"m Check for updates

SHA|AH ZSHS|X| H273& H6E pp. 30-37 2023 122 ISSN 2713-8429(Print) ISSN 2713-8437(Online)
Journal of Power System Engineering https://doi.org/10,9726/kspse 2023 276,030
Vol, 27, No, 6, pp. 30-37, December 2023

H.-SCR2| #Z% Pt PdE 0|28 &/dll 7IA M EM
Harmful Gas Reduction Characteristics using Precious
Metals Pt and Pd of H>-SCR

EH

Choong-Kil Seo**

(Received 04 October 2023, Revision received 31 October 2023, Accepted 06 November 2023)

ZE 0] AFE Hyr-SCR 19| 835 9% 7|2ATE, H-SCRANA 7HE F83% 98- I3}
t FZu(pt, Pd) TF BRI Fo) W2 F3 7tx A3 AL gdotsteE Aotk XA A Tio, 7]kl
0.5PtET} 0.5Pd7} EA|H Hp-SCRo| AH-2oA4 &4o] EJTh F T/ ATECl EX% 0.5Pt-0.5Pd/TiO,
H,-SCRS 75C Aol A 22%, 100 olA 46%2] NOx H3-&2 YeEPA T, #L04 NOx/CO A% A%
T3 95 Zol At ol fai7k= NOxe Ccool 3k F&H3) wkg 2 w@o] wksLw
(reaction rate)7} W2} 7] w0t} 0.25Pt-0.25Pd/TiO, Hp-SCRE 100C ©]3} &=olA 38%2] 7P w&
NOx A7 Asg vebich AFE EA#Fo] 7B B 0.75Pt-0.75Pd/TiO, H,-SCRO| De-NOx/CO 4
Fol 71 =43, window EZH BA SHiElon, Ao R o]Fdhe AFS UEAITE De-NOx/CO
d5o] =2 (.75Pt-0.75Pd/TiO; H-SCRE 0, AR E3 27135193, Pto} Pd7F ©A o] Br] wfj&
of 3l 72 Azel o ®-2 &9 07F AEEHATH

IR E 4, AaHSAS, AAASHE, Jatsiea, Wiy, TetE

Abstract : This study is fundamental research for the commercialization of H»,-SCR and aims to identify
the harmful gas reduction characteristics according to the types and amount of main catalyst (Pt, Pd),
which play the most important role in H,-SCR catalysts. H,-SCR with 0.5Pd loaded the support TiO, was
more active at low temperature than 0.5Pt. The 0.5Pt-0.5Pd/TiO, H,-SCR loaded with two types of
precious metals showed a NOx conversion rate of 22% at a low temperature of 75°C and 46% at 100C,
and the NOx/CO reduction performance was improved and the window width was expanded at low
temperature. The reason for this is that the reaction rate of adsorption, reaction, and desorption for
harmful gases NOx and CO has become faster. 0.25Pt-0.25Pd/TiO, H,-SCR showed the lowest NOx
reduction performance of 38% at temperatures below 100C. The 0.75Pt-0.75Pd/TiO, H,-SCR, which
contained the largest loading amount of precious metals, had the highest De-NOx/CO performance, its
window was also widened, and it showed a tendency to move to low temperatures. The
0.75Pt-0.75Pd/TiO, H,-SCR with high De-NOx/CO performance also increased the O, consumption ratio.
Since the amount of Pt and Pd was large, a greater amount of O2 was consumed to reduce harmful
gases.
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7321 SEM(JSM-7500F+EDS, Oxford) £47]& o]&
3}t H,-SCRO &2 9| 3} Alo]2E EA3t
7] 938l TEM(JEM-2000FX Il (200kV), JEOL)S ©]
2319t} Fig. 1(b)9] SEM-EDX #4] 2tZo|A F
Zu] Pte} Pd AE4 &20] H-SCRol| & HA|
o] 9t} Fig. 2& H,-SCRE #AFE FHo W
Z1] AAd(calcination) & A|ZH Zwv]| 3o} &
Al(substrate)oll ZEE olr|A|olt}, AFE EZH
e} MZHE A FEA Qo FEMo| AJo|st,
ol B9 A% Fx7} tE7] wiolth

T W (3)0spuTio,
g .2

(b) 0.5PdITiO, (c) 0.5Pt:0.5PdITiO,

%J

(a) 0.5Pt/TIiO,

0 1 2 3 5 =] 7
ull Scale 1804 cts Cursor: 0.000 keW]

