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PDA Chemical Structure
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Question: What is glass?

Answers
® Tamman (1932): Solid, non-crystalline materials are in the glass state
® Uhlmann (1972): Glasses are amorphous materials with a crystalline fraction

= Scholze (1988): Glass is a frozen supercooled liquid
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PDA Chemical Structure
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crystalline quartz ; amorphous quartz
opaque crystal : transparent glass
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PDA Chemical Structure
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Amorphous silica Borosilicate glass Soda lime glass
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PDA Chemical Structure
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Amorphous silica Borosilicate glass Aluminosilicate glass

chemical resistance

) @ Oxygen i H,0
Oxygen Network @ Sodium Network o Alkali metals
@ Silicon formers @ Calci dif @ Silicon e.g. Na, K O/Q\)
(O Boron aleturm MOCIMETS @ Boron Alkaline earth metals:
@ Sodium e.g. Ca, Ba, Mg -0,28 nm -

@ Calcium
O Aluminum

© SCHOTT AG, Dr. Claudia Heinl, Product Manager Pharmaceutical Tubing O Hyd Fogen

Connecting People, Science and Regulation®



PDA Chemical Structure — Chemical Stability
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E Chemical stability is the resistance of the glass to chemical attack by
defined agents

Water and acid attack cause an ion exchange

Hydrolytic attack

Silica rich layer which slows
down further attack
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PDA Chemical Structure — Chemical Stability
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E Chemical stability is the resistance of the glass to chemical attack by
defined agents

Alkali attack causes a dissolution of the network

Alkali

e)+ ()

Erosion of the surface
layer
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PDA Chemical Structure — Hydrolytic resistance
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E The quality of a glass is assessed by its hydrolytic stability

According to Ph. Eur. the hydrolytic stability is defined as follows:

The hydrolytic stability of glass containers for pharmaceutical use is expressed
by the resistance to the release of soluble mineral substances into water under
the prescribed conditions of contact between the inner surface of the container
or glass grains and water.

Soluble mineral substances can be: Na, K, Ca, Ba, Mg “
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PDA Chemical Structure — Hydrolytic resistance
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E Two methods to determine the glass quality — principle

Initial Material Test Measurement Result
__, N Quality of the
—‘ whole bulk glass
Glass Grain
~= H,0
Ei]
S, |®e®e0e,
or .
121 *C . g :
Alkali ions in solution
measured by
Titration or Flame AAS

Quality of the
inner surface
of the glass

Tubing / Container surface

© SCHOTT AG, Dr. Claudia Heinl, Product Manager Pharmaceutical Tubing

—

Connecting People, Science and Regulation®



PDA Chemical Structure — Water skin
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\&2!/ The protection layer evaporates easily but builds up very slowly again
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M W ﬂi Hot glass surface:
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Scratch sensitive!
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= Better scratch resistance
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PDA Chemical Structure — Water skin
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E Friction measurements prove the existence of the protection layer

Friction measurement tool
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PDA Physical Properties — Melting curve
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E Glass behaves differently from other materials like e.g. water/ice
The solidification curve is smooth and shows no crystallization point

Z large
5
°
>
glass
—\—_..__
crystal
small :
high low

Temperature

B melting point crystal
B strain point

upper annealing point
H g
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PDA Physical Properties - Viscosity
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a Viscosity is the resistance to flow.

The higher the resistance the higher the viscosity

Viscosity n (dPas)

Water 10-2
Honey 102
Glass melt (1600 °C) 102
=~ 16 :
S o 13,5-14,5
£ 14 R | Glass at Tg (550 °C) 10
- annealing
£12 Glass at RT (25 °C) 1019
o
2 10
<
8
=2 FIOLAX® clear Technical Data
6
4 \ Glass Type/Application Neutral glass tubing, chemically highly resistant
, working, hot forming \ Pharmaceutical primary packaging
melting ' - Physical Data Coefficient of mean linear thermal expansion
0 : , . . — 0 (20°C;300°C) acc. 10 1SO 7991 ovvooeeeeeereesveeseeees 4.9 -10°k"
0 200 400 600 800 1000 1200 1400 1600 1800 Transformation Temperature Ty ..........coovvvererveereeronnn. 565 °C
' . Temperature [°C] Glass temperature at viscosity nin dPa-s
B strain point . 10" (annealing Point)........covoveiereesiereerenn: 565 °C
upper annealing point 107° (SOftening POINE) ..vvevvveeeees e eseeeeieanns 785 °C
. SOﬂerg point 10*  (WOTKING POINt)...veveriecers s ieeeeseiseeessnianens 1160 °C
working point
® melting point ERERSIip SU2EI0 s s et 234 gem®

