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Abstract: Pyrolysis of lignocellulose is an efficient way to utilize biomass. The primary product of cellulose pyrolysis is levoglucosan
(LGA), with a yield of up to 80%. Consequently, the high—value utilisation of LGA can be achieved through efficient conversion into oth-
er platform chemicals. The latest research progress on the pyrolysis of cellulose to LGA was presented, the influence of reactor types and
reaction conditions on LGA yield were summarized, and biomass pretreatment could enhance the industrial scale production of LGA. Then
LGA conversion to levoglucosenone, glucose, and furan compounds under different conditions were concluded. It is found that Brgnsted
acid sites and in—situ removal of generated water during reaction improve levoglucosenone yield, with the maximum yield close to 60% ,
developing suitable catalysts and solvents can further improve levoglucosenone yield. Additionally, LGA can be effectively converted
to glucose by acid hydrolysis, attaining both yield and selectivity nearing 100% , and the catalyst with long—term stability, providing an in-
direct method for producing glucose from cellulose. Furthermore, the effects of catalysts and solvents on the formation of furanic com-

pounds, acids and esters were summarized, indicating that these chemicals were formed via glucose as the intermediate.
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Table 1 Research advances on the production of LGA by pyrolysis of cellulose

A TR /K Hf /s g 4 LGA F=3/% i SCibk
LFYEZ 773 10 FE ' 79.3 LGA 7= 3R 4% IR £F 4 2 Fh 25 . Munktell > Avicell > [18]
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Table 2 Research advances on conversion of LGA into LGO
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Fig.1 Reaction pathways of LGA conversion under different solid acid catalysts
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Fig.2  Continuous conversion of LGA in DMSO over

sulfonated resin!*"
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B B LGA HEAT T 55 4k 1 2% 4 2 05 1 1 56
7T, TR 2 F T, 2 AL FIFE R T LGA
HIFEAL R IR 2] 99% L), 1 H,S0, B H 51 5
fRI 4588 77 % . BLANCO 251 By 0F 58 s 78 734iF 1
H,SO, fEAR{H LGA B Ak Ak ik ae . ML
T RH TR , AR A A 700 ] A 4550k ke S I = 0 1)
B, R, EARRR PR BEAE A LA e Ak i 4 h
PTG AR 7 2 440 KALDSTROM 45149 1) H -
B—25 47 A1 H-MCM-48 4 FL# Kl fit Ak 57 R A7
TGRS, AR NS MR, &3
H-MCM-48 15 F T %75 % 5 7 A L AR Ab 1 2l
W&, [T, H-B-25 I L H-MCM-48 LA+
R A, XUE T H-B-25 #iA H &
Bronsted R , i /fL H-MCM-48 4 5 25 i B% 5
HrRREE . ABDILLA-SANTES 251 fJF 5 1 /K rf f
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Table.3 Research advances on conversion of LGA into glucose

LGA Wiy i

sl T AL/t /K A IA]/h LGA ¥462/% HEM 2/ % SCIR
B/ (mol - L71)
H,0 H,S0, 433 0.1 1 99 96 [42]
H,0 CH,COOH 433 2 1 99 81 [42]
H,0 H,S0, 393 1 0.1 99 99 [43]
H,0 H,S0, 383 24 0.11 88 88 [44]
H,0  Amberlyst 15 383 24 0.11 84 84 [44]
H,0  Amberlyst 16 388 2 1 100 98.5 [45]
H,0 H-Beta-25 ) 81 [46]
H,0 H-MCM-48 423 5 0.062 32 21 [46]
H,0 — 20 19 [46]
H,0  Au/Cs,sHysPW ;0,0 418 3 0.077 65 49 [31]
H,0 S-2701M (LgdA ., 303 15 0.1 100 100 [47]
LgdB1 LgdB2 LgdC)
H,0  Amberlyst 70 413 2 0.1 95 95 [48]
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Fig.3 Continous conversion of LGA into glucose
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Fig.4 Products in the transformation of furfural over H-3-25 catalyst

148



J) VA5 2 e o BRI v ) AR A A v (L A2 it RO T 9 2 S

www.chinacaj.net

2024 455 2 W

I, KALDSTROM %% tififf58 T H-CMM -22-
30 Fl H-MCM~-41-20-F 7£ 573 K F LGA kit 72
R AR TS YRR 7= ) T T P R RIORE I ( 2 TS
HE | T BRI S—H JLMERE | TR ) L, X FRR
LIRZ AN T A & E W it , MCM-41-20 fEH T 1Y
AR F=H) P v T MCM -22-30, 3 B S Al ¥4 g
WHERSLM R LS IE R, A, SRR L,
WA AR B T S EBCRE S

