TERRE L BR{VERSC

LaMnOs #5270 EF AL3}-Eol| 4] 9
UAGEA Q] ALnke

ﬂf *"‘g:g.m
&o
EE
=L

EEW
= F e £ z,,

M,?x st r’
m‘ﬂ"irww‘ﬁt. K
2000% 2H
EBRRER K2k
it 82 T 2 8

F B M



FHEMNS| T2t BAES Bk

2004% 12H

il
—
48
i
H-
9t
il

u

v
il
H
4
G
H_
S
=
3




Catalytic Combustion of Carbon Particulates

over LaMnOs Perovskite-type Oxides

Yong-hwa, Lee

Department of Chemical Engineering
Graduate School

Pukyong National University

Abstract
We have studied the catalytic combustion of soot particulate over
perovskite-type oxides prepared by malic acid method. The catalysts were
modified to enhance the activity by substitution of metal into A or B site of
perovskite oxide. In addition, the reaction conditions, such as temperature,
Oz concentration have been studied. The effect of NOx introduced into
reactants were also examined. In the LaMnOs catalyst, the partial substitution
of alkali metals into A site enhanced the catalytic activity in the combustion
of soot particulate and the activity was shown in the order: Cs>K>Na. In the
Lao7CsosMnOs catalyst, the substitution of Fe showed no effect on the
ignition temperature. The ignition temperature decreased with decreasing O:
concentration and contact time. In the LaMnOs catalyst, the partial
substitution of Cs into A site enhanced the catalytic activity in the
combustion of soot particulate and in the Cs-substituted oxide, the ignition
temperature of carbon particulate slightly decreases in the order Mn>Ni>Fe
of B site metal cation. The carbon particulate played an important role on
the reduction of NO but NO had little effect on the oxidation of carbon

particulate.
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Table 1. California and U.S. federal heavy-duty engine emissions

standards
Standards Trucks(g/BHP-hr) Buses(g/BHP-hr)
NO« PM NO« PM
1984-1987 Federal 10.7 N/A 10.7 N/A
1988-1989 Federal 10.7 0.6 10.7 0.6
1990 Federal 6.0 0.6 6.0 0.6
1991 Federal 5.0 0.25 5.0 0.25
1991 California 5.0 0.25 5.0 0.1
1993 Federal 5.0 0.1 5.0 0.1
1994 Federal 5.0 0.1 5.0 0.7
1994 California 5.0 0.1 5.0 0.5
1996 Federal 5.0 0.1 5.0 05
1998 Federal 4.0 0.1 4.0 0.5
2004 Proposal 2.0 0.1
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Table 2. Global emission estimate, NOx and NO [8]

Estimate of
NOx emissions*

Estimate of
NOx emissions’

Source Emission of NOx, Emission of NOx,
Mt(N)/y Mt(N)/y""
[Percentage(%)] [Percentage(%)]

Human activities
Fossil Fuel combustion,
excluding aircraft 21[42] [26 ~50]
High flying aircraft [0~5]
Biomass burning 12[24] [11~49]
NH3 oxidation [0~10]
Sub-total 33[66}
Natural activities
Microbial activity 8[16] [11~25]
Lightning 8[16] [7~22]
Input from stratosphere 0.5[1] [1~25]
Sub-total 16.5[33]
Total 50(+25)[100] 39.2~55




o] Ao xe g oz <& NOxY H=

Aok, NOx AlA 7gol gla old dig d-7+%= mul g o]t
webA 3-8 vt MR NOxe] AAE dAste Ay Adx
FA sl ks Al dAE sk AL W AlFe A @

A~
T A

As F w7)7bs Fo] £8E NOxo| WES A7tahs o=
Fgole Abg ool wel 2

ot olF AAWol AAAH)n FAHol dedy NOx AA A& =

izt
A=)
e
i
g
lo
it
[y
S
=
r
A
s

g oE7] W& v A

ot
o
it
o
fu
o
o
)
&1
30
e
N
1>
oz
oy
rle

o

fols #AAZ AL gl NOxE dddow AAse dg7
o) By, ol ols] NOxE ¥al@ Noot 0.2 43 wajars

Zop 2y aeln EwWAel & RAAL BHVL o] 8 FAY

-

e A" g vlEe] AAZA we dA3vt AyYHm glon

IS HET o AxeAM F&shean gl

el fiep ol Ak BA I NOxo A A FHujo] uiste] @



e Ak AdH L Yot ok AA AR FAW NOx AA &

b ke HgstE A Rska e A Ao

COREES AsEd AFLsolEA EuE AL AFPoR A
xoto] YA BAS ARHOR AARLA B S5 B AT
el A @eheol=A AgslolE HulE HFAWOs o]

A FhA2 "ol Qi=d, of Azl o8

Mol vlsfM wbg o] A Frtste RS Ak WA ol E



preparation of
catalysts

h J
characterization of catalysts XRD, TPR, TPO

¥
screening of catalysts

!

differences from real conditions

» Activities for oxidation
Of hydrocarhons

effect of NO
effects of reaction condition

'

Reaction m echanism

Fig. 1. Schematic diagram of the contents and the scope of this study
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Fig. 2. Unit cell of ideal perovskite-type oxide.
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Dissolution of La(NO3)3, Cs(NO3)2, KNOs,
Co(NOs)3 etc and malic acid

l

[ pH adjustment by NH;OH l

l

[ Drying at 150TC ]

l

[ Sol-gel state 1

l

[ Pulverizing ]

l

[ Calcining at 600C for 12hr

Fig. 3. Schematic diagram of catalyt preparation by malic acid
method.
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1. Moisture Trap 2.
3. Metering Valve 4.
5. Bubble Flow Meter 6.
7. Reactor Heater 8.
9. Temperature Controller 10.

