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MDI (4, " -diphenly methane diisocyanate), PPG (poly(propylene glycol)), TMP (trimethylol
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ABSTR,\CT: A crosslinked polyurethane (PU) based on 4,4"-diphenyl methane
diisocya rate (MDI), poly(propylene glycol) (PPG), and trimethylol propane (TMP) was pre-
pared ir order to conduct the developement of PU/PU composites by reclaiming polyurethane
wastes. The crosslinked polyurethane was ground into small particles to make PU(particle)/
PU(matrix) composites. Physical properties such as density and hardness of the composites
were al nost the same as those of standard polyurethane. However, mechanical properties
such as impact strength, tensile strength, and elongation at break were deteriorated in the
case of :omposites. Even though the compatibility and the hydrogen bonding at the interface
were nc . affected by the introduction of polyurethane particles, those particles made the for-
mation >f hard phase difficult, which resulted in the reduction of mechanical strengths. This
effect was more significant in the case of the increase of particle content than the increase of
particle size. In addition, the increase of the wetting or swelling time improved impact
strengtl but decreased tensile strength. This may be due to the fact that under the relatively
slow ter sile stress applied, polyol chains which interpenetrated into particles were disentan-
gled wil 10ut contributing to the tensile strength.

Keyworc s: reclaiming, composite, compatibility, swelling time, polvol chain.
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(1) Compatibility; ame material (filler & matrix)

(2) Hydrogen Bonc ing

(3) Interfacial entz 1glement; localized [PN

iCO NCO
OH +
+ HO
j{ OH +
+ NCO
NCO
+ NCO—\

Fig. 1. Model int rface of the present PU particle/PU
matrix system.
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Table 1. Variables for the Synthesis of PU Composites

Treatments Levels
swelling time o
0 -
(day) 1 3 7 15

filler size( um) <150 150-250 250-350 350-420

filler content

(% by weight) 5 10 15 20

o] 0.5 HP, 1700 rpm, AF-20ll4 AZ 2p2reke] ¢
2dE BTk oA A Do Zefeet
g EAE o)8sled 150 um ©]3}, 150-
250 gm, 250-350 ym, 18] 350-420 yme] 4
7B Z7) REE BR3E e, RE dAES A%
sholl A 24A17F Bt FES AAT To] BAFY
el AHgstch. gt 928 PPG, TMP
o} @Al E5tsl 7|X g AAAZIGL vl A4tE F
ol MDIE F7hg Tl 7)5E e eelet 49
Y MAES Fsled o tust/Ee sy BY
Heg FAstAct. olwf Yzte] g+, =27], PPG/
TMP E&E7 At Alole] H& AZHE zhzh W+

2 sl Ao B S PASA (Table 1).
BEAIZEe] HE Aol = YAb27] 8 250-350 um, T
FE 10wt% 2 nAsgor, Y] e WAl
e Y=Y E 250-350 um, BEAS 3U2 T
Aatot. 283, 944 2719 IFL A T
= 10wt%, BEATHE 3Y2 THAR Fofl T4
gt EAEIAT.

4 24 Y 2359 HEE Shore A
type hardness tester& A}&3led 6 22 ¢ojz =
goled HAFPOR RUSPL, 7tuBEE EFAE

o] &3l HEAFo2XE] Flory-Rehnerd) (41(1))
< B8 Aldetgoemn o] w Agd 7—? S
Table 20 JERARICEH A5 #4278 2 vk
A% = Nicolet 510 FT-IR& A}&3} —E—'ﬁ,ﬁ}ﬂit}.

