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[ Abstract |

precipitator and calcination at high temperature, and were used as catalysts in hydrolysis of

A series of composite metal oxides were prepared through coprecipitation with urea as a

microcrystalline cellulose to glucose. Performances of the catalysts in the hydrolysis were tested.
Results showed that Zn-Ca-Fe oxide was an excellent catalyst. Under the reaction condition of
temperature 160 C, reaction time 20 h, stirring speed 400 r/min, microcrystalline cellulose dosage
2.0 g, Zn-Ca-Fe oxide catalyst dosage 0. 9 g and H, O 200 mL, conversion of microcrystalline
cellulose and yield of glucose in the hydrolysis were 42. 56 % and 69. 20 % , respectively. The

hydrolysate solution was still neutral after the reaction. The Zn-Ca-Fe oxide could be reused for 5 times

under the above conditions without obvious catalyst deactivation.
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Fig.1 Hydrolysis of cellulose.
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Table 1 Effects of catalyst types on conversion of microcrystalline cellulose( X) and yield of glucose( Y) in the hydrolysis

Catalyst Without Mg-Fe oxide Zn-Fe oxide Ca-Fe oxide Zn-Mg-Fe oxide Zn-Ca-Fe oxide
X, % 3.02 4.92 8.36 28.5 11.81 34.12
20.3 14. 64 58.26

Y, % 0.35 1.52 3.76

Reaction conditions; microcrystalline cellulose 1.8 g, catalyst 2 g, H,0 200 mL, stirring speed 300 r/min, 24 h, 150 T.
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Fig.2 Effects of reaction temperature on X and Y.
Reaction conditions: microcrystalline cellulose 1.8 g, Zn-Ca-Fe

oxide catalyst 2 g, H,0 200 mL, stirring speed 300 r/min, 24 h.

2.3.2 R RiETE B
JS N Bsf (6] o fo80 i £T 4 26 2 Ak R 0 7 2 B WO
O LR 3, BB 3 AL, A E R LR

WL IO B [ B SE A TG 0, ST 16 h S R AP E R
R LRI IR NG , X 2 d TR R N EREE
FANR AR E AR P O SR aER
AR B - 1,4 VEH HEBOER AL, BT DARELHE | S
ik [B], 38 2T 4 R B R AL R HRAR Do

Fh P 3 3R T AL, ) 4 A AL 53R I S . B ] ) HEE
KRS/, S 20 h B 2 B A iR
IRBIERKAE 3 A2 IR A 0 A 4 4 3 K A 2K 75 A T
Y 4 SRO0E 4K S K i A RUH % 0, R SN N f Y EE
KRR & IR A 10 T Bl g O b i, 5
TR SR LT 4 K fil KL B ] 20 h B, A AT BE A MR
BB, FrLL, LA Zn - Ca - Fe ALY 4 AL
FR R, 364 S R A () 20 h BGEHL

90
80
70 - v
60 -
=50}
Ny X
X 40 |
30
20+
10
0 4 8 12 16 20 24 28 32 36

Time/h

B3 SRR R X 2T 4 R S A AT R
Fig.3 Effects of reaction time on X and Y.
Reaction conditions: microcrystalline cellulose 1.8 g, Zn-Ca-Fe oxide
catalyst 2 g, H,0 200 mL, stirring speed 300 r/min, 160 C.
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Fig.4 Effects of stirring speed on X and Y.
Reaction conditions: microcrystalline cellulose 1.8 g, Zn-Ca-Fe oxide

catalyst 2 g, H,0 200 mL, 160 T, 20 h.

2.3.4 R HE A
HEALTT T B0 00 7 48 386 A 2 R ol A ik
I ILE S,

90
80
70 Y
60 |
§ 50 - ¥
X 40}
30 F
20
10 |
0 0:3 0.'6 0.A9 1.‘2 1:5 1.8

Zn-Ca-Fe oxide catalyst dosage/g

IS A P R R 2T 4 B (L SR R A R SR S
Fig.5 Effects of the catalyst dosage on X and Y.
Reaction conditions; microcrystalline cellulose 1.8 g,

H,0 200 mL, 160 C, 20 h, stirring speed 400 r/min.
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Fig.6 Effects of the microcrystalline cellulose dosage on X and Y.
Reaction conditions: Zn-Ca-Fe oxide catalyst 0.9 g,
H,0 200 mL, 160 C, 20 h, stirring speed 400 r/min.
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Fig.7 Reusability of the catalyst.
Reaction conditions: microcrystalline cellulose 2.0 g,
Zn-Ca-Fe oxide catalyst 0.9 g, H,0 200 mL,
160 T, 20 h, stirring speed 400 r/min.

m X;m Y

H1H

Hydrolyzate of cellulose with recycled catalyst

BI8 Al 3 & 0 F R BOR R £ 4 K AR pHL 2

Fig.8 Effect of the catalyst reusing times on pH of microcrystalline

pH
-

a

w

cellulose hydrolysate.

