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2.1 H#omilE

P2 4EIERERR O W (TEOS) . R —## (PEG, 43 T-H 24 2000) . JE#3 (Starch) . JoK
B (EtOH) . N,N- Z—HEH B (DMF) | /KM LB /KN EER, EZIRE T¥ TEOS
H,O . DMF fI EtOH #H8  /RIt. TEOS:H,O:DMF:EtOH=1:10:0.86:1 B i B #E ¥ 57, 5
RO BEBOR G I E R E W, Hrh PEG/TEOS=15/85(wt%). FHFA[F] Lo ) 3 3 B n
FIRCEF A I, FRHBEIC S AE 50°C HAS TRFE T T 4% 24h, RIEHBEIGRAL, &5
TE 600°C T AL 2h. FEMMERN 17Tmm | FHEN 3mm £, TAEH R R4 55 R
P2KDz(x fRFEEM & &, Starch:(TEOS+PEG)=2:100, z=0, 5., 10,/15,-20, 25,
30wt%).
2.2 HmKRIE

K CRY-2 B 22 $a73 Ar A A WRT-1 B #4551 43 A A 43 Tl Rh i e AT BE IS ¥ / 1€ ¥y (TR
Y T2 (DTA, Differential Thermal Analysis) F1# 2 E (TG, Thermogrameter) 43 #r; AR
P BT HOR A 2 T 2 AL B9 F 0 RFL B AR TS B [ H ASAP2010 B9 3 H 3 W Fff
X (BET) i & ZfLEpr Ly R T, FLIRB AL 2405 8 AutoPore V9500 V1.06
FE R A 52 R 5 B SFLFLAR A AR SO0, LA JSM-6360LV 35§ H 4% Wi 22 B A% 7 11 08 Tl (. 10%
i 7E 80°C UK TR 7 Rg, KM BRI KA FLIR 2R AR AT 1t 2 L4 7K £
Fa P (FEM A R R 5 KRR LR 0.07cm™1); FIH S53/54 2 AT 475606 B it (UV-Vis
spectrophotometers) U %2 7 2 08 V& oy g KA 72 A 70 2 B A
2.3 HoXMEEHEEMEEERN XEELEEEH

BAFER & RMEEMZ 130°C THRERE, KRR RIBERRBE 10 509881,
YRR 24h, B J5 P MR AT 48 25 3 T Bl VP PR, ARRARR JO B 22 1 B L R o X R VAR g VO A
(V2 V0L T i Tl 0 R B 0 G 73R A A U A 2 8 1 R D 3,5- A K AR R I 2 (LA JC /K i 4
VSV FRAEVE, T 520nm &b R4 43826 56 BE IR 0 WO BE T 22 ).

[ & A B 1% 77 8 3 7E pH=4.6, 1R BE A 40°C if, 1mL [& & 1h 1 %5 45 JE B i v B /N i /K
i w=2% (¥ JE B BT P A ) 4 22 s B aR oy Ul
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3.1 ZIAHMIIERK

B 1AM G RREM Z R L. mE I, HahE 90°C Mfm A —4~ B 2 5 Rk
e, X E T IR B KR SRR SE 2R R BB, A TR AR i B R EAE 10% 247, A
E B YRR R ELTE 4%. 1E 170~220°C Z [6] LB (B g o R0, R e iy PR 2 I 2 A0 IR L Y
PEG 43, FEARETE 20% Z£47. I P2KD30 fiy 25 # i £ 7] LA F £ 300~600°C 2 [a] 54 —
ANV B AR T SR I, Xk B Y 2% B ZRTE X — B Be A 15% AT B IR RAD, i A e b
A oty E X U BE O B i 2R AR PR B AN AR, 10 I 3 A TR A 0 e o o U o SRR A T B
I HLWEE Vb & 1 0 5 R 7R X — IR BE BT Y R R 0. 600°C Z J5 £ R i Y B R
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Fig. 4 SEM photographs of the sample P2KD20 treated at 600°C
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Fig. 5 N2 absorption-desorption curves-and pore distribution of the samples before and after immersed
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R 1 Hm7E 80°C KthiRil 7 RAIFI &M% IE
Table 1 Pore structure data of the samples before and after immersed in water
at 80°C for 7 days

Starch content /wt% Bulk density  Porosity =~ Pore volume  Specific surface ~ Average pore

