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ASSESSMENT OF THE EFFECTIVENESS OF THE USE
OF PALLADIUM IN CATALYTIC SHS-UNITS FOR DIESEL ENGINES

Abstract. This paper considers the questions of the purification of exhaust gases of diesel engines from
nitrogen oxides, carbon monoxide CO, hydrocarbons CxHy and particulate matter PM, on the catalysts of the porous
permeable materials produced by SHS synthesis.

Experimental study on the determination of the effectiveness of catalytic conversion of exhaust gases on the
SHS-materials was carried out under the following conditions: the identity of the average diameter, pore size,
porosity and pore tortuosity. This was achieved by the fact that the basic structure of the charge contained: alloy steel
- 47.5%; chromium oxide - 18%; chromium - 5%; nickel - 4.9%; aluminum - 12%; titanium - 11.5 ... 11.6% and up
to 1% by weight of various catalysts.

A comparison of the effectiveness of gas cleaning from particulate matter in the porous SHS-units based on Fe-Al
with the same characteristics resulted in quality improvement up to 18-20% using palladium Pd as a part of the material.

Next, the procedure aimed in the assessment of the hazardous diesel emissions on such indicators asqas nox,Jas
0> Qas cH» Jas pm, the results of which are summarized in Table 1. Here, the estimation of anthropogenic impact values
for the same conditions in the case of EURO 4 and EURO Semission standards, actual emissions without gas neutra-
lization, and actual emissions with gas neutralization in the presence of porous permeable SHS-units containing
palladium Pd.

Keywords: catalyst, self-propagating high temperature synthesis (SHS), exhaust gases.

Introduction. The use of palladium Pd in the systems of exhaust gas cleaning at the plants and in the
internal combustion engines has been sufficiently studied by researchers. However, the effectiveness of Pd
in the composition of the materials obtained by SHS-technology was never investigated. This can be
explained both by the high cost of Pd on world markets and a decrease in production volume observed in
the world. At the same time, the use of Pdas part of SHS-materials for catalyst units of the catalytic
converters for exhaust gas is of interest due to covering a wide range of effective cleaning of the gases
from 450 ... 550K to 825 ... 850K with simultaneously cleaning from nitrogen oxides NOX, carbon
monoxide CO, hydrocarbons CxHy.

Development of new materials for catalytic converters is connected primarily to the fact that there is a
significant deterioration of the catalysts in the process of cleaning gases from the surfaces of the carriers.
This is especially true for the materials on the surface of which the catalysts are covered by electrolytic
deposition and impregnation, followed by drying [1].

Using of advanced SHS-technology provides durablecatalysts resistant to the entrainment of gas
supplies(Figure 1).

Researchmethodology. Experimental studies were carried out on the engine of KaMAZ-740 (8Ch
12/12). Recording the external high-speed characteristics were made in speed range of 1400...2600 min-1,
and the load characteristics at 2600 min-1 with a pilot plant to assess the effectiveness of treatment of the
exhaust gas of diesel engine in porous permeable SHS-catalyst block with all the measurements provided
by GOST 14846-81 [2], GOST R 41.49-99 [3], GOST R 41.24-99 [4], GOST R 41.83-99 [5] while
working with L-0.2-40 fuel according to GOST 305-82 [5].
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a) filter B) catalytic converter assembly

Figure 1 — The design of the filter

The duration of the measurement of fuel consumption was not less than 30 seconds. The measure-
ments of opacity, toxicity, temperature and pressure of the exhaust gas were made at least six times for
each of the modes using similar devices through the distribution column.

The test program included characterization of diesel engines by test cycle of 13-modes for deter-
mining the valuation of specific emissions of nitrogen oxides NOx, carbon monoxide CO, hydrocarbons
CxHy and particulate matter PM. This article describes the tests only on nitrogen oxides NOx emissions.

Emissions of harmful substances along with exhaust gases were determined in accordance with
GOST R 41.83-99. Exhaust gas opacity and particulate matter emissions were determined in accordance
with GOST R 41.24-99.

At the beginning and at the end of the test program, external speed and load test characteristics were
determined, as well as specifications for the 13-mode test cycle.

Experimental study on the determination of the effectiveness of catalytic conversion of exhaust gases
on the SHS-materials was carried out under the following conditions: the identity of the average diameter,
pore size, porosity and pore tortuosity. This was achieved by the fact that the basic structure of the charge
contained: alloy steel - 47.5%; chromium oxide - 18%; chromium - 5%; nickel - 4.9%; aluminum - 12%;
titanium - 11.5 ... 11.6% and up to 1% by weight of various catalysts.