0.20

IS=RpliE-2 1
0.16 + ﬁ%
’ S 52 H b

0.12

Y
7

0.08

AR R B

0.04 -

0

H-Beta-25 H-MCM-48 H-MCM-41 SBA-15
AL

B5 LGA 7 FME R LT ik oy Ui 7= 4 o AR B A7 1 L
Fig.5 Distribution of furfural in the liquid products formed
from LGA under different catalysts

HU 2 W58 T LOA 1R LR K, = H
VS 1 NS s B RN s 1B 3 A T N [
BVEFA Amberlyst 70 EA1EFH R BB AL LA, A1
T L BRI, LCA 78 £ 5 45 B vp (1) 55 4k R 8%
o, MR A & B A (BR T SN ) , HMF
FR 7= AR, X 2 T HMF 2 [ gl =9y, i
FEABLE R o, HMF 7= 276 DMSO H ik 3] 5 5
38.63% , X Ui T DMSO RNREA WUk A B i {4
B HMF fRHFFRE . 2R Gilgm g R il dE ot 5
LGA o HL R it 7= W i 4 L5k 2 A A3 i L % 4k
RTINSOV I R e T A R Y

HHT, LGA S5 4k mk i 28 7= Wy 1 7= R A%, Hh
T LGA e Ak A5 255 W S 7 760 W i 1 1o o 1 8 ™ 236
LGA e b AJ 38 4o i b 26 0 174 265 A58 >k S 300 1K Mg
FALE Y =R, AR R R I AR T Y R
JE S SRS R SR R ARG 2 M EERNE,

5 LCA #iLAEMILFER

LGA TE5ALIR BRI LA m g 3 7K
AT, ANFLER T LA EET R A R
CBERNIR ZHRY 4 LIU %0507 L La( OTY) L it 7K
B 5 TR AL N LGA AT 554k I & FLIR , 7 h
SR AAE TR (250 C,1 h), LIS 1Y i s 70 Rk
75% . WWALEEAE SRy — B A= P IRRE RIS T 7R iR

b, JHGE H S A A A A A A, EE 2
AL 1 LT, LGA AT B 4k o i 7= R i 1l Y
W7 SANTHANARAJ 25 B & BL T —FF LGA
AL A REIR 0 T 1 . TR ROV i B T LGA
T JEAE Amberlyst— 15 A4 B 19 2 {5 55 4E FH R /K fifk e
T RIS , SR 5 R AT MELE 5 — A BN 2 HEA T 43
B, JGTE R pH 358 F il it Pd/C AL A AL 4
BEIR . LGA I A] 76 24 40 R i Ak 700 45 R #E 47 R Ak
S, HILTEN 4558 7 2, fis 5 dh i S fig b 41
AL X LGA AT Ak, BRI EZ Wk L BEN
R TR I 2 Fh 2k i+ 50 B, b, Ru/H -
ZSM 5 7E 180 C ik 3| T fefE L BN R 4 TR 7= R
(3%) ., MILZ T, Si0,/AL, O, HE % B A %50 45
LGA FIZ IRy AL R L BN R B AN 2R 2 TR
HF= R 0K 4% 85% , 1AM, HAMID 42 fF 57
T LGA 3 KA M AW 4 (HDO ) 42 il £ Al 4 Ak
S A, I il 5 7l 2 FrghoR), BV | 5
FmESHRRL, 45 &8, 7E 100 ~ 500 °C Fl15% Ni-
CeO, fiE 1k I 1E FH T, g 7 15 1k & B0 1 7= %36
68.1% ~75.3%., i J5 7 WAL & W 19 7 2 AR Re A
8.1% ~13.9% . X —WF5 AFESRRE ™ A 50F
LGA FJFRE T HEERLR

I, #E LGA bR K g2 S b & Wit fe v,
TRLRE AL o RN A X B AR e B B
FERHEE, FA, LA S ALK oAb Ak 2% 5 75 5
1R R R A AR, B E A TR AR VE TR
Bk X ez il i HL X — SR AR e IOIR
PR A A2

6 FHiEESRE

T 1R R A 200 T A A T s 200 A 2 e AR
FHEB Ak A BRI 0] 2% (5 A B 1T P-4 R R 2 80, S
RETR | 28T RN Y 2t £ (1B 2 e A E 2 i (B
R X, £ 2 R S AR A 4 25 A ) T e 3 Y
57, LA J&4F 4k AR A B e = 219 7= 1, A SC
LR T Y HT LGA WV A% b LGO i 2 b |
IR 2L A P o e

1) 7€ LGA il £ 7T , 38 iz /N8 ) $A g AU mT A
L1 A ZARAFIT 80% 1) LGA P2 (B ALK LGA
B 7= 2RI R 28 40% , ASRAF5E T4 3 FHE Tl b
g Lib— T LA 7= LA, 47 4k R i =
Wk 52 %, DR A An] 43 25 42 4l LGA i 1 I AR K
Pk .

