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The Freeze Drying Process Secondary

: Drying

30 F_reezln{f? Shelf temperature o
O ig i Productétemperature 4.
- 0 - ' Primary Drying o
©-10 - | . -3 &
4::;-20 - v
£-30 - 5 -2 3
£ 40 - a ' o
o -50 - ' ! -1 a

~-60 - !.-..-.Qhém.bﬁr.e.teéégtej
-70 . . . . : 0
0 5 10 15 20 25
Time /h
0 - = -5

Virtis Advantage Plus
Lab Freeze-Dryer

_
o

R
o

A
o
Pressure /mbar

Temperature / °C
w
o

a0
)

DE MONTFORT
UNIVERSITY

LEICESTER



Problem of Heterogeneity in Freeze Drying

e Freeze drying is heterogeneous

Stainless steel dryer wall

Interior vials: coldest

) Edge Vial
QO Centre Vial . .
Edge vials receive more heat
X than interior walls
Back wall X @ | Front door

Stainless steel dryer wall

e Freeze dryingis an expensive: Primary Drying is longest!

e Two important parameters

o Drying rate: most process monitoring devices provide a batch measurement of
sublimation rate (e.g. MTM) or use interruption techniques e.g. Gravimetric

o Product temperature: Single vial temperature sensors are product invasive and alter
the heat and mass transfer process, e.g. Thermocouples!

Patel and Pikal (2009) Pharm Dev Tech. 14(6) 567-587
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Mechanism of Coupled Heat and Mass Transfer

Thermocouple

dq dq dm
E (in) = A,. KV(TS — Tb) & E (out) = HS.E

KV — Kconduction + Kgas convection T Kradiation

)
)
)

AW

Under steady state Kradiation

dq . dq dm
Tt (in) = A,. K (Ts — Ty) = Tt (out) = HS'E

Kconduction dq .
_______________ I (in)
Hs.d—m AT == TS — TbI
aKy=——de T e Shelf
v AV(TS_Tb) \

Assumption: Heat is transferred via the base for all vials
Kconvection

External area of cross section of
the vial projected onto shelf

Accurate determination of dm/dt and product temperature
is needed especially for edge vials

Pikal et al. (1984) J Pharm Sci. 73 (9) 1224-1237
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Through Vial Impedance Spectroscopy (TVIS)

e Impedance measurements across
a vial using copper electrodes
attached externally to the glass
wall

e Hence “Through Vial

L

Glass Vial

Impedance Spectroscopy”

Features

e Single vial, “Non-product
invasive”

e Both freezing and drying
characterised in a single
technique Electrodes

e Un-perturbing to the packing of
vials and stoppering still possible
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Use of Average Temperature from 3 Thermocouples to
Calibrate the TVIS System: A Justification

Tc(midd®)\' B

V ’ e A TC(base)N B B
/ 7T\ , [\\‘“

Freeze Dryer Chamber

3 g deionised water
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Average TC Temperature -> Closest to T(FPEAK) _
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Average TC 'ﬂemperature -> Closest to T(FPEAK) _ top
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Average TC 'ﬂemperature -> Closest to T(FPEAK) _ top
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Temperature Calibration Plot
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TVIS Application in Primary Drying
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Temperature Prediction during Primary Drying

e Log FPEAK was recorded throughout the 3.5 -
freeze drying process 33 |
e The calibration equation obtained during 3.1 { First 12 minutes of primary drying

Re-heating and Log FPEAK values during 502.9

primary drying were used to predict 3 57 |
T(FPEAK) during primary drying -
e Good agreement between TC (average) 0.0 003 0.06 010 0.13 0.16 0.20
and T(FPEAK) over the first 10 minutes Time /h
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Drying Rate Prediction

Drying rates are based on the assumption of a planar sublimation front
0 h of primary Drying
YRIsg. ..

0.454 pF =3 gwater  Drying rate= 1.095 g/h

=-1.095x + 2.9977 3.0

e e, . 25 ¢ 4 Planar sublimation
B | 20 2 o interface with a
< fixed area
© o
- 1.0 = O
. (]
0.10 “c"PEAK non linear after 0.2h- 0.5 £
000 I T T T T OO . .
00 01 02 03 04 05 of primary D
Time / h L | 5
Shape of the sublimation front became non-planar f ' o T e

after 0.2 h (12 min) and therefore, C"PEAK cannot
be assumed to be proportional to ice cylinder
height

C"PEAK at Oh = 0.454 pF W i
C"PEAK at 0.2 h =0.421 pF
% decrease ~7% within the first 12 minutes
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Estimation of Vial Heat Transfer Coefficient

80 T0%

dq Thermocouple I
; )
e (ln) = Av. Kv (TS — Tb) S . A0HTC. (water exp.) .
T = y 40HTC. (ice exp) (0‘
d dm 8 604 3 W heat radiation (waler exp,) | son g
— (Out) = H — ) r\ (;) O heat radiation (ice exp.) g %
dt % i s 8 B
. c =
Under steady state conditions g ¥ D B
Ky ~ S o =
dm i ® o =
H &2 vial heat i B S
= —~dt transfer I b 2
Ay(Ts=Tp) coefficient © - g'g'"
E L | ~
""""" >
AT=T,—T, } & ; o
______ [ 0 30 &0 40
. Pressure (Pa
External area of cross section of the ‘= (Pa)

. T T Briills and Rasmuson (2002) Int. J. Pharm. 246, 1-16. Heat transfer in vial lyophilization
vial projected onto shelf A

H 4301 Jg™?
Dm/dt | 1.095gh™! (from TVIS)

~ 1(0.024)? o
Ay 0.024mie.———) = 0.0045m?) for 10 mL tubing Vial
T —15°C or 258K
Ty —30°C or 243 K from T(FPEAK)

K, 127.5)Js 'K 1'm~2 [@ 40 Pa, 40 pBar]
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Conclusion

e Freeze Drying is heterogeneous

e Existing technologies in the market have limitations
e TVIS

©)

©)

©)

single vial technique
non-product invasive

drying and product temperature of individual vials can be
determined in a single experiment across the shelf

Time lapse photography along with TVIS measurement showed
the drying rate and Kv should be determined within the first 12
minutes that corresponds to ~7% ice sublimation

Kv was ~127 Js 1K 1m™2, i.e. 4-8 times higher than the values
found in literature.
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