The study was conducted in a pilot plant with 8Ch12/12 diesel in the test-bench, equipped in
accordance with GOST 21393-75 and GOST 41.49-99 on the fuel according to GOST 308-82 L-0,2-40,
MTM-16p oil.

Tests were carried out on the loading characteristics at 2600 min™' and the outside speed at 1400 ...
2600 min™' at ambient temperature T, = 300 ... 303K, atmospheric pressure Py = 749-752 mm of Hg col.,
humidity Wy =72 ... 79%.

The porosity of the SHS-materials of catalytic units was P = 0.47 ... 0.49; pore tortuosity & = 1.38 ...
1.40; the volume of the porous mass was 2.13 % 10° m? ; relative area of filter surface for the nominal
power regime Fg, = 1.64 x 10 (m/h)*.

The pilot plant with SHS-catalytic converter was mounted back to back with one of the exhaust
manifold of a diesel engine, so there is no need to preheat the exhaust gases on the load conditions above
50%, where there are higher levels of emissions.

Results. Comparative tests showed that on the catalytic SHS-materials with palladium Pd content of
about 0.3% by weight at the loading characteristic at 2600 min" for effective pressure values of
0,35..0,55..0,78MPa emissions of nitrogen oxides NOx in the exhaust gases are reduced to 15..60..65%
respectively (Figure 2).

Low NOx removal efficiency at low load conditions can be explained by the fact that the exhaust gas
temperature of 790K, corresponding to the active influence of Pd catalyst on the process of nitrogen
oxidesreduction, is shown starting from the values of the average effective pressure P, = 0.52 MPa (Figu-
re 2). Hereinafter: Cnox, Cco, Cexny, Com— content of nitrogen oxides, carbon monoxide, hydrocarbons,
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Figure 2 — The effectiveness of cleaning of the exhaust gas Figure 3 — The effectiveness of cleaning of the exhaustgas
of the 8Ch 12/12 diesel engine in SHS-units of the 8Ch 12/12 dieselengine in SHS-units of the catalyst
of the catalyst with the addition of palladium Pd with the addition of palladium Pd on the loading characteristic,
on the loading characteristic at 2600 min™, where @@ - without CN; O—O - with CN

where @@ - without CN; O—O - with CN

particulate matter, respectively, in the exhaust gases, g/m’; o - coefficient of air excess; T, - exhaust gas
temperature, K; G, - air flow rate, kg/h; Gy - fuel flow rate, kg/h; g.— specific effective fuel flow rate,
g/(kW-h).

For values of average effective pressure of 0.35 ... 0.55 ... 0,78MPa in the cylinders of diesel emis-
sions of carbon monoxide CO are reduced at the loading characteristic, respectively, to 75 ... 86 ... 92%.
Active influence of the Pd catalyst on the processes of CO oxidation begins at the exhaust gas temperature
of 520K, and this temperature corresponds to the average effective pressure P, = 0,10MPa.

— 44—



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 4. 2017

At the above mentioned values of average effective pressure at 2600 min™ emissions of hydrocarbons
CxHy (total)with the exhaust are reduced to 50 ... 84 ... 83%, respectively. The high efficiency of the
exhaust gas purification from the CxHy is because the palladium Pd affects the final oxidation processes
of hydrocarbons, starting with the temperature of 450 K, corresponding to the specific effective pressure
P. = 0,4MPa.

Tests carried out on the outside speed at 1400 ... 2600 min™' showed that the efficiency of the Pd
catalyst in the reduction of NOx emissions with the exhaust gases at diesel engine speed of n = 1400 ...
1800 ... 2200 ... 2600 min" was respectively 65 ... 58 ... 50 ... 46%. High efficiency of gas cleaning from
NOx is because the exhaust gas temperatures are respectively 820 ... 855 ... 890 ... 920K.

The efficiency of the Pd catalyst in the reduction of carbon monoxide CO emissions at the outside
speed of n = 1400 ... 1800 ... 2200 ... 2600 min™' was 95 ... 92 ... 91 ... 86%, respectively. Despite the fact
that the range of active influence ofPd on oxidation of the nitrogen lies in the range of 520 ... 820K and the
gas temperature at the outside speed varies within 820 ... 920K, the catalyst continues to effect the
oxidation processes.

