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Enhancement of CO, Hydrogenation to Light Olefins by Developing
a Higher Alcohols-Intermediate Route

Qizn Zhang, Xiyu Li, Shifu Wang, Sen Wang* Rui Geng, Pengfei Wang, Mei Dong, Jisngang Chen,
Jianguo Wang, Xuning Li,* Unni Olsbye,* and Weibin Fan¥

E Read Cnline

B Articie Recomenndations
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ABSTRACT: €O, Iydrogenation to light olefins generally occun
via Fischer—Tropach (FT) synthesis and methanol-itermediate
mmgwm-ntwmmwmm 30
Gt the lismitation of the Anderion—Schulz—Hory (ASF) lwor the %
formation of iniial C—C bond and pool (HCP) 8.,
" des. To ﬁlﬂer,_" ,ah@u:r L = odiste §
Toate i here as these alooholic products are rapidly g
Aebiated o bt olefi. The deigned Na-CuFeO,/H-GeAPO-34 810 &

= e

£k

40+

composite shows CC); copvession of 75.1% and light olefins
selectivity in all products (including CO) of 48.7%, thus reculting 04—
hmmﬁmﬂhhiﬂtyﬂd_ﬂ%hﬁmmﬁ
vt anly prometes fron (Fe) species recuuction and card fon by averflowing active
but also provides an effective site for stabilizing adissociative CO® species. This ent
CO* species, which are coupled to generate amounts of higher alcohols intermediates that are facilely dehydr
dﬁq:mﬂyﬂkmﬁﬂmmm&m&mhwwmkmkwymh
converting CO; into fight olefine.

lhnrf_lfldad \"nl'}{ST OF COML ONEMISTRY on March 17, 2036 oi | 240045 (UTC).

£
hee

B INTRODUCTION
Conversion of carbon dioxide (CQ.) mto valoe-added fuels
and fity chemicals is an effective way to wtilize CO;
and achieve carbon recycling.' ™ alefins (CC7) as
asic organic raw chemicals have been wsed for preparatian of
plastics, poly . wal 1 ticx;, rubber, and pharmar
ceuticals =5 In 2024, global light olefin consumption reached
»B00 miflion tans and itz market scle reached d 400
billion dollars. Light olefine are generally obtained by steam
cracking of naphtha and dehydrogenation of allanes, but these
processes require high energy input and high reaction
temperature (=550 *(), cossequently conswming large
amounts of energy and generating huge amounts of CO; In
cantrast, hydrogenation of anthrapogeni CQ, with renewable
green bydrogen (H.) m@x&hhmiw&tﬂﬂy;ﬁ
sustainable catbotenestral route, which, hence, attmacts
extensive attention
L‘pmdatuCG;mEElﬂdzﬁ::snmnnyfulhmdu
Fascher—Tropach (FT) synthesis ar the methanol-mtermediate

(Fe—Ma—Na). It showed CO; conversion of 35.0% and s)ga
olefins selectivity of 28.1% in all pets (including COJ at
340 'C:nﬂluhlh"']‘hevﬂmp:fmhuund t:sil&ﬂm&
33.0%, ml;m:lm p OB 3 . y b tured 7 .I
(HSG)-;‘:TE::I&F:——K catalyst (Fe—K/HSG) ar similar
conditions.” In the meflanolintermediate route, CO; i first
dsorbed and activated on the sudface oxygen vacandes of
metal axide comporent to form methanol diates, which
lhmquﬂlyd’i&ﬁun\tnﬂznﬂdﬂsnf;miﬂ:mdfi
converted into ]ig‘!ll alefins throagh a Yestolstoralefin
(MTO) process ™ The mostly used metal oaides are Zoe,
mmumrywm&mwgmmd&u
supercage=” " A typical catalyst & ZnZe0,/H-SAPO-34
posite, which exlubits CO; « sim of 12,60 and Eght
alefins selects ufﬂﬂ.ﬂ*bh,dmmbum!-mypmﬂﬂ(w
including CO) 3t 380 °C and 20 MPa*® By replacing ZnZ:0,