© SCHOTT AG, Dr. Claudia Heinl, Product Manager Pharmaceutical Tubing

Connecting People, Science and Regulation®




PDA Physical Properties — Thermal Expansion
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E The coefficient of thermal expansion (CTE or a) describes how much a
material expands when it is heated.
The smaller the CTE the less it expands.

a [10°6 - K1)

0 5 10 20
Glass BORO- FIOLAX® AR- Metallic
ceramic 8330™ clear GLAS® aluminium
Quartz
glass \ y J -

Borosilicate Soda lime
glasses glasses
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PDA Physical Properties — Thermal conductivity
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Glass has a very low thermal conductivity:

Pure copper at 0°C 401 W/m-K
Glass at 90°C 0.76 — 1.2 W/im-K
Wood at 0°C 0.09 - 1.9 W/ m-K - -j

Temperature shock resistance: '

>
Temperature resistance depends on both the “
CTE and the wall thickness
The thinner the wall the more stable the glass
is against temperature shock
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Physical Properties - Stress

a Stress is defined as force per area.

There are three kinds of stresses described for glass:

Shear Tensile Compressive
stress stress stress
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PDA Physical Properties - Stress
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EE Stress is created by partial quick cooling from temperatures above Tg
It can only be released when heating above Tg and cooling down slowly
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PDA Physical Properties - Stress
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E Typical annealing curve for release of stress

Annealing curve for FIOLAX" clear for a wall thickness of 1 mm

'Ej ‘ i | |
E | | I
= X I 585°C
= |
8 : 535°C
E T 535°C
= : 485°C
I
|
|
: 20°C
T T ’-
| 1 |
A B C D E Time [min]
Maintain Very slow Slow Quick Procedure
heatine temperature annealing annealing annealing
Maximum Maximum Maximum Maximum Condition
2000°C/min 38°C/min 77°C/min 2000°C/min
0.1 2 1.3 0.7 0.1 Time

in minutes
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PDA Different Glass Types — within the Borosilicate Group
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There are 3 groups of Type | glass tubing

m 3.3 glass is mainly used in the USA.

m 5.0 glass (,,FIOLAX® type®, neutral glass) is the most widely used pharmaceutical glass worldwide.
m /.0 glass is mainly used in India, China, Russia.

Europe
5.0 glass

China / Russia
7.0 glass
5.0 glass
3.3 glass

USA India
3.3 g|355 7.0 g[EISS 7 )'
5.0 glass 5.0 glass P
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PDA Different Glass Types — within the Borosilicate Group
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Glass Type Borosilicate 3.3 Borosilicate 5.0 Borosilicate 7.0

Composition

sio, 80 - 82 7275 70-74
B,O, 12-13 9-11 5-8
Al0O, 2 57 4-6.5
Na,O/K,O 4 6-9 9-12
Mg0/Ca0/Ba0 0 123 57

Physical Data

Working o ° o
Point 1,260°C 1,145-1,170°C 1,030-1,100°C
Transformation s ° s
Temperature (Tg) 8250 565-575°C 550-580°C
Mean Coefficient of 33 49.5.5 e L

Thermal Expansion (CTE)
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PDA Different Glass Types — within the Borosilicate Group
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Molded Tubing Molded Tubing

52 gramm 40 gramm
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PDA Different Glass Types
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E All glasses that are used as Pharmaceutical Primary Packaging

Borosilicate 3.3 Borosilicate 5.0 Borosilicate 7.0 Borosilicate

group group group Type | group Soda lime glass

tubing tubing tubing molded
Composition
SiO, 80 - 82 72-75 70-74 65-70 70-75
B,O, 12-13 9-1 5-8 9-11 0-1
ALO, 2 5-7 4-6,5 3-7 2 -4
Na,O/K,O 4 6-9 9-12 9-10 12-16
MgO/Ca0O/Ba0 0 1-3 5-7 4-5 10-15
Physical Data
Working Point 1260°C 1145 -1170°C 1030 -1100°C 1050 - 1080°C 1015 - 1045°C
CIE 3.3 49-5.5 6.3-75 6.0-6.5 9-9.5
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Glass Making