The effectiveness of the catalyst for the reduction of hydrocarbon emissions at the outside speed of
n=1400 ... 1800 ... 2200 ... 2600 min™' is characterized as 84 ... 94 ... 96 ... 91%, respectively. The tempe-
rature range of the highest performance of Pd catalyst varies from 450 to 850K, and the purification
efficiency reaches 92%.

Considering the results of reducing particulate matter emissions from the exhaust gases, it should be
noted that, in principle, all considered porous permeable catalytic materials having the same porosity,
permeability, pore tortuosity, wall thickness and the relative area of the filter surface under the same
conditions of the diesel engine should also have the same efficiency of gas cleaning from particulate
matter.

However, it was found that the efficiency of purification of exhaust gases using various catalysts
differs from each other. This can be explained mainly by the fact that in the presence of some catalysts
diesel soot ignition temperature decreases and it burns more complete at the porous permeable surfaces of
the converters or particulate filter units.

The efficiency of Pd catalyst on the reduction of the particulate matter emissions at the loading
characteristic at P, = 0,35 ... 0,55 ... 0,78MPa and 1900 min™'is 50 ... 88 ... 84%, respectively (Figure 1), at
the outside speed of n = 1400 ... 1800 ... 2200 ... 2600 min’is 91 ... 87 ... 80 ... 83%, respectively
(Figure3).

A comparison of the effectiveness of gas cleaning from particulate matter in the porous SHS-units
based on Fe-Al with the same characteristics resulted in quality improvement up to 18-20% using
palladium Pd as a part of the material.

Next, the procedure aimed in the assessment of the hazardous diesel emissions on such indicators
aS JusNOx» JascO» JascH» Jaspm, the results of which are summarized in Table. Here, the estimation of

Effectiveness of SHS-catalyst units containing palladium Pd on anthropogenic impacts on the environment posed
by harmful emissions of 8Ch12/12 diesel

The values of assessment indicators and technogenic impact Exceedin
Estimated f anth o
specific Emission levels, g/(kW-h) The values of the technogenic impact, sf/(km?*-year) otan ro;:c;gemc
b impact for
indicators meeting the requirements of
. EURO-3
of harmful | Requirements of .Actual without with CN EURO-3 EURO-4
emissions EURO-4 without CN' o | ontaining Pd EURO-4 EURO-5
EURO-5 with CN EURO-5
3.50 8.86
JasNOx 2.00 2.64
1.50 493
Jasco 1.50 1.69 0.135 0.526
026 3 0.242 0.071 0.094 0.755
K . 0.054 1.315
ascH 0.25 0.33
0.02 0.40
Fas TY 0.02 0.04
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anthropogenic impact values for the same conditions in the case of EURO 4 and EURO Semission
standards, actual emissions without gas neutralization, and actual emissions with gas neutralization in the
presence of porous permeable SHS-units containing palladiumPd.

For all estimates of anthropogenic impact generated by 8Ch12/12 diesel on the environment, the
same conditions were used:

- height of the discharge pipe from the level of the road surface, ht = 1.00 m;

- dilution ratio on the surface layer, 7g= 2.00;

- average wind speed at a calm, 2.5 m/s;

- average wind speed in the calculations, v = 10 m/s;

- exhaust gas scattering coefficient, R, = 88;

- an indicator of the relative dangers of air pollution, characterizing terrain and macroroughnesses,
used for urban areas, 6,,q = 1.0;

- natural and climatic conditions coefficient, dycc = 2.00.

When the Euro-3, Euro-4 and Euro-5 standards are maintained, the share of individual exhaust gas
components accounted in the values of the anthropogenic impact coefficient is, respectively, for nitrogen
oxides - 97.17 ... 97.5 ... 97.12%; for carbon monoxide - 0.43 ... 0.44 ... 0.76%; for hydrocarbons - 1.68 ...
1.85 ... 1.75%; for particulate matter - 0.72 ... 0.21 ... 0.36%.

Conclusion.Analysis of the data indicates that when using Pd as a catalyst in the composition of
SHS-material, it can be noted that the diesel engine meets the standards of EURO-3 and EURO-4 on the
integrated indicator of technological load. Achieving the EURO-4 standards on the level of technogenic
impact can be reached by both the improvement of work processes of a diesel engine and catalytic
converter by selection of the catalysts.

