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Abstract — As the internal combustion engine vehicles of high fuel efficiency and low emission are demanded, it
becomes important to procure technologies for improving low-temperature performance of automotive catalyst systems.
In this study, we showed that the combustion rate of diesel particulate matter is greatly enhanced at low temperature by
applying fuel-borne catalyst and perovskite catalyst concurrently. It was tried to examine the correlation between ele-
mental composition of perovskite catalyst and combustion activity of mixed catalyst system. To achieve this goal, we
applied temperature-programmed oxidation technique in testing the combustion behavior of perovskite-mixed particu-
late matter bed which contained the element of fuel-borne catalyst or not. We tried to explain the synergetic action of
two catalyst components by comparing the trends of concentrations of carbon dioxide and nitrogen oxide in temperature-
programmed oxidation results.
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Fig. 1. (a) SEM and (b) TEM images of Model PM: (c) SEM and (d)
TEM images of FBC Model PM.
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Table 1. Elemental compositions (EA results) and SOF contents (Soxhlet extraction results) of PM samples

Component Plain PM (Wt%) FBC PM (Wt%) Engine PM D (wt%)
C 86.2 86.5 82.4
H 0.4 0.5 0.4
(0] 4.8 6.6 9.2
Others 8.6 6.4 (Fe: 1.45%, Ce: 0.14%) 8.0
SOF 26.9 247 319
YEngine PM: the PM sample obtained from 12L Euro 4 diesel engine operated using commercial ULSD fuels.
2.4 Engine PM 32, SEM ZZ0fM2] PM HAELS =Y
2.2F @ Model PM Perovskite Zljoll 25t PM AxRESS At e, 7=
£ 20} _@FBC Model PM Z7014 PM AZ S AREEE ik A9 A NS Fig, 200 A4l
£ 18} shgitke] @Azt Rt B AREe) o)d FA) FUAT )
E 16} gol wglnt Qleha4)),
g :;; Model PM- Engine PMel] H]316] 912:11-80] 1T} 328 @ oa
S 1of A= 21 & 5 Q=) o= A Table 1914 #1415 vihe}
2 osf 7151'0] Model PMo]| Engine PM tH] A3} SOF §5o] vto}
g o6 : Z/ SHoA Aol =23t 54 AU Q7] wjZoltt. $hA
O 04} Model PMJ/} FBC Model PM2] RS- E v w3l FBC 7}l
3%7 o o me} TPO 14 £E77t0] A0 R o5 §E & 4 lof, FBCO]

300 350 400 450 500

Temperature (C)

550

600

Fig. 2. TPO results of three PM samples under non-catalytic reaction
conditions; Fixed bed=PM (40 mg)+SiC (418 mg); Gas composi-
tion: NO (500 ppmv), O, (8 vol.%), He (Balance): Gas flow
rate=100 mL/min (GHSV=10,453/h); Temperature=250~700 °C,

Ramp rate=1 °C/min.
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Fig. 3. XRD patterns of perovskite catalysts (O: perovskite): La, A’ BO;: A'=K or Sr, 0 <x <1, B=Fe, Cr, Mn.
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Fig. 4. TPO results of PM samples under LaBO3 (B = Fe, Cr, Mn) catalysts; Fixed bed = PM (40 mg) + Catalyst (18 mg) + SiC (400 mg); Gas
composition: NO (500 ppmv), O, (8 vol.%), He (Balance): Gas flow rate =100 mL/min (GHSV =10,453/h); Temperature =250~700 °C,

Ramp rate =1 °C/min.

