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Influence of Fe, 0, crystal phase on the performance of
Fe-based catalysts for CO, hydrogenation
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Abstract: FeAl precursors ( remarked as P) were prepared by co-precipitation method. Then they were
impregnated with promoter Zn, K and Cu into ZnKCu/FeAl catalysts ( remarked as C). The precursors and
catalysts were characterized by low temperature N, adsorption, XRD and H,-TPR. CO, hydrogenation over these
catalysts was investigated in a fixed-bed reactor. With the addition of Al, the specific surface area of FeAl
precursors and ZnKCu/FeAl catalysts was increased relative to that of Al-free samples. On the contrary, the
crystallite size of a-Fe,O, was decreased by the added Al. The dispersed degree of Cu was raised in the catalysts
containing Al. It is benefit for the reduction of ZnKCu/FeAl catalysts. However, the specific surface area and o
-Fe, O, crystallite size of P-10 and C-10, in which the Al,O,/Fe,O, mass ratio is 10 % , were similar to those of
P-5 and C-5 with 5 % Al,O,/ Fe,O, mass ratio, respectively. The phenomena were resulted from the strong y-
Fe,O, phase in P-10 and C-10. It was evidenced that y-Fe,O, was formed only in the case of Fe and Al were co-
precipitated, and the precipitate was washed by anhydrous ethanol in this study. The catalyst with strong y-Fe,O,
phase was more active in CO, hydrogenation than the catalysts with none or weak y-Fe,O, phase. This correlation
was supported by the comparison between two catalysts with the same Al content, but different Fe,O, phases in
them.
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KA PUTE 2 45 FeAl TLHE, 4> W FREX Fe
(NO,),-9H,0 ( AR, [ 2 £ Ik 2= 50 A R A 7))
1 AL(NO, ) ;. 9H,O( AR, I 255 Ak 24 A B2
Al K R IF WIE 50 °C, 15 3 R i ; B HL
(NH,),CO;( AR, HZjE Ak A A R A w ) |,
IR A 20 B ; A 0% sh 28 (YZ2515x, PR E
SR AT BR A W) 23 Bk bR R R M A
UUUEML 7€ 50 °C A1 pH H°4 6. 5 B4/ T RIZI
F N, B Sartorius pH 31+ ( PB-10) 32 B A6 I 1T 3¢ A=
B AR Y pH B RN L 5 WO UE ) i 58 WS , 7E 50 °C
THEPEE AL 30 min, FAEE L E AL 60 min; F 550
BLDHL(TDL-5A, FHEIERG IR 3 AL A A FR A )
XTOTVESEA T I AR AL BT | 43 5 F 25 B F oK R s — Ik
To/K CEEDRI =K, SR G B0 B 5 K B D3 X
T-146 (GZX-9140MBE, I ¥R 300 A BR 2> 7 =
JPBEE ) TR TR S DT AE S 3R 4 (SXL-
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6 h; SRIG & B, 0 URLAE 4 150 ~ 280 pm
IR UR 25 1, Hid | AL O, /Fe, O, i b3 51
0% 5% 10% F1 15% , 5354w 45} P-0 P-5 . P-10 A
P-15,
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Cu B, et & BRI A RS R £k ( AR, B 25 48 A1 {2
IRFA PR ) Be B W, F-K FeAl BE AR A
RHIR T 24 h ARG TE 120 °C M4 T 12 h, 15
A 3 7 500 °C K Bé 6 h A3 BT, Zn/
Fe,0, K/Fe,0, Fl Cu/Fe,0, i L5510 2% |
3% 1 4% ARIEHEALTN 7 AL & 5, FE 5350 bR i
& C-0.C-5.C-10 Fi1 C-15,

Vi Z M 3 AL O,/Fe,O, JFi & b h 10% HIkE
b, FE TR UTIE VR 3RS FeAl UUTET , R £ 8 1K
PRIADTIE =, HABERAECR AN | BTl B A AL 791
FEahar 44 WC-10,
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fIRIE N, Wy PR B2 7 5€ [E Micromeritics 23 )
A7 ASAP 2020 FUB I FH I RE 1, BR G 2
250 CHME S BAALHE 2 h, SR )5 72 TR AR R UEAT
N, W Bfh e, kb 2R m AU N, W B AR R 4 A
Brunauer-Emmett-Teller ( BET ) J5 £ >k 1%, iz
Barrett-Joyner-Halenda ( BJH ) 5 %Y 3155 4 & 19 FL 4K
FURIPE L7

