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The Control of Nitrogen Oxide Emission from Diesel Engine

using Selective Catalyst Reduction-SCR
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Abstract

Selective Catalyst Reduction-SCR is the technology for nitrogen oxides (NOX) reduc-
tion using the reaction between catalyst (i.e. Platinum and Zeolite group) and reductant,
such as ammonia, urea, and hydrocarbon. The SCR post-treatment has the high efficiency
in NOx reduction (>90%) and low cost thus it is well proven in industrial stationary applica-

tions. The SCR application has been introduced and developed for the automotive industrial.
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In addition, the countries all over the world are growing environmental concerns regarding
global warming. Major primary pollutants are produced by vehicles. Therefore, legislative
automotive emission standards (e.g. EURO, US, Japan emission standards) have been estab-
lished in order to regulate toxic exhaust gases, i.e. nitrogenoxides (NOX), hydrocarbon (HC),
carbon monoxide (CO), and particulate matter (PM) within the current limits. SCR aftertreat-
ment technology has to be considered as one of the available options in order to significantly
reduce emissions and fulfill future emission regulations.

Keywords : Selective Catalyst Reduction-SCR, Catalyst, Nitrogen oxides-NOX
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A (% ° * d‘ 5::4 IGu AaA o v d‘ o [ <
fmetanhusshanlslweSoseuafies  uafididadrialudsmasstuuanutaaade lumsdowtu
My uazmasdadeuusnifiavhly|semeesuenladle (Schmieg & Lee, 2005) ¢iovhs gi5edaln
° €L” Y ¢ A Idd‘ig/c v oA G A agduqlzI a
grihanladudenunug  ianeunuuaslioie ledwiugidafiiuanamaaesandulasiGenszuy
O p .
Fananm “yi5eneadens (Urea-SCR) loelanmwaiesiogi 2
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o A, a4
91 2 svuuySEEETeNT VI3N: Theinnoi (2008)
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FowumussarBnmmahanemeedsiumslsuesluily Fulsenteuasiiansuiifioiu
ﬂaaﬂ’;'ma;ﬂmﬁm (Eastwood, 2000; Lambert et al., 2004; Tennison et al., 2004) hﬁaﬁ;ﬁugﬁm
Laa%mévlagﬂﬁwmLLazﬂimﬂ%qmﬁlmammﬂﬁLéﬁaLﬁamuQmﬁ%mmiﬂmmuaaﬂsﬁﬁﬁagﬂ]maﬂ@:
maummgmmuqmaﬁmﬁ'a?{Iongam%aﬁummmL%ma@%uﬁlunﬂﬂ

ﬂizmumiﬁmmaqgﬁmaa%m%ﬂizﬂaﬂﬂaw RSt lASURNsEY (Ther-
mal decomposition) I@]EJ%JL%EJ (NH2-CO-NH2) avsmeshnmedenlufiaussasaulaoaniands
ﬂaﬁ%mﬁ 10 wasRemaUiisenalaslafe (Hydrolysis) éﬁaﬂiﬁ‘%mﬁ 11 (Willand, 1998)

NHZ-CO-NHZ(D — NH + HNCO NO + N  (10)
HNCO + H @) E— NH - + CO (11)
ﬂiuﬂ’mm‘mLﬂ(ﬂﬂq;]ﬂi&ﬂ‘iuﬂ’JWG\IHIG]‘JLQ%@@T]VLGE@T]ULLE]SJISJ Feniaeaemenass londasom
ﬁavluimmw,mzmmﬁgmﬁmw 12 1 14 Sedamsnuszymabusineanlze (N0) sebilasanlasanlze
m0) Insnmeiilsdiaondian Sy 1 (ﬂiﬁ%mﬁ 13) %ﬂﬂiﬁ%mé’ménLﬁ@%uaalmfmﬁa foaz
L%ﬂmé’@mﬂmﬁ@ﬂﬁﬁ%ma@Vluimmuaaﬂvléﬁ@igﬁyumaﬁlgqmmﬁﬂﬁﬁmuﬁ@ﬁﬁaLﬁauﬁuﬁﬁﬁ%mﬁ
12 1Ay 14 (Koebel et al., 2000; Blakeman et al., 2003; Chatterjee et al., 2008)

