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1.
THE EXTERNAL LUBRICATION SYSTEM
ON THE STYLONE EVOLUTION
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OBJECTIVES OF THIS PHD

— Investigate the overall performance of the external lubrication
system implemented in the Styl’One Evolution

— Definition of the critical process parameters (CPPs) towards the

critical quality attributes (CQASs) of tablets and evaluation of the
repeatability and reproducibllity

— Scale-up of the external lubrication system from the Styl'One
Evolution to the Modul™ P (rotary tablet press)

o

GHENT
UNIVERSITY ,



OBJECTIVES OF THIS PHD

— Process parameters
» Related to the external lubrication system
e Spray time, pressure, flow rate lubricant (puff box / microdosing
unit: 2 positions: High & Low)
= Related to the tableting process
 Main compression force, tableting speed / punch speed

— Responses
» Process parameters
e Ejection force, scrape-off force
= Tablet quality
 Disintegration time, dissolution time, tensile strength (= hardness)
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FORMULATIONS

— Filler / API (90/10)
= Filler
e MCC
e Lactose
e Mannitol
= API
o Caffeine
 Metoprolol tartrate
= Lubricant
 Magnesium stearate (MgSt)
— e Sodium stearyl fumarate (Pruv®)
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EXTERNAL LUBRICATION SYSTEM

Tested formulations on the Styl’One Evolution

(90/10)
(90/10)
(80/20)

» Tablettose 80 (lactose) — Caffeine

= Pearlitol SD200 (mannitol) — Caffeine

= Pearlitol SD200 (mannito) = Avicel PH102 (MCC)
@Iettose 80 (lactose) —  Metoprolol

o
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(90/10)>

Lubricant: MgSt

Die filling Issue



FORMULATION:
TABLETTOSE 80 —
CAFFEINE 90/10




EL— TABLETTOSE 80 — CAFFEINE 90/10

— Design of Experiments — full factorial design

— Factors:
= External lubrication system
e Spray time 1 ms - 100 ms — 1000 ms — 10000 ms
 Pressure 1 bar — 5 bar
e Puff box Low — High
= Tableting process
e Main compression force 5 kN — 20 kN
« Tableting speed 40 rpm — 90 rpm
. =» 68 runs (64 runs + 4 center points)
(%NT C 12,5 kN, 100 ms, 65 rpm, 3 bar, High (2x)
UNIVERSITY

12,5 kN, 100 ms, 65 rpm, 3 bar, Low (2x) ¢
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SETTINGS

Punches
Used cycle

Asymetrical compression

Overfill
Pre-compression force

Tablet weight

Forced feeder

Natoli, flat faced round, 10 mm

Courtoy Modul P - Euro B

Penetration depth upper punch: 3,15 mm
2 mm
2 KN

325 mg

= Paddle: small spaghettis

UNIVERSITY

* Feed shoe speed / paddle speed: 20 %
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Ejection force (N)

EL— TABLETTOSE 80 — CAFFEINE 90/10

— S5 kN
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Ejection force (N)

EL— TABLETTOSE 80 — CAFFEINE 90/10
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10 000 ms

Ejection force (N)

1800

1600

1400

1200

1000

800

600

40

o

N
o

0

0

20kN 1ms 40rpm 20kN 1ms 90rpm  20kN 100ms
5bar H

Overview Ejection force (N)
20kN 5bar

20kN 100ms 20kN 1000ms  20kN 1000ms  20kN 10000ms 20kN 10000ms
90rpm 5bar H 40rpm 5bar H 90rpm 5bar H 40rpm 5bar H 90rpm 5bar H

1000 ms 10 000 ms

S5bar H 40rpm 5bar H

1 ms 100 ms

12



Ejection force (N)

EL— TABLETTOSE 80 — CAFFEINE 90/10

— Ejection forces in function of spray time
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EL— TABLETTOSE 80 — CAFFEINE 90/10

— No lubrication (5kN, 20 kN)
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EL— TABLETTOSE 80 — CAFFEINE 90/10