Receivesd:  August 8, 2023
R’ d: N ber 12, 2025

rautes. ' In FT synthesix route, CO; is bt ©  into
COW@MMWM(RWGS}MM,
then, endergoes dissociation and hydrogenati to form light
clefins by coupling with CH, species.'*"* Ma and convorkers

i 3 sodiume- and mang; dified Fe-based cat=dyst
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Hydrogenation of CO; to higher alcohols on an efficient Cr-modified

CuFe catalyst

Qian Zhang ", Sen Wang™ , Rui Geng™"", Pengfei Wang", Mei Dong ", Jianguo Wang 2k

Weibin Fan ™
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AWTICLE INFO ABSTRACT

Keyyardz: €Oy hyttrogemation to higher alcshold (C3, OHY is 3 promising approach b achieve carhitin recycling, but It 4
0z hydrogenatian ek due pl jon metwerk. Herein, various Ceanodified CuPe (Ur{v}CuPe) catalyas were
Halier ) 7 I, sl thelr calalytic pueh and resétion mechasiam in €Oy hydrogeation o C2,0H were
g:ﬁmw i gl trtrodtesion of smsl) 4t Cr end the intesactivn | Cus andd Fe specivs, which
¥ allevities CO Jissciotion aml inhibis ton of iron carbliles, In contrast, more acetute and sestal

Hepurioit mechanksm &
dohyide i Hiates are produced via ing the reaction of Ci, with seadisociated €O. Cr1%)-CuFe

showeel €O, eomvirsion, Gy, GH selrctivity and spacetie yield (STYY o ligh ax 384, and 29.4% and 1041
mg g b Y, 0t 320 °C, 0.0 MPa and GHSV af G000 mL. gk b dnterestingly, Co. O STY wa hurther elevited 1o

T6B.5 g gl b, with & entabytic Hietime of af lemt

120 1. when GHSV was increasid 1o 48000 ml gii b

1. Introduction

The combustlon of large amounts of fossi] filels, eg. cosl and pe-
troleum, causes excessive COp fsslon into the atmosphere- In
February 2023, the global CO; level in the atmosphene has reached
4183 ppm [1.2], which Jeads to serlols gresnhowse effect, ocean neld-
[ficution Bnd other environmental problems [1.4], Efficient conversion
of €0k into high-valve methane, gasoline, olefins, aromatics 2nd oxy-
genates, ete. can nnt only peduee CO; emigslon and promorte carban
neutratity, but glse provide a new approach o priduce fuels and com-
modity chemleals [5-10. Higher alcohals (C;,OH) are impartant
buflding blockings, and have baen widely used as ecu-friendlly additives,
sulvints and o leal Industiy [11-131.

in el
Hpwever, selectlve hydragenation of GOz to higher aleahels (Cy, OH}
is & challenge due to the high stabllity of CO2 molevule and the

supportad on Cos0s nanopintes (117 Coa04-p) that gave & higheraleahols
STY of 0,56 mmol goh b at200 =C and 2.0 MPa. The synerglc effect of
Pt-Co nanoparticles and the surface axygen vaenncles of Cog0y o pro-
ot the activations of Ha and €Oy, and thus, enhancing the formation
af Gy OH [20]. Recently, CeOz-supported Pd dimer was found to exhibit
an ethanal selectivicy as high a5 99,204 and o STY of 45.6 sl g5d b~
At 240 €, 3.0 MPa and 3000 mL ggt h' 1211, This i due o the wnique
Pulz0s ennfiguration that éan directly didsdelate COy into €O and
shimificantly prontote the feaction of CH, and €O Nevertheless, these
nalile aetol-based catalvats sre very cxpensive, lLniring the large-soale
applications.

