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Abstract: Nanocrystalline AFe,04(A=Cu, Co, Ni, Mg, Zn) ferrite spinel catalysts were prepared by Sol-Gel
auto-combustion method. In order to investigate the influence of A sites in AFe,O, spinel catalysts, the catalytic
combustion of toluene was investigated, and the catalysts were characterized by XRD, N, adsorption-desorption, SEM,
TEM, H,-TPR, and XPS. It was found that AFe,0, catalysts have excellent catalytic activity. Among the catalysts, the
CuFe,0, catalyst obtains the highest catalytic activity, and its light-off temperature (7,) and the complete combustion
temperature (7o) of toluene were 188°C and 239°C, respectively. And AFe,O, catalysts have obviously lamellar spinel
crystal structure and the multilevel pore structures with prevalence to mesoporous, which will improve the catalytic
activity of the catalysts. It is concluded that the elements of A site on AFe,O, have great influence on catalytic com-
bustion activity. The H, reduction temperature is only 289°C, when A site was occupied by Cu. CuFe,0, has crystal
lattice volume of 0.294 nm® with CuO and o-Fe,O; formed in the crystal. The concentration of electrophilic oxygen
and oxygen vacancy in all oxygens (O,/O;s) is 36%. Lamellar trans spinel crystal lattice, the synergies of trans spinel
CuFe,04 with CuO and a-Fe,0;, and the multilevel pore structures with prevalence to mesoporous are the main rea-

sons for the catalytic activity improvement of CuFe,0,.
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& R MHAH PS5 G (Volatile organic compounds,
VOCs)se —REZR RT3, HMkZ . Rk
oL wE, JEHAER. Hd, 2K IR, 4OKEL
Kl TS X PR ER R e E Y E, L=
FRN” %% N2, vOCs G H 7 vE X B
W HA . AR EAREA . KRS E T
PREARP e R %% . Horp, ALIREERIAR UL
HAEFEMG. FMRE. L kishe. AR %
e, W2 R T e P

AR eI PR B 2, Horb I il AL T
AB,O, BA R gt, 1EVYTHARFN IE T A f2 H 2
(B B A A T DU BRI R A R B RN, T HE
HARATE T o A BB L LT AFe,0,4 b F AR 52
R, BAR R R, Fe B HA 2 F+3 5
P A, BT AAE IE DY T AR I\ AR 3 4, dfA
WAs g, BRI TEE Y. AR A A7 G E X AFe,04
AL B AL TR PESE I ORI A AT R A
Cu. Co. Ni. Zn. Mn & EICR, HTHE
TCREA AN, BRI DUEECE 2 1
KR BRI, AT R I BT AL 15 M . Tasca 250
il 4 T CuFe,Oq AT, X P ket 47 6 A A B8 b 22,
R S 1R AR A R o AR A v R R v, oo
LA RN 520°C « Zhou 2504 Co-Mn 22 A 45
T BB EYER b, Co BIIIAITS T Mn—-O 145
HERe, WoR 7 HAEILBR G IEYE, 235°CR R4k
EAIA 93.5%. Tang Z&VRILFE PA/SBA-15 AL 7]
52k Ni, FRER 1 58 A F AL I FE PR 100°C, NiO
YR a] LA A1 BT SBA-15 %1, PAO-NIO [¥) ) []
A R 8 A 790 0 A 05 1k B S 484 548 . Zhang 2511 %
T NiFe,O4 fEALF, X FHEER 56 2 R EAE 400°C
oA, BAEAHIAE G . Zawadzki 250 % 1
ZnFe,04 MEALFIAE 406°C I 5t 36 2 e (85 AL R n] ik
95%, HEALIRE B BAK T CoALO, fE1L7]. ZnFe,0,
AT Fe ) Hy i J5 06 B i - A AL 77, &5
EENIEE R ENY) LA ENEE, Zn 7E A
A7 _ERTHAR, B0 7 HAELTE . B TSR AL,
fil<e)E Mg AT1EN AFe,04 HEALFINT A 1T,
Shakir 2% MgFe,0, 49K 2R i A 45 1 S 38 B4
I I, MgFe O, AL 3R I B4y AL VG . Tia
212 7 Au/MgFe 0, flEALF, BH T CO I fEfk
Ak, RIUIMA MgFe,0, 7] LIHE Ry Au RO ALTE 1 .
HAR AFe Oy I H BT B i A0 14, (5 DAAE B9 B

