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Abstract: Fe doped Ni based catalyst (Ni-Fe/Al,03) was prepared from H, reduction of its precursor, which
was synthesized via hydrothermal method using nano Al,O; as carrier, Ni(NO;),*6H,0 as nickel salt
precursor, and Fe(NO;);*9H,0 as iron salt precursor, and characterized by SEM, EDS, XRD and XPS. The
catalytic performance of Ni-Fe/Al,0; on CO, methanation was evaluated in a fixed bed, with the synergistic
effect of Fe and Ni and the effect of Fe doping on CO, methanation were further explored. The results
showed that compared with Ni/Al,O; without Fe doping, Ni-Fe/Al,O; (the metal load is 20% of the Al,O4
substance amount) exhibited better catalytic performance for CO, methanation. Under the conditions of
Ni-Fe/Al,O; prepared with n(Ni) : n(Fe)=9 : 1 as catalyst and 375 °C, the CO, conversion rate reached
84.2%, and the CH, selectivity reached 83.5%. Density functional theory calculations indicated that the
introduction of Fe diluted the surface of Ni-Fe and changed its electronic properties. The Ni-Fe surface not
only enhanced the CO, adsorption on the catalyst surface and improved the CO, activation degree, but also
made the H, dissociation easier, which was conducive to the progress of hydrogenation reactions. In
addition, the introduction of Fe changed the reaction pathway of CO,, making the reaction proceed in the
direction of CH4 formation. The specific pathway was CO;—~HCOO —~HCOOH —H,COOH —H,CO"—
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Fig. 3 XRD patterns of Ni/Al,O; and Ni-Fe/Al,03
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Fig. 4 High-resolution Ni 2p XPS spectra of Ni/Al,O3 and
Ni-FC/A1203
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Fig. 5 Catalytic performance of Ni/Al,0; and Ni-Fe/Al,O3
for CO, methanation
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Fig. 7 Activation energy step diagram of H, dissociation
on Ni(111) and Ni-Fe(111) crystal surfaces
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Fig. 8 Activation energy step diagram of CO, reaction on
Ni (111) and Ni-Fe(111) crystal surfaces
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M OH B FHHE Ni-bri {75 F, COHOH N C
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ATAkSE A B HCO 8 COH™, i J&7E Ni(111)fh
T B0 FF 28 11 B, HCO MR B E Ni-top v b, 1
COH W fHAE Ni-Fee 745, CO™IME A HCO ™ Fl
COH i fLfER A 1.17 F1 1.62 eV, H COH'HII
NERE S 0.83 eV, It COH By A LEI 2R3l 1127

ERIRFE COTE Ni(111)Ak FT BT BE Sy 1.45 eV,
BT AR HCO WL fiE , Rk CO™ a4 s HCO”
WS KA HCO HE— a4 i H,CO Ry TR L fiE
20 1.11 eV, (K T4 i HCOH 1% L fE L 1.59 eV,
HA R HCOH WYV fE N 0.51 eV, %M FE T
2 FMELL R A, BRI HCO™ &R i H,CO B A F)
H,CO" Al i#— & JE i H;CO 8¢ H,COH", 3 % Fi
G ALRE 243 5k 1.61 F 1.15 eV, 4= H,COH
TG AL RE 2 BARIK T H3CO™, B4, H,COH Y%
NLAEN 0.14 eV, Z RN E BRI, LA 5 kAo
®J5, HyCO'W &A= CH;E{ H;COH', CH;5
H,COH ¥k 5w a4 s CH kel
1.87 eV, i T4 M HyCOH iR LAES (0.98 eV ),
H it H,CO B[ T & i HyCOH™, X 5 i i
AT TN S5 AV A o

