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Risk evaluation by pressure rise measured
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Abstract

An automatic pressure tracking adiabatic calorimeter (APTAC) had been developed to obtain the thermokinetic and the
vapor pressure data during runaway reactions. It is important to conduct a risk evaluation using the heat rate and the pres-
sure rate in decomposition in order to handle chemical material safely. The APTAC is an adiabatic calorimeter with a
large-scale sample weight and low thermal inertia. Pressure is generated outside the sample cell to cancel the pressure dif-
ference during a reaction. The APTAC is a useful tool for assessing thermal hazards of reactive chemicals. The data
obtained by the APTAC is important information for the design for the safe industrial process. The pressure data is one of
the necessary parameters to design a reactor and a safety vent. However, the data by the APTAC is not familiar because
there are few measurement examples and papers regarding the APTAC.

The data of di-tert-butyl peroxide (DTBP) / toluene solutions are collected by the APTAC. The relationship between the
sample weight and the pressure rise is examined. The influence of the DTBP concentration on the pressure and the pres-
sure rate is investigated. The reasonable method to evaluate the intensity of the decomposition is derived on the base of

the pressure rate data.
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1. Introduction

An adiabatic calorimeter can provide data for evaluating
potential hazards of reactive chemicals. The measurement
results are useful for safety storage, handling and trans-
portation of chemicals. An automatic pressure tracking
adiabatic calorimeter (APTAC) is an adiabatic calorimeter
with a large- scale sample weight and low thermal inertia".
The principle of the adiabatic system is the same as an
accelerating rate calorimeter (ARC). The pressure outside
the sample cell is controlled to cancel the generated pres-
sure inside the sample cell to cancel the pressure differ-
ence during a reaction.

The pressure and the heat rate data can be obtained by the
APTAC. The pressure data is important information for
the evaluation of thermal hazards of reactive chemicals
and the design for the safe industrial process. The risk
evaluation of chemicals on the basis of the pressure data
are discussed by some papers® ¥. The analysis of the run-
away reaction was conducted by the pressure data mea-
sured by the ARCY. The pressure data for the pressure
relief design are essential for accomplishing safety for a

reactor.

Some examples of the risk evaluation of a chemical sub-
stance by the APTAC were known” ®. However, the pres-
sure data obtained by the APTAC are not so familiar
because there are not so many reports of risk evaluation by
the APTAC. Therefore the data of di-tert-butyl peroxide
(DTBP) / toluene solutions collected by the APTAC are
examined. DTBP / toluene solutions are used as the stan-
dard sample to have the knowledge of the properties of
data by the ARC”. The relationship between the sample
weight and the pressure is examined. The reasonable
method to evaluate the intensity of the decomposition is
discussed on the base of the pressure rate data.

2. Experimental
2.1. Apparatus

A schematic of the APTAC calorimeter is shown in Fig.
1. Three type N thermocouples are used to measure the
temperature inside the sample, the surface temperature of
the sample cell wall and the ambient temperature. The ther-
mocouple for sample is inserted by a Teflon tube in order
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Fig. 1 Outline of APTAC apparatus.

to reduce the catalytic effect by the surface thermocouple.
The spherical sample cell is screwed at the top heater and
the sample thermocouple passes directly into the sample
cell through a fitting on the top heater. The APTAC main-
tains a sample in an adiabatic condition once an exother-
mic reaction is detected. The top, side, bottom and tube
heaters are used to control the temperature inside the sam-
ple adiabatically. The adiabatic condition is achieved by
maintaining the sample and the ambient temperatures
exactly equal. Reactions can be followed up to about 400
K min". Because the pressure outside the sample cell is
controlled to equal to the pressure inside the sample cell,
the glass cells and the sample cells with low thermal inertia
of a large- scale weight can be used in the experiments.

2.2. Samples

Volume of the sample cell was 130 cm®. The pressure rise
inside the sample vessel by DTBP / toluene solutions was
measured by the APTAC. The concentration range of
DTBP / toluene solutions was from 20 wt.% to 60 wt.%.
Sample weights of DTBP / toluene solution were from 3 g
to 40 g. The range of the p-factor was between 1.8 and
9.1. The ¢-factor is the dimensionless thermal inertia fac-
tor for the sample cell. The -factor is defined as the fol-
lowing equation.

