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INVESTIGATION OF Ni-CONTAINING CATALYSTS
FOR THE PURIFICATION OF EXHAUST GASES

Abstract. Results of the development of multicomponent oxide catalysts for the purification of exhaust gases
based on Ni, Cu, and Cr supported on 2% Ce/0-Al203 by varying the concentration of the active phase of catalyst are
presented in paper. It was found that the highest degree of toluene conversion (up to 98.8 %) is observed on the
three-component Ni-Cu-Cr/2% Ce/0-AbO3 catalyst with optimal metal ratio Ni : Cu : Cr = 1.0 : 3.0 : 0.1 at
GHSV = 54103 h-1 and a temperature of 723 - 773 K. The presence of CeOz2 crystals, X-ray amorphous clusters
(d = 20 - 100 E) of variable valence metal oxides NiO and CuO as well as solid metal solutions CuO (NiO) and
aluminates was detected on the surface of optimum catalyst calcined at 873 K using XRD and transition electron
microscopy methods. Preparation of polyoxide supported catalysts as well as study the influence of catalyst
composition and modified additives on deep oxidation of toluene - a major component of toxic organic gaseous
industry emissions, is the goal of research.
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Introduction. The problem of chemical safety and sanitary air protection is particularly relevant due
to the increase of harmful emissions of industrial enterprises, which have a strong toxic effect. Many
chemical compounds (toluene, xylene, styrene, phenol, tricresol, mineral spirits, CO, etc.), which
negatively affect the living organisms and flora are harmful toxic emissions from industrial plants. Under
the Paris agreement, adopted on December 12, 2015 and signed on April 22, 2016, in addition to the
United Nations Framework Convention on Climate Change (UNFCCC), developed countries and
countries with economies in transition have to reduce or stabilize greenhouse gas emissions [1]. The
content of harmful emissions above the MPC in industrial workshops and atmospheric air in the cities
cause a negative impact on living organisms and lead to various diseases thereby creates a threat to the
safety of the environment [2]. Toluene, xylene and ethyl-benzene are major part of the solvents used in
various industries, which are present in gaseous emissions [3]. Toxic and adverse effect of harmful
emissions on a living organism can be traced on the example of toluene - a major component of toxic
organic gaseous emissions that are present in the emissions of furniture, paint, cable, printing and other
industries. For example, the inhalation of toluene with a concentration of 250 mg m-s for 2 h leads to a
decrease in heart rate, disturbance of speech, movement coordination [4]. Prolonged inhalation of toluene,
which is present in the composition of glue, varnishes, paints, etc., causes neurotoxic deviations that lead
to clinical consequences - hallucinations, somnolence, suicide attempts, visual disturbances and seizures.

From the literature data [5] on the methods and apparatuses for neutralization of toxic emissions
follows that deep catalytic oxidation is the most economical way for cleaning of gases from the emissions
of complex composition [¢]. Typically, the catalysts based on noble metals (Pt, Pd) [7], which have high
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activity (95-100 %) in complete oxidation of organic substances [s], are used mainly for cleaning of waste
gas of industrial enterprises [9]. Catalysts based on Pt group metals have high activity at low temperatures,
durability, heat resistance and ability to operate stably at high space velocities. Conditions of deficit and
high cost of platinum group metals lead to the need to develop new approaches to the creation of highly
effective polyoxide catalysts that do not contain noble metals capable exhibit a high thermal stability and
poison-resistance and sustainable in the long term operation [10-15]. Creation of catalysts for gas
purification, which do not contain noble metals or contain them in small amounts [16], is an important
goal. In this context, the development of high-performance polyoxide catalysts, which do not contain
precious metals, and technology for deep oxidation of toxic organic gaseous emissions from industry are
relevant.

Experimental. Purification of exhaust gases from harmful organic impurities, in particular from
toluene, was carried out on a flow installation, the implementation conditions of which are close to real
conditions.

The granulated o-AhOs (S = 100 m2 g-1, particle size between 40 and 50 *m) modified by Ce, which
forms resistant surface CeAlOs perovskite up to 1,373 K was used as a carrier. Polyoxide catalysts were
prepared by capillary impregnation of alumina modified with cerium by mixed aqueous solution of Ni, Cu
and Cr nitrates by incipient wetness, followed by drying at 453 - 473 K (4 - 5 h) and calcination at 873 K
(1 - 1.5 h) in air. The prepared oxide catalysts have been promoted with Pt and Pd (0.05%) to improve the
activity and thermal stability.

