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Abstract: CuFe@MOFs derived catalysts were synthesized by introducing a second ligand, p-aminobenzoic acid, in
the hydrothermal synthesis of MIL-88B(Fe), which was followed by impregnation with Cu species. The physicochemi-
cal properties of the catalysts were characterized by X-ray diffraction (XRD), H,-temperature programmed reduction
(H,-TPR), N, adsorption-desorption, scanning electron microscopy (SEM) and X - ray photoelectron spectroscopy
(XPS). The catalytic performance of the catalysts for hydrogenation of CO, to C,, alcohol (C,,OH) was tested in a fixed
bed reactor. The results show that the elements of active components were evenly dispersed, and the active species
distribution on the catalyst surface can be controlled by adjusting the molar ratio of two ligands (terephthalic acid to p-
aminobenzoic acid ligands) in the raw materials. When the molar ratio of terephthalic acid to p-aminobenzoic acid was
5:2, the proportion of low-valence iron of the as-obtained catalyst was the highest (71.27%). Accordingly, this cata-
lyst showed the best performance for CO, hydrogenation to C,,OH, that the conversion of CO, was 8.80%, the selec-
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tivity of total alcohol (ROH) was 31.52% and the molar fraction of C,,OH was 94.70%. This might be due to the high

proportion of low-valence iron species and the well-dispersed active components.

Keywords: dual ligand; CuFe@MOF's; composition control; carbon dioxide; hydrogenation; C,, alcohol
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XRD patterns of as-prepared catalysts: (a) before reaction; (b) partial enlarged drawing; (c) after reaction
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Table 1 Crystal size of Cu® in as-prepared catalysts

Cu® crystal size / nm

Catalyst
Before reaction After reaction
Cs.; 50.0 32.0
Cs., 43.0 27.6
Cs., 34.6 34.1
C 48.1 334
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Fig.2 N,-adsorption-desorption isotherms and pore size distribution curves of as-prepared catalysts

before (a, b) and after (c, d) reaction



1394 TG ML otk 2% Eitd 3748

®2 HIEHELTREETERHAEER

Table 2 Texture parameters of as-prepared catalysts before and after reaction
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Fig.3 H,-TPR profiles of as-prepared catalysts
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Fig.4 SEM images (a~d) and element distribution (e~g) of Cs., catalyst
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Table 3 Elemental analysis results of as-prepared catalysts derived from XPS

Surface atomic concent / %

Catalyst
C 0 N Cu Fe
Cs.4 55.51 39.10 0.78 1.90 2.72
Cs., 65.37 28.19 0.77 2.38 3.29
Cs., 52.38 42.01 0.71 2.24 2.66
Cs.05 55.98 40.68 0.65 1.13 1.56
Intensity / a.u. Intensity / a.u.
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Fig.5 Fe2p XPS spectra of as-prepared catalysts after reaction
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Table 4 Composition and proportion of Fe species in the surface of as-prepared catalysts after reaction

Surface atomic fraction / %

Catalyst X
Fe®* Fe?* Fe’ or FeC, Low-valence Fe
Cs.4 31.79 47.26 20.95 68.21 1.28
Cs., 28.73 64.72 6.55 71.27 1.52
Cs.y 44.94 42.82 12.24 55.06 2.69
Coos 5171 39.13 9.16 48.29 2.53

Fe* RARM 2540 (Fe™  Fe Hl Fe,C, B F) 7 He B 1S K5
BN nppy 2y =50 2 B AR AR BR 0 B o bR ok
N T1.27% , AL C,., o Fe UMM IERAE
16, 5 XRD FAELE R (8 1b)—3. 455 m MRk
AR S Fe it & A R T RO H R C, BEM A=
A, 3 5 A R A ) A A ST G R A — 2 R
Xt Cls XPS 3% & (F 6) 4 4341 4 B, 51 I Ak
FIEH B 440, 255 BB T 289.5 eV NI T JE F C
=0 ,285.6 eV Zb I I J&E T C—C IR 45 A RE

Intensity / a.u.