— MODDE 11 software (Umetrics, Umea, Sweden) used for analysis
— Responses

= Ejection force

* %RSD Ejection force

» %RSD Main compression force

» %RSD Tablet weight

= Tablets until SS is reached

» Hardness

» Disintegration

o
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EL— TABLETTOSE 80 — CAFFEINE 90/10

— Effect plot
= Ejection force (1 ms, 100 ms, 1000 ms & 10000 ms)

Significant:
MCF
Spray time

Interaction between
MCF & Spray time
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EL— TABLETTOSE 80 — CAFFEINE 90/10

— Interaction plot: MCF & Spray time
= Ejection force (1 ms, 100 ms, 1000 ms &10000 ms)

SprIRAo

Higher spray times (10 000 ms):
Smaller increase of the EF if you
Increase the MCF
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RESULTS - OVERVIEW

— Effect plot (ejection force)

= 1,100, 1000 & 10 0O00Oms: MCF, Spray time

1 & 100ms: MCF, Pressure, Spray time
1 & 1000ms: MCF, Spray time
1 & 10 000ms: MCF, Spray time

100 & 1000ms: MCF, Spray time, Pressure

100 & 10 000ms: MCF, Spray time, Pressure

— Significant factors:

o

I}
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Spray time MCF

Pressure

Puff box

=» no effect on EF

Tableting speed = no effect on EF
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EL— TABLETTOSE 80 — CAFFEINE 90/10

— Responses
= Hardness & disintegration (1 ms, 100 ms, 1000 ms & 10000 ms)
mms)

Significant:
MCFE

l
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EL — TABLETTOSE 80 — CAFFEINE 90/10
— Concentration of MgSt determined by ICP-OES

e e vvgs oot e vves
5kN 1ms 90rpm 1 bar H 0,0091 5kN 1ms 90rpm 5 bar H 0,0179
5kN 100ms 90rpm 1 bar H 0,0102 @mOms 90rpm 5@
5kN 1000ms 90rpm 1 bar H 0,0184 5kN 1000ms 90rpm 5 bar H LOWEeSt 0,0737

5kN 10000ms 90rpm 1 bar H 0,0277 5kN 10000ms 90rpm 5 bar H Concentratlg’gsgz

20kN 1ms 90rpm 1 bar H 0,0071 20kN 1ms 90rpm 5bar H 0,0068
20kN 100ms 90rpm 1 bar H 0,0060 20kN 100ms 90rpm 5 bar H 0,0149
20kN 1000ms 90rpm 1 bar H 0,0279 @ 1000ms 90rpm 5@ |
Highest
—— 20kN 10000ms 90rpm 1 bar H 0,0275 20kN 10000ms 90rpm 5 bar H 0,0797

= concentration
GHENT
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EL — TABLETTOSE 80 — CAFFEINE 90/10
— % MgSt per tablet in function of the spray time

MgSt blown away due too very
% MgSt in function of spray time ~ long spray time (only when % MgSt in function of spray time

>R using high pressure = 5bar) 20 kN
5 bar > a 5 bar
I —— 1 bar — 1 bar
o~ oy ;cr)r?e me e e
—m - - —— —&—>5har
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EL— TABLETTOSE 80 — CAFFEINE 90/10

% MgSt per tablet in function of the ejection force

%MgSt in function of ejection force %MgSt in function of ejection force
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IL— TABLETTOSE 80 — CAFFEINE 90/10

— Internal lubrication

+ 0,0055% MgSt (not yet conducted) |Mixing time 5 min

+ 0,116% MgSt Mixing Intensity 15 rpm
— Design of Experiments — full factorial design
— Factors
= Main compression force 5 kN — 20 kN
= Tableting speed 40 rpm — 90 rpm
= Paddle speed 20 % - 80%

— = 11 runs (8 runs + 3 center points) for each concentration

GHENT
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IL— TABLETTOSE 80 — CAFFEINE 90/10

