NAFYF7T 2 7—-REILEES 3

BANA T 2

w g R

FY L VEERR “h‘}%ﬁ Eﬁﬁ

Porous ceramic carrier for hioreactor

BEEE NG U TomEsie iz,
e L TERER IS RET A D R, QL
pHEHLEETHD LIRS
*mﬁﬂﬂ%%WtLTﬂhﬁﬁﬁﬂﬁ%ﬂﬂ4
THF =R Ty TR AR

T%&

FlEEL Ty~ ERLRER 2
Z HET Bloicid, BORRBEREER L
HMIKPHUT LB ETH D,

EWLE 7T 2 (CPG T i3 Messing,
Weetall %“" LNE "{ @Ef 7‘""?12.. EnTEN,

[t BAN Y

%%*@T”m& LﬁL&ﬁ ,%wgﬂﬁﬁ
52N THRIITEETH Y, WM LCidy
DEML LD LD S TWAOHRIRTE L9,

TR G IR OBE L IES LEMT
L hEREAEO SV EHELI I v I RE
L SN S F TN R T A A Y
i, Paay tEERERLT—F 4 34 PR
S LD EREENT AR THARMEBKERES B
SEABMELRY, LA L bBBEE L 9k
A AT EE im TH Y, BERERC
FHTHIEELHNGEI0m ELEOMALD
M Th -t Folb4 L ERG 170

BlImin LA b oo, BEREREEEA v
—EOMEAT, BERFRTEO 2ECMERT 5
EHIB & o 1Y,

NEW GLASS Vol 5 No, 2 1989

Mitsuc Kawase

NGK INSULATORS, Ltd.

Bio Research Section

Research & Development Division
of Engineering Business Group

FITEE L, RI0nm OB E RO B
WEEHBERELASE KBMto-BTHS
AAZF A M0 AESOHILE 2RICRD
Lipd@nhRRBE R T I LRGAILE, L
=T, TOEILEFRE L LBEEREED
7 Iy 7 AHEEERERTLI LR ENE
L, BEREERGE PO LR 838
FEAEOBENLLET7 3 v 7 ZARESM-10 %4
{2, SM-10 @@ BEERIE LR L 229, 3
S E R L CBREERR A YT —%
S 7R M) CARRISGERLAES
L. PERERICHE L TRIDE I R RS T S
PN E TR A

1. RBFRBIUVERER
1.1 BRREEGORN
BERELENERET I 7 AHEFES
o, EUFoin OB Ao e it s,
FHORBEi LD —BTHE AL 774 F 2w
72, Bl E O R F Table LIZAR L 22, Bk
SO BRI S0, MO LD %0, F0mER
& LT ALO.. Ca0 250, Zobs LR & e
L. BEFED/IHIZE~100 A v o iiial
LRI OB L 10 g AR NTIC SR
L.@ﬁﬁx?w%mW(*mrﬁlﬁk)W?
5ERRIRTEIRE I & D iee L2, A 300°
C~1400°C D 14 R TH S,

209



Table 1 Typical chemical analysis of SM-10.

SHOA
Me0
ALO,
Cal

66.2 %
29.7%
1.9%
1.0%

SM-10 was analyzed according fo JIS K0118,
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Fig. 1 Scheme of the reactor for branched CD
synthesis.
Pullulanase was immobitized on SM-10 and
packed in the column (10 mmi) = 30 mml.),
Multi column reactor was used to investi-
gate the relationship of residence time and
veild,

HEENELLLTHERL LA BUEYE
PR EENIE Y S - R R LT
2 AN

2. ERERRUEER

2.1 BARFO®E

—Hice T I 7 ARRHIET Iy 2 ARET
BbuwiHOmsFRa2xizky, HAER
PR LSO THRECEEHE & b, MIPR T8
FEEEHOL T 2 o 2 AR EHENT L2000
BlnZzZ A7 5 4 b L s cl |, S0
MEHS T, BRSHEBITT LRE I EER
HRTLEREE ok, B UBESBEREHE

NEW GLASS Vol.5 No. 2 18%

FELooTE, MR IEISETHELEEL L
e, L L%# s ZoBBIRCE-TE, B
HiE SRR P EsE (RET L, BAEES
FARSTHERL A A 2724 P oo LR
A LES TS, B UL SM-10
EEET RN, BT 3y 2 AWMEHREL
HEr ol oL L7294 POELMEED
FEMEE L T AMEIRE T RNT 0N B2
7o,

