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Acid-catalyzed preparation of furfural from bagasse
pre-hydrolysate and its extractive separation

HE Zizi, L1 Junrong, LI Fangbin, HE Beihai, QIAN Liying*
( School of Light Industry and Engineering, South China University of Technology, Guangzhou 510640, Guangdong, China )

Abstract: Bagasse hydrolytic liquid and residue were obtained through high temperature acid hydrolysis.
Furfural was then prepared from deep acidolysis of bagasse hydrolytic liquid, and purified by organic
solvent extraction, while pulp fiber was synthesized via sulfate cooking of bagasse hydrolytic residue.
Bagasse and its hydrolysis residue were characterized by FTIR, XRD, SEM and TG Xylose in hydrolysis
solution and furfural in deep acid solution were quantitatively analyzed by UV-Vis absorption spectrum.
The pre-hydrolysis conditions of bagasse and the organic solvent extraction conditions for furfural were
investigated. The results showed that under the conditions of 160 °C, liquid-solid ratio (mL : @) 6 : 1,
concentrated sulfuric acid 0.176% (based on the mass of bagasse, the same below), the mass concentration
of xylose (41.72 g/L) in the hydrolysate reached the highest after 3 h of prehydrolysis reaction. The furfural
mass concentration in the hydrolysate was up to 15.91 g/L and the furfural yield was up to 59.60% after
deep acidolysis at 170 °C for 90 min. When the furfural in deep acid solution was extracted by mixed
solvent of V(1,2-dichloroethane) : V(n-butanol)=9 : 1 (the volume ratio of organic phase to agueous phase
was 2 : 1), the partition coefficient of furfural was up to 7.62, and the extraction rate of furfural was up to
93.53%. a-Cellulose mass fraction in pulp was as high as 93.41%, and the length to diameter ratio of fiber
was 29.9, and fine fibers accounted for 34.7%.

Key wor ds: bagasse; furfural; pre-hydrolysis; deep acidolysis, organic solvent extraction; catalysis and
separation technology
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84 mL £BF/K, A 121 °C K 3R 1 h
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Table 1 Effect of additive amount of sulfuric acid on mass
concentration of xylose in hydrolysate

TRBLER NI /% IR AR P AR [ e B/ (/L)
0 26.49
0.088 27.61
0.176 29.96
0.264 29.15

M L0 LUE Y, Bl WA R N 0 & 140 T
TR AR B R B ST s R, X,
RN B AR R A ) T 24 41 4 25 (0 S T K A, T
i 22 W R 2 T BOK 1 0B 2 A I AR ROk
B HIREYREY, SIERAMREREN TR, 24
WRBRFRUS N A 0.176%FF , 7K -8 HH Y A o e vk
JE R, S 29.96g/L, I, J5ZEMK ik R ER 7N
Jin&k 0.176%.,

3 2 FTRUK A AR AR i s AR S 4y o it Ay
I

2 FUKAEES A 2 0 B o B AR Ak
Table 2 Mass fraction changes of maor components in
bagasse fiber before and after pre-hydrolysis

TR fif 4508 ) IK I 5 AT BT R AU Yo
S HRBRITR ;J:i@/{f ' st

EEC ENIE% R PR RIYER KRR

— — — 4243 2574 21.19°

140 0 75.6 5931  14.89 22.33

0.176 712 6245  13.04 2333

150 0 724 6381 1176 23.00

0.176 70.0 62.64 6.32 24.00

160 0 66.1 65.77 5.49 24.33

0.176 65.2 65.25 3.75 27.00

e R A B TR G " AN TUK % .

MR 2 0] LIE Y, FEKARIRE A 140~160 °C4%
PEF, JCIe UK it B 5 S MR R, K i 7 1Y)
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VR NV B IR AN VS I W B i Bof - 41 4 22 i it 4T
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(R 32T i R A A e 1 ST 4 A B R i R 28

160 °CT, WS TIR B R A Eb A 35 i v A I 1Y) 01
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WA R X TOK A B A R EVE T, 38 Y VR B R
WA R TR a4 Z MRS, MRy
KR ZETERREIREE T £ & AR A [ T2 B A i 1271

ME 1c AT LA H, K R, s a2
L Y B WA AL BOK R, ELRE 5 K i I
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Fig. 1 Effect of temperature on hydrolysis residue component
without (@) and with concentrated sulfuric acid (b);
Effect of temperature on xylose mass concentration

in hydrolysate without and with concentrated
sulfuric acid (c)

ZE Ay M A5 B e AR K A5 0 R o oK i R
160 °C, RERERISINE A 0.176%, TEMLAMT, /K
R ARE B IR 0TIk B 41,72 g/l [RIRY, JREE
ARG N 90.5%, i LYt E A R 5 A R
Z i35 9 90.2%F1 16.9%.,

2.1.2 k@ HoH
P12 Sy T s g AR UK fif 25 F T /K s 1) SEM

Pl o R FIK AR ) SE IR R A 3 B

&2 pE#E (a. b) FUKAERE (c. d) 1 SEM K
Fig. 2 SEM images of bagasse (a, b) and hydrolyzed
residue (c, d)

