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Effect of Particle Shape on the Kinetics of Sintering of Glass

IVAN B. CUTLER and ROY E. HENRICHSEN

RENKEL! proposed sintering equations based on viscous defor-

mation. A slight numerical error in Frenkel's equations
was corrected by Eshelby.? The Frenkel mathematical model
was used by Kuczynski® and by Kingery and Berg! in their
studies of neck growth between spherical glass particles. Kuczyn-
ski and Zaplatynskyj® and Oel* measured the shrinkage of glass
capillaries and confirmed the theory of Frenkel. Oel also mea-
sured the shrinkage of angular glass powder compacts. Hen-
richsen and Cutler’ measured the shrinkage of spherical glass
powder compacts. Each of the investigators obtained agreement
between the experimental data and the form of the theoretical
equations proposed by Frenkel. Oel obtained exact agreement
between the viscosity of glass measured by more traditional
methods and the shrinkage of glass capillaries.

The objective of the present experiments was to investigate
the effect of particle shape on the rate o'f.shrinkagc of powder
compacts. Shrinkage measurements were" selected because of
their sensitivity, ease with which the data may be accumulated,
and the availability of a theoretical model for correlating the re-
sults.

The Frenkel equation predicts that the shrinkage of a compact
of spherical powder will be linear with time. This may be ex-
pressed as:

AL/Ly = ~t/2an (1)
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Fig. 1. Isothermal shrinkage of — 140 +170 mesh Penaver-
non glass sintered at 672°C. Spheres were made by dropping
crushed glass through a furnace tube at 1200°C,

where AL/Ly = (Ly — L)/L,, L is the length at any time ¢, /.
the original length, v the surface tension, ¢ the average radiu-
of the spherical particles, and 7 the viscosity.

Powder compacts were prepared from two commercially avail-
able soda-lime glasses, one designated as Pennvernon shect
glass* and the other as R-6.1 Various size fractions of crushe!
glass were obtained by sieving through standard sieves usin:
methanol to aid in the size separation. Selected size fraction-
were spheroidized by feeding powders slowly through a vertical
tube furnace. Since the spheroidizing operation tended to forin
some clusters, resieving of the particles was necessary. Also,
spheroidizing produced undersized as well as oversized fractions
Temperature measurements were corrected with calibrated
thermocouples. Shrinkage was measured on powder compacts
1 by 1 by 0.25 in. held together with a very dilute solution of
polyvinyl alcohol. The apparatus for measuring shrinkage wus
previously described.” Time zero was taken as the time when the
powder compact reached temperature after it was inserted in the
furnace. This was easily observed as the time at which shrinkage
was first observed. )

Figure 1 shows the isothermal shrinkage of the Pennvernon
glass. The crushed glass sinters much more rapidly than the
spherical glass. The degree of sphericity of glass is best judgu!
under a microscope. Figure 2 shows the four glass powders for
which data are given in Fig. 1.

Because the glass powder may lose sodium oxide by evaporation
when falling through the hot zone of the furnace and increasc it
viscosity, this hypothesis was tested by several experiments and
chemical analyses. No evidence of loss of sodium oxide was ob-
served.

The data show that crushed glass shrinks much more rapidly
than spherical glass. The rate of shrinkage is not only a measur
of viscosity, which should be identical for each of the samples in
Fig. 1, but it is also inversely proportional to the radius of the




