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Abstract: Fe-based catalysts have attracted much attention due to their advantages such as low cost, easy

availability and wide operating temperature range. However, many disadvantages such as complex phase,

uncertain active phase and the need to improve the performance of Fe-based catalysts are also the main

problems. The research progress of Fe-based catalysts for Fischer-Tropsch to olefins (FTO) from syngas is

reviewed. The process of reduction and activation is summarized and the effects of active phase on the FTO

reaction properties are discussed. It is pointed out that the activation process is directly related to the

atmosphere, and the overall reaction trend is progressive from the surface to the bulk. The active phase Fe,C

is formed on the surface of catalyst, and the reaction of &-Fe,C—¢'-Fe,,C—y-Fe, sC—0-Fe;C gradually

occurs with the temperature.
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Fig. 1 Schematic illustration for the activation process of iron oxides using H, or CO



%1

JHfR5E, S5 FTO SN Fe BAEALTRITE AL -5 15 PR AR T ik <19

1 Hy AN IGAERT, Fe gl 2% % A L
IR

(1) 300~500 °CH}: 3Fe,05+H,—2Fe;0,+H,0
(PRFHFNZRAH )

(2) 500~650 °CHf: Fe;04+H,—3FeO+H,0,
FeO+H,—Fe+H,0 ( =#H3L7F )

(3) & T 650 °CH}: Fe;0,~FeO—Fe (I ik
e, ] A 4 B Fe )

H, SRR FR T, a-Fe,O5 Uk R AH F 2 A0 2>
KA IR R, X F 7R Hy B4
o-Fe,05 fRi R ST | SUH %5 P R Y540, TAHART 21
i AR P FHEE B (TPR ) Al XRD X Fe,O5 ki 43
BITE 10%F1 20% Hy RFA 80 (N, BPAA) T ik
TTTHISE, RIS Hy RFA B0 LU SRR S
JRE KA IR, IF HAE 300~500 °CHF AT A1 A
HIIRERE™ (o-Fe,05) SE A NRERRD™ (Fe;04 )o
SR, FEE T 500 °CHY, PBEER [ 78k~ (FeO )
U 5 8k ) & JE AR AL [ i A, I HL R AH 1)
EHB W RSB, 15 500~650 °CH}, Fe;04—~FeO K
F N, FeO—Fe MR N ; 7E =5 T 650 °CHY, Fe;04
—FeO NIRJZN, FeO—Fe hEIN . AT 84 R
BT a-Fe,04/K (Fe 5 K ¥ EME N 12 0.04)
BTG B UEAT TR >, i 2 (H,-TPR)
fiR, AP Hy SAGE UL FE AT A IR AR R4 A
MAST N (a-Fe,O3—Fe;04 ) FIEATINF S ( FeO
—a-Fe fil Fe;0, = FeO—a-Fe V11K ) [FIBTAEAE
PR FNRE o, JOF HAR B LG ik, o4t
—ZTE a-Fe,05 T 2 AN R F L 1) 7T BE &
7, chikdg e, fEMRT 500 °CHY, %4 a-Fe,0;
—Fe;04 ML N £ 600 °CAAT KA FesO4—
FeO M FEE N ; HAEFE 750 °CA A, NIRRT &4
FeO—a-Fe Ml Fe;04 = FeO—a-Fe M, X+
BUEH T FeO WIANRUEME LA Ho /P76 T 5 T
1R 4 B Ak N REEH ( 4FeO—Fe;04ta-Fe ) 15 11

16 CO AU FIRALIT, Fe LAk 322 & 4E LU
I Y

(4) 220~250 °CH}: a-Fe,0;—Fe;04 (1EAH ),
a-Fe,0;—¢-Fe,C ( FAH, CO EF434>20% )

(5) 250~350 °CH}: a-Fe,03—Fe;04 (1441 ),
e-Fe,C+e'-Fey ,C—y-Fe, sC (64, CO RT3 8>20% )

(6) 350~600 °CH}: Fe;0,—FeO ( NiA&AH ),
1-FessC—0-Fe;C (AMAEA, CO RF/3%0>20% ),
FeO—Fe (F£A)

(7) 600~750 °CHf: #-Fes;C—Fe (BRALEIL I,
FHM, CORFUIE>20% ), Fe;04—FeO ( NAA )

(8) BT 750 °CH}: Fe—Fe/C (#k-BiE4,
FM, CO RF/%>40% ), FeO—Fe ( NAAH)

AR 3R B a0

200 300 400 500 600 700 800 900
B/ C

& 2 a-Fe,05/K B Hy-TPR Fil CO-TPR!!”
Fig.2 H,-TPR and CO-TPR of a-Fe,05/K!'”