A

0] 1 1 |
295 290 285 280
Binding energy / eV

6 il w B AT SN Y Cs XPS 1A
Fig.6  Cls XPS spectra of as-prepared catalysts after

284.8.284.1 eV Kb (106 43 51 U5 & 3% 11 JC & TE ik )
Tl Fl FeC, Wy R34, 454 XRD  Fe2p XPS 45 5 0] 1,
FeC YIRNEEMEALT Fh 2B LA Fe C, T8 AFAE

2.6 EUAFIEESH

5 G0 T A BT T CO, &R /Y
WP A . AT UL, RV I CO R E L 2
d SR 70.0% . B p-ABA HIHERUBE AN, CO, %%
LAWK, BEI BB 24 A F TE i CO, By Mzt
WAk, ATREE R TR AN S SIS R .o, k4
FHEAEF , AT A CO, 7 28 095 L BB 5 [R] B CO
BV 8 0 AN e Ly N N LT, 8 9 Ay N TR WA N
SR AN & 2 AR (R 49—, YR
PTA Fll p-ABA 4 oo 5: 2 B, Ak 5] 26 T G A 252k
TR, EEE(ROH)E B K, CO BB/,
VLR B AEFEREE D H RWGS g, A A+
SV [ A R4 7 [ 2EA T, RS C o, T (C,, OH) R IR 28
CF(STY )ik | W5 (E 45.49 mg-mL™"'-h™',

6 JRIR T 7 A P Y SR B T A S
534 . BRI LA B p-ABA FH 35 n,
FH e | D st e R M R o /s HL 22 B0 2 XA Ak, Ui
HI 20t 0 A8 Ao 0 A Y St A AR 5 T e 2
B e PR JE i KGN, 5 BBk B AR L B
Fr—2, AR A mEAE S i 2 A AT PR A
o RN Wk A AT RE I DY TR AR ) 5 A ) FR 35
YERT, 485 ] JLFLAR S 3~4 nm I}, 204 4 Jo 1)
O3B v, TR B FLAR MGG 1) A i 2, A 156

reaction
x5 HlEREATIRELELE
Table 5 Catalytic performance of as-prepared catalysts
Selectivity / % STY*/ (mg-mL'-h™!)
Catalyst CO, conversion / %
co C,H, ROH C,,0H
Cs., 9.51 52.30 16.99 30.71 44.38
Cs., 8.80 48.08 20.40 31.52 45.49
Cs.y 8.66 52.68 20.46 26.86 35.83
Csios 7.55 55.18 20.07 24.76 29.88

aSTY: space time yield; * C H, : hydrocarbons.
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Table 6 Alcohol distributions in total alcohol catalyzed by as-prepared catalysts
Catalyst Selectivity™* / % Alcohol distribution* / %
Methanol Ethanol Propanol Butanol Methanol Ethanol Propanol Butanol C,,OH
Cs.; 1.91 16.60 3.31 8.89 6.22 54.05 10.78 28.95 93.78
Cs., 1.67 19.87 4.78 5.20 5.30 63.04 15.16 16.50 94.70
Cs., 2.04 17.56 2.65 4.61 7.59 65.38 9.87 17.16 92.41
Cs.05 1.72 15.33 2.74 4.97 6.95 61.91 11.07 20.07 93.05

* Molar fraction.
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Fig.7 Relationships between content of low-valence iron

and selectivity of ROH (a) and C,,0H (b)

F7 CuFefELFIATF CO,MEH C, EEM L 4HEE
Table 7 Catalytic performance of CuFe catalyst for CO, hydrogenation to C,, alcohol

G,,OH
Catalyst p/MPa T/C GHSV#/h™'  CO, conversion / % ne,,onltgon ! % Reference
selectivity /% )
Cuy,Feg 4 310 7200 8.80 29.85" 94.70 This work
Cuy Feyo© 4 310 7200 6.80 37.43 94.06 [32]
Fe6%-CuZnZr0O, 3 300 3000 24.15 20.10 11.10 [39]
31.90
CuZnFe, K, s 6 300 5000 42.30 87.10 [40]
- (mass fraction)
3%Cs-CuygZn, Fe, 5 330 4500 36.60 19.80 93.80 [2]
4.6%K-CuMgZnFe 5 320 6 000 30.10 22.80 89.80 [41]

*GHSV: gas hourly space velocity;” Alcohol selectivity was 96.74%; © Ligand was terephthalic acid, and the pyrolysis temperature was

350 °C in air.
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