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Fundamental Study of the Penetration and Dispersion of Powder
and the Mixing Characteristics in Powder Injection Refining

Kiichi NARITA, Takehisa MAKINO, Hiroshi MATSUMOTO, and Kanehiro OGAWA

Synopsis :

Behaviours of injected powder and characteristics of mixing in the powder injection refining have been

investigated by water model experiments.

The results obtained are as follows.

(1) The critical velocity of a particle for the penetration into liquid could be expressed by Engh’s equa—

tion.

(2) The penetration distance of a particle is given by the parameter which is the ratio of the kinetic

energy of a particle to the turbulent shearing force.

(3) The behaviour of floatation or sedimentation is decided by the parameter which is the ratio of the
buoyancy force of a particle to the turbulent shearing force.
(4) Time for dispersion of particles is a function of stirring power and liquid volume, and is about a

twentieth of mixing time.

(5) The formula for mixing time is affected by the method of tracer addition and the method of stir-
ring. Mixing time is expressed as a function of stirring power for the tracer injection and as a function
of both stirring power and liquid volume for the gas bubbling with tracer addition onto the liquid surface.
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Table 1.

Powder used for experiment.

Contact angle ( °)

Powder Diamecter (mm) Density (g/cm?)
to water to 43%KI sol.

Polystyrol 0.7 (0.59 ~0.84) 1.0 87 70
Foaming polystyrol L3 (L1Y ~1.41) 0.2 88

Foaming polystyrol 0.7 (0.59 ~0.81) 0.5 88

Acryl 0.7 (0.59 ~0.84) 11 80 72
Acryl 0.3 (0.21 ~0.42) 1.1 80 72
Acryl 0.2 (0.15 ~0.29) 1.1 80 72
Glass bead 0.7 (0.59 ~0.81) 2.4 18

Glass bead 0. 055(0. 034~0. 07) 2.4 13

Glass balloon 0.11 (0.074~0.15) 0. 31 13

Sugar 0.7 (0.59 ~0.84) 1.6

Sugar 0.4 (0.30 ~0.50) 1.6 —

Teflon 0.7 (0.59 ~0.84) 2.1 104

Silica sand 0.7 (0.59 ~0.84) 2.6 —

Electric
conduc tivity
meter

Ar

31X 35X10cm
SIX58X11cm
30@X24cm
47 2X45cm

Fig. 1. Experimental apparatus.
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Fig. 2. Relation between calculated value and
experimental value for penetration velocity of in-
jected powder.
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Fig. 12. Relation between mixing time and

parameter &g.
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Fig. 13. Relation between mixing time and

parameter &g (My/py) ~%/3
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