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Misconceptions in
Freeze Drying

Introduction

Freeze drying (lyophilisation) is a stabilisation method that is widely used in the 
pharmaceutical industry for drugs, vaccines, antibodies and other biological 
material. Freeze drying removes the solvent (often water) from a product to a level 
where the product shows significantly increased stability. This process has
applications in the preservation of many different types of material, from small
amounts of chemicals to large organic or inorganic structures where both the
material and the three dimensional structural integrity must be maintained.

Successful freeze drying requires the balance of a number of factors and it can be
a complex process to manage. Despite improvements in analytical and process
science a number of misconceptions persist. In this booklet we take a look at some
of those we encounter most often and how we can counteract them. 

Questions or Suggestions?

Please feel free to direct any comments or questions to bps@biopharma.co.uk
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1. Freeze dryers are all the same

‘ I can get a freeze dryer from a catalogue’ 

Although all freeze dryers will carry out the same processes – freezing and drying 
– there are systems available in a vast variety of sizes, capabilities and
configurations. There is no one system that will be suitable for every possible
application, so it’s important to define what the freeze dryer will be needed for in
order to ensure the system supplied is the right one. The three main areas to
consider are container type, development stage and product characteristics.

Container type 

Vials, bulk trays, flasks, ampoules and 96 well plates are all commonly used but 
are not all compatible with every type of freeze dryer. For example, flasks and 
ampoules are ideal for use in a freeze dryer with a vertical ‘tree’ manifold, but are 
unsuitable for a shelf-style freeze dryer. 

Development stage 

For early experimentation simple laboratory systems are flexible and simple 
enough to use on many products. For more sophisticated formulation and process 

Types of freeze dryers. Clockwise 
from left: BTP benchtop laboratory 

system; benchtop AdVantage; 
Freezemobile; production- scale 
Benchmark; and floor-standing 

Genesis research system, all from 
VirTis 
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development, research systems offer more precise process control and
monitoring. For systems dedicated to or involving production, additional process
capacity, automation and security will be required. Services like containment or 
CIP (clean-in-place) will need to be considered at the outset.

Product characteristics

The basic characteristics of the product(s), such as freezing temperature, will
determine the process temperatures that will be needed (see Knowing your
Critical Temperatures, page 14); the batch size will determine the shelf area and
condenser capacity required.

Non-aqueous solvents may be corrosive to some parts of a standard freeze dryer,
particularly the acrylic of a door or drum manifold. Where corrosive non- aqueous
solvents will be in use stainless steel or glass alternatives can be substituted.

The type of product and its final use will also determine the level of cleaning,
control, monitoring and security that the system needs to provide. For example,
products intended for injection will require much more stringent quality
monitoring and control than foods.

System performance and site conditions

It’s also important to note that system performance is tested under certain
conditions. Changes in ambient conditions, especially air temperature, can affect
the system’s ability to achieve performance specifications. To ensure that the 
system performs as required, siting should be considered early on.
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2. Product freezing isn’t as important as product
drying

‘I just wait until it looks frozen on the shelf’ 

‘Sometimes I dip it in liquid nitrogen, sometimes I just put it in the -20°C freezer 
overnight’ 

The purpose of freeze drying is to create a dry product, so often the focus is on 
the drying stages. However the way a product freezes will affect the way it dries. 

Firstly it is fundamentally important to ensure that the product is thoroughly 
frozen before the drying stage starts as the vacuum applied in primary drying will 
cause any unfrozen product to boil. To ensure the product is thoroughly frozen 
you need to know the temperature at which it freezes, which may be significantly 
lower than the point at which it appears solid. 

Many formulations are comprised of multiple elements which together can create 
complex and unpredictable freezing and drying behaviour. Analysis of the product 
in its frozen state (Biopharma’s Lyotherm instrument) can ensure there are no 
unseen events occurring below the freezing point. 

The manner in which freezing is undertaken will also affect how drying progresses. 
Large ice crystals create an open structure with large paths through which vapour 
can escape, facilitating easier drying. Small, less contiguous crystals imply 
narrower vapour paths with consequent impedance to vapour flow and 
potentially longer drying times. As a rule, fast freezing (such as dipping in LN2) 
creates small crystals while slow freezing creates large crystals. 

Figure 2: Large, contiguous ice crystals and small, discrete crystals 
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However large ice crystals can be damaging to biological products. Cells can be
damaged by the growth of crystals, while solute concentration and surface
induced denaturation can damage proteins. Therefore ideal crystal matrix
structure and cooling rates will vary from product to product.

Controlling the crystal structure

Annealing, a process of cooling and warming a product, is often used to encourage
a favourable ice crystal structure. Freeze drying microscopy with Lyostat can be
used to determine whether annealing will affect the crystalline structure of a
product.

The rate at which product freezes and crystallises can vary across a freeze dryer.
Technologies such as ControLyo, available on SP Scientific Lyostar freeze dryers,
have recently been developed to control the manner in which ice nucleates. This
is used to encourage uniform and controllable freezing, which  in turn leads to
uniform and controllable drying.

Figure 3: Freezing events in a simple solution. S1 and S2 mark supercooling events
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3. Freeze drying only takes a couple of hours

‘I’ll put it in the freeze dryer now and come back and get the product after lunch’ 

‘I’ll just run it overnight’ 

Put simply: freeze drying is not a quick process. Production cycles that take more 
than a week to complete aren’t uncommon, although a few days is more usual. 

For many sensitive product types, freezing can take considerable amounts of time 
as the crystallisation of ice must be controlled through slow cooling, annealing or 
nucleation control methods such as ControLyo. 

Primary drying has to operate at sub-zero temperatures in order to maintain a 
frozen structure, but those temperatures inhibit the rate at which drying can occur 
(see process temperatures, next page). As sublimation progresses, a layer of dry 
material builds up on the surface of the product which inhibits the flow of vapour 
and causes drying to slow. 

