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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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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-Al,0;3 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-Al,0O3 catalyst with optimal metal ratio Ni : Cu : Cr = 1.0 : 3.0 : 0.1 at
GHSV = 5410° h'! and a temperature of 723 - 773 K. The presence of CeQ, 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.

Key words: catalytic oxidation, toluene, purification, nickel, copper.

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™ 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 [6]. 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 [8], 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 0-Al,Os (S = 100 m? g, particle size between 40 and 50 um) modified by Ce, which
forms resistant surface CeAlO; 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 of toluene
in air at various temperatures (523 — 773 K), space velocities (5 — 15410° h™") and toluene concentration
(320 mg m™) 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™".

The phase composition of catalysts was determined by X-ray diffractometer DRON-4.7, Co — anode,
25 kV, 25 mA, 20 — 5 — 80° (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 N, adsorption using the Accusorb
apparatus (Micromeritics, USA).

Determination of the amount of adsorbed oxygen by catalysts, its characteristics, as well as the ability
to interact with a reducing agent (H,) were carried out by methods of temperature-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 H, (10%) and
He (90%) at 20 ml min™' and the temperature rises at speeds of 8 K min” 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 SU10° h' 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/8-AlLO; catalyst, and the greatest 98.5% degree was
observed on the three-component 9% Ni-Cu-Cr/2% Ce/0-Al;O3 catalyst. The following series by activity
in the reaction of deep oxidation of toluene was determined: Ni-Cu-Cr/2% Ce/8-Al,O3 (98.5%) > Ni-Cu-
Cr/8-AL,03 (92.0%) > Ni-Cu/2% Ce/6-Al20; (84.0%) > Ni-Cr/2% Ce/0-Al,O3 (75.0%) > Ni/2% Ce/0-
ALO; (57.0%). The largest conversion of toluene is observed on three-component Ni-Cu-Cr/2% Ce/0-
Al>,O3 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 5410° to 15410° h’',
respectively.

Increasing the concentration of toluene from 100 to 320 mg m™ 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/8-Al,O3; and
Cu-Cr/2% Ce/8-Al>O; 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/8-Al,Os catalyst was the
most stable.
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Thus, the optimal conditions of deep oxidation of toluene on oxide Ni-, Cu- and Cr-containing
catalysts over 2% Ce/8-Al,O3 were determined. Degree of conversion of toluene reaches 98.5 — 98.8% on
the Ni-Cu-Cr/2% Ce/0-AL,O; catalyst at temperatures of 723 - 773 K, GHSV - 5410’ h'' and the
concentration of toluene in the initial mixture with air — 100 - 320 mg m>.

The intensive reflections from CuO and less intensive from NiO, CeO,, and 6-Al,0; are observed in
roentgenograms of the Ni-Cu-C1/2% Ce/0-Al>O; catalyst heated at 873 K. Not only CeO; crystallization,
but a sharp increase in the content of 0-Al,O; starting from 1,273 K is a result of heating of the Ni-Cu-
Cr/2% Ce/0-Al,0s 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 alumina to form
the Me-Al,O4 type aluminates with diameter from 200 to 1,000 E and the surface decreases sharply to 2 -
5 m?. Reflexes from the 0-A1,03, a-Al,Os, and CeO; are presented in the 2% Ce/0-AL,Os, 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%
Ce/0-AlL,0s catalysts, but to different degrees.

Thus, the use of X-ray diffraction analysis to study of polyoxide catalysts supported on 2% Ce/0-
Al,O3 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 of the 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/Al;O3) 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 6-Al,Os3 carrier with formation of larger
copper and nickel aluminates of the AB,O4 and ABOs3 type occurs when the temperature rises [18].

Figure 1 shows the spectra of thermal desorption of oxygen from the oxide Ni-Cu-Cr/6-Al,O; 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
Cuz0, Ni,0) and then mixed oxides (> 1,070 K).

Katharometet signal mV’

673 873 1073
Temperature, K

Figure 1 — Thermal desorption of oxygen from the catalysts on A120s3 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 - NH4HCOs3, 7 - AI(NO3)3, 8 - NH4HCO; + AI(NO3);, T—-873 K, 1 h
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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 NH4sHCO3 + AI(NOs3); in the precipitation of mixture.