CO SRR T, a-Fe O MR AR AR F1 22 41
WA R AR AR, BEE SO0 IR T,
B K& e-Fe,C—e'-Fey ,C—y-Fe, sC—0-Fe;C Y2
N, HEmH RS Hy, RS R KR A
SAHARUDDIN £ 5% % 30, 7E CO M55 K, Fe;04
Ak N FeO Ry H BLTE 600 °C, TWifE XRD 43
M &8, 700 °CJ5 g fd £ 22 T4 8 %
(FeO/Fe) WSE4IR)E, Tkt Fe,05 582N Fe
TAEAE 900 °CLA LMIRE . kb, TAHARI %6
WG BB R A T CO R BO Bk B AL i
ARRE, CO MBI BOT K B AL W55 75 B T E
M, $&& CO RPN E0A B T2k & Ak i id J5 F sk
R R, H 4 CO IR EURT 20% . REEAE
600~750 °CHf, FZL Fe;04. FeO Fl FesC 435k
J5 4 FeO Rl 4x )@ Fe 7y 3 4 CO MR 45 T 20% .
BT 750 °CHE, FEZLL FeO il Fe;C 43 illifJR
h4&)E Fe hE, HAERMIEMA D Fe/C B4
A p. SMIT ZEPOBRSE TIRBLUEL 100% CO R
Fe,0; M FE, KIMAEL 280 °CHY, BR T H Fe,0s
5N FesO4 81, I TER AR T itk ( 10% e-Fe,C
F190% y-Fe, sC ); T Sk FERE =5 T 350 °CHY, y-Fe, sC
JFIR ) 0-FesC 4k, ALYy Fe 5 C Wiy it
LU B TR A T v A AR A TR IA R
AL A AL SRR AL 2 3 (o) O RR S, BRI (<200
°C ) F# CO 43 JEA FI T e-Fe,C Ml/EX &'-Fe, ,C HIIE
o BRI, 7RG, BRAGYHUE 3h 2% LR ASH]
[ 7E B R R (>250 °C )k FTO S it #H, e-Fe,C
Hl e-Fey oC — BN AR TIEATEN, kA
T RE 1 T v mR 1] ) ZE K T A A8 A -Fe, sC I/
5 0-Fe;C, Ht, it B27EWHEHE FTO v HT,
TRXE % P e-Fe,C FI/EY &'-Fe, ,C M K EEAFAE

£ H, 5 CO IRA RSB IR, i I s iR T
ZIRAS Hy A CO R B Ak, 18572 3134 5
FIAJFBE T2 . Qs 2 B, AHIEAY Fe,O5 43
HFE Hy fl CO R4 FiRJRAT, CO-TPR B4R IA R

(%) 240 °C) It H,-TPR BB IAIE IR (4

i



<20 - ¥ m 4 T FINE CHEMICALS 5539 %

270 °C) ik 30 °CAL A7, UtBAEMIFEIMAME T, CO
FIIRJERE S B T H, RS JEAE Y. 7F Hy 5 CO
RASS PN, B FRINAEE SRR . B
SRS, TR SN A%, MEFG RSOk Fe JLfifL
FEFE KA A (4) ~ (8), WK 3 fiR, CANO
L1205 1k iF 5% A LB 25 F SBA-15 4310 Hh £ 4804k,
XHAYHE4T Hy M Ha+CO (Hy, 55 CO IRFR L Ky
2 1) IREATE, BFRE, 7E H+CO AR
W R T S Fe,C WAL, T H, 18 [RIRE
S N HIEA FeC BYAERL, WEIAEIRASMA T, CO
B3R e 2 iF Fe,C MU AL, SMIT PS5 T

SBA-15 wall
i Slow
e reduction
_— H,-Fast Fe? Fe?*
SBA-15 wall reduction —
E o-Fe,O; 2
R
——  H,+CO-Fast
- reduction __
SBA-15 wall
Slow
reduction

Fe2+ Fez+

Hy+CO IR A AR Fe05 IR, FEIREE A 350°C
i JH (CO) = V(H)=1 + 99 i i Fe;05, & 8 Fe;05
AL g 5K 0-Fe;C (R4 EL 75% ) il o-Fe, Rid
CO 5 Hy IIRIL I # g, AhfA 0-FesC il o-Fe it
B AR LB HT L, y-Fe,sC. e-FesC FIF G AL B
W . TANG S5 12350 i 6 LS Fe,05 5M I H |
CO Hl Hy+CO A S Mk, KBAE HytCO IR G
AU A R TAE S HEYI R x-FeysC, HEA
Hy MAFLEA R T y-Fe sC 1) 0-FesC Fe A2 sl 47
HIT 0-FesC 1] y-Fea sC #5725, B H+CO AR T
AT y-FeyrsC HIA L

SBA-15 wall SBA-15 wall

. ¢'-Fe,,C
“working”

S catalyst
Fe?* Fe?t Faststep  Fe?* Fe?*
\{ \4 _Fe, .C
a-Fe Fe,0, *
SBA-15 wall SBA-15 wall
&'-Fe,,C
—>
“working” [
catalyst
Fe* Fe** Fe?* Fe?
M -Fe, sC \ -Fe, sC
Fe;0, X-ECys Fe,0, XECys

K3 Hy+CO AWMk Fe S A0 i /R 2 15 22

Fig. 3 Schematic illustration for the activation process of iron oxides using H,+CO mixture
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