Reaction conditions referred to Fig. 7

3 4hg

(1)Zn - Ca - Fe £ BAALRIX R R HER
Bk A KB B AL OR, 1R RN IR
160 °C & Miff[a] 20 h. B4 400 o/min P4 E
FHE2.0 g AELFIFAE 0.9 g 1 H,0 200 mL Y4
T AR A E LR A 42.56% , FRMEIX
HEK 69.20% ,

(2) Zn-Ca - Fe Efupfn] HE GRS

W, HARALTE R AR R I oW B R

(3) EEMAH Zn - Ca - Fe A LD HELTI4E
AT AR 2T 4 F2 K gt I Tl 47 24 2R K S 980 A R K
wR

2 % X W

[1] Zeng Hongyan, Deng Xin, Wang Yaju, et al. Preparation of
Mg-Al Hydrotalcite by Urea Method and its Catalytic Activity
for Transesterification [J]. AIChE J, 2009, 55(5): 1229 -
1235.

[2] Huber G W, Iborra S, Corma A. Synthesis of Transportation
Fuels from Biomass; Chemistry, Catalysts, and Engineering
[J]. Chem Rev, 2006, 106(9) ; 4044 —4098.

[3] Fang Zhen, Minowa Tomoaki, Fang Chun, et al. Catalytic
Hydrothermal Gasification of Cellulose and Glucose[J]. Int J
Hydrogen Energy, 2008, 33(3) : 981 ~990.

(4] 3K, HRHE, T 4 REK BT 70 B Z BEIF 5L
[3]. Ay TH2£4R, 2006, 24(10) ; 186 - 189.

(5] BRA, kOB WBSILMEME AR TZMRI]. Rk TR
#I%, 2008, 24(3) . 270 -273.

[6] Sasaki Mitsuru, Fang Zhen, Yoshiko Fukushima, et al. Dissolu-
tion and Hydrolysis of Cellulose in Subcritical and Supercritical
Water[J]. Ind Eng Chem Res, 2000, 39(8) . 2883 -2890.

[7] Fang Zhen, Fang Chun. Complete Dissolution and Hydrolysis of
Wood in Hot Water[ J]. AICHE J, 2008, 54 (10). 2751 -
2758.

[8] Zhao Haibo, Kwak Ja Hun, Wang Yong, et al. Effects of Crys-
tallinity on Dilute Acid Hydrolysis of Cellulose by Cellulose Ball-
Milling Study[J]. Energy Fuels, 2006, 20(2) : 807 -811.

[9] Sun Ye, Cheng J J. Dilute Acid Pretreatment of Rye Straw and
Bermudagrass for Ethanol Production{ ). Bioresour Technol,
2005, 96(14) ; 1599 - 1606.

[10] Pavasars I, Hagberg J, Borén J. Alkaline Degradation of
Cellulose; Mechanisms and Kinetics[ J]. J Polymer Environ,
2003, 11(2) . 39 -47.

[11] Li Qiang, He Yucai, Xian Mo, et al. Improving Enzymatic
Hydrolysis of Wheat Straw Using Ionic Liquid 1-Ethyl-3-Methyl
Imidazolium Diethyl Phosphate Pretreatment [ J ]. Bioresour
Technol, 2009, 100(14) ; 3570 - 3575.

[12] EhfsE, B, BPR, % [ULBRASERRRED
FI2EBR[T]. KPHBEZEIR, 2005, 26(4) : 452 —-457.

[13] Bicker M, Endres S, Ott L. et al. Catalytical Conversion of
Carbohydrates in Subcritical Water; A New Chemical Process
for Lactic Acid Production[ J]. J Mol Catal A: Chem, 2005,
239(1-2). 151 - 157.

[14] Hegner J Pereira K C, DeBoef B, et al. Conversion of Cellu-
lose to Glucose and Levulinic Acid via Solid Supported Acid
Catalysis[ J]. Tetrahedron Lett, 2010, 51(12) . 2356 - 2358.

[15] Zhang Zehui, Zhao Zongbao. Solid Acid and Microwave Assis-
ted Hydrolysis of Cellulose in Ionic Liquid[ J]. Carbohydr Res,
2009, 344(15) . 2069 -2072.



A M

.48 -

fk

PETROCHEMICAL TECHNOLOGY

I
2011 4E55 40 %

K, HE, GHEK, % BUKMEEEIBESK Ca - Mg -
Al E AL H & 5w T]. AT, 2009, 38(10) .
1074 - 1078.

BT, iR, B, . Mg - ALKR T B H & RHAEL
FRR BRI R[] Ak T, 2008, 37(8):
788 -792.

1 Guo Feng, Peng Zhengang, Dai Jianying, et al. Calcined Sodi-

[16]

um Silicate as Solid Base Catalyst for Biodiesel Production[J].
Fuel Process Technol, 2010, 91(3) : 322 -328.

SELR, fRiEd, 305 Py - ALO; fELHE IR ET
HRFAL[T). TIfLT, 2008, 37(5) ; 456 —459.