Calculation of activation energy release of oxygen from the catalyst showed that it is 88 - 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-Al,O3 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 of the metal oxides reacts with the carrier to
form large (200 — 1,000 A) Ni(Cu)AlyO4 aluminates (XRD and TEM), because of which the total surface
area of contacts is reduced from 60 to 5 m* g”' [20].

Katharometer signal mV
2 \\ [

N

. _:/’:_;'/

L L
773 873 973 1073 1173
Temperature, K

Figure 2 — Thermal desorption of oxygen from the Ni-Cu-Cr/2 % Ce/A 1205 catalyst heated in oxygen and promoted with Pd
and Pt: 1 - Ni-Cu-Cr/2 % Ce/A 1203, 2 - Ni-Cu-Cr/2 % Ce/A1203 + Pd, 3 - Ni-Cu-Cr/2 % Ce/A1205 + Pt. 1!, 21, 3! - catalysts
after heating at 1,473 K, T - 873 K

The study of temperature-programmed reduction of Ni-Cu-Cr/2% Ce/6-Al,O3 catalysts allowed to
make one more step in understanding of reduction mechanism and elimination of oxygen from oxides, and
to assess the ability of catalyst to absorb oxygen from gas phase.

Figure 3a shows that the TPR curve has four hydrogen absorption peaks: T, = 523 K, T, = 573 K,
T3 =673 K and T4 = 1,073 K corresponding to reduction of CuO (T)), mixed oxides CuO-NiO (T), NiO
(T3) and formed partially Ni or Cu aluminates.

Katharometer signal, mV

373 573 773 973
Temperature, K

1.173

Figure 3 — TPR and TPO spectra of the initial Ni-Cu-Cr/Ce/0-A1203 catalyst:
a - TPR of the 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 T',, = 523 K,
T?m = 673 K and T, = 800 — 810 K, which corresponds to adsorption of it on surface (T',) and formation
of Ni and Cu oxides. Ni-Cu-Cr/Ce/0-Al,O3 catalyst has undergone profound changes in the phase
composition after heat treatment at 1,473 K 5 h (Figure 4a).

Karharometer signal, mV
r
[g]

373 573 773 973 1,173

Figure 4 - TPR and TPO spectra of the Ni-Cu-Cr/Ce/0-A1203 catalyst:
a - TPR of the initial catalyst, b - TPO of catalyst reduced up to 1,223 K,
¢ - TPR of catalyst after treatment in oxygen to 973 K, T - 1,473 K, 5h

Weak bending of curve at 473 K is available in TPR spectrum. The main absorption of H, occurs at
Tm = 773 and 1,073 K when Cu (Ni) aluminates are reduced. Cu(Ni)Al,O4 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 H; 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 Eges = 88 - 89 kJ mol™,
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/8-Al,O3 catalyst with optimal ratio Ni: Cu: Cr= 1.0
: 3.0 : 0.1 at space velocity of 5U10° h™' 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 H, 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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HIBbIFAPBIUIFAH TA3JIAPABI TASAPTY YIIIH
Ni-KYPAM/IbI KATAJIM3ATOPJIAPbBI 3EPTTEY

AHHoTanms. XUMUSUIBIK KayilCi3iK JKOHE ayaHbl CaHUTApIBIK KOpFayZJa KAaTThl YBITTBI ocep eTeTiH
OHEPKACINTIK KOCIMOPBIHAAPAAH IIBIFAPhIIATHIH 3MAHIBI KAIIBIKTBIH apTybl ©3€KTiI Maceie OOJBIl CaHAJabl.
OHIIPICTIK KOCIMOPBIHAAPAaH MIBIFATHIH 3USHIBI YJIbl KAJIIBIKTAp, SIFHM KOINTETeH XHUMUSUIBIK KOChUIbICTap (TOJYOII,
KCHJION, CTUPOJI, ()EHOJ, TPUKpPEe30J, MuHepayasl cnuptrep, CO xoHe T.0.) Tipi opraHu3mep MeH (jopara Tepic
acep turizeni. Kimmarteia e3repyi xeningeri 2015 xbuibl 12 skenTokcanna Kadbuiganrad [Taprok kemiciMiHe jKoHe
2016 >xpuibl 22 coyiple Kon KoiburraH bipikkeH Yurrap ¥WBIMBIHBIH KOHBCHIIMSACHIHA COWKEC NAMBIFAH JKOHE
SKOHOMHKAChl JlaMyIIbl eJAeple IapHUKTIK Ta3fgaplblH IOBIFBIHIBICHIH  a3alThIN, TYPaKTaHIBIPY KaXeT.
OHEPKOCINTIK MeXTapAaH IMIBFAPBUTFAH 3USHIB Ta3qapIblH KYpaMbl Kallalarel atMochepalblK ayama MIeKTi pyKcaT
eTUITeH KOHIICHTPALUAAaH KOFaphl 00JIca, 071 KOpIIaFaH OPTaHBIH KayilcCi3dirine, cCoHnai-ak Tipi opraHu3Mre Tepic
dCepiH THTi3eldi JKOHE TYpIJi aypyllapra oKejleldi. OPTYpili OHIIPICTIK calamapliaH IIBFApBUFaH Ta3Jarbl TOIYOIL,
KCHJIOJ KOHE THIIOCH30J1 HETI3r1 epiTKImTepTepAiH 06tiri O0JIBIT cCaHaIa bl

