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Preparation of furan platform molecules
from (Hemi-)cellulose
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Figure 1 (Color online) Preparation of furan platform molecules from
(hemi)cellulose.
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Figure 2 Crystal structure of cellulose (dotted lines represent
hydrogen bonds).
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Figure 3 Mechanism of cellulose pyrolysis to produce furan platform
molecules.
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Figure 4 (Color online) Pathways for acid-catalyzed conversion of
cellulose.
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Figure 5 (Color online) Schematic diagrams of multi-step and one-pot catalytic processes for coupled biocatalysis.
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Figure 6 (Color online) Downstream transformation of furan platform
molecules.
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PR AL BRI . R A4 2R (O RE LIS 9 T A i
A 22 5K AR TR R U2 4% TR S Tk DA R AR B AL,
Wang 25| 4 T 1 BN/ AL O 46 70 F T Bk S 76
B4R 22 oh SR I W/ 2- FR LRI, 45 5L, +
B RILEEHIIIALO, AT DL F2 2 g M & JB AT 1,
HBET G R TS (554, 20214FKalong 25 i i 1511
W4 JBNICuALFI CoCuA LR, DA Al N A A4
Yo RS o RO A0 B A A AR B AN2- 5. NiCuAl
FICoCuA VAL AL S v P i R 7E T R R A &
BRI LewisBRAL £, 3R S EE TR I S AR EE 1) A (i
ik &, BEAGRES BHER FHKPE VAR, FEH AT
TETRAN )24 T 52 BOBRRES (N, e fRE AL &1
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A I JFALAE K B A 9K 2 L (CusN Nw/
CF), S 13T 100% A B s £ 1 F195% 11 v 4 26 2%
SR 4 2 S AR B 2 RERE SR R T FALIK
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IhFE.

RIS I ) 2 BRI L 2- P 3 Ik g ({7 B R IR )
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A KB TR A R A RAD HRERE T
ekl A ) FI 26t 2 el (T R A BRI & 1) 5%, 4
i, LinZE"Mh) & T WIBENI-ReO /TiO, HEALFI, 7E
130°CH13 MPa H,MIRPIZFMT, HREEHLZnT A
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Table 1 Performance of different catalysts in liquid-phase hydrogenation of furfural to furfuryl alcohol

Catalyst H, (MPa) T(C) t (h) Yield (%) Ref.
Pt-Sny5/SiO, 1 100 4 96 [90]
Ru/Zr-MOF 0.5 70 4 95 [91]
Pd-Cu/MgO 0.6 110 1.3 99 [92]
Co/SBA-15 2 150 1.5 88 [93]

Cu-Co/SBA-15 2 170 4 80 [94]
C00,/Nb,05 2 70 4 95.7 [95]

Co,AlO, 2 120 3 96.2 [96]
CuFe oxides 6 200 4 84 [97]

Cu/AlL 0, 2 90 2 81 [98]

CuNi-MgAl mixed oxides 1 200 2 83 [99]
Cu-Zn-Cr-Zr oxides 2 170 3.5 96 [100]
ZtMg@Fe;0, Isopropanol (0) 190 5 92.5 [101]

AL ERE, TE150°CRI6 hifI LA PE T, A= ]
1562.8%. FHET LIRIERE, B IR E MG k2
P ESUN i Uy h=R (354 iy NV N | e D 4 =)
IR S [z N % T ZnCo-LDHEE — R A4k 77 I 52
W T IEBEEEAITER, % TR . DU SURREE
IR EE . 1,5 —FE(1,5-PeD) &5 — R4 R i~
Y, G RS TR SRR T I A SR
%1,5-PeD. TE160°CF10.5 hff] s 2614 F 1,5-PeDHI =
RO IEAT Y%, FREELEAEATIZR BRI, Coff)
SINTEE T HIGEMRE S, W4 & PR M
B T A ,5-PeD. iR IA RFRIH, TR
IR BT 75 B LR B 2 B8 AR 1 4 RS S5
AR FEM A TR AR 45 R 0 JEC DR F TR AR B AR S 12
W A FH DA R PR o SR &R R I PERER B, DASEER
Rk SRR,