Secondary drying involves much higher temperatures but is an increasingly slow 
process and may take hours or days to remove just one or two per cent more 
moisture. 

Different product types 

Different product types have different characteristics and requirements which will 
affect process duration. Fruit, vegetables and other ingredients  are typically 
processed in 24-48 hours. This is due to the relative robustness of the products, 
which can be freeze dried much more aggressively without detriment. Collapse 
isn’t considered an issue in foods as they already have a good structure and 
reconstitution is of less concern when being eaten rather than injected. 

For pharmaceutical and biotechnology products, a production freeze drying cycle 
that lasts three days (70 hours+) is not uncommon. These products often have 
very low critical temperatures that reduce the speed of processing, and due to the 
strict requirements of the regulatory bodies there is no room for negotiation on 
process parameters. 

Lowering the chamber pressure or increasing the condenser temperature – 
actually make the process slower (see pages 8 and 10). Reformulation can create 
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Freeze Drying Fundamentals: Keeping process 
temperatures low 
During primary drying, the product temperature must not to be allowed to  rise 
above the product’s critical temperature. This results in collapse, where the 
frozen structure starts to fail and process defects occur. Freeze drying should 
create an open, porous structure which allows the water vapour to escape 
easily without affecting any of the remaining components. Collapse eliminates 
this structure, making it more difficult for the water to escape and actually 
making drying less efficient, as well as causing a whole range of other defects. 
Without the frozen structure, it’s not freeze drying – it’s just drying. 

Collapse can make it particularly difficult to remove the final 5 or 10% of 
moisture to achieve the required dryness. 

a better thermal profile, enabling freeze drying to be driven faster. The target 
dryness can also be evaluated. If increased final moisture content can be 
tolerated, this can cut significant amounts of time off secondary drying. However 
the impact of any changes on stability and activity must be evaluated carefully. 

The exception to the rule 

Products with a very small fill volume (<1ml) may freeze dry more quickly as there 
is less solvent to sublimate and they have a much larger proportional surface area. 
In these cases the product freezing is especially important and must be carried out 
in a controlled manner. Otherwise solvent can be lost through evaporation before 
it’s frozen, and this can affect final product uniformity and reconstitution. 

Secondary drying is a process mainly of desorption, not sublimation. By this point 
the structure is relatively stable and unable to collapse, so higher process 
temperatures can be used. 
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4. A colder condenser means faster freeze drying
‘I need a colder condenser to improve my freeze drying’ 

‘A colder condenser will suck the water out faster’ 

The temperature of the condenser alone does not affect the rate at which freeze 
drying occurs: it is the difference in vapour pressure between the product and 
condenser that drives the process. The higher the difference in pressure, the faster 
the air and water vapour will move from one area to the other. However, simply 
having a colder condenser isn’t necessarily the best answer. 

If we consider the table below we can see that the pressure differential decreases 
as temperature drops; for example the vapour pressure difference between –60°C 
and –80°C is 0.0103mbar, but the difference between –60°C and –40°C is 
0.1180mbar. In order to increase the pressure differential and speed up drying, 
it’s much more efficient to raise the product temperature. 

The temperature at which the product is dried depends on the  product’s critical 
temperature, which must not be exceeded during primary drying. However it is 
sometimes possible to change the product’s thermal profile by reformulating, 
which would then allow the freeze drying process to be driven more quickly. 

Temperature °C Pressure mbar Pressure microns

0 6.1048 4581 

-5 4.015 3011 

-10 2.5998 1950 

-20 1.0346 776

-30 0.3798 285

-40 0.1288 96.6 

-50 0.0395 29.5 

-60 0.0108 8.1

-70 0.0026 2.0
Table 1: Vapour pressure of ice 
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An increase in product temperature of just 1°C can result in a decrease in primary
drying time of as much as 13%, so even small gains can have significant benefits.

Colder temperatures require more energy to achieve and increase the complexity
of the equipment. Extra cold condensers are designed to process non-aqueous
solvents which typically have low freezing points, and should not be required for
aqueous products.

Figure 4: Schematic of a freeze dryer, showing flow of vapour
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5. Lower chamber pressure means faster freeze drying
‘The vacuum pump sucks the moisture out’ 

‘A higher vacuum (lower pressure) will speed up drying’ 

The vacuum within a freeze drying chamber is intended only to create the 
necessary conditions for the moisture to sublime directly from ice to vapour. The 
moisture is not ‘sucked out’ of the product and chamber pressures that are 
unnecessarily low will actually slow freeze drying. 

In order to counter the effects of sublimation cooling, energy (heat) needs to be 
continually added back into the product. Heat enters the product by conduction, 
radiation and also convection from the remaining air molecules. As the pressure 
in the chamber drops, the effect of convection decreases. A lower vacuum (higher 
pressure) has more gas particles present and will therefore allow greater transfer 
of energy and a faster drying process. Higher vacuum (lower pressure) reduces the 
transfer of energy and actually has an insulating effect, leading to a slower 
process. Control of the pressure/vacuum in the chamber is therefore one way of 
influencing the overall speed of the process. 

The driving force of freeze drying is the vapour pressure differential between 
condenser and the product in the drying chamber (see table 1, page 8), not simply 
the pressure or the flow of gas created by a vacuum pump. 
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Freeze Drying Fundamentals:
Balancing heat input and output
Controlling product temperature and chamber pressure in primary
drying is not as simple as it might seem as these parameters affect one 
another.

As the product’s solvent escapes, the product’s temperature drops
through sublimation cooling. The drop in temperature slows the rate of 
drying, so must be countered by adding more heat to the product. Heat
is added via the shelf temperature, which can be raised; heat also enters
the product from the atmosphere, so the chamber pressure must not be
set too low. Air can be bled into  the chamber at a controlled rate to
raise the chamber pressure.

