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Abstract

In recent years, the production of furan derivatives from biomass has become an exciting research
field, because it contributes to building one of the major routes for achieving sustainable energy
supply and the production of alternative chemicals. As one of the most important furan deriva-
tives, 2,5-diformylfuran (DFF) is a multifunctional organic intermediate with the prospective app-
lication potentiality in the future. Although it has been proven very useful, DFF is still not easy to
be obtained in industry. Up to now, there are several catalytic methods available for the prepara-
tion of DFF, but mainly concentrated on chemical catalysis, which are prone to bring about serious
environmental pollution. Preparation method for producing DFF through electric-catalytic oxida-
tion, taking the advantages of the electrochemical reaction, is a kind of clean oxidation technology.
Main reaction routes and mechanisms of the electric-catalytic oxidation technology applied to the
preparation of DFF were introduced; its technical advantages as well as existing problems were
also elaborated; and combined with its research status, the technology of preparation of DFF
through selective electric-catalytic oxidation was prospected. In a word, the introduced method
could provide a potentially feasible transformation path for the industrial production of DFF
through this kind of clean oxidation technology, instead of common chemical catalysis.
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B RIS [ B ARG IR NS . HMF A2 R DFF (1 i B 3 22 5 HMF 43 H (15 gk AT 1%
BEPEEAL, TASESCE B PR AR RS, 5 LK T B A A = [17] [18], 40 5-F I J-2- KRR
(5-hydroxymethyl-2-furancarboxylic acid, HMFCA) . 5- H [ % -2- fii [ (5-formyl-2-furancarboxylic acid,
FFCA). 2,5-Wclg — F1Ji%(2,5-furandicarboxylic acid, FDCA)Z% (404 1 fr7s[18]). Pk, Qi szBl HMF [f)
DFF (A 28U A e — MO B s el f . =y SO e BV 3RS DFF R e B A Bk k. ok, &b
SR ARSI AR ) B A A A SE SR (1 23 1 N E N BRI AL DT VR332 1) 72 I 5[ 19]-[26]
WAL, XT DRF Bilg, b At vErT LA H, e A A DL R B A SR [27] 55 . s AL AR
HEAR R 2 T K A B ) — AR, — B A HUR K BEAT A B s oA K FL S T 2 it A 7= 4
IBEFL, AL . ASCEHR T B AR B T4 2,5- — WBEIE BRI EOR A o P s . IR IEXT
HARRK AT T RRE.
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Figure 1. Possible oxidation products derived from HMF [18]
[ 1. ATH HMF iTE BRI E L~ m[18]
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FL R A SR A A A T IS P T2 A P 0, a0 % v PRI A= A B b 2 2,5-
BEILPRI(DFF) I T2 . B W 7045 R UIR A 48 Hi AR s A8 1 5 11 42 ri AR ok R (R A S R, R
MBI 5 SRAF R 1) DFF, HLFTA P24 LT OZ s 5 R A7 (5, tBE1 724 DFF & £ ME 3218 100%.
K Z4 AR A7 DFF i G S B REBE I 2 B AN SiAb D B8, Rl A A Sk Tolk Ak 427 DFF SO BAR B
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3. EfELELHIF DFF[38]-[41]

HL AL A % DFF AT e B b AE M) B AT A 1 2,5- %% B LI E (2,5-dihydroxymethylfuran, DHMF)EL
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(primary alcohols)— % 7E FEAEAL EAAE R T 20 T AN R BRI, (5 A R S o 4 bL A e o E A R,
WHEAEE GE NS LEMENE B H,OMU T BER AR R AE K. T 7E NiIO/NIOOH it A, SRR E —JoH
A 22 R T PR S B AR BSPRT A JE AE SE R RS PR R R R VR &9 . 24Tk, Romuald Skowroniski %5
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B, (HRRR USRI A E . ALK T, 2L NaHPO, LI, DFF Sk
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Scheme 1. The formation of DFF choosing HMF as substrate by elec-
tric-catalytic oxidation method [38]
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Table 1. The formation of DFF with HMF as substrate by electric-catalytic oxidation method in biphasic system [38]
72 1. HMF AEREZ TR P B EL S AR DFF[38]

.a . : T 0 :
Run Supporting electrolyte  Concentration of HMF (%) Yield® of DFF (%) after 3h, i.e. Yield® of DFF (%) after 7h, i.e.