2) 7E LGA ¥ #AG4 468 LGO Jrmm, H i LGO
7R 3 A (<60% ), WF 5 A B 1 1R 1R Ak 751 1

149



2024 4F55 2 1A

www.chinacaj.net

ik 4 4 H# K

530 4%

PR IR R A R s g 1 R Hp R A R K 6 1.GO
A=A g, R, RS LGO =3, £k
HF 58 AT L3 T 0] 3 2 Ak 0 B b 1 I3 0 9 1 )
SOV LGO BIFEFHBLI , 3T TF & A 38 1 5y i S
BERKST

3) #E LGA KK LA R 44 T, [e) BRI 4
i 2 N A e /N AS T A e R P
100% , SR Ry SE BRI AR 7=, 7 KA T 4 26 1
(1) 7= FR A R T

4)TE LGA £ R MRk ),
H HTAHSCHIF 52 A B, — M2 et LGA ¥4 4k by 4 4
W, PR A MG T o oAb 2 o BRI, T & sk
(RILT 4 R 45 LGA $it T.25 M2 LGA il & # % B 1
CZHABEEZEY,

5% 3k ( References) :

[1] CLIMENT M J, CORMA A, IBORRA S. Conversion of biomass
platform molecules into fuel additives and liquid hydrocarbon fuels
[J]. Green Chemistry,2014,16(2) :516-547.

[2] JIANG L Q, FANG Z, ZHAO Z L, et al. Levoglucosan and its hy-
drolysates via fast pyrolysis of lignocellulose for microbial biofuels:
A state—of—the—art review[ J]. Renewable and Sustainable Energy
Reviews,2019,105:215-229.

(3] Eabar, #f, VP, 5 S A LT s gk T].
TSR 2008, 14(2) :29-32.

WANG Zhihong, DONG Min, XU Deping, et al. Research
progress on co—liquefaction of coal and biomass[ J]. Clean Coal
Technology, 2008, 14(2) . 29-32.

(4] ThiGEds, BEIHASE, BT K. AW BAR SR CO, TR HARBT 5T
BERELT]. WA 2023,29(12) :1-10.

MA Xiaogian, LIAO Yanfen, CHEN Xinfei. Research progress on
biomass pyrolysis tar CO, reforming technology [ J]. Clean Coal
Technology, 2023, 29(12) ;1-10.

[5] MAZRYE, B3Ry, 2N, 45, A=W o0 fH Al BA At dil o B e ot S
DT )] AR 2023, 29(2) :1-13.

ZHAO Rongyang, YANG Meiling, LI Jie, et al. Research progress
on biomass catalytic pyrolysis to produce oil and oil modification
and upgrading[ J]. Clean Coal Technology,2023, 29(2) :1-13.

(6] Fmife, Hooi, MRARIL, 45, PiAL B HEA BT 2T 2 R Pt 3
fif A HERITRAE )] (LT 244, 2021,72(4) : 1825-1832.
JIANG Liqun, YUE Yuanmao, XU Lujiang, et al. Pretreatment
promotes rapid pyrolysis of lignocellulose to generate levoglucosan
[J]. CIESC Journal, 2021, 72(4) :1825-1832.

(7] Fmfe, MY, F/NIE, 55, AW B o] PRt i ) 46 20 i

HIRMEA 35 IR Wk oe R [ 1], BB IR ifE ¢, 2018, 6 (5) .
402-409.
JIANG Liqun, ZHENG Anqing, WANG Xiaobo, et al. Research
progress on the preparation of levoglucosan andaromatic hydrocar-
bons by directed rapid pyrolysis of biomass[ J]. Advances in New
and Renewable Energy, 2018, 6(5) : 402-409.

