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Introduction

Freeze drying (also known as lyophiliza-
tion) is a well known technique to improve
stabilization of active pharmaceutical in-
gredients (API) during long term storage.
It is known as an expensive process due
to initial investments of highly specialized
equipment. Moreover the procedure is time
and energy consuming [1].

Freeze drying works by freezing an aque-
ous solution, reducing the surrounding
pressure and adding enough heat to al-
low the ice in the material to sublimate di-
rectly from the solid phase to the gas
phase. In pharmaceutical and biotech
companies freeze drying is used to in-
crease the self life of products, such as
vaccines and injectables. The food indus-
try uses the freeze drying process to re-
duce weight and to improve reconstitu-
tion of solutes. It is a very gentle drying
method for maximum conservation of vo-
latile ingredients, i.e. flavors. In biosepa-
ration, freeze drying is used as a late
stage purification procedure to effectively
remove solvents. It is capable to concen-
trate molecules with low molecular
weights that are too small to be filtered by
membrane filtration. Moreover, the
method is often applied for heat-sensitive
materials, such as proteins, enzymes, mi-
croorganisms and blood plasma.

To successfully dry an API, a minimum of
process control during primary and sec-
ondary drying is mandatory. This requires
to control the product temperature (Tp)
and the chamber pressure (Pc) in the
freeze dryer. However, the collapse tem-
perature of an amorphous system is usu-
ally much lower than the eutectic tem-
perature of a crystalline system.

Recently, the new multi purpose labora-
tory Glass Oven B-585 (Fig. 1) system was
introduced by BUCHI Labortechnik AG,
offering an option to freeze dry small
quantities of a product in up to 6 vials.
The containers are placed in a tempera-
ture controlled glass tube. The goal of this

study is to directly compare the freeze
drying performance of the modified Glass
Oven B-585 with a commercial laboratory
scale freeze dryer from the company Mar-
tin Christ Freeze-Dryers (Osterode, Ger-
many) in terms of drying time and final
moisture. To enhance process control in
the Glass Oven B-585 a new custom
made process control accessory is ap-
plied.

and fractionated distillation. This method
allows to separate components with a
boiling point of more than 20°C below the
next higher boiling point component. The
distillations can be carried out under vac-
uum conditions while rotating the glass
bulbs.

With its high operating temperature of up
to 300°C, the Glass Oven B-585 can va-
porize small amounts of high-boiling sol-
vents where a rotary evaporator comes
up against its limitations [2].

Fig 1: Glass Oven B-585 from Blichi Labortechnik AG with freeze drying option

Glass Oven B-585

The Glass Oven B-585 is a versatile pro-
duct and opens up a wide range of appli-
cations. Depending on the configuration,
substances can be dried, freeze dried,
distilled and sublimated. A glass tube
with an electrical conductive coating
serves as heating element up to 300°C.
This allows quick and simple direct dry-
ing of small sample volumes. With the ro-
tary drying option, a hard surface layer is
avoided by extension of a drying surface.
Temperatures are rapidly achieved and
the time for drying is significantly re-
duced.

Bulb to bulb distillation enables the se-
paration of multiple component mixtures

With a sublimation accessory inserted
into the Glass Oven B-585, the frozen sol-
vent is sublimated directly from solid
phase to gaseous phase.

With the freeze drying insert it is possible
to lyophilize small product samples, which
is in particular suitable to dry temperature
sensitive API formulations. For the freeze
drying procedure, a chiller or a cold trap
filled with dry ice or a dewar tank with li-
quid nitrogen is applied.




Experimental Methods

In this study, the Glass Oven B-585 sys-
tem was connected by a short tube (1m
length, 1cm diameter) to an external
cold trap (coolant: LNz, 20l Dewar) and
a vacuum pump (Vacuum Pump V-700).
The principle configuration is shown in
Fig. 2.

To enhance process control, a custom
built stainless steel extension of the dry-
ing chamber was developed and con-
nected by a flange ring to the Glass Oven
system (Fig. 3). The alignments features
a pressure gauge (Pirani type) as well as
two thermocouples (T-type, Omega, New-
port, CT, USA, 40AWG,) at the outer side.
The thermocouples are used to instanta-
neously determine the product tempera-
ture (Tp) and the glass wall temperature
(Teaw), which delineate the impact of radi-
ative heat transfer (Fig. 4).

