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1. Introduction

Rapid urbanization coupled with increased demand for
transportation for day-to-day activities has led to the un-
restrained increase in the number of vehicles in the world,
especially in developing countries [1]. Huge amount of
fuel is burnt in motorized transport [2]. In vehicles the
incomplete combustion of fuels causes air pollution. The
major primary pollutants present in the emissions are car-
bon monoxide (CO), nitrogen oxides (NO,) and unburned
hydrocarbons (HCs) [3]. These primary pollutants are to-
xic themselves and contribute to the formation of more
toxic secondary pollutants in sunlight, e.g. peroxy-acetyl
nitrate (PAN), poly-aromatic hydrocarbons (PAH), ozone
(03), smog, acid rain, and may also increase the greenhouse
effect [4]. The pollutants cause health problems, pollution
of water and soil, deterioration of buildings, reductions in
visibility, and negative impact on agricultural productivity
and are known to be mutagenic and carcinogenic [5]. Out
of all these pollutants, CO is the most poisonous and it has
been termed «the unnoticed poison of the 21° century».
It is particularly detrimental to human beings and in gene-
ral to all life forms that respire. It also adversely affects
vegetation and environment.

Thus, the increasing concern on atmospheric pollution
derived from road transportation has led to the introduc-
tion of stringent clean air regulations. Bharat Stage (BS VI)
equivalent to the European Emission (EU VI) standard
requires reducing CO emissions below 1.0 g/km from
petrol-driven car [6]. As a consequence effective control
devices need to be developed to enable vehicles to meet
the increasingly stringent limits. Various primary measu-
res (engine modifications, fuel modifications, fuel/air ra-
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tio, etc.) failed to match the emission requirements. To
meet the emission norms, automotive catalytic converter
(ACC) has been proposed to be the most effective end-
of-the pipe treatment technology [7]. Here catalysts play
a major role to convert CO to non-toxic CO, as represen-
ted by the following Eq. 1:

CO + 1/20, — CO,. )

CO, is present in the atmosphere and used in photo-
synthesis by plants and vegetation.

Commercial catalysts usually consist of very costly
noble metals (Pt, Pd, Rh) [8]. Availability of the noble
metals in our country is only by import causing heavy
burden on the exchequer. One of the major challenges is
the «cold-start» problem: controlling the unwanted emis-
sions produced before the catalytic converter reaches ope-
rational temperatures [9]. During cold-start phase, about
60—80 % of CO is emitted from a motor vehicle even
equipped with a three-way catalyst (TWC) [10]. TWC
which uses noble metals are not being able to function
effectively until it reaches the light-off temperature of
200 °C as the conversion efficiency depends strongly on
the working temperature and is practically zero during the
starting and warming up period. Thus, efforts have been
always put towards the development of low cost non-noble
metal-based catalysts [11, 12] which can also overcome
the problem of cold-start.

Among base metal catalysts, copper and supported cop-
per catalysts are known to be highly active in view of avai-
lability, lower cost, less sensitive to sulfur poisoning and
comparable activity for purification of vehicular exhaust
[12—14]. To enhance the performance of the Cu catalyst,
addition of appropriate promoter is essential. The addition
of ceria (CeO,) to the Cu increases catalyst performan-
ce due to its excellent oxygen storage capacity (OSC) pro-
vided by the redox couple: 2CeO, <> Ce,0; + O, mak-
ing active oxygen available for the acceleration of oxida-
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tion reactions [15, 16] and structural enhancement of the
metal dispersion. Further, gold-based catalysts exhibit
high activity at low temperatures, good stability under
moisture and resistance to sulfur poisoning [17]. It is al-
so reported that Au is about 1000 times more active than
Pt in the catalytic oxidation of CO under basic but not
acidic environments [18]. Highly dispersed gold on sui-
table metal oxides exhibits extraordinarily high activity in
low-temperature CO oxidation [19, 20]. By promoting Au
catalysts great improvements in activity can be obtained
[21—23] and the temperature range of CO conversion can
be enlarged. Results reported in the literature [19, 24]
shows that ceria has a promoting effect on the activity of
the Au/Al,O5 catalyst in CO oxidation. India has suffi-
cient Au reserves, therefore application of Au in place of
Pt would be attractive proposition for catalytic control of
vehicular CO emissions under cold-start conditions.