Melting & Tube drawing
Container conversion
Molded containers production process
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PDA Melting & Tube Drawing
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m Raw material as found in nature

Network formers
Silicon (Si) Sio, sand
Boron (B) Na,B,0, borax

Network intermediates

Aluminum (Al) Al,O, alumina

Network modifiers

Sodium (Na) Na,CO, soda
Potassium (K) K,CO4 potash
halk, marble
CaCo cha’k, '
Calcium (Ca) 3 limestone
CaMg(CO;), dolomit
MgCO, magnesia

Magnesium (M
. (Me) CaMg(CO;), dolomit
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PDA Melting & Tube Drawing
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— Dosage systems

Mixer
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PDA Melting & Tube Drawing
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Batch Feeder = Combustion Bumer Glass Refractory Process tothe
bin chamber melts material control system drawing lines
I J | | | J
Meitting tank Refining tank Working tank
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PDA Melting & Tube Drawing
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Melting tank Danner mandrel
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PDA Melting & Tube Drawing
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100% Online measurement: Anti scratch Drawing Cuttingand Manual inspection Tubing end
OD, stones/knots, airlines coating machine  automatic +samplingfor  processing
sorting laboratory
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PDA Melting & Tube Drawing
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Surface Defects from Tubing:
Stones and Knots

Stones: opaque inclusions I

Knots: transparent inclusions Stones

Source: Material that is not melted properly in
the melting procedure
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PDA Melting & Tube Drawing
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Surface Defects from Tubing:
Airlines

Closed: elongated gaseous inclusion within the
glass

Open: elongated gaseous inclusion on the glass
surface

Source: Gas created during the melting process
and not removed properly
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PDA Melting & Tube Drawing
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Surface Defects from Tubing:
Scratches

Scratch: constitutes a slight damage to the outer
surface of the glass but it does not penetrate the
glass wall

Source: A scratch can be created along the whole
value chain
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PD Melting & Tube Drawing & Container Conversion
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Movie Tubing Production

Movie Vial Production

Movie Syringe Production
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PD Molded Containers Production Process
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Raw materials Weighing Storage Blender Furnace

>/ e

1600°C 1350°C 1225°C

Feeder

¢
Hot end Annealing Cold end Control Packaging

coating lehr coating machine machine Palletizing
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PD Molded Containers Production Process
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Blow-Blow-Process

Forming of vial

4 & N

© Surface treatment

and
Press-Blow-Process annealing
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PDA Further Treatments
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Inner surface treatment

= Ammonium sulfate treatment

= Siliconisation of containers

= hydrophilic / hydrophobic coatings
=  Chemical strengthening

Outer surface treatment

= Anti-scratch coating for tubing
= Siliconisation of vials and ampoules
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PDA Further Treatments — Ammonium sulfate treatment
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Ammonium
sulfate

Increasing the hydrolytic resistance of the surface

BUT: compromising the surface integrity and increasing the risk of flake
creation (Delamination)
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PDA Further Treatments — Chemical toughening process
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Exchange of sodium by potassium ions creates compressive stress on the
surface

Requires subsequent chemical treatment (leaching process) before use
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PDA Take-away messages
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- Network: Glass consists of network formers (Si, O, B,...) as well as network
modifiers (Na, K, Ca,...)

- Chemical Stability: the lower the amount of network modifiers the higher the
chemical and hydrolytic resistance and the lower the interaction with the
drug

- Regulatory: The hydrolytic resistance is measured by the glass grains test
and the inner surface test - borosilicate glass is type | glass and the
standard in parenteral packaging, sodalime glass is type llI

- Thermal expansion: Glasses can be categorized acc. to their CTE (e.g. 5.0
borosilicate glass)

- Stress: Local melting leads to internal stress and requires an annealing step

- Production: Glass can either be drawn in tubes and afterwards converted
into containers (tubular vials, ampoules, syringes, cartridges) or blown into
shape directly from the melt (molded vials)
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PDA Site Visit — Melting Tank
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|
Smoking is Be sure to watch It is strictly The use of mobile
generally for in-company forbidden to take phones is
forbidden inside traffic when photos or videos generally
of all buildings. entering in our plant forbidden in the
transport routes. without marked areas. It
Use the marked permission. is strictly
walkways. | forbidden to
connect
electronic
devices to the
company
network.
S XS
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Thank you very much!

©

CIaudia.HeinI@schott.om

Neither this training document as a whole nor parts
of it may be used elsewhere without SCHOTT's
prior consent.
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