OHIIpICTIK OHEepKacinTepAeH, Mbicanbl xuhas, 0osy, Jak, kabenb, nonurpadus cajagapblHaH HIBIFAPBUIATHIH
yJIbl Ta3 KaJJIbIKTaphl Tipi ar3anapra Tepic ocep turizeni. OcblHAail OpraHUKaHbIH HEri3ri KOMIIOHEHTI — TOJYOJI.
Mpicansl, 2 carar iminge 250 Mr M KOHIIEHTpaLACchl 6ap TOdyOoJ bl )KYTKAH/A KYPEK >KMiIri ToMeneiii, coilney
OY3bLIIBII, KO3FaJIbIC Oastyaipl.

Kenim, nak, 605y IbIH KOHE T.0. KypaMbIHIa OOJAThIH TOIYOJIMEH Y3aK JIeM ajaThiH 00Jica, HEHPOTOKCUKAIIBIK
ayBITKy KIMHUKAIBIK CalJapra, SFHU TaJUTIONMHALNS, YHKBIIIBUIIBIK, ©3-631He KOJ KyYMcay MeH Kepy KaOuleTiHiH
Oy3bIITyBbIHA KOHE KYPBICYFa SKeJe/i.

OpraHuKaibIK 3aTTapAblH TOJBIK TOTHIFYBI Ke3iHze Korapsl Oencenaitikke ne (95 - 100%) Garanbsl Metanaap
Heriziameri (Pt, Pd) xaTtanmm3aTtopimap ©HEpKOCINTIK OHIIpiCTEpAeH MIBIFAPBUFAH Ta3dapAbl Ta3apTy YIIiH
KongaHputanpl. [lnmaTinHa TOOBI METaNIapBIHBIH KOJDKETIMIUTIT MEH OarachIHBIH JKOFaphl OONYBI KypamMbIHAA achLl
MeTangapsl OOJMaWTBIH, TEPMOTYPAKTBUIBIFBI JKOFaphl, YIaHyFa Kapchl JKOHE Y3aK YaKbIT apajbIFbIHIa
9KCIUTyaTalMsUIaHyFa TYPaKThl, THIMALTII JKOFapbl IOJMOKCHUATI KaTalU3aTOpiapibl jKacayFa JereH KaXKeTTiliK
Tyablpanpl. llpFapeiiFran ra3gapisl TasanayFa Oaraibl METalJapchl3 JKOHE KypaMblHAA Oaraibl MeTangap as
KaTann3aTopiapbl xKacay 0acTbl MaKcaT OOJIBIN CaHAIAIbI.

OHJIIPICTIK OHEPKSCINTEPJCH WIBIFAPbUIFAH YJIbl OPraHUKAJIBIK Ia3lapAbl TOJNBIK TOTBIFY TEXHOJIOTHSIApbIH
JlaMbITyJ1a KypambIHJa 0arajibl MeTajlapbl )KOK KOFapbl THIM/I MOIMOKCHUAITI KaTalnu3aTopiiap/bl )acay Jia 03€KTi.

