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Table 1  Studies on the preparation of EMF using fructose and glucose as substrates
7 HEAL sl 37} W/ C R/ R/ B35S0k
Number Catalyst Solvent Substrate Temperature Time Yield References
1 ChCI-HOOCCOOH C,H; OH Fru 70 3 74.0 [2]
2 PSDVB-SO3; H C,H; OH Fru 120 2 67.5 [5]
3 PSDVB-SO; H C,H; OH Glu 120 2 39.4 [5]
4 D-SPC C;H; OH/THF Fru 140 18 68.8 [6]
5 Glu-Fe; O4-SO3 H C; Hs OH Fru 80 24 81.0 [6]
6 Glu-Fe; O,-SO3; H C; H; OH/DMSO Glu 140 48 27.0 [6]
7 AlCOTD 35 A-15 C, Hs OH/DMSO Glu 150 8.2 418.1 [7]
8 AlCl; »« 6H2 0 H.0O/C;Hs; OH Glu 160 0.25 36.4 [8]
IR B R . .
I Layered niobium molybdic acid ¢.H;OH Fru 100 3 67.0 (9]
10 Fe; O, @SiO; C;H; OH Fru 100 15 72.0 [10]
11 NH,Cl C,;H; OH Fru 100 12 61.0 [11]
52 1 1 B 1R
12 Montmorillonite supported C,H;OH Fru 100 10 61.5 [12]
phosphotungstic acid
13 Fe; 0, @C-SO; H C:HsOH Fru 100 12 67.8 [13]
14 OMC-SO3 H C,H; OH Fru 140 24 55.7 [14]
15 HsPWi2 Oy C,H; OH/THF Fru 130 0.5 76.0 [15]
16 H3;PWi; Oy C,H; OH Fru 130 0.5 65.0 [15]
17 H;PWi2 Oy C, H; OH/DMSO Fru 140 2.17 64.0 [16]
18 MIL-101-SOs H(x) C,H; OH/THF Fru 130 15 67.7 [17]
19 PU-Cat Lﬁ/l.&_%ﬁl{ Fru 140 2 66.0 [18]
Ethanol/1,4-Dioxane
20 TR Bl 44 KA 477 Acid base nano catalyst C, H; OH/DMSO Fru 120 15 76.6 [19]
21 Ag1H,PW C,H; OH Fru 100 24 69.5 [20]

# Note: DMSO: —H Z W Dimethyl sulfoxide; THEF: PU& Wl Tetrahydrofuran; Fru: 8 Fructose; Glu: % &M Glucose. T 3

[d] The same as follow Tables.
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Fig.1 A possible pathway for the preparation of EMF from cellulose conversion
(1,2-dichloroethane) A HLE I H . S N IR PR ol & HCL A B, KPR BE RN A& 0. — 02 FI AR B

R £ IG5 2L 0 AR e AR 2 4 3R A i BMF A
CMF, fifi J5 75 £ B 2B i EMF, Bt & 5 535 3
40% ., fHAR—HEA R, 5 =P P e f HBr 5k

21 4 KA

CEFEFRAEAAE R B4 — 8 4 il EMF, Chen
SRR DL RO FEFE R SR, AE C B/ DY SV R R A 7 7
rh—8 ikl 5 EME, I B 283 2.9 h, 7= %3k

21.8%,
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PEAE AL AR TR 247 MR 45 44 1 700 76 5 90 1k R P
OXARIRAS S KB 43 S ¥ 00 4 T 4 31 R 3R 3 4 4 4L
N
21 HHEELER

VAR R 2 i hy LR (18 — b S5 AR AR R R R

FE T 00 v 43 A 2 50T B B e A T M L VR TR
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% 5 W g (Lewis acid, fij# L fR) , £ EMF 1 £ 1
T, B X M 1) 4 AL IR SR A, oF 7 4 4 11 S
RO 25150, 3 2 Ji AT BB AR R DL 4 A AR 4 1k 77
Hil % EMF BIBF5E . M3 2 0l LLE W, 76 240 R 4
&M F.70~210 °C F W 10 min~18 h, EMF
FER A LIS F] 92.9% , Liu 455 LUK R M
WAL 7E 2B L 70 °C RO 18 h, HMF 58 2 %%
b (AL HiK100%) EMF /= Rk #79.8% , 2%
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Table 2 Studies on the preparation of EMF by homogeneous acid catalysts

