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What is an autoclave?

A Sterilization Autoclave is a Pressure Vessel intended to perform a Sterilization Process,
i.e., the complete inactivation of all viable micro-organisms inside pharmaceutical products
for human or animal use and / or on the external and internal surfaces of items to be used

in health care or pharmaceutical production environments.
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Load types: POROUS/HARD GOODS

Iltems where sterilization is achieved through direct contact with saturated steam.

Heat is transferred when steam condenses directly on the surface of the items being
sterilized.

Porous/hard goods loads, as used in the pharmaceutical industry, encompass true porous

items (such as cartridge filters and packed fabric) and hard items (such as stainless-steel

PDA TR No. 1- 4.2 Load Types

vessels and filling machine parts).
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Load types: LIQUID

A load consisting of closed containers of aqueous liquids.

The sterilization of the container contents is achieved through transfer of energy through
the container into the aqueous liquid.

Examples of liquid-filled containers include, but are not restricted to: formulations
(solutions, suspensions and/ or emulsions) in their final product container (e.g., vial, bag,

bottle, syringe or ampoules), post-test or post-process waste fluids containing potentially
pathogenic microorganisms.

PDA TR No. 1- 4.2 Load Types
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Sterilization processes & Autoclave types

e Saturated steam sterilization

A sterilization process, typically used for porous/hard goods loads,
where the sterilizing medium is saturated steam.

* Counterpressure sterilization

Steam-Air Mixture Process: A sterilization process in which the
heating medium used to heat the load is in a mixture of air and steam
that is typically used for liquid loads. This addition of air results in an
air overpressure condition.

Superheated Water Process: A sterilization process in which the
heating medium is superheated water that is continuously circulated
with air overpressure.

Water Cascade Sterilizer [FOW]
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O Saturated Steam Autoclave

Generality & cycle description
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Sterilization by direct contact

A sterilization process, typically used for porous/hard goods where the sterilizing medium is
saturated steam.

PDATRN. 1, Glossary

Saturated steam is “water vapour in a state of equilibrium between condensation and
evaporation”

UNIEN SO 17665-1

The initial objective for saturated steam sterilization is that the air in the sterilizing chamber
must be replaced by saturated steam.

USP 43 Chapter 1229.1

e Residual air acts as an insulator

* The presence of residual air in the chamber negates the singular temperature-
pressure relationship of saturated steam
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Fedegari Saturated Steam Autoclave (FOF)

Fedegari Horizontal Pharmaceutical is the most flexible

solution for multi-purpose sterilization in bio-pharma

industries.

From solids and porous to liquids in open or non-

hermetically sealed containers.
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Fedegari Saturated Steam Autoclave (FOF)

The sterilization temperature is controlled according to a pressure signal, thanks to the

one - to - one correspondence of temperature and pressure for the pure saturated steam.

STEAM

VACUUM PUMP “)’

DRAIN DRAIN

WACULIM PUMP
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Process phases

A
@ Preheating with hot air (usually for loads very
hard to dry) or other auxiliary treatments

Plateau period

| (2> Air removal from the chamber (e.g. by

g | vacuum)
g |
* Heinting devel
End cycle
<3> Heating & Sterilization
\"Air re}lnoval | ‘
\ _.‘ { Drying/Cooling : e .
e e —— @ Post-sterilization phases (drying and/or
Time cooling)
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N
Initial air removal from the chamber
|
I /""“\‘ * Depressurization plus steam injection
/ /: (e.g. metal items, empty glassware open)

STEAM . AR
({/—-%u « Steam/ vacuum pulses

(e.g. porous solids where air removal is critical: filters, textiles,

[ — : )
( “'RE""°”“T'°”"”ASE;“>_" stoppers in bag, hollow materials)
7 DISCHARGE
STEAM =

WATER-RING
VACUUM PUMP

- These methods removes air from the chamber using a mechanical vacuum pump or
steam eductor.

