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VAaPOR PRESSURE OF ICE

Temypr Vapor Pressure Temp Veapor Pressure
Deg mTorr mBar Deg O mTorr mBar
O 4. 58400 6. 111480 -50 29,500 0039330
-2 3.883.00 5.176893 -52 23,000 0030664
— 3, 281.00 4.374295 -54 17.900 0023865
-6 2. 765.00 3 686353 -56 13.800 D.O018398
-5 2.325.00 3.099737 -58 10,600 0014132
-10 1.949 .00 2. 598446 -610 100 0010799
-12 1.630.00 2.173149 -62 6. 160 0008213
-14 1.359.00 1. 811846 -64 4660 0006213
-16 1.130.00 1.506539 -66 3.510 0004680
-18 936.80 1. 248960 -6 8 2.630 0003 506
-20 T74 .40 1.032446 -70 1.960 0002613
-22 638 .20 0250861 -72 1.450 0001933
-24 524.30 0699007 -74 1.060 0001413
-26 42940 0.572485 ~-T6 0780 0,001 040
-28 350.50 0. 467294 -78 0570 00007 60
-30 28510 0380101 -80 0410 0000547
-32 231.20 0308240 -R2 0290 0000387
-34 18680 0249045 -84 0210 0000280
-36 150.30 0200383 -R6 0150 0000200
-38 120.60 0. 160786 -8 8 O 100 0000133
40 630 0.128389 -0 0072 0000096
-2 T6o. 70 0102258 -92 0049 0000065
—44 6080 0081060 -9 4 0,034 0000045
46 48.00 0063995 96 0,023 0000031
-48 37.70 0.050262 98 0.015 000002032

R R R NS =
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Lyophilization Process
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LABO0CENMNE

6¢Lo.?u'| u: Sins olSowd @;&o

» SCANVAC CoolSafe 110, Labogene Denmark

Specifications CoolSafe 110

Type

Cool5afe 110

Ultimate temperature:

-110 °C at 20 °C room temperature

Condenser dimension, mim:

162 = 180

Total volume, L: 4

Cabinet dimensions HxW=D, mm: 530 = 400 = 300
Insulation, cm: 9

Condenser capacity per 24 hours, kg: 2

Condenser capacity/total, kg: 3

Cooling media: R507/R1150
Power, V/Hz: 230450, 115/60
Power consumption, W: 600

Materials:

Cabinet polyester coated steel,
Condenser stainless steel AISI 316

Weight, kg: 35

Drain tap: Yes
Digital temperature read-out: Yes
Microprocessor control with alamms: Yes
Start delay for the compressors: Yes
Ambient tempemture 5-32°%

T~ -
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Mains switch

Mains inlet

Air outlet

Control panel

Drain valve

Air inlet
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e
LABOGCEMNE
» FD8 CoolSafe Avanced

SUANVAC

Dimensions, FD 8

Height 1050 mm

With 750 mm

Depth 650 mm
Electrical

Voltage 220-240V

Hz 50 Hz

Pre secured 16 A

Ice condenser

Cooling capacity, —85 °C 8kg/24h
Volume 60 liter

Surface 0.6 m>

Material Stainless AISI 316

Min. temperature

—85 °C

Cooling compressor capacity | 648 W
Hermetically sealed air-cooled
Refrigerant R 502 /R
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NiCr-Ni SENSOR STOPPER
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Dynamic Model
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Resistances to Water Vapour Flow

Stopper Cwglis Rs

dm AP

At Ry + Re + Ry
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Heat Transfer into the Product

from the radiation surface (bottom side of upper shelf)

dQl — Kl{:{ - :rup}

from the surface on which the containers are placed
AQs = Ko(T — To)
from the sides (freeze dryer wall or door)

dQs = Ks(T = Ty

ot i

- - - - d@ dm - s ice - i -
.il1..|_,=.il'l..|.+ h:'l- hF. = =A:J'I1:J'{-Iﬁ_-!b}*

Kp- P

hv= Ry +

[T R o) T
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Heat Input by Radiation
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Heat Input by Conduction

{-1@ . *:."'r.n:rl.i

’ Ar.l:rnfu.r.f [ {I::‘ - Ih)

E B EEDTI-E

Meont (W= K=

Ocomt (112)

S,k oole SO Sl Sasle,

audd o gloo Ts

&b oS sles Th

v

v

v

v

58



Heat Input by Conduction through the Gas

) a-Ag- P
g = YT
1+ (50 p

(1 273.2
(= q/ .
2 — a, 1

cail o LB 0 s polas Jsb o 58 ledoSge ciwim 65,3 pis ollss Qe )

Ay (cal s™em™2 K= Torr=1) is the free molecular heat conductivity of the gas at 0 °C,

Ao (eal s™lem=1K=1) is the heat conductivity of the gas at ambient pressure

1

For water vapour. the value of Ay is 6.34 - 1072 cal s~ lem ™2 K~ Torr~! and

Ao is 4.29.107% cal s~ lem— 1K1
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During this collision, energy is

interchanged between the two molecules and the direction of flight of both molecules might be
changed. The mean free path {yep (m) between collisions of gas molecules can be estimated

using the kinetic theory of gases

with d (m) as the diameter of the molecules of the gas, R as the universal gas constant
(8.314 J K= mol~™! or 1.986 cal K~ mol=1) and N4 as the Avogadro-number, 6.022-10%* mol= 1.
If water molecules are considered as hard spheres, the diameter can be taken as 4.18- 10~
The result of equation [1.13}is only an average. About 37 % of the molecules will not have collided
after they travelled the length of {yrp ﬂ@ At the pressures and temperatures used in freeze
drving, {yrp is in the order of 1 mun or less (ef. Table El}

lirie = il Table 1.1: Length of the mean free path ({pp) of a water molecule at
272 -Ny-FP B, : . : I o
V2 A =30 °C and pressure settings relevant for freeze drying of pharmaceuticals.

Pressure (mTorr) Pressure (Pa) lypp (mm)

S0 4.00 108
o) 6G.67 0.65
100 13.33 0.32
150 20.00 0.22
200 26.66 0.16
o010 66.66 0.06
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