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Abstract : This inquiry was conducted to develop DeNOx catalyst for LNT. In order to develop appropriate catalysts, four
catalysts, which do not use PGM (Platinum Group Metal), were carefully selected : Al/Co/Mn, Al/Co/Ni/Mn, Al/Co/Mn/Ca,
Al/Co/Ni mixed metal oxides during preliminary experiments. Also, XRD, EDS, SEM, BET and TPD tests were carried as well
to evaluate both physicochemical properties of such four catalysts. As a result of the experiment, four catalysts were composed of
spinel-shaped crystals and had more than enough pore volume and size to have oxidation-reduction reaction of NOx gases.
Additionally, through TPD test, all four types of catalysts were proved to possibly have an oxidation-reduction acid site and NO
oxidation activities similar to commercial catalysts. Based on the results above, if we have further change in the composition
components and active ingredients according to the catalysts that were chosen in this investigation, then we are more welcomed to
expect to have an enhanced DeNox catalyst for LNT.
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2.1.3. Al/Co/Mn/Ca =i

Aluminum nitrate nonahydrate 1 moleX} Cobalt(Il) nitrate
hexahydrate, Manganese(Il) nitrate hexahydrate @ Calcium
nitrate tetrahydrateS 22} 2 mole, 1 mole, 1 mole H]| 2 £-3}|5}
o 5 ge AT} ojat FAL 2113} EdaA s}
o] Al/Co/Mn/Ca (©]3} ACMC) Zul|& Ax3}AT).

2.1.4. AI/Co/Ni =0}

Aluminum nitrate nonahydrate 1 mole} Cobalt(I) nitrate
hexahydrate W Nickel nitrate hexahydrateS Z+Z} 1.8 mole, 0.2
mole W] 2 gafalo] 7 891 Aglek. ofs} IAHL 2113}
FY3HA 28Ysto] Al/Co/Ni (©]8F ACN) Zulj & A 25}t



L

ﬁ
=

2.2.1.X-M 3
24 722 3

22. 20 8 EAM
M 3E EN
gelsty] 91t 2% X-A 3d #A(X-ray
diffraction pattern, XRD)-> Cu tube % Graphite-Monochromator
7} 22 Rigaku ultima IV diffractometer2 40 KV, 40 mA
ol A] Data Collection 3}, PDXL program= A}-&3}o] data
reduction 3} T}
222 M2 U A BA
AzE EF B4 ASE Sujo 24 24 a4,
Bruker, Quantax 200 Energy Dispersice X-ray SpectrometerS
0]-8-5}¢4 Energy Resolution : <127 eV, Peak shift (5~300 kcps)
: < 5 eV, Detector : Si Drift Detector (SDD), Detection : Be
(z=4) ~ Am (z=95)9] = o= HAISHITE E3L, FA] &
] 7 @l Tescan Mira 3 LMU FEGS ©]-&3}o] 71449 : 20
kV, Coater : Quorum Q150T ES / 10 mA, 120 s Pt coating 2]
2oz AR &Y Fx 9 FA 24S AASHIH

ME

I

223. 7|1 8EHM
AEo] 7|1 EA 9 v aHAL A5 F2AFX]|(micrometrics,
ASAP 2010)5 =3
2ts2AE F8l 7]

ofl 12
E
B o
o
hil
3
Z
2
X
i)
B
N
é
lo
oy

2.2.4. NH3-TPD & NO-TPD Test

& A =7 % 7](thermal conductivity detector, TCD)7} A2+=
Autochem 1I 2920 TPD (temperature programing desorption) %}
A5 AHESE 4] Sl Al=o] disf ryol B d4ts}
Aao] izt 2o W B3 54 Hla S5 24
= AEEL dAZ £ 2 800 T7A] He 25 mL/minC. 2
outgassing?t %, 70 CT7}A| Wyz8lal, o]& ¢tH Yo} 7}A
L ollElEe S 3AIZ B0k SR o] FAA T BA
7] HAl(base line)o] M3t E w714 HeE &2]WA] purging
SHth Yol B GASHERA: "2 He 25 mL/minEs

+— P Release ‘rﬂ—l @

== N2 m={ F Mtr }

— 02 F Mtr |
—{ CO2H_F Mir }—
— HC —{MFC}—
— 802 MFC}—
— co - MFC}—
— NH3 ~{ MFC}—

~| N20-{(MEC}—

- NO MFC j—’
— H20 H SyrP

Simulated
Exhaust Gas

Hnycm &
Pwdr Rxr

Quartz
| Pwdr Rxr

LNT-% PGM-free DeNOx Z1j] 728 93k 7|27 119

915t A 800 T7HA] 5 T/minC 2 52 A 7| HA S5 =
71A& TCDE 433tk

2.3.NOx ™etg "ot

Zufjoll tigt Bk ) Ata 274 &
7k 24 24 HEY A =Y §lo]l Al Covks
YA R o] &3te] Hj7|7FA ZAJFo] ETFE NOxQ] Znj
SIS SXAIA NOx A Aol gt a&o] wjg- Fagt
faolt wEba NOx A|A dmgof digh B7Hs AA5H] ¢
sho] AR v 7] 7k 243 FABFE R, A4 10%, NO 300
ppm, CO 900 ppm, HC (=CsHs) 700 ppm&] =7} fA]ot=5
MFC (mass flow controller)& 53}o] Z}219] 71A4|& S EY]
THA = 24 AskE Fui7E SXE vE719 REE 20
C/min®] X2 F2A|7|HA 470 T7HA] ramp testES A A|
sholeh Sl ¥H3715S S8kl U2 7] A%E == MK9000
4715 &l 24 71459 = W3E glskqith Ramp
test7} Z1HE ZHFA Q1 W-E AlF =+ Figure 13} Zth.

)
)
rr
=

3. Zot Y nz

Fzro] v Aol ofat AATEE SISt a4 A
St Xeray 81 £4) 232 Figure 2] Lk gic). Figure
kol o], 4%0] o AR miolA Ay

(spinel) 24 FE£F HolFelrt Au)d T2 /WA NO
o Qlste] NOo| 4telr} mrt 2]
A AT ATHIZE oLk, o] Fgoli AV
ColPd BRFEAISHER PGMs S AHE3F Abdo]nz 2 o
T4 gk E o ApaneA,

S| ZH o E AHeHE Szt NOxE A7 B gaa7]7]
915 PGMs®] AHE-S AL 4 Qi 7PeAS MelFm
Sl T AT AT A Aold AORA[14,15], An

-
o
o
>
i3
oX,
)
X2
o

To Assay
& Vent

All
Lines
arein

Regul L T 1/4”

Tubing

Bypass Water
Line ‘ Trap

©9 :Tvalve © :0On-off valve »4:Needle valve ® :Pressure gauge

Figure 1. Schematic diagram for ramp test.



120 #4714, A21 8 A23, 20159 6

Table 2. The BET & BJH properties of mixed oxide catalyst sample
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Figure 2. X-ray patterns of mixed oxide catalyst samples. 2 v L [ —v—ACMC
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Figure 4. SEM images of mixed oxide catalyst samples.
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Figure 5. NH;-TPD profiles of mixed oxide catalyst samples.
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