7 37} HEALF sl MW/ C BFE /D A/ % S SCER
Number Substrate Catalyst Solvent Temperature Time Yield References
1 Fru NH, Cl C,H; OH 100 12 61.0 [11]

2 Fru NH,Cl C; Hs OH 120 0.17 65.0 [11]

(## Microwave)
3 HMF AlCly C,H; OH 100 5 92.9 [24]
4 Fru AlCl; C,H;OH 100 11 71.2 [24]
5 HMF H;SO, C,H;OH 70 18 79.8 [25]
6 Fru H,SO, C;Hs; OH 120 0.5 79.3 [26]
7 Glu H> SO, C:Hs OH 210 0.23 21.8 [26]
8 214k Cellulose ISENION C,H;OH 200 1 14.4 [26]
9 Fru BF; « (Et);O-AICl; « 6H, O C,H; OH 110 3 55.0 [27]
10 KEFE D (+)-Sucrose  BF; * (Et),O-AICl; » 6H, O C,H; OH 110 3 45.4 [27]
11 % ¥ Synanthrin BF; « (E0),O-AICl; « 6H,O C,H; OH 110 3 23.9 [27]
12 Fru HReO, C,H; OH/THF 140 1 73.0 [28]
13 Fru ChCI-HOOCCOOH C;H; OH 70 3 74.0 [29]

: Note: HMF . 5-3 F 3B 5-Hydroxymethylfurfural.

BLS AR AR MR BE (0.1 mol/L) A4 5 R A S #4541
TE T A A 5 A0 RO A 2 B DL AR A 2R 7 R )
B 79.3%.21.8%.14.4%

% 5 197 R e % 412 34F 6 25 0 1) S 4 A o DR T A £k
T 2 WS TR B A A AL ) A EMEF JE R 2L I )
255, Liu 5 R H ALCL R 165, 4 1k
S R L EMF, 76 100 °C F &R 11 h, =R R
T1.2%6 o SN 28 3k 78 R 2R IR A s R [l Wi A 38 i A
3R AICL 1E PR A AN S, B R 4P Y ] # 2 PE.
Liu &R NH, CLAE M AEA R, — 50 4 AL R 0
il EME , 78 v 50 v 43 501 SR R i DL S A
W 4 EMF 77353528 61.0 % .65.0 % .

B — MR B R T 2SR B
PR AR AR R . TR 1 B W AE 0 43 B g v ] ke )
TEAC R A U D RE , B 8 R PEAR L BE PRAIR M
i T L5 5 oy B Il A A A A8 R v AR A L Bk
NN —Fh g @ IR R . Guo 5 DURUBE/E
kL, LR M2 AR [CAMIM ][ HSO, ]~ fE
RN DL KA 7E S B IR R 120 'CF R

N 20 min, 758 T 83% 1) EMF, & TRk 7EE S
FIH 5 W %t EMF 7= R4 B M, Alam
SEL SR B W2 D) Re Ak B 7 R [DMA ][ CH, SO, ]
S AEAC TR S DUSEE A= B g O OB L 7E B AR — S ik
HEAT S T OB AR RE . 7E 120 °C R I 20 h J5
133077 258 28 o MR E CEMEF Fil EL 4 53 1) &
ZHR 9 D) B TR mOR] L E  FEAT E
S, 3 K E G R G A TE T R RO R, U
B LR A IS 56 vl A VA B T IR AR A L A R A
LA 5 1 Al B T A2 31 )32 (9 0@ T AH B8 R IA
1) B A 1] 850 PR 1 il R o T R A AR B . 1 % AT L
EMF 3£ 11 5 55 14 8 2 B V01 i Ak 7008 i ok ik
— WS ).
22 FFIHEEHER

