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Deep eutectic solvent-derived carbon-based FeNi bimetallic catalysts for
selective hydrogenation of furfural
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ARTICLE INFOD ABETRACT

Eipasrdc Cheap N cotalyits bave cecellinl catalylic hydmgesation sctivity, bul alss reell in low sdectivity. Mi-luwed
Dewp sutactic miver alloy catalyas can imp perh Lrat dling thair pog im s a chall This piger neporty
Pefiy alkry an slloyving ssategy by usisg a devp cutectic selvenl (DES) s the crlalyst priocarsoer, and cadson-used calidysts
:::lr:ln i (FeMiy-NC-D) contuirmng FeMiy alloys with high specific surface seen wime pripansd by a siogle ome-dep
Furfural RErE The v af DES for the fomation of Feliy alloys mas & I. In parkan ko tha

irsetivee of PelE,-NC and Fe-NC-D, as well o the 0.5 % of PeRe, N0 il 2573 % of Ni-NCAD, the Feli - NC-D
with dhal actve sites in U soedective bpdrogesation of lurfurad (FF) 1o l'url'lxvl aleoke] {FAL) pchieved o yield of
P00 W al g mdd condition af 1100 C. A 1i the eapl e this dirk in
that DES sl caly premuoles & sulstantisl mcreise o specific surlice ares asd pone voluse, bul abe cdfectively
modhdilis the clectromic mvisormmenl of the carbon sulsirite i PeNe-NC-D. More significantly, DES lorms o
comnpinile sractuse of Niasd Feliy slloy pluce in FeNL- W00, The Feldiy and Ni dosble sites s ok sireciun

Selectrea hydrageration

1o sl )

kindly enh the diseei of Hy M , Ehaz i and enkh of Liswin ncid-ucier sibiss by
Fukly p the getivalion and sy ol FF. k& hile, DFT ealculiti hthir 1 that
Fuls, plays an impociasl muéuhlm,!_ ride i i -:!m. sile i emhancing tha activity, spedally in prosaling the
FAL sadiectivity. Furth the Hiad Troen DES could alleviate metal sanopasticli
agal i aend mutal lesching, which g | the stalsliey of the calalysl. This woek & of greal agnificance

foe g proparition of kew-oos! asd eficioml metallic cialyses by DES.

1. Imtroduction catalytic performance in this reaction than non-precious metals [12].
Corsidering the econamic cost [ 12] and environmental isswes [14], non-
noble metal camalysts such as Mi, Fe, Co, and Cu may be a bemer cholce

even though they have limired catalytie performance |15,16]. There-

The use of renewable blomass as feedscock for the production of
béofuels and refined chemécals can significantly reduce the use of fossil

resources |1-3). Blomass-derived furfural (FF) has great potental as a
meaterial for the production of olls and chemicals [ 4. About 65 % of the
global FF is used vo produce furfuryl aleohel (FAL) |56, FAL performs
essential role in the chemdeal industry as an incermediate for upgrading
produces | 7.2, Curremily, & commercial proces for the bvdrogenarion
of FF po FAL has been achieved using Cu-Cr catalysis |9,10]. However,
the exploration of high-perdformance chromfum-fre: catalyses has
bepome o priarity due to the serious hazards of Or o humars and the

fore, the development of Inexpensive and high-efficiency porous carban-
based non-noble metal catalysts has become an urgenn need for the se-
lecrive hivdrogenarion of FF.

The hydrogenation activity of inexpensive Ni-based catalvsis i
panticularly remarkable [17-19). However, becawse of adsorprion
modes and thermodynamics, monometallic M caalysts are more in-
clined 10 © = C hydregenmion than C = O (20.21). This keads o
excessive hydrogenation of FF and reduced the selectivicy of the mrget

envirenment [£.11). Generally, noble meml catalesis exhibic betoer product |22]. It was proven that the inreduction of a second mecal
* Cornspording authars,
E-mmail enddreinni < lchuanpiresfuandu.on (C. Thaasg), minchmgang e (. Min}, Yogmangitewlueds on (Y. Wingl
hiepe: A fdni g 100100 A0 2024, 153076
Beceived B May 2004; Received in 1 form 22 M by 21124 415D Pux 20124
Availalike mline 16 Dacembae 2034
| 355-8047,8 2024 Elsevier B, All rights are rserved, mcludisg theee for it sad Jala mining, Al sl 1 fasinl
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Cu-Doped CoZn@NC promotes catalytic activity of furfural hydrogenation