FOREN R —Ff A BLICEBAT 00T, HEE 2R A
PTG EAE VOCs AR R AT R LI AT

BTk, ATAELLH RN VOCs BRAUA, Xt
AFe,04(A=Cu, Co, Ni, Mg, Zn)fE b7 {1k R e s
PERFEATHESE, JFEE XRD. N, BB b . SEM.
TEM. Hy-TPR. XPS &4 AR 43 B A A4 751 (14 s 1k 45 4
FLEEM . OMEER . BB RAE S RICRAR
% RGUHARTT A BLICE N AFe,O, EALIRSE VOCs
TEPE IR

1 SE7E

11 KR

SR E A ZIKEMREI(Cu (NOs),
3H,0). N/KETHERE(Co(NOs), 6H,0). /N/KE M
FREE(Mg(NO3),-6H,0) 75K & IR £ (Zn(NO3),-
6H,0). NKE IR EE(NI(NO3), 6H,0)+ LK &
FRZk(Fe(NO3)3-9H,0) — /K A7 IR R (CsHsO7-H,0)
2K, LA B SEE 35 08 73 # 2 (Analytical grade,
AR), HHE 254 B AR A PR 2 \) A2
1.2 AFeO4 L 7IRHI&

WIS IR -B R - E S R be s, DA IR E 4%
G, il 25 AFe,O AT X IR BE IR L nay:n e =
1:22 73 HIFEL Cu(NO;3),:3H,0. Co(NOs), 6H,0
Mg(NO;), 6H,0 . Zn(NO;), 6H,0 . Ni(NOs), 6H,0
J Fe(NO3);'9H,0 ¥ T 2 E 17K, TE&E B MK &
BTARKE W Ao 128 nemnr  neem=1: 1, F—K&
FERE T RS TK, BEITERITRER B, ¥
B B 12 AR A H, HZKIA pH & 7+0.5,
FHAE(70£5)C FFRESHE# R IF M EIERRE . 5
WA 2 h, (EHIE g, BERTE 130°C R R
TFHE 120, BB WG TR R, ET&
JCILH, JBN 300°C Ly 3R 4 in 4 . T8I 7E sl T
MUK, TR R T ) A R, BT
FCERARIRPIRAR A o KR 5. WS, 7E 500°C
LR be 2 h, il OB ARG A ARAR
HEALE F AL 0, EE 250~420 pm (9 FURLIR (i
7], HHRAT .

1.3 AFeO, LRI E MM E

TE R AR A8 [ 52 PR S 2 2 0 5 4 7] PO £
BRIEEE, RNMEEBRWE 1 . AL ER
5 mL(250~420 um, 7~8 g)fEfFA, A 10 mL 43
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WHRE, KIRGWE T HUMRERNSERZE . &
N 2 THRE R 10°C/min, %S E(500+5) mL/min,
HEAS H IR IR B N(300+£50) mg/m?3, J v 35 B N R
71 0.8 MPa, %53 N 6000/h. JliL SP-3420 15 €4
TEA (AL BT Ib 7 B A 2wk L o R RIREE, oK
HI FID 60 &, #5905 22 200°C, #EARIRLEE 150°C,
il 120°C .
1.4 AFeO4 U FIRIFRLE

KH x' PertPro MPD & X Hi 28Ky R AT HHX
(PANalytical B V, Holland) Xt £ i 34T X 5 2657 51 4>
M1 (X-ray diffraction patterns, XRD), LA Ni 4 J& i€
B Cu-Ko AOGIR, B HUE: 40 kV, B HUIAT: 50 mA,
FARGTEE: 20=5°~75°, AR 4°/min.