R TR B AT by 5 ROV AR R 53 85 AR i 4% L5
Aib 37 R EAER E MR BR AE LA R BRI BE S B9 A
3 R T SEAE R TR M AL A EMF TS5, R
3 A HI L, fE 80~150 “C F M 30 min~24 h, f & Al
DL 3 oot R R AL 45 31 91.5 % B EMF , A= ¥ J5 fhil
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Table 3 Studies on the preparation of EMF by Heterogeneous acid catalyst
s JEE AL 51 gl R/ C I /b =%/ B S0k
Number Substrate Catalyst Solvent Temperature Time Yield References
1 Fru K-10 clay-HPW C,Hs OH 100 10 61.5 [12]
2 HMF K-10 clay-HPW C;H; OH 100 10 91.5 [12]
3 HMF Fe; 0, @C-SOz H C:H; OH 100 12 88.4 [13]
4 Fru Fe; O, @C-SOs H C:Hs OH 100 12 67.8 [13]
5 % ¥ Synanthrin Fe; O, @C-SO3s H C;Hs OH 140 12 58.4 [13]
6 Fru OMC-SO; H C; Hs OH 140 24 55.7 [14]
7 Fru H3;PW12 0y C;Hs OH/THF 130 0.5 76.0 [15]
8 Fru H;PWi2 040 C:H; OH 130 0.5 65.0 [15]
9 Fru H3;PW 1,04 C; H; OH 140 2.17 64.0 [16]
10 Fru MIL-101-SO; H(x) C;Hs OH/THF 130 15 67.7 [17]
11 HMF Ag H,PW C:Hs OH 100 10 88.7 [20]
12 Fru Ag H,PW C:Hs OH 100 24 69.5 [20]
13 HMF H,; SiW13 040/ MCM-41 C; H; OH 90 4 84.1 [33]
14 HMF PCM-SO;3; H-1 C, H; OH/DMSO 100 8 85.6 [34]
15 Fru ACMSs-350-SO3 H-12.5 C:Hs OH 100 24 20.0 [35]
16 Fru MCC-SOs H C:Hs OH 130 8 63.2 [36]
17 HMF Fe; O, @C-SOs H C,H; OH 100 10 83.3 [37]
18 Fru Fe; O, @C-SOs H C, H; OH/DMSO 100 10 64.2 [37]
19 REBE D (+)-Sucrose S-PANI-FeVO,(11) C,Hs OH 90 24 57.1 [38]
20 Fru S-PANI-FeVO, (11) C;Hs OH 90 24 72.5 [38]
21 HMF S-PANI-FeVO,(11) C;Hs OH 90 6 83.8 [38]
22 HMF 25% TPA/NbP C: H; OH 120 1 89.0 [39]
23 Fru MCM-41-HPW C:H; OH 100 12 42.9 [40]
24 HMF MCM-41-HPW C; H; OH 100 12 83.4 [40]
# EMF 3|0 AR IR £ 84 7 Tk s moiae  EW D AR me a4k R, whi ™ Lh B il il 6 £k w4 1

AL T A 2 IR 26 | B+ S e AR 25 i AR . L
L o1 O S A A R 2 B A R 5 4 1Y R AR BN T
AR 2E Y B LB AR SIO, A ALO, i i T
MR LS R R ., Ay TR E AT N T
HMF R #2055 0 IR W) EMF i % 52 5,
Che &1V 1 46 T H, SiW,, O, /MCM-41 4 > $¥0k:
AL, 72 2 B AL AR 3R A i HMF B £k i) B
EMF, i i 7 90 “C T #47 4 h,EMF =% R77.2%.
P B B LI R A R B AG  fEARRI AT S R 5 R

ik 12 Dy e Ak A 0500 A A s e AL PR BE L B 4 B ]
WL, G L BRI Eh 6 R R Y
T iR o) e fb M 4L 570 32 iz - HMF R4 # 4
Wl 36 0 55 TR A A Ak ) 25 b, 43 AT DA A A5 3 24
91.5%.67%.39%.85% 1) EMF, Liu %" &M% T
—Z %I MIL-101-SO; H () & 4> T ik #1675 2
P DY S K IR AE U R RO 15 h OB IR R
130 °C AL R MER B = 35 67.7 01 EMF, HH#
FAE AR W o i [ A A b R0 L AR i I e A A TR A
A0 L AT T e 4 A 0 2 0 g R AR g 1 A AR
Fb An DA Ak A= 0 3 o JEORE L 38 Gk Ak vk AT 4% 5 T A