This makes it possible to reduce significantly the technogenic impacts on the environment posed by
diesel.
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b. H. A3aMaTOB1, K. A. OmmceHeBz, K K. A3amaroBa'

'T1. Cepix6aes arsiaarst Hbrbic-KazakcTan MEMICKETTIK TeXHUKATIBIK yHHBepcuteTi, Ockemen, Kazakcran,
’K. W1. Cor6aeB aThIHIaFl Ka3aK YITTHIK TEXHUKANBIK 3epTTey yHUBEpcHTeT, AnMaThl, Kasakcran

JTHA3EJIBII KO3FAJITKBIIITAP YIITH KATAJIMTUKAJIBIK CBC-BJIOKTAPJIA
MAJLIA AT KOJIAHY IBIH THIMILIITTH BAFAJIAY

An"otanusi. OCBI KXYMBICTA AU3ENBAI KO3FAITKBIITAPABIH KaIAslK razgapeiH OXKC (e3miriHeH TapanaThiH
JKOFaphl TEMIIEpaTypaliblK CHHTE3) CHHTE30€H KEYEeK OTKI3Till MaTepHaliap/aH jKacalfaH KaTajlu3aTopiapia a3oT
OoKcuaTepiHeH, kemipTek MoHOokcuaTrepiHeH CO, kemipcyrektinepaeH CxHyxoHe kaTThl OemIeKkTepleH Ta3zapTy
CypaKTapbl KapacThIPbUIFaH.
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CBC- matepuanmap HeTi3iHIe KaJaAbIK ra3gapAbl KaTAIUTHKAIBIK Ta3apTy THIMIUTITIH aHBIKTAY KCTIEPUMEHT-
TIK 3epTTeyiep Keleci mapTTapAbl OPBIHAAYMEH OTKI3UINI: opTa JuaMeTpiep OipKemKi, TeciKTepaiH emmemMaepi Oip,
TECIKTepiH KeyeKTiIiri MeH upektiniri 6ip. OraH ceben OOFaH MIMXTAHBIH HETi3Ti KypaMBbI: JETipJIeHreH 0omar -
47,5%; xpom okcumi- 18%; xpoMm - 5%, Hukenb - 4,9%;amromunuii - 12%; taran - 11,5...11,6% nen 1% neitin -
apTYpJTi KaTaau3aTopiIapblH CaIMarbl OOUBIHIIIA.

Keyekri CBC — Gnokrapaa Fe-Al Herizinge razaapsl KaTThl OelieKTepeH Ta3apTy THiMIuTirin Pd mammauii
MaTepHaliblH KOJIaHyMeH canbicThiprania 18-20% Ta3apTy camachl apTajbl.

Apbl Kapaii oic OoMbIHIIA Kenecl KopceTKiluTep OOWBIHIIA AU3ENbIIH 3USHIIbI NIBIFBIHABICH OaFallaHbl: (o
NOxs Jou 0> Qo CH> Jon Ty- HOTHXKENEP 1 KecTene kepcerinreH.Ocbinna Oipbinrail xargaiina EBPO-4xone EBPO-5
IIBIFBIH/IAD HOPMAcChlH OpBIHZAY JKarAainapbl OaranaHraH. baranmay KesiHae HaKThl LIBIFBIHAApra3iapibl 3analn-
CBI3JIAHABIPYCHI3 JKOHE HAKTHl IIBIFbIHIAprazaapasl Pd mamnanuii snementi Oap keyek etkisrin CBC- Omoxrapna
3aJIaJIChI3IaHIbIPyMEH OTKI3UII.

Tyiiin ce3aep: KaTamu3aTop, ©3AITIHEH TapallaThIH KOFaphl TeMreparypaiblk cuaTe3 (OXKC), KamapIk razaap.

b. H. A3aMaTOB', K. A. O)KI/lKeHeBZ, K. K. AsamaroBa’

" BocTouno-Kazaxcranckuii rocyiapcTBeH bl TexHHueckuii yausepeurer uMm. J. CepukGaena,
VYerp-Kamenoropek, Kazaxcran
’Kasaxckuil HAIMOHATBHBII HCCIIEI0BATEbCKHH TeXHUUCCKHIT yuuepcuret uM. K. U. Carnaesa,
Anmartsl, Kazaxcran

OHEHKA 50PEKTUBHOCTHUCIIO/Ib3OBAHUA TAJUIAIAA
B KATAJIMTUYECKHUX CBC-BJIOKAX JIUISA AU3EJBHBIX JIBUT'ATEJIEU

AnnHoranus. B HacrosmeiipaboTe paccMaTpuBarOTCsS BOMPOCH OYHUCTKH BBIXJIOIHBIX Ta30B JAU3ETHHBIX IBUTA-
Tenel OT OKCHIIOB a30Ta, MOHOOKcH A yriepoaa CO, yriesonoponos CxHy u tBepasix yacturr TH B kaTamuzaTopax
13 TOPHUCTHIX MPOHUIIAEMBIX MaTepHajoB, morydeHHbIX CBC cunTe30M.

