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Influence of Compression Pressure and Die-wall Pressure on Tablet Sticking
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An eccentric-type tablet machine fitted with 8-mm-diameter flat-faced punches was used to measure the forces of
upper and lower punches, die-wall pressure, tablet ejection force, and scraper pressure (SCR), a type of shear stress, to
evaluate sticking behavior. The shear stress between the surfaces of the tablet and lower punch was determined using an
SCR detection system. Mean surface roughness (R,) of tablets, measured by laser scanning microscopy, was used to es-
timate the magnitude of sticking. Tablet tensile strength tended to increase with compression pressure, which is consis-
tent with previous reports. SCR decreased with increasing compression pressure for samples at all formulations (i.e., for
different kinds and percentages of lubricant) . R, associated with sticking increased with SCR, indicating that the adhe-
sive force between the particles of the tablet surface and the lower punch surface plays an important role in sticking.
Multiple linear regression analysis with SCR as the response variable was conducted. Upper and lower punch force, die-
wall pressure, tablet ejection force, SCR, percentage of lubricant, and tensile strength of tablet were selected as explana-
tory variables. Results of this analysis indicate that the incidence of sticking decreased when either the lower punch force
or die-wall pressure increased, where, of these two, increasing the lower punch force had a stronger effect on decreasing
SCR.

Key words——scraper pressure; surface roughness; compression pressure; die-wall pressure; multiple linear regression
analysis
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Table 1. Formulation of Test Samples (%)

Formulation No.

Material

A B C D E F G
n-Butyl p-Hydroxybenzoate 10.00 — — — — — —
Lactose 200 84.85 «— «— «— -— P -
HPC-SL 3.50 — — — «— - -
Acerosil 200 1.65 — — — — P -
Subtotal 100.00 — — - — - —
Magnesium stearate 0.50 0.60 0.70 — — — —
PRUV — — — 0.60 0.70 1.00 1.50

Summation 100.50 100.60

100.70 100.60 100.70 101.00 101.50
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Fig. 1. Relationship between Upper Punch Force and S,

O, formulation A; A, formulation B; [, formulation C; @, formula-
tion D; A, formulation E; M, formulation F; 4, formulation G.

Table 2. Measurement of the Factor

Formulation No.

A2 A3 Bl B2 B3 Cl1 C2 C3 Dl D2 D3 El E2 E3 F1 F2 F3 Gl G2 G3

Al

1.00 1.00 1.50 1.50 1.50

1.00

0.50 0.50 0.50 0.60 0.60 0.60 0.70 0.70 0.70 0.60 0.60 0.60 0.70 0.70 0.70

Percent of the lubricant (%)

5.21

104 7.83

10.4 7.81 5.24

5.20

10.4 7.80

7.83 5.20

10.3

5.22

10.4 7.80 5.20 104 7.81

5.22

10.4 7.80

Load of upper punch (kN)

4.54

4.66 9.19 6.79 4.50 9.23 6.88

9.45 17.05

4.55

4.82 9.21

9.66 7.23 4.77 9.74 17.28

4.67

9.44 7.03

Load of lower punch (kN)

1.42 2.76 2.02 1.42

2,75 2.07

78

1.

3.22 247

3.17 237 1.69 3.13 2.50 1.80

1.75

3.16 2.41

1.98 1.30

2.73

Impulse of die-wall pressure (kKN-s)

0.296 0.268 0.208 0.262 0.247 0.215 0.278 0.239 0.213 0.296 0.268 0.233 0.282 0.255 0.214 0.310 0.282 0.239 0.257 0.262 0.225

Load of tablet ejection (kN)

0.952 5.282 10.06 0.333 2.746 6.147 0.317 0.458 1.780 0.423 3.928 8.594 0.391 1.981 7.850 0.958 2.651 6.005 0.286 1.843 3.781

SCR (N)

2.88

2.46 2.58

2.97

2.47 2.66 293 249 2.65

2.74 3.15

2.53

3.13

2.61 2.84 3.17 242 2.68
3.20 2.89 2.42

3.28

2.70  2.96

R, (um)

2.30

78

3.11 2.

2.27

2.67 220 3.09 2.78

3.03

2.97 2.67 224

3.12 2.80 2.35

3.07 2.54

3.42

Tensile strength of tablet (MPa)
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Fig. 2. Relationship between Upper Punch Force and SCR
O, formulation A; A, formulation B; [, formulation C; @, formula-
tion D; A, formulation E; M, formulation F; 4, formulation G.
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Fig. 3. Relationship between SCR and R,
O, formulation A; A, formulation B; [, formulation C; @, formula-
tion D; A, formulation E; M, formulation F; 4, formulation G.

Table 3. Confidence Interval of Regression Coefficient of
Equation (4)

95% Confidence interval

X —3.236 to —0.994

X, —18.113 to 15.296

X3 —21.468 to 31.095
Regression coefficient of

X4 —4.774 to 1.049

Xs —12.674 to 3.304

X —9.250 to 5.159
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Table 4. Confidence Interval of Regression Coefficient of
Equation (5)

95% Confidence interval

X —6.423 to —1.149

Regression coefficient of Y —5.204 to 3.762

XY —1.493 to 3.393
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Fig. 4. SCR as Function of Impulse of Die-wall Pressure and
Lower Punch Force
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