Deep oxidation of toluene was carried out on the flow type PKU-2VD catalytic installation intended
for testing of catalysts at pressures from atmospheric pressure up to 3.4 MPa in tubular reactor with fixed
catalyst bed. Catalytic activity of catalysts was determined in flow installation at deep oxidation oftoluene
in air at various temperatures (523 - 773 K), space velocities (5 - 154103 h-1) and toluene concentration
(320 mg m-3) in the initial mixture.

Analysis of the initial mixture and reaction products were carried out using CHROMOS GC-1000
chromatograph. The rate of carrier gas (Ar) - 10 ml min-1.

The phase composition of catalysts was determined by X-ray diffractometer DRON-4.7, Co - anode,
25 kV, 25 mA, 20 - 5- 800 (XRD). The morphology, particle size and chemical composition of the Ni-
Cu-Cr catalysts were investigated using transmission electron microscope EM-125K at 80,000 times
magnification by the replica method with extraction using microdiffraction (TEM). The surface of
catalysts was determined by the BET method on the low temperature N2 adsorption using the Accusorb
apparatus (Micromeritics, USA).

Determination ofthe amount of adsorbed oxygen by catalysts, its characteristics, as well as the ability
to interact with a reducing agent (H2) were carried out by methods oftemperature-programmed desorption
of oxygen (TPD) and temperature-programmed reduction (TPR). Temperature-programmed reduction of
catalysts after the formation in air at 873 K were carried out by passing a mixture of H2 (10%) and
He (90%) at 20 ml min.: and the temperature rises at speeds of s K mina from 293 to 1,173 K (at 1,173 K
temperature was stabilized).

Results and discussion. Investigation of the activity of polyoxide catalysts in the reaction of deep
oxidation of toluene at 723 K and space velocity 5410s ha is presented. The conversion of toluene
increased with the complexity of the composition of catalysts. The lowest 57.0 % degree of toluene
oxidation was observed on the 5% Ni/2% Ce/o-AhOs catalyst, and the greatest 98.5% degree was
observed on the three-component 9% Ni-Cu-Cr/2% Celo-Al20s catalyst. The following series by activity
in the reaction of deep oxidation of toluene was determined: Ni-Cu-Cr/2% Ce/o-AhQOs (98.5%) > Ni-Cu-
Crlo-AhOs (92.0%) > Ni-Cu/2% Celo-AhOs (84.0%) > Ni-Cr/2% Celo-AhOs (75.0%) > Ni/2% Ce/0-
Al20s (57.0%). The largest conversion of toluene is observed on three-component Ni-Cu-Cr/2% Ce/0-
AhOs catalyst with an optimal ratio of metals Ni: Cu : Cr= 1.0 : 3.0 : 0.1 at T = 723 K. The degree of
toluene oxidation reduces from 98.5 to 89.3% with the increase of space velocity from 5410s to 154103 h-],
respectively.

Increasing the concentration of toluene from 100 to 320 mg m-s in the initial mixture with air leads to
a slight decrease in the degree of conversion of toluene on the two component Ni-Cu/2% Ce/o-Al203 and
Cu-Cr/2% Celo-Al203 catalysts. A noticeable decrease in activity between two component oxide catalysts
was found on the Ni-Cr-containing catalyst from 76.6 to 73.0%. Ni-Cu-Cr/2% Cr/o-AhOs catalyst was the
most stable.



News ofthe Academy ofsciences ofthe Republic o fKazakhstan

Thus, the optimal conditions of deep oxidation of toluene on oxide Ni-, Cu- and Cr-containing
catalysts over 2% Ce/o-AhOs were determined. Degree of conversion oftoluene reaches 98.5 - 98.8% on
the Ni-Cu-Cr/2% Ce/o-AhOs catalyst at temperatures of 723 - 773 K, GHSV - 54103 ha and the
concentration oftoluene in the initial mixture with air - 100 - 320 mg m-3.