However, if the pressure in the chamber is too high, the sublimation rate
will slow and the product’s temperature will rise. If sublimation is
occurring very quickly or the rate of flow from the chamber to the
condenser is impeded by the capacity of the condenser (see condenser
overloads, page 22) or the containers (shelf spacing, page 21), the
chamber pressure can rise sharply.

Product probes can be used to monitor the temperature of the actual
product (as opposed to the temperature of the shelf) during processing
to make sure it does not deviate too far from the target. Product will not
dry in exactly the same way across the chamber, so the placement of the
probes needs to be considered.

The point at which shelf temperature and product temperature coincide
indicates the end of sublimation and is therefore a good indication of
the end of primary drying.

Figure 5: Heat entry into product 
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6. A cycle that works for one product will work for all
of them
‘I have a cycle that works fine, I’ll use that for my other products too’ 

‘Most products are OK with this recipe, but some seem to keep producing 
defects’ 

In our experience it’s very common to find one cycle borrowed for other 
applications or products—sometimes hundreds of different formulations being 
processed with one cycle! But if process parameters are too conservative, the 
cycle will be inefficient; if the temperatures are too high, there will be a high 
degree of product failure. An unsuitable cycle may even result in both. Ideally each 
freeze drying cycle needs to be optimised for a specific product, batch parameters 
and freeze dryer. 

Even seemingly small changes can have significant effects. For example, if the 
container size is changed the product may dry at a different rate (vial fill depth, 
page 17) and this will require the cycle to be adjusted to compensate. Formulation 
changes including the type or amount of active ingredient will affect the thermal 
characteristics of the product overall. A small change in the fill volume of a large 
number of vials could increase the overall batch size beyond the capabilities of the 
condenser. 

Figure 6: An example of a freeze drying cycle 
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Scaling up to production

Scaling up from development to production equipment is particularly important
as production equipment may not have the same process capabilities. Even where
the major specifications are the same – condenser capacity and temperature –
there may be other differences. For example, the dimensions and layout of the 
chambers can affect the rate of vapour flow, and the change in scale may affect
the system’s ability to change temperature at the required rate. Whenever
equipment is being changed, proper consideration should be given to the
implications and testing carried out before production resumes.
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changes including the type or amount of active ingredient will affect the thermal
characteristics of the product overall. A small change in the fill volume of a large
number of vials could increase the overall batch size beyond the capabilities of the
condenser.
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Figure 1: Characterisation analyses. Top: 
Lyotherm analysis, Lyostat FDM 

Freeze Drying Fundamentals: Knowing 
your critical temperatures
It’s vital to know the critical freeze drying parameters of a product in order to 
develop a cycle that is safe and efficient. 

This data will ensure that the cycle is right for the product. It’s also useful 
for quality control and when submitting for regulatory approval. 

Both collapse (Tc) and 
eutectic temperatures 
(Teu) are easy to identify 
using a freeze drying 
microscope such as 
Lyostat. 

Frozen-state glass 
transitions (Tg’) can be 
identified by DTA and 
impedance analysis 
combined, as provided by 
Biopharma’s Lyotherm 
instrument. Lyotherm also 
identifies other events of 
molecular mobility 
occurring in the frozen 
product, such as 
endotherms (softening) 
and exotherms 
(restructuring). 

Dry-state glass transitions 
(Tg) are useful for 
understanding the stability 
and storage conditions of a 
freeze- dried product, and 
can be identified using 
DSC. 

Drying with good 
structure 

Sample collapses 
on heating 

Sublimation ront 

Frozen sample 
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7. Any vacuum pump will do
‘I have a vacuum in the lab that works fine, I’ll use that one’

‘I’ll just connect the dryer to our house vacuum system’

‘What is the gas ballast function?’

Freeze drying typically operates at very low pressures (high vacuum). Many pumps
often found in the lab – central vacuum systems, single stage pumps or diaphragm
pumps – are not suited for freeze drying as they simply cannot achieve the
required vacuum or maintain performance at that level of vacuum. As shown in
table 1 (page 8), the system must achieve a vacuum lower than the vapour
pressure of the frozen product temperature in order to begin the sublimation
process.

The most common pump for freeze drying applications is a two stage, oil sealed,
rotary vane vacuum pump. The pump’s ultimate achievable vacuum is typically
around <1mtorr*, and it provides nearly 100% of pumping speed performance
across the typical working range of freeze drying vacuum requirements. If the
freeze drying system is specified correctly then the condenser will trap all
condensable vapours and the pump will provide initial pull down. The freeze dryer
control system will maintain the set vacuum through minor vacuum fluctuations
by controlling the pump and gas bleed.

In all vacuum applications, it’s best to site the pump as close as possible to where
performance is required. Long length, small bore tubes have a significant effect on
reducing vacuum pump performance.

Figure 8: Vacuum pump. Left, an Oerlikon Leybold Rotary-Vane Vacuum Pump; right, a BOC
dry pump.
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often found in the lab – central vacuum systems, single stage pumps or diaphragm 
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required vacuum or maintain performance at that level of vacuum. As shown in 
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process. 

The most common pump for freeze drying applications is a two stage, oil sealed, 
rotary vane vacuum pump. The pump’s ultimate achievable vacuum is typically 
around <1mtorr*, and it provides nearly 100% of pumping speed performance 
across the typical working range of freeze drying vacuum requirements. If the 
freeze drying system is specified correctly then the condenser will trap all 
condensable vapours and the pump will provide initial pull down. The freeze dryer 
control system will maintain the set vacuum through minor vacuum fluctuations 
by controlling the pump and gas bleed. 

