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#1  ARETE YRR O 15 AR HE T A5
BHEE : Y1(70/\ZHA0.27~0.40mIH2 W\ ARES R40~60mg. JRE : 400ml/min (60,000~90,000 h-1)
BER SE%
B AR NOXEIRETANE | NH XU w Tl v
2]
= BB B
) B
22 I
B HCE#(LD | NOB%(E? | Std-SCR?) | Fast-SCR® | NHE(LS) Std-SCR?)
C.H, | 2000ppmC| 0O 0 0 0 0
#=hn| NO 0 200ppm| 200ppm 100ppm 0 200ppm
AZ | No, 0 0 0 100ppm 0 0
NH; 0 0 220ppm | 220ppm 220ppm 220ppm
R=ZHZ | 1%H,0+10%0,/N, (JN5>2)

1) HCE#{L : 2C,H, + 90, — 6CO, + 6H,0
2) NOB#AL : 2NO + 0, — 2NO,

X612, Frin s KO EE AL OFE O —Fl & LT, SCRAREEA F1.0x
L3R ZLTN2O~DHEEEF (150~300°COEH i) 279, HER I

3) Standard-SCR : 4NO + 4NH, + O, — 4N, + 6H,0
4) Fast-SCR : 2NO + 2NO, + 4NH; — 4N, + 6H,0
5) NH,E8{E : 4NH, + 30, — 2N, + 6H,0

CHE L BRI
xtLCSCRARE D EFRAIICDOCE % &

BT ANOxENH sz

LIZ ZBSRICLTCE A, i b EE L i b 45 2 DR RITNTZ LA E LA LIRInoTe, ZOZENBIEEPET A

Pica iﬂéNOx¢'@NO2H§$ IXSCRBEDVERE

ASCEIMZ 7=

Toe Zh iSCRﬁElIE@ el

7o 2D LI

Z LA By [ AR D,
LU EIZ KD A D PERE K& OV AME 2248 25 BT, ATREZR IRVl B 72 SR ELooh | KERIIZ

TR s S % M 3 2 RO 72 TE M FFA LA fE N LT, FRIC
PEH T AL AT LR O E D FEHE O Al 240 2 G o 72 2 B
BB OB IO THID CORA LR STz, RIFFITET VARG & O O
VA S AL TN B il 00 387 i R OBt FH G 2 5

THDHN, EEE

IR XA RIT SN

EWIREN Tz, EHITF AN
Bt RICT DL, B i ONOx°NHln b #I% M B3 2203N0~DlA bR FH LI
X0, REIGONOxCNH BN K EIZASCIZEASN TLEIZ LT D EE ZBN
HEBEZBROBAITIZEICED | P AT AT LD TE ZREIZZ2 5 TV D D7)

IR ETORBEERLRDS, %%@74~*’zﬂ/
RIZHOWT, Gl FiEEED -2 E1T

Ak E Wk ﬂL

IOWTH, Al BB &2 D% BRI LT RIAR

R F 1A 208 42281280, A RNOxE L MEREZ FLEI A 5 (TR TEH LN TE, FEHICH
BIRFIETHLHEF 2D,
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B Jooe )1 Jscs) [Jooe ) jser s

100 100 100
3 80 B NOxER{b=R 80 80
< NH#E{bER
B 60 I N,ONDER{LER 60 60
A
& 40 40 40
@
B 20 I 20 I 20

0 — 0 . - 0 [ |
#r c% &St 1o &St $on &5t

BA6 il AEE R REAT OB (B 7 VAl A ) o NOFBS ZONHsHRE R | N2O~D#E k#3150 ~300°C D
e

4—3. ﬁﬂiﬁﬁ%@ﬁﬂﬁ’)‘ﬂﬁ?%@ﬁ%’j

IKRESLEZ EDIE B SO —FIEL T, 750°C, KZERIREE10~50% 7% JH 5 CTH~200F ] LB L 7= 3k}
?®Standard-SCR (Std-SCR) K i 2317 ANOxENH 85/ R | NoO~D#R bR OIE ERFEEEZ XK TR T,
750°C-10%-20h 7 FL i 1 @ WIS P2 R FEL T D — 5 C, 750°C-30%-20h, 750°C-50%-20h &, K BAALER 55
P L <72 BIZHE > TNOXCNH#E L MR T L TERY, BB TL TNODIENDND,