Fig. 20X A7 74 FBRE D L 5 8ILE
DELEIRT, WAL W C Ll o s
BLABETRIOBHFHREMSEL T 0
L1g00°C dhalir S Tl TF L 1I00°CRLE T

BREBMCETFL TS - T SM-10HEZ
T C LR T il o R 1T LR
JLARELTLESboiEibng, ol
S OARATEAL POEAMEEHEL, b
FUL D EFOBMNYRE SN EEEE LR
WEBE G, PR ELWNCHTFTHLIE
L7z,

2.2 w510 XEEOMILEST

FIZDWOOCC LI T ERETHRRLAES 3 v
ZAMEORALEIHEME L, TOHRE
Fig. 323,

R ORA A7 F4 FEWe L 52 30nm
FHEIZ 7 0~ F LR RO W 7 25 T
P2, BURIENE R 200°C 5 1006°C £ THRILE R
B, 800°C & T 20~60 nm DELED K- 7
PPl LT B2 BRI
i FRM00CTHRB LT 2oy 7 AN
DWW, RILROF—F — L B, 000°C 07—

L Y- 7T A A A L LT,
M&m%%inzx??4ki.%0CMum&
BrRmEE 52 LiC kD 20~60 nn OEITLE
AR e — T B L ELLNE, i, D
£ F oy 7 AHEEERPUDRERRIEL, TO%R
SEHE A REE L oaeRe s LD L g
o UF, kT 1y 7 AR SM-10 &
T47,

Messing &4, BECBEMR L SHAMA IR
OB OME TR L, MikoR M ekl
FRa P EF - (TR 97000) OHA, 30 nm

211



o0 [ia)
g 3 [ o]
P

Apparent Porosity
n
o]
I

a3
g g
E 1

] I 1 1
500 1060 ()
Temperature

Fig. 2 Effect of heat trestment on the apparent
porosity.
The material of SM~1¢ was treated with
heat at defferent temperature, and apparent
porosity was determined.
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Fig. 3 Effect of heat treatment on the distribution
of pore volume,
Intrusion volume vs. pore diameter was
determzined by autoporosimeter (Shimazu
auto-pore 9200). Differential intrusion vol-
wme vs, pore diameter was defined as distri-
bution of pore volume,
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Table 2 Typical physical analysis of 3M-30,

FPore Volume 0.73mi/g
Pare Surface 777 mi g
Mean Pore Diameter 37.6nm

Paore volume was analyzed by autoporosimeter (Shimazu aute-pore
9200}, Surface area was calculated from the data of pore volume
assuming that the pore shape was geometrical cylinder.

Mean pore diamiter was obtained by dividing the pore volume by the
pore area.

Table 3 Comparison of immobilized invertase activity on SM-10 and other supports.

Surface Area  Pore Diameter Immubilized Invertase

Suppott Chemical Component

P e {m*/p) {nm} Activity (U/gl
al Cordielite S50, ALO; MgO 1 1~1600 50
Acid Treatment Codi.  SiQy. ALG, MgD ~174 1-~1600 93
Mulite 510, ALO, 1 1~1600 21
Acid Treatment Muy, Sith, ALO, 1 1~1600 23
bl CPB-300 Silica Glass 68.4 4.7 1376
CPG-300 Silica Glass 56.2 52.4 1350
CPG-3060 Silica Glass 7.2 06.2 565
Alumina Beads ALO, - e B04
Titania Beads TiO, -— 615
¢ SM-10 Si0,, MgO 77.7 20~60 1450

Invertase was immebilized on inorganie supports, a} Comman ceramics for automobile component.
h} Commercial supports for enzyme. ¢} Proposal support.

Eig. 4 Observation of SM-14 surface by electron
microscope.
Observation by electron microscope was
performed with Nihendenshd JSM-T100.
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Fig. 5 The relationship of residence time and
vield.
Putlulanase was immobilized on SM-10 and
packed in the muiti column reactor.
Then the different residence time was
obtained and the yield was analyzed by
HPLC.
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Stability of immeoebilized pullulanase.

Pultulanase was immobilized on SM-10 and
packed in the column. Then the substrate
{Mal: CD=4: 1, 78% conc, pH 58} was

fed in constant flow rate.
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Abstract

The authors had succeeded in developing a
ceramic carrier for immobilizing enzyme by
sintering smectite at 600-~300°C. The carrier
SM-10 was proved to vield higher invertase
activity than any other ingrganic materials
tested.

Pullalanase, an enzyme for synthesizing bran-
ched cyclodextrin, was immobilized to the car-
rier SM-10. The retention time for the continu-
ous hio-reactor with the immobilized enzyme,
was reduced to about 1/140 of that for a conven-

tional batch process with free enzyme.
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