In all vacuum applications, it’s best to site the pump as close as possible to where 
performance is required. Long length, small bore tubes have a significant effect on 
reducing vacuum pump performance. 

Figure 8: Vacuum pump. Left, an Oerlikon Leybold Rotary-Vane Vacuum Pump; right, a BOC 
dry pump. 
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Dry vacuum pump technology has improved in recent years and is more 
affordable. Dry pumps offer reduced maintenance as there is no oil to change and 
certain designs can be more tolerant to aggressive vapours, liquids and 
particulates. Although ultimate performance does not match ‘wet’ oil sealed 
pumps, pumping speed characteristics have improved and such dry pumps are 
now successfully employed in many freeze drying applications. 

Gas Ballast 

‘Gas ballast’ is normally a two position valve – on /off – that allows a small amount 
of air to be introduced at the final compression stage of the pump.  This increases 
the pump’s tolerance to pumping any water vapour that hasn’t been condensed. 
It also raises the pump’s operating temperature which has the effect of degassing 
and cleaning the oil of any solvent contamination. It is good practice to operate 
gas ballast for 10-15 minutes after a freeze drying run before switch off. Don’t 
forget to turn the gas ballast off as oil carryover to the exhaust occurs at a 
significant rate and will eventually drain the pump of oil, leaving it vulnerable to 
damage. 

Vacuum pump maintenance is one of the more important day to day tasks that 
users can complete simply and easily to ensure the long term performance of the 
entire freeze drying system. 

*according to pump manufacturer data
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8. Vials can be filled to any depth
‘This cycle was optimised for this product and machine, so it’ll work with a 
different container’

‘Filling the vials to the top maximises batch volume’

The container size and fill depth will affect how freeze drying happens, so it
shouldn’t be assumed that the fill volume or vial size can be changed without any
effect.

Product freeze-dries from the top (surface) down and as it does, a layer of dried
product gradually builds up on top of the remaining frozen product. This dried
layer creates an increasing impediment to the sublimated water vapour trying to
escape from below. The thicker the layer of dried product, the more difficult it is
for the vapour to escape. Drying will slow, the effect of sublimation cooling (see
balancing heat and pressure, page 11) will decrease, and product temperature will
rise. In some cases this may risk collapse, but even in less serious instances the
rate of drying will continue to slow and the process will be increasingly inefficient
or stop altogether.

Where conditions allow, maximum product depth should be in the region of 12 -
15mm. This is relevant for both a product both in vials and a bulk product.

Figure 9: Increase in layer of dried material as drying progresses
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shouldn’t be assumed that the fill volume or vial size can be changed without any 
effect. 

Product freeze-dries from the top (surface) down and as it does, a layer of dried 
product gradually builds up on top of the remaining frozen product. This dried 
layer creates an increasing impediment to the sublimated water vapour trying to 
escape from below. The thicker the layer of dried product, the more difficult it is 
for the vapour to escape. Drying will slow, the effect of sublimation cooling (see 
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rate of drying will continue to slow and the process will be increasingly inefficient 
or stop altogether. 

Where conditions allow, maximum product depth should be in the region of 12   -
15mm. This is relevant for both a product both in vials and a bulk product. 
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A larger (wider) vial will spread the same volume of product out, giving it a larger 
surface area and lower depth, causing it to freeze dry more quickly; conversely, a 
narrower container will cause the product to dry more slowly, even if the fill 
volume is the same. The differing rates of sublimation will affect the product 
temperature and need to be accommodated in the cycle. 

Figure 10: From left to right: DIN2, DIN6, DIN50 vials, each with 2ml fill 
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Freeze Drying Fundamentals: What 
are critical temperatures?
‘Critical temperature’ refers to any point at which key changes occur
in a product. This includes eutectic or collapse point, glass transitions,
and freezing point.

‘Freezing’ is the point at which a liquid solidifies and is not necessarily
the same as melting point. Freezing is a random process and often
occurs unevenly across a batch, particularly with highly filtered 
pharmaceutical grade products. It’s vital to ensure that the whole
batch is thoroughly solidified for freeze drying to take place.

‘Eutectic point’ (Teu) is the temperature at which a crystalline 
formulation melts. Eutectic melting occurs relatively suddenly and
dramatically and is therefore easy to pinpoint. However very few
solids are purely crystalline.

In more complex products, the frozen structure fails in a more gradual
way over a range of temperatures. ‘Collapse’ (Tc) is the point at which
the structure collapses, resulting in a liquid or partly-liquid product.
Collapse can result in a wide range of process failures including 
reduced activity, reduced stability and poor reconstitution and can
make it difficult to dry the product to the required level.

‘Glass transition temperature’ (Tg’) is the point at which an amorphous
solid changes from brittle into a more mobile, glassy structure, and
can be significantly lower than the collapse temperature. While
collapse is always a serious event, some products can be safely freeze 
drying above their glass transition. However where process defects do
occur they are often not visually apparent, so it’s important to
characterise each product before processing and test afterwards.
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‘Freezing’ is the point at which a liquid solidifies and is not necessarily the 
same as melting point. Freezing is a random process and often occurs 
unevenly across a batch, particularly with highly filtered 
pharmaceutical grade products. It’s vital to ensure that the whole batch is 
thoroughly solidified for freeze drying to take place. 

‘Eutectic point’ (Teu) is the temperature at which a crystalline 
formulation melts. Eutectic melting occurs relatively suddenly and 
dramatically and is therefore easy to pinpoint. However very few 
solids are purely crystalline. 

In more complex products, the frozen structure fails in a more gradual way 
over a range of temperatures. ‘Collapse’ (Tc) is the point at which the 
structure collapses, resulting in a liquid or partly-liquid product. Collapse 
can result in a wide range of process failures including reduced activity, 
reduced stability and poor reconstitution and can make it difficult to dry 
the product to the required level. 