NOx #x{b 3 NH; #xfb 3 N,ONDER{LEE
[ —

100 fﬁm 100 20 —
[

—— IR

@
o
@©
o

—6—750°C-10%-20h
—4A—750°C-30%-20h

-
[9)]
T

E60 60 S 750°C-50%-5h

» X 2 / 0 L 750°C-50%-10h

g / g i g 750°C-50%-20h

£40 N 540 c |

: g l 5 ™

5 k. 25 R4 ‘: o

220 Z20 4 it g | “ea
[ T i 3 L pgaleTmoamsnens

0 — 0 = ! 0 o |
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500

Catalyst temperature (°C) Catalyst temperature (°C) Catalyst temperature (°C)

K7  AKEGLIRL7-SCRAMEEDONOxENHEL R | NoQ~DiE (V3R DI B (& 17 1E
fp i B B = 40mg. U5 =Std-SCR;400mL*min1, 200ppmNOx+ 220ppmNHs+1%H20+10%02

X812, 20 ] /K BVILER S5 (2 F0 1T Bk ZRAIR FE LIRJE D2 2 DWW A RHEE (150°CI2 81T DN O
{l:fpwzéﬁm%l&*rzﬁamﬁ)%ttﬁxw_ﬁ*%%ra‘ 850°C TIL /KRR E10% THRIELIZ GERHEME NP
E70%) DIZKREL, 800°C TIiX30%. 750°C TlE50% THRAE L7z, T00°C TIT/KZK KR FE 75% CTHIXHEPE230.5F
T T L7z, 9IS, Fli 2 DR JE L KRR IR FESAE ISR DA I AR R TR D B 2 £ 072, B 203
700°C ., 10% 7K 78 < FE . 168KF ] (= 13 [#]) AL BR U 72 30 6E C A )cHEPEAY0.738 22 o 7=, [A] U AL LR &
(700°C) TKRZATIREAZ30%FE T LT 520 M C[RIFEE O RHEM: (0.74) L7020 SHIZLERE £ 4750 CE
THIF DLW M CTRICARHE M (0.74) Lipo7o, 2O LI 7ekE Rod, UM RHEMEORE 255720128 35
AL B IRE ] 2 KR L2 AL C& T2 &b,

IR B G LT MBI DAL T DK AR KR 1, B BT RO LY 72 PN T AL R FR E D5~
12.5%8 9 TH DM, ZHEVHENITE VKRR E A5 H 32281280 KEL Ik Dt AVEE ik ry
IR C RO BNHZEE BN LT,
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AIRRFDIKFRTURE %

8  SCRARMED K BALER S ORZR SR L | LB ) SAR RS TR ML O BEAR (AL ELRF R 1320h)
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700°C30%
0.8
s {)o0.74
W ] WBBE750T
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i Is
H 1.0
04 | WIEE =700°C
==
B 0.8 700°C30% KER=10%
0.2 I ~ ' >
800c B o6 0.74 0.73
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0.0 g
0 5 10 15 20 #n 0.4 ]
5 ®
KBRS —(h) m
< 0.2
0.0
0 50 100 150 168h 200

IKEMLIZESRT (h) (1:8F8)

9 SCRARBED K ERLE] G ORZR S BE | IR E | WP []) SAHSHE R D B4R

4—4. flEYERES (LA =X LORRFHE R

b, 800°C-30%-5h, 800°C-50%-5hD 3:EHZ ST, TEM-EDXIZ XV 5T 3 D4 4 ok & 45 B L=k
FEKI10ITR T, ZRHOFXHE TS | 1, 0.093, 0CTH D, Hrfnid, Cu, Al, SitbIZ L — 120 L
T2, ZHUZHREL, 800°C-30%-5hi%, Sild¥)—34i L C\528, AlD A lE AR — b L TODER T B3 Abi
720 Culd i KARLBEBEnmAL DK - &L TH L Tz, 800°C-50%-5h Tl AILCull 2\ TR — L O 1]
DEBIZBHE L o7, ZTNHLDORE R NG bELEBF TANE R FIZH) — 125 BL T2 CuRALS K EVLEE |2
FOBRENDPOH T TEREL T EnHELZENT,

