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Abstract: As volatile organic compounds (VOCs) are important precursors of photochemical ozone (Oz) and fine
particulate matters (PM,s), their abatement iS an important step in the air pollution control process. Perovskite-type
composite oxides have a relatively good application prospective in the thermal catalytic oxidation of VOCs, due to their
advantages of good catalytic oxidation activity, controllable chemical composition, and high thermal stability. In this study,
a series of different Ca-substituted LaCoOj3 products (La;4CayCoOs, x=0, 0.1, 0.2 and 0.3) were synthesized by using the
sol-gel method to investigate the mechanism of constraint on the property of thermal catalytic oxidation of toluene by
various Ca-substituted LaCoOs products. The results show that the Ca-substitution has not resulted in the obvious change
of the crystal structure of La;,Ca,C00s3, but has resulted in the significant enhancement of the thermal catalytic activity of
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La;.,Ca,Co0;. In addition, the Ca-substitution has resulted in the decrease of grain sizes but the increases of specific
surface areas and pore capacities of the La; ,Ca,C003. These are beneficial to reduce the gas diffusion resistance. Putting
the corresponding temperature (T50) for the 50% toluene degradation and the CO, generation rate normalized by using
specific surface area of sample series at reaction temperature of 200 °Cas the evaluation indicators, the increasing
intensities of catalytic activities of the series samples are in following order: LaCoOs (260 °C, 0.094 pmol m™ s*) <
Lag9Cap1C00; (232 °C, 0.114 pmol m™ s) < Lag7Cag3C005 (225 °C, 0.118 pmol m2 ) < LagsCag,C005 (212 °C,
0.135 pmol m s). With the increase of amount of the Ca-substitution, the catalytic activity of La;.,Ca,C00; per unit
specific surface area initially increased and then slightly decreased. The density of cationic vacancy absorption oxygen of
the series samples did not change obviously, but the release rate of lattice oxygen increased significantly. This is favorable
for the catalytic oxidation of toluene to CO, and H,O. With the increase of amount of Ca-substitution, The activity of
lattice oxygen enhanced firstly and then decreased, leading to a similar variation trend in catalytic activity among
La; «Ca,CoO3 samples.

Keywords: Perovskite-type oxides; Ca-substituted LaCoOs; toluene; thermal catalytic oxidation
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KV - A H 2 ANH Ca B ¥ s A B RU B IR BIAE fh o B La(NOs)3-6H,0, Ca(NOs),-2H,0
A1 Co(NOs)3-6H,0 MNETIRIK, ¥R (CA) ML, n(La®):n(Ca™):n(Co®):n(CA)N 1-x:x:1:2,
0 ERIRFNE T 2 - K IR SVETR (V(H,0): V(Ethanol) = 2:1), 7£ 80 °C N HLERFIHE K, HI15EE
JRARMI o« SRJGTE 90 °C N H 25 TG B THEK . K WFAi T4 K B T 5354, LL 5 °C/min 3R Tt
2% 700 °C, ke 5h, FTfEFEMARic N Lap«CaCoO;z (x=0,0.1,0.2 #10.3).
1.2 fEHFIRIE

AR X BHELATH 20T (PXRD) #£ Bruker D8 advance 7S _EE, 947G H N 10°~80°, i
N 4 (°)/min, CuK, 38, EHEN 40KV, EFHIN40mA. X SFLIEHEFRERE (XPS) 7E Thermo
Fisher YL T-REEAX _EllSE, X SHZRUE T Al-K, (10 mA, 14 KV). HEAFIRT N, W B it 285t b %
AR LA T4 (Micromeritics ASAP 2020) M5E o MRKHT, Sl bt B T4 i< 150 °CH 72 i
K 12h, TERAEARTET (<196 °C), FER N 2 B/, La, Co fl Ca & & KA B A S E
FRIEFREEIE (ICP-AES, Agilent 700) Wll5E. SEM K@ L 35 & HHA# T 2E: (FESEM,
ZEISS Supra 55) A&, MIEHEE 15 kV. H P FHRIEE (H-TPR) Hl O B2/ FHE Mk (O,-TPRD
TEAL 2R B (PCA-1200, Jbaifl s FHARER AR F5ER. £ 300 °CF, 100 mg 4L 7E He
FHIRE 30 min, A ETE =G, B 10 vol% Hy/Ar B ZEH4EFF2, LA 10 °C/min 3 FE 7 FHE 2 900 °C,
133 Hy JHFEEFEIR L AR 2. O-TPD MR P RS Ho-TPR 2848k, 7E 300 °C'F, 100 mg £ it 7£
He F10%49 30 min, @A Oz, Wt 30 min, 7E O, FIEZRZEIR, V4% He, fHIEL )5, UL 10 °C/min
HRTHEZ 900 °C, 33 O, Wi bt & Bl E AR L2k . R S AR MFE A 30 mL/min.
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RS A 0[] S RS B 2%
Rog R (B 1). D& B IR 1
N JE e FRORVE R, = AR e i
HKINIBES, FIH N HIREGS
R Oy IRIEFFEE 20% (B4
TR HY, BERWKBESR
1000x10°°, ¥ F 2/ 2 IR A< il