I3 I KA i Y S 15
Fig. 3 Images of bagasse and hydrolysis residue

MIE 2 W LLE, AR, G
&, AT EERAR (K 2a, b); Kkt
deRm I T BEB S0 (K 2c, d).
e 2b, d AT RAFE Y, K AR B £ 2k 25 F A2 31 IH
WREIR 24k Z% 1 BRSO R B R 2 A YRR R
W 3 Fin, KgEFgERR T, REFR, 7]
AT SR SR
2.1.3 XRD & #f

4 Sy MK ff s i XRD i .

160 °C-JInfR 68.83%
160 °C-JERR 68.36%
150 °C-fnig 67.95%
150 °C-JCFR 67.82%
140 °C-neg 67.62%
W 66.29%
JEoR 58.95%
10 20 30 40
20/(°)
Pl P 3B R 45

[ 4 R UK R XRD 355
Fig. 4 XRD patterns of bagasse and hydrolyzed residue
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M 4 LA W, BEERUK & TE 20=16.4°
22 SR HRAFFE AR S 06 o ML AE R T Y R AT
FHEAE 20=22°~23°) , iGN E BN LR 124
AU FEUARE R K s h 47 4 R ) £ B4 B UK
SREFAEZR Y | BIZEHY, KIETTR AR 45 ST R
KA R AXT S (58.95% ) Bk, A
ST BUKAR IS, KA s o 25 4 0 AR 45 AR
)R BE R i, B il 3k 68.83%, XK, R
Hp o S e 1 i 28 S bR R A e IR R M A%
AR, N EOK AR I E T XY B b,
5 S LT A R AR S RN, A 45 T R,
214 FTIR %#F

[ 5 A MUK A i FTIR 351K

15121375
1735 | /1328 1034
3400 Yz¢ é;/7‘7/

CA CA
16001249 898
4000 3500 3000 2500 2000 1500 1000 500
PE/em™

Bl 5 BEMEAUK AR R FTIR $ 14
Fig. 5 FTIR spectra of bagasse and hydrolyzed residue
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W44 sh, 1735, 1034 cmt AbIgsk E ik K L& 4
PRI L BEEANE Y C=0 S5 dniEgh, R
ARFEA T3 20K figt o 9 A DA 58 38 O S ek 38
ULEATE UK fad v, PR C=0 #Elr %,
ZEIEIIE R, AR AR I 2K A 1249 em™t
RhHPIRIER AR 4E R FIRTTE T C—O HE Ay i 4
Pl T AR R e BUK g AR A A b,
PRI, KRR AR G B 55 3 LR [ 227 4 B R i
Br; 898 cm b Mgl TR K AL A OB BRG] B-
o 0 I S B BT o TR v K fie i
W 58 5 o e A U S AR Ak, R £ 4 36 o & A ™ R
fift, X5 1 LY E AR AT R
215 TG u5#r

Bl 6 Jy i MK i (SN sAS IR IR Bl )
B TG P45

M 6 T LA Y, 200~400 °C Jy fE i FIK fift it
PRI B, Hf kiR | G4 KL AR
Y IS L VS R 43 391 k- 180~370, 290~400 Al
200~580 °CP®, 4G BF 5 T 400 °CJ # 4 TF

B, BRARYRAEL I B 212 R

100
a

80
- 60
= W
® KA N
W od0f () IKfeiE (FRAR )
=

20 ¢

0

100 200 300 400
WREE/C
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K &
el ™
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Fig. 6 TG (a) and DTG (b) curves of bagasse and
hydrolyzed residue

R FE 225~375 CNAFTEPI IR g i T
3225 CHYHE 1 MR EIER AR TR R
Mefmis| i, AT 369.3 CCHYEE 2 vk dis &
LR R 5 ER 5 AR BB S B . BNV B R
UK fif B K fi i 78 372.8 °Cik | Rk TR
LI B v R T 9 i K AR R BT X6 N A i
(369.3 °C ), ULBHTUK AR LT HERIT, Kk
IR E M, R EN L e X R E
110 S 2 o LA BRI PR E Y,

2.2 KRR EBMBHSHEE S

7 Sy 7K St mP A ST VA e AW R B T i
BT 52 0 114 55 TR o

M 7 AT AE H, £E 170 °C. 90 min HIRFE R
AR T, ARBETRWRIE y 41.72 g/ (FHRERT ) HI7K
5 30.10 g/L (FEFEI ) MO/KFRIRAH LU, A& 1Y
TR 2 TR A RS o ik 2 T 1y ((15.91 11 8.64 g/l ),
BT U % 5 (59.60%F1 44.85% ). EFRMET &
( 79.33%7i1 56.16% ), H 2 AWH L Ak R BEAIR( 75.13%
1 79.87% ), XFAIfgEm T, % pH (£ 3) THE
I AR A SR B AL (0 35 PRV H A BRI,

ZEGORE, WA UK A% A5 51 () 7K f T L
FEEATUR B Rt il 2 BRIWE , 7 170 °C. 90 min [ )
NESEAET , PR HHORR T BT i R 5K 1591 g/,
BERE R 59.60%.
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