In contrast, chieap snd abundant CuFe-based catalysts recelve alot of
atntion in €05 hydrogenation to higher aleohels [22-25]. Sun and
coworkers found that Ne-modified CuFe catalyst prepared by the

complexity of C-C coupling reactions [14-18]. Lloves snd co
snehored single Pd stoms onto PeaQy suppore, wiich showed an
ethonol selectivity of 97,5%, along with the ethanol space Hme yleld
(STY) 6f 413 mimolesusa gid ', 08300 °C and 0.1 MPa [19], although
the €O conversion i3 only 0.5%. They d that the i i

botwean Pd single atem and FexDs suppart play @ vital role in'©C
coupling. A more sctive catalyst is metallic Pt nanaparticles (NP5}

* Cosresponiing authars
Eomed] u{,_l;mr_‘; wlgret @ saice.2e en (S, Wang), Fenyvebyxiceac.cy (W, Fan).

Ispppias /A dotng L0 ARG aapeal R b 1 e

physical sputzering method sh 4 high activity In GOz hydnogenation
due to enh of €O, sdsarption snd Fe reduction and carbon-
{zntion, The CO2 {on, ethanol selectivity and STY reached 32,

~17% and 153 mg g ~* h~7 a1 310 °C, 3.0 MPa and 28,800 mlg™ h”

1221, At optimuitn conditlon, CuZnAl/K-CuMgZnFe bifunctional eatalyst
gave the Gz, OH selectivity and STY of 17.4% nnd 106.5 mg g bt
125]. Generally, higher nleohols are formed via the CO-intermedinte
route aver CuFebased catslysts. First, €O is genesarad through reverse

Recefved 18 April 2073 Receivel in rovised Form 15 June 2027, Accepted 156 June 2023

Available unline 17 Juoe 2023
5268373, 2023 Elsevier 1LV, All rights resecved.
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Conversion of CO» to higher alcohols on K-CuZnAl/Zr-CuFe composite

Qinn Zhang ", Sen Wang™ ', Xuerong Shi®’, Mef Dong*, Jiangang Chen?, Juan Zhang®,

Jianguo Wang *°, Weibin Fan™"
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ARTICLEINFO ADSTRACT

Keywanls

0, hydrogenation
Higher alaheds
kel

2r dopant
Cornpaslte caralyst

Direct converlen of OOy intb higher alcohobs (CzeOH) is highly desirble. but rther challenging due 10
requirlig Uhe synecgetlc getion of GC
compasite, whidh gave €0 runvession and Cy, 01 selectivity of 40.68 and J2.4% nespectively, while €0
selectivity fs caly 10,7 4320 "€, 4 MF 00 6000 pil. g2d b The Cz, OHSTY tan reach 105.1 rug seteh™, and
& well malntadned within 200 b it igher GHSV of 24000 el g2} b intraduction of K-Cuitnal and deciease of
this ontiet distanes of K-CuZnAl and Zr-CuFe booit the i md sl

4 anew K-CuinAl/Zr Cuke

g and €O 1 lom. Hire, wi develop

don bf CO* Interime

dise, In sddition, doplig small imounts of Zr inte CuFe eatilyst hinders me phase separation of Cu and Fe

sprecies by enlysscing theic

€0 dlsseciitive activation quitkly senets with the

mare Gy OH

st As i renult, the CH, * spesies genorated on iron cackide through
I i Jsebed CO* wn adj Cu to produce

1. Inmroduction

Mussive consumprion of fossil fiels causes large amounts af €Oy
emission which is considered to cause a serious global greenhouse effect.
However, o the other hand, COz is 8 non-toxic and abundant carbon
souree | 1,2]. By catalytic hydrogenation, it can be converied into light
olgfins, aromaties, g 1 petrol gas (LPG), g ete [3-9].

(Ha-Fl @8-1) exhibited Cz, OH selectivity and space time yleld (STY) of
506 (ethanol accounting for 80% of C,. OH) and (.49 mmol g2 ' at
€0 conversion of 104 [20]. The space effect of silicalite-1
endows high catmlytic stability with the catlytc life ol 100 h, By opti-
mizing Pr loading and reaction conditions, ordered PL/Cos04 sample
gave the ethanal selectivity and STY af 82,04 and 0.51 mmel gik b
121}, Recently, i more Interesting single-atom catulyst of Ir-fnz04 was

‘This can not only effectively mitigme the CO; emise and
alleviake the greenhouse effect, but also open upnew ways to synthesize
value-edded chemicals.

