The Future of Freeze Drying

- with LyoFlux Water Vapour Mass Flow rate Sensor
for Process Development and Control

measures water vapor concentration (molecules/cm3) and flow velocity (m/s)

in a vapor duct connecting the lyophilizer product chamber and condenser.
These measurements enable determination of the batch average water vapor mass flow
rate (g/s) exiting the freeze dryer chamber. The sensor uses Beer’s Law, well-known
spectroscopic principles and sensitive detection techniques to continuously measure
water vapor using a diode laser that is wavelength tuned to a well-separated water vapor
absorption lineshape at 1392.5 nm.!"! The Gaussian lineshape from the low pressure
measurement condition is analyzed to provide both a determination of gas temperature
(from the lineshape full width at half maximum, FWHM) and the water vapor number
density or concentration (molecules/cm?).

The LyoFlux, tunable diode laser absorption spectroscopy (TDLAS) sensor

The determination of mass flow requires the measurement of the gas flow velocity in
addition to water vapor density in the measurement volume. The velocity measurement
concept is based upon Doppler shifted absorption measurements as schematically shown
in Figure 1.23 Also included is a photograph of the TDLAS optical spool that enables
batch average measurements, mounted in a lab-scale SP Scientific Lyostar™ 3 freeze
dryer. The velocity is determined from the Doppler-shifted absorption spectrum of
water vapor resulting from the laser propagation vector, k, directed at a known angle,0,
to the gas flow velocity vector, u. The absorption spectrum is shifted in wavelength
or frequency with respect to the absorption wavelength of a static gas sample by an
amount related to the velocity of the gas, u, and the angle between u and the probe
laser beam propagation vector, k. Using two line-of-sight measurements across the
vapor duct connecting the freeze dryer chamber and condenser the frequency shift is
measured with one measurement path compared to the second path within the duct and
described by (Eq. (1)):
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where u is the velocity (cm/sec), ¢ is the speed of light (3 x10' cm/second), Av is the
peak shift between the two absorption lineshapes in cm”, v, is the absorption peak
frequency, cmat zero flow velocity and 0, and 0, are the angles formed between
the laser propagation beams across the flow and the gas flow vector. The same laser
and a fiber optic splitter are used to create the two laser beam propagating across the
measurement path.

The instantaneous mass flow (dm/dt, grams/second) is determined using Eq. (2) where
dm/dt is calculated from the product of the measured number density (N, grams cm?),
the gas flow velocity (1, cm/second), the cross-sectional area of the flow duct (4, cm?)
and unit conversion factors:
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Mass Flow (grams/second) =N * u * A (2)
















