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ABSTRACT : An oligomeric diol was utilized as a modifier for the reaction rate and mechanical properties
of a RT-castable polyurethane elastomer. Both the reaction rate and the tensile strength of the blend samples,
in which the modifier and the base resins were mixed with one-shot method, showed an exponential
decrease as the increase of modifier concentration. Thermal analysis method of Kissinger was also effectively
applied in the present study, showing good linearity in the plot of In(g/ TZD) vs. ( 1/T ,) and activation
energy E, of 44.80 kJ/mol, which is similar to the general castable polyurethane. In the mechanical properties,
remarkable decrease of strength was found by the addition of modifier concentration range up to about
20 phr, while characteristic elongation property of the elastomer, high elongation at lower strength, was
observed over 20 phr of the modifier. Exponential decrease of the break strength of the blend sample
exhibited that the mechanical properties of the blend might be considerably sensitive to the modifier
concentration.
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Table 1. Properties of Polyol and Isocyanate Used in
the Present Study

Oligomeric
Diol

HP6510A |HP6510B| D4000E

Isocyanate| Polyol

OH Value [mgKOH/g] - 359.3 28.0

NCO content [wt%] 26.9 - -

Viscosity [cps @25C] | 200.0 2000.0 820.0
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Figure 1. Reaction temperature as a function of time
for various concentrations of oligomeric diol, D4000E,
in HP6510A/HP6510B blend.
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Figure 2. Reaction time for the maximum reaction rate
of the sample as a function of D4000E concentration.
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Figure 3. Reaction temperature at the maximum reaction
rate of the sample as a function of D4000E concen-
tration.
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Figure 4. D4000E concentration effect on reaction rate
of the sample. O: experimental data, —: curve fitted
using exponential function as y = yo + Aexp[-invtau*x],
where yo=2.256, 4 =57.232, invtau= 0.034.

ShA Kissinger®] EAol #e A+ ZAxfe] <
S HHSEO] &t AdEde] mEt iETEe
S7kstt vk

FHojuhs-S ol ol=27] 7HA A%
=

o] &R oJ3te] 007 FEA Hn wet

A kg g Eane L (L g)—go) . o]
= Ashd thrfel vke-AolM &3} JA|(E,)
= WAkl #AIRL]

(©)

2 FAE F JAL o|ZRH EE In(g/T?) vs.
(1T ,) EFA9] 71&71278 78 5 3o
Aoz wlg- Ayge] Erke o] & deA

A2 #4349 A135, 2008

iy

oy

4
,8.2ﬁ
Kissinger plot
847 Slope = —Ea/R
Ea = 44.80 kJ/mol
_8.6A
= 8.8+
g
£ 904
,9.2A
_9.4A
T T T T T 1
240 245 250 255 260 @ 2.65
T, /107K ']

Figure 5. Kissinger plot of the sample based on the
reaction temperature measurement

49

vu A

In(g/T%) vs. (1/T )& S8kl o|2FE At
& 243t ovA g Figure 591 YERAIH:

ol @Eol AAAS Holw glom AN E,

Fol 44.80 K/mol=A UubE9l FEe Ze]9g)
o AgREgol X A8t oA gt FARE 3
< Holg ZO& Hol Kissingerd] FEAHol &
A9 Mol a2 H8E F Ades 2T
ok

2. 7|AH &0 o|x|lz I

ol A dF 2o WHsl= D4000E7} &
dHol wet HSEET AFH R Hashe 7
S Bt o3 Ade w8 ES] 7
2l Ao oM E wi¢ & WsE THAE F
Jers ARFeE &+ A Fh D40 00E—4 E
gro] 712219 71A1F e miAle dFS &
HE7] 9)3te] D4000ES] EF =AM 7} E}% E.

7R MZE "E3 o] 59
UTM S1AA 8-S 33190} Figure 6°ﬂ D4000E4
T3 29vlel 2 JAFAE AFaHZE e
Ytk 2o A ®ol%o] D4000ES] dHeko] wol
A5E QgL A F6T ARdEE ¥

A Astde & F Utk 53] F 20 phr Fxol



o
i)
ki
=2
oft

0[phr]

Mo
o [$)]

Break Strength[kg,/mmz]
o _ _~
o o o <

o

10[phr]

20[phr]
30[phr]
40([phr]

" solpm

0.0 S e
0 20 40 60 80 100
Elongation[%]

Figure 6. Stress-Strain curves for the samples with
several different D4000E concentrations.

3.0 4
D4000E Effect on break strength
e 2.5 O  Experimental
S —— Curve fitting
92.0+
=
2 1.5
o
1%}
x 1.0
il
@
0.5
T T T T T 1
0 10 20 30 40 50

D4000E concentration[phr]

Figure 7. D4000E concentration effect on tensile
strength at break point. o: experimental data, —: curve
fitted using exponential function as y=yo+ Aexp
[-invtau*x], where yo=0.283, A =2.334, invtau = 0.049.