Konemuik sxbupiamabsiEsl SU10° ¢! Men Temmeparypacet 723 K- TOTyONIbIH TOJIBIK TOTHIFY PEAKIMACHIHIA
TIOJIMOKCHATI KaTaju3aTopilapAblH OeJICeHAUIIrH 3epTTey Koygapbl KepceTiireH. Kartamusaroprnap KypaMbIHBIH
Ke0erol apKbUIbl TOJXYOJIBIH KOHBepcHschl sxorapbutanbl. 5 Ni/2% Ce/6-Al,O3 karannzaTopblHIA TOJNYOJABIH €H
TeMeHri TOTeIFy Kepcerkimi 57.0% Oonca, am kepiciHme ym komMnoHeHTTI 9% Ni-Cu-Cr/2% Ce/6-AlO3
Katanuzaropza 98.5% eH >Korapbl TOTBIFY JIoperkeci OalKaiabl.

BacTanksl KocIagarkl aya MEH TONYOIIBIH KOHIeHTpanusachH 100-gen 320 Mr-xe melin xorapbuIaTKaHaa exi
komroHeHTTI Ni-Cu/2%Ce/0-Al,03 xone Cu-Cr/2%Ce/0-Al,0; karanuzaTopa TOIyoJl KOHBEPCHSCHIHBIH J9pexKeci
TOMEHACH .

3eprrey HoTmkeci OapbichiHaa yimr  kommoHeHTTI Ni-Cu-Cr/2% Ce/0-AlL,Os kartanu3zaropia OHTaWIbI
Ni:Cu:Cr=1,0:3,0:0,] xareiHaceHaa, SU10° car!' kenemaik KbUIIaMABIKTa sKkoHe 723 - 773 K Temneparypana
TOJNYABIH aliHaJbIM aspexeci aHarypibiM (98.8%- neitin) >korapbuiaiiabl. OTrekTiH OeTTik KabaTneH OaitnaHbic
SHEPTHSICHI JKOHE MOJIMOKCHATI Katanu3aropaarbl peakuusuiblk Kadinerriniri TBJ, TBT xone TBT smictepi apkbuib
anpIKTaael. Tysinren Ni xone Cu amromuHarTapsl 973-1223 K apansirsiana Ho ocepiHeH okcuarepre Hemece
OJIap/IbIH KOcHajiapblHa AeHiH TOTHIKCHI3aHATBIHBIFbI aHBIKTAJIbI.

Ni-Cu-Cr xaranuzaTopiapblHaa OTTETiHIH aacopOIHsICchl OKCHITEPiH bIAbIpayblHaH KeiiH eH Temenri (325 K)
TemmepaTypana xypeni. byn nucnepcti okcunrepaid agcopomusimanrad Oy, O )kKoHE OTTETi TOPIapBIHBIH KOFAPHI
KaliTa OEJCEeHIUIIriH, COHIaii-ak OJapAbIH KOCIATAaphIH OHBIH JKEHUI JKOIMEH KaifTa KOCBUIyFa KaOimeTTLTiriH
KepceTe/ti.

Tyiiin ce3qep: KaTalUTHKAIBIK TOTBIFY, TOIYOJI, Ta3ajay, HUKEJb, MBIC.
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WCCJEJIOBAHUE Ni-COAEPKAIIUX KATAJTU3ATOPOB
JIJIS1 OUUCTKHU OTXOSIIIUX F'A30B

