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Effect of La,_..Ce,MnO;-Ba/Al,0O; Catalysts on the Selective
Formation of NH; from NO

Song Chonglin, Zheng Qinghe, LiiYu, CuilLifeng, LiYungiang, Li Gang
(State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract: To achieve the goal of carbon neutrality and reduce the carbon emissions of internal combustion engines,

lean burn technology has currently become an important research direction. This technology can improve the thermal
efficiency of engine fuels and effectively reduce CO, emissions. However, lean burn is often accompanied by large
amounts of nitrogen oxides. To address this problem, the LNT-SCR coupled NO, purification technology is adopted.
LNT converts part of NO, in the exhaust gas into NH;, providing reducing agents for the downstream SCR. Based on
this, LNT catalysts were prepared herein to analyze the effect of catalysts on the selective formation of NH; from NO.
Several La;_.Ce,MnOj; perovskite oxides were prepared using the sol-gel method, and La;_Ce,MnOs-Ba/Al,O5 sup-
ported catalysts were obtained through consecutive impregnation. The crystal phase structure of the perovskite oxides

and the reduction characteristics and NO, adsorption-desorption performance of the supported catalysts were charac-
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terized using the X-ray diffraction (XRD) , H,-temperature-programmed reduction (H,-TPR) , and NO-temperature-
programmed desorption (NO-TPD) methods. The effects of Ce-doped catalysts on the selective formation of NH; from
NO were also investigated through experiments on the H, selective catalytic reduction of NO. Results showed that
after Ce doping, the supported catalysts exhibited good NH; product selectivity and a notable improvement in NO
conversion. Temperature was the decisive factor for NO conversion and selective generation of NH; products,
whereas the volume ratio of H, and NO was the key factor for NO conversion and selective generation of NH; prod-
ucts. Among the catalyst samples, LagosCeosMnO3-Ba/Al,O; exhibited the best catalytic activity at low
temperatures, and NHj; product selectivity was 65% and NO conversion was 100% when the volume ratio of H, and
NO was 5.0 at 350 ‘C. Furthermore, the La,-.Ce,MnO; samples had a perovskite-type structure, and most Ce ions
were incorporated into the LaMnOj; structure. For the catalyst samples, doping an appropriate amount of Ce could
increase the total area of H, consumption and decrease the peak temperature of the reduction peak, indicating an en-
hancement in the reduction characteristics. The NO, adsorption-desorption performance of the catalysts was also al-
tered because the areas of NO adsorption and desorption increased with Ce doping.

Keywords: La;_CeMnO;-Ba/Al,O; catalysts; H, selective catalytic reduction of NO; NHj; product selectivity; NO
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conversion; crystal phase structure; reduction characteristics; NO, adsorption-desorption
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NO,. HHJ, B R EARE NO, BBRH ARG
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tion, NSR). HHr, SCR FARTF LA SN I 5, 1
H. NH3-SCR 7EARIEA1E T i HAT PR Z 45 Fh XU,
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A, 154 B Y B Y e S AT R B R
1 1. BUE 2B /KT, IR FR A
FIA. FE IR P A UK, AR pH H
2 7.0, SR, B R VA R SH R A R I i
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12h. Bl Je K BE RS Sl v, #E 400 °C B K5 B2
2h. 5 L 800 CHike 3h, 15%] La;.Ce,MnOs
(x=0,0.05,0.10, 0.15, 0.20) 554k 2 1L H.
1.12 ¥ iZaEd & i HAEAH

Fie B— E 0 TR H, BRGSO 2 R
(Ba (CH3CO0) ) Fll vy-E b4 (y-ALO;) . BRI 1)
ORMEASH I T, IFGE 5 5 8 oK iR, 7EH
ARSI TR RE 15 min. AR B AE IR
e 28 KK IR TR, 76 80 C R /KB 25T, Bl )5 1F
110 °CF T4 12h, IJG7E 600 CRJE5E 4h, 155
20% (080, T [A)) BaO/ALOs. % FH [al b (44
T, ¥ el &) LayCeMnOs 558K E AL T 2%
% 20%BaO/ALO; | . f)n, #l & &2 T 15%
La,;,Ce,Mn0;-20%Ba0/ALO; (x = 0, 0.05, 0.10, 0.15,
0.20) 1 A AL ], iIC/F La;.Ce,MnOs-Ba/ALOs
(x=0,0.05,0.10,0.15, 0.20) .
1.2 BUFIEEEM S
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WA Hy f1 NO {AFH4351245 0.2.0.4.,0.6.0.8.1.0,
15.2.0.25.3.0.4.0 #1 50,4 NO {AFr%Hh
500x107° i, Hy AAFH 435043 BN 100x107° ., 200
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Hr Ar SRRV AR, 38 2 76 AS 7] s nz ik B
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Ja A SR AT 0, 58 Hy A1 NO ARFH H X
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FHA DR [ AL IR . BJS7E 400 CTFilA Ar
R, TAEHE 60 min. FRREIRERS , VAL 1% H,y +
99% Ar “IRASK, FELL 10 C/min 3 FETHE E
700 °C.
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Fig.1 Selectivity of NH; products and conversion of NO
in the H,-NO reaction over the La,_.Ce,MnO;-Ba/
Al,Oj catalysts at 250 C