The intensive reflections from CuO and less intensive from NiO, CeO2, and o -AhOs are observed in
roentgenograms of the Ni-Cu-Cr/2% Ce/o-AhO3s catalyst heated at 873 K. Not only CeO: crystallization,
but a sharp increase in the content of a-AhO3 starting from 1,273 K is a result of heating of the Ni-Cu-
Cr/2% Celo-AhQOs catalyst. Significant reduction of the total surface area of catalysts is due to heating.
CeO: crystallization occurs to a lesser extent due to the small (2%) of Ce content (in carrier only).
According to XRD the presence of CeO: crystals and X-ray amorphous clusters with diameters from 20 to
100 E, metal oxides of variable valence NiO, CuO, and solid solutions of metals CuO (NiO) is fixed on
the surface of carrier in the process of catalyst synthesis after heating at 873 K. Phase transformations
occur in the Ni-Cu-Cr catalyst upon heating in air above 1,273 K. Metal oxides react with aluminato form
the Me-AhO: type aluminates with diameter from 200 to 1,000 E and the surface decreases sharply to 2 -
5 m2 Reflexes from the o -AbOs, a-AkO3s, and CeO: are presented in the 2% Ce/o-AhQOs, as well as in the
carrier (quantification was performed by reflections 2.31 E, 1.74 E, 1.91 E, respectively). The intensity of
CeO: reflexes increases slightly with increasing the Ce content in catalyst, and especially after the heating
consistently at 873, 1,073, 1,273, 1,373 and 1,473 K. This indicates that crystallization of the amorphous
cerium oxides happens as a result of heating. The same process is characteristic for supported on the 2%
Celo-AhOs catalysts, butto different degrees.

Thus, the use of X-ray diffraction analysis to study of polyoxide catalysts supported on 2% Ce/0-
Al203 showed that the active components are mainly in amorphous state in the initial catalysts; part of Ni
and Cu is represented by Ni and Cu oxides [17].

The morphology and particle size ofthe developed catalysts were examined by transmission electron
microscope on the EM-125K at magnification 80,000 times by the replica method with extraction using
electron microdiffraction. It was found that single, double and triple metal oxides, the particle size of
which are decreased from 50-80 E (Ce/AhQ3s) to 20-30 E (Ni-Cu-Cr) are formed at complication the
composition of three-component catalyst. The nanoparticles of metal oxides or their mixtures are formed
after decomposition of nitrates of initial oxide Ni-Cu-Cr catalyst at 873 K according to electron
microscopy and microdiffraction. Interaction of elements with o-AhQOs carrier with formation of larger
copper and nickel aluminates ofthe AB204 and ABOs type occurs when the temperature rises [18].

Figure 1 shows the spectra of thermal desorption of oxygen from the oxide Ni-Cu-Cr/o-AhOs after
oxygen adsorption at 873 K. It is seen that the amount of oxygen released upon heating to 1,173 K
(stabilizing temperature) increases with the complexity of the composition of mixed catalyst. Desorption
curve has bends at 773 K and 923 K as well as maximum at 1,023 K, which is caused by desorption of the
adsorbed oxygen (673 - 873 K) and decomposition (873-1,073 K) of copper and nickel oxides (up to
Cu20, Ni20) and then mixed oxides (> 1,070 K).

Figure 1- Thermal desorption of oxygen from the catalysts on A1203 after heating in air:
1-5% Ni, 2-5% Cu, 3-5% Cr, 4-5% (Ni + Cr), 5-5% (Cu + Cr), 6-8-10% Ni-Cu-Cr at varying the deposition methods of catalysts:
6 - NHsHCOs, 7 - A1(NO3)3, 8 - NHsHCOs + AI(NO3)3, T- 873 K, 1h
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The total amount of released oxygen (9.7 mmol from the 1.0 g of active phase) exceeds the probable
sorption at each of oxides. This is obviously connected with the dissolving of oxides of
superstoichiometric oxygen in formed solid solutions, which are released at lower temperatures [19]. The
total amount of released oxygen (mainly due to weak adsorbed oxygen) from the Ni-Cu-Cr catalyst
depends on the conditions of preparation of mixed carbonates and their decomposition. It is increased by
2 times when using NHsHCO3s + AI(NOs)s in the precipitation of mixture.

Calculation of activation energy release of oxygen from the catalyst showed that it is ss - 89 kJ/mol.
Desorption energy from single copper oxides is 128 kJ/mol; from nickel oxides - 120 kJ/mol and from
mixed oxides - 140 - 144 kJ/mol.

Heating of Ni-Cu-Cr/2% Ce/0-AbO3 catalyst at 1,473 K sharply reduces the release of oxygen in the
area of decomposition of metal oxides for the initial and promoted contacts (Figure 2). The area of
adsorbed oxygen completely disappears in the spectrum of Ni-Cu-Cr and Ni-Cu-Cr + Pt catalysts. The
observed phenomenon can be explained by the fact that most ofthe metal oxides reacts with the carrier to
form large (200 - 1,000 A) Ni(Cu)AbO4 aluminates (XRD and TEM), because of which the total surface
area of contacts is reduced from 60 to 5 m2 g« [20].