— Internal lubrication (0,116% MgSt)

Overview Ejection force (N)
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IL— TABLETTOSE 80 — CAFFEINE 90/10

— Effect plot (0,116% MgSt)
» Responses: Ejection force, hardness & disintegration time

Siginificant:
Ejection force:
MCF
TabletingSpeed

Hardness:
MCF
PaddleSpeed

Disintegration time:
PaddleSpeed
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IL— TABLETTOSE 80 — CAFFEINE 90/10

— Hardness, disintegration time
(0% MgSt; 0,116% MgSt)

% Mg St Hardness (N) Disintegration time (s)
0

0,116
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EL— TABLETTOSE 80 — CAFFEINE 90/10

— Future plans
= Design with internal lubrication (lowest concentration: 0,0055% MgSt)
EF, hardness, disintegration

= More experiments to find the cut-off value/spray time (fully covered and
homogeneous layer of MgSt)
Cut-off value: between 100 ms and 10 000ms
Below cut-off value: high EF + sticking
Above cut-off value: low EF + no sticking
=» visualization via NIR-CI

= Variability of the content of MgSt that is present in/on the tablet
=> 25 tablets with the same spray time will be analysed using ICP-OES

o
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FORMULATION:
PEARLITOL SD200 —
AVICEL PH102 80/20




EL — PEARLITOL SD200 — AVICEL PH102 80/20

— Design of Experiments — full factorial design

— Factors:
= External lubrication system
e Spray time 500 ms — /50 ms — 1000 ms — 2000 ms
 Pressure 1 bar — 2 bar — 5 bar
o Puff box High

= Tableting process
 Main compression force 5 kN — 20 kN
« Tableting speed 40 rpm — 90 rpm

= 52 runs (48 runs + 4 center points)

o

GHENT C
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SETTINGS

— Punches
— Used cycle

— Asymetrical compression

Natoli, flat faced round, 10 mm

Courtoy Modul P-Euro B

Penetration depth upper punch: 3,15 mm

—  Overfill 2 mm
— Pre-compression force 2 kKN

— Tablet weight 325 mg
— Forced feeder

— — Paddle: small spaghettis

GHENT
UNIVERSITY

— Feed shoe speed / paddle speed: 20 %
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EL — PEARLITOL

SD200 — AVICEL PH102 80/20

— 5 kN
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Overview Ejection force (N)
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Ejection force (N)

EL — PEARLITOL SD200 — AVICEL PH102 80/20
— 20 kN
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— Shorter spray times ( < 500 ms)
=» Increase of EF = EF overload (> 2000 N)

— Experiments without lubrication were not possible to carry out due
to an EF overload (> 2000 N)

o
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— Centerpoints settings (12,5 kN, 65 rpm, 2 bar, High)
— Different spray times

350 ms

EF overload 245 250 257 256

Ejection force

(N)

Cut-off value = fully covered and homogeneous layer of MgSt

GHENT
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— EJection forces in function of spray time

Ejection force in function of spray time Ejection force in function of spray time
5 kN 20 kN
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— MODDE11 software (Umetrics, Umea, Sweden) used for analysis
— Responses

= Ejection force

* %RSD Ejection force

» %RSD Main compression force

» %RSD Tablet weight

= Tablets until SS is reached

» Hardness

o
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— Effect plot
= Ejection force (500 ms, 750 ms, 1000 ms, 2000 ms)

Significant:
MCF

Tableting Speed
Pressure

Interaction:
— MCF & Tableting Speed
MCF & Spray Time

D
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— Effect plot
* Hardness (500 ms, 750 ms, 1000 ms, 2000 ms)

Significant:
MCF
Tableting Speed

GHENT
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EL — PEARLITOL SD200 — AVICEL PH102 80/20

— Future plans
= Disintegration data
= More experiments to find the cut-off value (spray time that gives a fully covered and
homogeneous layer of MgSt)
Cut-off value: around 350-375 ms (MCF of 12,5kN)
Below cut-off value: high EF + sticking
Above cut-off value: low EF + no sticking
=» visualization via NIR-CI

Different cut-off value when using a different MCF or different pressure ?