L5 TR, Ni(11D)fiE R COMMEREN Co—
COOH'—CO*—HCO"—H,CO"—H;CO"—H;COH",

5 CO, 7E Ni(111) & w1 2 ma A1\, 7
Ni-Fe(111)# i =, COy M A & Al 4 i, HCOO™ 5
COOH"™, X P Bl 4> F ¥ UL Fe-bri i s W Bff 7£
Ni-Fe(111)#h i _Eo T4 HCOO 13k 1L fik 211K
FAEM COOH MG LAES, H A COOH" 1 i
AEHM 0.08 eV, TEH S Lz 3 HmE, Hib{Utis
HCOO Y i 22 S W A B . HCOO #E— 5 i T A= i,
HCOOH = H,COO0", 7EMEJE M HCOOH fyit 2
Hi, H' [l HCOO fEir JF e &AW it T o B+ |,
H,COO M it O—Fe 4 O—Ni 5T Fe-bri
A o A4 HCOOH (il AL AE 22 M 0.40 eV, 2E1I%
T4 H,COO IR ALAE R 1.44 eV, NILLESH J12%
I HCOO™ & & HCOOH ® %5 k4=, HCOOH
it e il 1.20 eV 193G AL AE 22 A AL ) H,COOH',
BfiJ5 H,COOH B4 0.65 eV HYfE L 55 H,CO I
OH", H H,CO'il i O—Fe BT Fe-bri fi & I
H,CO #f— 234 . HsCO'8{ H,COH", 4=
HiCO TG ALAE 22N 1.05 eV, X T4 H,COH Y%
fLfik% 1.39 eV, HA M H,COH AR fEHR 0.29 eV,
TER S EARF], WL, H,CO™ & E 4 5 4k
H;CO", H;CO'#E— a4, CH, B AL AE 22 M1
KW REST5Ih 0.98 F1-0.63 eV, i H;COH 1Y
TEALRE 2 A R AE Ao 1.15 A1 0.24 eV, I,
RIS 288 AT 2= R TG , HaCO#R
oA A K CHAMAE HyCOH™, AL Ni(111)54 T
COHU AN, Ni-Fe(111)fh kA8 T CO, M A i§4%
i L HE ) Tl 40 HCOO 1 642 3k 4= 1 CHL o
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Fig. 9 Reaction process of CO, on Ni (111) (a) and Ni-Fe(111) (b) crystal surfaces

F 1 CO,7E Ni(111)FH IRl Ni-Fe(111)5 1S 5 R B R v e 5 1% L fg 2

Table 1 Reaction energy and activation energy barrier of CO, hydrogenation reaction on Ni(111) and Ni-Fe(111) crystal surfaces

Ni(11 1) i Ni-Fe(111) 81
S A E,JeV AE/eV SR A B EJ/eV AE/eV

CO3+H'—-HCOO0’ 0.58 -0.65 CO+H"—HCOO0" 0.95 —0.72
CO3+H'—-COOH" 0.53 -0.21 CO3+H’—COOH’ 1.13 0.08
COOH'—CO"+OH" 0.80 -0.31 HCOO"+H'—-HCOOH" 0.40 0.03
COOH'+H"—COHOH" 0.42 0.28 HCOO™+H —H,CO0" 1.44 0.13
CO'+H'—HCO" 1.17 -0.17 HCOOH'+H"—H,COOH" 1.20 -0.18
CO'+H"—COH" 1.62 0.83 H,COOH —H,CO"+OH" 0.65 -0.01
HCO'+H'—H,CO" 1.11 -0.33 H,CO™+H —H,CO" 1.05 -0.56
HCO'+H'—HCOH" 1.59 0.51 H,CO™+H"—H,COH" 1.39 0.29
H,CO™+H —H,CO" 1.61 -0.48 H;CO™+H —H,COH’ 1.15 0.24
H,CO'+H —H,COH" 1.15 0.14 H;CO™+H —CH;+0" 0.98 -0.63
H;CO™+H'—CH+0" 1.87 -0.74

H;CO'+H —H;COH" 0.98 -0.07

T E, 0iELRE; AE IRNLAE.
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Ni-Fe/ALO; "F5 —4: 8 Fe MB44} CO, etk v
MW, 5T

( 1)Ni-Fe/AL,O; EA H Ni/ALO; H AL 1AL
PERE, TERNVIREE 375 °CHY, Ni-Fe/AlLO; 4L
CO, HEBEfb N CO, i fb#ik 5] 84.2%, CH, HEH:
PRIk F] 83.5% . Fe (#5842 1] fifi Ni-Fe/Al,03 JE i Ni-Fe
G, RIS AR E .

(2) Fe M5 ATTLLES Ni B9 T8,
S RN (CO,y) LLE=H) (CHy) WM, A
UEAF TG LT CO,, M5 T bR X Hy
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Ni-Fe(111) 5 A# S5 T CH, YW B, A A T4 5 CH,
PR

(3) Ni-Fe(111)dnTHE A CO, RN iEE
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M 8§42 N CO,—HCOO —HCOOH —H,COOH" —
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