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Abstract
This study is to investigate the harmful gas reduction characteristics according to the supply concentration
of NH; as a reducing agent to improve the de—NOx/CO performance of H;—SCR. Physical and chemical

SEM/TEM, BET specific surface area, H,—TPR analysis,

and de—NOx/CO performance evaluation were

performed. When NH; was supplied alone, the highest NOx reduction performance was shown at 225C. This
is because NHj; has a lower combustion rate than H, as a reducing agent, and the catalyst was activated in
a high temperature area. In addition, the NHs/NOx=1 ratio showed the highest NOx and CO reduction
performance. When the reducing agent was supplied to the H;—SCR catalyst at a ratio of Hy 1%+NH3/NOx=1,
the NOx reduction performance was improved by 72% at 175°C, the window was shifted to low temperatures,
and the harmful gas reduction temperature window was different depending on the type of reducing agent.
The Hy, 1% +NH3/NOx=1 ratio was the most appropriate in terms of improving NOx and CO reduction

performance and energy cost.

1. A
AFeveta Qe ol F:
73

FHU

1

T

Az} Al Z e &

& AR Al ey
o 1 = A7|AERHEV;
AR A7 A5 2HFCEV; Fuel Cell

it

(@
R

AFe] SFH L 9lom, yid7]

A9 ABS 7Hespa7)a 9]

Electric Vehicle) ¥ ¢

Electric Vehicle) 2] W3} £x7} w2t} 2o §

N LS A8 2 (hygrogen) 7} 7HA 3L 9= o]xqo] =1
3, ARAA 7|22 ol U, HZ 7 2 714E By

o NOx A& Fle] S90A] 5 S20] B840] L o]
A7) AEan

ALt LHOVPMW Ak 257} =
AelA Ak (NOx) o] A=W, o] WHOoIA A
» QASHA Al AL ok A ARt
Sxg]EufA]2~8S  SCR(Selective Catalytic
- H ol APl ARSI AT H
= 5224 HO, NOx 2 H—dll

— ==
It &84 = B2

[-4

3

T
=z
":l
1?:'_]'01:1—3 =

> o rlo &

7=
Reduction) ©]2}at $Hoh1]
& HAE Hy- XA &
o] AR ARHA - E = a0
o]-8-sted fall 7k91 NOxE A7 71 dAYg=0l
g & = ek E7F 7Pgel M ARgehs Bl &
£ 7k NOx$} COolH, Hi 7] 7k 2571 125C olsfo]m
2 A2 28014 NOxoF COE &l ARA1A 4= A=
Al H,—SCR=A ool that 7= TastaL 297}

EN=0

oitkaL & & girh 212 H—SCR el igh A= w7t
2ol ok Sl whg, AAA, 25, AwE ol #Ek A

Eo] HaEo] § E‘r[2] A2k} ATl A H—SCRe] T
ol Zuj & a1 ol Nox A7+ Aso] #3815
oF= U oH(NHs) 1,000ppm &3S £3}0]

P 91 %9-(window) FEUE A7 =
Lt o) 1y H,—SCRO tidk NH,
rab Fasieh o] A= H—SCRe)
b ko] ShlAl NH; 5520l we

==

%ol
Rnom, F7HA<l ¢
de—NOx 45 @
o le AdE
Tw Skl A= A
de—NOx/CO A5 &

‘:L
R B

Sk A7 EYS sokstag g,
2. /;:,_1@ H]-\:H
0.75Pt—2Ce0y/Ti0y Ho—SCRS A A A (support) & &4
FAo] Folgle oo Wt & gulE ST FHHY
(impregnation method) &2 A 2%t} Az A 2]
A TiOsoll 279 Pt, 48l 2 (ammonium hydroxide
solution, Fluka) &2 pH (FAhol25%) A4 72 2433

1§ 250 2Ce0,5 HAEISITE Ax 3 UEs ¢
o slurry AFEjell A 400CPSI(Cell Per Square Inch) |
(substrate)ol] 198g/L< :790}215}. 500Cel A 3A)7F Hot