3.2 FFH%E4L

T (1 b Ak S8 AL 2 AR 1 o S8R A 2R ok
FR(PTFESEEB 7). IRphas nsm &), Sl il o vl ik
B, BRI REAF RS, B R ) %
BRIR I fhe AL R B 98 - AR fEAuy Ag. CullH AL
Wk, FAE19854F, Weidk ! LI 4 A A AL I E
50°C, M40 min /5 KRR EUA OIRIRR, IR ATIA
87%. Bk T &M A EHIEALIK R, 19944F Verdeguer
2t VOSP4 R 1k 91 78 S5 B A1 S 5 C 1R J
SR, KRR EE R . R RS AR, BE
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Table 2 Performance of different catalysts for the catalytic oxidation of furfural to furfuryl acid

Catalyst Oxidant T(C) t (h) Yield (%) Ref.
AwMnO,-NF Air, 12 bar 110 4 82 [114]
Au,Pd,@SiTi Air, 26 bar 110 10 48 [115]

AuPd/Mg(OH), 0,, 3 bar 30 4 84 [116]
Pt/re-Mg,Al-LDHs 0O,, 10 bar 60 6 97 [117]
MnO,@CeO, O,, 8 bar 130 4 95 [110]

A SN M L e R E(En) il & T M E A OB
XxECNUNJ FH T~ 6 /8 Al ) & 4. AR Ak JS RI2EC-
NUN/EEAG T B A & m G AEBR TR R R, R
PICEAL IR T B RE 7, AT R e A A
BRI, R 11 A A28 Bt 1y T A8 89.3%,  MREER 1) 77 26 it e
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RER, AT P B A ) S5 A A S B R 1 B
J1 e P A T ) S

3.3 FFM#G S5k

PR 1 408 & S N =8 B2 R o) 4% A 2 Rk kL i
. FREETT S PIER . 3- R 5 i SR I 45 A 15 21 K R
o, HE AN S B 18 BICe~C 5 1 BLAE A
Hekike. DumesicZ! I EALBEEE AL 1A B T XTHME
BEAT T MEmEAE A M SEIL T AR BREE A ZE 48, Chottir-
atanachoteZ:!""” AMgAI-LDH#F 4= (IR & A0 5
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B 52-T B4 5 1 45 6 ) 2% B AT SCBE I B 2 C9B-
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PR Gr , AR AR TT1869.7%, WRIR-2- P 45 i 1%k
BPETT£90.2%.  Shen " Vi st 1) FiY J LA AS 7] () [ 44
Bl 4k 7] (M gO-ZrO, . NaY M B INaY) i1k
HMF 5 5 B () 45 & SOBE. #E120°C 1 B 4614 R,
MgO-ZrO, A7 B H B £ (L AR AR R E, 2051
ATIE50%F1100%. Bohre 5 F1| FHBE-H1TR & S AL PI(ML-
3) AT S B HME 5 P B 31T C-C B4 &, HMF
I T I599%, COP M= 2] 1489%! . #f—
TSR B, ML-30 55 (4 b v 1 SR T Ak 7 3%
THT PR v 5 T v L 2 T A

fi R B S R E M —, ERZ. K. B
BVRE AT b BA T2 . BRI R R Ak
e — b v 22k LS FH B A I e o) 4% 7 i, FF HLN

W E K. ZouZ P HiiE T LKA HENH, H,0) A
RIE, AR, B A LS 4 0 FUERRu IR Y
BN C A4 751 o B s 8 47 380 R R A S B, 4k S T ok
99%. A% 40 1 R A0 i e A A A TR v v R R A
SHEIN, R ik 2G4 R. B, Xue
2t 2SR FY iR i Y I 7 VR AE P25 _E R D114 T RN
RugKPIf%E, W et FR K T SR BME
) SRR S A ) A MR BT R 4. 7E0.91 W em ™
T, 0.1% Ru/P25 A Ak 77 A 44 25 OB es £ a8 1
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Figure 8 (Color online) Hydrogenation reaction pathways of HMF.
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Wb ERNER, RN RFFRE DTS

