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1.1 [ERt 548

YR (R, FIRAE R 90 um) , A REA
IRVTAE A Al 4w b (>98%) . =& AL i (AR,
>98% ) . _EAH (AR, >97% ) | Hilik (AR, 98% )
H 1 244 AT Ak 2R A BR A m B 8t 5 4- PR Rk-2- )
(AR, >90% ). MEEE (CP, >90% ). KW (AR,
>96% ) th KA w0 T PR ik 5S-G ObE
(>99% )2k H Aldrich /v 5] 1-FH JEBRmR ) 1,4-T fif
PR N SE T Alfa Aesar {27 A IR A F], 4270 Hr
4y ZIRNIR (AR, >99% ) ok A & B Ak 715
ARAF. BARTEAR, WA AR ZEL AR I
M, ZB G RIAZ 0. 18 mm 5, szt
BHEPFYEREREN47.8%, KRESTEN
33.2%. & — Wi (AR, >98%), = L Bl (AR,
>98% ) , AEAL (AR, >95% ), N, N-_HIJLF
Fi (AR, >97% ) 453k A REAb AR A R A /. 52
Bk R b 1 24 5 SR SR R A B, T A .

Thermo Nicolet( NEXUS TM FT-IR 870) 4T 4p %
A (), R KBr JE R J7 AU RE, 9470 F
4000 ~400 ¢cm™'; XPert Pro ( PANalytical, Inc. ) X
SYEATHML (R, R Cu B4 X G2k, B L
40 kV, 7 20 mA, FHiHEK N 0.02°/s; Waters

[ \ . 0\ /0
S
N N X
T NF (o)

[T\ SO3
N \/N/\/\/

H,SO04

Alliance2695 series {5 20RO (g /BT (L E) 5 =
I3 PR A% (400 MHz ) AR i 3354 (i A7 6
WL EA /A A ) ; NETZSCH STA 449 C TG-
DSC [7] 25 353 B A (] i 3t A A i 3 AT BR A ] )
FHRFEE A E R -1 000 °C, FHE#Z4 10 C/min;
% [E Waters {553 BE T (ESI-MS) .
1.2 1-(4-BEBETHE) -3-FEkwpH &)
16.4 g (0.2 mol) 1-FF Fpgmk, 27.2 ¢ (0.2
mol ) 1,4- T Lef 2 P 5 T 250 mL [RJEEBIHE ,
EIAZ 42 ~45 °C, #iedE 17 h, BRFAEK 3
AR RS0, ROTES, FJOK Sl . ik
Ja B TFRIRFIR S, R FHES 4 hy JUE @6
428 g (0.13 mol) , 2 ik A S5 EE /Rt (1) 98% Uk
BilR, HEEARZEE R, THEZ 80 °C, 4kZiit
6 h, 2 TCEFEBNBAA ; IR A TCK SRk iE %
3WPABR AR N 2% T, 28 TR A5 3 8 F il A
1-(4-REPR L T 5L ) -3-H1 JL R i i i iR L 3.
RAEEWE 1 fFx. 'H-NMR (400 MHz, D,0):
51.531-1.607 (m, 2H), 1.802-1.915 (m, 2H),
2.724 (t, 2H), 3.675 (s, 3H), 4.028 (t, 2H),
7.179 (s, 1H), 7.242 (s, 1H), 8.471 (s, 1H);
“C-NMR (100 MHz, D,0): §20.907, 28.204, 35.851,
49.063, 50.258, 122.336, 123.719, 136.018. ESI-MS:
m/z (+) 218.6, m/z (—) 96.3.
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Fig. 1 Preparation process of ionic liquid

1.3 HMF, LA ¥ Furfural §§E & (HPLC)

S [E Waters Alliance 2695 series /= %% AH (6.1
¥4, ZORBAX Eclipse Plus C18 & %43 (150 x
0.46 mm, 0.5 pum), 2996 PDA il #%; % shAH .
K/ZHE =15+ 85 (v/v); Hilk: & if; KJ): 12
MPa; Jii#: 0.5 mL/min; JEFER: 10 wL; 50k
K. HMF, Furfural >4 280 nm, LA >4 230 nm.