150

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

TROCH, BT, FREEPR, A, Bk A R e Al 2T i 2K A
e e R R 2 T A A R [ ). A6 T2 4, 2022,73(3)
1166-1172.
XU Feixiang, ZHAO Zengli, ZHENG Anqing, et al. Carbon—
based solid acid catalyzed pyrolysis of cellulose to prepare levoglu-
cosan and levoglucosone [ J]. CIESC Journal, 2022, 73 (3):
1166-1172.
ROVER M R, AUI A, WRIGHT M M, et al. Production and puri-
fication of crystallized levoglucosan from pyrolysis of lignocellulosic
biomass[ J]. Green Chemistry,2019,21(21) :5980-5989.
LAKSHMANAN C M, HOELSCHER H E. Production of levoglu-
cosan by pyrolysis of carbohydrates pyrolysis in hot inert gas
stream[ J |. Starch—Stirke,1970,22(8) :261-264.
BERGAUFF M A, WARD T J, NOONAN C W, et al. Urinary
levoglucosan as a biomarker of wood smoke : Results of human ex-
posure studies[ J]. Journal of Exposure Science & Environmental
Epidemiology,2010,20(4) :385-392.
BROR, BEIRE, HOUHE, 55, MEALHIR A W A i A TR SR
BB SRR (1], L T2%4,2020, 71(12) ; 5376-5387.
QIAN Le, JIANG Liqun, YUE Yuanmao, et al. Research
progress on catalytic pyrolysis of biomass to produce levoglu-
cosanone[ J]. CIESC Journal, 2020, 71(12): 5376-5387.
LI Z, SU K, REN ], et al. Direct catalytic conversion of glucose
and cellulose[ J]. Green Chemistry,2018, 20(4) :863-872.
FLOURAT A, PERU A, TEIXEIRA A, et al. Chemo—enzymatic
synthesis of key intermediates (S) —+y—hydroxymethyl—a, B~
butenolide and (S) -y = hydroxymethyl -y = butyrolactone via
lipase —mediated Baeyer — Villiger oxidation of levoglucosenone
[J]. Green Chemistry,2015,17(1) :404-412.
HUANG X, LIU T, WANG J, et al. Selective hydrogenation of
levoglucosenone over Pd/C using formic acid as a hydrogen
source [ J |. Journal of the Energy Institute, 2020, 93 (6) .
2505-2510.
MENG X, PUY, LI M, et al. A biomass pretreatment using cel-
lulose— derived solvent Cyrene [ J]. Green Chemistry, 2020, 22
(9) :2862-2872.
ZHANG J, WHITE G B, RYAN M D, et al. Dihydrolevoglu-
cosenone ( Cyrene) as a green alternative to N, N - dimethyl-
formamide ( DMF) in MOF synthesis[ J]. Acs Sustainable Chem-
istry & Engineering,2016, 4(12) ;7186-7192.
DOBELE G, ROSSINSKAJA G, TELYSHEVA G, et al. Levo-
glucosenone: A product of catalytic fast pyrolysis of cellulose[ J].
Progress in Thermochemical Biomass Conversion, 2001 1500 -
1508.
LUSI A, HU H, BAI X. Producing high yield of levoglucosan by
pyrolyzing nonthermal plasma — pretreated cellulose [ J]. Green
Chemistry,2020, 22(6) :2036-2048.
ZHANG B, LENG E, WANG P, et al. Effect of reducing ends
on the pyrolysis characteristics and product distribution of
cellulose[ J]. Journal of Analytical and Applied Pyrolysis, 2015,
114:119-126.
ZHOU X, NOLTE M W, SHANKS B H, et al. Experimental

and mechanistic modeling of fast pyrolysis of neat glucose —



J) VA5 2 e o BRI v ) AR A A v (L A2 it RO T 9 2 S

www.chinacaj.net

2024 455 2 W

[24]

[25]

[27]

[28]

[29]

[31]

[32]

[33]

[34]

[35]

[36]

based carbohydrates. 2. Validation and evaluation of the mecha-
nistic model [ J]. Industrial & Engineering Chemistry Research,
2014,53(34) :13290-13301.

SHAFIZADEH F. Introduction to pyrolysis of biomass[J]. Journal
of Analytical and Applied Pyrolysis, 1982,3(4) :283-305.

YANG Z, LIU X, YANG Z, et al. Preparation and forma-
tion mechanism of levoglucosan from starch using a tubular
furnace pyrolysis reactor[ J]. Journal of Analytical and Applied
Pyrolysis,2013,102:83-88.

