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Effect of Compression Granulation and Sieving Conditions
on Compressed Pellet Strength in Wet Process Granulation Pressing
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In the wet granule compression method using a polymer-binder, the factors influencing the tensile strength of
compressed powder bed were experimentally investigated. It was revealed that there was a binder concentration at
which the strength of compressed powder bed was maximized when the powder contains moisture during crushing. It
was also found that the strength did not increase monotonically with the binder concentration when the ball diameter in
crushing operation and the sieve opening in sieving operation were changed. In any cases examined, particle size
distribution of the agglomeration had a bimodal distribution and the fractions of agglomerations under 100 um were
varied by the conditions. The adhesion force calculated from the tensile strengths had a maximum value near the
fraction of 0.7. This fact shows that the particle size distribution of agglomeration is one of the governing factor for the
strength, and there exists a size distribution which maximizes the strength.
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Table 1 Experimental conditions

Tested materials

Particle Spherical Silica
Mass median diameter 500 nm
Binder Carboxymethyl cellulose (CMC)
Molecular weight Mw = 30,000
Operations
Mixing Dry Silica powder 2.5g

Aqueous solution 600 pl
Binder concentration C, = 0-3 wt%
Agglomeration Mold shape Circular cylinder
(Pelletizing) Inner diameter D =10 mm
Compression load 800 N
Compression speed 1 mm/s
Milling Mill container
Inner diameter 65 mm
Inner height 63 mm
Media
Stainless ball
Diameter 13, 16 mm
Number of ball 18
Rotational speed 100 rpm
Milling time 10 min
Sieving
Drying

Sieve opening  1.18 mm, 355 um, 150 um
Temperature  60°C

Drying time 24 hr

Compression Mold shape Circular cylinder
molding Inner diameter D =10 mm
Compression load 800 N

Compression speed 1 mm/s

B LTS5 7213 10 wi% DMK 2w L7288, Bk
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F7-1%, EE16mm DATF v L AEK 18 A, 78
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Fig. 1 Tensile strength of compressed powder bed strength
obtained by binder
concentrations and added water contents among milling.

experiments under various
a) Effect of added water contents in milling operation. b)

Effect of milling and sieving conditions
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Fig. 2 Packing fraction of compressed powder bed obtained by
experiments. a) Effect of added water contents in milling
operation. b) Effect of milling and sieving conditions
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Fig. 3 Strength index of compressed powder bed obtained by
various experimental conditions. a) Effect of added water
contents in milling operation. b) Effect of milling and
sieving conditions
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dashed line show estimated packing fraction by two-
components spherical particles packing model
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: surface-area-base mixing fraction of particle-k

[-]

: inner diameter of mold for agglomeration and S,; 1 volume-base mixing fraction of particle-j [-]

compression [m] V' : bulk volume of powder bed [m?]
: particle diameter [m] p  : coefficient defined by eq. (8) [-]
: adhesion force of particles [N] & porosity [-]
: hardness of compressed powder bed [N] ¢ : packing fraction [-]
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: coordination number [-] k  : k-th component of multi component powder
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References

evaluation of relation between mixing uniformity of binder
and strength of compression molded tablet, J. Soc. Powder
Technol., Japan 60 (2023) 663—668.

M. Takahashi, M. Katoh, S. Suzuki, T. Kobayashi, Tensile
and compressive strengths of fine powder bed, J. the Society
of Materials Science, Japan 28 (1979) 819-823.

J. Tsubaki, Rumpf-shiki no aratana kaishaku to sono ouyou,
J. Soc. Powder Technol., Japan 21(1984) 30-39.

Funtai Kogakukai, Funtai Kogaku Sousho 3 Kisouchu no
Ryushi-bunsan Bunkyu, Bunri-sousa, Nikkan Kogyo (2006)
p- 33.

K. Gotoh, S. Maeda, E. Nakahara, M. Yoshida, J. Oshitani,
Effect of particle size on packing fraction obtained by dry
compaction of powders having sizes in the range from
micron to nano-meter, Proc. 6 World Cong. Particle Tech-
nol., Nuremberg, Germany, 424 in CD (2010).

K. Gotoh, M. Yoshida, Study on packing fraction of particles
by uniaxial compression—Effect of particle size on packing
fraction and improvement of the packing by admixed parti-
cles, Pharm. Tech. Japan 31 (2015) 3075-3082.

M. Suzuki, Effect of particle properties on dense packing of
powder, J. Soc. Powder Technol., Japan 40 (2003) 348-354.
C. Song, P. Wang, H. A. Makse, A phase diagram for
jammed matter, Nature 453 (2008) 629—632.

M. Suzuki, H. Ichiba, 1. Hasegawa, T. Oshima, Void fraction
of multi-component randomly packed beds with size distri-
butions, Kagaku Kogaku Ronbunshu 11 (1985) 438-443.