£ 250 CH, AN Ce BUREAEALTIN NH; =)
PEEEME (K 1 (a) ) ST 30%. F%E Ha F NO AFHEL
WK, LagosCep0sMnOs-Ba/ALOs #EALFIAY NH; F=4)
VRV W, LA AE RIS NHs - Bk
e TRIEIET 0. A Ce BUREAMIEFIA NO
AL (B 1(b)) BEE Hy A1 NO IRB LG, Akt
AT, ot LagosCeoosMnO5-Ba/ALOs 4L 5
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Fig.2 Selectivity of NH; products and conversion of NO
in the H,-NO reaction over the La,..Ce MnO;-Ba/
Al,O; catalysts at 350 C
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Fig.3 Selectivity of NH; products and conversion of NO
in the H,-NO reaction over the La,..Ce MnO;-Ba/
Al,O; catalysts at 500 C
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KT 1.0 JELE 350 ‘CHI 500 ‘CHY, NO JLF-5¢ 4%
ks 7€ Ho Al NO (RFIHRTF 2.5 ZJ5, B Hy 5 NO
REHR LA R FL 2 5, Ha BRI R0 NO
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1EF 4()XRD D, it R Scherrer 2y ALY SR RS AL, T 1.
RO RR 7L, 5185 T Lay,CeMnO; 4k
#1 La.CeMnO:MBEHPIR~T, RIEEHMBEEH
Tab.1 Crystallite size, crystal structure, and cell parameters of La;..Ce.MnQO;
e . . , A R
FERRFIE ik RS) /nm LrRr A A
a/nm b/nm c/nm
LaMnO; 21.5 ZEHARLEH 0.5515 0.551'5 1.3310
Laoiqscen_osMnc); 15.7 jjﬁ‘é%*@ 0.388 2 0.388 2 0.388 2
Lag.00Ceo.10MnO5 14.5 SR 0.388 8 0.388 8 0.388 8
LagssCe.1sMnO5 10.4 SR 0.388 0 0.3880 0.3880
Lag.50Cep20MnO5 12.5 ST 0.388 3 0.388 3 0.388 3

AR R R AR R AR RSTAE 10 ~
22 nm YE [N, Ce 45 dRi R ST A 21.5 nm /)5
10.4nm, K THBI% Ce 0] LA RN KT E LD
s RA. A0, THEAS R BT E AL I A
B a 7E 0.3880~0.551 5nm JLFEIN, Ce BI4YU5 ks
WHCa M 0.551 5 nm Jgi/NF] 0.388 0 nm, AJ AT La
BT Ce BTHABUR, HT Ce™ M 72142 (r =
0.103 4nm) /NF La’ 8 7242 (= 0.106 1 nm) , M\
I Ce BILESERT EALYI I ks EO/ N, 2B Ce
BIRESRT E AP ) Ce BT Ik A B A5k 45
Farf, SRR & T AEAEFIXT NHy PRk & NO
i
222 ERHFE

PEALFA B8 JE MR I NO BEFRIEAE A NH; /4
KHEENZE. XT ABO; #58k0 BUfEILF], B £ 2 F11
I D AR 2R T AT A P A A SR B e A AT P 1) G B
W5l H-TPR 328, #1587 Lai-.Ce,MnO;s-
Ba/ALO; fitfb I i SA b id g, LRSIl 5 fr
IR, BERESMBALFITE 250 ~ 550 CHOBILH T A
AH I R D . 32 DX e S 05 ) 1 B pR R A
feFIR ) Mt R JECR MeP B, LR MY TR
J5h Mn® 8 2%, Hidr Lag 05Ce0sMnO3-Ba/AlO; fi:
FE BRI A AL PR RE R, 72 250 ~ 550 ‘C K
WA (B L BE 43 1) R 245 C A 385 °C, 4 F HAb A4k
H. HE, UEE TIEEPEN SE5EH LagosCeoosMnOs-
Ba/AlLO; HEALFITE 250 ‘CHI 350 °C AL G T
BURAF. Fi4h, BRI ZE 780 C AL AL
X, BT — A B S AR 0, I B T
FEA AL AP M B TR A S5 Mn™ g 7

F£ Hp-TPR SEGH, #ESLEIEFIG Hy THFERN A
BUERTASE, B H, WAEREA XK. i 155 Hy
THFER AL, 4554 T3 2. LaMnOs-Ba/ALLO; fifk
ARSI AR Ce J5, Hy THFE SV AIFRIG K | iR J0g
(PG EIR R, KB A: Ce HGE THREM AL
WU, BEAR T I8 SRR , X 42 A 000G 1 e 3

TREMEM. FEF, /RTINS
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Reduction peak temperatures and H, consumption
total areas of La; Ce,MnO;-Ba/Al,O; during H,-
TPR experiments

