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Abstract

The Phi-TEC I is a highly sensitive device, able to detect exothermic reactions with a detection

sensitivity of 0.02°C/min heating rate. In this study, environmental thermal instability was

deliberately introduced while using the Phi-TEC | adiabatic calorimeter for exothermic reaction

detection.

With artificial changes to the external environment, it was demonstrated that the system would

prematurely go into an adiabatic “Tracking” mode, extending experimental times. It was also

demonstrated under these test conditions, that these effects to the system were eliminated by

using a specially designed insulating jacket. This has allowed the Phi-TEC | to maintain its

sensitive and precise detection parameters.

Introduction

A primary use of adiabatic calorimetry can
be to provide data for process
development. It can quantify the thermal
runaway potential of a chemical reaction
process. The Phi-TEC | has been designed
for this purpose. It has been developed to
precisely and accurately measure very small
changes in sample temperature to identify
the onset temperature of a thermal
decomposition or chemical reaction under
adiabatic conditions. A key test protocol
used to detect the onset temperature of
thermal runaway is a “Heat-Wait-Search”
plan. In such a plan, the sample and guard
heaters increase in temperature in defined
steps (Heat), holding each set temperature
for a specified time to ensure thermal
stability (Wait). During the Wait step, the
system monitors changes in the sample
temperature as a function of time, to
identify if the onset of a thermal runaway
has occurred (Search). An example of this
testis shownin Graph 2.
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The heat losses from any physical system
increase with increasing temperature. The
Phi-TEC | actively compensates for this to
ensure adiabatic conditions are maintained.
The Phi-TEC | is calibrated across the full

operating temperature range of the system.

This is done by using pre-calibrated Heat
Loss Compensation (HLC) terms to
calculate the increase in temperature
needed from the guard heaters to maintain
a constant sample temperature. Once the
heat losses have been compensated for,
the sample temperature is maintained at an
extremely stable value. Any deviation in the
sample temperature during the “Search”
step that is greater than the user-defined
detection threshold will cause the system
to gointo an adiabatic “Tracking” step.
During this “Tracking” step, the thermal
runaway or chemical reaction is held under
adiabatic conditions, giving the user insights
into the sum of energy released from the
reaction, along with the ability to
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characterise the reaction and its kinetics,
and provide vital safety data. On a Phi-TEC |,
the detection sensitivity is as low as 0.02
°C/min (dT/dt).

As is best practice with all calorimeters, the
Phi-TEC | needs to be used in thermally
stable environments. The HLC terms are
appropriate for a given external
temperature and various environmental
conditions such as air flow and humidity.

In this study, the impact on data quality from
artificially changing the external
environment was characterised. This study
also reports on the use of aninsulating
jacket, which allows the Phi-TEC | to be
used in thermally variable environments,
whilst maintaining the expected system
accuracy and sensitivity. It was therefore
suggested that the influence of the
environmental conditions on the sample
temperature could be reduced while using
this insulating jacket.

This insulation jacket was specifically
designed to be fitted onto the current Phi-
TEC I model. Because of this, both future
and current end users will be able to utilize
this insulation jacket to ensure the accuracy
and reliability of their system.

Materials and Method

A Phi-TEC | underwent minor modification to
install additional temperature measurement
points. These points provided
measurements of the ambient lab
temperature, and an outer-wall
temperature measurement of the Phi-TEC |
oven. The outer wall temperature will
highlight the thermal effects that the Phi-
TEC Il is subjected to during the
experiments. No additional modifications
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FIGURE 1 - PHI-TEC | TEST OVEN

were made to the Phi-TEC | to ensure it
accurately represented an end user’s
equipment. A Phi-TEC I’s test oven is shown
in Figure 1.

A HLC calibration was performed on a
stainless steel (SS) test cell [1” diameter 14”
feed tube] with a blank liquid sample of 5g
of toluene. The test cell is shown in Figure
2.

