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Mechanical Properties of Polyurethanes Derived from Bean-Curd Refuse
Mika Iuma and Kunio NakAMURA
Faculty of Home Economics, Otsuma Women’s University, Chiyoda-ku, Tokyo 102-8357

Polyurethane (PU) films and foams were prepared from bean-curd refuse (BCR) and
diphenylmethane diisocyanate (MDI), from the viewpoint of recycling of bio-based resources and
developing of environmentally-friendly polymers. Powdered BCR was used as a part of polyol. Although
BCR-PU is obtained by a solid-liquid reaction between BCR and MDI, FT-IR measurements show a shift
of the C=0 stretching band with BCR content, which indicates the formation of the urethane bond
between BCR and MDI. Stress at break (op) and Young's modulus (E) of BCR-PU’s increased with
increasing reaction time and BCR content of polyol (BCR/Polyol). o, and E decreased with increasing
particle size of BCR. These facts indicate that cross-link density increases with increasing the
amount of BCR powder and that BCR powders act as hard segments in PU. On the other hand, stress at 10%
strain (o19) of PU foam decreased with increasing BCR content. It was found that ;9 depends on the
apparent density of PU foams more than on BCR content in total polyol.

(Received September 28, 1998; Accepted in revised form March 6, 1999)

Keywords: bean-curd refuse B74*5, bio-based resources FKF|FHKIKREIE, polyurethane K1)
L % , biodegradable polymer 4 4 f# 4 & 4 F, mechanical properties #M A4 E, cross-link
density ZLEHE

1. #

il

ZITWPU QEAICHIY L7200, Shedfgic, &

Ry Lyy PUO) &, FIF—-nEIA4VTT
= MOBEMMIIGTEONAT LY VEFIZLDE
PRI NLEDTTTH LA, LEBIMASHEI N
T, WAL ZESHESROONL I LD
EENTWBEY, Lz T, TOPUDEHPICK
REDTFRMARALGE, EOHEES M ET
HEE2ZHNA, ThF T2 Glasser eral. 2™, K
MOBBRBESTHL) V= LML) e Fo
FUTNMEMEBLORE FEF Y TOEMLLT,
PUDEY F—VO—EICH, E&%Fo7. L
L, V7= e {bZBM L THWA Z L I3EEARET
1 TAEBINTAZ EBIVIRA NEEFTIIINERYE
REDPELFEET A, £2T, bivbhid b stz
T r=rvi 0T TR F—VICHV L%

ORI RFIARREBRARESBER) LY
VORBLEYBIIOVTO—EOENDE 1 HTH
5.

NETIEEORAFARREBR*EER) A -V~
e LTHAAAZPURZREL, 20HHL2REL
T&7. a—v—HY, REHEYW°, X&E2, )
VR FEROY INET VT VEIEYS i R ARRA
7ZPUDHMEB LT 7 AEBEEIL, CIN60E8F
BOMNMEEBIIELRD, ThHORKYILPU &
TN=FE 7 A N LTERTAZ R KRB0
WLTELYY, F7-, HERBLERBERFTO
HESRERERICL Y, A0BEEET A EFHL R
o, B, MEEHARALZR) -V
PUDERE LTILEMEN, MEBEOEI LS ¥ —
PHFEL T 5.

OREERORED TH LB, HIE, EMHT0F
tBE 5. SHTIE, Kz ASFICEINTH
HBLLTRHESNAEEIRMI L, BEWE L TLHE
ENTVBEDONRRIRTH A, BhblX, ¥30F
25.4%, BERH 19.0%, ¥EAES1. 4% THER I TR,

(581) 17

NI | -El ectronic Library Service



Japan soci ety of Home Economics

AARBFRES

Bean-curd refuse(BCR)l

Drying at 120°C

Crushed by mixer

Filtering

Original polyol

PEG 400

Sn catalyst

THF
MDI  Homogenized

f=—— Si surfactant + H,O

PU foam

Stirring

Stirring
Cast

MDI

Homogenized

PU film

Heat treatment
Cut
Drying

Humidity control

Measurement

Mechanical

Morphological
properties

observation

Fig. 1. Preparation scheme of PU film and foam

CNOLMEEES I FOF Y LVEEETAEDTTH
D, RAKMHAEPU OFERAR) F— & LTPUI
WMARAL Z ENFMEETH D EEZ NS, RIFFETIE,
FY A= VS O—EICBH S E A TRABARRE
BHOARIPU 74 VABI U7+ — L& B L, B
HITER & MRET L7z,