BI111, AKEGLBR A D — B DX+ T 7 2B — ar OW P L IEMEO BG4 77979, REEIZOU
TUE, B dh 23400m2- g UKL, K9350m2- g 1& 72 D W DL BEFE I d5 0 VT ARG 230.9726,0.6 £ TR A
L. D%, L REFEDOIHRDWA A EFAXHEYES D T D@ 71 %2 7R LTz, XRDIZ DWW TR, #idb{b 0.8
DY DOHACIRFEIZ BT, ABREEA0.9350.6 E TR L, D%, 4L E OIS 500 (SR T
EMELEAD T MM A2 R LT, 77205 XRDE R EEITEE O M 2 R L7z, NHs-TPDIZ DWW TR, Fi~
7= 4 0 P C N Ha i B 52 & A0 S M IS E R 72 IE O FE B35 B 7z, Ha-TPR2NG RO 72 Cullxt 375Kk 3 (H)
DWHE EIZHOWTIEX, L LW HIREE TIX, H/Culd#H it LR U1 THHE G 12250.6 ETIR F L7z, 2D
% SR LH/Cud AR FEHEMEDN0.60 B BRI A L HICu3 21272 2 ARG A 0 & 72 o7z,
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#hmm
(550°C3h)

EXEME=1

(800°C-30%-5h) &

FEXEE=0.1
(800°C-50%-5h)

FHXFEME=0

10 SCRET VAl v B EE 2 (TEM-EDX) Ot 5 CBr i M ON/K AL B fir 45)

HEZRTER fEERE NH,REE cr HOHBE  cw
1.0 ol — 0O ’e ;

= & ¥ b g

|| o8 | — .

DD : I | . ;.

o | 2

{:Hu;e 0.6 /~,‘ ‘ .g ? E :

- 0.4 e o ’ ’ 5

H o, 9 | | o o | o

R L) // ‘ Q e Peak 142 i PY

Z oo : - & &> I i agis

0 100 200 300 400 500 0.0 0.2 0.4 0.6 0.8 1.0 0 0.5 1 1.5 0.5 1.0 1.5 2.0 2.5

m2-g-1 S mmol-g- H/Cu(mol/mol)

11 KBS 7=SCRAMEIZ IS 1T 281 T2 2B —al O VEAR LAR HE L O B L

UL EDXvT 728 —ar DD, HiE, 11T OF SR TRTIIC [ SIVICHE T, B
WCHEEAT T D EMNRIBEI NIz, TNEBEEX TKBULERIZE DB L AN =X L& K120 I HEE Lz, Fidh (1)
TIEHAP 72 BATAME B EEZ AL TEY, ZOMANICAZ L ROCuRAIN Y — 5 HBIL TWDIRETH S,
KBULEET DL FINCI W T (D) B TAME B E DI ZTHRFINTORDEHE, CuALD B E IR BE A
AL Al BETE P12 R & <A 5 2 5 CuD IR L3R TEHE AR NHa Wl 3 W1 b e/ Dk B AR T B B B 3 B,
SHICHEDHET T 5L (D) | BATAMEEIEOELE L, CuPALDHI LB 1T TCuORALOs72 E DRt
MELTEETHILICTLY, Cud B biE ot s ONH W & A M7 DR B NSHICIA | BT EA A
M AL2SSE 2L (V) | TR SE ISR DR DL E SNV, ORI RS ER KB RIREZ @ DHETHL
MEHESNDE R IZHOWTIE, BATAME# D Siloxaneit & ([Si-0-Sil) k10 AldAKFa1112)  Cud
KAL) DTGRP LD b e RO G EIPENE KT 28Ik ob 0 LIS L7z,
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I.354E (#D58) m.2{t (PRA) V.35t (GRRA)

SRR AS A NERAES CHEREEEL. FEFEEFENEEE * %ﬁ%iﬁiféb‘ﬁﬂﬁﬂ'ﬂ(j&iﬁ N %ﬁ%*ﬁiﬁb‘%\@f{%@
- @ALAIISICUA A S (CUOH)* - MELAICHITICUL A > (Cu*) - BREAA(Cu0,) & L TEDSY - £TCUO, &13 DEE
PRyaNes H9y g HYCEREE