(b) 0.5Pd/TIiO,

1 2 3 4 5 -] 7
Full Scale 1895 cts Cursor: 0.002 (8039 cts) keV|

(c) 0.5Pt-0_5Pd/TiO,

1 2 3 4 S 1 7
Full Scale 1895 cts Cursor: 0.002 (6006 cts)

(b) SEM-EDX
Fig. 1 TEM and SEM-EDX spectra according to the
types of precious metals H,-SCR
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(a) 0.5PYTIO, (b) 0.5PdITiO,

Fig. 2 Image of catalyst powder and coated catalyst
after calcination of H,-SCR

(c) 0.5Pt-0.5PTiO,

Fig. 32 3%2 H,-SCRE H,-TPR I I E Y&
W ok AF 212 500C oA 347 B F
71X A4 (calcination)$t o] 9T o] BEL-
CAT(H,-TPR) #47]& ©]83t H, 5%/Ars 50
~1,000C7HA] £ 10C F=AA Ase st
Atk Fig. 3(a) 0.5PY/TiO, H-SCRS] ¢ 250, 550°C
oA ByE 3= pt*, PPV} metallic PtE S+
HAoa AdEYg. B47]E o]&3so P09 g
FERTE metallic P Su] S48 A2
4 9l Fig. 3(b) 0.5Pd/TiO, H,-SCR® A%, 6
0ColAx HAE S92 33E Pd 3fo|=dtel=
(hrdride)7t ®3l == Zolth 350C £+ 460C F
oA EAetE JAELS AAA TIiO, AF <Ll
ZA 5= Pd-oxo 383 Pd cation®] 3ol 9
3 Aolgkar #3th. Fig. 3(c) 0.5Pt-0.5Pd/TiO,
H,-SCRe] H,-TPROA & 3 Iae TAHZA
23 550ColA ¥ 3= P metallic Pt
3AE YT Bk

Pd-oxo

Intensity(a.u)

50 150 250 350 450 550 650 750 850
Temperature(T)

Fig. 3 H,-TPR according to the types of precious
metals H,-SCR
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Table 1 Model gas components for evaluation the

performance of H,-SCR

Gas components Concentration
NO(ppm) 500
CO(ppm) 700

02(%) 5
Ha(%) 1
H,0(%) 1.5
N, Balance
SV(h") 28,000

Table 12 H,-SCR2| de-NOx/CO A5 BI7IE
98 mdrtaz7Aolt H,-SCRE #3 7k A
TS Hofetr] sty RTINS ARE

£3R) mdrlauSAA =
% Ao, Fu vgF 9 BAREE 74
SR EE 75~350C A3 dEli(steady state) =11
oA SE-S FAEHHA de-NOX/CO B5E SHT

5 (Space Velocity, SV)&= ®W&7}2=
frd/ &S AAE ojnshH, 28,000 h'olth H.-
SCRE| 3l 7k A3t e ofd 2(1)F 2ol
Aststgon, S 18 9o 7f2dELS MRU
7} 2~ 7] (VarioPlus Industrial, MRU Instruments,
Inc)E °l&3std 12 HHC 8 AFH o2 A3}

M.

O

r_\;
Ny
iy

(NOw,, — NOx,,,) < 100 1

mn

3. 4

o

Zn o pa

3.1 H2-SCRQ| Pt2} PdE 0|8t de-NOx/CO
=

Fig. 4= H,-SCR| 3] 7}2 NOx¢}t CO9 &=
Al Az WMAUES JER I 9tk NO9t COvt
0,9} F&3t= 97144 coE FEv Prol| A
CO,Z WEHAT. NOE PtolA NOx £Oo=2 43}
HH, 344 H, 227t 3™ Z3Eo] A%
H NOx F3 w33t NH;& A8/ $3b

|
z

NO+CO+0, CO, N2, H,0

Hz\ _/ NHs, H:0
\ﬁ/a

Fig. 4 Mechanism of simultaneous
reduction of H»,-SCR

harmful gas

2NO+4H,+0,—>Ny+4H,0 (AH’=-573.7 kJ/mol) (2)

2NO+3Hy+0,—>N,043H,0 (AH=-411.9 kJ/mol) (3)

Hy+1/20,—~H,0(AH=-241.7 kJ/mol) (@)
CO+1/20,~>CO,(AH’=-283 kJ/mol) )
CO+H,0—CO,+Hy(AH*=-40.5 kJ/mol) (6)

AdE NH;= NOx9| A =4 NH;-SCR &
A ghgol o8 N, 2 H,02 FHdHTh NO$H CO
7 AEE A A2 2 (2)~6)° HERY
Atk Evle FEA, 250 2 AAZ FAEEH
o] Ytk 1F LR s Edol v whg-o]
A =7} 3 FZu(Pt, Pd, Rh, Ag, Cu, Fe, etc)
of wet Ao Aoyl ABR FHue| HTe
F a3t