Aleohols are important salvents, additives or essential building-hlock
malecules for synthesls of esters, detergents and surfactants [1o,13].
Nowadays, conversion of COy into methanol has heen Iindustriallzed.
The mostly used catalysts are modified copper-zinc-sluminum (CuZnAll,
although indiym oxide (fnaOy), zinc-zirconium solid solution {ZnZr0y)
and molybdenum sulfide (MoSy) have been doveloped |[2-15L
Compared with methanol, Ca, higher alcahols (G2 OH) with higher
energy density are maore difficult 10 be syothesized, due to requirement
of synergetic exeentlon of € eoupling snd CO insertion [14].

Pr, Pd, R or Ir-based nisble metal catalysts have been proved toghow

llent parfl jce in COq hydrogenation to G OH [17-19]. Wang
and cowarkers reported that Na-fth embedded in silicalite-1 catalyst

+ Corresponding arthors,
Email adddressus wanngsenid

= /g TLEOLG | AL 2024, FANTE

Available ualine 18 January 2024
0926.3373/0 2024 Elscvier BV, All rights reserced.

leveloped by Ye und co-workers, This st st d the ethanol
selectivity and STY as high as 99% nnd 0.99 mmol g2l h? [22], &s the
isolated Ir stem anchered on the oxygen vacancies of Inx0s formed
Leweis acid-basa palr, which not only promotas activatien of CtaCO™,
but aiso accelerstes the C-C coupling between CO* and methaxy group.
Rogardliss of the good catalytie results of these noble metal-based
samples, thelr high prices lmir the Iarge-seale industrial applicatione.
Thus, design of CuFie-hased entalysts has attrocted great interest due
to thelr good performunce and low priee | 23], Liu et al. found that
Cs-CuFeZn cotalyst woasa | tinl enndidate for the formation of higher
lcohiols, with the sslectivity and STY of 19.8% und 73.4 mg gL,
along with GOz conversion of 36.6%, at 330 "C and 5.0 MPa [24]. The
selectivity of €2, OH ean b further elevated 1 22.8% on K-CuZaMyFe
catalyst, despita that its STY is stightly decreased to 69.6 mg ol bt due
to the decling of OOy conversion [25). For CuFe-based eatalysts, it is

cestecn (5. Wang), shixaerD5@ima laucas,aeon (X shij, fanwhErsice.aeen (W, Fan).
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Recent advances in CO, hydrogenation to higher alcohols
; ydrog g
Qian Zhang'”, Sen Wang'", Mei Dong', Jianguo Wang'? & Weibin Fan'™

'Stute Key Labaratory of Ceal Conversion, Institute of Coul Chemisiey; Chineve Acudemy of Stiences, Tapuan 030004, China;
tinfverisy of Chimmir Adcademy of Stfeaces, Beljg 100049, Ching

Revelved June 30, 2024; sceepied Avgust 13, 2024; pablisbed online August 23, 2024

CO; hydrogenition 1o higher aleohols (C;.OH) i an elfective way to realize curbon recycling, which can net only reduce the €O,
amolnls In stmosphere ahd mitlgate the greenhouse effect, but also pravides 1 new route fa syntheste imponant chetnicals.

However, this isn

the iniert COs molecale is difficult o be netivated und undergo C-C coupling. The

key to achicve sclective gonversion of COy to Co.OH i 1o design high-performinee catalytic systems ang uneavel the reaction

materials, i i noble-metal

mechanism. In this review, we report several typical CO; hyd

£

fon-to-Co. OH i

catulysts, Cu-besed catalysts, Co-based catalysts and Mo-hused catalysts, il evalunie the effects of varicus promoters en the
entalytio perfirmance und reaction mechunism, It will provide not only findamental insights into the COy hydrogenation-to-

2, OH reaction mect ¢ for the devel

€O, hydr

but slso guid

1 tal

ion, higher aleahels, Iy pr

R

ent of related high-performance cutalysts.

