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Fabrication and Performance of Paper-Structured Catalysts Based on
Lanthanum Manganate Nanofibers Towards Soot Oxidation

LIU Xujie, SHI Hongbin, ZHANG Xuezhi, CHU Shilei, WANG Lei, YU Gang
(School of Materials Science and Engineering, Shijiazhuang Tiedao University, Shijiazhuang 050043, China)

Abstract: In order to construct a high-efficiency paper catalysts for soot removal, it is very important to design different active
elements and realize the synergistic effects with the matrix fibers. A series of La; ,K,MnO; (x = 0, 0.1, 0.2, 0.3, 0.4, 0.5) nanofiber
catalysts were prepared via electrospinning. The oxidation performance of the catalyst for soot particles was examined by temperature
programmed oxidation reaction. The defect effects induced by doping K* ions in the LaMnO; lattice on their catalytic performance
evaluated by soot temperature-programmed oxidation were investigated by X-ray diffraction, scanning electron microscopy, X-ray
photoelectron spectroscopy and temperature programmed reduction analysis. The results show that all the nanofiber catalysts have a
perovskite structure, while K,;Mn,Oy as a new phase appears in the samples as x = 0.3. The amount of active oxygen in the sample is
affected by K" ions replacing La*" ions and Mn®" ions transferring into Mn*" ions. The replacement of A-site ions increases the degree of
oxygen defects in the system, while the transformation of Mn®* ions into Mn** ions determining the number of oxygen vacancies as a new
phase can occur at a great content of K™ ions doped in the system. The sample Lay¢K,4MnOj; has an optimum catalytic activity at Ts,of
347 °C. The paper-structured catalyst prepared with a nanofiber to matrix fiber ratio of 1:1 has a good catalytic activity at Ts, of 478 C.
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Fig. 1 XRD patterns of La;  K,MnO; (x=0.1-0.5) nanofibers
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Table 1 Lattice parameters of samples

Sample  Crystal phase  a /A b/A c/A a=p=y
LM Cubic 3.8757 3.8757 3.8757 90°
LKM-1 Cubic 3.8794 3.8794 3.8794 90°
LKM-2 Cubic 3.8814 3.8814 3.8814 90°
LKM-3 Cubic 3.8791 3.8791 3.8791 90°
LKM-4 Cubic 3.8814 3.8814 3.8814 90°
LKM-5 Cubic 3.8794 3.8794 3.8794 90°

a, b, c—Axial length of lattice parameters; a, f, y—Bond angle of lattice

parameters
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Table 2 Catalytic performance of the K doped Lanthanum manganate nanofibers for soot oxidation

Sample

Soot oxidation/'C

Sco, / %
Tio Tso Too Tin
LM 380 438 499 440 99.53
LKM-1 374 409 435 414 99.87
LKM-2 347 389 418 389 99.75
LKM-3 325 361 386 367 99.71
LKM-4 317 347 372 342 99.45
LKM-5 325 358 386 356 99.10

Tho: 10% soot conversion temperature; Tso: 50% soot conversion temperature; Too: 90% soot conversion temperature; 7y,: Temperature corresponding to the

maximum combustion rate; S, -The selectivity to CO, production.
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(b) Soot-TPO curves of soot conversion over temperature
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Fig. 3 Catalytic performance of La; K, MnO3(x=0-0.5) nanofibers for soot oxidation
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(b) Soot-TPO curves of soot conversion over temperature
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Fig. 4 Five-times cyclic TPO results of Lay ¢K¢ 4MnO; nanofibers
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Table 3 Calculated results of XPS 2y v N NS SN
- = JiR, T it B B R S = R i A AU IR SR
Sample x Ouds Ouurt Ot KJKr  Mn*"/Mn*
LM 0 0.111 0.444 0.446 0.64

LKM-1 0.1 0.117 0.379 0.504 0.365 0.536
LKM-2 02  0.097 0.428 0.475 0.335 0.502
LKM-3 0.3 0.147 0.381 0.472 0.373 0.452
LKM-4 0.4 0342 0.317 0.342 0.499 0.369
LKM-5 0.5 0.168 0.663 0.168 0.534 0.729
KM 1.0 0.193 0.104 0.704 0.603 0.331

O,4s: Adsorbed oxygen species; Oq,: Surface oxygen species; Oy Lattice
oxygen species; K/Ky Atomic ratio of confined to free K species;

Mn*"/Mn®": Atomic ratio of Mn*" to Mn®".
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(b) Soot-TPO curves of soot conversion over temperature
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Fig. 7 Catalytic performance curves of paper catalysts based
on lanthanum manganite nanofibers
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Table 4 Catalytic performance of paper catalysts based on
lanthanum manganite nanofibers

Soot oxidation/C

Sample Seo, 1 %
Tho Tso Too T
Mullite fibers!'?! 488 568 615 73.6
F-P-1 454 570 640 594 100
F-P-2 469 499 582 501 100
F-P-3 440 478 520 466 100
F-P-4 454 503 561 471 100
F-P-5 440 485 534 469 100

A o
K8 ARBUAEALTR Y SEM HE J7

Fig. 8 SEM image of paper catalysts based on lanthanum
manganite nanofibers
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