WESTERHOF R J M, OUDENHOVEN S, MARATHE P S, et
al. The interplay between chemistry and heat/mass transfer during
the fast pyrolysis of cellulose[ J]. Reaction Chemistry & Engi-
neering, 2016, 1(5) :555-566.

KWON G, KIM D, KIMURA S, et al. Rapid—cooling, continu-
ous—feed pyrolyzer for biomass processing: Preparation of levo-
glucosan from cellulose and starch[ J]. Journal of Analytical and
Applied Pyrolysis,2007,80(1) :1-5.

JIANG L, WU N, ZHENG A, et al. The integration of dilute
acid hydrolysis of xylan and fast pyrolysis of glucan to obtain fer-
mentable sugars[ J |. Biotechnology for Biofuels,2016,9:1-10.
JIANG L, ZHENG A, ZHAO Z, et al. Comprehensive utilization
of glycerol from sugarcane bagasse pretreatment to fermentation
[J]. Bioresource Technology,2015,196:194-199.
OUDENHOVEN S, WESTERHOF R J M, ALDENKAMP N, et
al. Demineralization of wood using wood—derived acid; Towards a
selective pyrolysis process for fuel and chemicals production[ J].
Journal of Analytical and Applied Pyrolysis,2013,103:112—-118.
HAMID A H, ALI L, SHITTU T, et al. Transformation of levo-
glucosan into liquid fuel via catalytic upgrading over Ni —
CeO, catalysts[ J]. Molecular Catalysis,2023,547.113382.
JEANLOZ R W, RAPIN A M, HAKOMORI S-I. Partial Esterifi-
cation of 1, 6—Anhydro——-D—-glucopyranosel [ J]. The Journal
of Organic Chemistry,1961,26(10) :3939-3946.

WAN Y, ZHANG L, CHEN Y, et al. One—pot synthesis of glu-
conic acid from biomass — derived levoglucosan using a Au/
Cs, sHysPW,0,, catalyst[ J]. Green Chemistry,2019,21(23) .
6318-6325.

PAULSEN A D, METTLER M S, DAUENHAUER P J. The role
of sample dimension and temperature in cellulose pyrolysis[J].
Energy & Fuels,2013,27(4) :2126-2134.

METTLER M S, MUSHRIF S H, PAULSEN A D, et al. Revea-
ling pyrolysis chemistry for biofuels production: Conversion
of cellulose to furans and small oxygenates[ J]. Energy & Envi-
ronmental Science,2012,5(1) :5414-5424.

HUANG X, KUDO S, ASANO S, et al. Improvement of levoglu-
cosenone selectivity in liquid phase conversion of cellulose —
derived anhydrosugar over solid acid catalysts [ J ]. Fuel
Processing Technology,2021,212:106625.

CAO F, SCHWARTZ T J, MCCLELLAND D J, et al. Dehydra-
tion of cellulose to levoglucosenone using polar aprotic solvents
[J]. Energy & Environmental Science,2015,8(6) :1808-1815.
CAO Q, YET, LI W, et al. Dehydration of saccharides to an-

hydro—sugars in dioxane; Effect of reactants, acidic strength and

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

water removal in situ[ J]. Cellulose,2020,27(17) ;:9825-9838.
DE SOUZA P M, DE SOUSA L A, NORONHA F B, et al. De-
hydration of levoglucosan to levoglucosenone over solid acid cata-
lysts. Tuning the product distribution by changing the acid proper-
ties of the catalysts[ J]. Molecular Catalysis,2022,529.112564.
OYOLA-RIVERA O, HE J, HUBER G W, et al. Catalytic de-
hydration of levoglucosan to levoglucosenone using Brgnsted solid
acid catalysts in tetrahydrofuran[ J]. Green Chemistry,2019,21
(18) :4988-4999.

HUANG X, KUDO S, ASANO S, et al. Improvement of levoglu-
cosenone selectivity in liquid phase conversion of cellulose —
derived anhydrosugar over solid acid catalysts [ J ]. Fuel
Processing Technology,2021, 212.:106625.

HE J, LIU M, HUANG K, et al. Production of levoglucosenone
and 5 — hydroxymethylfurfural from cellulose in polar aprotic
solvent — water mixtures[ J]. Green Chemistry,2017,19(15):
3642-3653.

TANG G, HUANG X, XU A, et al. Continuous production of
levoglucosenone from levoglucosan over SO;H functionalized resin
[J]. Industrial Crops and Products,2022,189.115777.
ABDILLA R M, RASRENDRA C B, HEERES H J. Kinetic
studies on the conversion of levoglucosan to glucose in water using
Brgnsted acids as the catalysts [ J].
Chemistry Research,2018, 57(9) :3204-3214.