DKCIIepUMEHTAIFHOE HCCIICOBaHUE [0 ONpeacieHuio 3()(MEKTHBHOCTH KaTaIMTHYECKON HEHTpaln3aiiu
otpabotaBmux razoB Ha CBC-maTepuanax ObLIO MPOBEJACHO C COONIOICHHEM CICIYIOIUX YCIOBUI: UICHTHYHOCTH
CPeIHHX TUAMETPOB, Pa3MEPOB MOP, MOPUCTOCTH M U3BHIIUCTOCTH TOP. DTO JOCTHUTAIOCh TEM, YTO 0a30BBIN COCTaB
IUXTHI COJIEPKall: JIETUpOBaHHOM cTanu - 47,5%; okcuna xpoma - 18%; xpoma - 5%; Hukens - 4,9%; anroMuHus -
12%; tutana - 11,5...11,6% u 10 1% no macce pa3ialyuHbIX KaTaau3aTOPOB.

B pesynbrate cpaBHeHHs (PQPEKTHBHOCTH OYHCTKH Ta30B OT TBEpAbIX dacThll B mopucteix CBC-010kax Ha
ocHOBe Fe-Al ¢ Temu e XapaKTepHCTUKAMH YCTaHOBJICHO MOBBINICHUE KayecTBa Ha 18-20 % mpu MCHoiIbh30BaHUU B
cocraBe Marepuana namragus Pd.

Janee o MeToauke ObliIa IpOBeIeHA OIEHKA BPEIHBIX BEIOPOCOB AM3EI IO MOKA3ATEIAM QorNOxs JouCOs JouCHs
Jou TU, PE3YIBTATHI KOTOPOH CBENIEHBI B TAONHITY. 3/1€Ch JK€ BBHIITOJHEHA OIICHKA BEIMIHH TEXHOTEHHOMN HATPYy3KH IS
OJIMHAKOBBIX YCIIOBHHU B CIIy4asx BBHIOJIHEHUS HOPM BEIOpocoB EBPO-4 u EBPO-5, nelicTBUTENBHBIX BEIOPOCOB 0e3
HEHTpaNn3aIiy Ta30B U JeHCTBUTEIBHBIX BRIOPOCOB C HEHTpaTu3aIiel ra3oB ¢ IPUCYTCTBHEM B IOPUCTHIX MPOHH-
naembix CBC-0mokax mammagus Pd.

KiroueBble cjioBa: KaTaau3aTop, CaMOPacIpOCTPAHSIONINHCS BeIcokoTeMnepaTypHslii cuaTe3 (CBC), BbIxion-
HBbIC Ir'a3bl.

CaeneHust 00 aBTOpax:

AzamatoB barmar HypnanoBnu — nokropanT kadenpsl «IIpuGopocTpoeHne M aBTOMaTH3aLHs TEXHOJIOTH-
YecKUX nporeccoB» BocTouHo-KazaxcTaHCKOTro TrocyaapcTBEHHOIO TEXHHUECKOro yHuBepcurera umeHn [I. Cepuk-
OaeBa, Kazaxcran, cnennansHocth 6D070200 — ABTOMaTH3amus u yrpasieHue, e-mail: Azamatovy@mail.ru

OxukeHoB KaceiMOek AnuinbOeKoBHY — KaHIUIAT TEXHUYECKUX Hayk, mpodeccop, 3aBeayromuii kadeapon
«Po0oTOTeXHHMKA U TEXHUYECKHE CPEACTBAa aBTOMATHKN» Ka3axckoro HallMOHAJIBHOTO MCCIENOBATEILCKOTO TEXHHU-
yeckoro ynuepcutera umenn K.M. Carnaesa, Kazaxcran,. e-mail: kas_ozhiken@mail.ru, ozhikenovk@gmail.com

AzamaroBa JKaHepke KbigplpOekoBHa — KaHIMJIAT TEXHUYECKHX HAyK, CTapllMil HperojaBarenb Kadeapsl
«IIpubopocTpoeHre U aBTOMaTHU3alMs TEXHOJOTMYECKUX MporeccoB» BocrouHo-KazaxcraHckoro rocyaapcrBeH-
HOTo TexHuueckoro ynusepcurera umenu /1. Cepukbaena, Kazaxcran, e-mail: Zhanerkeaz@mail.ru
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