Cut-off value for 12,5 kN: 350-375 ms
— Cut-off value for 5 kN and 20 kN: ?7?

GHENT
UNIVERSITY
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FORMULATION:
PEARLITOL SD200 —
CAFFEINE 90/10




EL — PEARLITOL SD200— CAFFEINE 90/10

— Design of Experiments — full factorial design

— Factors:
= External lubrication system

5 kN
e Spray time 1 ms—-5ms— =100 ms —
250 ms —(500 ms — 1000 ms — 2000 ms

 Pressure 1 bar — 2 bar — 5 bar 2O KE
e Puff box High
= Tableting process
 Main compression force 5 kN — 20 kN
« Tableting speed 40 rpm — 90 rpm

o

GHENT
UNIVERSITY "



EL — PEARLITOL SD200— CAFFEINE 90/10

— 2 separate designs (different spray times)

= 5 kN
e Spray time I1ms—-5ms—10ms—-50 ms—- 100 ms —
250 ms — 500 ms — 1000 ms — 2000 ms
= 57 runs (54 runs + 3 center points)
C 5 kN, 100 ms, 65 rpm, 2 bar, High (3x)
= 20 kN
e Spray time 500 ms — 1000 ms — 2000 ms

= 21 runs (18 runs + 3 center points)

o

(%NT C 20 kN, 1000 ms, 65 rpm, 2 bar, High (3x)
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SETTINGS

— Punches
— Used cycle

— Asymetrical compression

Natoli, flat faced round, 10 mm

Courtoy Modul P-Euro B

Penetration depth upper punch: 3,15 mm

—  Overfill 2 mm
— Pre-compression force 2 kKN

— Tablet weight 325 mg
— Forced feeder

— — Paddle: small spaghettis

GHENT
UNIVERSITY

— Feed shoe speed / paddle speed: 20 %
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EL — PEARLITOL SD200 — CAFFEINE 90/10

— S5kN
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EL — PEARLITOL SD200 — CAFFEINE 90/10

— 20 kN

Oveview Ejection force (N)
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EL — PEARLITOL SD200 — CAFFEINE 90/10

— 20 kN: shorter/lower spray times: 250 ms (< 500 ms)
=» Increase of EF = EF overload (> 2000 N)

— Experiments without lubrication:
=» Only possible to carry out when using a MCF of 5 kN
= EF between 1000 N & 1500 N

o

GHENT
UNIVERSITY
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— EJection forces in function of spray time

Ejection force in function of spray time
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— S5 kN
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EL — PEARLITOL SD200 — CAFFEINE 90/10

— MODDE11 software (Umetrics, Umea, Sweden) used for analysis
— Responses

= Ejection force

* %RSD Ejection force

» %RSD Main compression force

= Tablets until SS is reached

o

GHENT
UNIVERSITY
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EL — PEARLITOL SD200 — CAFFEINE 90/10

— Effect plot (5 kN)
= Ejection force (1 ms, 5 ms, 10 ms, 50 ms, 100 ms,
250 ms, 500 ms, 1000 ms & 2000 ms)

Significant:

Spray Time

GHENT
UNIVERSITY
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EL — PEARLITOL SD200 — CAFFEINE 90/10

— Effect plot (20 kN)
= Ejection force (500 ms, 1000 ms & 2000 ms)

Significant:

Pressure

GHENT
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EL — PEARLITOL SD200 — CAFFEINE (90/10)

— Future plans
» Hardness & disintegration data
= More experiments to find the cut-off value (spray time that gives a fully covered and
homogeneous layer of MgSt)
Cut-off value: between 250 ms & 500 ms
Below cut-off value: high EF + sticking
Above cut-off value: low EF + no sticking
=» visualization via NIR-CI

Different cut-off value when using a different MCF or a different pressure ?