The freeze drying procedure was con-
ducted as follows. Aqueous mannitol and
trehalose solutions (50 and 100mg/ml to-
tal solids, 1mlfill volume, Lice: 0.49cm in
5ml vial) were frozen by immersing the vi-
als into liquid nitrogen and subsequent
placing in the drying chamber. Vacuum
was applied to the lowest achievable
pressure in the Glass Oven B-585 sys-
tem. The same set points were used in
the reference laboratory freeze dryer
(Christ Delta 24-KD). For the primary (159
drying time, predefined intervals of 5h to
24h were used at a shelf temperature or
glass inner wall temperature of 25°C ( re-
corded by a four channel data logger over
time, Omega). The secondary (2"9) dry-
ing was conducted at 40°C. The vials in
the reference laboratory freeze dryer were
suspended to eliminate the contribution
of heat transfer through the shelf by ther-
mal contact.
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Fig 2: Principle drawing of the Glass Oven B-585 system in

freeze drying configuration

Fig 3: Customized extension of the drying cham-
ber providing process control of product
temperature and chamber pressure

The residual moisture was determined by
Karl-Fischer Titration using a water va-
porizer (Mitsubishi CA-06, VA-06). 80 to
100mg of the solid samples were heated
to 160°C, followed by calorimetric deter-
mination of the evaporated water. Dry Ny
was used as carrier gas.

The alteration in the physical state of
mannitol was examined immediately after
freeze drying by X-ray powder diffrac-
tion (XRD) using a Philips model Expert
MPD with Cu Ka radiation at 40kV/40mA
and 25°C. Scans were measured in the
range 28 = 5°-40° with a step size of
0.02° (time/step = 1s).

Fig 4: Placement of the two thermocouples moni-
toring the product temperature and glass
wall temperature in the Glass Oven B-585

The morphology of freeze dried samples
was analyzed by Scanning Electron Mi-
croscopy (SEM). The samples were
carefully broken, fixed on Al stubs (Model
G301, Plano) and Au sputtered at 20mA
/ BkV (Hummer JR Technics) for 1min.
Cake morphology was then examined us-
ing an Amray 1810T Scanning Electron
Microscope at 20kV.
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Scanning Electron Microscopy

The trehalose samples show a fine lame-
llar and porous structure due to the high ini-
tial cooling rate (Fig. 10). After drying in the
Glass Oven B-585, 5% samples show mi-
nor structural loss (Fig. 11). The 10% treha-
lose solute reveals structural change and a
slight collapse in the crystalline matrix (Fig.
12). The 5% mannitol samples show arigid
crystalline matrix after drying (Fig. 13). Sum-

marizing, controlled drying conditions in the
Glass Oven B-585 leads to a product with
no or little indication of partial collapse
found in the product morphology.

Conclusions

The Glass Oven B-585 shows its overall
practicability in freeze drying of small quan-

Fig 10: 5% trehalose solution, Freeze Dryer,
magnification x 33

Fig 12: 10% trehalose solution, Glass Oven

B-585, magnification x 100
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Fig 11: 6% trehalose solution, Glass Oven
B-585, magnification x 500
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Fig 13: 5% Mannitol, Glass Oven B-585, magni-

fication x 1000
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tities. The enhancement of process control
by additional pressure and product tempe-
rature measurement in the modified B-585
enables drying of amorphous substances
at low concentrations and provides a good
estimation of the primary drying time. The
residual moisture of the product depends
on concentration of the solution, fill depth
and total number of vials. After approxi-
mately 10h drying time, the B-585 and the
laboratory large scale freeze dryer achieve
comparable residual moisture contents.
The drying time increases with higher so-
lute concentrations. Elevated heat transfer
decreases the water content down to <1%
for amorphous systems. The secondary
drying time does not further reduce the re-
sidual water content. Final residual mois-
ture values down to 0.4% are achieved with
the B-585 (for 5% mannitol).
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Results and Discussion

The chamber pressure readings indicate
much higher values compared to the cold
trap (condenser) side providing a suffi-
cient driving force for drying. However, the
lower pressure limit is found to depend
upon the cold trap installation (Fig. 5, up-
per chart) and the tubing between cham-
ber and cold trap. A smaller tubing dia-
meter imposes a higher resistance and
reduces the total mass flux. Increase of
the product temperature up to approxi-
mately glass wall temperature is a good
indication of the end of the primary dry-
ing stage for all samples.

