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Substances and a Glass Substrate by Means of the Impact Separation
Method. II. Effect of Addition of Light Anhydrous Silicic
Acid on the Adhesive Force of Potato Starch'+?
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The effect of addition of light anhydrous silicic acid on the adhesive force between potato
starch particles and a glass plate was investigated by the impact separation method. It was found
that the adhesive force was reduced to approximately 1/1000 by adding light anhydrous silicic acid
at concentrations of more than 0.05%. The theoretical attractive force was evaluated on the basis of
the van der Waals force between a sphere and a half-space.
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Numerous studies have been reported on the effect of glidants on the adhesive and
cohesive properties of powder layers or on the flowability of powders. However, few studies
have been done on direct measurement of the adhesive force between a single particle and a
substrate in the presence of a glidant. In the present study, the adhesive force between potato
starch particles and a glass plate was determined with and without light anhydrous silicic acid
(LASA) by the impact separation method.

Experimental

Materials——Sample powders were prepared by sieving potato starch (JP X) with a 200 mesh screen to obtain
particles having a mean particle size of 42 um (Feret’s diameter). Two kinds of LASA of commercial origin, Adsolider
101 (Freund Ind. Co., Ltd.) and Aerosil 200 (Nippon Aerosil) were used as the additives. A microscope slide glass was
used as the substrate after being rinsed with methanol and acetone and air-dried.

Method——A definite amount of LASA was added to potato starch and mixed (Vortex-Genie model K-550-G,
Scientific Industries Inc.). The number of LASA particles adhering to 100 um? of the surface of potato starch was
counted by the use of a scanning electron microscope (JEOL JSM-T20, JEOL Ltd.).

The adhesive force between starch particles and a glass plate was determined by the impact separation method.?
Sample particles were placed on the glass plate in a measuring cell, which was fixed to the impact hammer of a
pendulum shock testing machine (PST-300, Yoshida Seiki Co., Ltd.). The hammer was motor-driven to a desired
height and then allowed to fall to impact a shock absorbing mat. The impact acceleration generated was measured
with an accelerometer.

The percentage of particles adhering on the substrate was determined by counting the numbers of particles
before and after separation. A plot of separation force vs. percentage of particles remaining on a logarithmic
probability paper yields the average adhesive force f, at which 509 of particles still remain on the substrate after
separation. The experiments were carried out at room temperature and at a relative humidity of 60+ 10%.

Results

Concentration of LASA and Adhesiveness
Figure 1 shows the relationship between the percentage of LASA mixed and fs,. The
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adhesive force rapidly decreased in the concentration range up to ca. 0.059 and fell gradually
thereafter. Hayashi et al.*>* have reported that tensile strength or flowability of a potato
starch powder layer changed remarkably with the addition of LASA in the same con-
centration range.

Number of Particles of LASA Adhering to the Starch Surface

Figure 2 shows a scanning electron microscopic photograph of a potato starch surface to
which LASA particles are attached (concentration of LASA; 0.05%,). Since it is known that
the primary particle size of LASA used is ca. 10nm,» the particles observed under SEM
should be aggregates of the original particles. Figure 3 shows the relationship between
concentration of LASA and the number of LASA aggregates adhering to 100 um? of the
surface of a starch particle. The adhesiveness of Aerosil 200 was found to be higher than that
of Adsolider 101 on the basis of the SEM photographs. Size distributions of the aggregates on
starch particles are shown in Fig. 4. The apparent mean diameters of Aerosil 200 and
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Adsolider 101 aggregates obtained from these curves are 0.08 and 0.13 um respectively.

Discussion

It is well known that addition of a small amount of LASA fine powder to highly adhesive
powders may improve their flowability. A decrease in adhesiveness between particles or
between particles and the wall of the device caused by the addition of LASA may play an
important role in the improvement of flowability. In what follows, some theoretical
evaluations of adhesive force, where only van der Waals force is considered, have been carried
out. Van der Waals force F,,,, between a sphere having a radius of R and a half-space is
represented by the following equation®®:

~ ho

F

vdw

= (1)
8nz3

where ho represents the Lifshitz—van der Waals constant and z, is the adhesional distance
between a particle and a half-space. In the absence of LASA, A is estimated to be 8 x 107197
by substituting 21 um for R, 0.5nm for z,> and 2.7 x 10 ° N for F.,,, which is the measured
value of the adhesive force. The value of s is generally considered to be in the range of 1—
15x 1071919 so that the obtained value may be reasonable. In the presence of LASA, the
most probable contact situation is that between LASA aggregates and the substrate. If we
assume that the actual separation takes place between a LASA aggregate and the glass plate,
F,,, can be estimated from Eq. 1 to be ca. 2.4 x 10° N, where the ho value of 3x 10719 J
and the R value of 0.05 um (approximate value of radius of LASA aggregates) were used. On
the other hand, when the separation occurs between a potato starch particle and a LASA
aggregate, F,,, can be obtained from Eq. 2, substituting the harmonic average radius for
potato starch (21 um) and LASA aggregate (0.05 um) for R.

hw

16nz2

vdw (2)

If we use 8 x 10712 J, which is the measured value for glass/potato starch, for Aw, we obtain
the F,4, value of 6.4 x 10 °N. These calculated values are roughly in agreement with the
adhesive force measured at concentrations of LASA of more than 0.05%.
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