Several authors have investigated Cu-CeO,, Cu-CeO,/
Al,03, Au/CuO, Au/CeO, and Au/CuO-CeO, catalysts
for low temperature CO oxidation [25—31]. Qin et al. [25]
reported the Ce-Cu binary precursor synthesized by an
improved urea method resulted in CO oxidation at tem-
perature lower then 71 °C. Liu and Stephanopoulos have
investigated the CO oxidation over La promoted Au/CeO,
containing 5 wt.% Au at room temperature [32]. Hoflund
and co-workers have shown Au/CeO, containing 10 % Au
as an active catalyst for the low temperature (< 0 °C) oxi-
dation of CO [33]. Bera and Hegde have reported CO oxi-
dation over 1 % Au/CeO, prepared by combustion method
[34]. However, the catalyst is shown to be active for the re-
action at high temperature of 250—300 °C. Majority of the
gold catalysts shown to be highly active for CO oxidation
typically contain 2—10 wt.% gold. Pillai and Deevi [35]
worked on Au/CeO, catalyst containing as low as 1 wt.%
Au, and they found that it is a highly active catalyst for the
room temperature oxidation of CO to CO, with complete
conversion of CO and sustains its high activity for a period
of 24 h.

However, little attention has been paid on the stabi-
lity of catalyst for a considerable period of time. It is well
known fact that stability is a desirable characteristic.
Therefore, using alumina support stability of the catalyst
could be increased without sacrificing the performance
in the reaction. Because of the abundant pores and large
surface area present in alumina, it has a great potential in
further improving the catalytic performance. Hence, the
objective of the present study was to develop Au promoted
Cu-Ce/y-Al,05 catalyst and to test the activity and dura-
bility of prepared samples for CO oxidation at low tem-
perature.

2. Experimental
2.1. Catalyst preparation

First ceria (CeO,) powder was prepared by thermal
decomposition of precipitated cerium (III) oxalate
[Cey(C,04)3:10H,0]. Then, the copper was supported
on prepared ceria by wet impregnation with required
amount of copper nitrate solution. The slurry thus ob-
tained was evaporated to dryness followed by further
drying in an oven at 110 °C overnight. The dried pre-
cursor was calcined under controlled conditions and en-
vironment to prepare CuCe, O, (molar ratio Cu : Ce =
= 1: 8) catalyst. Further, the above slurry was also im-
pregnated over 15 wt.% 7y-Al,0O; followed by the heat
treatment steps.

To prepare gold-promoted CuCe/y-Al,O5 catalyst, Au
was incorporated into the ceria supported copper cata-
lyst by incipient wetness method with required amount of
1.3-10~2 M aqueous solution of chloroauric acid (HAuCly)
followed by evaporation, drying and calcinations under
controlled conditions and environment. The composition
of Au in the catalysts was 3 % by weight, with Cu : Ce =
= 1: 8 molar ratios remain unchanged.

This paper reports only the optimum composition of
the catalyst with respect to performance in CO oxidation.
The prepared catalyst was calcined at 600 °C under cont-
rolled conditions and environment for 2 hours. For
durability test prepared catalyst was further heated to
800 °C for 2 hours and then its CO oxidation activity was
plotted against time-on-stream for continuous 50 h run
with the temperature kept constant at its 100 % conver-
sion.

