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One—step Preparation of Carbonaceous Solid Acid Catalysts by Hydro—
thermal Carbonization of Fructose for Cellulose Hydrolysis
Lian, Youfen Yan, Lulu Wang, Yu Qi, Xinhua*

(Tianjin Biomass Solid Waste Reclamation Technology and Engineering Center, College of Environmental Science and En-
gineering, Nankai University, Tianjin 300071)

Abstract Hydrolysis of cellulose plays a key role in the biomass utilization. As a commonly used solid acid in cellulose
hydrolysis, sulfated activated carbon normally prepared from the impregnation of activated carbon by sulfuric acid does not
meet the principles of green chemistry and leads to environmental issues. In this work, carbonaceous microshperes bearing
COOH, OH groups were synthesized by hydrothermal carbonization of fructose at 150 ‘C for 4 h, and the obtained carbo-
naceous material could be used directly for the catalytic hydrolysis of cellulose without any post-modification or in-situ func-
tionalization, where a reducing sugar yield of 45.6% was obtained at 130 C in 3 h in ionic liquid
1-butyl-3-methylimidazolium chloride ([BMIM][CI]). To improve the catalytic activity of the carbonaceous solid acid cata-
lyst, sulfonic groups were grafted onto the carbonaceous microspheres by one-step hydrothermal carbonization of fructose in
the presence of sulfosalicylic acid as co-monomer. The effects of reaction temperature, reaction time, catalyst dosage, water
content and initial cellulose concentration on the hydrolysis of cellulose were systematically investigated in the presence of
the as-prepared sulfonated carbonaceous solid acid catalyst, and the reducing sugar yield for cellulose hydrolysis was im-
proved to 60.7% at 130 “C in 90 min in [BMIM][CI]. An appropriate water content of around 1% in the ionic liquid could
promote the formation of the reducing sugars, whereas a water content of greater than 1% lead to a decrease in the yield of
reducing sugars. No large decrease in the yield of reducing sugars could be observed for initial cellulose concentration (w) of
up to 10%. The catalyst could be reused and exhibited constant stability for at least five successive trials. The method devel-
oped offers a new way for the preparation and in-situ functionalization of carbonaceous solid acid catalysts, and provides a
renewable strategy for the sustainable biomass utilization.

Keywords hydrothermal carbonization; carbonaceous microspheres; solid acid; hydrolysis; cellulose
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Figure 1 SEM images of the carbonaceous microspheres
(a) Crr, (b) Crs

212 A§setashtig o

Xof 0 R 1 ZK ABRALAS 2 BB ER Cr RIS RIS
KM EAERI) Crs BH4T T 20AMERE M (B 2), WK
Ha] DL H PR OERAE 3300, 1700 AT 1600 cm ™' [T
AWMU 3300 cm ! AL FRIWRIACUE ) OH FRIA 45 Hik B,
I A 1% 1R B kBRI A7 A0 R SR SR 3L A1 1700
cm”Ab KU COO™ KIR4ifiR Bhide; 1600 cm ™ FiHIT
(RIS C=C RV AP 4R Bhig! s Crg 75 1026 FT 1165
em ' TSI SOsH Al O=S=0 #H453Rz)
et =201 S BRI ER T S IN T SOsH FEH. 7E Cg
FERRE 1026 em ™! BT IR T AR /NI T, T BE
C—OH mk C—O0—C = AL 4idieshig!' e ek
FFTE A K OH A COOH F:[H, w] LAWK 315 S 47 4
FZHH) -1 AR EAS T, T SOsH Al LMl eF 4 25 Kbk
I B AR A TR K AR A A B /N

http://sioc-journal.cn 503



W F F R

MR

.

Transmittance/%

OH str. 1618
|3404 1701

20 . TR : . .
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm’

B2 BriEk FT-IR K

Figure 2 FT-IR spectrum of carbonaceous microspheres
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Table 1 Elemental analysis and BET surface area of the carbonaceous
microspheres

Elemental analysis BET surface area/ Pore volume/

Sample

H S O (m’eg ) (cm’eg ')
Ce 707 36 0 257 2 <0.01
Crs 678 58 024 26.0 <05 <0.01
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Figure 3 Catalytic hydrolysis of cellulose in [BMIM][CI] over carbona-
ceous microspheres prepared from hydrothermal carbonization of fructose
Reaction conditions: cellulose 0.05 g, [BMIM][CI] 1.0 g, catalyst 0.05 g, 130 'C
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Figure 4 Effect of reaction temperature and reaction time on cellulose
hydrolysis catalyzed by Cr.s in [BMIM][CI]

Reaction conditions: cellulose 0.05 g, [BMIM][CI] 1.0 g, Cr.5 0.05 g
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Figure 5 Effect of catalyst concentration on the yield of reducing sugar
from cellulose in [BMIM][CI] catalyzed by Cr.g

Reaction conditions: cellulose 0.05 g, [BMIM][CI] 1.0 g, 130 C
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Figure 6 Effect of water addition on cellulose hydrolysis catalyzed by
Cr.s in [BMIM][CI]

Reaction conditions: cellulose 0.05 g, [BMIM][CI] 1.0 g, Cr.5 0.05 g, 130 C,
90 min
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Table 2 Effect of initial cellulose loading amount on the yield of re-
ducing sugars in [BMIM][CI]*

Cellulose concentration/% Reaction time/min Yield of reducing sugars/%

60 49.1
90 59.1
3
120 57.6
180 52.1
60 57.9
s 90 60.7
120 59.7
180 56.7
60 384
90 49.4
10
120 48.6
180 479

“ Reaction conditions: [BMIM][CI] 1.0 g, Cf.5 0.05 g, 130 C.
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Figure 7 Recycling of the catalyst

Reaction conditions: cellulose 0.05 g, [BMIM][CI] 1.0 g, catalyst 0.05 g, 90
min, 130 C
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