1.4 SRS R VR 531

F 5 BB 54 (the total reducing sugars,

TRS) F 7 230 2 48 My -tm B2 12 . IO g J 7K A

0.1 mL, #F 50 mL ZFEH P IKFB 2208, B
1 mL 2 F/MRAH, A 1.0 mL 5% B8 28 5
IKEWIAR A 45), 5 mL 98% WRAm PR IR #5159 51,
ZIFACE 10 min Z245, HP 8453 UV-Vis 43965
FETE B F 490 nm A2 4500 5 W S FE A
1.5 BERAUZNBRRBBRENNE

P ARG A R AU R IS AT 43, SR
MR 0.3 mm. AR A TE LA 4R 1Y
JriEttel AR 2% , 4% , 6% , 8% , 10% A,
AN . & M S = OB R R R R XA AR
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RIEFTHEAL, 10 h J5 FIEB TR R B
PH N7 ity, g, & T HE= T, T60 CH
fEIRE 2 T4 8 h

PRIO.7 g FUALIIS AR AR AR = FBE R
H, IMAS.0 g B4, 90 “CZeAs [mlsiipk Lo,
SRIGIRIRZR A 10 mL 2247 DMF, DURFIG A R
IRRRE, (T 2L B 0orEs. BRI 70 ~ 110
CHEmHE 1 ~5 h JFHGE, BAS 000 v/min (125,058
0 10 min. BB FETHW, BT

IR JZUIE, MW BEE W 2 kY, BrZs DMF
NEFWA. 60 C R HIRE = T4 10 h, B AR
. ARSCEE A AR AR B R, ORI B
X ARBEAR T ARRE ). PR TR A X
LI

Dissolution (% )= m(initial sawdust)—m( undissolved sawdust )

m(initial sawdust)

1.6 EARTFERNBERE FRENEEF A
Bes o Jam) LR ROMA L ETK, Wbz
b AR, S h s, k. JEEAHLE

TIRE GG, T 60 CHERES T8 h, 155
FHESHER. BB 28 %, LIZE L UBHH YK
Lo DMF, RIF3ES -3k, TH5 8 A my iR 2y
N 83% .

2 #ERE5WIR

2.1 BFFilk IL-1 LA ERR KR

TEARERMIE BT, H5 1 BT lRik
TL-1 A AL 5 11 42 JB S8 (MCL, ) X T 4R
IR, S5 R WK 1. X T [F Rl 2 0 4 8
Yy, TR IEALRLE 50% ~89% 6], A4
JB A, MCC AL 70. 0% ;5 SR FR o
AEAL 1Y MCL, B}, CxCl,y, MnCl,, FeCl,, FeCl,,
CoCl, B AR i f AL TG 1. LA MnCL, Sy 5],
YRR 5 ik 88. 6% , HMF ( Hydroxymethyl
furfural ) SR A 16 £ 23 3 Oh 42. 3% F1 20. 9% ;
AR 1) MCL, #RAG &, Lo an s 4 J& A A9,
LaCl,, CuCl,, CeCl,, SnCl,, CsCl & H R FE. MNFE
sl LA Y, TRS A9 77 AR, W5 — 7 i3k
B, SOV 2R T EF 4 3R 1K A LA IR

®1 AEMENEESAHIT MCC KRN
Table 1 Influence of different metal chlorides as cocatalysts on the hydrolysis of MCC. (0.5 g MCC, 2.0 g IL-1,
1 mL 0.2 mol/L aq. metal chloride, 8 mL. MIBK, 7=150 °C, t=300 min, P=0.25 MPa)

Yield /%
Metal chloride Conversion /%
HMF /% furfural /% Levulinic acid /% TRS /%
blank® 70.00 15.43 7.45 2.56 10.24
CrCl, 87.80 32.41 15.18 10.83 10.73
MnCl, 88.62 37.48 18.42 6.73 7.95
FeCl, 84.18 30.15 16.48 5.47 7.14
FeCl, 84.42 33.81 18.61 5.93 8.35
CoCl, 80.54 26.32 11.04 2.20 2.84
ZnCl, 77.28 24.33 10.11 4.12 5.42
AlCl, 73.02 20.47 7.28 1.89 4.91
NiCl, 71.94 18.97 6.62 2.58 3.98
LaCl, 71.12 15.48 4.43 0.06 3.51
CuCl, 69.48 20.16 8.91 2.79 2.88
CeCl, 68.38 14.75 6.90 2.49 8.18
SnCl, 51.10 16.18 7.64 1.59 2.09
CsCl 50.56 7.98 2.61 1.14 6.96

a. The blank run was performed only without metal chloride.
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Fig. 2 Putative mechanism of FeCl; promoted conversion of glucose into HMF and furfural
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(0.5 g J5lt, 0.4 ¢ B FIRIR, ARISE]: 2 h)
Fig.3 The dissolution of cellulose with different

polymerization in ionic liquid
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0 I 1 | I 1
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Pl 4 A [ e FoE F R0 0 AR TS i 3 P S )
(HPRRLEE - 90 °C, FEfRIFIE] : 2 h)
Fig. 4 Effect of alkali with different concentration on the

dissolution of sawdust
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BRI 4T% fidy. B PRI E], X4
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Fig. 5 Effect of time on the dissolution of sawdust
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Fig. 6 Effect of temperature on the dissolution of sawdust
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Fig. 7 IR spectra for pretreated sawdust with different

alkali sources
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a— Sawdust

b- Regenerated cellulose
40

c— Sawdaust residue

| 1 1 1 1 | |
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™'

