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Company portrait

Lyo Engineering is your partner in pharmaceutical
Industry and medical engineering in the areas of
management / quality assurance / engineering with
more than 10 years of experience in pharmaceutical
plant engineering and construction in the fields of
project handling and quality assurance.

Among other things our business activities include
project management for international freeze drying
projects Iin pharmaceutical industry, planning and
monitoring of technical transfer projects of fill- / finish
areas and all aspects of GMP quality assurance, for
instance classification of equipment components in
accordance with GMP risk analysis as qualification
basis, GMP-based employee training, performance of
external and internal audits, planning and monitoring
of acceptance tests (FAT / SAT) and qualification
phases (DQ /1Q / OQ / PQ), as well as the creation of
the pharmaceutical technical documentation.

We gladly support you in the successful
Implementation of projects in regulated environments
from the URS to the handover to the production.
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Theory 4.
Process engineering tools (sensor technology)

e pressure and vacuum measurement

thermal resistance measurement

e barometric pressure measurement
e metric pressure measurement

* wireless temperature measurement
(Amphenol)

e conductometry

* camera systems
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Process engineering tools (sensor technology)

Thermal resistance measurement (platinum temperature sensor)

Platinum temperature sensors use the effect of temperature dependence of the
electric resistance of the precious metal platinum. The resistance increases at higher
temperatures, it is a positive temperature coefficient, such sensors are named PTC
(positive temperature coefficient).
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Abbildung 6: Temperatursensorproduktion Temperaturt/ °C
unter Reinraumbedingungen

Abbildung 1: Pt100-Kennlinie
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Process engineering tools (sensor technology)

Thermal resistance measurement (platinum temperature sensor)

Besides the “standard” PT100 there are temperature sensors with higher
nominal values for instance PT500, PT1000.

They have a higher sensitivity, because the increase factor of characteristic
curve is directly proportional to the par value Ro.

Their advantage is a larger variation of their resistance depending on the
temperature.

Resistance changes (temperature range up to 100 °C)
« 0,4Q /K at PT100 temperature sensor

« 2,0Q0 /K at PT500 temperature sensor

« 4,00 /K at PT1000 temperature sensor

Connec H”g Pe UPIE‘, Science and REgUfﬂ tion Platin-Chip-Temperatursensoren
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Process engineering tools (sensor technology)

Thermal resistance measurement (platinum temperature sensor)

The long-time behavior is another important factor apart from
tolerance of temperature sensors. It is responsible for the compliance
of measurement uncertainty. The values listed in the data sheets are
guide values. They were determined into an oven with normal
atmosphere by temperature sensors.

The processing of temperature sensors and the materials with which it il
comes into contact can influence the long-term stability. In order to VY
determine the long-term stability in each case of the existing
construction a regular calibration in their intended conditions of use is
necessary.

Abbildung 9: Automatisierte Produktion
drahtgewickelter Platin-Glas-Temperatur-
sensoren



Process engineering tools (sensor technology)

Thermal resistance measurement (platinum temperature sensor)

Tolerance classes

Toleranzklasse Sensor-Kategorie Temperaturbereich | Toleranz in K Temperatur Klasse AA Klasse A Klasse B Klasse 0,5
in °C in °C in K in K in K in K
Klasse AA Dinnschicht -50 ... +200 + (0,10 K+ 0,0017 x |{| -200 0,55 1,30 1,70
Klasse A Braht hicht _;g +§2g (0,15 K + 0,002 x [t 79 0.22 0.2 0.5 0.92
asse unnschic -70 ... + + (0, +0, X
Draht -200 ... +600 0 0,10 0.15 0,30 050
Klasse B Dunnschicht 70 .. +600 + (0,30 K + 0,005  [{| 100 0,27 0,35 0,80 1,10
Draht -200 ... +850 250 0,53 0,65 1,55 2,00
Klasse 0,5 Dinnschicht -70 ... +600 + (0,50 K+ 0,006 x [t] 350 0,85 2,05 2.60
Draht -200 ... +850 . 600 135 3.30 410
[t| = Messtemperatur in
°C (ohne Vorzeichen) 850 4,55 5,60
Tabelle 1: Toleranzklassen - Temperaturgiiltigkeitsbereich Tabelle 2: +-Toleranz in K je Klasse
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Connec ting FE"C*P!E' Science and Regufaﬁﬂn Abbildung 2: Toleranzverlauf in Abhangigkeit von der Temperatur




