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ANR (Ammonia to NOx Ratio) : ¢F=Yo}2} NOx2| H]&

cDPF (Catalyzed Diesel Particulate Filter) : Zuj2] t]A n g3} HE
SCR (Selective Catalytic Reduction) : A&z 3 Zvj

PM (Particulate Matter) : 4= =2

LNT (Lean NOy, Trap) : AAAH31E &4Z0)

DPF (Diesel Particulate Filter) : t] & w] @ =} HE

DOC (Diesel Oxidation Catalyst) : T & 4F3} Zuj
Urea-SCR : &£44F ©]&3 SCR A 2=H

NH; Slip : SCRI A NO©o} §H-§-31A] RE3otal vWiE5H &= 4=

WHSC (World Harmonized Steady Cycle) : AA| A&
AR & 7|Hto 23 A0 E A2 HAE &,
WHTC (World Harmonized Transient Cycle) : AA] A& & 2=
HAAAA HEE 7Rt 23 Aol de dX H2E BE
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A AARCE SAFeH FAE st thr] Fol
AFeds @ HA% G 7 FNEe] dojuhy
5] skl A AARCE AFH MELE FAL dAAAT Qo
o5 o ZA3a Aot

NOx g/kWh

EURO1 1992

EURO2 1996

0 0.01 0.1 0.25 0.4
0.02 PM g/kWh
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Fig. 1-12 Efz W2xE st oIy oA Azl wEr|Eo= 19920l
wad Euro 1%E @A 28 59 Euro 62 FAX7 oJ9A WatEo] $eA
Z¥S g =Zoltk. dA HEHIT Y& WiEFHE 1EFS PMES 001 g/kWh,
NOx+= 0.4 g/kWhz o]|de] A=l Euro 59 PM 0.02 g/kWh, NOx 0.4 g/kWhe}
e o mg F Fo AR} et Aok
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Z 2% TA A Y] NOx vj&= 3 dAYs=
o] oF 40 %= AF ol LAY
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Az W T A4V dojd T NOxE AYste Av=Ee wi7ivbe Aeg
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HAANDE £ol7] sl ALEHAT o] 7w FEYoNHI) F71+ 3l
NOx 7}=8 Zvf B9olA 274 13479l N29t EH20)= #d7tch?)
@A SCR Fwle 714 ZAAYo] & vivg Ad SWE A&t YA &)
Sil= AoAY AHslaso] AR oe=w P Zuf F NH3 AA=Fo] 3
Qa4 BAF Aozt o@€th? fgAdRgAE wlErts FAY Fo A A
PM, NOx& E5F AZst7] ¥si4+= DPFel SCRoe] EF AXAH+=
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&7k AP ZA7E AFE o] AREHA v DOCeE 4tst SujE o] &
o=z, CO, HC, HA mygae #7le £&0F, ¢H3s= 1¢ja PAHS 2
TAHA F2 MEES Tl A== AEAIT DOCY F8% 7%

shubE A EANOIE ol4tstd A NO2)Z 4FstAlA NOx 4ol AR8-=+= DPF
2 SCR Fulo] He<S Fdel 7lodst= Aolty. DPFe w7722 HE PM<
AAS7] A FF FAAo]a, SCR A28 Hj7]F NOx Hl&S& Eole X o|th
PAjoll= NH3-SCR Al2"lo] 183 W 4 &5 ®WeZ Qs SCR A=H
% 7b3 g AgEn”

NH3E ©]&3F SCRe| 7]& W54 v 2.

ofN rlo ot

4NH3 + 4NO + 02 — 4N2 + 6H20 Standard SCR D
2NH3 + NO + NO2 — 2N2 + 3H20 Fast SCR 2
8NH3 + 6NO2 — 7N2 +12H20 NO2-SCR (3)

SCR Zwje] Arze HitEH ASeolE AL ZHujo] g A+s° FE
o|Ett. vivE Ade Fujo thd A== V205-WO3/TiO2 SCR Fwujol| ths}od
Zd7k2~ g NH3/NOx Hl2} NO2/NOx H] ZIe8l3 &3l5d w59 FHu] Hhg %o

2 NOx¢| #3&8 % HSO (Hydrolysis + SCR + Oxidation catalysts)®t VHSO
(Oxidation + HSO catalysts) SCR A]x®lo] tiste] F7F&Z(GHSV, Gas Hourly
Space Velocity)®} Zi:gx~ AHo wE Hd = HAAL NOxe WHIdagss
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A7 2 Y2
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2 WS&EEE EAste] SCRe NOx AZ&g F4A7#HE A7t
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HC + NO + 02 -> N2 + CO2 + H20

- H& 2 AxH Cu-Zeolite Zuj= @A £%7) 250° C o]&to)a, I
Hkg- Al F Q3 A9l HCrF Hﬂgﬂ-f_\_i ZAQ53, NOxet wL3= a]g_ro]
122 4% IAJARE Hhgo] o]Rojx= AHE 7HHth® =F SCR Uj#9
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A g o] 21 o] Fopxth? kAuk, HC-SCRS SO20| o HFaLo] =A
GojA=d 53] A2 FIrolA HEAsEE Zo] I o]gA HZAstH
5L EAZ, 223 F, 700° C o4 719 T AN Jles 53 09
FA3E 3B opditte oy 3 EA 3.0

AiMsE &4 Z(LNT : Lean NOx Trap)e= AFAAHAER AFEY A=
o]Fo LFHUE FAHE FuE ArEsta, FuMlean)3t AtolEd FRrich)d
Aol E T 7FA] WESS o] &3t Ful(lean)dt Alo]FolAME, NOZF A A&l
FREHT S0E F3 NO2E 4hstd & ZAFEo FeE Zujsdd AAdrh
FH(rich)d Ao] o=, AZAHAYE NOxvb 989 EIdAALz s dAy3