Fig. 5t 724 F57ol e fal7ks NosH

600

500 r

400

—0.5Pt-ITIO2(NO)
~=~0.5Pt-/TIO2(NO2)
—0.5Pd/TIO2(NO)

200 | ——0.5PdITIO2(NO2)
—0.5Pt-0.5Pd/TIO2(NO)
NO, =0=0.5Pt-0.5Pd/TIO2(NO2)

Concentration(ppm)
©
o
=]

75 100 125 150 175 200 225 1250 275 300 325 350
Temperature(C)

Fig. 5 Behavior of NO and NO, gases according to
the types of precious metals of H,.SCR
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NOol AFE Yelz Itk AwSH Pt= NO,
COo9| 4tslol] AeiAdo] 9131, PdE HC 7= F 4
slo] MEAdo] T} 0.5PY/TiO, H-SCRO ¢
NO Az 58o] ¥, 225CA NO, =71 7}
% =t} 0.5Pd/TiO, H,-SCRS PYTiO, ZnjkRth
NO$t NO, ¥4 w71 ¥t 53] NO, $57}
we EAS YehiY, A5S% Pt 3 Y
o] Zvtn FAdHET. 0.5Pt-0.5Pd/TiO, H,-SCRE
75CoA 7F¢ ¥+& NO F=& JelHy, A&
o] Foh Pté} Pd F 7HA AwSo] EAH
we} & AgEo] §AE H-SCR FviE T NO
A% 5o Foh

Fig. 62 A% T/ W& de-NOx/CO A%
S Yehfa o} 0.5PYTiO, Hp-SCR-S A £-0f A

60
=0=0.5Pt/TiO2
50 ~~0.5Pd/TiO2
= =0-0.5Pt-0.5Pd/Ti02
N3
=
o
»
-
@
>
c
o
o
>
o
=

125 150 175 200 225 250 275 300 325 350
Temperature(C)

(a) NOx conversion

CO conversion(%)
3

=0=0.5Pt/TiO2
-{+ 0.5Pd/TiO2
-0-0.5Pt-0.5Pd/Ti02
L L L L L L L L L L

75 100 125 150 175 200 225 250 275 300 325 350
Temperature(T)

(b) CO conversion
Fig. 6 De-NOx/CO performance according to the
types of precious metals of H,-SCR
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7V ZAlo] Bu ¢ E w3y} 0.5Pd/
TiO, H,-SCRE 75C oAl 8%, 125C oA <F 48%
o] NOx A&E&S Yt ok F TF
o] ZA= 0.5Pt-0.5Pd/Ti0, H,-SCR 75C #|20]
Al 22%, 100C oA 46%2] NOx #3H&g el
H, A4 NOox AL 4ds F4H =<2
(window) & ZEZF JOiEAT. F FF A=
o Pd BA O W& f317F2= NOxoll thet 527
Hk-g- 9l ghzko] Hk-8 £ % (reaction rate)”} WEFH 7]

Zo|th. Fig. 6(b)8 CO FZ&olA 0.5PYTiO,
H-SCR-& 100C ol Al Al&3l 175C oAl <F 80%2]
CO #&&S YellH, e F3 7t~ Az
o] grt Pt ©X" ASET Pdvt ©A"
0.5Pd/TiO; H,-SCRS Z1]&% 100C oA Al &3]
A 150C 74 0.5Pt/TiO, H,-SCR X} Zuj &4
o] &AFATE 0.5Pt-0.5Pd/TiO, H,-SCRES 100C
ol A 31%, 150C olA 70%2] €% FgtialA Cco
Aghgo] FEAG

Fig. 72 Fig. 59 AF% 7/ o2 NOox9}
cort Azrd o drh O7F ARHAJAEAE 7t
wohe 0, £22&S YL o F5% ot
A" 0.5PYTiO, H,-SCRO| 7§, 75ColA <F
28% FF9 07} £252&S Yehz o 75T
olFol A Pd7t BAE 0.5PUTIO4 O,
Z7kstal Utk O, &RE°] 7145 Fig. 50

A B £ glEo] de-NOx/CO A¥o] FAHE= A

1=
L=2a]

K
4

4
¥

AR L]

02 consumption ratio(%)

=-0.5Pt/Ti02
2 -0~0.5Pd/Ti02
-0-0.5Pt-0.5Pd/TiO2

0 ) ) ) ) ) ) ) 5 5 )

75 100 125 150 175 200 225 250 275 300 325 350
Temperature(C)