4NH3 + 4NO + O2 o 4N2 + 6HZO (12)
2NH + NO + NO o 2N2 + 3HZO (13)
4NH + 2NO + O o 3N + 6H @) (14)

1%

amwmmmm NH_ A NO szm,amuamf;umiaaﬂsﬁmmﬂjaflﬂmmu@aﬂ%@ﬂimau
ﬂuﬂsmmamaﬂmuamﬂmuvlﬂmavl,mwmwa wﬂumms}m@mwmmamaLLaaﬂmmwsa”Mmmu
panlgn mwﬁgﬂsmaaﬂemmummsmmmﬂ@%amsm@maaﬂsmmmmwmaammnmmaaan
vnsuanlufisins  Wararsnwemenldiefieandolulodelauamzaensdelugniems
wmuwmmﬁaauuﬂaaamaa@Lfgm (Koebel et al., 2000; Adelman et al., 2002)

wmammmam (Walker et al., 2003; Johnson, 2004;: Kusaka et al., 2005) VL@mmiﬂm:n
msv‘immaoaﬂLimaﬁeﬁmswmw Lﬁuqﬂmmmu@ﬂsmtﬂﬂmmu@an”meﬂazammwmwmm
gomalagampfimeneudshuay ifinanomsfufesdamds (Fuel penalty) favesamlsom
mamwﬁai%%wﬁufiwﬁuﬁLsﬁa%aﬁé’mwamaﬁaLWa?Luam’;mwﬂ%mm%aﬁ@mmﬁ@%w madings
arz’uu%L%&JLaa«%m%w‘v“'aﬂﬁi%mm‘%qﬁlmmmmﬂéﬁgﬁﬁ 3 wuéwﬁgaﬁﬁ@hﬁ'awaami@@&gﬁmm
LnnEaanas ssuumsnauanladiy matensaufiasietuswiiasnanueslady Aems
LL%qéhﬂﬂaami%ﬁﬂLmu%mﬂé?amazmsﬁmuﬁaqmmﬁ@%w LaeSamaTa Snaman il imde
@1|aﬂ%mmvluimmuaaﬂvléﬁ@;a@m (NH3 slip and NO_ trade-off) (Luders et al., 1995)
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Ul 3 MIGinFITELLLITEOFTTUUINLTTYN 3 Majewski (2009)

6 6
lalasmisuauiasdais (Hydrocarbon -SCR)
vy v i v ¢ ! !
M Tz mdstwaan dwa wlafirs Lauhiud TadnTen WU SeTEIw
¢ | ¢ 3 Ay YE "o va A
yaslalasmsvauna ulasiauoonilon  uazsunnlalasesuaniladveyfugmaatifimaniuay
¢ v Y v ) ¢ v ¢
AuaniTimefanaaagomasilalumamnlua dein mavhlalasensuauwsnldudenurmssmsy
UV o 4 G omoam A A K _
ynuffsenuwemmaansadudnisviaieasSinululasausanlzn loefiautssnauuasSanm
p . T . .
9a3lglaTmILaulTIUdY SaNanals AN MmUY ILANMEEE IMaNIEMTTIE
dl A ¢ = a{ =3 % 0o @ )
WENLN (Arve et al, 2005) @etSanmslalasensuanluladefivansastadusihusddaylumei
6 6 [l 1 1 I v 1
UAtsenmsan iulasiaueanlsn Binaaslalesmsuanimululodelpevhlinumi Sinaeaumnen
' o | P v v ¢
B9 INE AT U ATIE R EE MM N AN A nesie  MIan kalaTamTuan
oo R B EU N sy ¥ §
Wisan i wladeRaiudnisniaaindsednsmwmean ulasaueanlaala swuulalasesuan
g .
s NN AIUN 4
v Aav o £ ¢ = 6 ”u ! dl n{ £
TuTaqtiueidudmivssuulelasmsuonasiors iafuanuaulanssnnifiofiagias
v e S 4 vy v R v
1 lgruadslmeTosauafiegs Hosange Saumemussuumsynaud susausuiasannms la
~ N I D s
URsnaslalasensuaniifeylulofusnvhU§iseiuuenenasnlesiludidunasdinlalaesuoniia
! 6 2 ¥ 1% | 1
Gl vnU AR uuAnenaae (Passive mode) visavnmsderhsiuaamasian liNauiay 5o
¢ v ¥ ¢ | '
lalasensuanlulodalngaiunawnifBeuuanamaas (Active mode) alfnmERALIERTeN
¢ 6o ¥ v o Y ) v |
maanlulasiaveen sauuinvasienmasmlngeln uonanidlunasfiadetoussg@omasisnda
! 2 ¢ 5: L% ‘3{ Aa a{ dgl/ a (% & A v ¢ o (% ~
e 1 lglasemsuananinsgamasiwzaindsmdnan dusdnunusdvsu lunsdioes
Y v v 6
Active mode ‘ﬂizﬂamﬂmawmmis:wﬁau’%@mmemmmﬁwmﬂu Passive mode (Er nen

