Hseecmua Hayuonanenoti akademuu Hayk Pecny6auxu Kasaxcman

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 4, Number 424 (2017), 142 - 147

UDC621.436.038
B. N. Azamatov', K. A. Ozhikenov’, Zh. K. Azamatova

East Kazakhstan state technical university, named after D. Serikbaev, Ust’-Kamenogorsk, Kazakhstan,
*Kazakh national research technical university named after K. I. Satpayev, Almaty, Kazakhstan.
E-mail: Azamatovy(@mail.ru, kas_ozhiken@mail.ru, Zhanerkeaz@mail.ru

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 asqus Nox,Jas
0, Qas cH, Jas P> 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 5emission 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 simultancously 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 P, = 749-752 mm of Hg col.,
humidity W, =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 x 107 m’; relative area of filter surface for the nominal
power regime Fp, = 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: Cyox, Cco, Coxmy. Con— 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’; a - coefficient of air excess; T, - exhaust gas
temperature, K; G, - air flow rate, kg/h; G¢ - fuel flow rate, kg/h; g.— specific effective fuel flow rate,
2/(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.

— =
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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 lics 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 (usNoxws Jascos Qascr, Qasprvs 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 Exceeding .
specific Emission levels, g/(kW-h) The values of the technogenic impact, st/(km’-year) ek a:nthrolz(;gemc
st impact for
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anthropogenic impact values for the same conditions in the case ofEURO 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, 3= 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, dyce = 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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AUSEJTBAI KOSFTAJITKBIINTAP YIITH KATAJIUTUKAJIBIK CBC-BJIOKTAPJIA
HANTAAUUAL KOJJAHY AbIH TUIMJALIII'TH BAFAJIAY

AnHoTamusi. OCBI JKYMBICTA JU3CIbAI KOSFAITKBIIITAPABIH KAmabelk ra3gapein OXKC (e3miriHCH TapaiaThiH
JKOFAPhl TEMIICPATY PAJIBIK CHHTE3) CHHTC30CH KEYSK OTKI3Tilll MaTepHANIAPIAAH ’KACaJFaH KAaTaaM3aTopjapaa azor
okcuaTepineH, kemiprek MoHookcuarepineH CO, xemipcyTektinepacH CxHyxoHe KaTTsl O6IIMICKTEPACH Ta3apTy
CYpaKTapbl KAPACTHIPLIFAH.
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CBC- marepuanaap HETi3iHAe KaIIbIK ra3aapAbl KaTATUTHKAIBIK Ta3apTy THIMALTITIH aHBIKTAY SKCIICPUMEHT-
TIiK 3epTTEyIep Keleci mapTTapAbl OphIHAAYMEH OTKI3IIIL: opTa AuaMeTpiep OipKenki, TECIKTepAiH emmueMaepi Oip,
TECIKTEP/iH KEYEKTLNiri MeH MpekTimiri 6ip. OraH ceben 0OFaH MIMXTAHBIH HETI3r KypaMbl: JIETipJeHreH 0onaT -
47,5%; xpom okcumi- 18%; xpom - 5%, Huxems - 4,9%;amomunnit - 12%; Turaun - 11,5...11,6% aen 1% neiiin -
apTYPJIi KAaTaIu3aToPIapabIH CaIMAFbl OOMBIHIIA.

Keyekri CBC - 6moxrapaa Fe-Al Herizinae ra3gapabl KaTTsl OeMMIEKTEPACH Ta3apTy THIMALTIriH Pd maiaauit
MATEPHANBIH KOJJAHYMCEH cajbIcThipranaa 18-20% ta3apTy camachl apTaisl.

