Polymer(Korea), Vol. 41, No. 4, pp. 610-618 (2017)
https://doi.org/10.7317/pk.2017.41.4.610

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

MAZH FTIR 2ZS 0|88 250 & ¥ 28 250 ne
Z2|2E BIH ZEpISAT
dMlo] - Z4HE* - 0|25 - ut5| ™+ - 0|7| 21

S S gt

TRAFE, K| LT ol 2, 7] 238 AT

(0169 12¢¥ 19¢ A, 20179 1€ 9 44, 20179 2€ 6 A)

Curing Kinetics of Polyurethane Elastomers Depending on the Amount of
Curing Agent and Temperatures by Real Time FTIR Spectroscopy

Se Mi Kim, Seon Hong Kim*, Eun Ju Lee, Hee Jung Park**, and Kee Yoon Lee’

Dept. of Polymer Science and Engineering, Chungnam National Univ., Daejeon 34134, Korea
*ESCO RTS Co., Ltd., Boksu Factory, 51, Boksugongdan-gil, Boksu-myeon, Geumsan-gun, Chungnam 32702, Korea
**Western Seoul Center, Korea Basic Science Institute, Seoul 03759, Korea
(Received December 19, 2016; Revised January 9, 2017; Accepted February 6, 2017)

E8: @ AToE A5l Gt 43t ewvt Fel A Al Aaissue 7 Gu te 9
st} Bl olalopol s FelsEiu el ofEl2 F2Ee Ak B2 aol 80 °ColN B ATt B

HESAIA Ees-de

Ay A= A

Yo} 2l

T8 BUFE dEe S SRS €

ZIZYHE PG ESdE SAE ] Y3 4,4-WEd v AQ-F2 R0
25tk oprl-o]Arjohdlo] E H &2 0.859141 1.057H4], sk 747k 80 °CollAl 120 °C7HA]
egA o] et AAZE FTIRS B3l ERISHATE offl-o]2Aop|o]E H]-&3} 73k
ARem 3] 54L 93] Kamal

A& A gl

Abstract: The effects of stoichiometric ratios of curing agent to prepolymer and temperature on the curing reaction rates
of polyurethane elastomer were investigated. The prepolymers were made from toluene diisocyanate (TDI) and polyte-
tramethylene ether glycol (PTMEG) at 80 °C in nitrogen atmosphere for an hour. Then the prepolymers were mixed with
the curing agent, 4,4'-methylene bis(2-chloroaniline) (MOCA) to produce polyurethane elastomer. The curing reactivities
of polyurethane prepolymer with curing agent were measured by real time FTIR spectroscopy. The stoichiometric ratios
were controlled from 0.85 to 1.05 at fixed curing temperatures from 80 to 120 °C. Conversions and reaction rates were
increased, as the stoichiometric ratios increased. And they were increased, as the reaction temperatures increased. Kamal’s
equation was adopted for simulation as a kinetic model.
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Figure 1. 3-D absorption spectra by real time FTIR spectroscopy
with polyurethane curing reaction.
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Figure 2. FTIR absorption spectra during polyurethane curing reac-

tion: (a) TDI; (b) PTMEG; (c) prepolymer; (d) MOCA; (e) cured
sample.
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Figure 3. Conversion distributions as a function of amine-isocya-
nate ratio (Ry) along the time at a fixed reaction temperature of
100 °C.
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(Ry) along the time at a fixed reaction temperature of 100 °C.
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Figure 5. Conversion distributions and reaction rates for the iso-
thermal curing reaction at Ry=0.85 with various reaction tempera-
tures 80 to 120 °C.
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Figure 6. Conversion distributions and reaction rates for the iso-
thermal curing reaction at Ry=0.95 with various reaction tempera-
tures 80 to 120 °C.
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Table 1. Conversions(a) and Reaction Rates(-ryco=do/df) with Various Reaction Temperatures and Amine-isocyanate Ratios

Reaction
Ry temperature (°C) Values a|t:0 al,rNCOmax 041: 3600 tl_rNCOmax (s)
a 0 0.072 0.62
80 199
-INCO 3.19x10" 3.76x10™ 6.81x10°
a 0 0.082 0.71
0.85 100 178
-INCO 4.04x10™ 4.84x10" 6.65%x10°
a 0 0.12 0.93
120 167
-INco 5.74x10™ 7.94x10™ 6.11x107
a 0 0.054 0.54
80 210
-INCO 2.32x10* 2.66x10™ 5.46x107
a 0 0.096 0.86
0.95 100 129
-INco 6.58x10™ 7.39%10™ 5.14x10%
a 0 0.14 0.91
120 156
-INco 7.83x10™ 9.74x10" 0
a 0 0.17 0.72
80 558
-INCO 5.74x107 4.14x10" 8.51x107
a 0 0.13 0.93
1.05 100 142
-INco 7.05x10" 1.06x107 0
a 0 0.12 1
120 65
-INco 1.71x107 1.85x107 0
Table 2. Reaction Kinetics Constants, Activation Energies and Prefactors
Reaction
Ry temperature (°C) " k " ke Eau Eo 4 4
80 2.57 3.19x10" 0.50 4.91x10*
0.85 100 2.52 4.04x10" 0.59 8.36x10™ 1.69x10* 1.28x10* 9.79x102 4.28x107
120 1.48 5.74x10" 0.33 7.58x10"
80 2.60 2.32x10" 0.53 3.46x10™
0.95 100 231 6.58x10" 0.66 1.25x10° 3.55%10* 3.36x10* 4.77x10 6.41x10
120 1.90 7.83x10™ 0.74 2.18x107
80 2.69 5.76x10° 0.53 1.56x10°
1.05 100 1.90 7.05%x10™ 0.54 2.01x107 5.40x10* 2.39x10* 2.58x10* 4.45x10°
120 1.27 1.71x107 0.86 2.98x107
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Figure 8. Reaction constants (m, n, ki, k) as a function of Ry 0.85
to 1.05 with various reaction temperatures 80 to 120 °C.
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Figure 9. Arrhenius constants (E,, A) as a function of Ry 0.85 to
1.05 with various reaction temperatures 80 to 120 °C.
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imental results and simulations at R=0.85.
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Figure 11. Conversion distributions and reaction rates compared for the isothermal curing conditions (80, 100 and 120 °C) between exper-

imental results and simulations at Ry=0.95.
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Figure 12. Conversion distributions and reaction rates compared for the isothermal curing conditions (80, 100 and 120 °C) between exper-

imental results and simulations at Ry=1.05.
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