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Abstract : Due to global warming abnormal climate conditions and problems affecting ecosystems are
increasing, and the use of fossil fuels is being reduced and the transition to green energy is being
accelerated. Recently, the utilization of H, has increased, and research and development on H,-engines and
H,-SCRs are underway. This study aims to determine the effects of Pd loading and zeolite type on the
reduction of harmful gases for the commercialization of H-engines and H,-SCRs for domestic boiler
aftertreatment catalyst systems. The physical and chemical properties of the H,-SCR catalyst were
determined through SEM-EDX, BET specific surface area, H,-TPR, and NOx/CO reduction performance. (2)
The 0.75Pt-0.75Pd-9.25Mg0O-5Zr0,-2Na/CeO, H,-SCR showed good NOx reduction ability even at
temperatures above 100C. (3) The 0.75Pt-5CHA Zeolite-9.25MgO-5Zr0,-2Na/CeO, H,-SCR showed NOx
conversion rates of 51% at 75C, 77% at 100C, and about 13% at 350°C, and had better catalytic activity
than the two types of H,-SCR at low temperatures below 100C. In the future, we plan to study the method
of preparing active species(Pd’, Pd*") of noble metal Pd based on CHA Zeolite support and Pd-transition
metal combinations.

Key Words : Hydrogen, Selective Catalytic Reduction, NOx, CO, Pd

*§ 57 (https://orcid.org/0000-0003-2205-2111) : W<, &4  *T Choong-Kil Seo(https:/orcid.org/0000-0003-2205-2111) :
= K SRR P2 Rk S Prof'essor', Department' of. Automotive &  Mechanical
Engineering, Howon University.

E-mail : ck .ackr, Tel : 063-450-7215
mail : ckseo@howon.acks, Te E-mail : ckseo@howon.ac.kr, Tel : 063-450-7215

SHAA-ZOYX] M303 M3Z, 20261 88 47


https://orcid.org/0000-002-9827-4717
mailto:ckseo@howon.ac.kr
https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2026.30.3.047&domain=https://kspse.org&uri_scheme=http:&cm_version=v1.5

ZetE "X ME2t0|E SF/0| T2 H-SCR2| HtS E4

.M 2

FElvets A R A== B2 %
dojy, m=-olgk AAoR =A {7F =S¢
ZttEA| Aol wEt oduA =F Eet =
7b Ve R =Rl A fEE 7HSAI7IAL ek

A AR AH|IA oA EAsts HiEEd
7| & HskE w‘?jf’é‘}*’ A ede HIHA7

Fustad A AAHoR YAr|BHe Agshs
AAREA] ot wrlsks FA AZAHA
St

SEUtE ol 4kstEra(CO)7t WEE A 97
UoMEgel "o waAAEA Hr)AER
(Electric Vehicle, EV) 2 $=4-¢1 & %1 %] A 7] XH(Fuel
Cell Electric Vehicle, FCEV)2 Z3lo| o]Fo]Xx]il
AUtk AT dE2oA AT He-AlF o] EA
=, futAE & 4837 ZHEIFA
g HjEEE {7 AAAEENOX)S ¢
Azl w7l HAE FHAAF ot Ew3 7MY

& Hoel ARABENOYY AABHELA(CO)
o ohat w77k FAZE AASHIT NOx 11
& Aa71E2 7] FAE FEHA7L ek

Mol 4 Ak LE7} 0w NOw wAyE ), }

AN ARAAE JEe AAE 1ET T4

2]Z 1] Urea-SCR(Selective Catalytic Reduction) A|

N RER
Urea-SCR ifﬂa}x}é@}% YA 842(Urea)
Fso o, e

30 mlm

I Hz-OﬂZ ] =
2 oldxdoln, H, AAE ©]-&3to] NOxE
1‘ 171 FH A 28-S H-SCR Zvfjo]c)?
3 78 HAdHolA HiEH= NOx&t COE
l°ﬂ AZA 7= Zu] E3F H-SCRo|g} 3 4=
lom, A& OM ALL7HA] NOx A7t Aol
P ATE F
17+ H-SCR ZUHA]
%

F20)

=

30 OHT

O
E
i)
”Di
i

A ogfzkf Wi 7hesol djet whg v 5
Adg-E0] A= ok A3 Aol A
Hz-SCR é—ﬂﬂ% ALAE I EEslEE, H 5§
A e daAo)a] S8 7t AP o] 3F

gEQon, FNLOE JSUSLF AAA st
5 RAR Astel NOox A% A%ol gastark

E3F 7ML HAFHE 1250 0]} A4 NOx
ot COE FAlol AfFst= Aol Tastrh Hx-<l
e edzdof weh wj7| 7k &7 Ao A
DL Byt glomg, ow oo ulet
NOx A7 s o] st Eojof sl= w7 Zo|HA
£ o dAFtHAolth F& A AT A2
oA BL7A] NOx A7 S8 A 9 W A7t
7] g1 7153 H,-SCR Euj& 7arsts ot
o] A= A2 F2FFoA NOx AT A
o mHog ABHE A H CeO, 7]Hto|
Pd G A%} Zeolite =F7F S35 712 AL As
12 A3 stetslaiA}l s

ol
~
2

=2
o

2. ZO0f M= 3 A 9y

o] oo A}4-E H,-SCR Zujo] Az ZAE
Fig. 1o Yehfjlc}. 2 go] &uf 14 EZS A
stz FEuf, 25u) 4 XA 24E& Y3
ot WA AkskE A AE 33 H(co-precipitation)
o2 Axsii, I ool AsseS FTIH
(impregnation) ©. 2 G 2|5ttt v &4 1+ A
HE o 0lsto] pH 8002 AT T, 3X|7F &
oF '"’H]'(stlrrlng)OP‘ﬂE} AZR7] L5 100C 2
3 % 2447 Ax(dying STk AzE B

