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Abstract: Kinetic study of a reaction between poly(caprolactone diol) and aliphatic isocyanate was investigated by FTIR
spectroscopy. The reaction rate was obtained from analyzing the absorbance change of NCO peak (2265 cm™) in series IR
spectra. In the results, the overall reaction between PCL and isocyanate conformed to the simple second-order law, and the
rate constant increases with increasing reaction temperature. The activation energies obtained from the evaluation of
kinetic data were 25.4~30.9 kJ/mol for hexamethylene diisocyanate and 16.8 ~22.1 kJ/mol for cyclohexylmethane
diisocyanate, respectively.
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AA] BER AlxE 2719 EEf-ue o sH 2
=22l S (polyurethane) 31314 . 2 ¢ €A 9H(-NHCOO-)& E&o] AHEEo] A, B8, HEA LY ol o]&HUom,
A xehe ApsgE %%]O]‘jr A5 o]iAfofulo] E ZFolzEH 2 &S AHEE A Tadelel digk Addol
(isocyanate) 9} E2]Z(polyol)e] FFell wet thfek 8] AFE AR, 7|AA - 24 54, WA, HekEA sol sttt
Ak 4= glom, Hojd 7]74]7“ =4 A, 8 A = AAel A Hdle ARt W R Q13 isopropyl-
AT, =2 3048 2 A #)Oi el AFE A, 92 9 ene oxide(PO)2} ethylene oxide(EO)7} thEF Ak, &3 AA -
32 E(foam)Z B A(elastomer), EH I 5A|, AZIH-E A7 2ol FANA ZdAHEA ZLS AMEET YrtE
AR5 WA 2]l 958 A= 53 2ol L ool o HhHe], o] AAloflo] E= EWo] gli= A= hexamethylene
FatA AHEE A ok diisocyanate(HDI), cyclohexylmethane diisocyanate(H;»MDI), isoporon
FHtof, FE]g-det Abd e 71 A3t e Eoke AE5T diisocyanate(IPDI) 5-©] 1.2, ¥&=2] toluene diisocyanate(TDI),
AsA ARlE & e, 539 17]‘—5‘/‘3 e, & 5 methylene diiocyanate(MDI) 5©] A&% 1 it} TDI= AZ 5
NE7)171v 88 AsEt o}t Aol FEjPEA MdE 9 e Fo® FHAR, MDI= ZAA9-dE Fo2 GIEAE, IPDIE
gk Al } £ 7W]§E *]‘%Q Ak w3 Jiul ZE$Hee R F-Egt 23te] E5(block)S AASI=H T2 AREEI k. o
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Table 1. Summary of Previous Study on the Reaction Kinetics during Urethane and Polyurethane Foam Formation

. Kinetics
Reaction A
Investigators Polyol Isocyanate Analyzer Catalyst Solvent temp.  Rate constant<10* Activation Comments
(C) Umol - 7%
(kJ/mol)
Polyether- MDI FT-IR DABCO water 75~150 - - 0.051
polyol deuterium oxide 0.038
ElweEl;]et al. Polyether- water 0.047
monol deuterium oxide 0.035
; reaction rate (1/s)
Hydroxy Phenyl FT-IR DBTDL THF 23,35,45 16.3,22.8,27.5 18.7
group MDI 23 16.1 -
Cordeiro et al. (suberin) n-butyl 23 5.75 -
[10] HMDI 23,35,45  52,6.6,12.6 30.6
2,4TDI 23 15.3(a), 6.7(b)
2,6 TDI 23 6.9(a), 3.3(b)
Ajithkumar  Hydroxy group TDI Titration DBTDL toluene 30 4.02 30.1 change of catalyst con.
etal. (castor oil) method 40 5.87 determine the entropy
[11] 50 8.76 of activation
Hydroxyethyl MDI FT-IR - - 80 - - evaluate the kinetics
Tassel et al. methacrylate IPDI of unblocking reaction
[12] Hexanediol
Polyether
Pavier & Hydroxy phenyl FT-IR - Pyridine - 60 -
Gandini group(OSBP) isocyanate Tetrachloroethane 33
[13] & PPO diol Dioxane 5
PTMG IPDI FT-IR - - 60 475 61.07 P=1 mmHg
Kimet al. 70 110.2 AH=58.18 J/mol -K
[14] 80 168.0 AS=-95.98 J/mol -K
90 311.2
PBA MDI Raman - - 100 - 387 evaluate the frequency
Parnell et al. (extender;BDO) 120 factor (602 mol
[15] 140 NCO*"/kg son.*"s)
160 n=1.7

THF; Tetrahydrofuran. TDI; Toluene diisocyanate. OSBP; Oxypropylated sugar beet pulp. DBTD; Dibutyltin dilaurate. IPDI; Isophorone diisocyanate. PPO;
Propylene oxide. MDI; Diphenylmethane diisocyanate. PBA; Polybutylene adipate. PTMG; Poly(oxytetramethylene) glycol. HMDI; Hexamethylene diisocyanate.

BDO; Butanediol.
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Figure 1. Apparatus for the synthesis of waterborne polyurethane.
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Table 2. Measurement Conditions of Hard Segment for Urethane by
FTIR Spectra

Sample Mole ratio Hard segment
PCL/HDI, H,,MDI (Wi%)
PCL(1250) / HDI 12 21.2
PCL(1250) / HDI 173 28.8
PCL(2000) / HDI 1/2 14.4
PCL(2000) / HDI 13 20.1
PCL(1250) / H;;MDI 12 29.5
PCL(1250) / H;;MDI 173 38.6
PCL(2000) / H;;MDI 172 20.8
PCL(2000) / H;;,MDI 1/3 28.2
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Figure 2. Typical evolution of NCO band with reaction time for an
experimental involving PCL (M, =1250) and HDI (mol ratio :
HDI/PCL=2).
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Figure 3. Time-conversion for a typical reaction of PCL (M,,= 1250)
with HDI in DMSO solution at different temperature (mol ratio :
HDI/PCL=2).
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Figure 4. Second-order plots for the reaction of PCL (M,,= 1250) with
HDI in DMSO solution at different temperature (mol ratio : HDI/PCL=2).
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Figure 5. Kinetic analysis of urethane synthesis by using Arrhenius plot
with PCL (mol ratio : HDI/PCL=2).

Table 3. Rate Constants and Activation Parameters for DBTDL
Catalyzed Reaction of HDI and H;,MDI with PCL

Polyol Isocyanate Ratio of Temp. k E
Y 4 mole (C) (L-mols) (kJ/mol)

PCL (My=1250) HDI HDI/PCL=2 65 0.029 275
75 0042
85 0.050

PCL (Mw=1250) HDI HDI/PCL=3 65 0.026 30.9
75 0.040
85 0.048

PCL (Myw=2000) HDI HDI/PCL=2 65 0.032 254
75 0.045
85 0.052

PCL (Myw=2000) HDI HDI/PCL=3 65 0.029 26.5
75 0.041
85 0.049

PCL (Myw=1250) H;,MDI H,,MDI/PCL=2 65 0.045 18.5
75 0.056
85 0.065

PCL (My=1250) H;,MDI H;;MDI/PCL=3 65 0.038 22.1
75 0.049
85 0.059

PCL (Mw=2000) H,MDI  H;;MDI/PCL=2 65 0.048 16.8
75 0.059
85 0.067

PCL (MW=2000) HI2MDI = HI2MDI/PCL=3 65 0.044 18.9
75 0.055
85 0.064
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Figure 6. Effects of hard segment contents on the activation energy.
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