Fig. 7 O, consumption ratio according to the types

of precious metals of H,-SCR
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0.5Pt-0.5Pd/TiO, H,-SCR-2

Ao 3%~10%2] 7HE =2 2E&S YE
2 9tk o= T kA AZ%E pio} PVt A H
= A% stehikge] A EV Yol we)
a7t A A e 25 6 B2 A4k &
R&go] F71std 7] WiEelth AAgFe 0= v
4o T4 947 At

3.2 H>-SCRQ| #=5 P2t Pdel EXIZH
(2 de-NOx/CO Ms

A deMe F 7R AFEol
Zuf9] de-NOx/CO Al%5°] Fid
ol EUIE AFE A FH0.25, 0.5, 0.75wt%)°]
NOx¢ CO Azt Asol vX+ @S vofsta
7 gt

Fig. 8& AT< X 3ol W2 F3l7t2= No<t
NO8 AsES Yvebiz ok AsE @A Zol
7H @& 0.25Pt-0.25Pd/TiO, H,-SCRY] A%, =
2% 125C A4 NOE 298 ppmoZ 713 5%
7F a1, NOy= 250C ol Al 46 ppmoE 71 =2
e& JERAL k. YAk Ax(Nitrogen Monoxide,
NO)E= sstzo=z <tAdd EFZA okisgzda
NO) BT AzFst7] ot
0.5Pt-0.5Pd/TiO; H,-SCRE 75ColA NOE 422
ppm, 100C A 281 ppm F=E JERNH, 125C
olFell A= NO A7+ Feo] At ot A=
& GA o] 71 B 0.75Pt-0.75Pd/TiO, H-SCR
£ 75C el A NOE 383 ppm, 100C 1A 219 ppm
FEE YUEH, 125C ool A= T H,-SCR
Btk NO A%t 8ol 34 , window’t HA
o= gt o] olf& 37k NOo<t Co 7}t

=A% H,-SCR
< wotatglar

(Nitrogen Dioxide,

2o gk FHule] &4 Alo] E(active site)7t F7F
st7] wiEeltt.
Fig. 9% 5<% Ptk Pde] HAFl we

de-NOx/CO A%< UEWZ Aok 0.25Pt-
0.25Pd/TiO, H,-SCRE ] 2% 75Col|A <F
15%, 125C oA <F 42%2] NOx A7 45& e
W vk AsE FAF] 7] "ol o= <l
g F3l Ths) wbEEhE Ao 4 AolE

=0.25Pt-0.25Pd/ TIO2(NO)
=8~0.25Pt-0.25Pd/ Ti02(NO2)
~=0.5Pt-0.5PdI TIO2(NO)
===0.5Pt-0.5Pdi TIO2(NO2)
~—0.75Pt-0.75Pd/ TIO2(NO)
=0=0.75Pt-0.75Pd/ TIO2(NO2)

Concentration(ppm)

75 100 125 150 175 200 225 250 275 300 325 350
Temperature(T)

Fig. 8 Behaviour of NO and NO, gases according
to the types of precious metals of H,-SCR

~0—0.25Pt-0.25Pd/Ti02
60 F - 0.5Pt-0.5PdITiO2
-0-0.75Pt-0.75Pd/Ti02

N w 3 (24
o o o o
T T T

NOx conversion(%)

iy
o
T

o

75 100 125 150 175 200 225 250 275 300 325 350
Temperature(C)

(a) NOx conversion

-
=3
=3

o N ® ©
S o o o
T T T T

'S
(=3

CO conversion(%)
3

[
[=3
T

=0=0.25Pt-0.25Pd/TiO2
~~0.5Pt-0.5Pd/Ti02
-0-0.75Pt-0.75Pd/Ti02

o LA L L L L L L L L L

n
=3

=
o

75 100 125 150 175 200 225 250 275 300 325 350
Temperature(T)

Fig. 9 De-NOx/CO performance according to the

loading amount of precious metals of H,-SCR

7} #7) wEolgln wekETh

0.5Pt-0.5Pd/TiO, H-SCRE Fu] &% 75C o

SHA AT Y X H27H Moz, 2023 128 35



H-SCRO| T34 Piot PaS 0128t |8 7tA XY S4

A Sk 16%, 100C oA oF 44%°] NOx A7+ 4%
< Y o ASE wXAF 1 g

0.75Pt-0.75Pd/TiO, H,-SCRS Zul] 2% 75T oA
oF 24%, 100C oA oF 56%2] 714 NOx A7 A
S5 JeER I glom, 150C olat 2= 73+
< NOx AZ Adsol Ueyth zbizo=
NOx A&-&2] window’} AL & FZHOZ o]F
(shify= ™, AF<E FAZFo] FeFE