IIn(1-v)+ vat 2 02]=V nl 0! 3-v,/2] (1)

wt of solvent in ged  d,
(wt of gel) d,

Q:
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Table 2. Constants used in the Flory-Rehner Equa-
tions

symbol qua ity value
8, solubility pa ameter 18.2 (MPa)'/®
8, solvent(1), :olymer(2) 20.5 (MPa)'/

¥V, molar volur 2 solvent  106.3 cm®mol!
d,  toluene dens ty 0.862 (23 C)
dy PU density exp.data

R gas constan 8.314 m® Pa mol™! K™

T temperature 296 K°
Vi8-8
NETURT

vy © DB PHRE
n 1 AEREAR
Vi 8ol Lmols) 23

n . 7tadE

AZAE KS 1 6518 114 252 A &g AlAE
Instron(model 4200)2 2 F83R o0, ARYLE,
THAE, o 84§ 52 73k (crosshead speed
1 5.0 mm/min, rauge length . 25 mm, load cell
1 KN). $4AT & 2X%E W42 E lzod SA4
718 ARESI:. 1 9 FHAE F Al T
g 2 33 o ] E5S Akashi Alo] FARE A}
# 1|73 (Scanning  Electron Microscope, model
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S ion coater(Eiko, IB-2, Akashi, Japan)& ©|
£3te] gold coa'ing®t F ZAREIYICH FHH, A|H9)
A8 HeA EXe DMA (Dynamic
Mechemical Aralysis) & Al &35t E X319t
(-100 C-200 ¢ 1Hz 10 °C/min).
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Fig. 2. FT-IR spectra of PU composites(10/90) with
different swelling time.
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Fig. 3. DMA spe :tra of standard PU and PU compos-

ite filled with 10 'vt% particles, 1 day swelling time.
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Fig. 4. DMA spectra of PU composites(10/90) with
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Table 3. DMA Sjectra of Standard PU and PU Com-
posite filled with 10 wt% Particles, 1 Day Swelling

Time

Filler size (zm)

Properties 150-  250-  350-
SLPU <150 250 350 420
Density (g/cm?) 1.0%5 1098 1.089 1.111 1.097

Hardness (ShoreA)

Tensile Strength (MF 1)
% Elongation at Bre ik

Modulus (MPa)

Impact Strength (J/r %)

96 97.4 969 974 97
165 11.9(72%) 11.0 101 649
537 457(85%) 4.04 332 273
646 500(77%) 458 441 485
127 83(65%) 55 52 40

Table 4. Mechan:
Different Filler C.

:al Properties of PU Composites with
ntent (3 Day Swelling)

Properties

Filler content (% by weight)
St.PU 2 5 10 1 2

Density (g/cm®)
Hardness (ShoreA)
Tensile Strength (MPa)
% Elongation al Break
Modulus {MPa)

Impact Strength (J/m?)

1095 L1079 1089 LI 111 1102
96 97.7 975 974 973 9638
65 138(84%) 122 101 78 66
537 3.34(62%) 376 332 252 225
646 502(78%) 478 441 431 376
127 64(52%) 58 52 50 42
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Fig. 5. The effect of filler size on the crosslinking den-
sity of PU composites{10/90).
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Fig. 6. The effect of filler content on the crosslinking
density of PU composites.
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Fig. 8. Fracture : urface of PU composites with different filler size, broken under the tensile stress at room tempera-
ture : (A) unfille ], (B) <150um, (C) 150-2504m, (D) 250-350m.
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Fig. 9. Fracture s irface of PU composites with different filler content, broken under the tensile stress at room tem-
perature ; (A) 23vt%, (B) 10 wt%, (C) 15 wi%, (D) 20 wt%.
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Table 5. Mechanical Properties of PU Composites(10/
90) with Different Swelling Time

Swelling Time (day)

Propertis B0 0@ 13 7 B
Density (g/om) 109 1087 1090 L1 L100 1105
Hardness (ShoreA) % %l 92 W4 92 972

Tensile Strength (MPa) 165 11.1(67%) 108 101 114 82
% Elongation at Break 537 358(67%) 307 332 3% 345
Modulus (MPa) 646 568(88%) 541 441 474 351
Impact Strength (J/m®) 127 50(39%) 43 52 48 57
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Fig. 13. Fracture surface of PU composites with different swelling time, broken under the tensile stress at room
temperature : (A} 0 day, (B) 3 days, (C) 7 days, (D) 15 days.
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Fig. 14. Fracture surface of PU composites with different swelling time, broken under the impact stress at room
temperature : (A~ 0 day, (B) 3 days, (C) 7 days, (D) 15 days.

Fig. 15. Surface »f PU particles with different swelling time.
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