2.2. Catalyst characterization

Surface area measurement and textural characteriza-
tion of the catalyst sample was done by nitrogen adsorp-
tion at —196 °C using Quantachrome Nova 2200e surface
area analyzer. X-ray diffraction (XRD) patterns of the
catalyst were collected on 18 kV rotating anode Rigaku
powder diffractometer, using CuK,, radiation for phase
identification of the catalysts. The patterns were record-
ed at room temperature with a 20 range from 20 to 80°.
X-Ray photoelectron spectroscopy (XPS) analysis was per-
formed on an Amicus spectrometer equipped with MgK,,
X-ray radiation. For typical analysis, the source was opera-
ted at a voltage of 15 kV and current of 12 mA. Pressure in
the analysis chamber was less than 10~ Pa. The binding
energy scale was calibrated by setting the main Cls line of
adventitious impurities at 284.7 €V, giving an uncertainty
in peak positions of 0.2 eV.
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2.3. Catalytic activity

The oxidation of CO was studied in a fixed bed tubular
down-flow compact reactor [12]. Following reaction condi-
tions were maintained: 100 mg catalyst, 100—150 mesh size
(150—100 wm particle size), using a lean mixture of 2.5 %
CO (volume ratio) in the air, maintaining total flow rate of
60 ml/min. The reaction was carried out in the temperature
range of ambient to the temperature till 100 % CO conver-
sion was attainted. Air fed was made free of moisture and
CO, by passing it through CaO and KOH pellets drying
towers. The catalytic experiments were carried out under
steady state conditions. Typically, the reactor was heated to
the desired temperature with the help of a micro-proces-
sor based temperature controller. A temperature control of
10.5 °C was achieved. The flow rates of CO and air were
monitored with the help of digital gas flow meters. Reac-
tants and products were analyzed for the concentration
of CO and CO, with the help of an online gas chromato-
graph equipped with porapack Q-column, FID detector
and methaniser. The conversion (Xcg) was calculated on
the basis of values of CO concentration in the reactor input
(Ccom) and output (Cco ) samples by the following Eq. 2:

XCO (CCO in Ccoout)/ccoin : (2)

The activity of the catalyst was expressed as conversion
of CO. Multiple samples of the gases were analyzed to en-
sure that the catalytic system had reached a steady state.

3. Results and discussion
3.1. Textural characterization

BET surface area of Au-CuCe/y-Al,O;5 catalyst was
found to be 103.48 m2/g and pore size was 28.664 nm. The
pore volume of the catalyst was 0.07 cm3/g measured by
N, sorption at its relative pressure, P/Py = 0.99. The nit-
rogen adsorption-desorption isotherms of the Au-CuCe/
v-Al,O5 catalyst are shown in Fig. 1. The isotherms
are of type IV according to IUPAC classification [36].
A hysteresis loop with a sloping adsorption and desorp-
tion curves is observed at a high relative pressure (P/P)
range.

The pore size distribution of the catalyst is shown in
Fig. 2. It can be seen that pores are distributed in a nar-
row range of 1.7—15 nm, with dominating pore diameter
around 4—5 nm.

3.2. X-ray diffraction

XRD pattern of the catalyst containing Au-CuCe/
v-Al,05 is shown in Fig. 3. The diffraction peaks corre-
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Fig. 1. N, adsorption-desorption isotherms
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Fig. 3. XRD pattern of Au-CuCe/y-Al203 catalyst

sponding to the 26 values of 28.5, 33.1, 47.5, 56.3, 59.1,
69.4, 76.7 and 78.9° can be indexed to the (111), (200),
(220), (311), (222), (400), (331) and (420) planes of the
fluorite structure of CeO, crystals (JCPDS 43-1002). For
the catalysts, the small diffraction peaks at 35.42 and 38.7°
are attributed to the (111) plane of CuO crystals of tenorite
phase. Very small peaks of Au are observed at 44.3 and 64.5°
representing its amorphous nanosize nature. There is no
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indication of the presence of other phases like Au-Cu alloy
which is found at 39.2°. This shows that they are present in
almost amorphous state. The dominant phase present in
the catalyst is of CeO,.