NHERCTIAR R, A7 T By 1 A UL MR DA 2 B R
100 mg, &M i& &N 100 ~ Fig. 1. The schematic setup for the thermal catalytic oxidation of toluene.

400 °C. KM= COp il Ef
BT Ak CO, TN (dbBi#EZ GXH-3010E) Wll5%E . CO,AEmE @it AR (L) itE
CO, AEHFE = ¢(CO,)/c” (CO,)%x100% (1
K, c(CO)NAF RIMTLE T CO, I, ¢ (CO,)N TR E AN CO, IR IR
2 ZER5Hw
2.1 La;«Ca,CoO; 4t 24
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Ui B La;CaCoOs £ 1] Ca & &M £ . LI Caz,,%
n(Ca)/n(La+Ca+Co) ) LLAE 2 = T~ ICP-AES Il & (1) /A& AH %
SFHME (K 1), £ Ca fF Lay«CaCoO, K 1 & £ -

Christ 257 Lag.CaxMnuAlOs FHHRHL T Ca fERH M%
FHEMPG, XA REVI R T7E Lay,Ca,CoOs B B4R """J%
iR, Ca¥ st La¥t Rl Co HE . &l 3b A 1200 1000 800 600 400 200 0
LagsCap2Co0; (M Ca JL3k 54T, IRAF X T 3a Efev

1] SEM TS K, £ Ca e RIR U th o i T 2 Lay,CaCoO; g XPS 4t Al

La; ,Ca,CoO5 sEfh Fig. 2. The XPS spectra of La;.,Ca,C003 samples.

K1 LayCaCoO; HLEH AR E LR AR

Table 1. The chemical compositions and surface element distributions of La;_,Ca,C003 samples

B n(La)/n(La+Ca+Co)”  n(Co)/n(La+Ca+Co)®  n(Ca)/n(La+Ca+Co)°  n(Ca)/n(La+Ca+Co)®  n(Ca)/n(La+Ca+Co)”
LaCoO; 0.49 051 0 0 0
LagsCap1C00; 0.45 0.50 0.05 0.10 0.05
Lag,sCag2C003 0.39 0.50 0.11 0.17 0.10
Lag7Cap3C003 0.33 0.49 0.18 0.20 0.15

: Q@GN ICP-MS JIERITLRE/REL; @4 XPS il E R L R EE/REL; ©NELB K /R EL.

3 LaggCa,Co0s 1 SEM B (a) X Ca mREHE (b)
Fig. 3. SEM image (a) and Ca mapping image (b) for Lag gCap,C00;.
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—— La  Ca ,CoO,
Kl 4 T LaCoOs 7£ 23.3°, 33.0°, 33.3°, 47.5°f! — Lay,Ca,,C00,

59.0° [ AT 5% W 73 ) 6 B 45 £K B A LaCoO3 (JCPDS:
25-1060) [J(012) . (110) . (104) . (024)F1 (214)&1H,
A IS} K H 3 LayO3, CoOy Al CaO 25 Hth AL AT 5T 1
b Ca E#rmpsbhn, FaRNTHIEEMET ) = ) B ES