}11

HC, CO, H2¢9} Aw4 SulE T3 N2= SdFHo wE Ao dALeE 5%
Sof Rl Yojuhi WS A T UHAR, AAFA WS SCR
Wt FARSERL, WAAehE §A S99 HC-SCR¥ mHsbA = S0290 o3
Zul7} W2 s) "ok

Table. 1-1 Engine cycleoll w2 LNT2] Wi g

Engine Ccle Reaction over Pt Role of BaO

Lean cycle NO + Oy — NOgy Stored NO2 as nitrates
HC + NOZ — N, + COZ + Hzo

Rich cycle H, + NO, — N; + Hy,O Released nitrates as NO2

CO + NO; — Ny + COq

Axystes 4 ZveA dEUobt F4EE s¥E SR Hud g
chsteh PUAIZO3 SviE olesle W weeld NHE wel d4sle e
Pd/A1203 Zul= &5 Wslo)] 93 ke 32 )32

AapsE F4 F90 FHIYW NOx: SCR vje] #AAE WYz,
Urea-SCRol| Q3 QA BEA A|2€"HS o2 3x o} v)&ES A7sta,
et Az"Es FAE F E3l SCRY A2AT2 HAaghstE %
Sufjol| A A== kst =23 2o A 93] 9 a, o]gg HCAMSHE S

SCReA &xtH o2 o] AT
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AN SCRE 2457 Zieidl gog2X AdE= NH3S o] &ste A
MRl A A4S ES AASHE Fujo]2= NOx ¢ ®Eg 3HA &3 #l&% NH3

JteeE B OOE F3HHE o] 4 Atk SCRAA yYLeE= NH3 €9
Haglsta B Q3 845 BEAE Fo)7] HdAHE 245 BEAS AL
Aot 7lso] HBasty, AAE A EsE AW Ful A w2 gdEyYyo}
E2eF 59 SCRY EAo| ik A7 Basio



A3 43 Fx 2L g
3.1 AgAA

3.1.1 A% A=A E X

Fig. 3-12 & Agd Ar8d A7 FHA S Aoty Argd Azl A
gegel AE 67159 12 L3 digdddelty. == 170]3 w7 &L 12,742 cc,
BB AA 9} JIEZe & ol &5ty FgFdth Hi =92 1,800 rpmoll A 425 PSolar,
HUEZ+= 1,200 rpmAF-E 1,960 N- mE ¥ & 9t} g A& EURO 5 A 9
O-&3t= o2 EGRE &83te &7t FAE WSSk D6CD Zdolth
¥ A= Asynchronous motorES A&l Zoz HUsE& = 544 PS,
Hfs & Ed+= 3,000 N-m, Hhs & 3JHdF= 4,000 rpmo|th. D6CDIZI
AP+ 2= 2EAR, §F7] 2= ZEFARIEHZYH Y4AA), wi7izix
4715 AR AZsAT AL AE AFAAZXECUL} A& LAZEYAS
E3lo] Aojstgon, Az FHA o Bd xAE A obg] Fol YRy

oA
Fig. 3-1 oo el L QX D6CD 23



Table 3-1 #ACfurelel [, g5l D6CD R Ato}

Category Specification
Engine model D6CD
Displacement 12,742
Engine type 4 cycle, water cooled
Injection type Direct injection

Fuel Diesel
Max. Power 425 PS @ 1,800 rpm
Max. Torque 1,960 N-m @ 1,200 rpm
Bore X Stroke 130 x 160
Cylinder 6
Compressed Ratio 17
Turbo Type Turbo Charger + Intercooler
Emission standards Euro 5
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Table 3-2 =37 Atk

Category Specification
Type Asynchronous Motor
Max. Power 544 PS
Max. Torque 3,000 N.m
Max. Engine Speed 4,000 rpm

3.1.2 8j&7}l2 B4 F|
&7t ~5 BA35F=5 HORIBAAIS] MEXA-9100D ¢+ MEXA-1400QL-NX & 7}A

AN E ALgsgE Y. CO, CO2, THC, 02, NOx= MEXA-9100DE ©]&3}o
Z43g =8 CO2t CO2+= M EA4FA A EAHWINDIR : Infrared analyze), THC+=
g2l ELol s dE&7|"HMHFID : Heated Flame Ionization Detector), 02+
A7 & 54 7] H(Magneto-pneumatic), NO<} NOx+=
3} 8} WF3-7) ¥ (Chemiluminescent) . 2 =34 =t}

MEXA-9100DZ+ NO, NOZ, NH3E =4 <+ g§lo] NH3E ©]&3% SCRe F8
WAAE 23+ NO2INOx H], <zl SdeAel NH3 wiEZFs & + 7]

&l o] $8) MEXA-1400QL-NXE AM-&-3} ).

