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• For the water run, 3 mL of ultra-pure water was pipetted into Wheaton 6R 
vials and placed into the lyophilization chamber. 

• For the sucrose runs, sucrose was dissolved in Ultra-Pure Water at a 
concentration of 5% w/v and 3 mL was pipetted into Wheaton 6R vials.

• The vials were placed in pairs, one with a thermocouple, the other with a 
wireless temperature sensor and placed in the same location for each run (the 
placements can be seen in the map and figure below). 

Methods and Materials

LyoPAT• ® sensor was demonstrated to capture the heat flux dynamics, showing that energy 
consumption is maximum during nucleation (-2 kW/m2) which is about 7 times larger than 
that during primary drying in this cycle.
The maximum heat flux during primary drying stage of the sucrose freeze drying run was •

~350 W/m2, with at average of ~325 W/m2, showing steady state behavior. 
The • wireless temperature sensor data does not exactly correspond to the thermocouple 
data, likely a result of the thermocouples being in contact with the bottom surface of the 
vial, while the sensors are suspended in the product.

Discussion and ConclusionsIntroduction and Objectives
Accurately measuring temperature during the three stages of lyophilization, freezing, 
primary drying and secondary drying, is important to ensure product quality and to 
reduce operating costs. This study focuses on testing a new method of measuring the 
temperature in the product through the use of new wireless temperature sensors. Our 
goal is to assess the limitations and benefits of using wireless temperature sensors 
compared to commonly used thermocouples as well as to determine methods to 
further improve and use the wireless temperature sensors. 
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Freezing• : Temperature reduced well below 0  ̊C and held for several hours to 
complete crystallization.3,9

Primary Drying• : Pressure in the lyophilization chamber pressure is reduced to 
vacuum in order to remove mobile water from the product by sublimation.3

Secondary Drying• : Temperature is increased to remove residual water by the process 
of desorption. The secondary drying stage has the largest impact on the structure of 
the cake.9

Lyophilization Process

Chart 1. Lyophilization Process Steps
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Heat Flux:

• q =
ሶ𝑚Δ𝐻𝑠𝑢𝑏
𝐴

q is heat flux, • ሶ𝑚 is sublimation rate, Δ𝐻𝑠𝑢𝑏
is heat of sublimation, A is area. 

Percent Sublimated:

%𝑆𝑢𝑏• =
𝑀𝑐𝑎𝑘𝑒

𝑀𝑖𝑛𝑖𝑡𝑖𝑎𝑙
, 

%Sub is the percent sublimated, • Mcake is 
the mass of the cake, Minitial is the initial 
mass of the product5. 

The Millrock REVO interface takes a recipe for the lyophilization process. 
Included in the recipe are the temperatures, pressures and times for which 
each step is run, the recipe specifications are shown on the graphs. The 
radiative contribution to heat flux is ~145 W/m2. 

Figure 3-4. (Left) pair of vials, one with thermocouple, other with wireless temp.  sensor, 
(right) side view of vial with wireless temp sensor.
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Figures 6-7. (left) Sensor location map, a top view of the shelves, (right) actual vial placement in the chamber.

Table 1-2. Sublimation rates and percent sublimated for the ice sublimation (1) and sucrose freeze drying run (2). 
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Figures 1-2. (left) REVO lyophilizer used during experimentation,  (right) model of vial pair on a LyoPAT® heat flux sensor. 
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The maximum freezing rate occurs at nucleation, during which the heat flux was measured •

to be approximately -1500 W/m2. 
The average heat flux during the primary drying stage of the ice sublimation run was ~• 110  
W/m2, with a maximum of ~200 W/m2 and decreasing almost linearly,  as compared to the 
calculated 1670 W/m2 average total heat flux. 