~ T 7 * Displacement by Gravity (old autoclaves)
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Depressurization plus steam injection

Once the initial vacuum has been reached, steam is injected for a few minutes while the
vacuum pump is kept continuously running (P constant).

bEIONIZED WATER,

PLANT STEAM

SAFETY
VALVE [ l I
JEB | TE2 | i
e || B
- . e | =
Vacuum plus steam injection Fe ]
COMPRESSED AR AR o
FILTER mm
L I I e
=
LS P —
HEAT
EXCHANGER TET
-
PLC JACKET CHAMBER
time b
1000 mbar L [T Losoine
Vacuum plus steam injection y O S —
P

Initial Vacuum CLEAN STEAM

TAP WATER

GENERAL
DRAIN

The vacuum pump extracts both steam/condensate and air from the chamber
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Steam/ vacuum pulses

EIONIZED WATEI

PLANT STEAM

SAFETY
VALVE

ves | TE2| TP
TESIC
STERLE -
CouPRESSED AE> r
bressure COMPRESSED Al i || q[., T .
B
c
[A— E—
Rising pulse [R > }‘ sPRAY
HEAT
\ EXCHANGER TE?
l
JACKET CHAMBER

time

|
NAYA -

Vacuum pulse
CLEAN STEAM
TAP WATER

GENERAL
DRAIN

THERMAL
roge. | ~IW/PLC

Initial Vacuum

——d

o
SANITARY PUMP
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Parenteral Drug Association

Negative Steam/Vacuum Pulses
Residual air: 0.01%

Residual steam: 99.99%

1.0 bar abs
0.1 bar abs
VACUUM PULSE 1 PULSE 2 PULSE 3 HEATING
Air 1.0 0.1 0.1 0.01 0.01 0.001 0.001 0.0001 0.0001
Steam 0.0 0.0 0.9 0.09 0.99 0.099 0.999 0.0999 0.9999
% Residual Air  100% 10% 10% 1% 1% 0.1% 0.1% 0.01% 0.01%

SCIENGE~»
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PDA

Parenteral Drug Association

Positive Steam/Vacuum Pulses

Residual air: 1.664%
Residual steam: 98.336%

2.0 bar abs
1.1 bar abs
0.1 bar abs -
r Air
VACUUM PULSE 1 PULSE 2 PULSE 3 HEATING
% Residual Air 100% 10% 10% 5.5% 5.5% 3.025% 3.025% 1.664% 1.664%
% Residual Steam 0% 0% 90% 94.5% 94.5% 96.975%  96.975% 98.336% 98.336%

pda.org
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Parenteral Drug Association

Heating & Sterilization

PpEIONIZED WATER>—
PLC
SAFETY
i PLANT STEAM VALVE | | [
A . vEB | TEZ| TP
' Sterilization ‘ Te2 | vee | ESC
/ ! : STERILE Eﬂ
| | e i
= | { — ]
= | \ T
S Heating \ — ——
o I \ [R > Mo
5 | HEAT
o | \ EXCHANGER TET
<t ] Ly l
o \
| \ are JACKET CHAMBER
k | A [ Lonoe
| [ | UNLOADING
{— } | ; -
I\[’ Ih\ﬂ. i e e
- T - - — = h -
Time (min)

THERUAL _yy 1) o
PROBE
CLEAN STEAM

e
(9

GENERAL
.
SANITARY PUMP
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Post sterilization phases

Drying:

- vacuum and time-controlled/ vacuum hold

- air pulses

Cooling:

- indirect cooling

- direct cooling
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Vacuum and Time-controlled/ Vacuum hold

EIONIZED WATEI

PLANT STEAM |

PLC
SAFETY
VALVE

JEB | TE2| TP
TESIC
) TE2 | TEe | e
s | : STERLE -
| 4 . COMPRESSED AR AR,
; Depressurization FIDER mm_
- | 3 L | iy { I.‘
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= \ L ekt
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- - - »
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TAP WATER
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Vacuum and Time-controlled/ Vacuum hold

Drying and “natural” cooling by final vacuum

By creating a vacuum in the chamber, we are able to lower the boiling point of water
(BPOW).

We are able to create a temperature differential between the BPOW and the load item,
which is hot due to the sterilization phase already performed

mbara degC
1013.3 100

BPOW is a function of 8466 96

700.6 90

absolute pressure — T

150 473.4 80

100 /

0 500 1000 1500
Pressure (mbar)

o

Temperature (°C)
a1
o
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PDA
N4
Vacuum and Time-controlled/ Vacuum hold
Sterilization
2.0 bar abs
AT =80-30
= 50°C AT = 60-30
1.0 bar abs / o =~ AT =45-30
o ///2‘ :;5°C AT = 3030
Mooso =0
0.0 bar abs

During ‘vacuum drying’, we are limited in our ability to add extra ‘heat’ into the load to
reduce the drop in load temperature.