et al., 2003; Theinnoi et al., 2007)
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a aaa ¢ a ¢ ' ¢ o Aaan 1% a
navl,ﬂmsmowﬂammmaa”[ﬂmmsuaw,aabﬁmiwmﬂﬂmmﬁuaumﬂaﬂimﬂuﬂimm
. . \ | |
Iulasiaugenlze (Fumsa 15) snnwhliseniuaangiaw (Eamai 16) ioras lulasian
3 6 1
ensuaulaaanlanuash (Majewski & Khair, 2006)

{HC} + NOX — N2 + CO2 + HZO (15)
wavilainUfsennalnaas Nonselective fuaandiausissamaaa luit
{HC} + O2 — CO2 + HZO (16)

FSefmluemmasaihanlsdmiusuibiuoyfulssamaosemmasn o dlalan ogiw
LLaz?‘ﬁﬁ‘;mﬁmaqﬁﬁw e ﬂﬁq@@mmﬁmiﬁmu Ussnneaslelasaavan uavsmdsznavaaslade
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semfemsdesanmiuiiosnan buamiaAatwSnniresenmass (Meunier et al., 1999)
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PALAMANAES AN ARSI ANS AT Mianas (Houel et al, 2007; Theinnoi et al.
2007) %amﬂﬂmmﬁ@ﬂénﬁﬂ%’ﬂgmLauaﬂﬁﬁls?lﬂmmwﬁa%aaw‘\‘im@ﬁ‘%mmaqmemﬁaéﬁlwﬁm
amwmmwmuﬁ@ﬁmw 300 admLﬁﬁalfﬁ&Jﬂ (Meumer et al., 1999; Shibata et al., 2004; Shimizu,
et al., 2006; Satokawa et al, 2007) denun lelesianssnsnTeThenaszmauazanNTINa)

X,

3 4 v ' |
Ta9mMILaULSnMRITaaNIARS  wananidimeassmaiaUifseresmsastSinadulasan
6 ¥ v
aanlga ladnee