Figure 2 - Thermal desorption of oxygen from the Ni-Cu-Cr/2 % Ce/AbO3 catalyst heated in oxygen and promoted with Pd
and Pt: 1- Ni-Cu-Cr/2 % Ce/ALL3, 2 - Ni-Cu-Cr/2 % Ce/AbO3 + Pd, 3 - Ni-Cu-Cr/2 % Ce/ALL3 + Pt. 11, 21 3: - catalysts
after heating at 1,473 K, T- 873 K

The study of temperature-programmed reduction of Ni-Cu-Cr/2% Ce/o-AhOs catalysts allowed to
make one more step in understanding of reduction mechanism and elimination of oxygen from oxides, and
to assess the ability ofcatalyst to absorb oxygen from gas phase.

Figure 3a shows that the TPR curve has four hydrogen absorption peaks: T: = 523 K, T2 = 573 K,
Ts = 673 K and T+ = 1,073 K corresponding to reduction of CuO (T1), mixed oxides CuO-NiO (T2), NiO
(Ts) and formed partially Ni or Cu aluminates.

Figure 3- TPR and TPO spectra of the initial Ni-Cu-Cr/Ce/o-AhOQs catalyst:
a - TPR ofthe initial catalyst, b - TPO after TPR up to 1,225 K
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Temperature-programmed oxidation (TPO) of catalyst after its reduction up to 1,225 K (figure 3b)
showed that oxygen is adsorbed easily, starting from 357 - 373 K, as a broad peak with TIm= 523 K,
T2n= 673 K and T3m= 800 - 810 K, which corresponds to adsorption of it on surface (T:m) and formation
of Ni and Cu oxides. Ni-Cu-Cr/Ce/o-AhQO3s catalyst has undergone profound changes in the phase
composition after heat treatment at 1,473 K 5 h (Figure 4a).

a

37 573 773 973 1,173

Figure 4 - TPR and TPO spectra of the Ni-Cu-Cr/Ce/o -AkOs catalyst:
a - TPR ofthe initial catalyst, b - TPO of catalyst reduced up to 1,223 K,
c - TPR of catalyst after treatment in oxygento 973 K, T - 1,473 K, 5h

Weak bending of curve at 473 K is available in TPR spectrum. The main absorption of H2 occurs at
Tm = 773 and 1,073 K when Cu (Ni) aluminates are reduced. Cu(Ni)AhQOu4 crystals (2,42 reflex) is also
fixed according to XRD. If the reduction temperature of catalyst reaches 1,223 K, the adsorption of
oxygen in the initial Ni-Cu-Cr catalyst is carried out at a temperature above than 373 K (figure 4b).

Subsequent temperature-programmed reduction of catalyst indicates on absorption of H2 only as a
single peak (Figure 4c). This indicates that a mixture of Ni(Cu) oxides, which are reduced at 523 K, is
synthesized from aluminates.

Thus, Ni-Cu-Cr catalyst is a solid solution of copper and nickel oxides with chromium, included in it,
according to the TPD and TPR results. Superstoichiometric surface oxygen with Edes = ss - 89 kJ mol-1,
which reacts easily with reducing agents is adsorbed onto its surface. TPD curves and TPO data indicate
on its presence in catalyst. Besides mixed oxides the less active Ni and Co aluminates are formed in the
oxidation process at high temperatures in catalyst in an oxidizing atmosphere.

Conclusion. As a result of studies, it was found that the highest degree of toluene conversion (to 98.8
%) is observed on three-component Ni-Cu-Cr/2% Ce/o-AhO3s catalyst with optimal ratio Ni : Cu : Cr= 1.0
:3.0 : 0.1 at space velocity of 54103 ha1 and temperature 723 - 773 K. The binding energy of oxygen with
surface and its reactivity on polyoxide catalysts were determined by the TPD, TPO and TPR methods. It
was shown that formed Ni and Cu aluminates can be reduced to the initial oxides or their mixtures under
the influence of Hz at 973 - 1,223 K. Again, oxygen adsorption on Ni-Cu-Cr catalysts after decomposition
of oxides occurs at low temperature (325 K). This point to high reactivity of adsorbed O:", O', and lattice
oxygen of dispersed oxides, as well as mixtures thereof, and its ability to easy reactivation.
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LW bIFTAPBINTAH TA3OAPAObI TASAPTY YLUTH
Ne-K;¥PAM bl KATATM3ATOPJ/TAPAbLI 3SEPTTEY

