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→Capsule body is used to determine the dose
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Dévay A.: The Theory and Practice of Pharmaceutical Technology(2013)

Direct

Indirect
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→Similar principle to manual filling
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→Improper capsule size
→improper density requirements – dose 

variability or overfilling

→Wrong disc thickness
→low compaction – weak slugs – capsule closing

problems

→too high pressures – damage to dosator pins

→Low cohesion
→weak slugs - capsule closing problems

→High adhesion
→residues on dosator pin after transfer

→Poor flow properties
→non-uniform filling
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→Problem symptom – broken slugs present among capsules, 
poor uniformity

→Residues on dosator pin
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→Compaction analyzer GTP-1 (gamlentableting.com)

→Sotax Multitest
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→Detachement force FD

→detachement strength 𝜏𝐷 =
𝐹𝐷
𝜋

4
𝐷2

→Ejection force FE

→ejection strength 𝜏𝐸 =
𝐹𝐸

𝜋𝐷𝐻

→Crushing strength FR

→radial strength 𝜎𝑡 =
2𝐹𝑅

𝜋𝐷𝐻

FD

FE

FR



15/21

→Detachement force FD

→detachement strength 𝜏𝐷 =
𝐹𝐷
𝜋

4
𝐷2

→Ejection force FE

→ejection strength 𝜏𝐸 =
𝐹𝐸

𝜋𝐷𝐻

→Crushing strength FR

→radial strength 𝜎𝑡 =
2𝐹𝑅

𝜋𝐷𝐻

FD

FE

FR



16/21

Component 𝝉𝐃,𝟒 [𝐤𝐏𝐚]𝝉𝑬,𝟒 [𝐤𝐏𝐚]

Avicel® PH-101 279 489
Pregelatinised starch 507 389
Magnesium stearate type 
I

848 112

Magnesium stearate type 
II

935 138

Lactose monohydrate 
125M

1263 5193

API 1737* 5223*
Lactose monohydrate 
350M

2069 6922
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Paul S. et al. Mechanism and Kinetics of Punch 
Sticking of Pharmaceuticals. Journal
of Pharmaceutical Sciences 2017, 106 (1), 151-158.
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→Adhesion properties of a mixture differs from the volume-
weighted average of pure components

→Example

→lubricants are sticky

→low lubricant concentration reduces stickiness of a formulation

0.5% MgSt 1.0% MgSt

Component 𝝉D [𝐤𝐏𝐚] 𝝉𝑬 [𝐤𝐏𝐚] 𝝉D [𝐤𝐏𝐚] 𝝉𝑬 [𝐤𝐏𝐚]
𝝉D (𝟏. 𝟎)

𝝉D (𝟎. 𝟓)

𝝉𝑬 (𝟏. 𝟎)

𝝉𝑬 (𝟎. 𝟓)

Pregelatinised starch 132 172 123 165 93% 96%

Avicel® PH-101 304 547 233 397 77% 73%

Lactose monohydrate 125M 678 1000 574 844 85% 84%

Lactose monohydrate 350M 811 1243 628 949 77% 76%

API 1089 1213 832 1101 76% 91%
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Batch Processability Production waste [g]
A Excelent 60
B Intermediate 360
C Poor 920
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→Processability can be improved by

→filling pressure - 𝝉D/𝝈𝒕 ratio is indicative to processability

→lubrication (! non-linear) - 𝝉D/𝝈𝒕 ratio is indicative to 
processability

→API PSD - 𝝉D/𝝈𝒕 ratio is not indicative to processability 

→Fine API

→Coarse APICompaction 𝝉𝐃 [kPa] 𝝈𝒕 [kPa]
Pressure [MPa] 0.5% m.s. 1.0% m.s. 2.0% m.s. 0.5% m.s. 1.0% m.s. 2.0% m.s.
20 (239 ± 10) (338 ± 26) (311 ± 25) (70 ± 17) (58  ±21) (59  ±14)
39 (398 ± 36) (709 ± 56) (536  ±29) (210 ± 28) (180  ±48) (200 ± 33)
59 (449  ±35) (954 ± 24) (550  ±14) (342 ± 55) (299  ±54) (295 ± 35)

Compaction 𝝉𝑫 [kPa] 𝝈𝒕 [kPa]
Pressure [MPa] 0.5% m.s. 1.0% m.s. 2.0% m.s. 0.5% m.s. 1.0% m.s. 2.0% m.s.
20 (419 ± 16) (498 ± 30) (464  ±26) (138 ± 9) (123 ± 22) (123  ±9)
39 (661 ± 73) (806 ± 41) (744  ±29) (383  ±21) (317  ±33) (348  ±12)
59 (727 ± 29) (1156  ±49) (1061  ±47) (611  ±50) (522  ±24) (583  ±32)
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→Coarse API is generally better from process experience

→API PSD can affect the pin sticking mechanism

Compression

𝝉𝐃,𝐜𝐨𝐚𝐫𝐬𝐞
𝝉𝐃,𝐟𝐢𝐧𝐞

𝝈𝒕,𝐜𝐨𝐚𝐫𝐬𝐞
𝝈𝒕,𝐟𝐢𝐧𝐞

pressure [MPa] 0.5% m.s. 1.0% m.s. 2.0% m.s. 0.5% m.s. 1.0% m.s. 2.0% m.s.

20 57% 68% 67% 51% 47% 48%

39 60% 88% 72% 55% 57% 57%

59 62% 83% 52% 56% 57% 51%

Paul, S.; Taylor, L. J.; Murphy, B.; Krzyzaniak, J.; Dawson, N.; Mullarney, M. P.; Meenan, P.; Sun, C. C., Mechanism and Kinetics of Punch Sticking of
Pharmaceuticals. Journal of Pharmaceutical Sciences 2017, 106 (1), 151-158.
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→Ultimate sensitivity to storage was tested

→RH 35 %

→RH 75 %

→Batches may exhibit different sensitivity to humidity
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→Adhesion/cohesion properties determine the
processability of capsule filling formulation

→GTP can provide data to predict the processability using
laboratory measurement

→only formulations having the same mechanism of sticking can be
compared
(film / layer build-up)

→GTP data can be useful to optimize moisture, particle size, 
compression
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→Thanks to all my students 
and my  department 
colleagues for support

→Thanks to Zentiva
company for long-term 
co-operation

→ Thanks to those bodies for
helping to equip the laboratory