Hr o

S<E window”’}
FE5O = o)F3e AFES eI Qi

Fig. 9(b)e] CO H&EolA 0.25Pt-0.25Pd/TiO,
H>-SCR-E 100C oA <F 13%, 350C oA <F 76%
o] 7p @& Cco HEES Y 9o, 37}
A 2719 H-SCR vl FollA 7H @& Co A
& A%5E Yehxz Utk 0.5Pt-0.5Pd/TiO,
Hy-SCR-Z 75C ol oF 6%, 350C oA <F 83%<2]

CO HEE&S Utz 9o, co A%E A%
4 window?} & WA FHEJAS AsS FF

o] 7}& ©&& 0.75Pt-0.75Pd/TiO, H,-SCRE Zuj)
75C ol A 2k 16%, 350C o)A <k 84%<] 714+

N

g
CO A7 AsS Yeg o™, window
7V WA FoE HAdoh AesS EAF
1 7P 2&  0.75Pt-0.75Pd/TiO, H,-SCR©]
de-NOx/CO A%5°] 7}¢ 31, window 3t
H9A duEy Ao 2 ol5dte AES UEh
I Aok 1 o)lfE Pte} Pde] A Alo|EVL &

HOHE rlo
@ rlo bl

<3

02 consumption ratio(%)

=—-0.25Pt-0.25Pd/Ti02
2 -~0.5Pt-0.5Pd/Ti02
-0-0.75Pt-0.75Pd/Ti02
0 . . . . . . . A . .

75 100 125 150 175 200 225 250 275 300 325 350
Temperature(C)

Fig. 10 O, consumption ratio according to the
loading amount of precious metals of
H>-SCR
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7Vt Ewjel W& Tyl whalygy] wjEolth

Fig. 102 ATE A F 02 0, &5 &8
el L 9t} 0.25Pt-0.25Pd/TiO, H,-SCRE| 7 -
75C oA 1.8%, 350C oA 9.9%2] 0,7 AR &S
e L 9t} 0.5Pt-0.5Pd/TiO, H,-SCR-2 75T ol
A 2.4%, 350CoA 10.7%2] 0,7F 22&S e
e 25 H 0, &AE&0| Uit ot AFS
Gx o] WL 0.75Pt-0.75Pd/TiO, H,-SCRE 75T
ol A 3.5%, 350C oA 10.9%2] 71 =& 0, &%
€S Jehz 9tk Fig 9914 B F %9
de-NOx/CO %ol 7M¢ & o|f2, Pt} Pdvt
A o] BHo g ) 3 7t AE 3
O B &9 0F £ARHU7] et 212y
A AF0E AuE o UF 2 AFEe &
A=A 238 AFE EEE AH3AA Sl
48 AN F YO BER, 0.75wt% °]Fe @
AFe Ad 2A02 3A FUth AFE @A
o] HA3t AF7F FFol g Aol

(3

4.2

rhu

o] ATE Fa dF L BAY A wEHE
3l 72 A7HE H-SCRE H&3E 93 7=
ATolth H-SCRe| AS% Pt} Pd7F FAH A&
w2} 0.25, 0.5, 0.7wt%2] 37}X] EA|F 27 u}
2 #d 7tx AR EAS geobs A9e oen
=

1) 0.5Pt-0.5Pd/TiO; H,-SCRE 75T A &oj A
22%, 100C oA 46%2] NOx HFE&S Yeldy,
Ao A NOx/CO A A% Fd7 459 Fo]
o=

2) 0.5Pt-0.5Pd/TiO, H,-SCR2 Full 2% AA| Y
HeAA] oF 3%~10%] 7} E& 0, 2F &S U
EFd 3, Pto} Pd7} O BL §3 7t2E AAY)

71 918l A 07 B ®el 87U

3) AsE ATl 7P W 0.75Pt-0.75Pd
/TiO, H,-SCRO] De-NOx/CO Al%5°] 7} w=3kal,
window FEZ WA Fd=EeH, co AF B
EG 175C o3t 2EoAE ThE FZujRot ¢ 5
~20% =SkT} Pt} Pde] EA Aol EVY F71ERR



4) AvE DAFo] WL 0.75Pt-0.75Pd/TiO,
H,-SCR2 75C ol A 3.5%, 350C oA 10.9%2] 7}
A EL 0, 2RSS UEY I, ol Pt} Pd T
Zuj o] A Aol ET} WobH A NOxeF CO A7)
7143 7] wjZoltt.
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