T I [ 142 PCM-SO, H-1 M4k, 76 2 B fn —
VAR 5 R ALV SR R rh— B VA b HMF
B EMF, 7€ 100 °C % 5 b & FE F &8 8 h, EMF =
RATAE 85.6 %0 . FE N 45 3 I o A AL 50 vT 78 S8 Jin #
DERTT , 5 IR AW 5 5 BT i, & 2 E
SAH T A AR AT PT AR AR 38 e 0 P

FEWRIE—F MR, & A AR AR & A
PR BB 7 4 & R PR 2 2 BB 7
WO,> +PO,* >PW,0,,° MWERHRR ™, 8%
HF HMF LSRR WS Ak F5 k. Yang %0 B 4%
FIFHBE R IR HPW o, O WAL, 7E 2 B 57—
ol A Ak R B ) B EMIE, [ R SR Bk AL 7
130 C F & W 30 min, 4 %] 65% ) EMF, Wang
SV DI E R AR AL R L AE 140 °C R HE L R B
HIH EMF, I % #f 47 130 min, 7] 18 3] 64 % Y
EMF,

PR R 5 - A H RS AR 2 — T i A0 0 PR v HLRA 8
o 0 A2 AR R T DA B B v AL O B 1 s A AR G
Y, SR RIS H R W T RS
B FEHEAL A2 9 ) 45 EMFE A R REAS 20 . Zuo
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PR 2 5% . E B ) & EMFE, 7= R 43k 46.7% .
50.2 % s H UM m 5 1 B F 22 e i IR 4 HA R AF i
AT AR, 0K A S A W s
PR . Dai & A T BEAAE HLEE 1L A L 7]
D-SPC., 7E £ T 5 0 & Wk g 79 A s 351 v — 5 3 I
I EMF, 7 0 35 68.8% ; 3 5 £ Fh it b K £ 17
XF I, Hi Amberlyst-15 i 46 F) 76 8 25 2 0 45 1F
FLEMF 7= 0] 35 52.9% . Yu &7 i F 47 3L 1k
#F ALCOTD 5 Amberlyst-15 B i 5[5 41 4k 75 25 4
ARG L] 4 EMEF, )R DIARRLLL 12 1 /9 £ B
DMSO A FIMA R AE 150 °C Ay KN I T i 22t
17 8.2 h, il #4458 T 48.1% 1) EMF,

3 BRIEE

31 ZEEE%®R

LB 25 EMF S5 8 UL i 500 AS Ok I8 T
2 EARRR TG G L 5 T, 2B IE 2 — 5 i
BEMF T2 Y. 78 H il EMF it
W58 AR 2 58 oR I & B S 52 00 ) R IR o 1%

RN AE ol H 94T HME (9 ik 46 B N, 77 3R
e Al ik 92.9% . BeAbh . L EELE R K AL A W R e fk
HhR T LA R A T A AR R Liu SRR AR O
L4k HMF % EMF, LA AICL/E AL 5],
£ 100 'C A3 E] 92.9% 1Y EMF ¥ S0 1E Ry JFUR)
EMF 7= R0l ik 61.8%;: 5k FSE N LB S S
T 5 DL A R A 0 KR B 28 ) A 7R A A R
AL SR G L EMF 77 353k 72.3% . i LA R AE
R MOCRFRE W] LA F] 63.3% . £ BEAE A
{7 B Sy AR B TC B VER R L5 T I DA e o3 5, S 45 32
VR —Fh g a0 ), B2 B B s o )2 R
RER .,
32 WHAAEZR

Ve 700 A 2R H A R AR S A A 3 R A R
TFARAL AL A2 W) B 46 EME, J&— R4 T+ H b5 29
PR H UL 0 DA ARG LY R S A
FIWE R B L H), T EMF 94 1L #4465 0L
ILEFI A DMSO, THF, 1, 4- " AN 3%, 1E[H
FE AL B A5 R 3 700 i AGE T DL G
FRTFA TR, R4 ML FE EMFE §il £ iy
. B2 4 AL EPAE IR RN R 7E 100~
150 C F W 0.5~ 24 h, 5 i ol £5 5] 89.5% 1
EMF!2 |
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Table 4 Study of two-phase solvent system in EMF preparation

5 /i il AL M RE/C Bl /b =8/ % 2% ik
Number Substrate Solvent Catalyst Temperature Time Yield References
1 HMF C; H; OH/DMSO K-10 clay 100 8 89.5 [12]