2. £ B
(1) PU KB ORR
Fig. LIZB»OLEEFEPUORM 7T —F v — &R
4. B4 5 (BCR, bean-curd refuse) (Z#rf&i&dc
120C CEE T I R — 12T THERE L, 50~280
Ay Yo (BFES53~300 pm) D 5B WIZHTTH
MEELE, SRS EER) A —Vo—EFE L
THRYIZF L7 a—n (PEG, Mw=400, 2 EHE,
BE W) CRELT, B2rOEAEEL 0~1.0
(8/8) TTEZTE)FA—NVERBL. BL5E
FEIE (1) ATERELL.
BroEEE=R)F - IVFOBIrLDERE
/R F—=VOEE (8/8) (1)
PU 7 4 VAL, ZTOR)F—=VIIKICHED YT
FATTIITTY VB (REILERLE®) % 3@
z, 5EOEENFT v Fur s (THF, E#E1
S H) PTHERE, VYT EA—PDOTY T 2R

18

Vol. 50 No.6 (1999)

yoIA4V YT R—F (KX w27 MDl, =HE
FEbF®) 2B A —VER—EEMZ, ~7 % v
FAY T —%BOWEIRT2~100 0BG S E72. K
JOHET 1, TV =5 RTKEZR L o728 T AR
LA, —HE L, PU 7 4 IVASTBL 72,

PUZ %=L, RV A= diz&@ile LT
a—rRAmEEER (L5420, BAZ=F - ®) %,
A L CHEBKEMATREY F A —THEHL,
W=l o7 ZATMDL 22, REVFHAHF—
THEASIE, UCHEEEZ TRELB2S
EEPUTANVLABLIUHNTREORLLIBMNOER
PU 7 4 )V A ISEEIEM P T 120C - 3093, GFEDE
LABDPLEREPU 74 VABIUBALERPU 7
=03 5 R REELE LT, WIS L .

2) FHGIoH (FT-IR)

7 =) RN G EHE H AR5 8 o FT-
IR-7300 & FH\», £ &4 (ATR) £ THr-7:. KRS
AL, MER 100 H, 7HE4cm ' OEHET
LA e N TR WA

(3) PU 7 # — & OWIEIRNT

PU7*—A4%, BEHEIIN L TEEICAT AR
L, A4 FAT R s8HEBE Lz, BEETI,
NA A a—7 (HIROX Co. Ltd., KH-2200) % W<
B2 D A&, BTV 7 (Image Command 5098,
HR7EF =27 A 2HTITo72, N AT
TOREEIT 100 FETIT, BELB OB LT
WEEOKE S oM, WERERD, PUT+—40
FIEOREB L UREERrE=lL L 7.

(4) WMERFHOWE

PU 7 1 VA DF[EHRERIL, KX 150 mmXig5
mm ORI H v b LR B g, B L%, 7l
BESERME (5 21 RTA-500, AU 5 v 7 ),
Ty EEMA &) RV, FIEEE 5 mm/min,
77—V 30mm CHEEXITo 7. BlERENREFR
7 BATV, SEHMEEZEIE L. BETSEIE (0n), T
Y7 (E), B AME (o), BT AL F—
(A) ExRkD7-.

PU 7 # — 2 DEMmRERIE, # (o) #95cmXxHE (b)
BacemXES (o) H3cmOEFEICHY ML, B
zeEzid Lo, BRI L PU7+—20K0%
AL, WEME (S=ab), & (V=abc) ZEIHE L,
RKIZEE (W) 2FBLTPU 74 —LDAMPTOE
B (p=W/V, g/cm?®) %Et&E L7, EMABKIZ, 5]
RAEBEAH VT, - FEV100ke 2EEL, F

(582)

NI | -El ectronic Library Service



Japan soci ety of Home Economics

BYEOERR) LS L OFE L Y

BCR/Polyol=1.0

0.8

0.3

Absorbance

0

L 1 i

1800 1700 1600 1500 1400 1300
Wavenumber / cm*!

Fig. 2. FT-IR spectra of BCR-PU in the region of
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Fig. 3. Photographs of PU foams derived from bean-curd refuse

Table 1. Results obtained from the image processor 50l —if
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BCR, Polyol 0 Area of foam  Average radius s
(g/cm?) (%) (mm) =30
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Fig.4. S-S curves of PU films derived from bean-
3, BRADBOONE I —THBOR, ZORMKA curd refuse
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