The test cell was loaded with a blank sample
of bg of analytical grade toluene (Cas
Number 108-88-3 (1)). Toluene was used for
these experiments, as it would not undergo
exothermic decomposition under the test
conditions, and has a similar thermal mass to
a real chemical test. Therefore, the Phi-TEC
| would not be expected to go into
“Tracking” mode in any of these tests.
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FIGURE 2 - STAINLESS STEEL TEST CELL
H.E.L PART NUMBER HEL-15364

Once the HLC parameters had been
evaluated, a Heat-Wait-Search (HWS) test
was conducted under stable laboratory
conditions. The instrument was placed in a
recirculating fume hood with minimal
temperature fluctuation. This demonstrated
that the HLC terms were appropriate, as
the unit did not detect an exothermic event
under these standard operational
conditions. Once this was confirmed, the
environmental conditions of the system
were adjusted by significantly increasing the
air flow over the system and thus increasing
the heat losses from the system. This
caused fluctuations in the outer wall
temperature of the Phi-TEC |. This simulated
the type of variation that a user might
experience in a typical laboratory, due to
(for example) air conditioning turning off at
the end of the working day. This caused the
induction of a premature “Tracking” step.
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A thermal insulation cover was then installed
on the Phi-TEC | to prevent the system
going into “Tracking” mode due to the
environmental variability. This jacket was
been specifically designed for the Phi-TEC |,
and comes in three, easy to install sections.
Each section can be strapped into place via
Velcro strips, reducing the time needed to
install the insulation cover.

Results and Discussion

All results are shown graphically in the
appendix. Unless stated otherwise, each
graph has Experimental Time as the x-axis.
Can Temperature (Red), Phi-TEC Setpoint
(Blue), and Outer Phi-TEC Temperature
(Purple) are plotted against the left-hand
y-axis. The Ambient Temperature (Green)
is plotted against the right-hand y-axis.

The Phi-TEC | was placed into a fume hood,
and a calibration run on the %4” SS test cell
to define the HLC parameters. The
conditions for the calibration test are
shown in Figure 3, with the results plotted
in Graph 1.
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FIGURE 3 - CALIBRATION TEST PARAMETERS
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From the calibration test, the following HLC
terms were evaluated:

&3 PHI-TEC Compensated Heat/Adjust/Search - O X

Quality factor 1.00
Convection factor 0.00018
Convection 0.70
exponent

Conduction factor 0.016
Radiation factor 0.20
Max correction 1000.0
Fixed offset 0.00
correction

TABLE 1: HLC TERMS USED

For more understanding on the use of these
HLC terms, and the equation that is used to
calculate the “guard heater advance”,
please refer to the Phi-TEC | “HLComp”
Manual. (2)

These HLC properties were adopted for the
following tests. The first test had no
additional cooling applied to the Phi-TEC |
(Graph 2), and the next had additional
cooling continuously applied for the full
duration of the test (Graph 3). Both of
these tests were defined by the HWS plan
shown in Figure 4.

Neither of these experiments caused the
system to go into Tracking mode, and thus
no false detection of exothermic event took
place. This demonstrates that the Phi-TEC |
can operate in either cooled or uncooled
conditions, as long as a stable external
environment is continuously maintained.

In the next test, the cooling effect applied
to the Phi-TEC | was turned on for one hour,
and then off for the next hour. This was
cycled hourly for the majority of the test
and the results are in Graph 4. The effect of
the active cooling can be seenin the
ambient temperature (green) slightly
fluctuating and the Outer Phi-TEC
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FIGURE 4 - HWS TEST PARAMETERS
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Temperature (purple) significantly
fluctuating. Due to the changing external
environment, the Phi-TEC | went into
“Tracking” at the 450-minute mark. This is
highlighted in Graph 5. It is shown that due
to the changing environmental conditions,
the Outer Phi-TEC Temperature is still
stabilising, meaning that the heat losses are
inconsistent. Because of this, the guard
heaters over-compensate, which increases
the sample temperature (red) - leading to
false detection of an exothermic event. This
would unnecessarily extend the experiment
duration and could lead to incorrect
conclusions due to the Phi-TEC |
unnecessarily staying in the adiabatic
“Tracking” mode. This highlights the need
for an uninsulated Phi-TEC | to be placed
in a thermally stable environment.