MEXA-1400QL-NX& oz sj2Alo]= #ol# FHQCL : Quantum Cascade
Laser)S o] &3 A<M F+HAR : Infrared Absorption Spectroscopy)o.Z A4
AZo] 7hestal w2 APES AFAPE 7ixl foldE 7t A7)0t iE
A Foll A= MEXA-1400QL-NX& ©]-&3t NO, NO2, N20, NH3E =433t
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Table 3-3 MEXA-9100D A}<F

Category Specification
Model MEXA-9100D
Measuring
CO CO, THC Oy NOy
component
Measuring Infrared Infrared Flame Magnet?- Chemiluminesc
inci lyze analyze ionization pneumatic ent analyze
principle analy y analyze y
Measurin 0 ~ 3,000 ~
€ 0~20% | 7% 102 20% | 0~2,000 ppm
range ppm ppmC

Table 3-4 MEXA-1400QL-NX AR

Category Specification
Model MEXA-1400QL-NX
Measuring
NO NO, N.O NH;
component
Measuring ¥ A=A ol= HolA E3FH (Quantum
principle Cascade Laser Infrared Spectroscopy)
Low; Low; Low; Low;
Measuring 0~100 ppm 0~50 ppm 0~100 ppm 0~50 ppm
range High; 0-5,000 High; 0-5,000 High; 0-5,000 | High; 0-5,000
ppm ppm ppm ppm

3.1.3 8424 =& A]&AH"(Urea Dosing System)

SCRel &AFE 84409 ARRE 24 AN E fsids 849 H=Zo s 2EH
T8 ARe]Z(Duty cycle)d  AAES =4 Fu(Dosing frequency), FEl
Aol Z(Duty cycle) 2 WFEl WE FFE HAFsto ok Ik

REEF A At FAFE T fste] dFoiAsar Ikl
AHgHE JAAEE ARESAT Fig. 3-52

dhAsate] vlolElg AFHE AANJE AF7HA FEA AHEEL T
Fig. 3-65 REWAE & g 2 2=
UERdY EEAE 24 P T

=

o
(4
Ll
2
M?IJ

2 JANg 25 9
nholElF AFRE AAAEF AYA AGE, EPe FFol ts = Uk
WSt Qo) 2 oJEE WAZoE

£3, AAAA GHANE
gAY & Yo fFe B

w2} Dosing¥} Purging7h 22k 2t
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=3 HAEEZZ(Dosing controller)e] ZZ 1S HF3 Qo JAFgH WHFES
degsted =4 Fxzeof AAE AZE BHUo AFAZd o i, LAERXF
Uetudes 93-S F3l dAEe =4 P fgE¥ste AF[AESI AE S071

AeA G = Ao

Fig. 3-6 REWAE Q

3.1.4 845 EA} Ao]7](Urea-SCR Controller)

3.1.4.1 845 EAL A7) 3= T4
Q45 BAF Aojrle 245 BEAAINE 98 2

M, F71HF 2 d="€AA dolHE dywrs & Jorn, ¢

Hgto 2 Haxel QA AEE Y3y T F JEF FAIAC. AT

Ao171&= 4719 Peak & Hold 87} 479 H2EHE 7HAaL 3

Qa2 A ¢E Actuatores HEZEHOZ AEE £ AEE FAH Utk

dEAd = DPFA - 09 ¢EAS, F719Y, 845 A 4858 AAe=E

ASE & AEF 449 A= 745 ot Urea-SCR Ao 7] 9] st=4) o

AA F48< Fig. 3-7o 27 Uetiiglen, A& Table 3-50 YERHATH

N
% A

i
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JTAG Debug Interface Molex 5P ‘

USB to Serial Interface

=
|<—>|

USB-B ‘

Main Processor
STMicroelectronics
ARM Cortex M7

STM32F767 Processor
16MHz

2MB FlashROM
100kB StaticRAM

CAN 2 (for PC)

I
* ® DSUBIP-Female

CAN 1.3

CAN 45,6
(3xMCP25

6ch Thermocouple Input

6ch PT200 RTD Input

5ch Analog Input
(4-20mA / 0-5V)

4ch Aux. Digital Input

4ch Peak & Hold Output

DEUTSCH DRCP25 86P Connector

4ch Aux. Digital Output

v
w
i
A
o
A

Table 3-5 Urea-SCR A|o}7]29] A

Input Power
Norminal Voltage DC 12v/ 24V
Thermo-Couple Inputs (§)
Type K-Type
Cold Junction Compensation 0~50°C
Temperature Range 0~1,000°C
RTD Inputs (8)
Type PT-200
Temperature Range 0~850°C

Analog Inputs (5)
Type

Resolution

4~20 mA/ 0~5V
12bits

Digital Inputs (4)
Type

Input Device

Dry contact / Ground common

TLP291(GB-TR.E) / Toshiba Opto. Coupler

Digital Outputs (4)
Type

Max. Load Voltage

Open Drain
60 VDC / 5A Max

Peak & Hold Qutputs (4)
Drive Frequency
PWM Duty

Control Current

0.5Hz ~ 50Hz
0.1% ~90%

Max_ 5A

Communications (6)
CAN

Serial

6ch (3ch from CPU, 3ch from MCP2515)
CP2102 USB to Serial Bridge

Operating Conditions

Operating Temperature

Operating Humidity

0~50°C with Thermo-couple Input
-20~70°C without Thermo-couple Input

10~50% RH

_15_



3.1.4.1 845 FA} Aoj7] 2AZEHY 74

Urea-SCR  A|o]22& FH& 93 AZEIY o= FZdUA7|EdTFHolA
ol EHl =AL9le] 8498 E3  Labview2017 3AHoA  IAE AT EOE

AH&-3F AT

st=dojete]l B4l CAN B4l& Fal deolHE Fx ws 5 UA
TAsF o™, A2 FAHLS TS Fig. 3-89+ -t} Urea-SCR A|o7] =4 o]l
AAE A AAe} Hx QAAEH FF5E % Peak & Hold driver7} =%
TAEH Jor, AZEYAdAE A FAETG AAJRAEL Tl ALE
HFHA JHAHS PHZo FFAIUE =R AGFgozN AFIHEE

= oA

Sensors Input | 02| H/w Y . Hozg syw 7y
(EE YUY S S '| Peak&Hold Driver ' {LabVIEW)

Output "