2 Fru C, H; OH/DMSO OMC-SO3; H 140 24 55.7 [14]

3 Fru C,H; OH/THF H;PWi, 04 130 0.5 76.0 [15]

4 Fru C;H; OH/DMSO H3PW 15 O 140 2.17 64.0 [16]

5 Fru ii‘ii il/llzi::jne PU-Cat 140 2 66.0 [18]

6 Fru C,;H; OH/THF HReO, 140 1 73.0 [28]

7 Fru C,; Hs OH/DMSO PCM-SOs; H 110 1.5 88.2 [34]

8 HMF C2; H; OH/DMSO PCM-SOs; H 100 8 85.6 [34]

9 Fru C, H; OH/DMSO Fe; O, @C-SO3; H 100 10 64.2 [37]
10 Fru C; H; OH/DMSO PCM-SO; H 100 10 61.8 [47]
11 Fru C, Hs OH/DMSO Hep 105 8 78.9 [48]
12 Fru C, H; OH/DMSO Ar-SO; H-SBA-15 116 4 63.4 [49]
13 Fru C,;H; OH/GVL MHGC-O3sH 120 24 67.4 [50]
14 Fru C;H; OH/THF SO; H-CD 120 6 74.0 [51]
15 Fru €, HS OH/IE 2 5 H, S0, 120 3 83.7 [52]

C;H; OH/n-Hexane

HAj, #l & EMF 8 1 28] s A e
M (DMSO) . U & kil (THF) | v-1% 9 g 25, ix st 3t
WHIHER T LAAE— R F# T EMF 172 %, DM-

SO BA I R A #ES G2 M Bk s o 55 R 1
REVE T /KN LB 25 A0 WL 3 0 AR B R o
AOLER B Z T B R T MERIA
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b TR AR Ry 9 B T vz v T EMEF A il
#zm, W5 R, DMSO B A A] LR # EMF
B A %, T U0 B PR I T . Zhang ZEHS ] £
T — BT B R R ok AT LRSS BRI A AR L I
LB A 5 mL DMSO £ 8 W i FIK £, 78
B R B & F,EME =285 T 18%, ik F
78.9% .Morales Z£M T HF 5 T " H 3L W 5 £ BEAE
Sy I A R B OB B A R A EME 1 i b e AL
i, IR AR R B 8.3 W ISR L FE 116 °C
TR 4 h, 7] L3 5] EMF B A= %, K 63.4%.,
R £ J7 T WF 58 2 B, DMSO J& — #b ] DL
EMF @308 5 AL A HLIE R H o T AR B 77 76 55
L TR E g 2 e IR AR A5 2 0
FEI,

THF 7] 45 28 %8 EMFE 7= 5 340 i & )2 1 7=
A WA EMF [ 4R 7= 4 HME™ . Yang
AL B PR RS R H, PW,, O AL ), — 8 12
FEAL S BE I HL EME , S S by 25 78 F AT A5 21 7= %o
65% 1) EMF ., T 24 AR 7 AR 2 4 £ B DY &0k g
(V/V=5+ ) IERIEK R0, 0] L EMF 7= R 4
B 12%. W DMSO 264, THF A 5 %M. A
B A RS L R

Li " ¥ 140 C B & BE/1, 4-— & N 3
(V/V=70: 30) P AR ¥ 0 . DL E ) 2R 240 I 5 48 1k
FB e — 4 5 AL EMF, JF 3843 66.0% (9 EMF
WK, FER % RN AT . BV AR R 6 BR 4T,
EMF WCRUA 56.2%

Bai %0 AT T AE v- N R 5 S Bl i S 5
G £ e ik 1 AR R e Ak 700 FH T A b SR R
il % EMF B Fo¢. wEoe &3, A v-15% P g o] LA
B W T EMF 7= 3%, A 4l 1 & B s 7, v- 1 i
fis v] DA B K BR800 I8 B T A A . A B
e B R 25 1 B ARE 7R R EMF 7= R 1] DLk
F67.4% . Xu ST T IE S e A L % T
fEf TR KA A W — B9 ik L EMF Fil EL 09520, 76
o A4 S5 7 L BE RN 2 g s T] T 7 R I R AR &R AT LA 4
Tt 5.73% 19 EMF fil EL ({8 725K, A% 74K &
BARBEHR E I R BB AR R S 5 R4
B BAR B L I ISOR AR X R B T Y S ] A
I TT R A PR PR 11 i 78 3% 7] 9 4 v L Tl i R R R
W 1R R R B AF 5 19