AHHOTaumna. XuUMUANbIK Kayinci3fik >X3He ayaHbl CaHWUTap/blK Koprayfia KatTbl YbITTbl 3Cep eTeTw
EHEPKACINTIK KacinopblHAapAaH LWbIrapbliatbiH 3UAHAbI KaAbIKTbIH apTybl €3eKTi Macefne 60/bIiN caHaiafbl.
OHAIpICTiK KacinopblHAapAaH WbIratbiH 3UAHAbI Vbl KaNgbIKTap, ArHU KENTereH XMMUANbLIK KocbinbicTap (Tonyon,
KCWI0A, CTUpon, theHon, TPMKpPesos, MuUHepangbl cnupttep, CO kaHe T.6.) N i opraHusmfep meH diopara Tepic
acep Turisegi. KnumatTbIH e3repyi xeHiHgeri 2015 Xbiabl 12 xenTokcaHia KabblngaHraH Mapux KenicimiHe XaHe
2016 Xblnbl 22 cayipfe Kon KoibinraH BipikkeH ¥NTTap ¥iMbIMblIHbIH KOHBEHLMSACbIHA C3AKEC AaMbIraH >K3He
9KOHOMMKAChl Aamyllbl enjepAe NapHUKTIK rasgapdblH  WbITbIHABICLIH - a3aiThiM, TypaKTaHAbly KaxeT.
OHepKaCinTiK UexTapfaH LWbirapbl/iraH 3usaHAbl rasgapAbiH Kypambl Kanajarbl aTMocepanbiK ayaa LWeKTi pkecat
eTiNreH KOHUeHTpaumsagaH xorapbl 601ca, 0N KopLiaraH opTaHbiH KaylwasjTHe, COHAan-ak Tipi opraHusmre Tepic
aceplwl Turisefi XaHe TYpni aypynapra skenear OpTYpni eHAIpiCTiK cananapfaH LWbIrapbiiraH rasgarbi Tonyon,
KCWJ/I0/1 )XK3He 3TUN6eH30/1 HeM3N epiTKilWTepTepaiH 6eniri 60nbin caHanagpbl.

OHpipicTiK eHepkacinTepfeH, Mbicanbl uhas, 605y, nak, Kabenb, nonurpagusa cananapblHaH LbIrapbliaTbiH
yNbl ras KangblkTapbl Tipi arsanapra Tepto acep Turisedi. OcblHAal opraHuKaHbiH HEeM3M KOMMOHEHT - TO/yos.
Mbicanbl, 2 carar iwiHge 250 Mr M-3 KOHUEHTpauuschbl 6ap Tonyonabl XyTKaHga XYpPeK Xuiniri TemeHgeigi, celiney
6y3blfbIN, Ko3raabic 6asynaigbi.

>Kenim, nak, 60ayabIH XaHe T.6. KypambiHAa 601aTbIH TONYO/NIMEH y3aK AeM anaTblH 60/1ca, HEMPOTOKCUKAbIK
aybITKy K/IVUHUKaIbIK Cangapra, ArHv raiflounHaums, yKbIWbIAbIK, €3-e3iHe KoM XyMcay MeH agpy Kab6ineTiHiH
Oy3blnyblHa X3He KypbIcyra akenear

OpraHunKablK 3aTTapfAblH TOMbIK TOTbITYbl Ke3iHAe >orapbl 6enceHpinikke ve (95 - 100%) 6aranbl meTangap
HerisiHgeri (Pt, Pd) kaTanusaTopnap eHepKacCinTiK eHAipicTepAeH wWbIrapbliraH rasgapgbl TasapTy  YLiH
KongaHblnagbl. MnatuHa To6bl MeTangapbiHbiH KOMKETIMAINITT MeH 6aracbiHbIH >Korapbl 60/ybl KypamblHAa acbi
MeTasijapbl  60NMaiTbiH, TEPMOTYPAaKTbUIbITbl XOrapbl, YynaHyra Kapcbl >K3HE Y3aK YyaKbIT apaibirbliHia
3KcnnyartaumsanaHyra TepakTbl, TWUIMAINIri >orapbl MNOMVOKCUATI KaTanmsaTopnapfbl >kacayra fereH KaxeTTiNiK
Tygbihagbl. LUbirapbiirad rasgapfbl Tasanayra 6aranbl MeTanfapcbl3 X3He KypamblHAa Oaranbl MeTangap as
KaTanusaToprapgbl xacay 6acTbl MakcaT 60/1bIn caHa1agbl.