3.3. X-Ray photoelectron spectroscopy

The Au 4f ionization process is characterized by the
doublet of the two spin-orbit components, Au 4f;,, and Au
4fs /2, With a splitting of 3.7 eV. As indicated in the Fig. 4,
the experimental curves were fitted with two doublets. The
prepared sample presents a main Au 4f7,, component at
a binding energy of 84.1 eV typical of metallic gold [34],
and a negligible component at 86.1 eV, likely due to oxi-
dized surface Au species.

As shown in Fig. 5, two principal peaks of Ce 3ds,,
and Ce 3d;, (centred at 882 and 898 eV) and four satel-
lite peaks raising from ionization can be attributed to the
Ce(1V). However, main peaks of Ce 3ds/, and Ce 3d3), in
the catalyst sample is lower than that of the reported in
literature [37, 38], due to the coexistence of Ce3+/Ce4+ in
the catalyst [39, 40].

The Cu 2p XPS spectra in Fig. 6 consist of two main
peaks of Cu 2p3,, deconvoluted by using three compo-
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Fig. 4. Experimental and fitted Au 4f photoelectron peaks
of Au-CuCe/y-Al,0; catalyst
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Fig. 5. Experimental and fitted Ce 3d photoelectron peaks
of Au-CuCe/y-Al,0; catalyst
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Fig. 6. Experimental and fitted Cu 2p photoelectron peaks
of Au-CuCe/y-Al,05 catalyst

nents at 932.0, 934.2, and 936.0%0.2 eV which have been
found to correspond to Cu(l), Cu(Il) in octahedral sites
and Cu(Il) in tetrahedral sites respectively and Cu 2p
(centred at 951.8—952.6 eV) [41—43]. The existence of
Cu' and Ce*" observed in the catalyst is induced by
substitution of Ce with Cu or by strong interaction at
the interface of two oxides [44]. The reduced species of
copper and cerium oxides demonstrate the synergistic
interaction between CuO and CeO, in the Au-CuCe/
v-Al,O5 catalyst, which have significant effects on the
catalytic activity [45]. O 1s spectra of the sample (not
shown) have similar pattern with the main peak appea-
ring at 528.4 eV with a shoulder peak at 531.5 eV indicat-
ing the presence of two different types of metal-oxygen
sites. Peak at 528.4 eV is due to the lattice oxygen from
the CeO,.

3.4. Activity measurement

It is evident from Fig. 7 that Au promoted CuCe/
v-Al,05 catalysts are highly active for CO oxidation ex-
hibiting 100 % CO conversion at 80 °C with light-off tem-
perature at 60 °C. The presence of CuO, Cu,0 and domi-
nance of CeO, phases as evidenced from XRD and XPS
studies may be the possible reason for the high activity of
the catalyst. CeO, phase accelerates the oxidation reac-
tions making lattice oxygen available. Structural oxygen
is more active than molecular oxygen of air. Further, Au
catalyst is known to be very active at ambient tempera-
ture [18]. Thus, Cu/y-Al,0; catalyst promoted with Au
and supported with CeO, shows very high activity at low
temperature.
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Fig. 7. CO oxidation over Au-CuCe/y-Al,05 catalyst
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Fig. 8. Durability tests of Au-CuCe/y-Al,05 catalyst for CO
oxidation at 80 °C

Calcination temperature: ¢ - 600 °C; O - 800 °C

3.5. Durability test

For durability test, the conditions were kept the same
as mentioned above in the activity test and the reaction
temperature was fixed at 80 °C. It is clear from Fig. 8
that the catalyst calcined at 600 °C showed 100 % CO
conversion for 50 hours continuous run while the catalyst
calcined at 800 °C showed activity at little lower level of
95 % conversion for the whole time-on-stream. It can be
concluded that the catalyst showed quite good durability
and negligible deactivation after 50 hours run.