FE Y R R T 22 I B B A X Pert
PRO X %% 7+ #T 1, SR Hl Cu Ko JEIR (A =
0.154 056 nm) , & L% 45 KV, B HLL 40 mA, 10° ~
8044, FAFH AN 3 (°)/min, HIE ASTM Hrifi
PR AT i AH I

PP THRIAIR (H,-TPR) 78 KT S AR
FBRF B FE e THR 2 B PX200 (3% Bk AT,
20 mg HEAh A A U JEAE, 7E Wi 5220 30 mL/min [
5% H,/N, J_RASH, LA 10 °C/min B35 i % 18 T
1R % 850 C, A TCD R 2y H, &,
1.3 LA R BB G

AR 700 35 P 0 3R A T R A Ak T A ke
(RETIME AR A BR A 7)) it AT, OV NN
8 mm, JURMSHH R A AR 8 AU T
S I B A R A R R B A TR R
JiokARAt AEAEFIZE 3 000 mL/ (h-g-cat. ) [ CO 7E
H#E 300 °C iR )5 6 h Ji7, B E B =R B CO Uik
B H, :CO, :N, = 16 :8 : 1 (IR & Ik, = K
6 000 mL/ (h-g-cat. ) , 2t N, RN, I
J1F+ % 1.6 MPa; H 3 h 4 2 i #iw il BE &= R 2
230 C I 45 ho 49 A8 VR AF R [ A B2 53 R
0 °C ¥ BIFILE , ROV ) RS A= 1) i GC-9860 #1S,
FRETEA (AT BRAE B RH A FRA R ) ZE Ll
Hrp CO.CO, .CH, #1 N, H TDX-01 #F1 TCD #uill
BT KA AL O, BANEHEA FID A&

2 HR5vHE
2.1 EEFIENEN

# 1 ly FeAl AR ZnKCu/FeAl i 1L5 i b
Fm AL 45 M, A S PO RY bE AR T ORR D
19.96 m*/g, iINA Al J& , ¥ i i) He R i BV K, P-15
kF97.17 m*/g, [FRHFLARAE /N FLAEY K, AR
Al PR TR AU, JRE P-10 hiy Al &
ST P-5HM Y 2 E BT AR PR IR 1 B4
B XA BESE P-10 (1 S ARSS F B BT+ Hfs =4~
FEM TR, FRXT TR, 1235 Zn K F1 Cu B 7



5113

PRELYE 45 Fe, 0, AAALXT Fe JEAEMLTIY CO, N ERER M

1389

Jei AT LU 2 T RN AL AR AT A [l B2 B A, 1E
FLARAR T, By 3R] 4070 sl 3 2 A AR A FLIE S, DA R
TR Y I ) T8 T R AR e i AR b g | RS AL Y
AR A HORE S L 3 T AR, (HUR A

C-5.C-10 F1 C-15 B9 He R AR KT C0, Uil U
Jin Al B TR He e AR KA R T e AL
A AT i

®1 ARESEMELTHRESH

Table 1 Texture of Fe-based precursors and catalysts
Surface area Pore diameter ~ Pore volume Surface area  Pore diameter ~ Pore volume
Precursor y - Catalyst y .

A/(m"-g™) d /nm v/(cm’-g™) A/(m"-g™) d /nm v/(ecm’-g™)
P-0 19.96 20.82 0.13 C-0 5.62 63.95 0.09
P-5 51.69 10.62 0.19 C-5 30.41 12.08 0.13
P-10 50.15 14.62 0.23 C-10 31.04 15.46 0.17
P-15 97.17 10.23 0.25 C-15 39.51 18.36 0.18

2.2 BEfmMELTNRBEY

REA ) AR S5 F WL 1, DU ASRE b B8 % A 46
MRS AL PR AT S, R PO HAG TN B «-
Fe,0,( PDF;33-0664 ) it , H.4% & K 4 Ifif P-5 ,P-
10 #1 P-15 [AIHBL T a-Fe, O, Fl y-Fe,0,( PDF:25-
1402 ) P & AR B9 477 5 04, Forr P-10 1 A9 y-Fe, O,
Wik, XF T Fe,O, Mk, o ML y MEEE, B y-
Fe,O, B2 WA E i, 76 = 45 1 F 2 A2
N a-Fe,0, , SKIHAESE " LB, B0 AV INTE T y-
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[ 2 S ZnKCu/FeAl f#fL57 B XRD 3% &,
&2 A5, B Zn K F Cu BRI S A4k )
Ok Wy Tl i A 25 F . €0 FIT C-5 AR R AR
38.71°H 3 CuO ( PDF.48-1548 ) fii 4114, {H7E C-10
A1 C-15 HH% A MELH] CuO fiA, Ui Cu 7E C-10
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Figure 1 XRD patterns of catalyst precursors
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Figure 2 XRD patterns of Fe-based catalysts
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Table 2 Crystallite size of a-Fe, O, in precursors and catalysts
Peak position Crystallite Peak position Crystallite
Precursor . Catalyst .