‘Glass transition temperature’ (Tg’) is the point at which an amorphous 
solid changes from brittle into a more mobile, glassy structure, and can be 
significantly lower than the collapse temperature. While collapse is 
always a serious event, some products can be safely freeze drying above 
their glass transition. However where process defects do occur they are 
often not visually apparent, so it’s important to characterise each product 
before processing and test afterwards. 
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Figure 11: A variety of process 
defects. Clockwise from 

bottom: crust formation with 
product shrinkage; ablation; 

collapse; boiling and collapse; 
shrinkage 
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9. The smaller the shelf spacing, the more product I
can fit in
‘I have 10 ml vials with a height of 45mm plus stopper at 8mm for a total height
of 53mm. A dryer with 55mm shelf spacing will maximise batch capacity’

Shelf spacing calculations are made to ensure that not only can product be easily
loaded onto shelves, but that there is also sufficient space above the drying 
container to allow the vapour to escape unhindered. Vapour can leave the
container at a high rate and without sufficient space above the containers for that
vapour to escape it is possible to create localised drying conditions. For example,
vials in the centre of a shelf may have different drying rates to those at the edges.

There are various formulas available for determining the shelf spacing  required.
The dimensions of the shelf and vial shoulder design may also be considerations
when making recommendations. In the example given above, our own
calculations suggest that a spacing of 65mm would be more acceptable. While it’s
possible to complete drying at reduced spacing, it’s likely an extended cycle would
be required to reduce possible vapour load and the risk of localised drying
conditions.

On larger production dryers, it is increasingly
common to employ automated loading and
unloading systems (ALUS) and shelf spacing also
needs to accommodate the mechanisms of such
equipment.

Figure 12: Trays loaded into a 
freeze dryer with sufficient
headroom for vapour flow
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10. Condenser overload occurs when the batch is too
big
‘Why does the condenser overload or by-pass when we’re processing far less 
than its overall capacity?’ 

‘The oil in my vacuum pump looks milky’ 

As well as the total amount of solvent in the batch, the rate at which vapour is 
generated can cause an overload. 

If there is more vapour than the condenser can trap, the vapour will bypass the 
condenser and exit through the vacuum pump. This is known as a condenser 
overload and can cause vapour to condense in the pump. As well as causing 
damage to the pump this is an indication that there is a problem with the 
particular processing step or recipe. 

Performance figures for freeze dryer condensers are most commonly given as 
overall capacity at a particular ice thickness and deposition rate over 24 hours. 
These figures are often quoted for comparison with other systems and it’s 
important to note that both of these measurements are based on a number of 
standardised parameters that may not be applicable to a real situation. 

Figure 13: Remove the ice from a condenser 
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However, vapour will not be given off at an even rate throughout the cycle. Drying
is often much faster at the start of primary drying, when there is less impedance
to the migration of vapour (see figure 9, page 17). Even where a condenser’s
performance matches the requirements when taken as an average over 24 or 48
hours, it can be that majority of this vapour is being generated early on in too large
a volume for the condenser to trap. This will also cause the condenser to overload
or by-pass.

Factors such as the processing temperature, the container type and the batch size
can all affect the rate at which vapour is generated.

Application of too much energy at the start of the drying process can lead to high
vapour generation which in turn can lead to vacuum pump failure and risk a rise
in condenser temperature as it tries to cope with condensing too much vapour.
This is a particular design consideration when specifying benchtop or production
systems. Correctly sizing the condenser’s capacity and operating temperature to
ensure the solvent will condense is important to long term reliability.

Figure 14: Condenser trapping capacity and vapour load
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performance matches the requirements when taken as an average over 24 or 48 
hours, it can be that majority of this vapour is being generated early on in too large 
a volume for the condenser to trap. This will also cause the condenser to overload 
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vapour generation which in turn can lead to vacuum pump failure and risk a rise 
in condenser temperature as it tries to cope with condensing too much vapour. 
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11. Drier (lower final moisture content) is always
better
‘A final moisture content of zero will give the best possible shelf life’ 

Freeze drying aims to increase the stability of a product by reducing the moisture 
content so it is easy to assume that the drier the product, the better. 

However many products can be damaged by overdrying. Biological products such 
as cells, proteins and vaccines will typically require higher moisture content than 
simple chemicals, but the target final moisture content will depend on the 
specifics of each product and formulation. Stability studies should be carried out 
to ascertain what the ideal moisture content should be. 

Overall moisture content is an important metric, but in practice water may be 
present in a variety of ‘forms’ – free, adsorbed, chemically bound, hydration shells 
(e.g. of proteins), water of crystallisation, not all of which may be directly linked 
to the activity or stability of the product in question. 

Moisture Determination 

Different types of moisture determination method 
measure the water differently and it is advisable to use 
several measurement techniques in combination, 
especially  during development and trials. Until 
recently, the only moisture detection methods 
available were destructive. This meant that large-scale 
or long-term analysis was not feasible and the variance 
in final moisture levels was a calculated estimate. 
However new techniques such as headspace analysis 
by frequency modulated spectroscopy (FMS, from 
Lighthouse Instruments) offer quick and non-
destructive analysis. Entire batches can be analysed 
relatively quickly. This can be used to accurately 
measure the moisture content variance, to map the variances across a freeze 
dryer chamber or shelf, or to monitor the quality of entire batches.

Figure 15: Karl Fischer 
Titration, a common—but 

destructive—technique for 
moisture analysis 
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It’s also important to note that secondary drying is an increasingly slow process
and that obtaining an extra 1 or 2% reduction in moisture content may add many
hours to process time. A product with 0% moisture will never be achieved, and a
balance must be struck between product stability and practicality.