(110) (104) LaCoO, PDF#25-1060

H1(024) AU T H1 47.5 FE MRS 47.6 . ZIHEITER, aim | SO0 ooz (130

RIS HIZH a M 0.5443 nm Z#K /Ny 0.5405 nm (£ o 19,009 | (122110) |||, ST ]
. - 20 30 40 50 60 70 80

2), TEAREREZiKh, Ca¥ i TF (0.118 nm) K 206

F Co® (0.063 nm), fiiFHUL A {7 La® . tF Cca® 4 Lay,Ca,Co0; 1§ XRD

B FRE (0118 nm) /AT La® (0.122 nm) MY, [FErt Fig. 4. XRD patterns for La;.,Ca,CoO; samples.
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BRI R GRS, Lag,CagsCo0; LR A/ o

&2 La,CaCoOs KM ER NS
Table 2. Crystal structure and macroscopic physical parameters of La; ,Ca,CoO3 samples

T i fiZ 4 alnm AR /nm LL K BY (m?g) BB (em’g) P44 /nm
LaCoO; 0.5443 245 7.2 0.024 15.8
LaosCa01C00; 0.5422 20.9 137 0.080 24.8
LaosCa02C00; 0.5417 182 19.1 0.087 187
Lao 7Ca03C00; 0.5405 16.2 17.8 0.077 18.1

2.3 La; xCa,CoOs IS 5 FLEHIRFIE

K 5 4 La;«Ca,Co03 1] SEM 5,
RYIFE i 35 2 BROR ISR RS A Btk
BORIBURL 1T B8 A4 BN dfokE B SR AR A 2H k-
LaCoOs MK Al (B 5a), XAZARN
BRORBURL R AR BOR B Ca B He 1S,
BRPRBURDRLAS 980N, A5 1 PR 2 18T 5E ' 1 4
Jilo bAh, Ca B#AEIF ) Z W RE 2 (1)
HERRN LA K FL. 7E Lag7CagsCoOs H1, ¥
Z /N AR HERR LA, S BT R T AN

I%X:;Tﬁ‘l: IS% ° K5 LaCoO; (a)s LaggCap1Co0; (). Lag gCag,C00; (c) A
IZE] 6 y‘j Lal-xcaXCOOS E,(J N2 leﬁ"ﬂﬁ Bﬁl EEH Lag 7Cap3C00; (d) # SEM &3]

R, RVIFES SV 2 2, H3 Fig. 5. SEM images for LaCoOj (a), LagsCag1C005 (b),

| R . A% X 1 N, W B /b, 35 A LaggCay2C00;3(c), and Lag 7Cay3C003 (d) samples.

La1.«Ca,CoOs I LR TR AN, FALAARFR D
o] i PR R B b s (> 0.7, 1B
La;«CaxCoOg AR KM A-FLAI K FLA . &
Ca BHG, FEMMEFLAERH 0.024 cm®/g
#4MZE 0.077~0.087 cm®/g. M SEM 45 1]
k1, Ca BTG F 2 [0 HRCE 2 HERUKAL
FAFL, AT S AL AR A

2.4 FREMELEIERE

P79 Lay xCaxCoOs AL AL FF A
Ji% CO, HiZk. AAFAEMETINT, CO, 1™

H90, DI 400 “CEL T AR K 16 Lay,Ca,CoOs f Ny WL t-The 61
fbl\‘%\/f/kj\j COz. élj][])\ La;-«CaxCo0s3 {E{{ﬁ” Fig. 6. The N, adsorption-desorption curves for
H‘T , H §l+§ E"J%&ﬂﬁﬁ %bﬂlﬁ% . CO, Eﬁk%j\j La; 4Ca,CoO3 samples.

10%- 50%FH 90% s i 37 (13 F5 7 il Abm i

SN T10. T50 A1 T90. LaC00s. Lag¢Cag1C003. LaggCag,Co03 il Lag7Cag3C00; ] T50 &/ N 260, 232.
212 1 225 °C, F B Ca B 4 il 35 3 o (i A 55010 PR RS 1% . £E 200 °CHYY, i Ca B e B3 11, Lay «CacCoOs
FAIRE S B EE R T AFR AL CO, 4 id % 4 0.094. 0.114. 0.135 1 0.118 pmol m? s (£ 3), PEfLIE
P S Bl 1 8 S O 5 R 3
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R 4 R8T HABSCRRIRE 1 #3 La,CaCoOs M T10. T50 fl T90 (CO, M%) FEBHE
BB AL b T B AL S AL Table 3. The CO, generation rates and the amounts of oxygen desorption of