26/(°) size d/nm 20 /(°) size d/nm

P-0 33.11 72.7 C-0 33.12 74.7

P-5 33.16 18.7 C-5 33.18 17.9

P-10 33.20 26.2 C-10 33.23 18.5

P-15 33.39 16.2 C-15 33.39 14.8

2.3 EUFIMEE R

¥l 3 S ZnKCu/FeAl 1L 7 ) H,-TPR % &l ,
1 & 3 FIH1, C-0 il C-5 FEART 350 C Z /i P55
ARSI, XF IV & Fh A CuO 38 BN 4 )& Cu 13
217,420 T LA BIFEAIE N Fe,0,—Fe,0, iR,
580 C #E & & Xf b % Fe,0, — FeO — Fe it Jii i
2 C-10 A C-15 HH BB AN FE R G, IRIEAE R
U VIR 2 18T /55 BE 43X Cu®* —Cu I Fe, O, —Fe, 0,
W B R AFE A& Fe, 0, —»FeO—Fe [if )5, C-10
H1 C-15 #BEA H BB 1Y CuO I JH I, AT 52 Bl

H1,C-10 BTG PR &, [F] B B K B CO 4%
YRR 1 Cq, KRRV FEE , X = WR AR U] C-10
SRR SR CO, i A 7R e A
R IR PR 4 LU SR TR AR SRR AR
W JFPERESFEE A, C-10 YA tE CO, M Pk fE 3
2ok [ FEHA T AGR Y y-Fe, 0, A, EFTRFSE N
PUASEAR TR A, BLAR C-10 A9 b 3R T BUR S de K
EARIE K 3, €5 T 808 5, if B w4
G22I y-Fe, O, IEJRTE B IE PO AERZ

] Cu FEX PR by B4 (& 2 TR ke

M3 CuO FHIR) , B X Fe,0, i I Y42 JE4FE F & = leas

01 ¥ C-10 Fl C-15 4 Fe,0,—Fe,0, it ik s

BT IS B, 3615 CuO 1 i T A 1 56 % 5 T 2l

H P-15 MR, 54 ) F B Cu i, i Z

— A3 T Fe,0,—Fe,0, i Jf, C-15 [y Fe,0,— Slcs

Fe i Ji W 1A AR LU HA =AM A G 0 /0N, SO 1 B

7 AL SRR S AL 38 S5 BEL A 1T T2 S
2.4 C 02 j]l] g" ji E'l‘i ﬁ“é 100 200 300Tem4;(:3atur:00t/°C600 700 800
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Figure 3 H,-TPR profiles of Fe-based catalysts
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Table 3 Performance of Fe-based catalysts in CO, hydrogenation

Catalyst

CO, conversion Carbon distribution in products s/%

x /% CO CH, C,., Cs,
C-0 8.1 44.6 11.2 19.0 25.1
C-5 9.4 46.6 12.6 20.1 20.6
C-10 12.9 29.1 11.9 23.2 35.7
C-15 10.7 42.0 11.3 18.2 28.5

reaction conditions:

H,/CO,( volume ratio) = 2.0, 6 000 mL/(h-g-cat. ), 1.6 MPa
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SRR y-Fe, O, fhAH K N B 554

4 2 WC-10 Fl C-10 fEFLFHIAY CO, INE
PEfiE, &4 %0, C-10 By CO, FEfb=An C, ka7
Ve WA B T WC-10, i it C-10 F1 WC-10 i
FEFIVERERIXT B, AT E— 25 8 32 y-Fe, O, fbAH 077
TERERS P A A 0] Sy PR BEFD o, SR IR 51

41 CuO  op-Fe,0, e:o-Fe,0,
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Figure 4 XRD patterns of catalyst WC-10 and C-10
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Table 4 Performance of WC-10 and C-10 in CO, hydrogenation

CO, conversion

Carbon distribution in products s/ %

Catalyst
x /% CcO CH, C,_, C,,
WC-10 8.4 57.4 12.6 16.7 13.2
C-10 12.9 29.1 11.9 23.2 35.7

reaction conditions: H,/CO,( volume ratio)= 2.0, 6 000 mL/(h-g-cat. ), 1.6 MPa
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