Frequency A Duty ::
1. Injector I
2. Dasing pump .,
3. Purging pump iy

3.1.5 DOC-DPF System

DOC+ #7 12inch, ZA°] 3inch, 400cpsi® AF&3t9a1, DPF= Z7 12inch, 2 o]
12inch, 200cpsiS AH-&3FA T

$
Ho
IS
w
o
@
~
O
o
s
>~
>
)
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Table 3-6 DOC/DPF

xop

Category DOC DPF
Major Phase : Cordierite Major Phase : Cordierite
. Min. 90wt% Min. 90wt%
Crystalline . . . . . .
Minor Phase : Mullite, Spinel, Minor Phase : Mullite, Spinel,
etc etc
Size Diameter 12in x Length 3in Diameter 12in x Length 12in
Cell Density 400 cpsi 200 cpsi
Volume 56 L 22.2 L

3.1.6 SCR Systen

SCRE AM&g oAl AZ3 Cu-Zeolite ]S AML5P T v E

ARE g Ade] ZuE AHgshth

21
DIOSX152 4

Al Ak ol A

Fig. 3-11 8fibs 0 AR
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Table 3-7 Cu-Zeolite SCR AF<F

Category Specification
Manufacturer Ceracomb
Size Diameter 12in x Length 6in x 2block

Table 3-8 "itlm SCR ALY

Category Specification
Manufacturer Ceracomb
Size Diameter 12in x Length 6in x 2block

3.2 AU

3.2.1 8.4 AL w3 AF
849 E=F(Urea Dosing) Al 849 EARFS Aojstr] AsiAs A L3
HFEES mPsts AFol Fesit 244 A mEE 3] YeA=

=
=
w(Dosing pump)sh  QIAElS] BAL A&A} FusE 2gss Aol
= 5
45

Aol 2E A, JIAH= FaeE 33 Hz2 nAsta,  AEA
Ak g4 Y 4FHLE 6 bars FAT F AAF A, ol
dEle] +x AL dhAeatel =4 HEE fF4(Dosing Control Unit)ell th s
2E Y AFAEEFATAEY dFAAE Fasir] wEolth Fad T
T B GA FHPY AFeM s 8] B e 5 bar2 AAsN=H &
T HEE ARESta o ZE wAe] rE Aok 2E
TE 24 BAES 27] 98 6 bars AU
sl 300 ms 7HA FTHANAZIH HXE 4HE

©
et B aade] g

bl
o

i

M

I

>
r\l
flo
o
=

4 o B o
4
Au
_|>f_‘
o
lu

Sag A AARAES F EldA AREY - BAF - TR AR Asdh
AHYPE=E LOTS 53 EASEEG band =23std, BAZE AZEE, 2
TEREE AAPEZ FEe T FX Ao B2 A FRSGEF AAH Utk
840 EAFe AAL S/V(Space velocity)e} ®i7]7tx 2xo] mE wjBP &
71#o® sk, SCRe NOx AHsEEI Fxyol HAAR FAFES WFsto]
Aoste WAooz Yt o5 A= FHsH olel Fig. 3-129F 2t



l Input

Uredag.s (g/h} = NOxio x (Mg * 3600 / Eey) /

(Rures / 60 * 2)xTarget ANR / 1000000

3

l Input =

Red_NOX (%) = (NOx;, - NOX,,, ) / NOX;,

Target ANR
| MAP
- o E— e —— | EEES
WL Target B3E Red_NOX (%) <= Yes LLANR | LLNH3 :
MAP ’ LL Target MAP > Calibration ] Deposition |
MAP 1 Calibration MAP | Uredeq2 (8/h) = NOXip X {Meyn * 3600 / Ecp) / (Ryrea / 60
1 | * 2)x(Target ANR+Calibration ANR) / 1000000
No
1
| | !
! 1
AR | ESE 3
f— Red_NOXx (%) <= Yes LANR | L NH3 Deposition =
LTarget MAP LTarget MAP g Calibration | Calibration MAP I
MAP h 1
1
[ : 1
| : Urecieq: (8/h) = NOp x (Mo * 3600 / Eq) / (Ryrea / 60
Xl * 2)x(Target ANR+Calibration ANR#Dep osition
SE _ Yes ANR 1 (T
Red_NOx (%) <= . 1| calibration) / 1000000
Target MAP — Target M.:p) — Calibration 1 NH3 Deposition H )
arge! 1 Calibration MAP
MAP h 1
1
l No ! |
! 1
! 1
AR Yes HANR : HNH3 !
HTarget MAP | —> H Target MAP Calibration \ Deposition |
MAP | Calibration MAP !
L | —_— || 82, 28 S5 gduy) BN
| || Bzt B
1
|
HH ANR \ HH NH3 |
Calibration | Deposition |
MAP | Calibration MAP !
1

Fig. 3-12 944 BA} Aloj2A] J=Fe

[ AFe BAsEmWMS SCRe NOx AHIggd uwet =4 5749 wWo=m
L=} A5t wEA AHIJEasEsS =Y
=

T AEF sglen, d3ago] =4 A FRYol FAEFo]l | wEA
F7bst] gREUol 9o UEUA| REF EAIFS Ta @A madsian. =3
F7HH g Ful ¥ 2o mE Ho dEYol FF, EAME 845, NOX
A3t a &S o] 8ot AARE dERYol FAFS A 1 gheol 53 VIEAE
%23}3H NH3 deposition calibration W47} AgEo] Q44 BEAHS o2
AostAct ol Fdl dEYol FAFS FES HE oA #sa, dEYo}
SHS WA A s o] W FHRFY JEAE V2 dT7E IS
3R 3 Fig. 3-130 YeERAATH
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1.8