¢-factor = (Cp,sol-W,sol + Cp,v-W,v) / (Cp,sol-W,sol). (1)

Cp,sol: heat capacity of DTBP / toluene solution (J/g/K)
Cp,v: heat capacity of sample vessel (J/g/K)

W,sol: weight of DTBP / toluene solution (g)

W.,v: weight of sample vessel (g)

2.3. Measurement conditions

All experiments were performed in a closed cell environ-
ment with ambient air above the sample. Borosilicate glass
sample cells were used in the measurement. The threshold

to detect an exothermic reaction was 0.05 K min™ of the
heat rate. The sample temperature was automatically incre-
mented by 10 K. The pressure rise inside the sample cells
during the reactions was followed up to about 7,500 kPa of
the pressure and 75,000 kPa min™ of the pressure rate. The
filling ratio was applied to the correction of the pressure
and the pressure rate for considering the sample volume.
The filling ratio (r) was obtained by dividing the sample
volume by 130. The sample volume was calculated using
their densities and the weight ratio in solution. The
[Pressure]-r value and the [Pressure rate]-r value are need-
ed to estimate the pressure and the pressure rate in the
sample cell volume (130 cm’), respectively. A subscript of
r expresses the correction of the filling ratio.
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Fig. 2 Corrected pressure rate vs. sample temperature for
DTBP decomposition measured by APTAC.
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Fig. 3 Relationship between DTBP weight in toluene and
maximum of corrected pressure. DTBP
concentrations are from 20 wt.% to 60 wt.%.

3. Results and Discussion
3.1. Maximum of pressure

The pressure rise occurred by the decomposition of
DTBP with various concentrations in toluene was mea-
sured by the APTAC. Figure 1 shows examples of the cor-
rected measurement results of pressure. The horizontal axis
is the sample temperature. The vertical axis is the loga-
rithm of the corrected pressure rate. The corrected pressure
rate of DTBP 60 wt.% increased with the larger rate to the
sample temperature, compared with those of the other sam-
ples when the sample temperature was beyond 200 °C.

Pressure is one of the parameters for estimating the
intense of decomposition when the self-reactive substance
reacts. Figure 2 shows the relationship between the maxi-
mum of the corrected pressure and the DTBP weight in
toluene. The maximum of the corrected pressure was
recorded closely to the maximum of temperature in the
decomposition of DTBP. DTBP concentrations are from
20 wt.% to 60 wt.%. The DTBP weight is calculated by
[the sample weight] - [DTBP concentration] / 100 [g]. The
maximum of the corrected pressure increases with the
weight of DTBP in toluene proportionally. It is elucidated
that the maximum of the corrected pressure relates with
the amount of the generated gas. The maximum of the cor-
rected pressure can be predicted by the weight of the self-
reactive substance in solution.

3.2. Maximum of pressure rate

The pressure rate is one of the important parameters
which indicate the intense of decomposition when the self-
reactive substance reacts. Figure 3 shows the relationship
between the maximum of the corrected pressure rate and
the DTBP weight in toluene. The curve fitting by the
exponential approximation was applied to the corrected
pressure rate data. The maximum of the corrected pressure
rate increases with the weight of DTBP in toluene expo-
nentially. It is elucidated that the maximum of the correct-
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Fig. 4 Relationship between DTBP weight in toluene and
maximum of corrected pressure rate.

ed pressure rate is influenced by the weight of DTBP.
The corrected pressure rate can be expressed as follows as
a result of the curve fitting.

[Pressure rate] , = b-EXP (a-[DTBP weight]) . (2)

The units of the corrected pressure rate and DTBP weight
are kPa min"' and gram, respectively. a and b are constants.
The constants @ and b are obtained by the exponential
approximation. The constant b is corresponded to zero of
DTBP weight. The constant b is assumed that it expresses
the vapor pressure rise toluene of solvent.