As the load cools, there will come a point when no more evaporation is possible, as the load
temperature matches the boiling point of water

At this point, if the load hasn’t reached the desired ‘dryness’ additional processing is
required.
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Parenteral Drug Association

Hot air — Vacuum pulses

DeioNzED WATER>—
PLC
" | SAFETY
PLANT STEAM v TTTT0
¥ \ TE TEZI P
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THERMAL
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[CLEAN STEAM e

TAP WATER
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Cooling

* Indirect cooling
v’ water circulation in the jacket

v/ air counterpressure

* Direct cooling

v'spray of sterile water onto the load

24
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Case studies

\
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Stopper in bags

Small Volume Parenteral in sealed containers

Mixed Load
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Stoppers in bags

2.
==z

Load description
Rubber stoppers in tyvek/ plastic bag

Customer request

Residual humidity < 0,1 %

Autoclave type
Saturated steam sterilizer (FOF)

26
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Stoppers in bags
Solid load drying: key points
« Material design & packaging system

- Item orientation/arrangement

« Drying by vacuum improved by:
o  Auxiliary heating equipment
o  Vacuum / (hot) air pulses

o  Forced circulation of hot air
(with fan)
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PDA

Stoppers in bags

Load pre-heating to reduce condensate production.

Air removal by modulated depressurization followed by modulated steam/ vacuum pulses

Drying by vacuum/air pulses

PHASE LISTS
phase

PREPARE AUTOCLAVE Pre- phase

ATR TO CHEAMBER X

MODULATED DEPRESSURTZATTION " heating '

TIMED VACUUM phas_e | Drying phases (timed

MODULATED STEAM RISING PULSE (hot air) | vacuum plus hot air/vacuum

DYNAMIC STEAM PRESSURE HOLD ‘ P,ujse

MODULATED FALLING PULSE " ‘ |,..... ?L‘ 1 fm|

TIMED VACUUM . L,r | | | | .

STEAM TO CHAMBER, MODULATED - re ovil ‘ Atmospheri

STERILIZATION ] c balance |,

MODULATED DEPRESSURIZATION by steam |

TIMED VACUUM . pul T

RISING AIR PULSE

ATIR PRESSURE HOLD i ”|

FALLING PULSE h

TIMED VACUUM |H‘Hl ‘ L | _ LJ
RETURN TO ATMOSPHERIC PRESSURE . v td
b

CYCLE END B
EMERGENCY “a : ; 08 W

Heating and
Sterilization

=]

e
B D 0D =) O O s La ) e
Pressure

(bar)

(=T ]
PRESEURE,/TT

=
(&3]

[
WO -1 o
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Stoppers in bags

Relative Humidity evaluation

Gravimetric method to determine RH

Stoppers are weighed before and after a specified drying procedure
at a defined temperature.

Residual Humidity (%)= (Wet weight-dried weight) x 100
Wet weight

Result

RH=0,03%
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Small Volume Parenteral in sealed containers

A Large volume parenteral (LVP) is a unit dose container of greater than 100 ml that is
terminally sterilized by heat.

A Small volume parenteral (SVP) is a unit dose that is packaged in containers labeled as
containing 100 mL or less.

@
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Small Volume Parenteral in sealed containers

Air removal method: vacuum plus steam injection
Heating & Sterilization

Cooling method: indirect cooling

- Cooling
Sterilization 1

1 PREPARF AUTOCLAVE 1 o 1 OV N

2 DEPRESSURIZE BY VACUUM FUMP g » /Hf;;;«;&AAﬁA/

3 TIMED VACUUM, STFAM INJECTION 20 ;

4 HEATING 41 e | |

5 STERILIZATION 41 ﬂ |

¢ PRESSURIZE CHAMBER BY AIR 81 = | =
7 CONTROLLED RATE COCLING Bl n |

. _ ) ... Depressurization plu |

8 COOLING EXTENSION Bl steam injection f

9 WATER DRAIN Bl - | \
10 RETURN TO ATMOSPHERIC PRESSURE 137 '“( f
11 CYCLE END 148 |
12 FMERGENCY 157 f
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Load description
* A metal box containing a dosing pump with relative piston

* A metal basket containing 4 needle-pump connection
pipes and 1 curved pipe
* A flask with pipe

* A curved collector connection, 1 connector 1

collector/tank connecting pipe, 3 collector/pump
connecting pipes

Autoclave type

Saturated steam sterilizer (FOF)

Customer request

Sterility and dryness of the load
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Parenteral Drug Association

Mixed Load
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Parenteral Drug Association

Mixed Load

PHASE LISTS

n.