i 2 alfl & M - SRoan 2555



135

Priveess of Jaradhivas ‘Ealeersity  fournal

A ¢ o £ A dl ° bt A dl (% 4 (7 A
iwuLaﬁsﬁamﬂmzmmmﬂaLaawgﬂumﬂmmﬁmwmmqﬂizmwaﬂhmm@ﬂimm
6 ! 6 ! 1Y ¥
”Luimmuaaﬂvlsmslum‘%awm(ﬁLbﬁaLﬁaiaﬁummgmmimuQmawwﬁLsnma@éﬁﬂuam@mau
Tnafh
° = v A v 63 2 dy ° £ ! dl
M e dusntusssnunugtiudifaestaeusnnlaamang s awasns
(%3 (% \;’j ”::lu 6d‘ o a K dl ¥ (%} ' ' L%
ﬂaa@mamuumﬂﬂm@ﬂmemmmemqLismLﬂmm’mwﬂmmmam@Lwamﬂuﬁa@uu
&y ¥ ! | v L
wnvassnanUsinmblasanaanlaa laannnn 90%  Fetialanidwmeadefiwmianialuomae
1 v ' 6 ! |
s lsfienudefandialwdomaszuuySunaionsitninmgs mafusnmuazmsusmmn
¢ 1 v 6 6
yisudmTusneuasmaEndseaduaivemaniddny sanuszun lalasmsuanesdarsaaduin
| | ¢ ] V] 1% 1 1%
muﬁaﬂﬁm@mLﬁaﬁraﬁmammmmﬁﬂ Faduszuud auganuas anduaassumayluns
¢ 1Y
mi‘mm@mmwﬁaﬂma L‘wnﬁ@mmeﬂéﬁmmmumLaﬁﬂﬁmi@ﬂﬂmmﬁuausﬁqLﬂuwa@mwm
wibeftloanmsunlng LLazLﬂuaa@ﬂizﬂaummmammwﬁame T T
6 6 4 I I
lalasmsuanea@ansdsland e e emsOula e BImMayaOwiUY  Active
dl AI A A a € gj ! yu g A dl t:\l é’
mode  WaNUsAVE M lumTantSimiulasiaunanlsn  Susine eanTwUamNg
o lane ﬂivﬂauﬁﬁluﬁmammﬁmiﬁmuﬁ@‘h (<300°C) ‘wmmivﬁw%mvﬂumm@m%mm
Ilasianganlzedslugivmniingg @mumﬂmwmmﬂlﬂmm‘mamaﬂsﬁmiLﬂmmmam SN
mmaEJLwaLmﬂmvmmﬂmﬂmwnu
=3 ! [~3 = 2 & dl ‘¢ = ! A tﬂl L% !
Aenenslafieuszuueados lnasnuuusioas ulasauaan ol aseenafangedsly
v ¢ v !
LWmwa‘wwﬂmmuymmmﬁamummmumwﬂ@ mumvwLaa%mﬁmﬂmms[fmmamu
svuuthteloderiad @Lsﬁaaaﬂsﬁméﬁmmwmaam (Diesel Oxidation Catalyst- DOC) Lwa
andsanadlalasasuan vise ma@a%mﬂlmawumm (Diesel Particulate Filter-DPF) fiat¢
A i ;ﬂl ) dl o o A £ dl A ;é A ‘5 dl gd
an3snnadruacens (PM) gadusanuiadsndmilewladetafatunnedsseuadiza
welwladaasszuuiia loldeffasasdssuulndugon  wnadn  Usednsnwlunsanuans
v 6 v v | v
¢ nvaenda wazanansnin i lsnulueveua lane deiuiniseaslanennafavasesyuy
1 1% 1 v | | 1% ¢
mmflaL?{&J‘ﬁma‘u@q34@mm@aqmimﬂmamhmﬂﬁﬁwLﬁamuauaammmqm?naqmwmuaum
LﬁaiaﬁummgmmﬁmuQmaﬁwﬁmm%u@mamﬂuammé’ﬂnaﬁ

i 4 woNrR 3 ORnE - BERRNED 2555



136

Princess of Naradbivas Elafeorsity  Journeal =
2!
-4

3

i Y
b
[
. |-

EMI819Be

Adelman, B., Rohe, R. & Christopher, R., (2002) Literature survey to assess the state-of-the-art
of selective catalytic reduction of vehicle NOX emissions. CRC Project, No. AVFL-7.

Arve, K, Klingstedt, F., Er nen, K., Lindfors, L.-E. & Yu. Murzin, D. (2005) Engineering HC-SCR:
Improved low temperature performance through a cascade concept. Catalysis letters,
105, 133-138.

Bacha, J., Blondis, L., Freel, J., Hemighaus, G., Hoekman, K., Hogue, N., Horn, J., Lesnini, D.,
McDonald, C., Nikanjam, M., Olsen, E., Scott, B. & Sztenderowicz, M. (1998). Diesel
fuels technical review (FTR-2). Chevron Products Company, a division of Chevron
USA, Inc.

Blakeman, P.G., Andersen, P.J., Chen, H., Jonsson, J.D., Phillips, P.R. & Twigg, M.V. (2003).
Performance of NOx adsorber emissions control systems for diesel engines. SAE,
Paper No. 2003-01-0045.

Burtscher, H., Stefan, S. & Huglin, C. (1998). Characterization of particles in combustion engine
exhaust. Journal of Aerosol Science, 29(4), 389-296.