12 HEE SN DSCRARMED K EVFAL AT =K L

4—5. fillEOBEREEIE FiEOBF
4—5—1. F7 /VMRBEA FA TG PE RIS AL PR e A o Rt

FHEITIZB W CSCRAMBED B AT ANE D RE T DIFE DMV KRR E2Z T LT ENTHHEE XD
NTT=8 | A5 R IE DN D DR E R FFEN T DRI B BE DB f T DWW T IS PED [EIE T 2B S - A R L
7o TDT=ODETNAHLEEL T, AAXHEMERI0.600750°C-30%-10h (X192 fR) A58 R U7, 45 HERH T PE R
HOEAWE RO L0, B4 10mge b 7 L@ SVE{ (240,000h ) TStd-SCRE i & FE i L | £%
ROBE BT LR E CIEME AT TH e LT,

—HilELTX13I2, SCRET ARIEDH . %1bih (750°C-30%-10h) . %L 1% 200°C., 75% KKK /N2F5
PH A 20 ) AL EE L 7= BB O NOx R 3R 0 220~ 420°C DR FE K FMEZ R4, B AL S EE ~CRLHE i i
NOxH#EAL N HEINML THRY, HHFEETEEREEL TWDLIENDID,

100 O

N

580

>

ﬁ70

3

9260

50

40

200 250 300 350 400 450

BRI R EC

(413 SCRf#hE oo E M e B RS SR B GUEHE = 10mg., SRS A & =400ml/min)
Hrem (H) <At (B S5 i A 750°C . 30%H20., 10H [ ALE

-BERERIE & UK) - 5 1E 5 A2200°C . 75%H20/Na. 20K [ ALE

NoZRPHAC T | ALBR IR O 7K 78 5 B DTG VE IR ~ DN R AT~ Tk R A K 14768127 T, 22 CTOMMETE M
OFET, K13IZR LTS8 DIRE DI B, 260 CTH5H380CIZH 1T 548 ONOxis L RO HEE LT, L1k
DIFEEINOXEELHT6.7% 125 L, KFRKIRIES0% £ TIIIETEICZE N D128 KRG IR FE 75 % JLEE
TILFEHINOx#E (L F83.6 %, [[190% T87.2% L 720 | {EMEA M LT DM N bz, £z, KEARIREZ
T5%\Z— i & LT St CALBIR L O A 7245 R (M 144) | 200°C Tl KEZ R L7ZDIZxE L, 300°CLL
FETCBLG A 130 2> THR M LB IE MK T L=,
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KEKREE DR IR E DR
(JLEBRE200°C, BHF/NT Y R) o (T5%7KER. BF/NT VR)
90 87.2 90
* 836 @ . ‘
x 85 - X8 | g4 536
bt 1 | # ...---Q.._go.o
2 80 775 767+ 181~ T80 | Y
B > g 3
d7s | T @ 3 75 €b
z (55166m=76.7%) z . (51662=76.7%
70 70
65 65
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KETBEY% WWIBREC

14  SCRARGEDEME G LS AF DR FT KR KR E B IR EDORIR)

75% 7K R KU S HITHI D AR oy RN 2 T AL BR SR R A st L 7o R A X 15128 37, 2.56F72130.25% HaZ N
21254, 200~300°C CTIEMED M E35—74, 400°CLL ETRETLHE0 2> THHEMEIME T L7, IRINE I
BB DB NI RSN T2, 0.06%NHs% 1 % 7235 A4 132200~400°C . NH31ZE5120.05%NO% N % 7245
A1E300~500CIZBWTHEME R EOBENROBNTZ, —J7, CORLCOUTTEMHERIE 2 EMFZEA LR DB
oz,

H, ® 0.25%H2 0.05%NH; 0.05%NH;+0.05%NO
95 o555 O 2-9%H2 95 95
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90 |45 827'"0"..\ %0 JRRTIES ; ] = S . 848
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15 SCRfRBEDTE MBI AL A DRt (RINA 2D %) F)