4. Conclusion

In this paper, Au-CuCe/y-Al,0O5 catalyst was found
to convert total CO into CO, at cold start temperature,
around 80 °C. The durability test showed no deactivation
of catalyst confirming its sturdy nature. It is a well sta-
bilized fact that stability is more desirable characteristic

of a catalyst than its activity for application in the cata-
lytic converter. Thus, it can be concluded that Au-CuCe/
v-Al,05 catalyst might be used for CO oxidation in vehi-
cular exhaust at cold-start temperature. Furthermore, its
low cost and easy availability support for its use as pollu-
tion controls catalyst.
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KATANUTUYECKOE CHUXEHUE ABTOMOBUJIbHbIX BbIBPOCOB CO
NMPU X0N04HOM 3ANYCKE ABUTATENA

NMpatuum Cunrx u Pam Mpacap

OTpeneHne XMMUYECKOTO MALUMHOCTPOEHUA U TexHonoruu, MHAMIACKMIA MHCTUTYT TexHonoruu, r. BapaHacu

bricTpast ypbaHU3alMs B COYETAHUU C YBEJIWUYEHU-
€M CIIpoca Ha IIEPeBO3KM B ITOBCEIHEBHOM AESATENb-
HOCTHU MpHBea K 6e3yIepXXHOMY POCTY YUCIEHHOCTH
aBTOMOOUJIed B MHpE, OCOOEHHO B Pa3BUBAIOIIUXCS
ctpaHax. OTpOMHOE KOJIMYECTBO TOILIMBA CXUIaeTCs
MOTOPU30BaHHBIM TpaHCIIOPTOM. HemosiHoe cropaHue
TOILUIMBA B JBUTATEJNISIX BBHI3BIBAET 3arpsi3HEHUE BO3-
nyuiHoro 6acceiiHa. OCHOBHBIE MIEPBUYHEBIE 3arpsi3HU-

TeJW, TIPUCYTCTBYIOIIME B BBHIOpOCaX, — MOHOOKCU]
yraepona (CO), okcuabl azota (NO,) U Hecropesluue
yrieBomoponsl (Y B). DTu BemecTBa TOKCUYHBI CAMH T10
cebe, a KpoMe TOTo, TPUBOJIAT K 00pa30BaHUIO TIO IECT-
BUEM COJIHEUHOIO CBeTa 00Jiee TOKCUYHBIX BTOPUYHBIX
3arpsA3HUTENC, HallpuMep MHepoKCHalleTUIHUTpaTa
(ITAH), NOAULIUKANYECKUX apOMAaTUYECKUX YTJIEBOIO-
ponos (ITAY), o3oHa (O3), cMora, KUCIOTHBIX LOXIEH,
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M MOTYT TakXe CITOCOOCTBOBATh YCUJIEHUIO TTapHUKO-
Boro addexTa. 3arps3HsIONINe BelleCTBa BbI3BIBAIOT
cepbe3HbIC MPOOJIEMBI CO 3TOPOBHEM, OTPABISIOT BO-
Iy ¥ TI0YBY, YXYOIIAIOT COCTOSTHWE 3MaHWiA, CHUXKAIOT
BUIMMOCTh, a TaKXXe OTPUIATEIbHO CKa3bIBAIOTCS Ha
MMPONYKTUBHOCTU CEJIbCKOro Xo3sgiicTBa. Kpome ToTO,
OHM, KaK MU3BECTHO, 00JIaIal0T MyTareHHBIMU W KaHIIe-
pPOTeHHBIMU CBOMcTBaMU. M3 Ha3BaHHBIX 3aTrpsi3HUTENCH
MOHOOKCHI YTJIepOoAa — CaMBblil SSHOBUTHII, OH ITOTYIMIT
Ha3BaHMe «He3aMeTHBIN sia X X1 Bekar.