92 (milling)3t & 500C oA 2417 &
(calcination)3} T A A A 3}8HE(9.25Mg0-5Zr0,-
2Na/CeO0y)0]] 0.75W%2] PYALDRICH, Tetraammineplatium
(II) nitrate)s g2 3AZF S Pd
(ALDRICH, Palladium(Il) acetate) Fx|=Fo w=
AL, A 0.75wt% PtE @8l 1 o]0
PdE SR 5HATh Swi% Zeolite £F o] HFL, of
o zxojs @ TUT W gold Az
20 Zeoliter= CP814E),
NaZSM5(ZEOBULDER CO., LTD), CHA ZeoliCHA

B

o

=} rL1>~

A

v

Mo o

O

Zeolite(Zeolyst inc,



e

Zeolite(ManPro com.)E 3% 0|83t Ax
g8 9 A4S A 400CPSI(Cell Per Square
Inch)e] HA|(substrate)o]] 198 g/LS ZH® 3T

500C ol A 3A17F B¢ 3712 243k, 400C
oA 30% E<F H, 5%% ZY(reduction) *| 2|3}
ok

H,-SCRe| NOxS} CO9| §8 7} A%< shef
A mA7tARRS RS Table 1o YEFH S
7h2 e 57 ppme] NOxE i&sHs Hy
219 200 ppm o]3ke] COZ WEl= 7HYg
Ao A HiEH = 7R FADE skl
S Ad 2%+ 75~350C A4 A" 24
& A, £ ks A Y storsls
o} Zuje] NOxe} CO9| ML 4 ()i} 2

;rm&;:mlo

i

(NOz/CO,,— NOz/ CO,,,) < 100
(NO:/CO,) M
Zuf] Ao Soj7ts 3] 7FANOx, CO) &

= dju] HSCR Su) Fohol A wjZEs §3) 7}
29 BER PPh EAZ|EE MRU 7hAEA
7](VarioPlus Industrial, MRU Instruments, Inc.)E
olgstel 12 Ao PR om ZHstdct

Distilled water

‘ Ce pre.+
cocatalvi.ts(shr)

H Co-precipitation ‘

| pH control |

i
[ Drying(100°C, 24h) |

| Milling |

[ Calcination(500°C, 2h)]
I

| Pt pre. |
1
| Drying(100°C, 24h) |

| Milling— Calcination(500°C, 3h) |

| Coating —Reduction(400, 30min) |

Fig. 1 Catalyst manufacturing process diagram of
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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
H,(%) 1
H>0(%) 1.5

N, Balance

SV(h™) 28,000
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Fig. 2 SEM image of H,-SCR according to the Pd

loading amount and kinds of Zeolite
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Table 2 Physical specification of H,-SCR(wt%)

Pore
Catalyst (ﬁ]zi/T) size
2| (m
(1) 0.75Pt-9.25MgO-5ZrO,-
INa/CeO5(STD.) 23.680 | 12.277
(2) 0.75Pt-0.75Pd-9.25MgO-
5710,-2Na/CeO, 20.258 | 12.292
(3) 0.75Pt-1Pd-9.25MgO-
5710,-2Na/CeO, 27.252 | 13.119
(4) 0.75Pt-5Zeolite-9.25MgO-
5710,-2Na/CeO, 41.974 | 9.606
(5) 0.75Pt-5NaZSM5-9.25
MgO-5Zr0,-2Na/CeO, 36.156 | 6.345
(6) 0.75Pt-5CHA
Zeolite-9.25MgO- 20.840 | 15.287
5Zr02-2Na/CeOz
Table 3 Elements analysis of three types of
Zeolites(wt%)
Elements(wt.%) | <, sNozs | sCHA
ements(wt.% - a
>Zeolite M5 Zeolite
(0] 20.200 | 23.360 21.120
Al 0.096 0.153 0.383
Si 0.880 1.306 0.223
Si/Al ratio 9.103 8.521 0.582

5Zr0,- 2Na/CeO, H,-SCR-2 41.974 mz/g, Pore size
= 9.606 nmo|t}l. (5) 0.75Pt-5NaZSM5-9.25MgO-
57r0,-2Na/ CeO, H,-SCR-& 56.156 mz/g, Pore size
L 6.345 nmo|9, 7} Pore sizeZ7} Z+3l BET H|
FHZo] =k o] #\]E (6) 0.75Pt-5CHA
Zeolite-9.25Mg0-5Zr0,-2Na/CeO, H-SCRL 20.840
m%/g, Pore size= 15287 nm=z 3&F9] Zeolite &
Fool =9ACo® BET H|:%EWA= Zal Pore
sizel 2 Wolth. QylHo® BET w|Ewzo] 2
W BAAOIES Wobdl Fujol A% ahde]
gol Hu}, Zujo] Fag-wae WA WS
I=(reaction rate)7} Walof dhct.

Table 3-& Zeolite F5Fo| WE Si/Al vH]E&E
o gk (4)9F (5) H-SCRZ Si/Al H|E0]
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Fig. 3 BJH adsorption pore volume according to the
Pd loading and Zeolite type of H»,-SCR
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Fig. 4 H,-TPR profile according to the Pd loading
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