2F mol™ 5F mol™*
1 AcOH 10 32 57
2 NaH,PO, 10 32 58
3 Na,HPO, 10 40 68
4 NaHCO; 10 38 65
5 Na,CO, 5 5b -
6 NaOH 5 7b -
7 NaOH 1 10b -

®Yield of isolated product, "Determined by *H NMR spectroscopy.

H,0
RCH,0H —» RCHO === RCH(OH), —= RCOOH

Scheme 2. [38] Probable transformations involved in the electric-catalytic
oxidation process of organic alcohols

E= 2. [38] BB ELE NIRRT TRES KA

FH T LR ER SR G 20 AE KA Z R A i, W IR LI TR R B o M KA T, NS A LA, HMF
2 AL A= S A FDCA. 1T L JeARR R 2% DFF (AR A R, K DFF 767K A i i e AR
BENW G ERTANIER CHClo ZANME LT —F “Hiteds” , BefE¥ RN A B DFF J i}
Ik, melk b — PN FDCA, Mg 4 DFF FfcZ ik #E1%: . Grzegorz Grabowski %5[39]
#£ LA NiO/NIOOH A HLFR AT RIS, Bl A 44 22~ HMF HAG SR AL SR AR B T W 71%(%) FDCA. %
TFFCAR A T A s R 77 e 2 55 FRLARE A 8L HMIF A= 1 DFF 1) R A R

3.1.1. HEXSHFEHL HMF %% DFF g3

AN FHIENE R A TR, &5 R IACH DBOCER XX 7wt ge, i H s Tl
HLEALEUL HMF 425 DFF (B FUaRIE /D, 0 HAEGHLER IR 78 AR IR N . BF 98 HMF 21| DFF 1)
R AR AR, ARG ML/ T B v A A S S BTt BAT R (9 2 S

HMF 93 5 L (A b S AL 2R B DFF HLEE 32 538 & HMF 43178 FELRR R THT B (0 R B A0 A Ak S FE T 5
UEAh, HMF 207 1B A S 3L DFF 7240 (10 i B3 2 — AN 5o ERUAR 3R T 45 A AR L URR R ek 7 . SR R
ALY G AR T BB VISR B, 248 kel 4 8 A0 2 SRR B IR -1 1
S5 REP AR AR RO, FEA T AR B R T 40 Shy Pb W B R T RE S AR B AT R AR, TR R
A HAR I AL AT 1 o 5 RS FARAR EL, 81 AR A IE A & R A TR, g Rt ok 34
(B 6 1 B 2 o 2 8 A 3 R AR PRIV P, i S B A A G T, S B IR 4 6 2 T R B P 40
M4 HMF 237184 .

HETET I, AN HMF 2 T2 7R 40048 ri R sl 5 715 2 sl fb A5 1 F R T R A8 A 5 W B R 4ALAL
FOE R A E L IO RO IR KRR T R T IR AS o 276 DA BB TT A, 76 HMF A2 i Hifi
R ATEA i DFF 2, ZE R 3kAS DFF P2 5, 252 RN A o3 i R A AR R )3 8 2%
R FH T AH A O R R R T P A ) P 2% S 5 3 BT BRI 7 Tl AT
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3.2. DHMF JiiaER

321 #gEHRKESEIUYTHELTWL DHMF

A. Al Baradii Z5[40]HF 70 1 2e B B f L S84k DHMF 42 B HMF 1 s ik R b HLBE AR LA o 526 A2 DL
W Pt. Au. Ni B¢ NiIOOH A HIARAEL,  FEBPES BT gE4T . BTG B IK) HPLC 4341 25 14 LIS A= 1 )
BT MR FLY]: 7E Pty Au. Ni B8 NIOOH H T, DHMF ZEBf A5 o 48 Bl fb Sk e i 3=
AR HMF. HMF 22— KEE &Y, (AL 5 7=9) DHMF #1Lckase, HfrEtkge 5
RifF. L, UM% HMF X —45n, BATATLUEE L, Pt Aus Ni 3¢ NiOOH 4y HEAR AT RIE B A 5
FAF N AT DHMF FERE: s fe b 2 OBR SEIL, (R TR — D 08 [ B2k R, AT e AR sl e 3R 15
5
3.2.2. it BHEB THEELS L DHMF

