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Abstract — Processing of microcellular foam was studied for polyurethane. In order to increase the nucleation rate in
a gas supersaturated resin, ultrasonic excitation was applied to the mixture of polyol and isocyanate. Microcellular
structure was produced by supersaturation of the polyol resin with nitrogen gas at elevated pressure and ultrasonic
bubble nucleation right after the impingement mixing of two components of the polyurethane system. Ultrasonic ex-
citation was applied to the resin saturated by nitrogen at low saturation pressure. Assuming the bubble growth
was controlled by diffusion, theoretical prediction was carried out numerically to understand the bubble growth
mechanism in the cavity during mold filling. Final bubble sizes were calculated by considering the gelation time
and the diffusion boundary. Variation in the viscosity of polyurethane during polymerization reaction was predicted
by considering reaction kinetics and the gelation time was determined. The diffusion boundary was predicted based
on the number of nucleated bubbles which were determined both theoretically and experimentally.
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Fig. 1. Temperature profile of RIM2200 and 35 W during
polymerization.

Table 1. Kinetic and thermal parameters of RIM2200
and 35 W [from ref. 10).

Parameter RIM2200 35 W
C, U/kg'K) 1840 1840
Kz (W/m-K) 0.17 0.17
ko (m%/mol-s) 10560 10560
E, (kJ/mol) 53.2 48.0
Cyo (mol/m?®) 2.41x10° 241x10°
AH(kJ/mol) 9.3 41.0
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Table 2. Rheological parameters of RIM2200.

Parameter Value
n_ (Pas) 10.3x10°®
E, (J/mol) 41.3x10°
« 0.65
Cg
A 15
B 1.0
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Fig. 3. Schematic representation of model for a spherical
bubble growth in supersaturated liquid.
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Fig. 4. Flowchart for calculation of bubble growth in the
case of a finite diffusion boundary.
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Fig. 6. Bubble radius variation as a function of time at
several saturation pressures and different initial
temperature during polyurethane polymerization.
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Ultrasonic SPL Pressure Negative

power (%) (dB) amplitude  pressure
(MPa) (MPa)

10 119 1.701 -1.600

20 130 6.035 -5.934

max (140 20.084 -18.983
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Fig. 10. Scanning electron micrographs of the specimens
produced without gas saturation (P,=0 MPa).
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: i e,z.;ézaéuu Yoies 15060 (d)
micrographs of the cellular structure of the specimens produced at P,=0.5 MPa.

(a) without ultrasonic excitation at the melt front region (b) with ultrasonic excitation at the melt front region
(c) without ultrasonic excitation in the middle of specimens (d) with ultrasonic excitation in the middle of specimens

Fig. 11. Scanning electron

Fig. 12. Scanning electron micrographs of th

(a) without ultrasonic excitation at the melt front region (b) with ultrasonic excitation at the melt front region
(c) without ultrasonic excitation in the middle of specimens (d) with ultrasonic excitation in the middle of specimens.

¥ A 7 @ Al 33, 1995
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Fig. 13. Scanning electron micrographs of the cellular structure of the specimens produced at P,=1.5 MPa.

(a) without ultrasonic excitation at the melt front region (b) with ultrasonic excitation at the melt front region
(c) without ultrasonic excitation in the middle of specimens (d) with ultrasonic excitation in the middle of specimens.

Fig. 14. Scanning electron micrographs of the cellular structure of the specimens produced at P,=2.0 MPa.
(a) without ultrasonic excitation at the melt front region (b) with ultrasonic excitation at the melt front region
(c) without ultrasonic excitation in the middle of specimens (d) with ultrasonic excitation in the middle of specimens.
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A surface area of bubble or Material con-
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stant for viscosity behavior

. material constant for viscosity behavior
* conversion rate

* initial concentration

. concentration

: conversion of gelation

- heat capacitance

- diffusivity

. activation energy of viscous flow
¢ frequency

: heat of reaction

. pre—exponential term of the reaction rate

constant

. thermal conductivity

. depleted zone

: environmental pressure

. pressure inside the bubble

. effective pressure of the sound wave
: reference effective pressure

. diffusion boundary of bubble growth
: bubble radius

' radius

. universal gas constant

: radius of the hydrothetical bubble
: velocity

: acceleration

* nondimensionalized bubble radius
: reaction rate

: sensitivity of measurement

. sound pressure level

! initial temperature

. absolute temperature

: time

: volume of gas in nucleated bubble
: initial gas concentration

o] &3 =g

10.

11.
12.

13,
14.

15.
16.
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: gas concentration at diffusion boundary
¢ concentration of gas

: surface energy

! viscosity

. viscosity of infinite temperature

. coordinate in r-direction

: density
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