16 -6 V-SCR, 550°C aged for 50 hrs

1.4 =& FeZe1, 650°C aged for 100 hrs

—B8—CuZe1, 650°C aged for 100 hrs

Stored NH3, g/L

450

Fig. 3-13 SCRQ| £& ¥ g=Ujo} 2f 54
3.2.3 AR AF

ot
=z
K

[
Be dzl A5 10290t}
o EFal 12 L A9l A A% AL AU AF HolHE /FoE mE
NP EE HASY EF EAE AR o]F9 HAES A% mE AFS

WHTC 2 WHSC #sjo]Zol AA|
2 g3kt
N,of =N, X (045X N, £0.45 X N - +0.1 X N, — Ny ) X 2.0327T + Ny,

o 7] Al;

N_lo : dz FAHhA )} (Pmax) 55% sidsl= npES 48

A 7HAEL AR 3-S5 (rpm)

N_pref : Nidleol A N95h71#] o] =2 EFO] 51% FHEIAE A<

& A% 34 (rpm)

N_hi : AR FAHNAG v v=E(Pmax)e] 70% HZsl= rlEd S d&
< Az A (rpm)
N_idle : o}o]& 3 4(rpm)
N_95h : x FAHH WA v|vlg(Pmax)e] 95% sE3t= vES IS
2 3173 4=(rpm)

o ofy
4

ali
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P —

100%
/')L \.Q% of P

80%
Engine Power /

70% of P
max

e

60%
i 07
max

40%

20%
0%
n n - n n
idle Io Engine Speed : L
. = = X
Fig. 3-14 A gAAl 8|1 40 72
100,0% !
1
1
1
Engine Torqlie :
1
i
i
1
1
1
80.0% i
1
1
]
1
'{ i
- Area=51% 1 :
[
r i Area=100% !
1
1 1 1
X 1
60,0%
idle n pref Engine Speed i 25h

Fig. 3-15 N_pref 3]%49] 9]

WHTC % WHSC #o]Zd AAE HF EIs o
2 &3t
M’ef,i: 1,007, Mmax,i—i_]‘lf,i_]‘lr,i

o 7] Al
M_norm,i : EAFE F(%)
M_max,i : g FX oA 2 FHo)EZ(Nm)
M_fi: B2 B71A o o3 S EA(Nm)

2ol ol <3

ot



Mri: AAR F7HEA 2 FE=(Nm)

3.2.4 SCR A8
SCRe] 4% HAZE 98] SCR &= o

gL A A
AEE FIdFAT. dA AR AP AF{A AXe] F EH IS
wotsldal, HAEES 53] WHICE=¢9 WHSC R=o] SCR &% BRI E 9%
T AT SCR AFAA 7P & IS HA= AL SCRY 2=olB2=, dF
459 SCR 2%° wahA L4 EAFS 2Elstads ©W NOx A3h&o] ofEA
Yel=Xo) tigh 4388 Y3t A T
A Ao A o]EH o R AA wEHIL Je NOxg BT Aslsted Zagt
Qx5 4S APt ol SCRAlA  dojubE  WESS  Standard SCR
Hhg-olgty 7Skl NOxE SA7|HH Y3 49 NH3S FQ= v
ALrst At Al4ka2 ofef e} 2.

Air flow [g/s] X 3600[s/h] « 60[g/mol] « 1

Stoi. Urea = NO, [ppm] > ( 28.966 g/ mol] 0.325 <2~ 1000000

=

A7 2 WE Q4 HH EAF AP A9 F A FHg 1,00000 A
2,000 rpm, 200114 350 C WA FHHAT A Fk, DOC/DPFSE SCR Atel,
SCR FwhoA @2 MEXA-1400QL-NX& o] &3t wj7|7k~s ZAHsoh
DOC/DPF2} SCR Alolol A ZAH= NOx HlEHH A JF7|EXES] MAF AAME
olgst] FAE FTVIFFLRE 919 Ao wg ojgHor FRI faF dS
Aabslget. olg2A A4E k& ANR(Ammonia to NOx Ratio) = 12 i1 ANR
#E 0604 5FEH H NOx As}ge]l Us wi7hx], == NH3 £3o| Yo
W7AA S7HA7IH 4 AR =AM e H NOx Ast&3 a4 HE ZAES
18k Th

AEe Y stEA, AR AA HAGHe AAH HjEvt
255 =H3HY. Adx T, DOC/DPFe} SCR Ale], SCR Fte] =
MEXA-9100D, MEXA-1400QL-NX, DCU¢ NOx AlAME A
M =do ME AHSLESES EAEAT XY & IS A
s AAstaAr

AR e WHTC(World Harmonized Transient Cycle), WHSC(World
Harmonized Stationary Cycle)e] Al@ WHE& 283tRa, 7IE 845 A 23 &
ARt AA 4 BEolA NOxe] Asl&o] o9 A wWat==<} Cold A¥ 3} Hot
Aol NOx Astso tisiA &4kt
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3.2.5.1 WHIC, WHSC A& ¥

WHTC= World Harmonized Transient Cycle®] <¢FxZ 4], Euro6%-E ETC EE=E
thAst= Al@REo|th. WHICe EA& ETC RE= tfn] 5« A 73l A 9
Hol&Hol FFsdte EAol Ao, Hluz 22 w77t EF A A
g, oz st UutHoze Wiyt Askrh o oHYATE WtE
T ok WHTCY] &% QXA E&EE9 B+ ot Fig. 3-163% #Zoh