Figure 16: Frequency Modulated Spectroscopy is a technique that allows large-
scale, non- destructive moisture analysis . Below: Mapping final moisture levels

across a shelf using FMS
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It’s also important to note that secondary drying is an increasingly slow process 
and that obtaining an extra 1 or 2% reduction in moisture content may add many 
hours to process time. A product with 0% moisture will never be achieved, and a 
balance must be struck between product stability and practicality. 
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12. Freeze drying equipment doesn’t need
maintenance
‘No-one ever services my fridge-freezer.’ 

Freeze drying equipment is very complicated. Even simple systems operate at 
both high temperatures and very low temperatures as well working to negative 
and positive pressures. Changes in the batch quality, degradation in performance 
characteristics and system alarms may indicate that maintenance is required. 

Problems in the refrigeration system can cause the shelf and/or condenser to cool 
more slowly or fail to reach a low enough temperature. The amount of refrigerant 
in the system is important and both under- and over-charge can cause the system 
to function incorrectly. Other problems include moisture or air contamination and 
mechanical faults. Refrigeration problems should only ever be investigated by 
qualified engineers in accordance with EU legislation. 

As a vacuum system a freeze dryer is complicated and there are a lot of valves, 
gaskets and joints where leaks can develop. As well as reducing the vacuum that 
can be achieved this can also let moisture and contaminated air in to the chamber. 
However the most common cause of loss of vacuum is a problem with the vacuum 

Figure 17: Servicing a 
benchtop freeze dryer 
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pump which is relatively easy to service or even replace.

Control systems, CIP (clean in place) / SIP (sterilization in place) systems and
instrumentation can also develop faults which will cause the freeze dryer to
operate incorrectly or not at all.

Warming up an old system

Refrigerating systems such as freeze dryers work best if they are run regularly as
the refrigerants and system lubricants will pool and settle if left to stand even for 
a few months. When bringing an old system out of storage or purchasing a second
hand unit it’s important to consider that the system will not simply switch back on
again and run as it used to. Freeze dryers should always be stored upright and
should never be tilted or stored lying down.

Faultfinding on any type of machine can be time-consuming. Regular scheduled
maintenance is the best way to ensure that the system continues to work as
required with a minimum of downtime.
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As a vacuum system a freeze dryer is complicated and there are a lot of valves,
gaskets and joints where leaks can develop. As well as reducing the vacuum that
can be achieved this can also let moisture and contaminated air in to the chamber.
However the most common cause of loss of vacuum is a problem with the vacuum

Figure 17: Servicing a production-scale freeze dryer
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pump which is relatively easy to service or even replace. 

Control systems, CIP (clean in place) / SIP (sterilization in place) systems and 
instrumentation can also develop faults which will cause the freeze dryer to 
operate incorrectly or not at all. 

Warming up an old system 

Refrigerating systems such as freeze dryers work best if they are run regularly as 
the refrigerants and system lubricants will pool and settle if left to stand even for 
a few months. When bringing an old system out of storage or purchasing a second 
hand unit it’s important to consider that the system will not simply switch back on 
again and run as it used to. Freeze dryers should always be stored upright and 
should never be tilted or stored lying down. 

Faultfinding on any type of machine can be time-consuming. Regular scheduled 
maintenance is the best way to ensure that the system continues to work as 
required with a minimum of downtime. 
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Rubber Stoppers and Freeze Drying 

1. ‘I need a special freeze dry stopper shape’

Unlikely. Stoppers to be used with vials for freeze-dry applications are designed to 
allow vapour out of the vial whilst the stopper is in a partially inserted position. 
There are a number of different designs of freeze dry stoppers and these can give 
one, two or more venting points depending on the design. There is a view in some 
cases that ‘the more, the better’ but this is not actually the case. As long as there 
is a vent for the vapour to escape then the number of these is irrelevant. In fact it 
could be argued that the simpler the design the better, as some of the more 

complex shapes could 
have moisture traps 
that would retain 
moisture that could end 
up degrading the 
product once the vial is 
closed. Common 
designs are ‘Igloo’ 
(single vent), ‘two-leg’ 
(two vent points), and 
cruciform (four vent-
points), although some 
have even more. 

2. ‘I can’t use a rubber stopper because someone might be latex-
intolerant’

Almost without exception (and do check!) pharmaceutical rubber freeze dry 
stoppers are made from synthetic rubber. Latex is used to make rubber products 
that are commonly produced by dipping a shape into liquid latex (gloves and 
condoms for example). Rubber stoppers are not made that way. Historically dry 
natural rubber was used for some stopper production, but again this is quite 
different to latex and is not a common practise now. 

Figure 18: Freeze dry stoppers 
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3. ‘I’ve used these stoppers for an initial trial; I can now remove them
from the vial and re-use them to save costs.’

With the increasing importance being placed on sustainability in the
pharmaceutical industry, re-using stoppers seems like a good idea, but this is not
recommended. Re-sterilising stoppers (if this has been done) could affect the
functional characteristics of the rubber.

Also, the additional processing would lead to a loss of lubricant applied to the
stoppers to aid machinability (dependant of the lubricant on each stopper being 
used). This loss of lubricity could lead to the stopper being more difficult to push
home in the freeze dryer and this added increase in difficulty multiplied by the
number of stoppers in your freeze dry batch could mean the stoppers are not fully
inserted during the compression stage of the freeze dry cycle due to the 
cumulative increase in pressure required to push home the stopper.

4. ‘These stoppers are sticking to the compression plate in the freeze drier
when the plate lifts after the cycle.’

There are many contributing factors as to why the stoppers could be sticking to
the compression plate, but over-compressing the stopper with the compression
plate is seen to be the more common cause of ‘sticking’ stoppers.