OHAIpIiCTIK eHepKacinTepdeH LWbIrapbUIraH yibl OpraHuKasbliK rasgapfbl TOMbIK TOTbIFY TeXHONOrusnapbiH
JambITyja KypamblHAa 6arasibl MeTanfapbl XX0K Xorapbl TUiMAi MONNMOKCUATI KaTannsaTopnapabl xacay fa e3eKTi.

Kenemgik >xbingamabirbl 54103 c-1 MeH Temnepartypacbl 723 K-fe TonyongbiH TOMbIK TOTbITY peakuUAcbIHAA
NONIMOKCUATI KaTanmsaTopnapibiH 6enceH/WNH 3epTTey Xonjapbl KepceTinreH. Katanusatopnap KypamblHbIH
Kebeloi apKblibl TONYyoNAblH KOHBepcuschl xorapbinagbl. 5 Ni/2% Ce/0-Al203  katanusaTopbiHAa TONYO0/4blH eH
TeMeHri TOTbIry KepceTKiwi 57.0% 6onca, an kKepiciHwe Yw kKoMnoHeHT 9% Ni-Cu-Cr/2% Ce/0-AbO3
KaTtanusatopga 98.5% eH Xorapbl TOTbITY f3peXxea 6aikangbl.

Bactankbl Kocnagarbl aya MeH TO/lyonAblH KoHueHTpauuacbiH 100-geH 320 mr-3-Ke el H XorapblnatkaHga ekl
KoMnoHeHTTi Ni-Cu/2%Ce/0-Al203 x3He Cu-Cr/2%Ce/0-Al203 kaTtanusatopga ToNyos KOHBEPCUACBIHbIH Aapexea
TeMeHAaensi.

3epTTey HaTweci 6GapbicbiHAa Yw KomnoHeHTTi Ni-Cu-Cr/2% Ce/0-Al203 katanusaTopfa OHTalifbl
Ni :Cu :Cr= 10 :3,0 :0,1 kaTblHacbiHAa, 54103 car-1 agnemALl xblngamibiKTa xaHe 723 - 773 K TeMmnepatypaja
TONyAbIH aiHanbIM fapexea aHarypnbim (98.8%- geitiH) »orapbinaiigbl. OTTeKTLW, 6eTTiK KabaTneH 6ainaHbic
3HEepPruAchl X3He NOSIMOKCUAN KaTanmsaTopharbl peakumanbik KabinetTtiniri TbA, TBT xaHe TBT agicTepi apKbiibl
aHblkTangbl. TY3inreH Ni >xaHe Cu amomuHatTapbl 973-1223 K apanbirbiHga H2 acepiHeH okcuiTepre Hemece
onapablH KocnanapbliHa fieliiH TOTbIKCbI34aHaTbIHAbITbl aHbIKTaNAbI.

Ni-Cu-Cr kaTanusatopnapbiHia OTTeriHiH agcopbumacbl OKCUATEPAIH biAbihayblHaH KellH eH TemeHri (325 K)
Temnepartypaga XX ~enr byn gucnepcTi okeuaTepdiH agcopébumanadrad O2-, O->k3He OTTeri Top/apbIHbIH XKorapbl
KaliTa 6efnceHfiniriH, coHpaii-ak onapfblH KoOcManapblH OHbIH >XEHiN XO0/IMEH KaWTa Kocbliyra Kab6ineTTisiriH
KepceTegi.

TYWiH cesmep: KaTanUTUKanbIK TOTbIFY, TOAY0A, Tasanay, HUKeNb, MbiC.
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MCCNEAOBAHNME Ni-COAEPXALWNX KATAJTM3ATOPOB
ANA OUNCTKM OTXOA4AWMX TA3OB