Chatterjee, S., Walker A.P. & Blakeman, P.G. (2008). Emission control options to achieve Euro
IV and KEuro V on heavy duty diesel engines. SAE, Paper No.2008-28-0021.

Eastwood, P. (2000). Critical topics in exhaust gas aftertreatment. Herts: Research Studies
Press. ISBN 0-86380-242-7.

Er nen, K., Linfors, L.-E., Klingstedt, F. & Murzin, D.Y. (2003). Continuous reduction of NO
with octane over a silver/alumina catalyst in oxygen-rich exhaust gases: combined
heterogeneous and surface-mediated homogeneous reactions. Journal of Catalyst,
219, 25-40.

Ferguson, C.R. (1986). Internal combustion engines: applied thermosciences. Newyork: John
Wiley. ISBN 0-471-88129-5.

Fernando, S., Hall, C. & Jha, S. (2006). NOX reduction from biodiesel fuels. Energy and Fuels,
20(1), 376-382.

Heywood, J.B. (1988). Internal combustion engine fundamentals. Singapore: McGraw-Hill.
ISBN 0-07-100499-8.

Houel, V., Millington, P., Rajaram, R.R. & Tsolakis, A. (2007a). Fuel effects on the activity of
silver hydrocarbon-SCR catalysts. Applied Catalysis B: Environmental, 73(1-2), 203-207.

i 2 alfl & M - SRoan 2555



. 137

......

o Prineess of Jaradhivas ‘Ealeersity  fournal

Jiang, B., Liang, H., Huang, G. & Li, X. (2006) Study on NOx Formation in CH4/Air Jet
Combustion. Chinese Journal of Chemical Engineering, 14(6), 723-728.

Johnson, T.V. (2004). Diesel emission control technology 2003 in review. SAE, Paper No.
2004-01-0070.

Kittelson, D.B. (1998) Engines and nanoparticles: a review. Journal of Aerosol Science, 29,
575 - 588.

Koebel, M., Elseber, M. & Kleemann, M. (2000). Urea-SCR: a promising technique to reduce
NOX emissions from automotive diesel engines. Catalysis Today, 59(3-4), 335-345.

Kusaka, J., Sueoka, M., Takada, K., Ohga, Y., Nagasaki, T. & Daisho, Y. (2005). A basic study
on a urea-selective catalytic reduction system for a medium-duty diesel engine.
International Journal of Engine Research, 6(1), 11-19.

Lakkireddy, R.V., Mohammed, H. & Johnson, J.H. (2006). The Effect of a diesel oxidation catalyst
and a catalyzed particulate filter on particle size distribution from a heavy duty diesel
engine. SAE, Paper No. 2006-01-0877.

Lambert, C., Hammerle, R., McGill, R., Khair, M. & Sharp, C. (2004). Technical advantages of
urea SCR for light-duty and heavy-duty diesel vehicle applications. SAE, Paper No.
2004-01-1292.

Lapuerta, M., Ballesteros, R. and Rodriguez- Fernandez, J. (2007). Thermogravimetric analysis
of diesel particulate matter. Measurement Science and Technology, 18, 650-658.

Larrubia, M.A., Ramis, G. & Busca, G. (2000) An FT-IR study of the adsorption of urea and
ammonia over V205-MoO3-TiO2 SCR catalysts. Applied Catalysis B: Environmental,
27(3), 1L145-1151.

Luders, H., Backes, R., Huthwohl, G., Ketcher, D., Horrocks, RW., Hurley, R.G. & Hammerle,
R.H. (1995). An urea lean NOX catalyst system for light duty diesel vehicles. SAE,
Paper No0.952493.