Takum o6pa3om, pacTyiiast 03a004eHHOCTb 10 T10-
BOIY 3arpsi3HEHUSI aTMOC(epHl, BEI3BAHHOTO aBTOMO-
OMJILHBIM TPAaHCIIOPTOM, IIPUBEIa K BBEIeHUIO OoJee
XKEeCTKUX TpeOboBaHMI1 K unMcToTe Bo3myxa. Bharat Stage
(BS VI), skBUBaJIeHTHBIN €BPOMENHCKOMY CTaHAAPTY
Ha BbIOpOCH (EBpo-6), TpeOyeT oT aBTOMOOWUJS, pa-
Ooraruiero Ha 0eH3uHe, cHUXeHus BeIopocoB CO no
ypoBHs Huxe 1,0 r/kM. B cBSI3M ¢ 3TUM MOTKHBI OBITH
pa3paboTaHbl 3¢ EeKTUBHBIE YCTPOKMCTBA, OOecIeuu-
BaIIME COOTBETCTBHE TPAHCIOPTHBIX CPEICTB CTOJb
XKECTKUM TpeboBaHUAM. 151 coOM0neHsT HOPM BbI-
OpPOCOB MpeaI0XeH aBTOMOOUIbHBIN KaTaIUTUYECKU I
kouBepTep (AKK) — addekTnBHBIN ToXUTaTENb, TS
KaTaJIn3aTOPhl UTPAIOT BaXKHYIO POJIb B IIpeBpaIllcHUN
CO B "HeTokcnuHblii CO,, NPUCYTCTBYIOIIUI B aTMOC-
(¢epe M UCTIONB3yeMBblil pacTeHUSIMU B Ipoliiecce (GoTo-
CHHTE3a.

Kommepueckne KaTanam3aTopbl OOBIYHO ComepkKar
OYeHb JoporocTosiiue OmaropoaHsle MeTaanabl (Pt,
Pd, Rh). Hanuume OmaropogHBIX METaJJIOB B HaIIeit
cTpaHe oOecIeuyrBaeTcsl TOJbKO MMITOpTOM. OmHOIM
M3 OCHOBHBIX 3aJay SIBJISICTCS IpoOjieMa «XOJOIHOTO
3aIlycKa». peryJnupoBaHUE HEXeIaTeIbHBIX BBIOPO-
COB, 00pa3yloIMXCs A0 TOTO, KaK KaTaJUuTHUYEeCKUIA
JOXUTaTeb JOCTUTAeT pabouux Temmepartyp. B ¢ase
xoJiogHoro crapta okoJjio 60—80 % CO BbiGpachIBaeT-
Csl U3 IBUTATENIsl aBTOMAIIMHBI, TaXe eCIM OHa OCHa-
meHa KartaausatopoM TWC, B KOTOPBIM MCHOJb3Y-
I0TCs GiaropoaHbie MeTannbl. OH He CIoco0eH a3(dh-
(bekTUBHO paboTaTh MO TeX MOP, MOKa HE JOCTUTHET
teMrieparyphl 3axuranusa 200 °C, Tak Kak BeJMYMHA
KOHBEPCHUM CUJIBHO 3aBUCUT OT pabodeil TeMIIepaTyphl
¥ TIPaKTUYECKU paBHA HYJIO BO BpeMs IycKa M IPo-
rpesa. [ToaTomy ycuaus pa3paboTUMKOB Bceraa ObIIN
HamnpaBJICHHI HAa CO3MaHNe HEAOPOIrUX METAJIJIMUSCKIX
KaTaJIn3aTOPOB, KOTOPhIE TaKXe MOTYT PEIIUTh ITPO-
0J1eMBbI XOJIOMHOTO 3aIycKa.

