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Abstract: According to the commonly used tablet compressibility, compactability and tabletability equation,
the influence of pressure range on the fitting results and parameters of different compression equations was studied,
and the optimal pressure range of different equations was determined. Plastic material microcrystalline cellulose
(MCC) PH102, brittle material spray dried lactose and Chinese medicine Sanqi were used as experimental
objects, the compression curves of tablets were obtained by the combination of dies with different diameters. For
Heckel equation, the shape of Heckel section of different materials is not uniform, and the specified linear fitting
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range cannot be obtained, therefore, different distances between fitting pressure starting point and starting point
were set to observe the influence of pressure range on R of Heckel equation. The Kawakita equation, Gurnham
equation, Ryshkewitch-Duckworth (R-D) equation and Power equation are fitted in three different pressure ranges
of 15-200, 15-300 and 15-400 MPa, respectively. In order to find the best linear region of Heckel equation, the 3D
scatter diagram of "starting point of pressure, pressure range and R™" is drawn. The best linear pressure ranges of
Heckel curves of MCC, lactose and Sanqi were 20-170, 20-220 and 10-90 MPa, respectively. It is proved that the
3D scatter diagram is an effective method to find the linear range of Heckel equation. The change of pressure range
has little influence on the curve fitting effect and compression parameters of Kawakita equation, Gurnham equation
and Ryshkewitch-Duckworth equation. The low pressure range of 15-200 MPa can meet the fitting requirements of
Kawakita equation, Gurnham equation, R-D equation and Power equation for different materials. Therefore, only
by optimizing the pressure range, can the good fitting effect be ensured and the obtained compression parameters
be more reliable and interpretable.
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Table 1 The powder filling weights for different compression

configurations. MCC: Microcrystalline cellulose

Material ~ Experiment No. Die diameter/mm Powder weight/mg
MCC 1 6 100
2 8 180
3 10 300
4 12 450
Lactose 5 6 100
6 8 250
7 10 350
8 12 500
Sanqi 9 6 100
10 8 250
11 10 350
12 12 500
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Figure 1 Physical fingerprints of three powders
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Figure 2  Scatter plot of pressure (P) vs porosity (¢) of MCC (A),
lactose (B), and Sanqi (C)
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Table 2 The results of Kawakita equation fitting for three kinds
of materials at different compression pressure ranges. a: Represent
the maximum effective volume reduction under a certain pressure;
ab: Represent the rearrangement ability of powder during compres-
sion; 1/b: Represents the plastic deformation capacity of the pow-

der; R*: Represents the fitting effect of the equation

Material Pressure a ab 1/b R
range/MPa

MCC 15-200 0.931 0.140 6.796 0.999 5
15-300 0.928 0.140 6.613 0.999 6
15-400 0.915 0.170 5.247 0.999 5
Lactose 15-200 0.909 0.100 9.126 0.998 1
15-300 0.924 0.090 10.489 0.999 0
15-400 0.925 0.090 10.638 0.999 3
Sangqi 15-200 0.880 0.130 6.895 0.999 0
15-300 0.882 0.120 7.103 0.999 2
15-400 0.883 0.120 7.171 0.999 5
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Figure 3 Heckel profile of MCC

Figure 4 3D scatter diagram of "starting point of pressure, pres-

sure range and R*" of MCC
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Figure 5 Heckel profile of lactose (A) and Sanqi (B)
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Table 3 The fitting results of Gurnham equation for three
materials at different compression pressure ranges. K: Represent

the compression resistance of the powder

Material Pressure range/MPa K R
MCC 15-200 12.04 0.905 5
15-300 13.21 0.8917
15-400 14.51 0.846 9
Lactose 15-200 11.53 0.920 8
15-300 12.01 0.936 3
15-400 12.42 0.9330
Sanqi 15-200 11.01 0.868 7
15-300 12.24 0.8539
15-400 13.20 0.837 5

Table 4 The fitting results of Ryshkewitch-Duckworth equation
for three materials at different compression pressure ranges. K,:

Represent the binding ability between particles

Material Pressure range/MPa K, R’
MCC 15-200 5.15 0.9313
15-300 5.18 0.9329
15-400 5.27 0.9330
Lactose 15-200 10.50 0.987 4
15-300 10.42 0.987 5
15-400 10.48 0.986 6
Sanqi 15-200 11.98 0.965 6
15-300 11.68 0.961 0
15-400 11.52 0.959 1
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Table 5 The fitting results of Power equation for three materials

at different compression pressure ranges. d: Represent the tablet-

ability parameter; g: Indicate the sensitivity of tensile strength to

FT 153 K, {8 7.6; Tye Z5>1E 30~300 MPa 4 fT 15 K, 1
4 6.9; Reynolds &5 F & 5 452 41, 2% £ 0~400 MPa
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pressure
Material Pressure d g R’
range/MPa

MCC 15-200 1.41 0.38 0.8475
15-300 1.67 0.34 0.8372
15-400 1.76 0.33 0.854 5
Lactose 15-200 0.08 0.82 0.8540
15-300 0.10 0.75 0.8970
15-400 0.12 0.72 0.905 4
Sanqi 15-200 0.06 0.68 0.8323
15-300 0.10 0.55 0.8105
15-400 0.15 0.47 0.771 6
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Figure 7 Tensile strength (TS) vs pressure curve of MCC (A),
lactose (B), and Sanqi (C)
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Figure 8 Biplotofcompression parameters obtained from different
compression pressure ranges. Red dot: Experiment serial numbers.
No.1, 2, 3: MCC; No.4, 5, 6: Lactose; No.7, 8, 9: Sanqi; Black

Square: Compression parameters
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