K H ASAP2020M B b 2 T AR 2 k147 2R R
43 BT (Micrometrics Instrument Crop, USA)X £ i
HEAT LE 2R H A (Brunauer-Emmett-Teller, BET) & fL45
K o3 AT, HEALTFRIRE S JEPE 300°C FHIE AR 5 h,
IR G AE MR B (196 °C) T HEAT N MR BRIt Bt S 56

Kl MERLIN Compact %48 i1 43 #8537 K 5 41
i HL 5% (Carl Zeiss Jena, Germany)Xi £ il i3E47 W %2,
BEfa iR InLens — X H8 783k, EHT: 15 kV.

KA JEM-2010 B 7 9 2208 F A& 5 1 B
5% (Japan Electron Optics Laboratory, Japan)XJ ¥ f
BEATWLEE, SR LaBe KT 22, JNig L JE: 200 kV.

KA TP5079 2 2 FH AL %W B X (Tianjin Xian-
quan, China)XJ F i Bt AT & SR8 7 T+ IE JR 20 B
(H,-TPR), #RHX 100 mg A, H/E He SR T

Preheater

Catalytic
combustor

Toluene vaporization tank

Sample 2 I

300°CHRHT 0.5 h, BRI ZR0E; ik e
B %5 80°CHY, JFARIE N Hy BEATIE JEL 70 Hr o 38 JLite 2 -
% 1~800°C, FHIE#EZ: 10°C/min.

K H Escalab 250Xi B! X 26 H T HE 4L
(Thermo Fisher Scientific, USA)X #f it 47 XPS 43
Br, KHHALLT) Al-Ka N X 260, CAE 14
i, KA Large Area XL B#HitR, RPN
500 pum, PLRIG Y C1s(284.8 eV) AbriE AT BEIL
KIE,

2 #ER5TS

21 AFeO.EIRERIEMER

K 2 5 H T AFe,04(A=Cu, Co, Ni, Mg, Zn)f# {1t
FULE 100~400°C % B R [ 48 AL MR e s 1 h 42 o e 18] 2
S BT AL 0 0 RS R UL FEE (Tso), R T T P2 i Ak 18R
B PER N CuFe,04(188°C)>NiFe,04(200°C)>
CoFe;04(223°C)>ZnFe;04(260C)>MgFe,04(2757C);
I3 M B R 5 A B AL IR FE (Too), 3D AE A4 77 %o FH 2R ff
FEIRBETEMER VA CuFe,04(239°C)>CoFe,04(257°C)>
ZnFe;04(314°C)>MgFe,04(350°C)> NiFe,04 (352°C).
Ji i) 8% B R A0 7 2 T A v R A R e s 1, HLAS
] A BTG E X AFe,Og AL R BE TS P s ma i K, o
CuFe,04 IR IETE L B AT, Tso FH Too AR T HoAth
AT . NiFe,O4 I Tso {5 T CuFe,04 L
A 12°C, HBRART H AR, (HE Too M T
HAn AT . 7T I NiFeyOq 1AL FTEAR IR B 1AL

Sample |

= Cooling tank

Counterbalance valve

Exhaust gas
L Knockout drum

Liquid recovery tank

BT AR IR I e IR S 8 B v
Fig. 1 Flow chart of fixed bed catalytic combustion
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Fig. 2 Catalytic combustion curves of toluene over AFe,0,

R I 0 PR B, ELLE R IR BRI R A TR TR R
Meshkani 2515\ 9 76 5 (0 PR BROK, S AL
EhER, AL AL PR e o Liu 2P 9
7 38 3 5 M) A 7 PR B S AR AN AR 8 T LA
T T 5 M R Ak ) PR A A T T, O R B R AR PR RROK
miE R AR, AR B ATE R T o AR SIS
A BT E I E MR R C: Cu(1.9)>Ni(1.8)=Co(1.8)>
Zn(1.6)>Mg(1.2), SHALFITE Tso B AL I 1 —
B, LHH AFe,O4 AL A 17 70 25 19 H 7 1 5k FL A
ISR —E R .
2.2 AFeO. 7| XRD 7347