1207 54000E effect on elongation

O Experimental

1009~ Curve fitting

Elongation[%]

T T T T ]
0 10 20 30 40 50
D4000E concentration[phr]

Figure 8. D4000E concentration effect on elongation at
break point. o: experimental data, —: curve fitted using
polynomial function as y = ko + ko*x + ks*x, where ko
=32.075, k2=0.383, k3 =0.024.

tegz NdE d2F

34 PU defagEro wga B4 -

T
A7t o] FolAIL a2 o]Felle HApHOoR vio}
A= Aoz FFHL & & EAFA AFe
A& D4000E7}F 2F 20 phr oA EdE= 7
e o] wlg- okstEa 1T gAY
AR ARE 14& AFS EAthe Aolt). of
23 BEZRE DI00EY] HEo wE dade
o] &S FEWA Figure 77 89
Rol= nie} 2ok 2™olA open circle> W]
stress-strain FA1 0 ZRE] FEslo] Wl A HolH
o1 AAML curve fittingdll 2|3+ Z¥S vERdTh
7T ] 739 DA000ES] o] F71EE A
o2 Fxrt HAadhe AES Hole v

= 7Vst

S

4 z4e 9% 2AA Y B=

NgzE Aoz i & k. B dAFelAe]
79 7l 20 phr W2l D4000ES 7] =4
et 9ol BRE e 74 B4R 7}
7HE FE VA C7t lemz Qo wel 7]
A BRE 2437 Asie FoIx X9 A

iR

A3 2449 Bl WE oHT 4= L A%
of Ui 4¥A dolHE FHs FE o] F4
Bels] ZHeA e FaF o] €t

]
skl 273t FEEeE ARHE AYE 9
SHe F29 ¥ 54 2 JAF E49 Wst
EAS RS HHAYI S48 UTM A
d& Tt ATk

AT AFAEA tgo] E4EA B VR F
A AeolA & & ol F43% FIANEES
AA 1AZE ool Whg-o] fPEEE W &)
THHYE &It AFHoR Hadhe S
Holg A& & & ATk E3F Kissinger®] B&
Ao ek AT Aye B A7eAY sz
frastA 82 & Ao ALtE 843} oy

Elastomer Vol. 43, No. 1, 2008



24

ot

A E, %kl 44.80 kl/molE4] Lwkzel F
S Aguhgelxel &3 oA
e A

EA4zA7 D4000EY] EF F=o uk
AES] 71AIAQ Al oMT wl- & st

=2 ¢ T AAJTE 53] oF 20 phr = 0|2
7174219 D4000E F=olMde FEgE Zwe] A3}
7} o] FolAIL 1 o]Fole HAMHOR HolRe

% °P
R
o

*

=
e =
oz

B o

Aoz #AER oM, D4000E7L oF 20 phr o)
EdEe Brols dEHe FEo] He- ofEls
I gAle] 539 ARE 34lEe] AsE
Hol= 544! @] A w3 vt
9] 7% D4000ES] o] Fridas Al
2 A&7 Ahske BdFE UEhfo] DA000ES]
=% w20 wet Fewsil e s
Ho] Foh

wepq Bao mel wgsE u
FESP 2] AAAE & Aros) Lo

Foi70 10) A A EFol HE g
54 2 1AM a0 B9 484 doHE &
el T Ao] FaAvels FuoA 53] Fad
Feol 8 5 9 Aoz AHr,

INEIRE

B ATE AR r1es8rk A3
3

AR AFAAEARE | EAPLAE ] A9
o 93 ATk

A2 #4349 A135, 2008

r [*]
.
iy
@
o

10.

11

12.

2

. SH. Choi,

. S. Lee, ed,

. JB. Kim, “Polyurethane”,

. HJ. Kim,

. A.K. Bhowmick and H.L. Stephens ed.,

. T. Hetekyama and F.X. Quin,

o

o2 3

. M. Szycher, “Szycher's Handbook of Polyurethanes”,

CRC Press, NY., Ch.4, 1-37 (1999).

“Polyol for Polyurethane and Foam”,
Polymer Science and Technology, 10, 621 (1999).
“Polyurethane Technology & Applica-
tions”, Huntsman International, Belgium, 9-22 (2002).
Polymer  Science and
Technology, 10, 577 (1999).
“FEeElehile, SOtk 45-55
(1972).

“Handbook
NY., 375-409

of Elastomers”, Marcel Dekker Inc.,

(1988).

. U. Henri, “Chemistry and Technology of Isocyanate”,

John Wiley & Sons, NY., 315-456 (1996).

. L. Mihail, “Chemistry and Technology of Polyols for

Polyurethanes”, Rapra Technology, 13-27 (2005).
“Handbook  of
Thermal Analysis”, John Willey & Sons, NY., 42-
65 (1988).

E. Muller, “Aufbau von urethanelastomeren hoher
hydrolysebestandigkeit”, Angewandte Makromolekulare
Chemie, 14(1), 75 (1970).

HE. Kissinger,
Thermal  Analysis”,
1702 (1957).

W. Ahn and S. Yoon, “A Study on Formation and
Thermal Decomposition Kinetics of PU Elastomers
by Dynamic DSC and TGA Analysis”,
42(1), 47 (2007).

“Reaction Kinetics in Differential

Analytical ~ Chemistry, 29(11),

Elastomer,