[

[lale s B RN &) RS CR WE ]

11
1z
13
14
15
16

phase
PREPARE AUTOCLAVE
ATR TO CHAMBER
DEPRESSURIZE BY VACUUM PUMP
DYNAMIC STEAM RISING PULSE
FALLING PULSE
HEATING
STERILIZATION
DEPRESSURIZE BY VACUUM PUMP
TIMED VACUUM
RISING AIR PULSE
ATR PRESSURE HOLD
FALLING PULSE
TIMED VACUUM
RETURN TO ATMOSPHERIC PRESSURE
CYCLE END
EMERGENCY

(bar} 2.5

Sterilization

A removal
by vacy Jl;n followed by
steam/va qum pulses

I

Load pre-heating
with flushing of hot air
‘to reduce condensate
production

€0

34

Drying

by vacuum followed by
air/vacuum pulses

L

140

0.0
220
{min)
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Counterpressure Autoclaves

Generality & cycle description

35
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Counterpressure autoclaves

* Terminal treatment of solutions in sealed containers.

Aim is to "neutralize" the effects of the overpressure L =

AAAAA

* Two types of processes:
* superheated water autoclave (also, “water
cascade”, or “water rain”)

* air-over-steam autoclave (also, “steam & air”)
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What appends when an aqueous solution in a sealed container is heated?

1. Water partially evaporates into the head space, but the steam pressure P, in the head
space depends only on the temperature, regardless to the head space volume, as phase
equilibria are not affected by mass transfer

2. Dissolved gases partially leave the solution and generate a pressure P,in the head space,
that depends on temperature and chemical species

3. Gases (air) initially present in the head space expand, thus increasing their volume and/or
their pressure P,, that depends on gas mass, temperature and head space volume

4. The liquid phase increases its volume (thermal expansion of the liquid is practically not
containable)
—> This tends to reduce the head space and increase the pressure

5. The overall capacity of the container increases thanks to the thermal expansion of its
material (the thermal expansion is quite different for plastics, glass and metals). -
—> This tends to increase the head space and reduce the pressure

P,+P,+P, =Py

is the total pressure in the head space
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Overpressure inside sealed container

The total pressure (P) generated inside the sealed container at the temperature T (ex.
121° C)is equal to:

P(T) = PV(T) + Pa (M
Where:
_ -
Pv= Pressure of the water vapor
Pa = Pressure of the air

@ * Airinitially present in the head space.
* Dissolved gases that come out of the solution.

e Reduction of the head space due to the thermal expansion of the
liquid.

Example: Calculation of the counterpressure required at 1219C
P, = It’s a well-known value (1212C — 2,05 bar abs)
P, = It’s calculated based on the temperature of the liquid
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PDA
N4
[ .@- | o . .
=11z The total pressure inside the chamber (counterpressure) is automatically
|_- ) controlled and adjusted according to the temperature of the solution.
[ 1 The sterilization process is «driven» by a

temperature probe (product probe) directly

L placed inside the container with the liquid.
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Counterpressure Autoclaves

Superheated water autoclave (FOW)
Fedegari Orizzontale Water/ Fedegari Horizontal Water

* “Water cascade” sterilizers

* Counterpressure sterilization through superheated water

Steam-air mixture autoclave (FOA)
Fedegari Orizzontale Aria/ Fedegari Horizontal Air

« Steam air mixture sterilizers able to perform counterpressure sterilization @ @@

>100ml

[ 1 « At beginning the air in the chamber is not removed

@ * Suitable for treating loads in containers that may be deformed due to the
- —J difference in pressure between the chamber and the container itself.
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Superheated water autoclave (FOW)

