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Abstract: With increasingly strict regulations on exhaust emissions, the higher requirements have been built for
filtration of diesel particulate filter (DPF) because traditional DPF cannot meet the demand for precise filtration of
nanoparticles in exhaust. In this study, a series of CoggFe,Ceq, ,Cr,O,4 spinel-type catalysts were loaded on aluminum

borate whiskers by hexadecyl dimethyl ammonium bromide (CTAB)-assisted co-precipitation method. The unique

hierarchical microstructure design of “whisker enhanced filter-bimetallic doping catalytic oxidation” achieves a
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combination of efficient filtration performance and low-temperature catalytic performance, enabling catalytic

oxidation of carbon soot particles at lower temperatures. Fe and Ce co-doping produces significant synergistic effects,

. . . . : 3 6 :
increasing concentrations of oxygen species (oxygen vacancies), Co’ and Cr®" on the catalyst surface and enhancing

reaction activity. Temperature of carbon soot particles at 50% conversion (75;=446 °C) is significantly lower than that

of the blank cordierite sample (T5;=567 ‘C). Five cyclic stability tests show that the catalysts have good stability and

CO, selectivity (86%—-94%). In conclusion, this unique hierarchical microstructure exhibits a unity of efficient particle

filtration and low temperature catalytic combustion performance, with potential application in the field of DPF.

Key words: soot particle; cordierite; aluminum borate whisker; catalytic oxidation; filtration
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Bl 1 FEGL SEM A
Fig. 1 SEM images of samples

(a) Cordierite honeycomb ceramics; (b) A900-3; (c¢) A1000-3;
(d) A1050-3; (e) A1100-3; (f) A1200-3; (g) A1050-1; (h) A1050-2;
(1) A1050-4
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Fig. 2 SEM images of integral catalysts

(a) Z/CoCr;y04-CT; (b) Z/Cq3F¢.2CoC,-CT; (¢) Z/Co.8F0.15C0.05C2-CT;
(d) Z/Co5F0.1C0.1C-CT; (€) Z/Co.sF0.05C0.15C2-CT; (f) Z/CosF¢Co2Co-CT
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Fig. 3  Element mappings and EDS spectrum of Z/CygFg 15Cp05sCa-
CT

6 7

www.jim.org.cn



Ham

SREBBE, S5 B AR 2/ Coo sFe,Ceo o CryOa fREA TR ] 26 S FLBR NI - HE AL SR 1 i

513

BANIE AL, 2 Ce 1E CoCryO4 B IR K
T 0.15(FF 2 HOR, SigEAR I CoCr,O4 H i
REER), SE—H7 Cr,0s M, FILTE XRD K%
FFALEZ B CryO5 KEAEIE . & S3 FIIH T LA A1 ok
AT IR R RS CoCraO4 By AR FE 1)
kL RSHAR /N, BRI CTAB {E N2 il P 571,
PR FE TR AL RS CoCr04 HIKIAR, fHifHEAL
FE A NRAZR R EL R m AR, B 2% Fe 0 Ce JR,
FE 5 10 SRR ST, X AT g BT U &R A
WITE CoCr,Oy4 fm b HH B i FE 43 USR] 7 CoCryOy4
B A K o P-CogFoCooCa-CT i R ~f 18 K 5 2
TR T A CryOso i T 1] BERT & A% #5220
NS, XIHE T Fet R Cet T RE 5 A TR
AR RN, 38 BB 2 S B T IE R SO BRI,
T S 250 0 A% Jo B AL 4, s s B /N,

] 4(b) AR A A 1) XRD B3, W% 3] &
A MR AR Fa fE R AT . T
fHE AT BB B AR, R A e e 00 o A U 381 R A
WK (20=35.71°)%: 55
2.4 FT-IR 547