Process engineering tools (sensor technology)

Thermal resistance measurement (platinum temperature sensor)

Construction PT-sensor
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Abbildung 7: Prinzipieller Aufbau
von Platin-Glas-Temperatursensoren

Abbildung 11: Prinzipieller Aufbau
von Platin-Folien-Temperatursensoren
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Abbildung 10: Prinzipieller Aufbau
von Platin-Keramik-Temperatursensoren

Abbildung 16: Prinzipieller Aufbau
von Platin-Chip-Temperatursensoren
in SMD-Bauform




Process engineering tools (sensor technology)

Definition

How is pressure defined?

Pressure p is defined as the force F exerted on an area A divided by the size of the area. F

2 F
A

Separate technical units of pressure:

newtons per square (n/m2), Pascal (Pa), bar (bar) und Pound-Force per square inch
(Psi).

Furthermore outdated units are still in use: technical atmosphere (at) and physical
atmosphere (atm) and Torr.

Each unit can be transferred to another:
1 bar =100 000 pa ~ 14,504 psi ~ 1,0197 at ~ 0,98692 atm ~ 750,06 Torr.

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Definition
P

abs

Referenz Pressure (Universe)

Universum ? Héhe [km]

Mount Everest

> Luftdruck
010 0!5 1’0 pabs [bar]

The Referenz Pressure will be generaded by Vacuumpumps
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Process engineering tools (sensor technology)

Pressure scale
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Process engineering tools (sensor technology)

Druckbereich | Druck in hPa (mbar) | Molekiile pro {:mé | mittlere freie Weglange
lUmgebungsdruck | 1013.25 27 = ‘I[IIté 68 nm
Grobvakuum 300...1 10'_10" | 0,01...100 pm
Feinvakuum 1. 107 10% 10" 0,1...100 mm
Hochvakuum (HV) 10107 10%...10° 100 mm...1 km
Ultrahochvakuum (UHV) | 1071072 | 10° 10 1. 10% km
|extrem hohies Vakuum [XHV)| <1072 | 10" | >10° km

* rough vacuum: vacuum cleaner (> 0,5 bar)
« fine vacuum: low-pressure gas discharge lamps
« high vacuum: electron tubes, particle accelerator

« ultra-high vacuum: particle accelerator, near-earth space, frequent at equipment in the
semiconductor industry

o extremely high vacuum: space, semiconductor industry

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

One of the most important parameters is the pressure measurement

e during a running process the pressure measuring device must have a high
accuracy (freeze-drying and sterilisation)

* during a freeze-drying the pressure measurement may be used for
comparative pressure measurement (capacitive sensor / Pirani)

« during a sterilisation process the pressure measurement may be used for
determining saturated steam conditions

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

The most common vacuum sensors at freeze-drying are:

e conductive pressure measurement systems (Pirani)

o Capacitive pressure measurement systems

Ultra high vacuum High vacuu m Fine vacuu m Rough vacuu m
107 — 107 hPa 1077 — 1032 hPa 103 —1 hPa 1 — 1000 hPa

Bourdon tube gauge

Piezoresistive gauge

Thermal conductivity gauge

Capacitance diaphragm gauge

Spinning rotor gauge

Cold cathode gauge

Hot cathode gauge

A s 21 B 107 1) T 107 EO=* 107 ¢ o 10~ 1072 3 10° 10* 10? 10% hPa
Direct measurement (gas type independent)

Indirect measurement (gas type dependent)
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Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

Construction of conductive pressure measurement systems (Pirani)

Heat up the wire approximately at a temperature of | E
110°C to 130°C. The heated wire forms a part of a
Wheatstone bridge.

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

The Pirani sensor works with radiation which changes
depending on the available pressure.

