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Abstract

Okara, a byproduct obtained during the production of tofu(bean curd) and soymilk, was refined by the
successive procedures in order of dehydration, grinding to fine powder, and extracting of fats using hexane
and acetone as extractant. The soybean fibro-material obtained is expressed as OKARA. OKARA was
chemically modified to the industrial polymer materials by means of three methods in the view of a green
sustainable chemistry (GSC). First, OKARA was converted to the acetylated OKARA (Ac-OKARA) using a
mixed solvent of acetic acid anhydride and acetic acid. Second, a heterogeneous grafting of methyl
methacrylate (MMA) onto OKARA and Ac-OKARA initiated with Ce*" was carried out in water to give
graft-copolymers, PMMA-g-OKARA and PMMA-g-Ac-OKARA. The grafting efficiency of PMMA onto OKARA
and Ac-OKARA was 152 and 196%, respectively. Both grafted products have a film-forming ability and are
expected as compatibilizer of natural fiber/synthetic polymer blends. Third, the reaction of Ac-OKARA and
epoxidized linseed oil in the presence of borontrifluoride diethyletherate as a catalyst was also carried out in
dimethylsulfoxide to give a biodegradable bio-based OKARA resin composite (Ac-OKARA-Lin0O). An
enzymatic degradation of the composite membrane was occurred in the presence of cellulase and lipase.
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FNT—FF— s LR ) U AT =Y AFIEHEED
RS EZOEERANE. BT —ESIGMA) & U o3—
H(SIGMA) X Z 11E 41 Aspergillus niger B3k & Candida
rugosa HRO TR ZFOEERVE. n~FHy, 7k
hy, OBy, PRAFARVEXT R, DAFILRNL DL
TIK YrunRryr, TR RT3 ok EORE
FITEEC LA THE L THVWE. Kid Auto Still
WG250(Y~ M TR L TRV

2.2 KETBHERS(OKARA)D BB & F5t

AHT 10kg WS AETHIKL, BIRFEHER, DWW TE
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OKARA (Z 40~45°C T 50%Ei#E 5% 2 %, 20h &R
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Fig.1 Photographs of graft-copolymer membranes.
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IHRE DL IR B, Hi72IZ 1680em™ (2 PMMA DA
T IVEOPILASHBL L TC.
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Fig.2 FT-IR spectra of OKARA and PMMA-g-OKARA.
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Table.1 Results of graft - polymerization of MMA onto OKRA and Ac-OKARA”

Yield PMMA -g- PMMA-g- Grafting .

nn | OKARA OKARA  Ac-OKARA PMMA Efficiency”
(8 g(%) (8) (8) (8) (%)
1 500  155(51.7)  12.6 _ 2.90 152
2 5007  16.9(56.3) _ 14.8 1.92 196

a) Polymerization condition . OKARA1.00gor 5.00g Water500g MMA25.0g,
0.1mol/LCe*} IN HNO,, 12.5mL,N2, 20 °C,2h

b) Grafting Efficiency (%) . (weightofg -OKARA _ weght of OKARA) weight of OKARA x 100

c} AcOKARA
Table.2 Solubility”of graft-copolymers.

Solvent PMMA -g-OKARA Solvent PMMA -g-AcOKARA
Acetone X Acetone O(5day)
Benze ne O(lday) Benzene O(lday)

DME®) O(1day) Meshylene OC1day)
DMSO") O(lday) THF® O(1day)

a) O : soluble, x: insolubule

b) DMF, DMSO, and THF representdimethylformamide,

dimethylsulfoxide, tetrahydrofuran.

33 /'77 MK OKARA ORWHEE

—#D 77 7 MV OKARA %Zi@%, FES L7V RIS
EEBRIEN LR v —T L REERT 2 & & O
B LTHWAD D OEBHBE LMD -0
PMMA-g-OKARA & PMMA-g-Ac-OKARA OEVIEE %
TG-DTA HlEh HRaT L. TG & DTA ORIEEFITZTh
¥ Fig3 & Fig4 12773, OKARA & Ac-OKARA 1X-Z#
F220C & 270°CTHRORENEEE D, 300CL 320CTH
ROFEBEA - CEBIZERRI MR D, —F,