Majewski W.A. (2007). SCR Systems for Mobile Engines. Retrieved March 01, 2012, from
http://www.dieselnet.com/login.php?/tech/cat_scr_mobile.php/

Majewski W.A., & Jaaskelainen H. (2009). Engine Design for Low Emissions. Retrieved March
01, 2012, from http://www.dieselnet.com/login.php?/tech/engine_design.php
Majewski, W.A. & Khair, M.K. (2006). Diesel Emissions and Their Control. Warrendale: SAE

International. ISBN-10 0-7680-0674-0.

i 4 woNrR 3 ORnE - BERRNED 2555



138

Princess of Naradbivas ©nfecrsiiy Jorverared ”_f'? el
! @ i

o

ey

Meunier F.C., Breen, J.P., Zuzaniuk, V., Olsson, M. & Ross, JR.H. (1999) Mechanistic aspects
of the selective reduction of NO by propene over alumina and silver-alumina catalysts.
Journal of Catalysis, 187(2), 493-505.

Mueller, C.J., Pitz, W.J., Picket, L.M., Martin, G.C., Siebers, D.L.. & Westbrook, C.K. (2003).
Effects of oxygenates on soot processes in DI diesel engines: experimental and
numerical simulations. SAE, Paper No. 2003-01-1791.

Nichols, KM., Thompson, L. M. & Empie, H.J. (1993). A Review of NOX formation mechanisms
in recovery furnaces. Tappi Journal, 76(1), 119-139.

Satokawa, S., Shibata, J., Shimizu, K., Satsuma, A., Hattori, T. & Kojima, T. (2007) Promotion
effect of hydrogen on lean NOx reduction by hydrocarbons over Ag/Al203 catalyst.
Chemical Engineering Science, 62(18-20), 5335-5337.

Schmieg S.J. & Lee, J.H. (2005). Evaluation of supplier catalyst formulations for the selective
catalytic reduction of NOx with ammonia. SAE, Paper No.2005-01-3881.

Shibata, J., Shimizu, K., Takada, Y., Shichi, A., Yoshida, H., Satokawa, S., Satsuma, A. &
Hattori, T. (2004) Structure of active Ag clusters in Ag zeolites for SCR of NO by
propane in the presence of hydrogen. Journal of Catalysis, 227(2), 367-374.

Shimizu, K., Shibata, J. & Satsuma, A. (2006). Kinetic and in situ infrared studies on SCR of
NO with propane by silver-alumina catalyst: Role of H2 on O2 activation and retardation
of nitrate poisoning. Journal of Catalysis, 239(2), 402-409.

Strauss, S., Wasil, JR. & Earnest G.S. (2004) Carbon monoxide emissions from marine outboard
engines. SAE, Paper No. 2004-32-0011.

Tennison, P., Lambert, C. & Levin, M. (2004) NOx control development with urea SCR on
a diesel passenger car. SAE, Paper No. 2004-01-1291.

Theinnoi, K. (2008). The impact of diesel fuel properties and diesel engine operating conditions
on silver/alumina catalyst HC-SCR activity for reduced NOx emissions. Doctor of
philosophy thesis, Mechanical engineering, The University of Birmingham.

Theinnoi, K., Tsolakis, A., Houel, V. &Rajaram, R.R. (2007). Passive NOX reduction activity
of a silver catalyst under real diesel-engine exhaust conditions. SAE, Paper

No. 2007-01-1917.

i 2 alfl & M - SRoan 2555



& 139

r'%f Princess iaf Varadhieas $infeersing Sevirvral
e

Theinnoi K., York A.P.E., Tsolakis A., Chuepeng S., Wyszynski M.L., Xu HM., Clark R.H,,
and Cracknell RF. (2008). Diesel engine performance and emissions for Fischer-Tropsch
diesel blends and diesel fuel: environmental perspectives. 3rd International Symposium
on Environment, Athens, Greece, 22-25 May 2008.

Turns, S.R. (2000). An Introduction to Combustion : Concepts and Applications Second edition.
Boston: McGraw-Hill. ISBN: 0071169105.

Walker, A.P., Allansson, R., Blakeman, P.G., Lavenius, M., Erkfeldt, S., Landalv, H., Ball, W.F',
Harrod, P., Manning, D. & Bernegger, L. (2003). The development and performance of
the compact SCR-Trap system:a 4-Way diesel emission control system. SAE, Paper
No. 2003-01-0778.

Willand, J. (1998). Selective non-catalytic NOX—reduction in diesel engine using aqueous urea.

SAE, Paper No0.9826561.

i 4 woNrR 3 ORnE - BERRNED 2555