o

GHENT
UNIVERSITY
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FORMULATION:
TABLETTOSE 80 —
METOPROLOL 90/10




o

I}
GHENT

SETTINGS

Punches
Used cycle

Asymetrical compression

Overfill
Pre-compression force

Tablet weight

Forced feeder

Natoli, flat faced round, 10 mm

Courtoy Modul P-Euro B

Penetration depth upper punch: 3,15 mm
2 mm
2 KN

325 mg

= Paddle: small spaghettis

UNIVERSITY

* Feed shoe speed / paddle speed: 20 %
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EL—-TABLETTOSE 80 — MTP 90/10

— Issues with this formulation:
= Sticking

» |nsufficient die filling
 Main compression force
« RSD of main compression force
e Tablet weight
« RSD of tablet weight (tablet weight variability)

o

GHENT
UNIVERSITY
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EL—-TABLETTOSE 80 — MTP 90/10

— Paddle types
= Small spaghettis

* Thick fingers

GHENT
UNIVERSITY




EL - TABLETTOSE 80 — MTP 90/10
Paddletype ____|Paddlespeed ____Overfilllevel |

GHENT
UNIVERSITY

Small spaghettis

Small spaghettis

Small spaghettis

Small spaghettis

Thick fingers (straight)
Thick fingers (straight)
Thick fingers (straight)

Thick fingers (straight)

20%
100%
20%
100%

20%

100%

20%

100%

2 mm
2 mm
5 mm

5 mm

2 mm

2 mm

5 mm

5 mm

Not conducted




EL—-TABLETTOSE 80 — MTP 90/10

Paddle type Paddle Overfill Main %RSD Tablet weight | %RSD Tablet
speed level compression | Main (mg) weight
force (kN) compression
force
Thick fingers (angle) 20% 2 mm 4,41 3,77 318,95 0,831
Thick fingers (angle) 100% 2 mm 4,81 4,99 314,16 1,37
~7 Low MCF <=~ Low tablet weight

Thick fingers (angle) 20% 5,13 4,11 327,61 0,846

Thick fingers (angle) 100% 5,36 2,26 325,37 0,715

GH=ENT Important information when studying the

UNIVERSITY correlation/upscaling between Styl'One and Modul P 58



EXTERNAL LUBRICATION
SYSTEM:
REMARKS, ISSUES

QUESTIONS




REMARKS /ISSUES / QUESTIONS

1. When changing from lower to higher pressure but also during
experiments: explosion of MgSt

I._‘p S
L R —




REMARKS /ISSUES / QUESTIONS

2. Using a long spray time (for example 10000 ms = 10 s)

» The system Is not spraying MgSt for the entire time (10s) but
only a fraction of 10s. What Is that fraction ? How long ?

o

GHENT
UNIVERSITY
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REMARKS /ISSUES / QUESTIONS

3. Experiments with very low ejection forces (100-200 N)

» Some ejection forces that can be seen during the experiment
(“real life™) are higher than the ejection forces in the data file

» Explanation:
After every experiment there Is a “Calculation in progress”
(filtering)

o

GHENT
UNIVERSITY
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REMARKS /ISSUES / QUESTIONS

— Filtering:
» Always occurs when the tableting speed is 90 rpm
» Never occurs when using a tableting speed of 40 rpm

Ejection force &)

i
GHENT o ; S
UNIVERSITY Cycle no
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REMARKS /ISSUES / QUESTIONS

5kN 1000ms 90rpm 2bar H

EF: 163 N (green)

D
O

EF: 82 N (red)

_—

GHENT
UNIVERSITY o



REMARKS /ISSUES / QUESTIONS

5kN 1000ms 90rpm 1bar H

170

EF: 150 N (red)

O 0,25kN - ¢

0.20kN=-"

18 nic

0118 no 1WSaved

L

bar H O

5 O |

130 0.15kN-

80 2005kM 17 O0ms [wvpm 1bar H

r{:‘:
0.10kN- 2
C;
110 8 ocen O
2 0.05KN -
o o
3 Z
& 0.00kN= 5 0
8
90 -'

-0.05kN = =-0.05kF

-0.10kN— 5-0.10kI
70
-0.15kN— 5 -0.15k!