AHHOTauusa. MNpobnemMa XMMMUYECKON 6e30NacHOCTN M CaHUTAPHONM 3alWMTbl BO3fyXa OCOOEHHO akTyasbHa B
CBA3N C YBE/MYEHVWEM BpPeAHbIX BbIOPOCOB MNPOMbILEHHbLIX MNPEANPUATUIA, KOTOpble OKasblBalOT CU/IbHOE
TOKCMYECKOe BO3feiicTBME. MHOIMe XMMUYECKME COeAWHEHWs (TOMYON, KCWAOA, CTUPOs, ¢eHon, TPUKpPeson,
MUHepasibHble cnmpTbl, CO © T.4.), KOTOPble HEraTMBHO B/VAIOT Ha XWBbIE OPraHusMbl U opy, ABNSAOTCA
BPeAHbIMW TOKCMYHBbIMW BbIGpOCAMM  OT MPOMBbILLIEHHbIX MNpeanpuaTuii. B cooTBeTcTBUM € [MapvKcKum
cornawleHuem, NpuHATbIM 12 gekabps 2015 roga u nognucaHHbIM 22 anpens 2016 roaa B fonosiHeHMe K PamouHoli
KOHBeHUMM OpraHmsaumn O6beguHeHHbIX Hauwii 06 W3MeHeHWWM Kavmarta, pasBWTble CTpaHbl U CTpaHbl C
NepexoAHon 3KOHOMUKOM [O/MKHbI COKPaTUTb WM CTabuim3mpoBaTb BbIOPOCHI MapHUKOBLIX rasoB. Y ep>kaHue
BpeHbIX BbI6pocoB Bbiwe MK B MNPOMbIWIEHHbIX Lexax W aTrMocthepHOM BO3fyXe B rOpojax OKasblBaeT
HeraTMBHOe BO3[eNCTBME Ha XXMBble OPraHU3Mbl Y MPUBOAMT K pasMyHbIM 3ab0neBaHUsAM, TeM CaMbIM CO3jaeT
yrposy 6e30nacHOCTW OKpyXaloLled cpegbl. Tonyon, KCWnon W 3TUNGEH30/ ABNSAIOTCA OCHOBHOW 4acTblo
pacTBopuTeneil, WCMOMb3yeMbIX B Pas3/IMUHbIX OTPacAAX MPOMbILLAEHHOCTM, KOTOPble MPUCYTCTBYHOT B
rasoobpasHbix Bbl6pocax. TOKCMYHOE W BpefHOe BO34eliCTBUE BPeAHbIX BbIOPOCOB Ha XXMBble OPraHU3Mbl MOXHO
npocneguTb Ha NPUMepe TOJlyona - OCHOBHOIN0 KOMMOHEHTa TOKCUYHbIX OPraHMyecKnx rasoobpasHbiX BbIOPOCOB,
KOTOpble MPUCYTCTBYIOT B BbI6pocax Me6enbHON, NaKOKPaco4YHOM, KabenbHOW, MonuMrpauyeckon u Apyrux
oTpac/neli NpoMbILLAeHHOCTU. Hanprmep, BAbIXaHWe TOyona ¢ KOHUeHTpauueid 250 Mr M-3 B TeUdeHue 2 4 NpUBOANT
K CHVDKEHWMI0O 4acTOTbl CEPAEYHbIX COKPALLEHWA, HapyLIeHUI0 peyn, KOOpAMHaLUW ABWXKEHWR. [nnTenbHoe
BAbIXaHWe TO/yona, KOTOPbIA NPUCYTCTBYET B COCTaBe K/es, /1aKoB, KPacoK W T.4., BbI3bIBaeT HEMPOTOKCUYECKME
OTKJ/IOHEHUS, KOTOPbIE MPUBOAAT K KAVHUYECKUM MOCNEeACTBUAM - Ta/UIloOLMHALMAM, COHMVMBOCTU, MOMbITKaM
camoy6uiicTBa, HapyLUEHUAM 3PEHUS N CYyLOPOraMm.