Tab.2

RIS IFIEREE/C Hy IHFE SR AV 107
LaMnOs-Ba/Al,05 300,450,820 3.167
Lag9sCeo0sMnO5-Ba/Al,O5 245,385,785 3.474
Lag.9Ceo.10MnO;5-Ba/Al,05 305,435,826 4.560
Lag 35Ceo.1sMnO;5-Ba/Al,O5 280,423,802 4.679
Layg 30Ceo20Mn0O5-Ba/Al,O5 287,410,807 4.846

223 NO, R0 AR

AL R TR NO B LA KW B P i #A e
FE MR NO EREMAE A NH; BCHER 2. NO
A NO, & NO fffE R i =20 5%, A i
I EALRE 1 NO fifif7+r B H,-TPR 512
AR R, $B4% Ce feW] AR S M ALY E AL
WwEEE . A, La;,Ce,MnOs-Ba/Al, 05 (x£0) 1 1L
FIHREARZH NO fififi, Hh Ba/ALO; 2t 712
SEHY NO EB A, T LaMnOs $84% Ce W fil B 47 b
fiEfk NO 4k NO, i fest NO B frfig.
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Fig.6 NO adsorption and NO-TPD patterns of
La;..Ce,MnO;-Ba/Al,O;
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B, La;-Ce,MnO;-Ba/ALLO; fifL 7] EAE#ERY NO, 1)
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BREo . HE 50 ~ 350 “C PN ARG 2 ph T B B 1
NO, 53, LA KBS BROTE Al B2 £h /i BR £k 43 it 1 A vp
NO [RBERM ; THAE 350 ~ 700 “C P B4 i i e ) %o 1 1
B R AR P Y RUA i IR h T HE A R £h ) Fh
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HL 23] Lay-Ce,MnO;-Ba/Al,O; HALFITE
50 ~ 350 CAHI 350 ~ 700 CIREETERIN NO iR HIAH
AL, HALE R TR 3. #E 50~ 350 CAHI 350 ~

700 “C 785 [l 9, LaggsCeop1sMnO;-Ba/AlL,O5 1k 5 1)
NO iR K, HA Ce &AL NO
JIGE B0 TR ARVER /N T R B AR DA B SRR AL
RGBSR Ce AMTAREHE X H v R A R £6 /A 2
ERIAEBERE T, I BEHR T X B RS R R FNAT 2l R
WIRP A BE 1Y, FIBHMEUE T NO TREBR, AT B
TG P AL SR, PRI NO A W fh
SR,
#* 3 La;,CeMnO;-Ba/AlL,O5 i NO W ft Bt i E 7R

Tab.3 NO adsorption and desorption areas of
La;_,Ce,MnO;-Ba/Al,0;
» -6
FEIE NO ”lil?fi NO Hfé[%fﬁ%ﬂ/lo :
HA/10™ |50 ~350 °C | 350 ~ 700 'C
LaMnOs-Ba/Al,O4 1.052 79 1.493 05 1.327 25
LagosCe0sMnO5-Ba/AlL,O; | 1.301 64 0.769 76 0.972 31
Lag90Ceo10MnO5-Ba/Al,O; | 0.929 93 0.748 58 0.742 48
LaggsCe1sMnO5-Ba/AlL,O; | 1.289 65 2.067 81 1.606 76
Lag0Cep20MnO5-Ba/AlLO; | 1.142 19 1.124 72 1.261 31

LEGTAL BB Ce BB MEILTIA NO,
W BRI RET P RE. A, AR NO RS B 1T X
K/NGHEAIE I HA 58 23, iR NO, MR-
JEBAH A BE T LS AL R AL TS |, (B SR P 1
P E— PR 2R
3 & it

A% T —FS] La;Ce,MnO;-Ba/AlLO5 112
BRI ], 858 TR Hy F1 NO R B HEL Xf
La;,Ce,MnOs-Ba/ALOs fifk NO BE#EMEA AL NH; 1Y
S A DA AR,

(1) 7£ 250 °C.350 ‘CHI 500 CT, 2% Ce nI LA
P AL AL NO B4k PERE, I HLMIE IR
T, NO #Ab R BB — 2T mp s 7
350 ‘CH1 500 ‘CHY, Ce B2 LAIXT NH; j=Hriksk
AR HH, LagosCe 0sMnO;-Ba/ALLO; fiifk
FIAE 3 RS T AL IS M R BT, 78 350 °C .
H, il NO AR N 5.0 B NH; P8Pk 65% ,
NO AL 34 100% .

(2) JREER: NO HALF NH; P=¥de et A iy
HeE MR, 1 Hy Al NO RFH 2 NO H4L Al NH,
FEYIBE PRI AR B B E R 2R AL B2 Ce WIS
FIF NH; KA A NO 524461k

(3) Frifil 55 A SR A AL IR B T E5 8k A
451, Ce B RERS> Ce BEF AT LIZEA
LaMnO; &5, /NS ZEAE i AR R R R DB B8 1
A4k, 556, B4 Ce MUZET LaMnO; JFA A4
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