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Effect of Water on the Physical Properties of Polyurethanes
Derived from Bean-Curd Refuse

Mika Iumma and Kunio Naxamura
Faculty of Home Economics, Otsuma Women’s University, Chiyoda-ku, Tokyo 102-8357

From the viewpoint of recycling of bio-based resources and environmentally friendly polymers,
polyurethanes (PU) were prepared from diphenylmethane diisocyanate (MDI) and polyethylene glycol
(PEG) with bean-curd refuse (BCR) as a polyol. Mechanical and viscoelastic properties of BCR-PUs
containing various amounts of sorbed water were investigated. Stress at break (s,) of BCR-PUs
decreased as the amount of sorbed water increased, while strain at break (e,) of BCR-PUs increased as
the amount of sorbed water increased. Dynamic modulus (E’) in the glassy region of BCR-PUs
increased as the amount of sorbed water increased and E’ in the rubbery region decreased as the
amount of sorbed water increased. It was found that three dispersion peaks of «, B and y were
observed from high to low temperature in the loss modulus (E”) curve. 3 dispersion at—30 to—20TC
was observed in BCR-PU systems while /3’ dispersion was not observed in PEG-MDI PU. In the wet
state of PU, 8’ dispersion near —80°C was observed. These results indicated that f and 3’ disper
sions were assigned to the molecular motion of the BCR-PU network and the PU networks with water,
respectively.
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Fig. 1. Adsorption isotherm of PU
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Fig.2. S-S curves of PU films containing various

amounts of sorbed water

(a) BCR-PU, (b) PEG-MDI PU.
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Fig. 3. Relationship between stress at break (gv), Young’s modulus (E) or strain at break (e;) of PU and water
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Table 1. Results of DMA measurment of PU films in wet states

E’ (MPa) E” Peak temperature (C)
W. (g/g)
—100C 150C a B B y
dry  4.95X103  2.00X102 64.7 —31.1 - ~130.2
0.037 5.87X10% 1.55X10? 70.6  — —83.5  —129.7
BCR-PU
0.067 6.62x10% 1.39X102 6.1  — —87.7  —129.5
wet  7.46X10%  1.69X102 60.3 — —92.4  (—92.4)
dry  7.00X10% 1.00X102 33.0 - — —126.4
PEG-MDIPU  0.056  6.64X103 1.04x10%2  —4.1  — —90.2  —130.1
wet 7.14X10%  1.04x102 —24.9 — —108.6  (—108.6)
Table 2. Activation energies (AE) of « ,3 and y dispersions
of PU in wet states
E (kJ/mol)
W (g/8)
a B B 14
dry 287.5  102.0 - 30.3
BCRPU 0.037  315.6  — 55.4 54.7
0.067 317.5  — 50.4 56.9
wet 312.1 - 42.6 (42.6)
dry 304.4 - — 35.4
PEG-MDIPU  0.056  338.0  — 54.2 36.4
wet 388.7 - 31.5 (31.5)
2% — il % FEBTH 5 L EXBNE. ¥ HHIE PU O
DS TEBTHLEELEZ NS,
10 ¢ (4) PU OAHKE
T ¢ B v PU W75 K DIRFEE % 514 728 PU ~/K % @ DSC il %8
B p %47 o 7. Fig.TIZ W, ®$7% 5 PUDODSC % — 7 %
8 . () B, HE4PU, (b) I PEG-MDI PU @
g b HRTHD., W >0.158/8 T, HiRBETHRBEK
- DEESALE — 74— 20~ —10CH L, AT
R BCRPU FAKOBBMY — 7 250 CHEICRD BN Ll
os | | , ‘ Dry state . W. 25 0.08g/8 LT & A W&k, 1 kOMERE
2.0 3.0 (‘:-(‘)Joom/ﬁ-& 6.0 7.0 EIRSTOWABRKERY, W=0.1g/g 2 5L H

HADH LN TL A EDRSIAH. BhoEHPU
& PEG-MDI PUDDSC #— 7% KET 5L, Bhrb
44 PU L ) PEG-MDI PU O 253 v — 7 L i
— 2 Lo, Table3 2B 75 &4 PU, PEG-MDI
v T — 7 &ROS T RE)TH ST T AMBIZL S L PUBIUB2LORENKE (W) &7, BHADN
EZOLNA, BOEIEBISER PUIZOAEIR S, WL We ik, B26EHF PUDKEE 0.158/8,
BrOEGET LY UEERYTER LT OBNS PEG-MDIPU ¥4 0.148/8 L %2 b, REZE VI
WFEAORFHSTEFTHIEEZONDL., 3 HodObhhhol, BLOLKBED W, 13£0.28g/8 T
DHIIKDOHFEFEICE DB Y, KEPUDKLE LR HAH, BhLIEPUICHARENRE L PO

Fig.6. Arrhenius plots of PU films derived from
bean-curd refuse at the dry state
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Fig.7. DSC curves of PU-water systems containing various amounts of

sorbed water
(a) BCR-PU, (b) PEG-MDI PU.

Table 3. Results of DSC measurements of PU-water systems

Wc (g/g> AHc (J/g) AHm (J/g) ch (g/g) me (g/g) vvnfc (g/g) anm (g/g)
0.082 0 0 0 0 0.082 0.082
BCR.PU 0.264 33.0 40.5 0.113 0.121 0.151 0.143
0.783 162.2 195.4 0.559 0.585 0.225 0.198
1.190 273.9 322.9 0.929 0.967 0.250 0.223
0.072 0 0 0 0 0.072 0.072
PEG-MDI PU 0.153 2.0 3.0 0.007 0.009 0.146 0.144
0.250 13.5 27.0 0.047 0.081 0.204 0.170
0.566 105.5 135.1 0.363 0.404 0.203 0.161
0.120 0 4.5 0 0.014 0.120 0.106
BCR 0.387 28.5 55.5 0.099 0.166 0.288 0.221
0.773 134.4 163.2 0.460 0.489 0.312 0.284
1.059 211.2 254.7 0.717 0.763 0.334 0.296

L EOBIKEN T LY UEEEICL ) MDL ERIEL,
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TL, ZNUETEBSL»RETIEE SN, T4
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R SN D 2 &5 - 72, PEG-MDI
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12X DEEERIRAE X IR o /e, SISz X 9 12,
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AbMNA. ARKISKESBEZ R, NEFROIE
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