A. Al Baradii Z 4018 XHE 24 I8 H bl T R AL AL DHMF A2 f DFF 1 s B K LG AL AT T
WHot. HBFFERY: 75 Ph WO JE IR A6 Pt AR R, BRI A BT 26 1F T B AL DHMF [ R
53545 61%US R 1) DFF 3% 2 B 5L i 18 A S A S R i FH 1) 2 465 Jeg LRI 28 D5 A6 46 g W B 51 RO A A e e
EF— T Z2A RS AERAFR M ENT=Y . REERES TR, HMF REak, H=Y% DFF ik
PR . X R W SRS T PYPh bR AL SN (E B AR, ke DL SR R
DFF, B{iFREWSHEIT 100%. K. B. Kokoh £l E. M. Belgsir [41] 34T i 28 U0F 58 . ABAT T2 4E Ph W B 5
TIRAABMR) Pt EAL T, BPEAFRA0E R X DHMF #-47 LAtk 3K15 80% IR i) DFF. %4 Bl
DR SR B BRGS0 E  TEHLECE HLEAL AL AL DHMF Jy DFF. 5 RL b2k
AAiEAT, K. B. Kokoh 1 E. M. Belgsir [41]7 HE T8 HL 10 S A0 B 28 5 A= e 564k & W (R A 2

P SRV P — A SR 1) R0 5 B2 W A 380 R A A B A I S THT P A 235 (R B S i . #E /KA
NIRRT, BT BAEE A A (e 8 SR I T A T, AR 0T 3 B A R R
YR WRTHTR, 1Eai4)E BRER & m S W T, R BERY) A AR I JE AN R A —
BHIEA, FTLOEH o T R . BOR LR IE BRI B A0 S S S 5 2 Ak D R N T 2 I 1
PEAERACHAL N AT o AHOCHEFU R I K R FLAL IR Bt (Under Potential Deposition, UPD) Ji —F1AN AT 131
B (Irreversible Deposition, IRD)J5 T &4l @ f bk, T e 4t Wi R T R 2 A 45 4, AT el 42 48
&JE BRI EATE. i, BTA s R B SR AR R BB R T, %R AR AR E
T A SR B B A UPD 508 17 4 B 8TiE 4k « K. B. Kokoh 1 E. M. Belgsir [41]18F 78 & i Pb J5 7/ UPD %%
R A5 B, BEUEAE Pt HUAR T (10 F PR A SR A 25 e RS o A PSS 2 00 I P S50 7 A B R U Rl
& FAR A TR FAT B L o AT T HAROE T R AT B IR B R TS A AR (PY/PD) T, 4%l DHMF FEfE AL A
LA, 3R15 T DFF 7. iX3R8: PYPh MMM A 5 B PAT R R . 1B 4%
1l LA, 2 A2 AT RESE B i A e 2R T rh B B e A D A R PR o A ks it 1 i i e AL S A I AR 1Y)
T2 AR BT IE B FAL 5 R S AR A B A AR A A A SRR SRR 1 B
4. BwESRE

2,5- — HIEE B (DFF) & — Rl () Z hREA AL A4 FH Tl & DFF 12 A S fiE:, R Es
PR B EAER T A RN RS, R — S AR . B A B P iR
RAE R s B 2H 53 2 IRLEAT, o AN SR, vl ik G bl T A /M7 S 80 — s . — i
T I O AN I AN R SR BE I TR T B R A, AT PR . ORISR PRI, —RERAE F IR N
TR RISV B AR A — M LA T o, SR &3, SRR ot e, % A T8 DHMF



M2 P AR b e P A SR A ) 4 2,5 PP I S kg

YAk DFF BBV, 5 Bt RS Z6AHAF 24, AT DAEng v A m il 33545 B Ax =4 DFF, 1 5 LA DHMF
N IE R BA A H B e HMF BB AR A e 1

FURT, 0Pz AR R 50 75 AR D M ) R B DU R 7T A S I BE A R AR A, 0 F
WS T2 LR T ESEINHAL . RAh, BRI AR, Wit
G5 RS — AN R I . DRI 4 J5 A DI 7 T AT 9 75 6 IR DU R ). 78 T 2807 T,
LTI 2 R RERRAR I FE AL A ROBIAR R, $R s LB . BRI AR, TR T L SE K.
TEA WL T M A RN, BRI R R R 2R EE MR R 2 — . AFE IR R AR fA
=9, PRk, 78 &N FE g B A5G 1 AR A R A + r W o R R T, T AR
o HL PR A T B AR R o S B R i R o 35 2 s i AL A B OGBS 8038 25 2% R AT v 2
115 H A5 o

B W

J& 11T R R B OCRHS P & T H (3502220131016). 973 %17 H (2010CB732201). [F 5 [ Sh R} 23k
400 H (21106121) 4R 48 BH 77 7= 2 BfF 55 K 50 H (2013N5011).
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