Schematic Design

Thermal transfer

Z
= B

10° 10% 10° 102 107" 1 10 100 hPa
Pressure

1) Thermal transfer to the ends through radiation and thermal
conductivity

2) Pressure-dependent thermal transfer through gas

3) Thermal transfer through thermal radiation and convection

Connecting People, Science and Regulation




Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

Adjustment of Pirani:

e adjustment of Pirani takes place under real installation conditions

 depending on the age and usage of the Pirani sensor it is necessary to do a
zero point calibration (offset)

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

When using a Pirani you must think about the following:

e vertical installation of the Pirani

 Regular Changing of the Pirani depending on Life Time and Process
Turnaround

« depending on the age and usage of the Pirani it is necessary to do a zero point
adjustment (offset)

» the accuracy of the Pirani sensor depends on the measured gas

Connecting People, Science and Regulation




Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

Construction of a capacitive pressure measurement system:

e a capacitive pressure measurement system is independent of the measured
gas

e a flexible membrane is mounted inside the Sensor

P1

sV
0
-
—
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Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

Construction of a capacitive pressure measurement system:

Reference Chamber

- _——__.7_'—_'——'

' \\ Measurement

Diaphragm (d) . Chamber
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Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

Construction of a capacitive pressure measurement system:

 To avoid a risk of an influence from Temperatures, the capacitive measurement
sensors Is heated. The temperature of the Sensor is between 45 °C and 200 °C
depends on the type of the sensor.

e afreeze dryer which can be sterilized, the capacitive sensors should be heated
higher than 150 °C because of the wet sterilisation (Clean Steam).

Senszor Shield

Vacuum Connaction

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

When using a capacitive measurement sensor it should be remembered:

 measurement sensor have a heating up Time (some Sensors around 9h)
e a contaminated membrane have an influence to the accuracy of the Sensor

 Because of the mounted flexible Membrane the installation position is important

Connecting People, Science and Regulation



Process engineering tools (sensor technology)

Pressure measurement (vacuum and overpressure)

Temperaturverteilung Anschlussrohr der 160°C beheizten CLR 39x

151 .3 *C

- 120

- 100

|} 60

- 40

4.8

Flansch unten 65T

Temperatur in der Nahe der Bodenplatte des Gehduses: ~ 150°C

Im Inneren der Messrohre sind alle prozessgasfihrenden Bereiche oberhalb 150°C

Connecting People, Science and Regulation




Comparative pressure measurement
(Pirani / capacitive pressure measurement)

Pressure measurement Pirani sonde

Principle:

pressure measurement for determining
the end of main drying

Measurement of camber pressure with

Pirani sensor

based on radiation of heatwire:

depends on the gas inside the
Freeze Dryer

Connecting People, Science and Regulation




Comparative pressure measurement
(Pirani / capacitive pressure measurement)

Pressure measurement capacitive manometer
Measurement of camber pressure with TR if’i//”'mm“’"
L
capacitive sensor L%_m %W
Based on a electrical measurement ;1;/ 2 | &
(Piezo),

Independent from gas inside the
Freeze Dryer

Connecting People, Science and Regulation



Comparative pressure measurement
(Pirani / capacitive pressure measurement)

40,0 100

20,0 Temperaturflhler Ende AT /r

0,0 |

-20,0

-40,0

Temperatur ['C]

-60,0

-80,0 A+

MKS Sonde
-100,0 . . . . . . . . 0,001

0:00 5:00 10:00 15:00 20:00 25:00 30:00 35:00 40:00
Leit [hhimm]
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Comparative pressure measurement
(Pirani / capacitive pressure measurement)

Comparing pressure measurement

» simultaneous measurement of camber pressure with Pirani and
capacitive sensor

* In the beginning the Pirani sensor shows a pressure which is higher
than the pressure of the capacitive sensor

(high content of water vapor inside the Freeze Dryer)

» at the end of main drying the measured values of the two sensors
approach each other this is an indicator for the end of main drying

(less content of water vapor inside the Freeze Dryer)

Connecting People, Science and Regulation



Process control tools (sensor technology)

I Conductivity Measurement
= | - .
—_— to check the efficiency of a CIP Cycle a conductivity

— == ' sensor is usually used.

. = I the conductivity sensor should be fit to the relevant

- :: ] requirements e.g. WFI.