ters, reaction mechanism
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1 Introduction

The extensive use ol fossil fuels such as coal, pewoleun and
natutal gas, has promoted the rapid devetopment of humary
spelety, but it has alse led 1o a large amount of CO; emis-
sions. Over the past 200 years, the (20, concentration in the
atmosphert hos increased from 270 ppm to 423 ppm, along
witl: the elevation of global temperature by 1.2 °C. 1t results
i serious greenhouse effect and a series of environmental
problems, such as climate warining, ocean scidification and
sea level rise. {F]. Therefore, decrensing CO; emissions to
atmospliere has hecome a common challenge fu the whole
human society. Nowadays, casbon capture, ulilization and
storage {CCUS) ate considered as an effective approach to
achieve carbon neatrality. CO; utilization can not only mi-
tiggate CO, emission and reduce the use of fossil firels but also

Publishedd in virtoal special sswe ~Carhon Neumlity™
“Cormespanding muthors {ermadl; (i3 SXICCRC.ENY bl sxiccue,cn)

ET

& Seienca China Press 2024

bring up a sustainable CQO, eycle-economy,

€O, is a highly stable moleeule (AG = ~394.4 kI mol™).
lts C=0O bond disstcintion encray reaches ~800 kI mol
being much higher than those of C-C (336 kJ mol "), C-0
{327k mal) and C-H (411 kI mol™) bonds [2). This
means that the CO, activation requites the input of sub-
stantial energy or using 4 higheenergy density reductants
(e.g., hydrogen (Hy)) to brenk its stable C+0 band [2.4]. By
catalytic hydrogenation, COs can be efTectively converted
into value-added hydrocarbons and oxygenates such as me-
thane [3,6), olefins [7-9], aromatics [10,11], liquefied pet-
roleum gas [12] and alcohols [13-15] (Figure 1), Higher
alcohols (Co.OH) are important eco-friendly additives, sol-
vents and potential hydrogen carrier. In addition, these al-
cohals can be directly tramsformed into wlefins and
suefactants [16]-

Higher alcohols ate gencrally obtained through the fer-
mentation of carbon-based agricultural raw materials (carn
and sugar cane) and petroleum-detived olefin hiydration [17.

ehiam sSENRA.cafm Bk sgringar.cam
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CO, Hydrogenation on Metal-Organic
Frameworks-Based Catalysts: A Mini
Review

Olan Zhang ™, Sen Wang ™ Mel Dang’ and Welbln Fan'™

's¥ata sy Lnharmion 0fCaal & { o Chesistry, Chiness Acadamy af Sckvcas, Tajesr, Chi, sty
af Ing Cnwiase Acadamy of Scontas, Bogng. Thint

Corversion of caron dioxida (COg) into vakie-added fuels and chaenicals can nol caby
reduca the ermission amount of COz in the atmosphers and alleviate the greanhousa affect
bt also realza carbon recycing. Through hydragenalion with renesvable hydrogen {Hah,
0 can be transformed inte varous hydracarbions and cxypenates, Including rmethanal,
ethanal, melhire and light oefins, sic. Recently, matal-organic frameworks (MOFs) havi
afiructad axtenshe attantion In the fisids of adsorplion, gas separation, and catatysis dus
1o their high suriace sraa, shundant matel sites, and funabls retal-support infedace
inleraction. n GO, Mydmasnation, MOFs are ragardeti as important supports or sacrificed
precursors far the praparation of high-aficiant catalysts, which can urileemly digperss
tretal raneparfinles (NPs) and enbance the biemution betwaan metal end suppart to
prevent sintering and aggregation of aclive el specles, Ths work tummarizas the
recenl process on hydragenation of GO, to methans|, methane and ather C,. products
aver verkous MOFs-basedd catalysts, and it wil provide same duss for tha design of MOFs
materals in anengy-sficient ocanveralsr and Ltiizslion.