Kl 3 4 AFe,0, It XRD Eit, IS LLE H,
A EAFHEMNRBAME. £ CoFe,04
(JCPDS 22-1086). ZnFe,O4(JCPDS 82-1042). NiFe,04
(JCPDS 74-2081). MgFe,04(JCPDS 88-1938) 44 1,
Co™"\ Ni*'s Mg™". Zn® fEAE TR A A IEPY ik
h, Fe’ TEAET B AR IE Nk rh, g8 E 2 8
() Fd-3m SEEMY. TESEALTH, HE A NiFe0q

Y(¥: AFe,0,; *: u-FcIOS; =: Cu0)
CuFe,0, v '| * v
- " *Ilu- Teor " Y vvr v
&
2| NiFe,0, H * *hx
5
i
ZHF3204 ll
MgFe,0, & JL = oo .
10 20 30 40 50 60 70
20/ (%)

K3 AFe,0, ) XRD i
Fig. 3 XRD patterns of AFe,0,

FHIL T 0-Fe;03(JCPDS 84-0306)7# /7 /N THI A fifs 7
R-3c B EFERT(012). (104). (024) 54 TH AT4F 14 . Said
SIS IGTE Y, 0-FeyOs 45 M AS B B AT — i AU HEALIE
T, a-Fe,03 5 AFe 04 42 &AW Fh i) B[R4 FH v BA
BN TR R T S TEAL. 4P, 0-Fe,03 5 AFe,04
AR R Fe R B T A TR RS,
WAl — B &b T WA IR, AR S kG, X
J& AFeOq A0 EAT 5L i fhe A0 SR o v P 11 3 22 R
K, 2 NiFe,04 {EARKIER B ALRR B IS M e i) 5 2
JRA. fE CuFe,04(JCPDS 72-1174)ffk, T i
K1) Jahn-Teller 2 87, A7 b (1 Cu® & A= 1E DY T 44 18
Az, Hm B ALIE AT, P Fe & 5 W4 AIAE(E
T E DY TH AR OE T AR A, T8 R 0% A A5 A 1
14)/amd f#F, XAFEREGRERMRLE R, 5
Tasca &Pt 45 3. Fe B 7€ IE DU A4& A IE
JNIEAR B, A FIT Fe’ -Fe™ B T 2 Al I3
HLF 20, B T AR S A B AR B, AT 2
THMRBE . 55, 5 HALIER & A
FE, RAEAHIAELE, i CuFe,04 B dHS AT
N 0.294 nm’, I T3 fh AL, AT R
CuFe 04 AL FIHI AL B eV P . 75 CuFe 04 11
XRD fiTiftugrh, i tHIL T CuO(JCPDS 89-5899)H:
FHR A Cc AU GBE(LL1) 5 4 AEIE . Cheng 21
WO R B, 2RI B CuO SHEALF AL TS
— & E, H o-Fe,03 5 CuO ¥y it ¥ [ 1 F Al LA
fi CuO F— AT ECIRES, MM HEH CuFe,04 fi
T AR e v

i#id Scherre A itHH CoFe,04+ ZnFe, 04+
NiFe,04. MgFe,0, 7E(311) & H 4L LA K CuFe,04 7E
QISR AR &k RT, R TR 1. WNFE 1
m LA H, CuFe,04v CoFey04v ZnFe,04. NiFe 044
MgFe,0, M &k NP ZBEA KR, ZitHERYS
Rezlescu 275 i ¥4 i Ut e — 1 8 SE R 1) 45 1)
BRIR Eh O dica ARHIE di ks ROT AT . 456 ] 2 404,
R I AR ST 5 A0 70 1 (A R e v PR A B 2 1
FHOCME, AT ULATORE IR A £ 750 11 it A% )RST 5 L AR 3540
AL R IR BN
2.3 AFe O EWLFIFLE 71

Kl 4 9 AFe,O4 LA i I ZR, % 1 4 AFe,04
fLEE 2%, B’ 5 N CuFe,04 ) SEM il TEM [
Fro ME 4 KR 1 o LUEH, EMAERILEN
19.8~23.0 nm, LA 2.5 nm AEAMNFLEM RN E, I
A ALK FLEE MAAAE, 2 UNFLNER 2 RS
14 . Koekkoek Z:"VRJf 7 % B %2 2 L5 ¥y vl LA i A
BN R, HH, ZRAE AR
VOCs “SUMAE AR T 1)L 3 611 T 51 B 5
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#x1 AFeO,MRmAEHRILERSE
Tablel Crystallineand porous structure parameters of AFe,0,