Korean Chem. Eng. Res., Vol. 56, No. 2, April, 2018



286

24— Model PV KV Og

22} = Model PV Lag K 5VhO3
2013 Model Pz 74 V3

183 Model PMHLaVO;
16

14
12}

10
0.8
0.6
04

COx flow rate (ml/min)

300 350 400 450 500 550 600
Temperature (°C)

24 Model PMLag 5Ko 5003
22~ Model PM+Lag 769 3003
20|~ Model PMHL.ag g5/ 15003

1.8 |- Model PM+LaCrO3
16f
141
121
1.0f
08}
06}
04
02}
00— —~—

300 350 400 45 500 550 600

Temperature (°C)

COx flow rate (ml/min)

24 —@— FBC Model PVi- Koivin/Og

22[—6— FBC Model PV Lag g VO3
200~ FBC Model PMtLag 7Kg 303

1.8 —O— FBC Model PMH.aVhO3
16}

COx flow rate (ml/min)

300 350 400 450 500 550 600
Temperature (°C)

24[-@- FBCNNbdel P20 0 5005
2[5 FBCNbdel PV Lag 7K 3003
2,00 FBCNod PtLag 65K 1

1.8}
1.6}
141
1.2}
1.0}
0.8}
06}
041
0.2}
0.0

COx flow rate (ml/min)

T30 350 40 450 500 50 600
Temperature (°C)

Fig. 5. TPO results of PM samples under La,  K'.MnO; and La, K',CrO; (0 <x <1) catalysts; Reaction conditions are same as in Fig. 4.
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Fig. 6. TPO results of PM samples under La, K FeO; (0 < x <1) catalysts; Reaction conditions are same as in Fig. 4.
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Table 2. TPO initiation” and TPO peak? temperatures for various PM sample - Perovskite catalyst combinations

PM Sample Model PM FBC Model PM
Catalyst TPO initiation temperature (°C)  TPO peak temperature (°C) ~ TPO initiation temperature (°C) ~ TPO peak temperature (°C)
LaMnO, 450 550 450 550
Lag ;K ;MnO; 350 (-100)% 475 (-125)Y 350 (-100)* 475 (-125)Y
Lag 5K, sMnO; 350 (-100)% 425 (-125)Y 350 (-100)* 425 (-125)Y
K,Mn,Oy 325 (-125)Y 410 (-140)% 310 (-140) 390 (-160)>
LaCrO;, 425 530 410 530
Lay ¢sK¢ 15Cr05 425 (x0)Y 490 (-40)>) 410 (£0)¥ 510 (-20)%
Lag ;K ;CrO, 410 (-15)Y 490 (-40)” 410 (£0)? 490 (-40)>
Lag 5K, sCrO, 410 (-15)Y 490 (-40)” 410 (£0)? 470 (-60)>
LaFeO;, 430 525 430 525
Lag ¢K, ,Fe0;, 370 (-60)¥ 470 (-55) 350 (-80)” 450 (-75)Y
Lag ;K ;Fe0, 350 (-80)Y 425 (-100)” 330 (-100)” 410 (-115)Y
Lag 5K, sFeO, 310 (-120)Y 390 (-135)Y 310 (-120)Y 390 (-135)Y
Lay ¢St ;FeO; 390 (-40)¥ 510 (-15)% 370 (-60)” 475 (-50)Y
Lay 48t ,FeO; 390 (-40)¥ 510 (-15)% 390 (-40)” 510 (-15)%
La, St ;FeO; 410 (-20)Y 575 (+50)Y 390 (-40)” 510 (-15)%
La, 581, sFeO; 390 (-40)¥ 510 (-15)% 370 (-60)” 510 (-15)%
5wt.% Pt/ALLO, 375 520 350 490

DTPO initiation temperature: the lowest temperature when CO, was first detected during TPO test
ATPO peak temperature: the temperature when max CO, concentration was detected during TPO test
IThe value in each parenthesis implies the deviation from the reference value (the value of non-substituted, L.aBOj catalyst)
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Fig. 7. Comparison of Model PM and FBC Model PM in TPO results under La,sK,sFeO; catalyst: (Left) CO, flow rate; (Right) Carbon
conversion; Reaction conditions are same as in Fig. 4.
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