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Tableting of powders is a conventional pharmaceutical manufacturing technology of solid
preparation. The properties of the powders, such as flowability, filling ability and
compressibility, not only affect the mixing and transfer of the powders in tableting process,
but also affect the quality indicators for medication preparation such as the weight
variation and the uniformity of the content. Under the circumstances that some of the
pharmaceutical powders are of poor flowability or poor compressibility, it is recommended
to choose excipients with good flowability, filling and compressibility to improve the
powder properties [1] besides improving equipment performance. In this paper, the
flowability and filling ability of the powders will be evaluated by parameters such as angle
of repose, compression ratio, Hausner ratio and Kawakita equations to powder compaction.

① Relationship between Angle of Repose and Flowability
The angle of repose is the internal angle between the surface of the powder pile and the
horizontal surface when the powders are in static equilibrium. When the powders are
poured onto a horizontal surface, a conical pile and thus angle of repose will form. Angle
of repose can reflect the coefficient of friction between the powder particles. The larger the
angle of repose is, the larger the coefficient of friction is and the worse the flowability of
the powder will be. Generally speaking, the flowability of the powder can satisfy the
requirements for tableting process when the angle of repose is less than 40°. If the value of
angle of repose is higher than 40°, it is suggested to improve the flowability of the material
by modifying the particle surface or adding excipients.



② Relationship between Compression Ratio and Flowability

The difference between the tapped density and the bulk density divided by the tapped
density equals to the compression ratio. Compression ratio is easy to calculate and through
this parameter, the flowability of active ingredients, excipients, and prescription drugs can
be compared efficiently. The smaller the degree of compression, the better the flowability
of the powder. When the compression ratio is from 5% to 10%, the powder flowability is
excellent. If the powder flowability is from 11% to 15%, the powder flowability is good.
And when the ratio is from 16% to 20%, the powder flowability is just average. It is poor
when the compression ratio is from 21% to 35%. [2].

③ Relationship between Hausner Ratio and Flowability
The Hausner ratio is the ratio between the tapped density and the bulk density of the
powders. When the Hausner ratio is greater than 1.5, the powder is viscous with poor
flowability and filling ability. When the ratio is less than 1.2, it means the powder has good
flowability and filling ability. The relationship among compression ratio, Hausner ratio and
powder flowability is shown in the following table [3].



④ Kawakita Equations Analyzing Flowability and Filling Ability of the Powders

The Kawakita equations are used to describe the relationship between the pressure and the
volume of the compressed materials. It was proposed by Kimio Kawakita in 1956 as an
empirical formula, and then theoretically derived. In 1963, the following theoretical
equation was proposed:

C=abp/(1+bp) (1)

本文把压力改成振动次数，则方程中的常数可反映粉末的流动性与充填性，方程可变形为式

In the equation above, p represents the force per unit area; a is the bulk porosity; c is the
volume compression ratio and b represents the compressibility factor. In this paper, the
pressure is changed to the number of vibrations, and the constant in the equation can reflect
the flowability and filling ability of the powders. The equation can be transformed into the
formula as below.

n/C=n/a+1/ab (2)

In equation (2), n is the number of taps; C is the reduction percentage of the relative
volume of the powders and a, b are constants. If the number of taps n is infinite, a and b can
be expressed by equations (3) and (4).

a=C∞=（V0-V∞）/ V0 (3)

1/b=n（Vn-V∞）/ (V0-Vn) (4)

According to the postulate, a represents the final volume reduction. The smaller the value
of a is, the better the flowability of the powders will be. The smaller the 1/b is, the smaller
the number of taps required to reach the minimum volume that can be filled will be,
indicating better filling ability of the powders.[4]

⑤ Comprehensive Carr Index for Evaluating Flowability

According to the United States Pharmacopoeia and the European Pharmacopoeia, the
method of measuring inter-particle friction is generally used. This means the measurement
results of indicators including the angle of repose, compression ratio, angle of spatula,
agglutination and uniformity of the powder will be indexed based on their influence on the
flowability. Then the indexes will be summed to evaluate the flowability of the powders.
According to Carr's flow index method, the powders with FI no less than 60 is the powders
with good flowability, which is convenient for transfer; when the FI is from 40-60, the
powders are prone to block the transfer pipe; when the FI is less than 40, the powders are of
poor flowability, which means inconvenience in transfer. Besides, powders with FI lower
than 60 are supposed to be activated in manufacturing process.



There are many measuring apparatus for characterizing powder flow parameters mentioned
above. However, due to the low degree of standardization, usually the measurement results
are greatly affected by man-made causes: when the same powders are measured by
different instruments, the data obtained are often different, which affects the objectivity of
the measurement results and thus affects the manufacturing process, product quality and
productivity. The intelligent all-around powder characteristics tester produced by
Bettersize Instruments meets the requirements of various international standards and
pharmacopoeia, and can satisfy the needs for flowability measurement with precise results
hardly influenced by man-made causes.
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