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Abstract: The effect of the isocyanate index (NCO index) on the particle size and particle size distribution of a waterborne
polyurethane dispersion (WPUD) with polycarbonate-diol was determined. The WPUDs were prepared using a conven-
tional acetone process with polycarbonate-polyol (M, =2028), 4,4"-methylenebis(cyclohexyl isocyanate) (H;;MDI), 2,2-
bis(hydroxymethyl) propionic acid (DMPA), and dibutyltin dilaurate catalyst. At NCO index values below 1.5, the number
average particle diameter of the WPUDs significantly increased with the NCO index, whereas the particle diameter slightly
varied at higher NCO indexes. The dependency of the WPUD viscosity on the NCO index exhibited similar behavior to
that of the particle size. The relative values of the full width at half maximum of the WPUD particle distribution curves
at various NCO indexes were not influenced by the NCO index.
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Table 1. The Composition of the WPUDs Synthesized the Polycarbonate-diol for This Study

Formulation No. PC-1.17-E PC-1.25-E PC-1.33-E PC-1.50-E PC-1.70-E
PC-diol (T5652) 60.00 g 60.00 g 60.00 g 60.00 g 60.00 g
DMPA 397 ¢ 397 ¢ 397 g 397 ¢ 397 ¢
H;,MDI 36.27 g 3875 ¢ 4123 ¢ 46.50 g 5270 g
TEA 599 g 599 g 599 g 599 g 599 g
EDA 0.60 g 0.89 g 1.17 g 178 g 249 g
NCO index 1.17 1.25 1.33 1.50 1.70
degree of polymerization of the each 13 9 7 5 39

prepolymer
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Figure 1. FT-IR spectra of the PU films using the WPUDs synthe-

sized with PC-diol (T5652) and H;,MDI. The formulation of each
WPUD was presented at Table 1.
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Figure 2. The variation of normalized intensity of the peaks
appeared at 1647 cm™ and 1531 cm™ with NCO index (=NCO
equivalent/OH equivalent). 1647 cm™ peak corresponds to the
C=0 stretching peak of the urea group. 1531 cm™" peak corre-
sponds to the peak of C-N stretching and N-H bending of urethane
and urea groups, which appears overlapped.
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Figure 3. The effect of NCO index on the particle size distribu-
tions of the WPUD.
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Figure 4. The effect of NCO index on the number average mole-
cular weight of the prepolymer and the particle size of the WPUD
prepared with the prepolymer. The number average molecular
weight of the prepolymers was estimated with Carothers’ equation.
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Table 2. Particle Size and Viscosity of the WPUDs Synthesized at Various NCO Index Conditions

Formulation No. PC-1.17-E PC-1.25-E PC-133-E PC-1.50-E PC-1.70-E
d, [nm] 201.8 N/A 137.5 443 29.0
FWHM [nm] 208.7 N/A 140.1 459 29.8
I%M‘d" 0.034 N/A 0.189 0358 0.303
Viscosity [cP] 9,088 5,496 3,257 10 17
Solid content % 253 25.9 282 29.7 30.7

*H}2| AZ (FWHM, Full width at half maximum)
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Figure 5. The effect of NCO index on the number average mole-
cular weight of the prepolymer and the viscosity of the WPUD
prepared with the prepolymer. The number average molecular
weight of the prepolymers was estimated with Carothers’ equation.
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