P S 2 M A A7 AT B A S0 AL R FT-IR P

W, 503 F1 622 cm™' AL & VT & T Cr/Co—O 1
¥R, 923 em ' ibH Co-O Z RSy . B4k Fe Ml
Ce FEMNAY FT-IR % & 5 P-CoCr,04-CT #HEL A K4
B, R CoCr04 R A G LAREE. %
A RAMEALFIZE 11004 1000, 955, 769 cm ™ b W22 5|
FEAEMR S, 23 7% BT AligBaOss [BO4]HRE TG iR
ISR #E AR AI-O-Al, Si—0-Si MRS
i, [T 622 cm ' AMFELER TS Co/Cr—O {45k
Bl (PRFAE I SOV, 00 B A7) i T B 3R
FRES T AR 10
2.5 XPS o#h

Kl 6(a)f1) XPS A3l B 7n BEAR AL R & A 27
£ R R 5 S 2 RRIE S 5, PAA Ces Co. Fes Cr
JLE, RPEHEAY ORI AR TEEH AL L.
Kl 6(b)f) Ols Yeik & /il A H =4GRl 7
X R O1a11(530.75 eV). 04ur(532.36 eV) Al
0,45(536.61 eV)o KT 7% M A B SAH AL A 2067 L
(RIS B, B e T AR A PO, A A S
FALIE JEE PR 0 o Z/Co gFCoaxCa-CT HE AR A A
RIREEEEE 2, RUATSMNFEE, ATk
FHEATETE . Co2psn Hilk 1) 7RG 25 R (K 6(c))

v CoCr,04 ¢ Cr,0s
v PCoCr0+CT|

P-CosFo2CoCo-CT
P-CosF0.15Co0sCo-CT

P-Co5F0.1Co.1C-CT

@ ’ v

[3 Y y

Intensity / (a.u.)

| aad i | P-Co5F0.05Co.1sC2-CT
) Dl

| i L "
iy VAR FNIT) Wl L
[ T PPNy TTIVRY 1 NPPONY ;

Intensity / (a.u.)

Z/CoF0:CoCo-CT

(b) « Cordierite & Al;sBiOs; @ CoCr,0,
L.“g.u( o It e o o . Z/CoCr,04-CT

Aot

Z/CosF0.15Co0sC2-CT

Z/CoF01Co.1Co-CT

Intensity / (a.u.)

| C Z/CosF0sCo1sC-CT

P-CosFoCo2Co-CT [ YT B Z/Co5CoCo2C-CT
1 1 1 1 1 1 1 ] 1 1 I 1 L 1 L 1 L 1 L 1 L
10 20 30 40 50 60 70 80 3234363840 10 20 30 40 50 60 70 80
20/ ) 20/ (°) 201/ (°)
Bl 4 fE4b5RH XRD Kk
Fig. 4 XRD patterns of catalysts
(a) Powder catalysts; (b) Monolithic catalysts
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Fig. 5 FT-IR spectra of catalysts
(a) Powder catalysts; (b) Monolithic catalysts
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Fig. 6 XPS spectra of monolithic catalysts
(a) Full spectra; (b) Ols; (¢) Co2psn; (d) Ce3dsy; (e) Fe2psp; (f) Cr2psp
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Fig. 8 (a) Soot catalytic combustion activity of Z/CygF,Cy,_C,-CT; (b) Catalytic performance
of spinel catalysts under tight and loose contact conditions
Colorful figures are available on website
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Table S1  Various parameters of aluminum borate whiskers

Sample Lipean/tim Dipean/pim Luncar/ D
A900-3 8.69 0.66 13.17
A1000-3 37.86 1.93 19.62
A1050-3 48.42 0.71 68.20
A1100-3 42.79 1.64 26.09
A1050-1 15.70 0.62 25.32
A1050-2 36.33 1.36 26.71
A1050-4 53.49 2.07 25.84

RS2 Z/CysF15Co0sCr-CTHIRETESE
Table S2 Surface element contents of Z/C gF 5Cg.05C,-CT

Element o Na Mg Al Si Co Ce Fe Cr
Atomic/% 54.01 11.22 1.67 27.90 3.03 0.52 0.07 0.23 1.35