Apsl Kapait omic OofbIHIIA Keaeci KkepceTkimTep OOMBIHINA AH3CIbIIH 3HAHABI IIBFBIHIBICH OAFATaHABL (o
NOx> Qor COs Qor cHs (orr Ta. HoTHOKETEP 1 KecTene kepcerinren.OcwiHaa Oipeinraii xarmaiina EBPO-4:xone EBPO-5
IIBIFBIHAAD HOPMACHIH OPBIHAAY >KAaFmaiapbl OaranaHraH. baranmay ke3iHAe HAKTHI MIBIFBIHAAPra3JapAsl 3aial-
CBI3JAHBIPYCHI3 MKOHE HAKTHI MIBIFBIHAApra3zapasl Pd mammamuii 3mementi 6ap xeyek etkisrin CBC- 6noxrapama
3aJ1aJIChI3IAHABIPY MCH OTKI31IAL.

TyiiiH co31ep: KaTaTu3arop, 634IriHCH TAPAIATHIH )KOFApPhI TeMIeparypaisik cuntes (OXKC), kanapIk ra3gap.
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OHEHKA 3®PEKTUBHOCTHUCIIOJIb3OBAHUS TTAJLIAJUA
B KATAJINTHYECKHX CBC-BJOKAX JJIA TU3EJBbHBIX IBUT'ATEJIEH

AnHoranus. B HacTosmelipaboTe pacCMAaTPUBAKOTCS BOMPOCHI OYHCTKH BBIXJIOMHBIX TA30B AU3CIbHBIX TBHTA-
TENCH OT OKCHIOB a30Ta, MOHOOKcHAa yriaepoaa CO, yriesogopoaos CxHy u tBepapix yactun TU B KaTamm3aTtopax
W3 TIOPUCTHIX MPOHUIACMBIX MaTCpHAoB, monyucHHbIX CBC cuHTE30M.

OKCHCPHUMCHTAIPHOE HCCICAOBAHHE IO OMPCACICHUIO S(P(CKTHBHOCTH KATAJTUTHYCCKOH HCHTPATH3ALUH
otpaboTasmux ra3os Ha CBC-MaTepuanax ObLIO MPOBEACHO C COOMIOACHHEM CIICAYFOIMMX YCIOBHH: HACHTHYHOCTH
CpeTHHX JHAMETPOB, PA3MEPOB MOP, MOPUCTOCTH W U3BHIMCTOCTH MOP. JTO AOCTHTATOCH TEM, YTO OA30BBIN COCTAB
LIMXTHI COACPIKAI. JCTHPOBAHHOM cTamu - 47,5%; oxcuaa xpoma - 18%; xpoma - 5%; Hukens - 4,9%; amFOMHHUS -
12%; tutana - 11,5...11,6% u 10 1% mo Macce pa3IH4HBIX KATATH3aTOPOB.

B pesynbrate cpaBHCHHS 3((ECKTHBHOCTH OMHCTKH ra30B OT TBEPAbIX 4dacTul B mopucThix CBC-0mokax Ha
ocHOBe Fe-Al ¢ TeMu e XapaKTePHCTHKAMH YCTAHOBJICHO MOBBIMICHUC KauecTBa HA 18-20 % mpu HCHOIb30BAHUH B
cocTaBe MaTepHana namnaaus Pd.

Janee mo meroauke OblIa MPOBEACHA OLICHKA BPEAHBIX BRIOPOCOB AHM3EII MO MOKA3ATEIM (orNOxs QorncOs QonCHs
Qox T4, PE3YIABTATHI KOTOPOH CBEICHBI B TAOHUITY. 37€Ch JKE BBIMOJHEHA OLCHKA BETUYMH TEXHOTCHHON HATPY3KH IS
OJMHAKOBBIX YCIOBUH B CIy4YasX BHIMOTHEHHS HOPM BhIOpocoB EBPO-4 m EBPO-5, nelicTBHTEIBHBIX BHIOPOCOB 0€3
HEHTPATH3aluy Ta30B U JCHCTBUTEIFHBIX BHIOPOCOB C HEHTPAIM3anUEH Ta30B C MPUCYTCTBHEM B MOPHCTHIX MPOHHU-
naembrx CBC-0okax mamnagus Pd.

Kinrouennbie ¢JI0BA: KaTaIH3aTOP, CAMOPACTIPOCTPAHSIFOIIHICS BhICOKOTeMIiepaTy pHbIi cuHTe3 (CBC), BHIXTOT-
HBIC Ta3bL
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