Sample  Sger/(m*-g™!) Poresize/nm  Pore volume/(cm®>g™')  Space group  Crystallite size/nm Cell volume/nm’®
MgFe,0, 21.5 19.8 0.11 Fd-3m 41.6 0.59057
ZnFe,04 19.4 22.4 0.12 Fd-3m 31.5 0.60265
CuFe,04 10.5 23.0 0.06 14,/amd 44.5 0.29402
CoFe,0, 15.1 19.7 0.07 Fd-3m 46.3 0.59099
NiFe,0, 5.4 21.9 0.03 Fd-3m 44.0 0.57966

241 BRI DR 2, H EE SR AR 22 BR ORI, B0 AL 7
= B 3 P O B B K . NiFe 0 1) b 3 T B 79
T 5.4 m/g, AR T ARG, 3™ E R TR 2R
g o NiFe, 0, LI M4 &, HARSEA R SR R T
2 1at TEPEAL Ao Bk, MOPE v I BRI B 1AL
- Witk
: 2.4 CuFe0, L XPS 5347
& 04T 8] 6 9 CuFe,0, ff) XPS HE &, p[InT L, 72

0 . . . . . P52 20 3 VLT O1s(545~525 eV). Fe2p(740~
0 10 20 30 40 50 60

Pore size / nm

Kl 4  AFe,0,4 1 FL4) A il 2k

Fig. 4 Pore size distribution curves of AFe,04

£¢<[19]

AIDAE H, AT LSRG, X Surble 45
Mt R—8. ARG, AF T
RIVEHEAL I 738k, Mg =Rl S vOCs Ak
M4, R EARBETE . BT S AL
ZE BN, B 5 A B A B R A O, AT
DL FLAZ T A 700 P A AR Joe v 12 52 M0 2 /1S o
LA SHOTE, S B E R AR
# 1 fi/n. CuFey04. CoFeyO4. ZnFe,O4n MgFey0,
EE 2R AR 5 i A 35 T A G PR/, i B 24 LG R T AR
FHAT IS, b 2 T AR A A2 URLAR 4 70 e A % P 1) 3

700 eV). Cu2p(953~933 eV)HILH FREIEIE, X5
Yadav 2500 £ (12 5 A BB XPS % — 3. %t
CuFe,04 1] XPS ik BT - 00, KIL n(Cu):
n(Fe)Ny 0.29:0.71, /T CuFe,04 4 T XA I LLAI .
4t XRD Z5F 0 #r, X ARG B TTER R R,
W% o-Fe,05 s AFTE T HEALIFR M, LR
T Fe F LG8 T

AT T O IR AN & 22 s M A0 7R R i Ak
WETE, @I Ols 11 XPS 43 # (B 6b), K ILTE AL
KA =FEF: ©529.5 eV KR A Oy
(CuFe,04, a-Fe,05 fi#s L1 0)*') @530.8 eV X3
K EHTFAMATAL Oe(OH, C-0, O-C=0);
3532.2 eV A R4 Ougs(H0 )P, Hirt Oy
PUR AL A 3, AT DR 2E AR 3 AH S 48U

K 5 CuFe,04 ) SEM(a)fl TEM(b)!E /i
Fig. 5 SEM (a) and TEM (b) images of CuFe,O,
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Cu2p

Counts / (x10%,5)
e
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Binding energy / eV
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15
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h
T

545 540 535 530 525
Binding energy / eV

Kl 6 CuFe 04 1] XPS 41 [ (a)F1 O1s ] XPS #% [ (b)
Fig. 6 Full XPS spectrum (a) and Ols spectrum (b) of CuFe,0,

TERERE A7, 2 5 M A AR 10 A R e T 2 17 3 L A
22 Pl R AELT] Oae 5 FTHE B FH
1 36%, 5 WANG P61 % B L5 O B LA
— 8, UM R RS S EE
25 AFeO.#EFI H-TPR 4347