PMMA-g-OKARA & PMMA-g-Ac-OKARA TiXifi& & b
300°C TREGENIEE D H3RIFE 1L 400°C, H#EIL384CTH
B —7 ZirL, EROBAEZ 5. OKARA i35k H
IR CELIENBREAT A28, MOMBHI X Y EiRMICEL
SRDVIEED. DTAIEND, BROREBEEZTIIRET
Ac-OKARA(320 °C ) < PMMA-g-Ac-OKARA(384 °C ) <
PMMA-g-OKARA@00C) T o7z, ZHHDOFERND, K
V=7 L RERGET 5 & &1F 300°CLA T CIREET 5 =
EDREE LW D5,
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Fig.3 TG thermograms of various graft-copolymers.
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KOBEIRIRTE 5. £, RREROLEESh DR
U =—hEt % S BESIRIETH D LV O FIRBELT
Wh. —h, FRAEEZ ST LRy RElee: LT
BEHZAV O TV D NHIEDOHD HF LI DA EH IR
RFRTEMERS I FHIE 5 512, RO R Eafni % —
R TIRITEW LI BAR & UIOWE & DA & -
THGHRME S A=A T ) v REEEE 3 28500
BIhbnTn»a 2, ZZi7, ERCHTgs, v=x,
EIRIA o7 ORGSR O D A REl e % STt
W, EERELTHLAV SRS, I—Rr=a—bI0
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Fig.4 DTA thermograms of various graft-copolymers.
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Scheme 2 Reaction of epoxide and alcohol.
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Scheme 3 Preparation of Ac-OKARA composite resin(Ac-OKARA-LinO)
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AR MBS LTz, Ac:OKARA-LinO &
Ac-OKARA # e 9% & ——7 V3 (1051.3cm-1) O
IR L2 b OO, Rl D OH #3500 cm™) & -
AT IVIA1749.6 e DOWRIBREEASMEA LTV V2, 2
TR AT ISR DT 2 T /L 4k & R S BHERIS
IZEDE Fax o VB OBMRAERL TV,
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TN m— R fERER RN T —F LIRS iREER ) /X —
BPEANTHRAL, BHIC X 288 L EERED ) OIER
L CiHili L7z, AcOKARA-LIinO 7 ¢ /L ADEERIZ L B0
7K X Schemed (2779 & 5 127/ T —E X AcOKARA

Cellulase

SHAs ? H/ OCOAc

CH,CH, ~CH
(IDH—CHZCH=CHCH2CH=CH(CH2)7-g -0

OH R-C-0
R-C-0-

Scheme 4 Schematic representation of biodegradation of
OKARA resin composite by cellulase and lipase.
HOZY 3y MEGORROME L2V, U A—FiF
Ac-OKARA D7 & F )Lk L R ALHR Mo kU
7 Uk Y RONKGFEA S 2. Figd | ZENENORER
(2 L DA RD BARIZ K D TR 2~ 7, B
DB RDTC 2FEOFETRIT K DA & OB OB
% Fig.6 |27 7. Ac-OKARA-LinO OFFETH S
Ac-OKARA O=—7 UG DR N7 —BIZ X DAL
FNTHETL, 156 H BITIZ 17.6%DEERIFED bl
—%, U—BIZ& D Ac OKARA & HEFH MO AT
IVREE DIREEINTETT 250D 15 B B OHEE]
PIE179% Th -7z,

BAAAT 10day 15day

Cellulase

BRZAET Sday 15day
Lipase

Fig.5 Photograph of biodegradation of OKARA resin
Composite film by cellulase and lipase
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Fig.6 weight loss on the biodegradation of OKARA
resin composite resin by cellulase and lipase.

4. f&5

TV =P AT F TN IR B Y —(GSC)D BB,
BFER L 72 D AN T O TR A~OEE#E HIIC, 2
DOTETA N T MR/ OKARA) ZALAHER/ LT, 1
i OKARA & Ac-OKARA IZ PMMA %757 h LT
PMMA-g-OKARA & PMMA-g-Ac-OKARA %437, Z#15
EEVNIIERIE O RKIRBING L S RtE DR DR Y ~—
T Ly REAFRT % L & ORI & 70 5 MEbAl & L
TOHEMEIRNTHET . 2 DITIT Ac-OKARA & TR
AR OGS 2 R Y M(Ac-OKARA-LinO)
T AIVEEBRRLTZ. TO 100%FRERD T 4 v L3EE
FELT—BRY R—BIZL o TENREE R L. 20O
7 4 IV ADIIFHIFE BB T 5.
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