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Abstract

A freeze drying experiment is conducted to understand the mechanism of vacuum freeze drying of a
material in vials. In pharmaceutical industry, many chemical and biological products are dried and pack-
aged contained in vials. Thus the heat and mass transfer characteristics during the vial freeze drying are
important to develop more efficient operation policies as well as to predict correct operation times. In
this work, the temperature histories at three different positions in radial direction are measured for each
experimental run with increment in depth of measurement position. Then by combining the data of all
the experiment runs, the temperature distribution of skim milk inside a vial is obtained at the interval
of 20 minutes during the primary drying stage. The drying rate is also measured at the interval of 30
minutes by short shot method by stopping the whole process at a given time, measuring the mass reduc-
tion, and then restarting the process from scratch under the same condition. The result of temperature
distribution shows that the temperature near the wall is higher than the center of vials. And thus the
drying near the wall of vial is faster than other region. But the existence of a frozen core is not
observed for the process configuration of this work. In spite of the non-uniform temperature distribution
and sublimation interface configuration, the drying rate is almost constant throughout the drying process.

Key words: vacuum freeze drying, temperature distribution and history measurement, sublimation
interface, drying rate measurement, skim milk solution
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1. Condenser Inlet
3. 1* Separator Outlet
5. 2™ Heat Exchanger Inlet
7. 3" Heat Exchanger Qutlet
9. Evaporator Inlet
11. Evaporator Outlet
Fig. 1. The brine circulation system or cooling line for the
prototype vacuum freeze dryer used in this study.

2. Compressor Inlet

4. 1% Heat Exchanger Inlet
6. 2™ Separator Outlet

8. 3 Heat Exchanger Inlet
10. Evaporator
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Fig. 2. The schematic of the prototype vacuum freeze dryer used in this study.
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dryer used in this study.
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this study.
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Table 1. The experimental conditions and selected
properties of skim milk solution used in this study

Properties and dimensions Values

Initial density of skim milk solution 1069 kg/m’

Final density of skim milk solution 150 kg/m’
Initial temperature of material -13.5°C
Temperature of plate -17.5°C
Temperature of drying chamber -10°C
Temperature of cold trap -50°C
Pressure of drying chamber 0.7 torr
Mass of skim milk in a vial 5g
Inner radius of vial 9.5 mm
Initial height of drying material 16.5 mm
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Fig. 11. The sublimation interface temperature inferred
by the histories of temperature at different positions.

o

4737 Bge) Ao, @2 A% A Aol A
28 exolde A2 24Y 244 $AA)
Fagelel vlsted, (bye AFRLEL 7122 BN
33 T 58 2B A4 4349 39

oj4 <] x}OIb 2 Oﬂ%Loﬂ*i xolgol u 202 with

ZASHN7] 2ol AT Avke NS S48 2
=25E A8 AAsh=s Ao AL ALl 71

tle ¥

|
= Aoz Az Aot dggass FHAes
7Pt @2 )9l AdE Ao v Apolrt
ok AAE Fig 5914 dapdzr A=A A2
of Mz Fadti Aes FAT 5 U
A Ere 2 AW E s 4 AReIM e 53 A
o] gxoltt. ol ATkl AxE e 2EE 2o
= s3ACMY Rt o wEA 2 A2
oA zt Ao oyl HAXLEE TP 2
o7k A e HEE 5T S e, Fig
11°ﬂ a2 ARE Heidth. TN Aol e

o aC TN SHLET A DHHE @ &
Atk pHesd ie 9 EAY wet R, 3

Zo) FAZ AR we BEAG APe] A
A B ol FAs) A SEAAGNe) D
el #Ax7] ol

AL & UYUTh EW, FAT AREANN ol o

o 4E w2249 AT Ao AR
Husky, a2RE oY Y9 Lxolde EFso]
7} AeIAS £ LR Atk 1 A, Az
&3 ¢7enge) ARERe B AP 1 A
ol v B oSS HAsgch =@
exolge] Anzry 4AAY 34 % SHLED
#43)

i)
ruﬁ?:ﬁ

SJ2E volos) NEFAARA LR
s3] Fgo) Baekx eor, wolel
B Lt ol S8AA7 Bl
FAY $EG /I AE FASGT,
e olsl AT Age

rlr 1B H N
01n % we M
m{n‘. H'U ol>

% gl s

HAtel 2

o] =& 20004 % e E=21 AKjiel olshed
AHAE

Al
o

Genin, N., F. Rene and G. Corrieu. 1996. A method for on-
line determination of residual water content and sublima-
tion end-point during freeze-drying. Chemical Engineering
and Processing. 35: 255-263.

Liapis, A.I. and R. Bruttini. 1994. A theory for the primary
and secondary drying stages of the freeze-drying of phar-
maceutical crystalline and amorphous solutes: Comparison
between experimental data and theory. Separations Tech-
nology. 4: 144-155.

Liapis, A.L. and R.J. Litchfield. 1979. Optimal Control of a
Freeze Dryer. Chemical Engineering Science. 34: 975-
981.

Lombrana, J.I., C.D. Elvira and M.C. Villaran. 1997. Analy-
sis of operation strategies in the production of special
foods in vials by freeze drying. International Journal of
Food and Technology. 32: 107-115.

Mascarenhas, WJ., HU. Akay and M.J. Pikal. 1998. A
computational model for finite element analysis of the



Hlo]d UiFe] YA 9] IFEANE Fel L=RE H AxE FHe A3 ¥y 95

freeze-drying process. Computer Methods in Applied
Mechanics and Engineering. 148: 105-124.

Millman, M.J.,, AL Liapis and J M. Marchello. 1985. An
analysis of the lyophilization process using a sorption-
sublimation model and various operation policies, AIChE
Journal. 31: 1594-1604.

Sadikoglu, H. and A.L Liapis. 1997. Mathematical modeling
of the primary and secondary drying stages of bulk solu-
tion freeze-drying in trays: Parameter estimation and
model discrimination by comparison of theoretical results
with experimental data. Drying Technology. 15: 791-810.

Sadikoglu, H., A.L. Liapis and O.K. Crosser. 1998. Optimal
control of the primary and secondary drying stage of bulk
solution freeze drying in trays. Drying Technology. 16:
399-431.

Sadikoglu, H., AL Liapis, O.K. Crosser and R. Bruttini.
1999. Estimation of the effect of product shrinkage on the
drying times, heat input and condenser load of the pri-
mary and secondary drying stages of the lyophilization
process in vials. Drying Technology. 17: 2013-2035.

Schelenz, G., J. Engel and H. Rupprecht. 1995. Sublimation
during lyophilization detected by temperature profile and
X-ray technique. International Journal of Pharmaceutics.
113: 133-140.

Sheehan, P. and AL Liapis. 1998. Modeling of the primary
and secondary drying stages of the freeze drying of phar-
maceutical products in vials: Numerical results obtained
from the solution of a dynamic and spatially multi-dimen-
sional lyophilization model for different operation policies.
Biotechnology and Bioengineering. 60: 712-728.