EIPIVE B AR ARALL IR 2 B SR La; ,Ca,Co0; samples at T10, T50, and T90 temperatures
. ; O, Jl B e/ (umol/
T, KFFRHIEN LaggCag,Co0s B TIOFC  TSORC TSOFC 4;5%3& (”:1:051(:
AL PEREDL T2 & A ALl AL )
[17-19] P 20, 21] LaCoOs3 228 260 280 92.4 134.0

(Co304 + 27 Cog04 Lao¢Cao1C00; 205 232 241 165.3 424.6
FI7 T Cos0,242) Figs sk 7 LaosCao2C00; 190 212 220 251.6 582.7
%ﬁff\"f’t% ( LaC003[17, 24]‘ ?}Zﬂ%@ Lag7Cag3C00; 198 225 232 217.6 640.7

LaCoO,™* #1117 LaCoOsP™D), LagsCap,Co0; FIMEILIFTERS IR T 5t &8 Au 1l =24 KL
LaCoO; (6.20Au/3DOM LaCoOs) 1,

Tk VOCs il & /K#EA, KESW S VOCs KA TESTEWM, b P L7 2R 1 s AL A,
S BTG PR « AHFTR S5 T SR N 250 °CH, 7KZEA %} Lag gCaoCo0s MU AL AL H 2K 7%
PRI (B 8D FEAREAKIE IR 4 h A, CO, (777 R YEHF 100%. 745 4~8 h, # A 5000x10°
IKZES, COp = ANIRYERE 100%, VEEHTEZI N 264 T, HORMIAEAL SE A 2K ZE ST,
LaggCap,Co0z H A R PR IHERE -

110 . :
100 ——LaC00, . HOon 1 HOoff  250°C
—o—La,,Ca; ,CoO, N '
—teLa, Ca, CoO, 100 : i
801 ——La,,Ca,,C00, . .
" £ 90 . :
:ﬂ\- 60 - pr 1000 ppm Toluene * ' 1000 ppm Toluene
& ﬁ 80 4 ' '
TH'L 40 CN 1000 ppm Toluene + 5000 ppm water
S © 704
20 GHSV =30000cm’g” h"
60
0
100 150 200 250 300 350 400 01 203 456 7. 8 9101 12
L RE i} 8]/
Bl 7 Lay.CaxCoOs #E b 4k FH 2R AR i CO, HiT 2k 8  LaggCagCoOs f At S A 2K I 7K 1t e
Fig. 7. The CO, generation curves of the thermal catalytic Fig. 8. The water-resistance performance of LaggCag,C003 in
oxidation for toluene by La;.,Ca,C00O3; samples. the catalytic oxidation of toluene.

R4 REABMFERT RGN RAEL F A P EIRIC S
Table 4. Summary of previous researches on the thermal catalytic oxidation of toluene by using the spinel-type and
perovskite-type cobalt-based catalysts

AR LL & AR/ (mPlg) WEN0° %33 /(mL g'h™) T50/°C T90/°C SCiHk
Spherical Coz04 20.9 1000 20000 249 266 [
Co;0,-C” 83.1 1000 48000 240 248 el
3D-Co030; 84.6 1000 48000 229 238 (el
CoMn0.5 249 1200 60000 271 311 (201
CoAIO 88.6 2000 60000 307 319 21
Au/Co30, 16 146 14690 200 300 22
Pd/Co3AIO 93 800 30000 220 230 3
Pt-CoAIO 81.1 2000 60000 282 289 21
Acid treated LaCoOs 5.81 1000 60000 206 223 24
Spherical LaCoOs3 20.7 1000 20000 220 237 @
Lag6Sr04C009Fep10s 21 1000 20000 220 239 (291
6.20Au/3DOM LaCoOj; 26.8 1000 20000 193 214 (201
La995AT002C003 7.5 1000 60000 225 251 (o
LaCoO4/SBA-15 353 1000 20000 284 310 2
LagsCapCo03 11.2 1000 60000 212 220 AT