Annoranus. [IpoGiema xuMudeckold 6€30IIaCHOCTH W CAaHWTAPHOM 3alMTHI BO3AyXa OCOOEHHO aKTyalbHa B
CBSI3M C YBEIMYEHHEM BPEIHBIX BBIOPOCOB MPOMBIIUICHHBIX NPEANPUSATHH, KOTOPHIE OKa3bIBAIOT CHIIBHOE
TOKCHYECKOe BO3JeHcTBHE. MHOIrMe XMMHYECKHE COEAMHEHHUS (TONyoJ, KCHJION, CTUPOJ, (DEHOJ, TPHUKPE3OI,
muHepanbHble crnupThl, CO W T.A.), KOTOpble HETaTUBHO BIMSIOT Ha JXMBbIE OPTaHM3MBI U (IIOPY, SIBISIOTCS
BpPEOHBIMH TOKCHYHBIMH BBIOpOCAMH OT TIPOMBIIUICHHBIX mpennpustuii. B coorBerctBum ¢ Ilapmxckum
coramenrneM, MpuHATEHIM 12 nexadps 2015 rona u nognmucanaeM 22 anpens 2016 roga B gononHeHne K Pamodnoit
koHBeHIIMM Opranmsannn OObenanHeHHBIX Harmit 00 W3MEHEHHMM KiIMMarta, pa3BUTHIE CTPAaHbl M CTPaHBI C
MEPEXOJHON APKOHOMHKOHM JOJDKHBI COKPATUTh WIIM CTaOMIM3MPOBAaTh BBHIOPOCH! MApHHUKOBBIX razoB. ConeprkaHue
BpeaHbIX BbIOpocoB Bbimre [I/IK B NpOMBINUICHHBIX LeXax W aTMOC(HEPHOM BO3AyXe B TOpPOAAX OKa3bIBAaET
HEraTuBHOC BO3HeﬁCTBHe Ha JXMBBIC OPraHM3Mbl U MPUBOAUT K PA3JTIMYHBIM SaGOHQBaHI/IHM, TEM CaMbIM CO31ac€T
yrpo3dy 0€30IacHOCTH OKpYy»Karomied cpenbl. Toiyosd, KCHIION M OTWIOSH30JI SIBJISIOTCS OCHOBHOW YacTbIO
paCTBOpHTeJ’ICﬁ, HCIOJIB3YEMBIX B PA3JIMYHBIX OTpaACiIAX MPOMBINIJICHHOCTH, KOTOPLIC MPUCYTCTBYIOT B
ra3000pa3HbIX BbIOpocax. TOKCHUHOE M BpeIHOE BO3JEHCTBHE BPEIHBIX BHIOPOCOB Ha XKHMBBIE OPraHM3MbI MOXKHO
MPOCJIEIUTh Ha MPHMEpPE TOJIYOJa - OCHOBHOTO KOMIIOHEHTa TOKCHYHBIX OPraHWYECKHX Ia3000pa3HBIX BBIOPOCOB,
KOTOpBIE TPUCYTCTBYIOT B BBIOpOCax MeOEIbHOMW, JIAKOKpacOyHOH, KaOelabHOW, MOIMrpaduueckod M Ipyrux
OTpaciIeil IPOMBINUICHHOCTH. Hanpumep, BABIXaHHE TOIyoIa ¢ KOHIeHTpanuei 250 Mr M~ B TedeHue 2 9 IPUBOIUT
K CHI)KEHHMIO YacTOThl CEpJCYHBIX COKpAICHWH, HAPYIICHWIO pEeYd, KOOPAWHALIMKM ABMXEHHH. JlmuTenbHoe
BIBIXaHUE TOJyOJa, KOTOPBIM NMPHUCYTCTBYET B COCTaBE KJIEs, JIAKOB, KPACOK U T.I., BBI3BIBAET HEHPOTOKCHUYECKHE
OTKJIOHEHUsI, KOTOPBIE MPUBOIAT K KIMHUYECKUM MOCJIEACTBHAM - TaJUTIOLUHALMAM, COHJIMBOCTH, IIOIBITKAM
caMoyOHMHCTBa, HAPYLIEHHUM 3PESHHS U CYA0POTaM.

Kak npaBuiio, KaTaau3aTopbl Ha OCHOBe Omaropomnbix MetauioB (Pt, Pd), xoropeie 001amar0T BBICOKOM
akTUBHOCTBIO (95 - 100%) mpu HOJTHOM OKHCIEHHH OpPraHWYECKHX BELIECTB, HCIIOJIB3YIOTCS B OCHOBHOM IS
OYHMCTKHU OTXOJAAIIUX T'a30B IMPOMBINIJICHHBIX HpeﬂHpHHTHﬁ. VcnoBus Jle(l)I/ILIl/ITa 1 BBICOKAass CTOUMOCTH METAJIJIOB
TUIATMHOBOM TPYMITBI MPUBOJST K HEOOXOIMMOCTH pa3padOTKH HOBBIX MOJXO0J0B K CO3/IaHHIO BBICOKOA((EKTUBHBIX
MOJMOKCHIHBIX KaTajlM3aTOpPOB, HE COAEpKAallMX OJIarOpOAHBIX METAJUIOB, CIIOCOOHBIX IIPOSIBIATH BBICOKYIO
TEPMOCTOHKOCTh M CTOMKOCTH K OTPaBJICHUIO M YCTOWYMBBIX B TEUEHHE JUIMTEIHLHOTO CPOKa SKCIUTyaTallUH.
Co3/1aHne KaTainn3aTopoB Ul OYHUCTKH T'a30B, KOTOPBIE HE COJEPXKAT OJIArOPOAHBIX METAUIOB MM COJEP)KaT UX B
HEOONBIINX KOJWYECTBAX, SBISETCS BAKHOW LENBI0. B 3TOM KOHTEKCTe aKTyaJdbHBI Pa3pabOTKH BBICOKOA((eK-
TUBHBIX TOJHOKCHIHBIX KaTaJIN3aTOPOB, KOTOPbIE HE COAEPXkAT JPAaroleHHBIX METAIOB, a TAaKXe TEXHOJOTHH
ITyOOKOTO OKHCIICHNS! TOKCHYHBIX OPraHMUYECKUX I'a3000pa3HbIX BEIOPOCOB ITPOMBIILUIEHHOCTH.