Process phases
P @ Chamber water filling

A <2> Water circulation

g Plateau period (@ Heating & Sterilization

3 e

g

2 - |

- Heati_'l/g"' <> COOlmg

('SD Chamber drain
Time @ Atm pressure balance
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Parenteral Drug Association

Phase 1: Chamber water filling
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TAP
COOLING
WATER

<

PLATE
HEAT EXCHANGER
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<

CONDENSATE DRAIN

——— PRESSURE TRANSDUCER _
SPRAY ELECTRONIC
NOZZLES PROCESS
THERMAL o
INSULATION
2 STERILE AIR
i FILTER (S.1.P)
CHAMBER \': )
WATER COMPRESSED
LEVEL AIR
s <
| = STRAINER
- ;
TREATED D.I. WATER
ANITARE SIaCIATING FOR CHAMBER PREFILLING
U
B
WATER DRAIN AIR/STEAM DRAIN
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Parenteral Drug Association

CONNECTING

Phase 2: Water circulation

steam [) —‘

TAP
COOLING
WATER
PLATE
HEAT EXCHANGER

CONDENSATE DRAIN

SPRAY
0ZZLES

THERMAL
INSULATION

<

3
L&)

D
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PRESSURE TRANSDUCER
p ELECTRONIC
PROCESS
CONTROLLER
™\ T5
N STERILE AIR
FILTER (S.1.P)

WATER DRAIN

STRAINER

=]

TREATED D.I. WATER
FOR CHAMBER PREFILLING

J

<

M

CF

COMPRESSED
AR

AIR/STEAM DRAIN
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PDA

Parenteral Drug Association

Phase 3: Heating & Sterilization

E:) PRESSURE TRANSDUCER
sTEam [ SPRAY p ——![ ELECTRONIC |
o~ NOZZLES e PROCESS
COOUNG T T it ik, CONTROLLER
WATER INSULATION L
STERILE AR
m ) FILTER (S.I.P)
CHAMBER \': <
WATER . COMPRESSED
LEVEL V) AR
L8]
cl TINGWATER. | STRAINER
TREATED D.1. WATER
SANITARY CIRCULATING FOR CHAMBER PREFILLING
(Je=
o O v
CONDENSATE DRAIN WATER DRAIN AIR/STEAM DRAIN
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Parenteral Drug Association
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Phase 4: Cooling

PRESSURE TRANSDUCER
CONTROLLER
™ T8
- STERILE AIR
RIRIRIRRARI - [N FILTER S.1.F)

T

T4 I_Iil / >

M

{3
COMPRESSED
AR

STRAINER

{J

TREATED D.I. WATER
FOR CHAMBER PREFILLING

CONDENSATE DRAIN

5
WATER DRAIN

AIR/STEAM DRAIN
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Parenteral Drug Association
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Phase 5: Chamber drain

)y — PRESSURE TRANSDUCER _
sTEAM [ SPRAY ELECTRONIC
TAP NOZZLES i CROCESS
COOLING THERMAL T e
WATER INSULATION

/ STERILE AIR

O & FILTER (S.1.P)

PLATE
MEAT EXCHANGER
CHAMBER \': <
WATER COMPRESSED
LEVEL AR
S : X
o < : o w
[ 1 ju - e ot -
g STRAINER
— o :
TREATED D.I. WATER
SANTARYCIROLATING FOR CHAMBER PREFILLING
“ i U
< < <
CONDENSATE DRAIN WATER DRAIN

AIR/STEAM DRAIN
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Sterilization cycle description

®* The control of the process is based on the temperature

® Chamber pressure is independent from the temperature

®* During all stages the counterpressure is controlled

Thermal & Pressure profile

Thermal probes outside the container
7

Thermal probe inside the container

Temperature (° C)

Pressure abs (bar)
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Steam- Air mixture autoclave (FOA)

Process phases

A

Plateau period

Temperature

nd cycle
>

®

Heating & Sterilization

Cooling

Atm pressure balance

49
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* At beginning the air in the chamber is not removed
* Fan(s) and flow deflectors allow to homogenize and

distribute the steam-air mixture
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Parenteral Drug Association

Phase 1: Heating & Sterilization

ELECTRONIC
PROCESS

/- CONTROLLER
STERILE AIR
FILTER (S.1.P)
EAT

HEAT
EXCHANGER (j t__—_@t

DRAINVENT

LOW DEFLECTOR

THERMAL
INSULATION

TAP WATER FOR INTERNAL

HEAT EXCHANGER
HEAT EXCHANGER & CHAMBER DRAIN
CONNECTING
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Parenteral Drug Association