Kaywards: MOFs, GO; hydrag hameal, evath G24 F

INTRODUCTION

Duse to e rapid consumption of fosil resgueses, g, coil, petrolinm, and natuml gas, o lige
aumber of CO3 have bioen relesed inty Use atrmoaplen {5ony, 2006}, From 2006 1o 2021, the glubal
L0, concentration in the phere has been devated from 383 to §15 ppem (NOAL 2122), The
fnasalve emission of CO; luas biought serio envimnmental problems, sisch a¢ pobal climate chanye
and ocein neidifiestion {Vatles-Regino et al 2013, Hence, reduction of COy amount arnl mitigation
af yreenlouse elfect are the major challenges faced by the whale human sackery.

Regardless of this, 00y i an important C1 plathem malecule. Conversion of O, thraugh
sieatatnalle calalytic processs inta valuable chemicals ani clean fuels s 3 promising way fos CO:
ulilizann whitch could promote 3 creutar carbon ecanomy (Spsmivas et al, 20145 Didas 2} 2l 2015
Pososalleeal, 2016 Rafier et al, 201H) COu conversion can be achieved by electro-catalysis. photo-
catahysds, and thermal-catslysis processes. Electro-catalysis or photo-catalysis from clean and
senewable electrical o solur energy & regarded 35 an impostant soute for €O, reduction
sesction (CO, BE), Through the ritsonz] design of high efficient catalysls, these reactions can be:

ed under relstively mild condithons that considersbly d the encrgy phion (Liv
o al, 2012; Handoko et i, 2073; [hobyg ¢t al, 2013; Wanjg o k., 2013 Perzthoner and Centl, 20049;
Wang |1]. el al., 021; Zhung &t al,, 2021; Fhang et al, 2022a). Nevertheless, the electro-catalysis or

Fa° 033N 022 A5E228  prhot lyske for €O i by time o geogriphically dependent, which, thus, deceeases their
15 0 CHematy | v nortiesan o 1 Juy 2003 [ vatime 10 Atk 32
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Recent advances in CO, hydrogenation to
| light olefins
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Shanxi 030001, China;
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Abstract: The successful development and application of CO, hydrogenation to light olefins can not only alleviate the environmental issues
caused by the massive emission of greenhouse gases, but also open up a new way for the preparation of important high-value chemicals. Due
to the chemical inertness of CO, molecules, selectively activation and conversion of CO, into target light olefins remain highly challenging.
In this work, we review the current research progress in the hydrogenation of CO, to light olefins, with a focus on analyzing the advantages
and disadvantages of the Fischer-Tropsch synthesis (CO,-FTO) route and the methanol intermediate (CO,-MTO) route. The key factors, such
as the type of additives, the structure of the carrier and the concentration of surface defect sites, affecting the activation of CO, and the
formation of light olefins are discussed in detail. Meanwhile, essential role of the pore structure and acidity of zeolites in conversion of
methanol intermediates to olefins is analyzed.
Key words: CO, hydrogenation; light olefins; Fischer-Tropsch synthesis route; methanol intermediate route
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— AR (CO,) Ak 1) 2 & B A b 22 S R AT AR i T CO R BRERUI R VIR E AL, [H)
B FFEE T — &SI &I ME I Fa R . FERIAME TR EEHERER: BELmE, GIR::
CO B NEMMEN FEE. £BFHIESR (MOFs) E—RUERE-EEENREMALTHE
B R 2 LB Ak . MOFsEE Bt R I S ASLAL. fign, LlUio-66
Ve BT LR 2 B CuBUE, 13R4 BCuEik 2 1A f AR ELAE F HETIBY LECulRERIE, Al o ££
COINES R B R . SOEHNBTARN, MLMCuBHIINE 78 KESREER, {2FECOo,
LY A R CO; T4 Cufh BEIUI0-66_F, & 1FCufZreOstE B 1E A M Cu-0-Zr F H A FIl T R B LR
BT, AT — &5 EEFRCuUREEHCWUIO-66/E4L7, FHIREHFECOINE K& FEF
MR AR RN . SRER, HCuRhREN1Iw%H, IR 2 RFEIE35mmol/gev/h;s
TiCufi 2B B 1. 3wt 2 B BISwi%ehy, FEERIEZEME HR45%IRFEE54%, PR ECURRERRTE
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Fig. 1 XRD patterns of the spent catalysts
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3 . 7E CuFe JEALAIH, CO, Bt/ KSR AR CO, PAH) CO 7ERR{LER (H0:
FesCy) FHETIRE AR CHy, 5046 Cu LA EAIIEMEEIRHE CO #1T C-C BERAE K
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FIE(LR), LEFEE, 7E CuFe ALAIFF3IA In B, CO RUKBRERHIGHRIEAEIRR,
EET In ERMEEKESREL, BRTF CO FEMER, F#MAT CO 5 CHx 1T
C-C (BEA FRAGTREED, (/B CIEERATRIEM 18.9%IR/E 24.1%. XRD EREH, Rk
MELH CuO MIATETIE, 17 MEEF) In,03 F Fe03 H7HTIE, E8A In20s Fl Fe:05 P 53 AT
s