J@ 1A 2. ChenZe!" il 1 ¥4 Cu-CoX 4 JR B35 T,
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N BB INENT S T DME R &+ B F, Mz
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B, HISCHERN, HMEF ) & i A AR e Ve R 1) 1
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TECMF il £ 5 Jg B2 A ST 7 2%, KRIAE
CMFHil| % DMF R #E e, 5 AL AE B 35 #H R FTPd-Cl
T VR R 3 R TR SLAAR B ) A v R RO B
DMF [ 7= Al 1K 92%. #3845 T #4rH WAHITHMEF N
S NDMF L R,

Bk T DMF, 2,5- %% F L BRIR(BHME) =21l {E N
SR SRR AN SR M 1 B LA AR B v o Tk
B, WMUIEHMFMEFALPI G+ BEE. Dumesic
s USIDEABE T 7 B . B TR ANV AR HME
W INECABHMFEALTEPE IR, RufE &% s AR
AR B, BHMF= 221 1591%. Wangs!'*”
i i J5 AR E AL ) (LDHs) i SR AA R 2 T — &
HIAE S 4R Cu AL T, RARIBE R B Cu ik
P 1L 9% B HMF o ) C—O B, 110 Cuf37 328 456 11 1 S P T
FrP I C=08 A B4, BHMFHF LR AL 100%.
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Table 3 Performance of catalytic hydrogenation of HMF to DMF over different catalysts

Catalyst H, (MPa) T(C) t (h) Yield (%) Ref.
Ru/Co,0, 0.7 130 24 94 [131]

Ru/C 0.5 125 1 69.5 [132]
RuCo/CoO, 0.5 200 2 96.5 [133]
Ru-ZrO, 1.5 160 1 90 [134]
Pt-Co/MWCNTs 1 160 8 92.3 [135]
PtCo@HCS 1 180 2 98 [136]
Pd-C0,Sg/S-CNT 0.3 120 13 83.7 [137]
Ni-W,C/AC 1 180 3 96 [138]
Cu-Co@C (Cu:Co=1:3) 5 180 8 99.4 [129]
CuZnO 2 220 5 79 [139]

Fey -C0s -Ni; o/h-BN 2 180 45 94 [140]
Ni-Co/C 1 130 71 90 [141]

Co, 1GO 2 220 1 94.1 [142]
Cu/Nb,05-Al,0;-773 2 150 10 90 [143]
Cu-CuFe,0, 3 170 4 93 [144]
Cu-Ni/BC 4 220 12 93.5 [145]
CuCo@/NGr/a-ALO; 1 140 16 99 [146]
NiO/WO, 1 180 6 95 [147]
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Table 4 Performance of catalytic hydrogenation of HMF to BHMF over different catalysts

Catalyst H, (MPa) T (C) t (h) Yield (%) Ref.
Ru/C 5 110 60 100 [153]
Rw/Zr0, 1.5 110 120 99 [154]
RWALO;, 27 30 130 74.5 [148]
Au/FeO, 3 80 2 96 [155]
AWALO; 6.5 120 2 96 [156]
Cu/C 5 180 8 53.8 [129]
Cu/Sio, 25 100 8 97 [157]
Cu/PMO 5 100 3 99 [158]
CuNi/ALO, 3 130 6 62.4 [159]
CuZn/C 5 180 8 522 [129]
CuZn 7 120 3 95 [160]
CoAl 4 120 4 83 [161]
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Figure 9 Oxidation reaction pathways of HMF.
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Table 5 Performance of different catalysts for the catalytic oxidation of HMF to FDCA

Catalyst T(C) t (h) Oxidant Yield (%) Ref.