4 HiBES5REE
EMF £ ELAT BL 449 1 1 5 10 5 A 4 A L 2

aie s HET BFSE N GO AR W B 4 EME #5471 K&
FIAF T, FAR S0 25 sk ] L3R 15 48 & ) EMF =
B AF 2 4 05 28 AT 4k R 2R JF R EMFE % 467
FRAAR . A A TR0 8 15 AT LA S B A 5 A T A
IR A= 0 4y s B B T 20 . L3 500 9 fif H e
% A 504 e Sy A S AL S R Y B L 0 B R
SRR W20 EME =k feny E2 K, BT
W2 B 08 00 A 7 AR R R 1 D) I 2 2 T A
WIS 2F 2 2% 25 28 W Ba et ek, 2 AE S5 30 A ) e 3
EMF 1 R FUA 5% Ak, B A K b 2% i g U5 ), &8 0%
HWER SN S —ERE LSRR, K, I
A e SEANGINCIN e I RS TR N R R | D NS
VCTAC 1) TG 5E  fe 280 1180 T A 72 3R AR 3R I AR 2 R ok 1 32
BN .

EMF 1E 2 ¥R A S a8 in ), H e AR [ T
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Progress in the preparation of 5-ethoxymethylfurfural by biomass alcoholysis

XU Guizhuan,ZHENG Zhangbin, WANG Shijie, WANG Chen,ZHANG Shaohao

College of Mechanical and Electrical Engineering , Henan Agricultural University ,
Zhengzhou 450002 ,China

Abstract Biomass alcoholysis is a way of high-value utilization of biomass, which can be directly
converted into 5-ethoxymethylfurfural (EMF) known as a liquid fuel and fuel additives with similar
combustion characteristics and energy density to gasoline and diesel. The high octane number, high boil-
ing point and stable flash point of EMF make it a suitable transportation fuel.In this paper, the feed-
stock, catalytic system and solvent system for the preparation of liquid fuel by biomass alcoholysis was
reviewed. The current situation and developing trend of the preparation of liquid fuels from different ma-
terials including lignocellulosic materials, fructose and glucose were summarized. The homogeneous, het-
erogeneous and ionic liquid catalytic systems in the process of EMF preparation from biomass were re-
viewed and analyzed. The advantages and disadvantages of different catalytic systems were compared.
Traditional homogeneous catalysts have the advantages of easy availability and low cost with a moderate
yields of EMF in general, but the recycle of the homogeneous catalysts and the corrosion of equipment
are still far from satisfactory. Among them,ionic liquids have attracted wide attention due to their low
toxicity, high polarity,adjustable acidity, easy separation and recovery,and high catalytic efficiency, but
the cost is too high for large-scale industrial production, which is the main drawback to be solved.Heter-
ogeneous catalysts can reduce equipment corrosion and make it much easier for the separation and recov-
ery after the reaction.Most of the heterogeneous catalysts have the advantage of adjustable acidity, high
mechanical strength, high thermal stability and high chemical stability. Heterogeneous catalysts are
therefore considered to be promising. The function and effect of solvent system in the process of biomass
alcoholysis were discussed.Ethanol is the most widely used solvent system in the EMF production,for it
is also the necessary reactant in the alcoholysis reaction.Organic solvents including DMSO (dimethyl sul-
foxide) , THF (tetrahydrofuran) , GVL(y-valerolactone) and n-hexane are used together with ethanol as a
solvent system to form a co-solvent system.The co-solvent can increase the yield of EMF and reduce the
formation of by-products,but there are still some problems to be solved,such as difficult separation of
products from solvents, high cost, low recovery rate, environmental pollution and so on. The studying
trend of biomass alcoholysis to prepare EMF is prospected.

Keywords 5-ethoxymethylfurfural; 5-hydroxymethylfurfural; biomass; solid catalyzer; liquid fu-

el; biphasic catalytic system; solvent system; fuel additive
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