/g-cm™3 /% Jem®.g™! area/m?.g ™" diameter/nm
0 (Before immersed) 0.63 69 0.85 598.7 11.0
0 (After immersed ) 0.61 69 - - -
10 (Before immersed) 0.51 63 0.54 246.8 10.6
10 (After immersed ) 0.49 62 0.60 168.4 20.4
20 (Before immersed) 0.43 70 0.72 322.0 11.2
20 (After immersed ) 0.38 73 0.68 313.0 16.2
30 (Before immersed) 0.34 76 0.98 401.5 12.3
30 (After immersed ) 0.32 s 0.35 120.2 26.2
0.006} 16,000 ——
o — . __'___._-—:
o005 = 14,000 —e—2
% 12,000 —2—3 :
20004} £ —v—14
= = 10,000+
EY o

—_——§

$0.003p g 8.000¢

20.002[ ~ 6,000 *

: g oo —

0.001 W 4,000} >_ : "
N L . N ) . . 2,000} \/
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Starch content / % 0 5 10 15 20 25 30
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B 6 fE 80°C KB 7 KATEHE Y & { NN , .
Bl 7T AFEER SRR TS R AE IS WS

Fig. 6 Loss weight curve of the spfRRg\be- Fig.| 7 “Enzyme activity of the samples with dif-

fore and after immersed in water at 80°C for ferent starch content used continuously up to 5

7 days times

i, KEZRMEERFENL. SRS EEME 20% s, frfLHEN BB, B
LARE ity BLAL T B4R Ok R FCEL O R R L dee K 2k B S 5T 0.0034g-em ™2, dRe /M5 R it A 2
0.0013g-cm ™, i B il 75 114 2 FL bR i g 7k B R A B0
3.3 ¥mEBEIEHEEENEBNEEEH

B 7 R AN TE R & A R 2o 1 R E IR R 5 W BT i o4 8 P T UK A i ) U A
Fip (WUHRHE, WM 0.1mL/mL) B M BEFE 510 49220 N[ LAFE H, REIAEHR
B4 it R 9 Bl IS 1A 59940, BINFER AL M VBRI S T =3, WHHIEB R GIAN . AR RUK
LB FRE TEE . S50 30% ik R LR, & aHe e BA KRR, MiE
FIWEF B 147020, R FINGEHE i BV IR BEE ARG 2. A LR Y 51 i
T R 30%, Je IR O 1 A A B e A R o B BE R TOME R ALK, HERIE AR B A RN
25% A1 30% LA K. FHHNNE TR T LUE H: H—IRZ 5 e, BAREAE B IR ELT
MR Y, {ELSR W {8 ) ok g 1 3 /% i T R 181 5 B VPR BTG 7, BRI A, [ e FEAE i 1
F Al 475 2 Bt — R A S 7. X U0 P {68 HROBR R o T AR 7 b R AT A W iR ) 2 KA
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TR, ERE ARG A% B, LR, FLR/VE — . R I & A 30wt%
i, AIREIE/NEE N 0.34g-cm™® | BRARILEN 76% HHE G

2. 1E 80°C KR 7 K5, FEm AR, AL RA R T - JBE R il 2008 R A 5
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Synthesis and Enzyme Activity of SiOy Monolithic Carrier with
Double-pore Structure by Addition of Starch/PEG

YANG Hong-Bin!, CHEN Qi!, SONG Li!,;"YE Rei-Fang? HOU Feng-Zhen', LU Jian-Ying'

(1. Department of Inorganic Materials, East China University of'Science and Technology, Shanghai 200237,
China; 2. Department of Biochemistry Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: SiO2 monoliths with 'double-pore structure were successfully synthesized with poly-
ethylene glycol as mesopore-making agent and starch as macropore-making agent via a sol-gel
route. The porous blocks, having mesopores with about 10nm pore size and macropores with
8~11pm pore size, could be formed from the removal of polyethylene glycol and starch after
heated at 600°C. The minimal density of the obtained samples was 0.34g-cm™3 and the maximal
porosity was.76%. The original enzyme activity was improved from 5994U to 14702U by adding
30% of starch tothe bare SiOy sample. After immersed in water at 80°C for 7 days, the enzyme
adsorption of-the samples was increased and there was little difference between enzyme activity
before and after immersion. Those results indicated that such double-pore materials with long-
term stability on gluczyme immobilization should be easy to reclamation, reservation and recycle

of enzyme.

Key words double-pore structure; porous monolithic; sol-gel; enzyme carrier