Pl 8 A | AR LT AE R 5 AR AR AR AR I ZL PR LA
Fig. 8 IR spectra for sawdust, regenerated cellulose and

undissolved sawdust residue
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2.5.2 WALSS AR AR . FRA LR R MR I AR
BRI XRD 304t &l 10 J& 6% NaOH Zb BT (147
REEAR | FRAELFYE 2R BRI AR BRI 1 X G Zeqii s
R B8 WAL, AL RS BB K TE 20 K
15.63°,22.30°, 34. 83°4b [y W i 6 J& - A it 4T 4
AR AE M . T AR LR 4E A 11 9°RihiE B
PG [FASAE 20.6° 21. 4° BT BB, IS
LA A LT 4 R 45 B S N e R 1100 Al I,
MARSER & B R iR A I, T DA ai
YR, W, F4ER R R, AT
AR, X SLLAMr BT 25 A — B AR
o, SRR ALY R AR 1 AR A YR L
N8 IR T L H, RV Ml 6 A B i 1 WA A7

a. Sawdust without treated

b. Sawdust treated with NaOH

C. Sawdust treated with H,NCH,CH,NH,
b. Sawdust treated with N(CH,CH,OH),

1 1
5 10 15 20 25 30 35 40 45 50

1 1 1

20/°)

Pl O AN [ Bl P i T Ak B S A1 A 19 XRD 4347
Fig. 9 XRD patterns for pretreated sawdust with

different alkali sources

(HHEK o) HIZE a K001, SR BEA BRI/,
XULHT, B AR T A e R R TR0V R AE B8 IR
TR .

a— Pretreated sawdust
b- Regenerated cellulose
x \ c— Sawdust residue

O

N\“‘m~

| 1
10 20 30 40 50

204°)

Vi

P10 FALBEIS RS A | FRAE LT 4R 5 R
BEAR TR XRD X Ho o #r
Fig. 10 XRD patterns for pretreated sawdust, regenerated

cellulose and undissolved sawdust residue
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K11 i ARSI R S FRA= 21 4 3R 1) TGA iHhi k.
50.8 ~ 154. 6 COyLF4E 5 Wy B B /K 1O R T, 7
306.6 ~420.2 CHIRLAHERMMD RS, =
324 CHBARIR KRR ER. 1£45.7 ~101.8 CRH
AT YE R Y B B K R R T ML 203.0 ~380.7 °C
Je PR YER PR e, 29245 CIEAERR
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Fig. 11 TG curves for sawdust and regenerated cellulose
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The Dissolution and Regeneration of Cellulose in

Sawdust from Ionic Liquids

TAO Fu-rong', CUI Yue-zhi', ZHUANG Chen', CHOU Ling-jun®*
(1. Shandong Provincial Key Laboratory of Fine Chemicals, Qilu University of Technology,
Jinan 250353, China;

2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,

Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract ; Tonic liquid 1-(4-sulfonic acid) -butyl-3-methylimidazolium hydrogen sulfate (IL-1) was used as a cata-

lyst; metal chlorides were used as promoter to catalyze the hydrolysis of cellulose. Also, IL-1 was used to dissolve

cellulose in sawdust and cellulose regeneration. Influence of temperature, alkali concentration and time on the dis-

solution of cellulose in sawdust was investigated. The pretreated sawdust and regenerated cellulose from ionic liquid

were characterized using FT-IR spectroscopy, X-ray diffraction and TGA. The results showed that ionic liquid is a

good solvent for cellulose, the optimal conditions for cellulose activation were 90°C for 120 min with 6% NaOH, by

which 45% of dissolution rate of cellulose was achieved. It was also observed that ionic liquid was a non-detribali-

zing solvent for cellulose. The regenerated cellulose from ionic liquid showed a crystalline form of cellulose 1I and

was less thermally stable than sawdust.

Key words: ionic liquids; catalysis hydrolysis; sawdust; dissolution; regeneration