F7)2 %A (calcination) 3k a2, 400°CollA 3087 Hy 5% =

- 544 -



2025 @d=ader)Eets] A dEdEeEdy

3+ (reduction) A8kt 18 18 H,—SCRY A% 34
To|t}

Distibed water |

Pt prescursar addition |- -| Ce precursor addition I
. e

I
[ TiO, addition

[ oo s | ;
Hvdraxide solution | Drg.nngl:ﬂ-ﬂ‘-!: Edh:l |
i

| Millirg
[ Power |
[ Eo;ting |

| Calcination{zir, 500°C, 3h} |
[ Reduction(H, 5%, 400°C, 30min) |
[2¥ 1] H,—SCR9] Az FA

[¥ 1] H,—SCRe] 45 B7He % 227k wbexd
Gas components Concentration
NO(ppm) 500
CO(ppm) 700
02(%) 5
Hy(%) 1
NH; 500, 1,000, 1,500
H,0(%) 1.5
N, Balance
Sv(™) 28,000

3 1 H,-SCRO] 3l 71 s W7k 918 Rezks wb
Sxzo, NOx A7+ 718 A= Hy 1%0]H, 711
NH;= 34 5%+ 500, 1,000, 1,500ppml2 35 di
ato] Faetdlnh S 2% A2 75~350C A4 A
(steady state) Z7ol|A 35S FA5HHA NOx9F CO9
3 7k A7 Adse seteiditt. S| Falrks Ast s
< ol A1) 2ol ARksision, Fuf vhg- $-of 7k AdF
S MRU 7}F&EA7](VarioPlus  Industrial, MRU
Instruments, Inc.)& o83t 1% HA 08 AFAow 5

A3,

(NOz/ CO,,— NOx/ CO,,,) < 100

(NOx/ co,,) (L
A=t 2= H,—SCR¢ H,—TPR(Temperature
Programmed Reduction)< [R3atiini At

H,—TPR(BEL—CAT)-> Zvje] 2ha}eke] 54 #4102 S
=] ol Sk TaetH, FoRFE Al ARE #E
+ S EAelTh 7 20014 109CA e gl 9=
= PtOxellA 54 3t (Pr) o2 $E317] witoltt. &

gk 419°Col|A] A T T+ 25 06027]' 5= v 0]
™, 850C o] ar2ol| A A= kel A= AAA TiO,

oA Hy 2~ 2 (spill over) 2 ¢l8te] TiO,7} Ti¥ & H-&
Ao w ghlEirial deksitt

0.75Pt-2Ce0,/TiO,

109°C

Intensity(a.u)

50 150 250 150 450 550 &50 750 850 950
Tem perature( T}

[19 2] H,—SCR®] H,—TPR Z23Y

I3 38 H,—SCRe|l NHs(only)wF &g

de—NOx/CO A< YeRaL 9tk NHy/NOx=19] 75,
) &% 175CoA] ¢F 68%2] NOx A7F A%< Yehya
om 225Co|A <F 62%2] NOx HiL A7 Ase

[e)

Atk QAT A Hy, 1%(H5) 2 358 45, Sl

100~125Cel|A NOx Hi1 A5E Yeld oy NHs(only)
9EoR FHT Ag Fv 2% 220TA 7 %& NO
A7t Adse WAL Qiek o= Al Hy B NHse= <
A EHE7F =9 RN N 25T 5 A Sajrt
23t A7) wiEolth NHy/NOx=291 A, v 2% 22
5CoIA °F 65%2] NOx HaL A7 AsS Y™, NOx A
@,% %]1: o7 ]_ oky} Oz‘aog O]E_(Shift)f)‘j]_ oIt} _7:':1:1H ;Qr)r
o] FgF%¥+= 500ppm NOx tiH] 1,500ppm NH37} &35+
NHz/NOx=391 A%, 175Co|A ZHn ZA2x9
LOT(Light—Off Temperature) 500 o]2m, 225Td|A
NOx d&-&2 oF 70%°] o]&t. NH; sw°] 7V B& 4

G, T4 NOx A7 A2 &% F7ksk 300C o]l
M 7P wE NOx A3 s& deplaL vk 257 57
SHHA] TiO, AR Aol 785 AAkass (NHNOx) o] N, A
Ul WUl NOx2 H3HE & o] 27] "ol de—NOx

