-Phl, TE-Phl and CE-Phl with nitric acid were
developed: i) reflux method under the condition of varying the acid concentration according to the constant



contact time "X" oH-Phl-1, "X" nH-TE-Phl-1, "X" o0H-CE-Phl-1 ("X" o = 0,25; 0,5; 1,0; 3,0; 4,0; 6,0; 8,0 mol /L HNO3); ii)
reflux method under the condition of varying the duration of acid contact with samples of phlogopite "X" tH-Phl-g,
"X" oH-TE-Phl-n, "X" otH-CE-Phl-o (o = 0,5; 1; 3; 4 hours); iii) low-temperature (20°C) long-term modification with nitric
acid "X" oH-Phl-g, "X" tH-TE-Phl-no (o = 1; 24; 48; 72 hours). Based on the initial samples of N-Phl, TE-Phl, CE-Phl and
their acid-modified forms "X" oH-Phl-o, "X" oH-TE-Phl-n, "X" otH-CE-Phl-n, a series of carbon monoxide oxidation
catalysts were obtained by the method of infiltration in one stage according to the moisture content, the basic
components of which are K2PdCl4, Cu(NO3)2, KBr and a carrier ("S" o) — Pd(II)-Cu(Il) /"S" o. To achieve the goal of the
work, the following research methods were used: X-ray phase analysis (XRD); scanning electron microscopy with
electron-probe microanalysis (SEM-EPMA); IR spectroscopy; pH-metry; a kinetic method for establishing the
regularities of CO and SO2 oxidation, determining the time of the protective effect of catalytic compositions
against gaseous toxic substances and assessing the nature of the connection of Pd(II), Cu(Il) with the surface of the
carrier; mathematical methods of processing research results. It was established that regardless of the method of
acid modification of N-Phl, TE-Phl and CE-Phl (reflux method or low-temperature long-term treatment), the effect
of nitric acid is similar and occurs: i) a change in the phase composition, phase ratio and crystallinity of the
samples; ii) delamination of lamellae, which is accompanied by an increase in the volume of the sample; iii) leaching
of aluminum, magnesium, and ferrum by the «edge» attack mechanism; iiii) change in the acid-base properties of
the surface of N-Phl, TE-Phl, CE-Phl samples. It was established using the X-ray diffraction method, that the
natural phlogopite concentrate is a polyphase mineral with a predominant content of phlogopite (Phl), diopside
(Di) and tremolite (Tr). The content of phlogopite increases as a result of high-temperature modification with nitric
acid (up to 70%) and thermal expanded (TE-Phl) of natural phlogopite (up to 80%). In the case of low-temperature
(20°C) long-term (o = 1; 24; 48; 72 hours) action of nitric acid, the content of the phlogopite phase in natural and
thermally expanded samples regularly decreases with a parallel increase in the clinochlore phase up to 35,9%.
Crystallites of defined phases are nanosized. It has been proven that as a result of the destruction of the
aluminosilicate framework, regardless of the nature of the original phlogopite (N-Phl, TE-Phl) and the method of
acid modification, nanosilica is formed, which acts as a carrier of palladium(II) and copper(Il) compounds. It was
established that no additional phases are detected in the composition of the catalysts, namely palladium(II),
copper(Il) salts, oxide forms (PdO, CuO, Cu20) and reduced metals (PdO, Cu0). Catalytic components are well
homogenized. Using the method of Pd(II) and Cu(Il) desorption from model samples of catalysts, it was proved that
70% of palladium(II) and 50% of copper(ll) form weak bonds with the surface of the carrier on acid-modified
supports. According to the results of testing of Pd(II)-Cu(Il) /"S" o catalysts in the reaction of CO oxidation with
oxygen, it was established that, under the condition of the same content of basic components, the activity of the
catalysts in the steady state depends significantly on the initial phlogopite precursors and the conditions of their
acid modification. The following series of activity of catalysts were established: series 1 Pd(II)-Cu(II) /"X" oH-Phl-1:
3H-Phl-1(53) < 4H-Phl-1(80) < 6H-Phl-1(91) < 8H-Phl-1 (95);
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