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Introduction

 Increasing the shelf temperature for secondary drying
before all of the ice is removed from the product will likely
cause collapse or eutectic melt and loss of product
quality.

* Freeze-drying is an expensive process with relatively long
processing time.

* Key objective is to decrease the cycle time as much as
possible without causing product collapse




Techniques to Determine End Point of
Primary Drying

Based on Gas Composition: H,O in 1° drying, N, in 2° drying
» Comparative pressure measurement (i.e., Pirani vs.
Capacitance Manometer)

Dew point (electronic moisture sensor)

H,O concentration from TDLAS (Tunable Diode Laser
Aésorption Spectroscopy)

>
>
» Lyotrack: Gas plasma spectroscopy
Others:

» Product thermocouple response

» Pressure rise test (Manometric Temperature Measurement
(MTM))

» Condenser Pressure




Product Thermocouple (TC) Response
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Problems with Product TC Response

Not representative of the entire batch

=» Vials containing TC freeze-dry differently than vials
without TC

« With automatic loading system difficult to place TC
Edge vial effect
Invasive technique




Comparative Pressure Measurement

« Capacitance Manometer

* Pirani Gauge




Comparative Pressure Measurement
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Dew Point (Electronic Moisture Sensor)
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Tunable Diode Laser Absorption Spectroscopy
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Process H,O Concentration from TDILAS
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Large AP to support large mass flux in 1° drying
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Pressure Rise Test/ MTM

AP LARGE in Primary Drying
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Lyotrack — Humidity Monitoring Tool
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Lyotrack
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Critical Questions

* What is the water content at the end of primary
drying as determined by the various techniques?

« Has all ice been removed, and is the water content
sufficiently low to avoid collapse if the temperature
IS increased for secondary drying?
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Material and Methods

5% (w/v) Mannitol and 5% (w/v) Sucrose
10cc, 20mm vials with 3mL fill volume
Freezer-dryer: Lyostar Il (SP Industries, NY)

Samples were extracted from the chamber using the
sampling thief assembly
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Vial Array
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Analysis of Product

Residual Water Determination:

 Gravimetric: When the vials selected had a complete melt back

(i.e, “puddle of solution”) after warming to room temperature, due
to presence of ice

« Karl Fischer: For the vials that retained cake structure

Visual characterization:
A) Melt back

B) Cake collapse,

C) Cake structure.
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Results




Product TC and Dew Point
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Pirani Pressure
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Pirani vs. Lyotrack

Essentially the Same Response

Pressure (mTorr)

185 1

165 -

145 A

125 A

105 A

85

— Pirani =% H20 vapor in drying chamber

10% Sucrose, 5cc-20mm vials, 2 mL fill volume, 1 shelf

10 20 30 40 50 60 70 80 90
Time (hr)

100

+ 250

<+ 200

T 150

< 100

<+ 50

©

5

%H ,0 vapor in drying chamber *1

22



Lyotrack — Free Radical Oxidation Issue

* |lonizes the gas present in the chamber

* Plasma: Partially ionized gas containing atoms,
molecules and ions with free electrons (i.e., free
radicals)

* Free radical oxidation
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Lyotrack — Potential Oxidation Issue

% Increase in Decomposition
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H,O Concentration from TDLAS
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Pressure Rise Test/ MTM
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Condenser Pressure
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Residual Water (5% Sucrose)
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Residual Water (5% Mannitol)
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Cake Appearance/ % Residual Water
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Summary
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Conclusions

 Pirani is, by far, the best method for the detection of
end point of primary drying

 TDLAS and MTM gives other useful information
apart from monitoring end point of primary drying
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