' ' the Sensor should be designed for the expected
temperatures of the measuring point (usually the sensor is
located inside of the sterile boundary and will be charge

1 V)T with clean steam).
drains
(conductivity
Measurement)
\

r\ /
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Process control tools (sensor technology)

to mix up a specified dosage of CIP Medium, the Sensor also can be
used e.g. acid, base solutions

 the cleaning Media e.g. Concentrate Base or acid are injected with dosing valves into
the CIP System. A conductivity sensor is mounted in circulation loops or in the vesele
to monitor the dosing of the cleaning Medias.

« after a CIP Cycle with cleaning Medias the cleaning Medias must be completely
removed from the Freeze Dryer. These include that the complete system must be

rinsed with WFI. The rinsing process is monitored a conductivity sensor at drain.

t »
T Y
Condumax Indumax (both Endress+Hauser)
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Process control tools (sensor technology)

Wireless temperature measurement

These sensors are used for:
e temperature measurement
o relative humidity

* pressure measurement

Connecting People, Science and Regulation
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Process control tools (sensor technology)

Wireless temperature measurement

3 Fh
.,_,__]I

il e s 4 G
Freeze Dryer Logger -
85C to +140C

Cryologger
-85C to +140C
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Process control tools (sensor technology)

Wireless temperature measurement

positioning equipment

Connecting People, Science and Regulation



Process control tools (sensor technology)

Principle: temperature sensor
shelf temperature

/4

/

40,0

| | 30,0
L —

20,0

| |
’ ‘ 10,0 -

0,0

SENsaors

-10,0

////

-30,0 T T T T T T T T
' 0:00 5:00 10:00 1500 2000 2500  30:.00 3500 4000  45:00

temperature [°C]

-20,0
-30,0

. -40,0
vial

time [hh:mm]

WTMplus ,wireless”
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Run Main drying

=
]
@]@é
H |
I

Process control tools (sensor technology)

Manual m Program m Options

K

et 4 : il
‘ _%@@@ ®
‘TDDlSH ‘ ‘Set@\‘ ‘

(=i, 201 4-07-04

07:37:21

Actual
-85.000 lce cond. 1

0. 1 20mbar Vacuum

10.0°c  Shelf Feed

-20.0.c WTMplus #1
- 0.362gm Dryingrate

[Dperating mode: select/start \ \
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Process control tools (sensor technology)

Functional principle WTMplus

e energy supply of the sensors by
means of a radio frequency within in
the 2.4 GHz range, I1.e. no battery or
other energy storing device
necessary

e Intermediate storage of energy by
stimulation of a quartz crystal

* high precision temperature-
dependent detuning of quartz-
oscillation frequency

e transmission of frequency
modulation via an antenna to the
evaluation electronics for
temperature determination

Connecting People, Science and Regulation




Process control tools (sensor technology)

WTMplus

easy sensor positioning small, robust sensors

Connecting People, Science and Regulation




Process control tools (sensor technology)

small and robust, also for 2R vials and bulk

no plugs and wires with cleaning and contact problems, GMP-design

small and robust, also for 2R vials and bulk

product temperature in the vial not influenced by energy input of
conventional sensors

high accuracy = 0.5 K, resolution 0.1 K

covers the entire lyophilization cycle (liquid, solid/frozen and dry)

free sensor positioning on shelves or in pre-defined grid square

fully integrated in system controller and process documentation

Connecting People, Science and Regulation



Measurement of drying rates

| TR

via LyoBalance (can be integrated in
LSCplus units)

weight determination = via gripping arm, which can be lifted/unlifted in certain - customer defined -
time cycles

= the weight of the vial is therefore detected periodically

application range = temperatures of -40°C to +40°C

= resolution up to 30g vial weight: 0,001g
advantages = can be placed onto every shelve position in the drying chamber
= drying process is not disturbed

= automatic documentation of the data

= can be used as controlling parameter for the process (main drying - final
drying)

Connecting People, Science and Regulation
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ldealized determination of end drying
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Inline camera LyoCam

monitor and analyze freeze drying
processes

Intelligent data storage based on
— process steps
— process data (limits, alarms, ...)

fully integrated in process visualization
LPCplus

Integrated in process data base
(identical time stamp)

equipped with LED lamps for low
energy impact into the product

up to 4 cameras in LPCplus

standard sight glasses useable

Connecting People, Science and Regulation




Inline camera LyoCam
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Lyo Engineering

GMP is our passion!

@ CHRIST
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