100

Torcjuee, S
20 -

B0 -
A -
20 -

o -}

— —+ 100
Speaed, %

- -+ @0

— 4 B0

— - D

- I 20
T T T T T T T o

2000 RO

o S0 200 R Rl a1200 A 400 A S00 1200

Time, s

Fig. 3-16 WHTC B.E0] 23 olxls|Mazel £

WHTC= Cold =9} Hot =2 FAH ot Cold e ARE AHASE A
8AIZE o)A A (Soaking)ste] dzlo] s WZAHE HEjolA HAPE AlFEe=
FrolW, Hot REE Cold A8 8 o3 ¢ 10B(+1Foupr 4274 =

N @etAdtt
WHSC+= World Harmonized Stationary Cyclee] <FAZA Euro6 ©]

o
T
(@p]
®)
Ll

WAt Ad@alE mEolt. ESCe BUaAl 1379 eRMelA AL ensal
ME7tas SABTE Hold FUSAY, e gagede el 7}

SHHY 7}EAS(Weighting  factor)7} ¥FdEo]  Qlth
WHSCe] &2 gzl Aol mE A7

°F 1083 ¢ddd & Alse TR SEIH(£1EIH)
A Zbak itk WHSCO] 1374 @13 o2l Table 3-9 9 %

Table 3-9 WHSC9] &4
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Weighting Mode
m

O Motorlng 0 24
1 o] 0 0.17/2 210
2 55 100 0.02 50
3 55 25 0.10 250
4 55 70 0.03 75
5 35 100 0.02 50
G 25 25 0.08 200
7 45 70 0.03 75
8 45 25 0.06 150
9 55 50 0.05 125
10 75 100 0.02 50
1" 35 50 0.08 200
12 35 25 0.10 250
13 0 0 0.17/2 210
Total 1 1895

tincluding 20 s ramp

Ay ARAT

4.1 1= A¥
4.1.1 845 BAF v 29

AA AEe AT w HA BAFH B BAEQ zolE BAYSY oatE
Zol7] YslA 5 bar, 6 bar, 7 bare] whal Ztzt AP FIPFYL o] FHS
Ajo] Z 2ol RFF 3} T

AFe B ZAD AAE B4 AL B2 245 FRe HFHOoE
Jehstor] B4 gtelo] me f% Aot AAE BAL A&7kl Ao w o
2 el 4E St WE 4% Aol AEHo|A @m %] F7he
e} F74Eo] Zastgnh s AW Ao Fig 4-1o) UeRiTh

_24_



e Skar
7000 e Ebar
7har
e000 *
—_— -
= *
E 5000 &
s -
ni0 >
oF 4000 . -
4!. L] ]
4 3000 _ . T
of et L 5
2000 &
A
1000 - =
£ a
P L
o @&
0 50 100 150 200 250 300 350

QIAIE| K| £ A Zt [ms]

Fig. 4-1 2 8 Qe 24} g 48 21

4.1.2 MAF(Mass Air Flow) AA AZ A¥

NOx A7+& 93k ANR Z+ Alxle] L3 E7] 3L Bosch AFe] MAF AlAE
AHgstel ZASGT. F1T AAE AAFe] faf BA AAYE 3449
Aerzke ¢lo] Bosch AboA] Al Zst= AgBHg oA ke AMLse 27 ST S
Alre A, shARE A& ol /\}9’5 57 ]erol Bosch Aol Al A Zst= w2 7)o

21740 Gl ARIFAF AL wAHAE S oFsl] ARG old e FEI £
AHe =3 A=390. 1 @ﬂr‘— Fig. 4 20 YeERHRATE
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Heatmap
173.0

— 1384
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SCRe] NOx A3} =&o 7Hd Fa3 W<l
<~

ZAstAch w77k 28 SCR A - FdellA 74

252 Btk A &3 d9S 01 2 HH0RE FA SAHE 25@S 30 T
Aoz ks ol 7 gztel digEHe @te JHEESY Figo 4-690
HER A

A s P —’F 15%ol, WHIC RE+s F &1 2571 210 CollA 240 €
Abol = L}EP,& WHTC mze ZA$ol= Cold WHIC ZExHth A<l

2=7F =4 -Er—_‘?_E]r‘:— E2ES BHYT. WHSC 2=+ ¢ &L 240 CAA 300 C
Apolol 4 gxlo] o] ol zith,
SCRe] 844 EAF 7]+F<2 SCR €% 200 C o]3te] &% dYdA= L8457}
BAE A 7] W] NOx Hzke] o] Fol7 btk webd sig dee] Aoz}
A NOx A3l sol & 9 o 738 AFolA Cold WHTC ==9] 200 C
2 HA9] 34.1 %, Hot WHTC E=+ 205 %5 =}A3ar WHSC
= AJZFEE 200 C o]/ SCR 55 H AT

o
9#

fo
b
of
12

td
[
o
oM.
o
2
rlr
td

Counts

<60 <90 <120 <150 <180 <210 <240 <270 <300 <330 <360 <180 <210 <240 <270 <300 <330 <360
Temp. Range (C) Temp. Range (C)

(a) (b)

7000
6000
5000

4000

Counts

3000
2000

1000

<240 <270 <300 <330 <360 <390
Temp. Range (C)

(c)
Fig. 4-6 2= & A] &% B (a) Cold WHTC, (b) Hot WHTC, (c) WHSC
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4.3 SCR A3

4.3.1 Vanadia-SCRe] A3A5 EAH 4+
el =

V-SCRe] Astdss REdA AFs7]

Asla s EA4 AEE T3l 449 &4 BIas oto] A

ot AESzHANA Y AlHs X Fobe fste, AXFHEEE AXY F
4G9 1,000 ~ 2,000 rpm =] s 250 rpm FASE AP o,
7|17k 25E REAY AY 2% ®EXE ¥t SCR AZT HA2:
71=2. 2 200 CHE 350 CT7FA] 50 C FAS 2 APtk

NOx reduction efficiency (%)