Phase 2: Cooling

DRAINVENT

PRESSURE ELECTRONIC
TRANSDUCER PROCESS
HEAT p‘/ CONTROLLER
EXCHANGER O

STERILE AIR
FILTER (S.1.P)

FLOW DEFLECTOR

THERMAL

HEAT
INSULATION —"" EXCHANGER
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o AV COMPRESSED
5 AR
STEAM/AIR /
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Thermal & pressure profiles

®* The control of the process is based on the temperature
® Chamber pressure is independent from the temperature

®* During all stages the counterpressure is controlled

Thermal probes outside the container

‘é | . Thermal probe inside the container
© \\< I
% /
&
Time (min)
Note: the FOA and FOW charts are similar because they are both counterpressure
machines.
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Air-over-steam autoclaves: Steam requirements

In air-over-steam autoclaves:
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there is contact between steam and product, just as in saturated steam autoclaves

steam heats only or heats and sterilizes depending on the type of load (containers or
“difficult” products: blood-bag systems, dialysis filters, containers in blister)

if the steam heats and sterilizes, the same steam quality requirements do apply, as in
the case of saturated steam sterilization, but

a further difficulty derives from the independence of pressure and temperature due to
the presence of air; the ratio of partial pressures of steam and air is usually between 3
and 1.1 (most commonly about 1.5)



Comparison

+ Easy controlled modulated heating and modulated cooling
+ Shorter process duration
FOW + No appreciable consumption of clean steam (used only for filter sterilization)

— Productis unloaded wet

— Higher water consumption (for initial filling)
— Higher energy consumption (to heat the circulation water)

— Blushing phenomenon (i.e. whitening of the PVC due to water absorption)

A

FOA — Controlled modulated heating but not possible modulated cooling
— Longer process duration (mainly because of indirect cooling)
— Low unloading temperatures require much time
— Modulated cooling impossible; (but modulated heating possible)
Consumption of clean steam
Lower energy consumption
Product could be easily unloaded dry
No PW/UPW/WFI water consumption
Blushing phenomenon very rare

+ + + +
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Case studies

@

\

Suspension in a glass vial

Plastic bottles

Liquids in plastic sealed containers
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Suspension in glass vials

Load description
® 1 ml suspension
* 3 ml glass vials sealed with rubbers stoppers and flip-off caps

* 2 different preparations

Customer request

®* Minimal thermal treatment at 121°C in a superheated water
autoclave

®* Maintain the physical stability of the suspension after the

treatment

® Evaluate if the cake formation is hard to re-suspend and the
time taken to re-suspend it
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Suspension in glass vials

Process strategy
® Superheated water autoclave

® Rotating basket and different rotating speed
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Suspension in glass vials

Result

White samples

The samples were suspended.

All the samples had the same behaviour independently from the
position.

All the samples lost their paper label.

All the samples resulted re-suspended in about 5" of manually shaking.

Red samples
* The two phases in the samples were still separated.

* All the samples had the same behaviour independently from the
position.

* All the samples did not result completely suspended in 30" of
manually shaking.
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Load description

* Plastic bottles

e Material: Polypropylene
* Size: 250 ml

* Content: Water/placebo

Customer request

* No deformation
» Sterilization at 121°C for 20’ in a superheated water
autoclave
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Plastic bottles

Process control
The sterilization process is «driven» by a “‘ =\
:

temperature probe (P100 product probe)

directly placed inside the container with the ZSOm,PPb:ﬂ\

liquid.

P100 Probe
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Plastic bottles

Step 1
Remove the protective ring

Step 2
Pierce the silicon stopper and insert the P100
thermal probe

Step 3
Place the load and the bottle with the thermal probe in the
FOW chamber
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Plastic bottles

Result
No deformation
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Liquids in plastic sealed containers
What happen if...

« Temperature is too high?

- The applied counterpressure is not well adjusted?

Container deformation!!
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Liquids in plastic sealed containers
Load: 500 mL plastic bags

Autoclave type: FOA

Challenge: bag integrity

Result
Intact bag
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Thank you for your attention!
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