3

5
o =
ROH Rxe e B

i

el
so] AslE= Aotk 13 3(b)= Hy~SCRE] o)
& CO H3H&-& el AL vk 3994l NHy/NOx Hl&o] vt
< NHy/NOx=181 457} ALolA Fie o]idelA =
5—20% G2 = CO A7+ A5 o] =i, NHy/NOx H]&°] 7}
4 3=2 NHy/NOx=3¢] 7% C0 A7+ A% 714 vha Zuj
o] AstEar gk A=k $94 NHa= NHyNOx=1 H|&
o] 7} &2 NOx¢ CO A7 A% vehla Uk

- 045 -



20251 = 4kelr] st

—0—NH3/NOX=1 -~ NH3/NOX=2

70 + /‘L\

—— NH3/NOX=3

NOXx conversion(%)

Ny

75 100 125 150 175 200 225 250 275 300 325 350

Temperature(C)

(a) NOx

100

80

60

40 -

CO conversion(%)

20

‘ —0—NH3/NOX=1 -+—NH3/NOX=2 ——NH3/NOX=3

0
75 100 125 150 175 200 225 250 275 300 325 350

Temperature(C)
(b) CO
[19 3] H,—SCRE| NH3(eH5) ol m2 f3l 7k~ A A5
100
==H21%+N=1 -C—-H21%+N=2 —/—H2 1%+ N=3
__8r
9
H
.7, 60 -
o
>
5
o 40 r
3
z
20
0 i ) . . . ! ! ! )

75 100 125 150 175 200 225 250 275 300 325 350

Temperature(T)
(a) NOx
100
80 [
S
560
4
(9
>
5 40 [
3]
(o}
o
20
==H2 1%+ N=1 -0—H2 1%+ N=2 -/~H2 1%+ N=3
0 . . . . . . . . . .
75 100 125 150 175 200 225 250 275 300 325 350
Temperature(C)
(b) CO

[2¥ 4] H,—SCRY Hy+NH;9 &5 we #3) 7k Ad A5

5 #A SeuEEry

= = H

1% 4% SCRoll 894 Hy 1%+ NHy/NOx H] &l wh2
a7k A7 s dEra ok a3 4(a)9] He
1%+NHy/NOx=19] A%, 175CelA <k 72%2] NOx A7+
3sS UERM 300T o)dellA= NOx #17t A5¢] w438t
A At Qlek Hy 1%+NHy/NOx=29] 7%, 200C oA
oF 69%°] NOx A7+ d5S YepH, 971 9592 o]
st e WEh AL )lvk He 1%+NHy/NOx=39] 77,
200Coll A oF 78%9] 71 =2 NOx A% Aes e
Ao 7 ado] wtar, 280°C o] el A= NOx A%t 35
ol FAsA Astetal itk " 4(b)elA  H,
19%+NHy/NOx=19] %, ¢F 135CeA CO A7t e
LOT500] o]21, 300 Cell A= CO A7 Ao 100%0] ©
£k NH; 35 557 B BolA™ CO A7 35S 55
o, NH; =7} ol 33855 C0 A7t e H4s)
al gtk S9A Hy, 1% 338
NOx7} A7te] = 73S veplie, NHwE 358 Aol =
225C 2% ol A NOx Azt Aol adsa 9Jrt vt
Holl Hy 1%+NHy/NOx=1 F=2 A7} 542
5CollA 72%°] NOx A7t “ds0] adun, Ae%os v
S7t ol EE™ ghdAlel whet fafrks ARk £k Awg7t v
2t} 474 0= NOx tH] ¢4l NHy7} NHy/NOx=1 H]
2 39 2 v NOxoF CO Azt s &3 gEo] oA
v SHel A st gt

o

A

3]

[1] A%4, “Cu=SCR Fvl9] De—NOx A5 &= 91k A7,
Absl7) 4l =8x] ) 2193 3%, pp. 112—118, 3¢,
20184,

al

-

T Appl. Chem. Eng., #1219 43, pp. 391—-395, 8¢,
20104,

- 046 -