VE: OQ=4E7 T HERL Cos0, fiEk (3D cubes-stacked Co304 microspheres) .
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2.5 La;.Ca,CoOs F] dt s AR B EARFATE ——rs
La, 9Caz ,Co0, 622 °C
7E VOCs #ifbE bt fE A, REE L —— La, Ca,,CoO,
— ] _Ca CoO3

FEREMEAL S N T B Ca B LaCO; e
ALTEE R H 20, BF T Lay.CaCoOs
RGIFE S 1 SRS AL B SRR AR B 9 A
La;.,Ca,Co0; [ Hp-TPR Klitk, Bt Co #
Hy 314 J57 A A4 fIE R AH 21 (1) 4 48035 1% - LaCoOs
7E 431 °CHI 631 °CHIIL JRI4 53 51 9 & T Co®*
WU R Co? R co®®, [ Ca B
BN, Co®* ik JFI B 1 KI5 7 e (i B2 T T T T T T T
100 200 300 400 500 600 700 800

I FNIASE BT, T Co” ik g L C
I T I m A%, T84k . LageCag1Co0s.
Lao.gCap,Co0; Al Lag7Cag3Co03 73 I #E 339,
313 il 324 °CAbH I Co* LIk JH g, itk
fi& T LaCoO; ) Co* it iR (431 °C). Ca
BHDENE T COBFIRE, XATRERK A
Ca™ E#r La®™, M54k Skt %,
BHBHES 76 /13752 2 T3, 075 Co* 2 1]
I ELAE R SS, Sk e, co® %5
W Ha 3B J5 . Co® s JR I IR IR 7 1l (i A%
ST AEAT D i S B R A

K] 10 A La;.«Ca,CoOs ] O,-TPD &3,
ST SEADFR BRI . Op PR B BRI 2 43
N 3ANX A, Bl 50~150. 350~500 £l 500~
900 °C, 43 Jill%f R THE 4 (a-0), W

= = = > 13,30
Egz %B/fé ;F;] ;ﬂ_iﬁ; ;;j” Efaﬁffi (9;4 | 10 Lay,CaCo0s ) O; PR THAMMITS
= A Fig. 10. The O,-TPD profiles for La;,Ca,CoO3 samples.

umol/g) < LaggCap1C00; (165.3 umol/g) <
Layp7Cap3C00; (251.6 pmol/g) < LaggCap,Co0s; (217.6 pmol/g) . £ bt 2 M F #5 1k J5, LaCoOs.
LaggCag1C003. LagsCag,Co0; Fl Lag7CagsCoO0s 1Mk 48,25 B 43 5] 4 12.8 12.1. 13.2 1 12.2 pmol m?,
WU Ca fO B eI oK B3 DR B R B O R B SR8 B . AR BB B s B RR TBCE O RIS 4 : LaCoOs
(134.0 umol/g) < LaggCap1C00; (424.6 umol/g) < Lag7Cag3C00;3 (582.7 umol/g) < LaggCag,Co0;3 (640.7
umol/g). &R MAARME)E, LaCoOs. LaggCagiCo03. LaggCap,Co0; Fil Lag7Cag3Co0s ] f Ak 5 % i
43514 18.6. 31.0. 30.5 F136.0 umol m?2, FHH Ca B i 2 U8 M S35 2, iX 5 Onrubia ZEfHFE
g e —F Y,

2.6 Lay; xCaxCoOz MM AL AL FF 28 ) RIHLH

FRR ) FAEE AL S A I RS2 ORI R T S BE 2 AN R SR Al ifil . 7EASHIE A6 FH ¥ Lag.«CaxCoO3 R4l
A7, Ca F B 4 5] S ok R~ H 24.5 nm JR/N 2 16.2~20.9 nm, ELR A H 7.2 mY/g #4I0% 13.7~
19.1 m?/g, SFLAERE 0.024 cm®lg BN ZE 0.077~0.087 cm®lg. 5 B il 251 AR BRE & SRR~ sk
/N, HERTARFIMERFL A G N, (EASRY 8OH I8N, FERFNE S5 F I 5 A0 ) 3 TR B
A H T4 B A S B

K19  Lay,CaCoOs i) Hy F2/7 THIE i &
Fig. 9. The H,-TPR profiles for La; ,Ca,CoO3 samples.
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