®S3 EUFKERESH
Table S3  Crystal parameters of catalysts

Sample 26/(°) FWHM/(°) D/nm d/nm a

P-CoCr,0,-CT 35.7881 0.8329 9.9079 0.2506 0.8312
P-Cy sF2CoCr-CT 35.7934 1.0052 8.2100 0.2506 0.8310
P-Cy sF15C0 05Co-CT 35.8655 1.2531 6.5869 0.2500 0.8294
P-Cy§F0.1Co.,C>-CT 35.8792 1.4346 5.7536 0.2500 0.8291
P-Cy §F.05Co 15C>-CT 35.8928 1.4480 5.7009 0.2499 0.8288
P-Cy sFCo,C>-CT 35.9450 1.2704 6.4985 0.2496 0.8277

FWHM: Full width at half maximum; D: Grain size; d: Lattice spacing; a: Lattice constant

* S4 FREYFAETEFL

Table S4 Relative atomic ratios of surface species

Relative atomic ratio

Sample O4u/O Co*'/Co Fe*'/Fe Ce*'/Ce cr/cr
Z/CoCr,04-CT 0.78 0.53 / / 0.41
Z/CqsF2CoCr-CT 0.81 0.55 0.36 0.75 0.50
Z/Co5F0.15C0.05Co-CT 0.82 0.56 0.36 0.77 0.50
Z/CoF0.1Co1Co-CT 0.80 0.54 0.33 0.73 0.49
Z/Co5F005Co.15C2-CT 0.81 0.55 0.35 0.74 0.49
Z/CysFoCo2Cr-CT 0.79 0.53 0.34 0.72 0.44
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Table S5 Quantitative results of Soot-TPR profiles

% S8 fEINEMM CO, EHME
Table S8 CO, selectivity of circulated samples

Amount of carbon

Sample dioxide formed/(a.u.)
Z/CoCr,04-CT 85.312
Z/Cy8F(2CoCr-CT 141.973
Z/Cy8F0.15C0.05C2-CT 145.109
Z/CgF0.1C0.1Co-CT 137.191
Z/CygF0.05C0.15C2-CT 138.278
Z/Cy gF¢Cy ,C,-CT 107.788

R S6 TE79% Ny, 21% O, S5 T BRI KEERE

Table S6 Soot combustion performance in

79% N, and 21% O, atmosphere

Sample T/ C Tso/C Too/C
Cordierite 505 567 605
Z/CoCr,04-CT 426 462 506
Z/CygF¢2CoC,-CT 418 450 489
Z/CygF0.15C0.05Co-CT 418 446 478
Z/CygFy1Co1C,-CT 426 457 494
Z/CygF( 05Co.15C,-CT 426 456 491
Z/Cy gF¢Cy ,C,-CT 432 460 486

xS7 BEXELFE CO,EFE

T T
Cycle j Ceo,dT /mL J' CeodT /mL Sco,
T T

Ist 23.4 1.9 92.5%
2nd 47.3 4.7 91.0%
3rd 31.9 22 93.5%
4th 32.0 5.0 86.5%
5th 29.4 43 87.2%

xS BHEXEAHNNITIEERE

Table S9 Filtration performance of monolithic catalysts

Sample Myg  (M—AM)/g n/%
Cordierite 0.0157 0.0079 50.32
Cordierite/aluminum borate 0.0139 88.54
Z/Co8F0.15C0.05Co-CT 0.0141 89.81

M,: Total mass of soot particles; AM: Mass of trapped soot particles;
n: Filtration efficiency

R S10 TiRfELERERTLL
Table S10 Comparison of filtration catalytic performance
of different catalyzers

Maximum combustion

Table S7 CO, selectivity of integral catalysts Catalyzer o Ref.
rate temperature/ 'C
T T
Sample j Ceo,dT fmL j CeodT /mL Sco, PYALO; 464 [S1]
L L Cuxan,xA1204 630 [SZ]
Z/CoCr04-CT 27.6 3.6 88.5% CoAlLO, 510 [S3]
Z/C08F02COC2-CT 36.4 2.8 92.9% COCr204 420 [S4]
08 IO . . b Z/Cy.8F0.15C0.05Co-CT 446 This work
Z/CgF005Co.15C-CT 32.0 3.1 91.2%
Z/CygFoCpCr-CT 23.0 2.6 89.8%
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Fig. S1 Integral curves of CO and CO, generated from cycle catalytic soot combustion by Z/CygF,Cy, ,C,-CT
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