11. Exhausted Gas Trap 12.

Oxygen Trap

Three way Selection Valve
Water Syringe Pump
6-Port Valve

Water Removal Trap

NO analyser

Fig. 4. Schematic diagram of experimental apparatus.
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9. Electrical furnace 6. Quartz reactor
7. Temperature programmer 8. Recorder

Fig. 5. Schematic diagram of experimental apparatus used in TPR.
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Fig. 6. Thermogravimetric analysis and differential thermal
analysis curve for the precursor of La, ,Cs, ,MnO,

(heating rate = 10K/min).
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Fig. 7. TG spectra of carbon particulates with catalysts
(carbon only, carbon + La, ,Cs, ,MnO,

heating rate = 1K/min).
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Table 3. Operating condition for X-ray diffraction

Cu target, Ni Filter
Time Constant ; 1 sec
Range ; 4000cps

Angle ; 10~80 °
Scanning Speed ; 4 °/min

Slit
DS ; 1°
RS ; 0.3 mm
SS; 1°

30 kV, 15mA
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Fig. 8. X-ray diffraction patterns of perovskite oxides.
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Fig. 9. TPR of removal of carbon particulate over
perovskite oxides ( heating rate = 1k/min,
4% O,).
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Fig. 10. TPR profiles measured for various perovskite

oxides calcined at 600 °C for 12hrs (heating rate
=10 K/min, gas mixture = 5% H,/He)

(@) La, ;,Cs; sMnO,, (b) La, ;K ;MnO, and (c) La,,Na, ;MnO,.
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Fig. 11. TPR of combustion of carbon particulate
over perovskite oxides ( heating rate = 1K
min, 4%0,).
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Fig. 12. TPR profiles measured for various perovskite

oxides calcined at 600 °C for 12hrs (heating rate
=10 K/min, gas mixture = 5% H,/He)

(a) Lay (Cs, NIO;, (b) La, ,Cs, ,NiO, and (c) La, ,Cs, ,NiO,.
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Fig. 13. TPR of combustion of carbon particulate
over perovskite oxides ( heating rate = 1K
min, 4%0,).
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Fig. 14. TPR profiles measured for various perovskite

oxides calcined at 600 °C for 12hrs (heating rate
=10 K/min, gas mixture = 5% H,/He)

(a) La, ,Cs, ,MnO;, (b) La, ;,Cs; ,MNO,, (c) La,,Cs, ,MnO,
(d) Lay ¢Cs; ,MNO; and (e) La0., .Cs, .MnO,.
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Fig. 15. TPR of combustion of carbon particulate
over perovskite oxides ( heating rate = 1K
min, 4%0,).
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Fig. 16. TPR profiles measured for various perovskite

oxides calcined at 600 °C for 12hrs (heating rate
=10 K/min, gas mixture = 5% H,/He)

(@) Lay ¢Csy ,Mn, ey 10, (b) Lay 4Cs;, ,MNO,
(€) Lay ¢Csy €0, (d) La, 4Cs;; ,NIO; and (€) La Cs; ,CO;.
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Fig. 17. TPR of combustion of carbon particulate
over perovskite oxides (heating rate = 1K
min, 4%0,).
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Fig. 18. TPR profiles measured for various perovskite
oxides calcined at 600 °C for 12hrs (heating rate
=10 K/min, gas mixture = 5% H,/He)

(a) La, ;Cs, 3Mn, oFe, 1O, (b) La, ;,Csy ;Mn, Fe, ,0,
(c) Lay ,Cs, ;Mn, -Fe, ,O, and (d) La, ,Cs, ;Mn, Fe, O,
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Fig. 19. TPR profiles measured using La, ,Cs, ,MnO,

perovskite oxides calcined at 600 °C for 12hrs
(heating rate = 10 K/min, gas mixture = 5% H,/He).
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Fig. 20. TPR profiles measured using La,,Cs, ,MnO,

perovskite oxides calcined at 600 °C for 12hrs
(heating rate = 10 K/min, gas mixture = 5% H,/He).

- 55 -



>

44, ALEx° 9%

Fig. 21el 4= 2bae] siheol whE vhaqiAd 23 Akael TPR A

g ARE s e AT

Mo} okl ZrbEl wek AishAe Aagkd Lt A el
A B S Qov, TPR H40] FobxE AL % + drh ey

TPR H4e A4 WA A Agstath. £8 4aE 49 WA g

AolE meM olststrart MEHY] Azst AL 2 5 e, of

Ahlstrom[23] 5o 93t tjAd X o2 HE AR sootE HwjE ALE
A1 il AAAZ uf 249 FLEUF F7HEe] Wt AAURA] *ETF o
olxlE A Rudta glow Ciambellil24]5 % Cu-K-V Zw4o A soot

o bzshe] wbgol A AaReel weh 2o ARE HoFE Aoz nI

shal vk ERE o] 5L AAEEE AAEYe] AF2e vz Bo
st et

_56_



—e— Catalysts without O,

| /ﬁ/‘\ Catalysts with
,’ § i -z Catalysts with
] / \ i 2% Op
4e-4 J; | ¥ Catalystswith
\* H
\

200 250 300 350 400 450 500 550

Temperature (°C)

Fig. 21. TPR of combustion of carbon particlulate at various
oxygen concentration over La, ,Cs, ,MnO, catalysts

(heating rate = 1K/min).
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Fig. 22. Outlet CO, concentration during temperature
programmed reaction over La, ,Cs, ,MnO, at

the various reaction condition (heating rate
= 1K/min, NO = 500ppm, O, = 4%).
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