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Conversion of Biomass to Novel Platform Chemical y-Valerolactone by
Selective Reduction of Levulinic Acid

Tang Xing Hu Lei Sun Yong™™  Zeng Xianhai Lin Lu™™
( School of Energy Research Xiamen University Xiamen 361005 China)

Abstract Biomass is the only renewable resources on the earth that can be converted to liquid fuels and
chemicals to replace fossil resources. Recently the catalytic conversion of biomass to platform molecules has
attracted more and more attentions from the researchers worldwide. y-Valerolactone ( GVL) is regarded as a
platform molecule that has extensive application potential similar to levulinic acid ( LA) . Up to now various of
catalysts and reaction systems were developed and applied to the selective reduction of biomass—-derived LA to GVL
and the hydrogenation of LA can be driven by various hydrogen sources including molecule H, formic acid
(FA) syngas and alcohols. In this review the catalytic hydrogenation routes and recent research progress for the
reduction of LA are systematically summarized in view of the diversity of hydrogen sources. The future research
trends of the selective reduction of LA to GVL are suggested.

Key words levulinic acid; -y-valerolactone; catalytic hydrogenation; biomass; platform chemicals

2 Catalytic hydrogenation mechanism of LA to GVL

Contents ) ]
3 Production of GVL using external molecule H, as a
1 Introduction hydrogen source
© 2013 3 © 2013 7
* (973)  (No. 2010CB732201) . (No. 201106121) .

( No. 2010121077) ( No. 201212G006)

* % Corresponding author e-mail: lulin@ xmu. edu. cn; sunyong@ xmu. edu. cn


https://core.ac.uk/display/41451258?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

11

*1907-

3.1 Heterogeneous catalytic systems

3.2 Homogeneous catalytic systems

4 Production of GVL using FA as a hydrogen source

5 Production of GVL using syngas as a hydrogen
source

6 Production of GVL using alcohols as a hydrogen
donor

7 Conclusion and outlook

1
1—3
. 2050
15% * .
5—9
( )
(LA) 10—12
5- (5-HMF) B " y- (GVL) "
16
GVL
( 1)
. GVL . .
7. GVL
18—21 7 GVL
(207 C) . (96 °C)
3 GVL
= GVL

B GVL

25—30

Q
0 HO A~ ALO INRsRif®

| [ o]
ROT/\)\OR
R=CHs, CHzCH,CH-CH3

R+=CHa, CHiCHCHaCH3, CHaCHL0H
Biodonic liguids

R=CHs, CHCHs
Bio-oxygenates

\‘/\)k

Methylpentenoate
Nylon mtanﬂeclates

Gasmlna n."n““uu-u‘
9
H -C0O; | Ring opening
\{zo
N
MeMBL Butene

Acrylic monomers

1 GVL
Fig. 1

chemicals and fuels

LA
GVL .
GVL
GVL
GVL .
4
GVL
GVL
2 LA GVL
GVL
LA
( 2 LA
(GVA) ; GVA
GVL.
GVA

GVL

O

Valeric acid

O | Ketonizalion

R }'OH

(0]
™ /’KA/\/

S-nonanone

Oligomenzation  Fyg|s

The pathways for the conversion of GVL into

LA

LA

GVL
H,.FA.

LA

GVL

GVA

LA



1908 % F # R 25
4 LA Ru/C
oa— a— o N 50 h
GVL, Ru/C LA GVL
/OC,\I(OH Ru/ALO,  Ru/SiO, GVL
8}
. N&X‘;@@g\ 4-Hydro><ypen?an0|c acid @e”% 1% fiu
O _o H, 0.0
Levulinic acid \ . Corma 38
S e
Pseduo levulinic acid °
2 LA GVL
Fig.2 Reaction pathways for the reduction of LA to GVL Ru °
Corma TiO,
3 H, LA Ru fu
5 nm 2 nm
GVL Ru/TiO, Ru/C o
3.1 Garcia 7 Ru,( CO) ,,
H, 2—3 nm Ru ( Ru-NPs) .
LA GVL GVL 95% o
Ru-NPs
( 1) .
Ru
. H,
LA GVL
1930 . Schuette  Thomas °' H, .
PO, LA Raspolli-Galletti ¥ Ru/C
GVL. 20 40 LA
Raney Ni . GVL GVL. Amberlyst A70
GVL 90% 28, 50 70 °C.0. 5 bar H, 3h GVL
Dunlop Madden *  TLA(0.5 g/5 L H,) 97%
(200 °C) GVL 15% -
CuO0  Cr,0, LA () 4
GVL.  Broadbent *  Re,0, GVL 81.2% ( LA
. 150 bar 18 h ) 16.3 wi%( ).
71% GVL o
Rode # 7r0,
LA . Ru ALO, Cu LA
» Manzer » Ru/C GVL o
Pt/C LA Cu/Zr0,  Cu/AlO, GVL
o Yan % 100% . Rode
o Cu
Ru 710,  AlO,
LA GVL. Palkovits GVL. Cu/Zr0,