K 7 N AFe,O, 1] H,-TPR Kits, & 7 A4,
AFe,O4 HEALFIFE 455°C (o W) 633°C(B &) 5] B
T Fe''—>Fe'"+Fe*' (Fe,03—AFe,04) Fll Fe''+Fe’ —
Fe*"—Fe’(AFe,04—FeO—Fe)if JH g3 RE ) A
PLICEXT Fe [ Hy 18RI FIRZMIHCR « Horf CuFe,04-
CoFe,04+ ZnFe,04 MgFe,04 HEALF] o W ) T A5 B
B/NTF B, VB JLA LT DL AFe 04 2% fib A1 45 4
N T NiFeyOg F1 o WA KT B SR THIAR, T
B Fe,05 IS R %, 1X 5 XRD 44k F—5L.

AFe, Oy LT, A A7 TG 1K H, I Ji7 06 [ AR
MBS HAEERRE K. 185CHI 289 CHY, 7E
CuFe,04 [ Hy-TPR BHZE IR0 T =/ 0 8L Cu*'—
Cu' R4 F 1 Cu™ —Cu IR g0, Cu (134 J5
IR P ] A T3 A f7oe R, H Cu (i8R

-

o
Cch;04

COF%O& —~ I

NiFe,0, /

MgFe,0. g
7 ILFE;O., ! _______,_‘-—--‘
100 200 300 400 500 600 700 800
Temperature / 'C

=y
e

Intensity / (a.u.)

e
PR

1

El7 AFe 0, ] Hp-TPR
Fig. 7 H,-TPR spectra of AFe,0,

FRBA B K F HAt AL 7). 454 XRD 20 #r, H1T
Jahn-Teller 2N, CuFe;O4 UK T 4R dn A dm Y o

Meshkani 200K, AR GEA ST, 52T
AT Cu 5 Fe BT BN S A% A7 B, 3281 520 {4
PRI Hy 3 J5 04 T FRORD IR JEIR BT, 3 2 A HIE 7T Fh
CuFe, 04 1 40751 1 {1 A 35 14 B S i T JH At e 4 770 11
FHIJH K, 430°CHI 540°C I, CoFe,04 ] Hy-TPR HHZE
FHILT Co*™+Co* —»Co® Il Co® —Co® it J5ilgl 27,

{HARHE XRD 73041, JLFAAEAE CosO4, FIREH T-H
b T v B A HOIRES A B D, #ouZad 5 g AR
EH 7N LE 705°CHY, NiFe,04 f) Ho-TPR BRI T
5 (A SR, %o R N2 o Ni° i JR 6P, (B %50
JRUE R IR R = T Cus Zn M Co, X AlRER
NiFe,O4 7F il BE AL I Z MR N 2 — . 1
ZnFe,04 Fll MgFe,04 Hh, 40T 1E DU TH A i) Mg™ il
Zo* R MEPE SR P, R AE MgFe,0, Ff AT HY B
Mg* [R5 . 7E ZnFe,O4 1] Ho-TPR £k, 370°C
WHHEL T Zn® —2zn® (138 JEIEBO (5 Ji g AR i
N, X MgFe,04 il ZnFe,04 KA IR IE 15 P 22
(1 2 2 iR [

3 Zig

K R -5 — B = A R E 25 T gk R
i A1 7 AFe,04(A=Cu, Co, Ni, Mg, Zn), 7% A it
F X AFe 04 52, LB LLU T 458

1) AFe,O4 HEATHIN IR dl o dmid, AL TR
fn A FROT X AR PERE A K, A RLe & AR
PEXT AFe,O4 FIEALTE A B, Hf7 S,
SRR LT . Ak, AR DALY 3 2 R AL
S5k VOCs LA T 58 2 g AL .