[ 5c I c,oH [l C,.0H - @ CO, - ¥%- CO
100 100 2 + CuO

- 80

o
[~
L

I 60

Intensity (a.u.)

L 40

CuFe

Product selectivity (%)

=20

CO, Conversation (%) & CO selectiv

Lo 20 30 40 s 6 70 80
1n(0.03)-CuFe 2-Theta

Fig.1 Catalytic performance Fig. 2 XRD patterns of the fresed catalysts

S 300

1. D. Xu, Y. Q. Wang, et al, Chem, 2020, 7: 849-881.
2. W. Y. Zhang, S. Wang, et al, Journal of Catalysis, 2022, 413: 923-933.
3.D. Goud, S. R. Churipard, et al, ACS Catal, 2022, 12: 11118-11128.

B AR RS (22272195, U22A20431) « WWEH BAREES (202203021224009)




CO; INEHHERE= M6 CuFe EAE4L5TIRHHH

?&% 1’2’ %Jﬁ 1’2’ EE% 1’*: %ﬁ 1: ﬁ:ﬁﬁ L
| h ERLEE R L FE R RALF T FAT, RIE, 030000
2ch @R K, JbE, 100049

Email: wangsen@sxicc.ac.cn; fanwb@sxicc.ac.cn

CO, TNET AL R BB 2 A0S AL AT LB R CO, REHMSENE
SR, RN FRRE T S4B IE A S 2 R T k. ISR A K
SR B, ERAZE T AT BT ER. CuFe BTN ZH
F CO, INESEREE, TEIZENAERT, CO B EETHKEIKNER CO,
HEERANEE (I: FesCa) bMEATMEBSAERL CHx; X% CHx BE/E 544 Cu iLA
AR IR M CO #E1T C-C BB R BN,

S TR IR R, BERS BB LR EMEER, FBTRE C=0
SELA COMBABLS, HTTRHEREENAER. PFRKH, FE CuFe fEAFH
2| AGE LM Cr BhA, (B T Cu-FeCx SLHE IR, B F TRBKEZH 4. 5 CuFe
EALFIARLL, Bl Cr(Iwt.%)BhFIfE, COBEELEMN 25.5%RF+ 2 33.5%, CO i%
BN 23 6%FRIRE 16.0%, (KBREEEZEMEN 18.9%RTTE 24.9%, TR EERT =
722 I\ 39.2 323 76.3mg gear’ b (RBLZAE: 300 °C, 4Mpa, ZS3E 6000 mL gear”
WOY(E la). @i R g1, (PR EE Ry R P R A — PR A E
29.29%7%1 104.1 mg gea* h'ls (RS 2,18 o5 Hiik 80%, A8 7€ P AT 4E+F 200h UL L
1b). GE&BEAYE, RMERICERAMBRHELERESE, Cr BHMFESS
TEFr Cu A Fe %, MR T Cu-Fe Z MK FEMEIERE Lc). B BT
RS ERSBALERBLER, BT CO MEMAM CHx*; RN, &/& Cu
fir A T WA SR B IR M) CO*. CHx* 5 CO*iit MR NAERL T LB
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