Magnetic C-Fe;0,-Pd 80 4 0, (30 mL minfl) 91.8 [178]
Magnetic y-Fe,O;@HAP-Pd(0)/CN 100 6 0, (30 mL minfl) 92.9 [179]
Pt/y-Al,04 140 12 O, (1 bar) 96 [180]

AU/TiO, 97 0.5 H,0, >99 [181]

Au-CeO, 65 8 Air (0.5 mLs™) >99 [182]

AuTiO, 22 22 0, (2000 kPa) 80 [183]
FeNPs@NH,-SBA-15 120 14 0, (0.6 MPa) 89.4 [184]
CoO,-MC 80 30 O, (5 bar) 95.3 [185]

MnO, 130 6 O, (10 bar) 95.8 [186]

Cu-doped MnO-nanorods 80 12 tert-butyl hydroperoxide 95.7 [187]
La-MnO, 140 4 0, (0.5 MPa) 91.9 [188]
Nitrogen-doped carbon (NC-700) 160 6 0, (2 MPa) 83 [189]

AR, HMF4EAL g Ak B3 351 kg — P iR
T HEE, RERKT RS A. 1E100°C
2MPa O,%MF N, HMFHE AL =l ik99%, MRk
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Table 6 Performance of different catalysts for the electrocatalytic oxidation of HMF to FDCA

Catalyst (ele(i‘t’r‘(‘)‘f;ti;‘;H) - A‘i‘g‘ig};ﬂfgﬂg W Initial HMF (mM)  Yield (%) Ref.
Pt/C 0.1 mM NaOH (pH 10) 0.44/2.5 5 <1 [195]
PINiS,/CB 1.0 M KOH (pH 14) 10/1.47 10 95-99 [196]
Pd/C 0.1 M KOH (pH 13) 1/0.55 20 1
AuC 0.1 M KOH (pH 13) 1/0.29 20 1 o
PdyAuy/C 0.1 M KOH (pH 13) 1/0.48 20 64
Pd, Auy/C 0.1 M KOH (pH 13) 10.30 20 83
Pd,Au,/nGO 1.0 M KOH (pH 14) 1/0.34 5 16.4 [198]
pCoHA-Ru I M KHCO, 60°C 135/1.45 100 92.1 [199]
Ni;S,/NF 1.0 M KOH (pH 14) 100/~1.38 10 08 [200]
Ni,P/NF 1.0 M KOH (pH 14) 50/~137 10 08 [201]
Ni,B/NF 1.0 M KOH (pH 14) 100/1.45 10 98.5 [202]
NiCu(OH),/C 1.0 M KOH (pH 14) 9.2/1.45 5 933 [192]
CuCo,0,/NF 1.0 M KOH (pH 14) 1.0/1.23 50 93.7 [203]
MnO, H,S0, (pH 1.0)/60°C - 20 53.8 [204]
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Figure 10 Condensation reaction pathway of HMF.
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Abstract: The preparation and utilization of biomass-derived platform molecules to replace traditional non-renewable
organic synthetic pathways based on fossil resources is important for the energy transition and sustainable development
goals. Furan-based platform molecules derived from (hemi)cellulose, can be catalysed into a variety of bio-based
chemicals, fuels and polymer monomers, which is an important means of sustainability and green decarbonization of
chemicals, fuels and materials. Based on the accumulation by the author’s group, this paper reviews the conversion of
(hemi)cellulose into furan platform molecules and its downstream high-value conversion and utilization ways. It mainly
includes the preparation of furan platform molecules by catalytic pyrolysis and acid catalysis from (hemi)cellulose and
their further conversion into a variety of high value-added products by catalytic hydrogenation/oxidation/
ammonification. Finally, the opportunities and challenges in the preparation of furan platform molecules from (hemi)
cellulose and their downstream conversion are discussed.
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