2) CuFe;O4 W1, HTHFE R CuFe,04 2240 A1
ik, CuO 5 a-Fe,O3 =# Z (AW FIMEFH, i



1074

WL MR

i F32E

TR DL B 2 MR TG PERL . Cu 19 Hy 3 SRR 5
WA T oA A LT, #EH E B s T H Al AL

7,

Al A KR AL Oce

SE HK:

(1]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

JUITH VIJAYA J, KENNEDY L JOHN, SEKARAN G, et al.
Preparation and VOC gas sensing properties of Sr(II)-added copper
aluminate spinel composites. Sensors and Actuators B: Chemical,
2008, 134(2): 604—612.

KARATUM OSMAN, DESHUSSES MARC A. A comparative
study of dilute VOCs treatment in a non-thermal plasma reactor.
Chemical Engineering Journal, 2016, 294: 308-315.

ZHANG ZHIXIANG, JIANG ZHENG, SHANGGUAN WENFENG.
Low-temperature catalysis for VOCs removal in technology and
application: a state-of-the-art review. Catalysis Today, 2016, 264:
270-278.

FENG SHAOIJIE, YANG WU, WANG ZHONGBING. Synthesis
of porous NiFe,O4 microparticles and its catalytic properties for
methane combustion. Materials Science and Engineering: B, 2011,
176(18): 1509-1512.

TASCA JULIA E, QUINCOCES CLAUDIA E, LAVAT
ARACELI, et al. Preparation and characterization of CuFe,O4 bulk
catalysts. Ceramics International, 2011, 37(3): 803-812.

ZHOU GUILIN, HE XIAOLING, LIU SHENG, et al. Phenyl
VOCs catalytic combustion on supported CoMn/AC oxide catalyst.
Journal of Industrial and Engineering Chemistry, 2015, 21:
932-941.

TANG WENXIANG, DENG YUZHOU, CHEN YUNFA. Pro-
moting effect of acid treatment on Pd-Ni/SBA-15 catalyst for
complete oxidation of gaseous benzene. Catalysis Communications,
2017, 89: 86-90.

ZHANG SHIRAN, SHAN JUNJUN, NIE LONGHUI, et al. In situ
studies of surface of NiFe,Oj, catalyst during complete oxidation of
methane. Surface Science, 2016, 648: 156-162.

ZAWADZKI MIROSEAW, OKAL JANINA. Effect of Co and Fe
substitution on catalytic VOCs removal on zinc aluminate. Cataly-
sis Today, 2015, 257: 136-143.

SHAKIR IMRAN, SARFRAZ MANSOOR, ALI ZAHID, et al.
Magnetically separable and recyclable graphene-MgFe,O, nano-
composites for enhanced photocatalytic applications. Journal of
Alloys and Compounds, 2016, 660: 450-455.

JIA CHUN-JIANG, LIU YONG, SCHWICKARDI MANFRED, et
al. Small gold particles supported on MgFe,O, nanocrystals as
novel catalyst for CO oxidation. Applied Catalysis a: General,
2010, 386(1/2): 94-100.

MESHKANI FERESHTEH, REZAEI MEHRAN. Preparation of
nanocrystalline metal (Cr, Al, Mn, Ce, Ni, Co and Cu) modified
ferrite catalysts for the high temperature water gas shift reaction.
Renewable Energy, 2015, 74: 588-598.

LIU YI, WEN CUN, GUO YUN, et al. Modulated CO oxidation
activity of M-doped ceria (M = Cu, Ti, Zr, and Tb): role of the
pauling electronegativity of M. Journal of Physical Chemistry C,
2010, 114(21): 9889-9897.

REZLESCU NICOLAE, REZLESCU ELENA, DORIN POPA
PAUL, et al. Some nanograined ferrites and perovskites for cata-
lytic combustion of acetone at low temperature. Ceramics Interna-
tional, 2015, 41(3): 4430-4437.

SAID ABD EL-AZIZ A, ABD EL-WAHAB MOHAMED M M,
GODA MOHAMED N. Synthesis and characterization of pure and

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(Ce, Zr, Ag) doped mesoporous CuO-Fe,0; as highly efficient and
stable nanocatalysts for CO oxidation at low temperature. Applied
Surface Science, 2016, 390: 649-665.