[IpencraBneHo nccIe0BaHUE AKTUBHOCTU IMOJHOKCHIHBIX KAaTaJIW3aTOPOB B PEAKIUH TNTyOOKOrO OKHCICHUS
tonyona npu 723 K u o6wemuoii ckopoctn 5U10° al. KonBepcus Tomyona BospacTaga ¢ yCIOKHEHHEM COCTAaBA
karanu3aropoB. CaMasi HU3Kas CTEIECHb OKHCIICHHUs Toyoia 57.0% Habmromanacek Ha karainuzarope 5% Ni/2% Ce/0-
AlOs, a wnambonbmias creneHb 98.5% HaOmogamace Ha TpexkoMmmoHeHTHOM 9% Ni-Cu-Cr/2% Ce/0-Al,03
KarajausaTope. YBeludeHue KoHIeHTpauy Toiryona ot 100 1o 320 Mr M~ B HCXOJIHOI CMeCH ¢ BO3yXOM IPHBOIUT
K HE3HAYMTEJIFHOMY CHIDKCHHUIO CTEICHH IpPEeBpAIeHUs] ToJTyosla Ha NBYXKOMIOHEHTHBIX Ni-Cu/2% Ce/6-AlO3 n
Cu-Cr/2% Ce/6-Al,0O;3 xarannzaTopax.

B pesynbrare rccienoBaHuii ObIIO YCTaHOBJIEHO, YTO HAMOOJIBIIAS CTENEHb IpeBpalieHus Toiryona (10 98.8%)
HaOmoaercst Ha TpexkoMmroHeHTHoM Kartanm3aTope Ni-Cu-Cr/2% Ce/8-Al,O3 ¢ onTHMalbHBIM COOTHOIIEHHEM
Ni:Cu:Cr=1,0:3,0:0,] npu o6bemuoli ckopoct 5410° u! u Temmeparype 723 - 773 K. DHepruio cBsasu
KHCJIOPOAA C TOBEPXHOCTBIO M €ro PEakIMOHHYIO CIIOCOOHOCTh Ha MOJMOKCHAHBIX KaTaln3aTopax OMpeNelisuin
meronamu TTII, TTIO u TTIB. beiio nokazano, uro obpasyromiuecs aaroMuHaTel Ni 1 Cu MOT'yT BOCCTaHABINBATHCS
JI0 MCXOJTHBIX OKCHJOB WM WX cMeced moj BosumedictBueM Hy mpu 973 - 1223 K. Axcopbuus kuciopoja Ha
karanmmzaropax Ni-Cu-Cr mocie pas3yiokeHHs OKCHIOB IMPOUCXOIUT mpu Hu3koi Ttemmeparype (325 K). Orto
YKa3bIBaeT Ha BHICOKYIO PEaKIIMOHHYIO CIIOCOOHOCTH ajicopOrpoBaHHOro Oy’, O M KHCIIOpO/ia PELIeTKH TUCTIEPCHBIX
OKCHJIOB, & TAaK)Ke UX CMECEH U ero CrloCOOHOCTb K JIEIKOI peaKkTHBAIMH.

KaioueBble ci10Ba: KaTaIMTHYECKOE OKUCIIEHUE, TOIYOJI, OYUCTKA, HUKEIb, MEJIb.
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