TakuM o0Opa3oM, 1ieJib HACTOSIIEr0 MCCIeI0BaHUS
CcOoCTOsIIa B OIpENeIcHUH aKTUBHOCTU M IIPOIOJIKH-
TEJIbHOCTU CPOKa CITYKOBI TPOMOTHUPOBAHHOTO 30JI0TOM
Cu-Ce/y-Al,0; katanusaropa B peakKLMU OKUCJICHUS
CO npu Huskoit temneparype. Odpasel] ObLJI MPUTO-
TOBJIEH METOJOM MPONMUTKU U TipokaieH mpu 600 °C,
a Ui TECTUPOBAHUS Ha TPOAOKUTEIBHOCTh CPOKa
cnyx6b1 — mipu 800 °C. KaranuszaTop ObLT oxapakTe-
pHM30BaH METOZAMM HU3KOTEMIIEPATYPHOU amcopOonnu
a30Ta, PEHTITeHOBCKOM AM(paKIUu U PEHTTEHOBCKOM
doroamuccuonHoi criektpockornuu (PPC). OkuciaeHue
CO um3yyanu B IPOTOYHOM TPyOUAaTOM peakTope ¢ He-
MOJABUXXKHBIM CJTIOEM KaTtaiau3aTopa: HaBecka — 100 mr,
pa3mep yactuil — 100—150 merr (150—100 MKM), UCTIOJTb-
3y 0obemHeHHYI0 cMech (2,5 06.% CO B Bo3nyxe) ¢ 00-
el CKOpoCThio MmoToka 60 mia/MuH. PeareHTH 1 TIpo-
OYKThl aHajiu3upoBaiu Ha copepxaHue CO u CO, c
ITOMOIIIBI0 Ta30BOTO XpoMaTorpada, OCHAIIEHHOTO KO-
JIOHKOI C TTopartakoM, IJIaMeHHO-MOHU3aIIMOHHBIM JIe-
TEKTOPOM U METaHATOPOM.

Omnpenecnennas MetonoM bOT ymenpHas moBepx-
HocTh Au-Cu-Ce/y-Al,O; KaranusaTopa cocTaBuJIa
103,48 m?/r, pasmep mop — 28,664 HM 1 06BEM 1MOp —
0,07 CM3/r. JwudpakumoHHass KapTWHA Karajm3aTtopa
rokasaja, YTo B aMOp(hHOM COCTOSIHUM TpeobiagaoT
kpuctajiabl CeO, GAOOPUTHON CTPYKTYpPBI, MPUCYT-
cTBYIOT KpucTasiabl CuO TeHOpUTHOIH (ha3sl ¥ HAbIIOMA-
I0TCS IBa OYeHb HEOOJBIINX NTMKA OT HAHOPa3MEPHBIX
yactull Au. Metonom POC (XPS) BbIsIBJIEHO COBMECT-
HOe CyIIeCTBOBaHME Ce3+/Ce4+ B KaTaJu3aTope.

Monnast kousepcust CO Ha Au-Cu-Ce/y-Al,0O5 Ha-
oaromaeTcs npu teMIiepatype okoso 80 °C. IToBbllieH-
Hasl aKTMBHOCTB KaTaJM3aTopa MOXET OBITh 00yCIIOB-
sneHa npucyrcrsueM CuO, Cu,O u JOMMHMPOBaHUEM
CeO, ¢a3. Kpome TOoro, U3BeCTHO, YTO KaTaJanl3aTOPHI,
comepXamue Au, Oo9eHb AKTHUBHBI IIpH TeMIIEpaType
okpyxatouiei cpeabl. Tak, Au-Cu-Ce/y-Al,O5 npossun
BBICOKYIO KaTaJWTUYECKYI0 aKTMBHOCTb IPM HU3KOMU
TeMmIepaType. B xome McnblTaHUIT Ha IIPOOOIKUTEIb-
HOCTb cpoka cayx0bl KoHBepcuto CO u3aMmepsiid Ha
npotsixkeHnu 50 4 HeNmpephIBHON pabOThI, Ae3aKTUBA-
I KaTaJu3aTopa IIpy 3TOM He Habaomanock. biaro-
Japst HU3KOil CTOMMOCTH M JoctynmHoctH, Au-Cu-Ce/
v-Al,O3 MOXET OBITh PEKOMEHI0BaH [JIg MCIOJb30Ba-
HUS B Ka4eCTBE KaTaJIM3aTopa OKUCIICHU ST aBTOMOOMIb-
HBIX BBIXJIOITHBIX Ta30B TPU TeMIIepaType XOJOTHOTO
3aIycKa JBUTaTeNsl.
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