Kak npaBwnio, KataiusaTopbl Ha OCHOBe 6naropogHbix MeTannoB (Pt, Pd), KoTopble 06nagatoT BbICOKOM
aKTUBHOCTLIO (95 - 100%) npu MNO/IHOM OKWUC/EHUU OPraHMYecKUX BELLECTB, WCMOMb3YHTCSA B OCHOBHOM AfA
OUYMCTKM OTXOAALUMX Fa30B MPOMbILLIEHHbIX NPesnpuATUA. YcnoBus geduumTa U BbICOKas CTOMMOCTb MeTasl/ioB
NAaTMHOBON rPynnbl NPMBOAAT K HEOOX0AMMOCTM pa3paboTKmM HOBbIX MNOAXO0A0B K CO3A4aHUI0 BbICOKO3(MHEKTUBHbIX
MOSIMOKCUAHBIX KaTa/M3aTopoB, He COofepXKawimx 61aropogHblX MeTanoB, CNOCO6HbIX MPOSBASATb BbICOKYH
TEPMOCTOMKOCTb W CTOMKOCTb K OTPAB/IEHUIO W YCTOWYMBBLIX B TeYeHMe [JNTE/IbHOr0 CpOoKa JKChsyarauuu.
M3faHne Katann3aTopoB A/1 OYUCTKM rasoB, KOTOPbIE He cofepXKaT 61aropofHbIX MeTan10B Uan cofepxaT UX B
He6ONbLUMX KOMMYeCTBax, ABMSETCA BaXKHON Lenbio. B 3TOM KOHTEKCTe aKTyasbHbl pa3paboTKuM BbICOKO3((eEK-
TUBHbIX MO/IMOKCUAHBIX KaTa/iM3aTopoB, KOTOPbIE HE COAEepXXaT AparoueHHbIX MeTassioB, a TakXe TeXHO/0rnm
r1y60Koro OKUCNeHNs TOKCUYHbIX OpraHNyecKmx razoobpasHbiX BbI6POCOB NMPOMbILLIEHHOCTU.

MpencTaBneHo mccnefoBaHMe akTUBHOCTU MOJIMOKCUAHBIX KaTa/M3aTopoB B peakumu rny60Koro OKUC/IEHUA
Tonyona npu 723 K 1 o6bemHon ckopocty 54103 u-1. KoHBepcusa Tonyona Bo3pacTasa € YC/I0XKHEHWEM cocTaBa
KaTtann3aTopoB. Camas HU3Kas CTeneHb OKMCNeHUs Tonyona 57.0% Habnioganack Ha KaTanusatope 5% Ni/2% Ce/0-
AbO3, a Haubonblan cTeneHb 98.5% Habnwoganacb Ha TPexXKOMMNoHeHTHOM 9% Ni-Cu-Cr/2% Ce/0-Al203
KaTanuMsaTope. YBeNn4yeHne KOHLEeHTpaumm Tonyona oT 100 go 320 Mr M-3 B MUCXOAHOW CMecK ¢ BO34YyXOM MPUBOAUT
K He3HaUYNTeNIbHOMY CHIVDKEHUIO CTeMNeHU MpeBpaLleHusa Tonyona Ha ABYXKOMMOHEHTHbIX Ni-Cu/2% Ce/0-Al203 n
Cu-Cr/2% Ce/0-Al203 kaTanusaTopax.

B pesynbTarte nccnefoBaHuii 66110 yCTAHOBMEHO, YTO HambonbLuas CTeneHb NpeBpalleHns Tonyona (4o 98.8%)
HabnogaeTca Ha TPexXKOMMNoHeHTHOM KaTanu3aTope Ni-Cu-Cr/2% Ce/0-Al203 ¢ onTvManibHbIM COOTHOLLEHWEM
Ni :Cu:Cr= 10 :3,0 :01 npn o6bemHOn ckopocTn 54103 y-1 n Temnepatype 723 - 773 K. JHepruto cBssu
KWUC/I0pOfa C MOBEPXHOCTBIO WU ero peakLMOHHYI CrOCO6HOCTb Ha MOMIMOKCUAHBIX KaTasm3aTtopax Onpeaensnu
metogam M1 . TnO n T11B. Bbino nokasaHo, 4YTo obpasyrolmecs antommHatbl Ni 1 Cu MOryT BOCCTaHaB/IMBaTLCA
[0 VCXOAHbIX OKCWUAOB WM UX cMeceli mopg Bo3sgelictBuem H2 npu 973 - 1223 K. Aacopbums Kucnopoga Ha
kaTanmsatopax Ni-Cu-Cr nocne pasfoXeHWs OKCUAOB MPOMCXOAUT Mpu HU3KOM TemnepaTtype (325 K). 370
yKasblBaeT Ha BbICOKYO PeaKLMOHHYIO CMOCOOHOCTb afcopbmupoBaHHoro O2-, O- 1 KUC/I0POoAa PeLLeTKN AUCNEePCHbIX
OKCMWJ0B, a TakXe NX CMeceli N ero CrnocobHOCTb K /1erkoi peakTnBauum.

KntoyeBble cnoBa: KaTa/IMTUYECKOE OKUCIEHWNE, TOMYO, 0UUCTKA, HUKENb, Mefb.
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