The vials were equipped with two ther-
mocouples, one in the bottom center and
the other in the center position. Towards
the end of primary drying, the tempera-
ture readings confirm, that the last re-
maining ice is to be found at the bottom
center of the vial.

Heat and Mass Transfer in the
Glass Oven B-585

Heat transfer dQ/dt in the oven system is
dominated by radiation from the glass
wall to the product and is calculated by
the following equation [1]:

dm d
AH, '!. d?lm....
where dm/dt is the mass transfer, AHg the
sublimation enthalpy and 10-4 W/mZ2K the
heat transfer coefficient of glass. For a 5%
trehalose solution in a 5ml vial (e=0.94)
the heat transfer is calculated to dQ/dt =
3.4 x 10-3cal/g and the mass transfer to
dm/dt = 0.18g/h. This is in the order of
the experimentally measured primary dry-
ing time of about 200 min for 1ml water
(0.3g/h) for this run (Fig. 6, lower chart).

=By L0 [T -T}

Comparison with conventional
freeze dryer

The comparison of the drying pattern
between the B-585 and the conventional
freeze dryer revealed similar results for
tested excipients with 5% solute con-
centration. After approximately 10h dry-
ing time, both systems achieved com-
parable residual moisture contents of
about 0.4%. At higher solute concentra-
tions (10% mannitol solution) the mois-
ture content is higher when using the
Glass Oven B-585. This is attributed to
the pressure reduction in the Glass Oven
compared to the larger scale laboratory
freeze dryer from Christ. However, the
impact of the chamber pressure reduc-
tion speed on product temperature is
found to be slight (Fig. 6, green line).
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Fig 5: Impact of the cold trap on the chamber pressure limit (upper
chart) and drying behaviour of a 5% mannitol solution in the

Glass Oven B-585 (lower chart)

1" + 2" Drying Time [min]

Fig 6: Drying behaviour of a 5% trehalose solution in the Christ freeze dryer
(upper chart) and the Glass Oven B-585 (lower chart) with 25°C pri-

mary drying temperature and 40°C secondary drying temperature
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Residual Moisture Measurements

The residual water content for freeze dried
5% mannitol solution is in good agreement
(deviation smaller than 5%) at any drying in-
terval for both freeze drying systems. The
secondary drying time at constant product
and glass wall temperature does not further
reduce the amount of residual moisture in
the final product (Fig. 7). 10% Mannitol so-
lutions dried in the Glass Oven B-585 show
a higher residual moisture content if freeze
dried for less than 10 hours than samples
freeze dried in the laboratory scale freeze
drier. This is attributed to the small cham-
ber size of the Glass Oven, which allows

lyophilizing of only small amounts of sub-
stance. Elevated heat transfer (Tgyy of 40°C
during secondary drying time) is beneficial
to decrease the water content to <1% for
the amorphous system in the laboratory
large scale freeze dryer as well as in the
Glass Oven B-585 system. After approxi-
mately 10h drying time both systems
achieve comparable residual moisture con-
tents. The moisture in both systems does
not further decrease with extending sec-
ondary drying time at constant temperature.
Similar results were obtained for a 5% tre-
halose solution, where the residual mois-
ture is around 1% after 24h drying time.

Physical state with XRD results

A mannitol concentration of 5% and rapid
freezing forms a distinct 3-polymorph dur-
ing drying in both systems (Fig. 8). In con-
trast, for the 10% mannitol solution an al-
teration from the B- (5h) to §-polymorph
(18h) is detected in the Glass Oven system.
In the laboratory scale freeze dryer 8-poly-
morph is observed at any drying time (Fig.9)
[3.
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Fig 7: Comparison of the residual moisture content (3 measures) after drying 5% and 10%
mannitol solution in the Glass Oven B-585 and laboratory freeze dryer
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Fig 8: XRD results of freeze dried 5% mannitol solution in the reference freeze dryer (upper
chart) and in the Glass Oven B-585 (lower chart). The data indicate mainly B-poly-
morph structure.
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Fig 9: XRD results of freeze dried 10% mannitol solution in the reference freeze dryer (upper

chart) and in the Glass Oven B-585 (lower chart). In the Glass Oven B-585 a distinct
change from the B to the 8-polymorph is stated.