BLANCO P H, LAD J B, BRIDGWATER A V, et al. Production

Industrial & Engineering

of glucose from the acid hydrolysis of anhydrosugars [ J].
ACS Sustainable Chemistry & Engineering, 2018, 6 ( 10 ):
12872-12883.

SANTHANARAJ D, ROVER M R, RESASCO D E, et al. Glu-
conic acid from biomass fast pyrolysis oils: Specialty chemicals
from the thermochemical conversion of biomass[ J]. ChemSus-
Chem,2014,7(11) :3132-3137.

ABDILLA-SANTES R, RASRENDRA C, WINKELMAN J, et
al. Conversion of levoglucosan to glucose using an acidic heteroge-
neous Amberlyst 16 catalyst: Kinetics and packed bed measure-
ments[ J]. Chemical Engineering Research and Design, 2019,
152:193-200.

KALDSTROM M, KUMAR N, SALMI T, et al. Levoglucosan
transformation over aluminosilicates[ J]. Cellulose Chemistry and
Technology,2010,44(4) .203.

KURITANI Y, SATO K, DOHRA H, et al. Conversion of levo-
glucosan into glucose by the coordination of four enzymes through
oxidation, elimination, hydration, and reduction[ J]. Scientific
Reports, 2020, 10( 1) :20066.

KUDO S, HUANG X, SAKAI S, et al. Hydrolysis of Anhydro-
sugars over a Solid Acid Catalyst for Saccharification of Cellulose
via Pyrolysis[ J]. Key Engineering Materials,2022,932:3~-10.
LIAN J, GARCIA-PEREZ M, CHEN S. Fermentation of levo-
glucosan with oleaginous yeasts for lipid production [ J]. Biore-
source Technology,2013, 133.183-189.

LINGER J G, HOBDEY S E, FRANDEN M A, et al. Conversion
of levoglucosan and cellobiosan by Pseudomonas putida KT2440
[J]. Metabolic Engineering Communications,2016,3;24-29.

151



2024 455 2 W) vE

www.chinacaj.net

530 4%

[51]

[52]

[54]

152

KALDSTROM M, KUMAR N, HEIKKILA T, et al. Formation of
furfural in catalytic transformation of levoglucosan over meso-
porous materials[ J]. ChemCatChem,2010,2(5) :539-546.
KALDSTROM M, KUMAR N, HEIKKILA T, et al. Transforma-
tion of levoglucosan over H—MCM - 22 zeolite and H-MCM —
41 mesoporous molecular sieve catalysts[ J]. Biomass and Bioen-
ergy,2011,35(5) :1967-1976.

CHEN S, WOJCIESZAK R, DUMEIGNIL F, et al. How catalysts
and  experimental  conditions  determine  the  selective
hydroconversion of furfural and 5 — hydroxymethyl furfural [ J].

Chemical Reviews,2018, 118(22):11023-11117.

FERRAZ C P, Z[EL[NSK[ M, PIETROWSKI M, et al. Influe-
nce of support basic sites in green oxidation of biobased substrates
using Au—promoted catalysts[ J]. ACS Sustainable Chemistry &
Engineering,2018,6(12) :16332-16340.

HU X, WU L, WANG Y, et al. Mediating acid—catalyzed con-

[56]

[57]

[58]

[59]

version of levoglucosan into platform chemicals with various sol-
vents| J]. Green Chemistry, 2012,14(11) ;3087-3098.

LIU D, KIM K H, SUN J, et al. Cascade production of lactic
acid from universal types of sugars catalyzed by lanthanum triflate
[J]. ChemSusChem,2018,11(3) :598-604.

YIN W, TANG Z, VENDERBOSCH R H, et al. A one-step
C6 sugar
disaccharides using a Ru/CMK =3 catalyst[ J]. ACS Catalysis,
2016,6(7) :4411-4422.

HILTEN R, WEBER J, KASTNER J R. Continuous catalytic es-

synthesis  of alcohols  from levoglucosan —and

terification and hydrogenation of a levoglucosan/acetic acid
mixture for production of ethyl levulinate/acetate and valeric bio-
fuels[ J]. Energy & Fuels,2016,30( 11) ;9480-9489.

WARD D D, SHAFIZADEH F. Some esters of levoglucosan[ J].
Carbohydrate Research,1982,108(1) ;71-79.