EF: 65 N (green)

- | I I I I I I [ I [
= 4461ms 4471ms 4431ms 4491ms 4501ms 4511ms 4520ms 4530ms 4540ms 4550ms

test Data\Cedrine EL jan 18\Pearlitol 2005

50

15 20 25

5kN 1000ms 90rpm 1bar H 08 01 2018 nol 2-26

_—
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REMARKS /ISSUES / QUESTIONS

5kN 1000ms 40rpm 2bar H

Excel file: EF: 130 N B 0.1 0,15kN

O

5kN 1000ms 40rpm 1barH ..

Excel file: EF: 104 N

_—

GHENT
UNIVERSITY
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FUTURE PLANS

— Continue with the previously mentioned formulations

» Tablettose 80 (lactose) — Caffeine
(90/10)

= Pearlitol SD200 (mannitol) — Caffeine
(90/10)

» Pearlitol SD200 (mannitol) —  Avicel PH102 (MCC)
(80/20)

=» Cut-off value

o

GHENT
UNIVERSITY
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FUTURE PLANS
— Capture the amount of MgSt that Is sprayed

= Evaluate the variability

= Compare with the amount of MgSt that present
on the tablet (ICP-OES)

o

GHENT
UNIVERSITY
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FUTURE PLANS

— Installation of microfeeder

External lubrication
User Manual

GHENT
UNIVERSITY

STYL'One™

PR-S5-021
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2.
ISSUES / FEEBACK / QUESTIONS

—

GHENT
UNIVERSITY




ISSUES STYL'ONE

— Upper locking ring was stuck in the upper punch piston and could not be
loosen (January 2018)

— Noise during the taring (February 2018)
= Wearing of the belt =» both upper and lower belt were replaced
(21/02/2018)

— Noise during the tableting process (February 2018)
= Ball bearing (“*kogellager”) was not fixed properly and was moving
(scraping), both on the lower and upper part
=» both were fixed and should not be able to move (21/02/2018)
=» noise Is not longer present

o

GHENT
UNIVERSITY 7



FEEDBACK

1. The software Analysis often gets stuck after doing an acquisition.
The only option is to hard kill the program/software.

However after restarting the program no data was lost or Is
Incomplete.

o

GHENT
UNIVERSITY 72



FEEDBACK

2. “Test the layer weight”: not always that precise
Most often the force during an experiment is lower than the
force that was filled in in the “Compression settings”

“Controller”. good feature to adjust the dosage height and to get
the wanted main and pre compression force

Contro Hexr
Test the layer weight Compression settings
Larpar 1
Tested layer: | 1 Doage height L2
e -lel =
height:
=L 10 mm This feature allows you to adjust the compression .k R
settings, depending on the force you wish to apply.
Ower-fill: 7 Mmm
aht to obtain li m and main compression,
get force: 17 kM s
» d tablet by the feed sured weight my
cﬁ -8 [ ion 17 kel
P Modify Cancel gss - 111111
GHENT ) 5 0
UNIVERSITY &
oK Cancel

73



FEEDBACK

3. Tablet chute / Ejection bar:
= The tablets are not swept away by the ejection bar by
enough force to get the tablets to the tablet chute. The
tablets are then laying on the die table
= Tablets get stuck on the tablet chute and don’t go down the
tablet chute

Some solutions to get the tablets down the tablet chute more easily?

o

GHENT
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QUESTIONS

— Paddle of the forced feeder is only rotating when above the feeder. Can this
be changed?

— Can we measure/calculate the time that the paddle Is rotating?
=>» paddle speed (% =>» rpm)
=» calculate the blade passes
=» upscaling study

— Cycle: “extended dwell time”
What is size of the rollers implemented there?

o

GHENT
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