T T
0.6 0.8 1.0 1.2 1.4 16 1.8
ANR

(a)

—8—200 C—®—250 C—4—300 C—v—350C
100

NOx reduction efficiency (%)
@
3
1

_30_

NOx reduction efficiency (%)

NOx reduction efficiency (%)

—8—200 C—e—250 C—4—300 C—v—350C

()

—8—200 C—®—250 C—4—300 C—v—350C




—=— 200 C—*—250 C—4—300 C—¥—350C

NOx reduction efficiency (%)

(e)
Fig. 4-7 V-SCR9] 2% ¥ FA&HxoA 9 Hetas &4
1,

(a) 1,000 rpm, (b) 1,250 rpm, (c) 1,500 rpm, (d) 1,750 rpm, (e) 2,000 rpm
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4.4.2.3 Cu-Zeolite SCR WHSC =& A&

WHSC ZEZAIg2 Hot WHTC RE= FR olF JAFAFE #FA4dd FAFs==
WHSC 9 = oA 1087t Pre-condition 3tggom, o]%F oz AlExs& & 5 oF
587 AFsta WHSC ZEAYS 335t th WHSC == ig
4-36~41 YERH AT

WHSC =EZolA NOx HWi&EA oA WHIC =E=¢ FAsHAl NO7F ti3&
HjZ =, NO29| W& A9 o]FojAA ge ZOoE Yewrth. WHSC 1%
re: FIA0de) ZHANA AHTL Yr] wWEY Q45 BA o]F o

o Z

717k 222 Qe AHiw

2Wol A FAY 1R RO AF NOx Hspago]l YNHoz ZasiAuk,
w77k exsb WA el uhel gstas =@ YAYoR AJMEe] WHSC
3 o] HFES o EEolM e ARAES YERIE AL AT 5 Aot
out edzdel F43 waste TAE NOx AsMsol YAHowm
Zaste 54 HAF F AT

WHTCS 5UsiA WHSCOlME dal edddolq omuol <y lppm
mgtow Z47)7le] eapdel Ul Z4E Ae® BYET WHSCE of
220C 9] W77k LEAM o 400C/HA FAA FE AR wjrlkne o=
Msl ZwoAw BE O FAY sEzde TPsn Aok oA 45D
A2 FANE FEUol &R0 WA de Ao B u, 2xFl
EApgFo] Cu-Zeolte SCRO| ¢muol Faz WeUolA Hd3 Aoigu gt
Ao g Agtdrt

—NO
— NO2

NO & NO2 (ppm)

1000 —J
0 s A /—\—.,\

r—+ 1 - I+ 1 1  f 1T " 1T " 1T T 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (s)

Fig. 4-36 Cu-Zeolite SCRe] NO, NO2 #j& EX(WHSC)

_47_



NOx (ppm)

—— NOx before SCR

2000

2000
| — NOx after SCR
1500
1000
500
0 AN,
L e R D A R A B A |
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)
Fig. 4-37 Cu-Zeolite SCR9] A3t NOx & E4(WHSC)
104 ——N20|
8 -
E 61
= |
o 4
N
S |
2 -
0 — T T T T T T T ' T ' T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)
Fig. 4-38 Cu-Zeolite SCR9] N20 = EX(WHSC)
0.3+ [ NH3|
e 0.2
o
a |
™
I 01
z

0

00 ‘lm.

T

T

T T T T T T

T
1000
Time (s)

T T T T
200 400 600 800

Fig. 4-39 Cu-Zeolite SCR9] NH3 &

_48_

T

T
1200

Ay

T T
1400 1600

S73(WHSC)

T
1800



O
t’; 500 — before SCR
5 4503 —— after SCR
© 400
g 3504
€ 3004
2 250
@ 200
> 150
2 1004
g 507
lﬁ 0 — 7T T ' T . T T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)

Fig. 4-40 Cu-Zeolite SCRO] AS vj7|7tA &&= EXA(WHSC)

O 90
o 801
o 60
“é& 50
—— 30
cC 4
o 201
8 107
© 0 — 7T T ' T . T T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800
Time (s)
Fig. 4-41 Cu-Zeolite SCRQ] izt W3l EX(WHSC)
N20¢] Hj&2 WHTC B=¢} FARSHAl ¢F 10ppm ®H9 oA o] FoXar St

Hj 717}~ 55 WHIC Zrit 31 999714 24"9ES ¢ 5+ Ak Hot WHTC
2oE H w7)7ts &57F ¢F 340 € HYolA XY, WHSC R=9] 3%
A wj7) 7k %7 ¢F 390 C7HA E7HekeE AS B 4 Yt

WHTCeF WHSC = tisir Aoj=2el 7id 2 AFAAe AAZES
glstr] st WHIC ==o tiall 73], WHSC ==of tis] 43] REEAH-E
FPstg o, 1 AFRE Table 4-3, 49 YUY WHTC ==9o 7% Cold
WHTC REolA= HAA 48%9l4 HW 55.1%2 AH3}ae&S veEhhdoen, Hot
WHTC REoAEs HA 85%olA AW 89.4%= YENAATH. WHSC REoA=
HA 855%0A Hdl 92.3%<2] Fga&S Yel AT