The stopper manufacturers have tried to mitigate the issue by implementing
raised features on the top of the stoppers to reduce the chance of sticking 
between the stopper and the plate. 

Pharmaceutical stoppers also all have some form of lubricant on them (Silicone,
B2 cross-linked silicone, Flurotec® and other proprietary coatings) to aid
machinability. Amongst other things, these can reduce the likelihood of the
stoppers sticking to the compression plate.

5. ‘I have a new project to work on so I nipped down to the stores and 
found these freeze dry stoppers on the shelf that have been there for
ages. They will be alright to work with.’

Rubber stoppers contain small amounts of moisture which give them their elastic
qualities and the time that stoppers continue to maintain their characteristics is
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directly related to age, storage conditions such as temperature and exposure to 
light, oxygen and ozone.  

It is recommended to store stoppers in ambient temperatures not exposed to 
extremes of heat and light and ideally in the original sealed shipping carton. 
Using stoppers after their recommended shelf life could cause difficulties during 
the insertion phase of the stopper as the stopper gets harder after time. 

Figure 19: Chemist with vials 
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Glass Vials and Freeze Drying 
1. ‘It doesn’t matter what type of glass vial I choose to do my freeze dry

development work in, they are all suitable for holding pharmaceuticals
and so any one should be fine.’

Often at the start of a project some people look in their stores to see whether they
have a container of about the right size / capacity for the project at hand, and just
start to use that. This is not always a good idea……

What can be advisable is to check with a supplier of packaging that this is indeed
an item that should be suitable for a freeze-dry application. Glass type (if an
injectable it needs to be Type I glass for example), method of manufacture, future
availability, etc can all have an influence on whether it will actually be suitable.

Pharmaceutical glass vials are available in either moulded or tubular glass options.
As a rule of thumb, smaller glass vials are more economical when made from
tubular glass and large capacity vials are more economical in moulded glass due
to the efficiencies in the respective production process involved in manufacturing
the vials.

Tubular containers are converted from glass tubing where the wall thickness is
controlled and the base shape can be optimised in the converting process into a
container.

Moulded containers are made from
pouring liquid glass into a mould
that dictates the outside shape of
the container, and the wall and base
thickness is not easily controlled. If
you look at a moulded glass vial 
alongside a tubular one, the sides of
the moulded glass container will
appear ‘marbled’ where the wall
thickness varies. This is not visible
with a tubular glass container.
Therefore the tubular container will

Figure 20: Moulded vs tubular vials
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also be lighter. 

When freeze drying, ideally you want as flat and as thin a base to the vial as 
possible, to ensure optimal and consistent thermal transfer from the freeze dryer 
shelf. These are all attributes of tubular glass vials, which are available in 2ml - 
100ml sizes.  

Moulded glass vials can often have ribs around the edge of the base as well as a 
more concave bottom which means the base of the vial isn’t as close to the freeze 
dry shelf and so the product in the centre of the vial cools slower than the 
outsides. Additionally the base of moulded vials can be very thick, and also 
inconsistent in shape, meaning a variation as to how much liquid is near the freeze 
dry shelf and less than preferable heat-transfer. If the heat transfer takes longer, 
this can make the freeze dry cycle longer = more time / cost. 

2. ‘Any glass vial will do’ – Part 2

If you are working on a product for injection, or for a diagnostic application, then 
it often makes sense to do your development in a container that is both suitable 
for the product, and also could be used for commercial scale-up.  

We have seen people do their development in a container that is not suitable for 
a pharma-application, spend a lot of time and money trying to get the product 
stable and compatible with the material, and then a few years later they have 
come to commercialise the product only to find that they need to transfer to a 
glass or alternative polymer vial to meet the relevant Pharmacopeia, and have to 
repeat many of the stability and validation runs to prove that the product is OK 
with a different container / closure. This takes time and money, and could mean 
a competitor could beat you to market. 

In the case of some common plastics they can be permeable to oxygen and water-
vapour whereas glass is not, and there can be some leachable / extractable issues 
on occasion too. This is less of an issue with some modern high-tech polymers 
(West’s CZ for example). 

3. ‘The liquid fill – either before lyophilisation, or after reconstitution - is
very low (say 1ml or less) therefore I must use a really tiny vial’

Not necessarily. In fact this needs to be given very careful consideration. 
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Very small vials do exist (for the chromatography market for example), but just
because you can buy them does not mean it is a good idea to use them for your
application…

First of all, the production of a vial involves heat, to get the glass to a temperature
where it can be formed into the shape of a vial. The heat involved is very high and
can negatively affect the surface of the glass if this process is not precisely
controlled. With very small vials (below a nominal 2ml fill) there is less surface
area for that heat to dissipate, and sometimes the quality of the inside surface of 
the vial can be degraded. In some cases very small Type I glass can have the surface
quality tested on the finished vial (hydrolytic resistance testing) and you might
find that the glass no longer conforms to the Type I classification.

It is also worth thinking ahead - and a little laterally. As the project scales up, who
will have a filling machine that would fill such tiny vials, without special and
possibly expensive change-parts? What about labelling of the vials? Is there a
labelling machine that can apply labels to something that small, and will you be
able to get enough information onto the label in a legible form to meet the needs
of the customer? Also think about how easy it will be for someone to use the vials,
and perhaps withdraw product from it with a syringe and needle without risking a
needle-stick injury?

An ISO standard vial of 2ml nominal capacity is what would be generally
recommended as the smallest starting point. The quality of the surface would be
expected to meet the grade, filling companies are familiar with it, as are the
stoppering systems on filling-lines. The labels and labelling machines are routinely
familiar with this size, and fill volumes / reconstitution volumes of 200 microlitres
are often packed into such vials without issue. You might not have a freeze-dried
‘cake’ at the bottom of the vial after such a process, with there being more of a
‘halo’ at the bottom of the vial.