4—5—2. EMERIBEAERBIOF YT 72V E—a

TG PEEIE AL BRI KO AR BE 3 8 D LA T 2D E TR D720 | B2 D T0.25%He+75% K 7854 (No/S
FURA) | 20HFEALEE L2 — I OFEHZ DWW T, Fv T 27XV —Tal E T -7z, K162 ICNHs-TPDO#E F %R~
T Fih CTlX330°C L450°CHHTIC Z SONH Y — 73 A biiz, BiF L ESTANFHN O L2250
[Si-O-AlTIChE B L7=Cutic kDA AR 5, B 1X[Si-O-AlITREA L TV AT LU AT o R (HY) iRt Sh
TV, HLE TIEEIRMOE — 78 F LR 5 — F  AREMAE — 73R FESih Tz, 2ha200~
250°C T+ 5ENHs-TPDDO 2K 27 07 7 A L DEFE N K &L D —F7 . 300°C LA _EDALE Tl &L7%
HERZR LT, 16412, NHs-TPD ' 07 7 A /L D41 483k £ 500°C LL_E o SRk 3815 54 # DNHs it
B L Hb i A 1E T DA RHE ML O B 2T T R a3, IEVERH D BIE L T DU (LB IR B
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200~350°C) TiZ, 500°C LA L O NH it Bt & L1E VDRI IE DM BI S b7z, 72720 . IR ALEER £ 500°C
[ZOWTIE, NHsIBEEIZZ W AEEIME FLTERY, ZOMmanbiiBiL T,

700 — & 1.5
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W — 270, i TIE350° CH IR T — 7@ BLHIS N, AIZ X B TAME K ITH S LT
[Cu(OH) 1+ Z(CWE T — T i b, ZITAIZHEL[Si-O-Al] "B #%) | #2H 1XCuz-2Z (BN O HELT-
2O DAUZHE R L TWDOIZENL L 72Cu2t) LS TV, HoA TN 72 i@ R BE K 78 S CTH b R 2 AL R L T
&L 200~350°CLEE f CODOEFICE =R E LT, T7bb BEHIZLY [Cu(OH) ] -ZAFEHEI T
WHZENREI LTz, 400~500°CRLE i X, 280 CAHIEICATE MEZR BE4E L 72 {L 8 (CuOx) WIZ)R B S4Ld
E—7QnR BT, ZHHORE RS, Hom WIN L7z @i K AR KULELIZ XD |, Cur-2Z03% kAT D [Cu(OH) ]
TZIZHORRERDLH, ABLRE N E T EHECuL LA EEL TLEIZ LRSI,

NH:-TPD DOk Bl 5 IGMERIE RN BIT T L o AT Rlg S LIEPEZ 809 R ([Cu(OH)] "-Z) O 4§
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[Abstract]
Key Words: After treatment devices, Diesel vehicle exhaust gas, Selective catalytic reduction

catalyst, Accelerated deterioration, Durability evaluation, Reactivation

Methods of the activity evaluation, accelerated deterioration and reactivation of exhaust gas
purification catalysts used in heavy-duty diesel vehicles compliant with the 2016 regulations were
studied.

For the activity evaluation method, simulated exhaust gas conditions were established for each
single-stage catalyst (DOC, SCR catalyst, ASC) and combined multi-stage systems (DOC + SCR
catalyst, DOC + SCR catalyst + ASC). The reaction conditions were designed to be as simple as
possible, while capturing the intrinsically important performances. The catalyst performances were
evaluated based on relative values between new and used catalysts (or between commercial and
developed catalysts). In other words, this method is not intended to strictly predict the performance
of exhaust gas purification systems in actual conditions, but rather to be a specific method for
understanding the degree of change in catalyst performance (deterioration due to long-term use or
improvement due to development).

For the accelerated deterioration methods, hydrothermal deterioration of SCR catalysts was
systematically studied. It was found that the treatment time required to determine the durability
can be significantly shortened by applying hydrothermal conditions at much higher concentrations
than those of normal automotive exhaust gas. The deterioration mechanism was clarified to result
from the change of redox performance of Cu and the decrease in the amount of acid sites that serves
as the NHs adsorption site.

For the reactivation methods, it was found that the performance of hydrothermally deteriorated
SCR catalysts can be reactivated to some extent by treatment in a high concentration of water vapor
(>50%) at a relatively low temperature (200-300°C). A small amount of H2, NHs, and NHs+NO
addition to water vapor were further effective at certain temperatures.

A series of methods for catalyst activity evaluation and accelerated deterioration established in
this study were documented as "Evaluation Method for Durability Performance of Diesel Automotive
Emission Gas Purification Catalysts under Small-Scale and Simulated Exhaust Gas Conditions."
This 1s the first evaluation method developed for public use in Japan. This method 1s expected to
enable early diagnosis of catalyst deterioration, as it enables a simplified understanding of catalyst
performance. In addition, by disclosing this evaluation method to many industrial sectors related to
automotive catalysts, it is expected that the development and improvement of catalysts will be

greatly accelerated.
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