_49_



Table 4-3 Cu-Zeolite SCR2] WHTC T EOJAC] NOx Atd=

Test Cold WHTC Hot WHTC
cycle
SCR 751_‘%_} SCR §-_‘:~_} Aot Ee SCR 751_‘%_} SCR §-_‘:~_} oS
Category = Nox ®i&% | NOx w53 ) NOx v}5% | NOx ®j&% )
(8/kWh) (8/kWh) (8/kWh) (8/KWh)
1% Test 5.58 2.77 50.3 5.07 0.54 89.4
2" Test 5.78 2.59 55.1 5.33 0.57 89.2
3 Test 5.77 2.91 49.6 5.14 0.57 89.0
4™ Test 5.78 2.79 51.8 5.23 0.56 89.4
5™ Test 5.45 2.54 53.4 4.88 0.65 86.7
6" Test 5.41 2.81 48.1 4.83 0.72 85.0
7" Test 5.50 2.86 48.0 4.73 0.64 86.4
Avg. 5.61 2.75 50.90 5.03 0.61 87.87

Table 4-4 Cu-Zeolite SCR9] WHSC Tt A9 NOx AstAE=

Test cycle WHSC
SCR AT SCR St o
) - Jeta s

Category NOx "j&aF NOx Hl&% (%)

(8/kWh) (g/kWh)
1% Test 4.88 0.71 85.5
2" Test 5.26 0.58 88.9
3" Test 4.42 0.55 87.5
4" Test 4.61 0.35 92.3
Avg. 4.79 0.55 88.55

4.4.3 V-SCR¥} Cu—Zeolite SCR &1l 2= Al 23 v

V-SCR¥} Cu-Zeolite SCRe] 7} mEAH-E AHEs 2= Table 4-50] YEFH AT
Cu-Zeolite SCR& V-SCRe} H]wste] Cold WHTC, Hot WHTC = RF T &&
NOx AHslg &S Uelya, 1 AFgase #ol= Cold WHTIC EEoA= 7.5%,
Hot WHTC R Eo|AE 18.57% %2 Hot RE=olA © =ZA yeydt) o] SCR W+
2% 200 C o]sley] AL FIHAA= V-SCR¥ Cu-Zeolite SCR F Zuj
H|S28HA] @& NOx AEA S Holx gk EAZF o2 NOx A7ro] AlZE &= 200 €
ool L FHA e NOx A5 zte] WjEo2 HT

SCR A5 F8 IHAER] dxyol &3 9A] V-SCR =7} g uz}
FAE gEYole] ¢Fo] SCRE Hul ¢EUYol FAFS sl RUol 1ol
st gEyol FAIXQl 10 ppms Cold WHTC, Hot WHIC REE REFojA

=
L
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e oz

Y2 2= 200 C
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200
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e
e Age 5
o

sl A& 50% ©l3te] il
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ARA A= GHe AHEL & A ol

=

[o

I“j i
I

SCR Catalyst V-SCR Cu-Zeolite SCR
Test cycle Cold WHTC | Hot WHTC Cold WHTC Hot WHTC WHSC
SCR A NOx
5.49 4.85 5.61 5.03 4.79
(8/kWh)
SCR &t NOx
3.11 1.49 2.75 0.61 0.55
(8/kWh)
NOx Astge (%) 43.4 69.3 50.90 87.87 88.55
gLior 23
10 =3+ 10 =31} 1 o]y 1 o]y 1 o]y
(ppm)
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Abstract

An Experimental Study on the NOx Reduction
Performance of Cu-Zeolite SCR Catalyst
for 12 L Diesel Engine

DongGyu Yu
Dep. of Mechanical Engineering

Graduate School, University of Ulsan

In this thesis, a study on the NOx reduction performance of Cu-Zeolite SCR
catalyst at a constant speed and transition mode for large commercial vehicles was
conducted.

The SCR catalyst showed low NOx reduction performance because the catalyst
was not activated below a certain temperature. This phenomenon determines the
operating section of the SCR and consequently directly affects the NOx reduction
efficiency. Cu-Zeolite catalyst has excellent NOx reduction performance in cold
operation and initial operation mode due to low SCR activation temperature. In
addition, the emission of ammonia used for NOx reduction in SCR is also limited.
In order to control ammonia slip discharged along with the exhaust gas, the
amount of ammonia required for NOx reduction and the amount of ammonia
adsorption of the SCR catalyst are important factors. The Cu-Zeolite catalyst is
advantageous for SCR control due to a large amount of ammonia adsorption.

The experiment in the transition operation area was performed using the
transition operation cycle WHTC Cycle, which is used as a test cycle from Euro 6
in European vehicle exhaust regulation standards for trucks and buses, and cold
WHTC and Hot WHTC was performed in two ways.

The experiment in the constant speed operation area was carried out using the
constant speed operation cycle WHSC Cycle, which is used as a test cycle from
Euro 6 along with WHTC. In the case of WHSC, the mode was performed after
preheating for 10 minutes under the conditions specified in the test mode and
then soaking for 5 minutes.

During the mode test, urea water injection was controlled to start after the
temperature of the SCR reached the active temperature of the SCR. In the case
of WHTC, the time to reach the active temperature due to the temperature drop
due to the rapid torque change is longer than that in the WHSC mode, and thus
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the NOx reduction rate after reaching the active temperature remained high, but
the overall Nox reduction rate was compared to WHSC. It was measured low.

The performance of the Cu-Zeolite catalyst was compared with the
conventionally used vanadium catalyst. Compared to the vanadium catalyst, the
Cu-Zeolite catalyst exhibited a high NOx reduction rate because the urea water
was sprayed earlier in the mode test because the temperature at which the
catalyst was activated was lower. As the temperature of both vanadium and
Cu-Zeolite catalysts increased, the ammonia adsorption amount of the catalyst
decreased. However, the ammonia adsorption amount of the vanadium catalyst was
also small at low temperature, causing the ammonia adsorbed to the SCR at high
temperature to slip. In the case of the Cu-Zeolite catalyst, the ammonia adsorption
amount is large, which is advantageous for controlling the injection of urea water,
thereby achieving high NOx reduction and at the same time preventing ammonia
slip.
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