If there is a concern about withdrawal of all of the drug from the vial in such cases,
perhaps the drug product is of high value, and you don’t want to put an excess of
product into the vial to allow for the residual product that typically sticks to the
surface of glass, then special coatings for the inside of the vial that provide certain
benefits such as being hydrophobic do exist.
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About Biopharma 
Biopharma Group presents expertise in 
the fields of freeze drying products and 
technologies, R&D consultancy, analysis, 
process development, training courses, Genevac Solvent Removal, Sepiatec 
preparative chromatography and Avestin high pressure homogenisation products.

The Biopharma Group is made up of several divisions, including dedicated offices 
covering the UK, France, Ireland and the USA who offer a variety of our products 
and services within their geographical regions. 

Equipment Sales and Service Division: 

Established in 1989, the sales and service division is a leading supplier of 
equipment to pharmaceutical, biotech and process industries in the UK, Ireland 
and France, with a specialisation in freeze drying, solvent removal/ evaporation 
(Genevac), high pressure homogenisation technologies and the related 
equipment such as Sepiatec preparative chromatography solutions, Kinematics 
powder fillers, and Penntech vial handling solutions (including full aseptic 
processing lines). 

Biopharma is proud not to be a catalogue company and our aim is to provide our 
customers with equipment and/ or services that best meet their process 
requirements whilst remaining on-hand to provide advice and assistance 
thereafter; it is our expertise and ability to be a ‘one-stop shop’ when it comes to 
freeze drying technology and lab processing equipment that keeps Biopharma at 
the forefront of our field. 

The key to our success is the many 
combined years of experience and 
expertise in the processing industries 
and our in-depth knowledge of the 
equipment we supply. We also have an 
experienced technical service/ 
maintenance department and strong 
links with our suppliers enabling us to 
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support the working life of your equipment. Additionally, our on-site freeze drying
laboratory in Winchester, UK, offers a range of services in product and process
development and analysis.

Independent Consultancy Division: R&D consultancy, analysis, process
development and training courses (scheduled and/ or customised)

The R&D consultancy and lab analysis division was established in 1997 to provide
independent contract research, analysis, process reviews, product and cycle
development services, training and analytical instrumentation to the global
biopharmaceutical and related industries. We have decades of experience in the
application of all aspects of freeze drying technology and have successfully
processed in excess of 1000 substances on behalf of clients.

Together with our knowledge of pilot-scale and industrial freeze-dryers, we offer
a uniquely comprehensive service and training courses (scheduled and
customized on-site or webinar options are available) covering all aspects of freeze
drying technology from pre-formulation through to full-scale production and dried
product analysis.

Biopharma is at the forefront of analytical instrument technology developments
having, in 2016, launched the most advanced freeze-drying microscope (FDM), the
Lyostat5 with its unique tilt-back imaging station for easy sample loading and the
Lyotherm3 frozen state solution analyser which combines traditional DTA with
electrical impedance technology to provide
the most accurate data relating to critical
product stages to optimise the efficiencies of
freeze drying process development.

Biopharma’s aim is to meet the precise needs
of our customers' projects, and will agree a
work programme and budget that is
appropriate to the size and stage of the
project, whether this be a single cycle run,
individual analysis or a complete formulation
development programme. Our philosophy is to augment our customers in-house
expertise and work together to make each project a success.
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As with the equipment sales and service division, our R&D Consultancy and lab 
analysis team is committed to providing a world-class service to our customers. 
We seek to ensure all our practices are controlled, safe and reliable for staff, 
customers and the products we handle. Therefore we have adopted a Quality 
Management System that ensures our laboratory, documentation and health and 
safety practices are of the highest standard. The Quality Management System 
ensures compliance with ISO 9001. 

Biopharma in France (Biopharma Technologies France) combines elements from 
equipment sales and service in addition to having access to the expertise of the 
consultancy division, giving our French-speaking client base a one-stop option, 
while Biopharma Technology LLC in the USA is focused on providing analytical 
instruments and independent analytical services for those using freeze drying 
technologies and BPS Crowthorne in Ireland combines all the expertise offered by 
Biopharma’s UK teams with that of Crowthorne Hi-Tec Services, who are the UK’s 
largest cleanroom validation service providers. 
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Other Booklets
These introductory booklets are designed to be a helpful
reference for anyone new to the fields. To download
copies of these other information guides, please use
these links:

Introduction to Freeze Drying

www.biopharma.co.uk/introduction-to-freeze-drying

Introduction to High Pressure Homogenisation

http://biopharma.co.uk/bps/about/knowledge-
base/guide-to-high-pressure-homogenisation/

Introduction to Evaporation

http://biopharma.co.uk/bps/about/knowledge-
base/guide-to-evaporation/

Alternatively request a copy through the office: bps@biopharma.co.uk, +44 1962
841092.
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powder-filling-ebooklet/

Introduction to Freeze Drying 

https://biopharma.co.uk/bps/introduction-to-freeze-
drying/

Introduction to High Pressure Homogenisation 
http://biopharma.co.uk/bps/about/knowledge-

base/guide-to-high-pressure-homogenisation/

Introduction to Evaporation

http://biopharma.co.uk/bps/about/knowledge-
base/guide-to-evaporation/ 
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Freeze Dryers & After Sales Support 

Freeze Drying R&D & Analytical Instruments 

Independent Consultancy, Analysis, Process & 

Product Development Services 

Vial Washers, Tray Loaders & Sterilising Tunnels 

Controlled Rate Freezers 

Solvent Evaporators & Concentrators 

High Pressure Homogenisers 

Liposome Extruders 

Chiral & Protein Separation Solutions 

Compound Isolation Solutions 

Powder fillers 
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