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Tab. 1 Reaction rate of diisocyanates with polycaprolactone diol

Diisocyanate

Reaction rate x107/(mol-L"-min™)

Active energy

80 °C 100 °C 120 °C /(kI-mol”)
4,4’ -MDI 1.73 5.96 10.5 52.40
1, 5-NDI 1.26 6.29 19.5 79.24
Tab. 2 Reaction rate of diisocyanates and active H compounds
Reaction rate x107/(mol-L"-min™)
Diisocyanate
Hydroxyl Water Urea Amine Urethane
2,4-TDI 12.6 3.48 1.32 21.6 0.42(130 °C)
2. 6-TDI 4.44 2.52 3.78 4.14
4,4’ -MDI 10.5
PPDI 21.6 4.68 7.8 10.2 1.08(130 °C)
1, 5-NDI 24 0.42 5.22 4.26 0.36(130 °C)
HDI 4.98 0.3 0.66 1.44 0.12(130 °C)
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Tab. 3 Electronic energy calculation of the reaction between diisocyanates and ethanol

Diisocyanate /(a.u.)

Ethanol /(a.u.)

Transition state /(a.u.) AE(el) /(kJ -mol™)

2.4-TDI(Para) —606.5265755 —155.0269649 —761.5997381 101.5958492
4,4’ -MDI —837.5644159 —155.0269649 —992.5498291 109.0938833
1.5-NDI —720.8527955 —155.0269649 —875.8329498 122.9009152

1, 6-HDI —572.0134282 —155.0269649 —726.9957252 117.2756502
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Fig. 1 Schematic diagram of energy barrier calculation for the
reaction between NDI and ethanol
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Fig. 2 Change of Gibbs free energy barrier with temperature for
the reaction between isocyanate and ethanol
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Tab. 4 Products properties of NDI and PCL- 1000 at
different temperatures

Temp/eorzture NCO value/% Viscosity@80 °C/(mPa-s)
120 6.051 2716.4
100 7.013 2905.6
80 7.094 3003.0
B U S I 4 77 SR BT R Te) . A SR T 4R T

R R R 2 S R R R A RO R

Tab. 5 Effect of phosphoric acid dosage on the properties of prepolymers

Phosphoric acid contentx10° NCO value /% M, Polymer dispersion index Viscosity@80 °C/(mPa-s)
0 6.051 4465 1.77 2716.4
50 5.950 3566 1.75 2632.4
100 6.441 3572 1.79 2472.6
200 6.032 3512 1.89 2379.7

Tab. 6 Prepolymers properties with different phosphoric acid dosage after thermal aging

Phosphoric acid contentx10° NCO value /% M, Polymer dispersion index Viscosity@80 °C/(mPa-s)
0 5.192 6881 1.53 4116.6
50 5.737 5311 1.64 2725.8
100 6.092 5688 1.73 2768.3
200 5.810 5664 1.77 2880.0
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Fig. 3 Mechanical properties of NDI-based elastomer (a)before and (b)after aging
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Reactive Activity of 1,5-Naphthalene Diisocyanate

and Its Prepolymer Preparation

Muyang Liu', Hao Zhang', Dianheng Lu', Hua Zhang’, Jianjun Bao'

(1. Polymer Research Institute of Sichuan University, State Key Laboratory of Polymer

Materials Engineering, Chengdu 610065, China; 2. Zibo Huatian Rubber & Plastic
Technology Co., Ltd., Zibo 255000, China)

ABSTRACT: Polyurethane prepolymers based on 1,5-naphthalene diisocyanate (NDI) have limited storage stability. To

investigate the reasons for this, kinetic experiments and quantum chemical calculations were used to study the reactivity

of NDI. The results show that the reactivity of NDI is not higher than that of commonly used aromatic isocyanates such

as 4,4'-diphenylmethane diisocyanate (MDI) and 2,4-toluene diisocyanate (TDI), and even lower than that of aliphatic 1,

6- hexamethylene diisocyanate (HDI). Combining experimental data and literature analysis, it is found that higher

reaction temperature (120~130°C) in the synthesis of NDI-based prepolymers can lead to the branching side reaction of

isocyanates with urethane group, resulting in gelation during the storage or casting of prepolymers. Stable and storage-

resistant NDI- based polyurethane prepolymers can be obtained by adding the inhibitor phosphoric acid during the

synthesis process, and the molecular weight and viscosity of the prepolymer as well as the mechanical properties of the

polyurethane elastomer obtained after curing decrease with the increase of phosphoric acid content.

Keywords: 1,5-naphthalene diisocyanate; reaction kinetics; quantum chemical calculations; prepolymers