=
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ABRSTRACT

Fapaords:

ki comadye
Cu-aping

Farfural

Spaergaks wifec
Salectbvw byl rogeruaian

The low-coat Cuhaserd catalywts bave escellent selctaty in biomoos kpdmogeraton, but & s challepng m
tmproes their catabytic sctivity ot low cormpe miure. Blermin, dhe trirsetal b Do Codngd MO {whene v = 0.1,03, 05
mmol ix the molar oo of Col were peepared By inos i pyrakysis misg inmesic acid with sronger cosrdization
ability. When it wan applisd o the (efol (17) seleciive bydrogmaiion prooes, the catalyiic piekd af the opiinal
g ADEray W mached =99 % wrder mild condivios of 50 0, which wax 29 times weprier i thet of the
Calngitel wathout Cu doping. The mwbs demorairaee that the Soping of O redices the scovmios. enargy of
2wl ey W0 el bncrenses tho ool ytic sctiviy st low ismperatoes relative io CodnteC The charsclerication
arad dezaty moticrnl theory {INT) caloubrtiozs show that the Doorpomtios of weitahle o costent enkances the
imipraction beimess Cu ned Co The amoent of mrface-aciive ©o” and the deciron dooiiy ae dgnificantly
wshasced, whch sifectively surmulster the doocistion of bydrogen.  Moceover, fhe Lewis ackd comest
significanily incremed fo Gxilitaie the adeorption and ac of FT. B tale, ihe impact af Cu cstent
Tanatm an the priznmasce of the sulti-meal nuinl ] dh:l.l-d Thix wark is prominng do axablish a
faundntios far the merueaie design of poly i 3 ph sdpuming the Co o regulsie tha
meaction sceieiy ard slectiery.

I, Intreduction

Aband et Dcanasa s o Qe sy tives are senewia ble oo foe the
manuliciune of high value-added compounds [ 1], Furferal (FF) is an
emgenlinl bicengs plaifeem medecule can b devived Tnom e degriads-
Lz il histiicelaloss | 2], Musioroes Bigh-value compeund like feoie
i, Turfuey] sbeshal (FAL), cyelopentanors:, Turan, oe. can be gener-
i heronagh vy disgres of Bypdoige nalsen (1], of whads abot 65 %
ol FF is weed 1o produece FAL (41 In Benmodynamics, FF exhibils thal
C=C addition B omiier than C=0 (5], This Lz b0 the gesemation of
vetrahydrofisfursd aleakel (THFAL), 2-methylfumn (2-MF) md other
cur-prrid e s besiddizs U larpel produeet BAL [&). Therelone, 8 & difficull
b pegulate the catalytic selictivity of FF o FAL Neble-metal catalysis
exhibsted supersor catalytic activity 8 medizste comditions, Bul g
seloctivity i licull po moqulate (7). In the seaniime, soblkemetal
calalysis witls by seiewves alio have the preblem of high e (5],

" Corresprond iy muihorn

Bl addnomne mirchengarsd 145 com (E MIn), oo MEEnen s

httpa o Lo 10 VDB ) et 20024, 1714064

Bors el 6l rescareh seported Chal whin Pd-Becad cital vt wose wied lor
the selective convension of Furfumal, in addition o the gl peoduct
THEAL, by-products sech as FAL ard 2-MF wize generated [9]. A1 pre-
wenl, Jow-cil gon-nolle metal catalvas indludisng Co, Cu, Fe sl NI
wore developed | 10]. Howeser, son-nele metals have low Jl.uul'r and

redqume himsh condilions like high el peacli 0]
mchirve selective hydregenation of FF [11,02]. Although I.h.l. impeove-

el of s lon aendilions will inerease the activity, L willl alo kd o
the decrcase of seladivity, Consequently, disigamy nos-gable metal
cilalyas thal can upgrade Barfural 1o ferfuryl aleobal with highly -

lective bpdrogenation o Jow lamperalures @ a challenge.
Metal deping as a way b further bt the calalylic pesfomuance of
hydrogenition [175-15]. Theough istroduced cone or moee selel com-

postimiy, the calalylic actfvity and selecrivity could Be enhancid By
mljusting the welive giles [15] and the elecirons: @truciuee through e
elisironic interactsns bevween dilferent metals [17,16]. For example,

2 [ Zom], cichusspestuedecs [C ﬂ‘ll.-'l‘.l:l.

Hecereed 14 Pobnmrny 224 Received in revised form 12 March 20024; Accepied 24 March 2004

Avmlable cnkoe 25 Noech 2124
4EH-8T110 2024 Ehevier BV All rights resreed

_15_