To reduce the effect of the environmental
temperature fluctuations, the insulation
jacket was installed on to the same Phi-TEC
I. Another calibration run was performed
with the same parameters as displayed in
Figure 1. This confirmed that no changes
were needed to the HLC terms.
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To prove this, another HWS test was
completed with the parameters as set out in
Figure 2. The results are shown in Graph 6.
This result showed the Phi-TEC | did not
enter “Tracking” mode. This was expected
as the active cooling was not used for the
duration of the test, allowing for constant
environmental conditions.

The final test was with fluctuating cooling
applied to the Phi-TEC |, while the insulation
jacket was in place. The results from this are
displayed in Graph 7. The ambient
temperature (green) follows a very similar
profile to Graph 4, showing that the active
cooling was being cycled for the duration of
the test. However, the Outer Phi-TEC
Temperature (purple) is not fluctuating, and
instead follows the Can Temperature, as
seen in the other tests.

As can clearly be seen from the results, at
no point did the system enter “Tracking”
mode, even with a detection threshold set
as low as 0.02°C/min. This is
understandable, as the unit is being
effectively insulated. This insulating jacket
enabling the system to be used in
environments with moderate temperature
fluctuations, without taking up additional
bench space.

Conclusion

The aim of this study was to demonstrate
that fluctuating environmental factors
would induce a Phi-TEC | to incorrectly start
a “Tracking” step. The unfavourable
environmental conditions were
accomplished by hourly cycling moderate
active cooling to the system. This cooling is
consistent with what could be experienced
in a laboratory. This study also was designed
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to show that these effects could be
mitigated with an insulating jacket.

It was also noted during these experiments
that the system could retain the previous
HLC terms for the 2” SS test cell. On the
basis of this data, it is expected that for a
given test cell, no recalibration of the
equipment is required when the insulating
jacket is used.

During these studies, the effect of
fluctuating external temperature was
significantly reduced by use of the insulating
jacket. At no point did the Phi-TEC | go into
“Tracking” of an exothermic event after the
insulation cover was installed. Thus, under
these experimental conditions, the
insulation cover eliminated false exothermic
events.

Therefore, we recommend that the
insulating jacket should be used in
situations where the Phi-TEC | system will
be placed in (potentially) thermally
unstable environments to maintain the
expected high data quality.
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Appendix

Table of Experiments Run
All tests were repeated at least twice. Data is only displayed of one of each experiment type

TABLE 2 — EXPERIMENTAL DETAILS

Results Detection | Active Insulation Jacket Exotherm
Threshold | Cooling Installed Detected

Graph 1 N/A No No N/A

Graph 2 0.02 No No No

Graph 3 0.02 Yes No No

Graph 4 0.02 Yes (cycled) | No Yes

Graph 6 0.02 No Yes No

Graph 7 0.02 Yes (Cycled) | Yes No

TABLE 3 — GRAPH LEGEND

Parameter Axis and Colour
Experimental Time | x-axis

Can Temperature Red (y-left)
Phi-TEC Set Point | Blue (y-left)

Outer Phi-TEC Purple (y-left)
Temperature

Ambient Green (Y-right)
Temperature
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GRAPH 1 - CALIBRATION OF 1/4" SS TEST CELL WITH 5G TOLUENE
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GRAPH 4 - HWS CYCLING ADDITIONAL COOLING
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GRAPH 5 — HIGHLIGHT OF CHANGING ENVIRONMENTAL CONDITIONS CAUSING INCORRECT DETECTION OF EXOTHERMIC EVENT.
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GRAPH 6 — HWS WITH NO ADDITIONAL COOLING — INSULATION JACKET INSTALLED
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