Onda Ayumu, Ochi Takafumi, Yanagisawa Koji, et al. Selec-

[19]

[20]
tive Hydrolysis of Cellulose into Glucose over Solid Acid Cata-

fysts[J]. Green Chem, 2008, 10(10) . 1033 - 1037.
[21] Vyazovkin S, Wight C A. Estimating Realistic Confidence
Intervals for the Activation Energy Determined from Thermo
Analytical Measurements [ J]. Anal Chem, 2000, 72 (14):
3171 -3175.
[22] Demirba A. Biomass Resource Facilities and Biomass Conver-
sion Processing for Fuels and Chemicals[ J]. Energy Convers
Manage, 2001, 42(11) ; 1375 - 1378.
[23] Onda Ayumu, Ochi Takafumi, Yanagisawa Koji, et al.
Hydrolysis of Cellulose Selectively into Glucose Over
Sulfonated Activated Carbon Catalyst Under Hydrothermal Con-
ditions[ J]. Top Catal, 2009, 52(6 -7) : 801 —807.

(R RLKE)

- BAREE
ME=TRERE-— L _FRIZEILEE

AL =T (L TR PR 7l 52 AR S O S 18 — 1 AL A
7= T ERAYHT T 2B R S e AR R 8 B R
AL B RS AL T KT

BIH B IERB LR BTRE T EMm5E BAE
JTE RGN YRR, H AT A 7 R GEAE T A A RS
I H AR R G R BB K A2 B B K & R
S oA P B REAT AR, LA /0 R R 2 1 AR P I #E , AT
LB BERERE

ERAZ QAT RIEH NIFILE 50 k/a
FERBBRARMIEE~XE
Ak FR (7)) ,2010,(4470) -8
HAMEA A2 A R RITE BT N3 5 R R P R
FE(PMMA) 4755 8 . FAARRTE 2012 SR E =% 50 k/
a (f) PMMA A= 50 8 | fa %0 R 78 24 3 7 PMMA A 5=
T8 INE 150 kva, it R SE 062 K T 38 B i 5 0
AR R 2% RO AR B RE B 5K
o RE T ELAE BN Y 100% 20 ) 3 R R
HIEE(SMM) 2 =] A= 7= B T 6 R R R ( MMIA) B 4K A
PMMA, HEI MMA =258 St 5 223 kva,
PMMA AFERE, G145 14 100 kt/a,
LA HR g TG Y X 9 T 3 0 - T TR A SR #8 ] PMMA
AT B ROEAR BT SR S YK, 2010 SE R IEK T 70 ~
80 kv/a, SMM 7x &) H A% B W AT id 8, 79 T BB 740 E BL
HORBIE M, 2 BT RIHE R IR BT E

HEAHEHR AL FREEE AN
T E A E ARG A B S E AR YOS, MR IR B R
IR R RS IBIE 0 T 2 S B 1 0, 18 7™ Sl
R 87% B E 91% A4 AN HERK VUL 120 ¢, AEH AT 4
¥ 44.4 T,
BT E A B IS B E - 502 ¥ 5 28 i ok mi bk

B DMRIERS SR B0 BR R D A B R . HaR Wi
e T2 SRR 2R 54 TREE S8 T,
HF1 M 0.40 MPa F+% 0.45 MPa, [fii b M 1.5 & F 1.0, B
AR T RIE R R, Rm TR B Rl R, it
b, 3otz R e TR SR AR AT T, MR B R R E R
ML, RSHAT R R A MR, ERIEL AT T
WO R EGE BB Y R HER, e B S
TR RIS, R BN RIR Y H AR

FEAUXERBEIARMGERL EEAMLT
ARERNAEEMBABLEUAN

PEOLREBEOME TAR (FRXELL) MPEG
e b M AL TR Be B & 1 BAT - 100 3 1Bk fulbe 25
AL Tl i R B BRAS Th , TlbisHtrE i 8
N, MR R 53.7% , BEEBEMIAE 92. 7% , B IE R
RETRITER,

BAT - 100 R Ak JUbe BB B AN P ELGHLLE
O TR B &, fE RO S EER ET T Tl
%o BAT - 100 2R 8 JU b 5655 B AL 0 B B oR o] LAAR 4R
WA, RIG RIS 18 7= a5, (R AR S RBUSE
SR, HEBKIBER =5 W, AR S H R ENES
BraLas o

TEAUEMEFLMEETLEE

FEALS TR B BT H—3f L5 8 M
AR S ST A B RAE AN A R X AL 4 Tl Ak B 2
BRETEATATEEL T P EARRHEH RBALN
-

ZIH ey E TR B S IIE AL A AR A K
2003 £ AUAEALET 24 5 5 X055 4 ST, B S B AR 10 va
ST ODURFT B A L35 B 52007 ARk 4 7 ) 4 4 £ 4
dn, FREIT M AT FERY, LA R ST R BET, B
B E MG XA TR BT . HAT, %5 B b7
FE T Dol AL BB B