CHENG TAO, FANG ZHIYONG, HU QIXIU, et al. Low-
temperature CO oxidation over CuO/Fe,O; catalysts. Catalysis
Communications, 2007, 8(7): 1167-1171.

REZLESCU N, REZLESCU E, POPA P D, et al. Preparation and
characterization of spinel-type MeFe,O4 (Me=Cu, Cd, Ni and Zn)
for catalyst applications. Materials Chemistry and Physics, 2013,
137(3): 922-927.

KOEKKOEK ARJAN J J, TEMPELMAN CHRISTIAAN H L,
DEGIRMENCI VOLKAN, et al. Hierarchical zeolites prepared by
organosilane templating: a study of the synthesis mechanism and
catalytic activity. Catalysis Today, 2011, 168(1): 96-111.
SURBLE SUZY, GOSSET DOMINIQUE, DOLLE MICKAEL, et
al. Rapidly synthesis of nanocrystalline Mgln,O4 spinel using
combustion and solid state chemistry. Solid State Sciences, 2011,
13(1): 42-48.

YADAV RAGHVENDRA SINGH, HAVLICA JAROMIR,
HNATKO MIROSLAYV, et al. Magnetic properties of Co;-,Zn, Fe;Os4
spinel ferrite nanoparticles synthesized by starch-assisted Sol-Gel
autocombustion method and its ball milling. Journal of Magnetism
and Magnetic Materials, 2015, 378: 190—199.

ZHANG ZHAOLIANG, HAN DONG, WEI SHAOIIE, et al. De-
termination of active site densities and mechanisms for soot com-
bustion with O, on Fe-doped CeO, mixed oxides. Journal of Ca-
talysis, 2010, 276(1): 16-23.

BHARGAVA G, GOUZMAN I, CHUN C M, et al. Characteriza-
tion of the “native” surface thin film on pure polycrystalline iron: a
high resolution XPS and TEM study. Applied Surface Science,
2007, 253(9): 4322-4329.

CAO HONGYAN, LI XIAOSHUANG, CHEN YAOQIANG, et al.
Effect of loading content of copper oxides on performance of
Mn-Cu mixed oxide catalysts for catalytic combustion of benzene.
Journal of Rare Earths, 2012, 30(9): 871-877.

WANG YU, JIA AI-PIN, LUO MENG-FEI, et al. Highly active
spinel type CoCr,0, catalysts for dichloromethane oxidation. Ap-
plied Catalysis B: Environmental, 2015, 165: 477-486.

ZHU L, ZHONG Z, YANG H, et al. Comparison study of
Cu-Fe-Ti and Co-Fe-Ti oxide catalysts for selective catalytic re-
duction of NO with NH; at low temperature. J. Colloid Interface
Sci, 2016, 478: 11-21.

DJINOVIC PETAR, BATISTA JURKA, PINTAR ALBIN. Calci-
nation temperature and CuO loading dependence on CuO-CeO,
catalyst activity for water-gas shift reaction. Applied Catalysis a:
General, 2008, 347(1): 23-33.

WANG QING, PENG YUE, FU JIE, et al. Synthesis, characteriza-
tion, and catalytic evaluation of Co;04/y-Al,O; as methane com-
bustion catalysts: significance of Co species and the redox cycle.
Applied Catalysis B: Environmental, 2015, 168-169: 42-50.
HOSSEINI S. A, NIAEI A, SALARI D, et al. Nanocrystalline
AMn,04 (A=Co, Ni, Cu) spinels for remediation of volatile or-
ganic compounds—synthesis, characterization and catalytic per-
formance. Ceramics International, 2012, 38(2): 1655-1661.

HU JIANAN, ZHAO WENY AN, HU RUISHENG, et al. Catalytic
activity of spinel oxides MgCr,O,4 and CoCr,04 for methane com-
bustion. Materials Research Bulletin, 2014, 57: 268-273.
DEERATTRAKUL VARISARA, DITTANET PEERAPAN,
SAWANGPHRUK MONTREE, et al. CO, hydrogenation to
methanol using Cu-Zn catalyst supported on reduced graphene ox-
ide nanosheets. Journal of CO, Utilization, 2016, 16: 104—113.