Ru



11 *1909
1 LA GVL
Table 1 Production of GVL under various heterogeneous reaction conditions
catalyst solvent H, pressure/ bar T/ °C time/ h conversion ( %) yield (%)  ref
PO, ethanol 2.3—3 22—24 44 100 87 31
Raney Ni no 62 185 4.5 93 32
Raney Ni no 48 220 3 94 33
Reduced CuO/Cr, 0, vapor phase 0.07—0.35 200 continuous reaction 100 100 34
5 wt% Ir/C 1 4-dioxane 55 150 2 49 47 29
5 wt% Rh/C 1 4-dioxane 55 150 2 30 28
5 wt% Pd/C 1 4-dioxane 55 150 2 30 27
5 wt% Ru/C 1 4-dioxane 55 150 2 80 72
5 wt% Pt/C 1 4-dioxane 55 150 2 13 10
5 wt% Re/C 1 4-dioxane 55 150 2 7 6
5 wt% Ni/C 1 4-dioxane 55 150 2 2 0.4
5 wt% Ru/Si0, water scCO, 100 200 continuous reaction 100 99 44
Raney Ni methanol 12 130 2.5 20 6.6 36
Urushibara Ni methanol 12 130 2.5 48 4.8
5 wt% Ru/C vapor phase 1 265 continuous reaction 100 98.6 49
5 wt% Pd/C vapor phase 1 265 continuous reaction 100 90
5 wt% Pt/C vapor phase 1 265 continuous reaction 100 30
5 wt% Ru/C water 12 130 2.5 99.5 86.2 37
5 wt% Ru/TiO, ethanol 12 130 2.5 67.7 62.4
5 wt% Ru/Al, 0, ethanol 12 130 2.5 37.7 32.3
5 wt% Ru/SiO, ethanol 12 130 2.5 82.9 71
5 wt% Ru/C no 12 25 50 100 97.5
5 wt% Cu/Zr0, water 35 200 5 100 100 42
5 wt% Cu/ZrO, methanol 35 200 5 100 90
0. 64 wt% Ru/TiO, water 35 150 100 93 38
5 wt % Ru/AlL,O; + A70  water 3 70 3 56 55 40
5 wt% Ru/C + A70 waler 3 70 3 100 99.9
5 wt% Ru/C + A70 water 0.5 70 3 98 97
RuSn(3.6:1) /C 2-sec-butyl-phenol 35 180 overnight 100 97 46
LA
LA GVL . Heeres ¥ GVL
Ru/C GVL, o
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H, ( SBP) LA
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Table 2 Production of GVL under various homogeneous reaction conditions
catalyst solvent H,pressure/ bar ~ T/C time/ h yield (%) ref
Ru( CO) 41, water 100 150 8 87 50
Rul -BINAP ethanol 60 60 5 95 51
Ru( acac) 5 + TPPTS water 69 140 12 95 52
Ru( acac) 3 + PBu; + NH, PF, no 100 135 8 100
RuCl; + TPPTS dichloromethane / water 45 90 1.3 100 55
Ru( acac) 5 + PTA water 50 140 5 3 53
Ru( acac) 5 + TXTPS water 50 140 5 21.85
Ru( acac) 5 + TPPMS water 50 140 5 88. 36
Ru( acac) 5 + TPPTS water 50 140 5 96.03
Ru( acac) 5 water 50 140 5 98
Ir( COE) ,Cl, + KOH ethanol 50 100 15 96 56
Ru( acac) 3 + Bu-DPPDS no 10 140 4.5 99.9 54
Ru( acac) 5 + Pr-DPPDS no 10 140 4.5 98.9
H, BuP( CH,-m-SO;Na) , PrP( C,H,-
( 50 bar) GVL o m-S0;Na) , o
Mika *  Ru( acac) , TPPTS GVL
(R,P(C4H,-m-SO;Na) ,;_,(n=1o0or2; R=Me 26.9%
Pr Pr Bu Cp)) 10 bar H, Heeres 7
LA o Ru/
TPPTS LA GVL.
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