The constant «a is investigated in relation to the DTBP
concentration. The relationship between constant and the
DTBP concentration is shown in Fig. 4. The constant a
increases proportionally with the increase of the DTBP
concentration. The constant a is obtained if the DTBP con-
centration is known. The maximum of the corrected pres-
sure rate is calculated on the basis of the DTBP weight in
toluene. The maximum of the corrected pressure rate can
be predicted by concentration and the weight of the self-
reactive substance in solution.

The maximum of the corrected pressure and corrected
pressure rate are the measurement values in the solution
system of DTBP / toluene. The measurement results
involve the vapor pressure of DTBP and toluene in addi-
tion to the pressure rise by the decomposition of DTBP in
a gas phase. The maximum of the pressure and the pres-
sure rate measured are useful for the risk evaluation
regarding the whole of the DTBP / toluene solution.

The relationships between the corrected pressure and the
corrected pressure rate in DTBP 40 wt.% and DTBP 50
wt.% are shown in Figs. 5, 6. The corrected pressure rate
curves are drawn in figures prior to the corrected pressure
decrease points. The vertical axis is the logarithms of the
corrected pressure rate. The corrected pressure rates of
DTBP / toluene solution with various sample weight and
concentrations were measured. The corrected pressure rate
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Fig. 5 Relationship between DTBP concentration and
constant a calculated by exponential
approximation of the maximum of corrected
pressure rate.
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. 7 Relationship between corrected pressure and

corrected pressure rate in DTBP 50 wt.%
solution with various sample weight.
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Fig. 6 Relationship between corrected pressure and
corrected pressure rate in DTBP 40 wt.%
solution with various sample weight.

can be expressed using the following equation®.

[Pressure rate] ,=EXP(a-([Pressure] , — [Initial pressure] ,)).

3)

a is a constant. The units of the corrected pressure rate and
the corrected pressure are kPa min"' and kPa, respectively.
The results show the sample weight influences on the
curves of the corrected pressure rate on the same concen-
tration condition. The corrected pressure rate curves
extend when the samples with the large weight are mea-
sured. The reproductivity of data with the weight of 9.1 g
and 9.2 g is good from the results of Fig. 7. The first stage
of the corrected pressure rate appears to be distinguished
from the second stage on the basis of the slope of the cor-
rected pressure rate against the corrected pressure when
the sample weight increases. The slopes of the corrected
pressure rate to the corrected pressure with two stages are
summarized in Table 1. The corrected pressure points at
which the first stage transfers to the second stage are 0.5 -
0.6 times than the maximum of the corrected pressure. The
slope of the first stage is 1.8 - 5.0 times larger than the
slope of the second stage. Table 1 shows the sample
weights at which the sample begins to have the second
stage in the various DTBP concentrations. Those sample

Table 1 Slope of corrected pressure rate to corrected pressure with two stages in sample of various

DTBP concentrations.

DTBP Sample End [Pressure] , Max. Slope
concentration weight of first stage [Pressure] , First stage Second stage
(%) (g) (kPa) (kPa) slope slope
20 40.0 780 1400 0.0023 0.0013
30 22.1 1300 2900 0.0032 0.00064
40 10.0 1100 1800 0.0034 0.00089
50 9.2 1200 2500 0.0033 0.00077
60 7.0 1200 2500 0.0033 0.00085
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weights decrease when the DTBP concentration increases
from 20 wt.% to 60 wt.% in toluene.

4. Conclusions

The decomposition of DTBP / toluene solutions was
investigated on the basis of the pressure data obtained by
the APTAC. The following conclusions are made:

(1) The maximum of the corrected pressure increases with
the weigh of DTBP in toluene proportionally. It is elu-
cidated that the maximum of the corrected pressure
relates with the amount of the generated gas. The max-
imum of the corrected pressure can be predicted by the
weight of the self-reactive substance in solution.

(2) The corrected pressure rate data can be fitted by DTBP
weight using the exponential approximation. The max-
imum of the corrected pressure rate increases with the
weight of DTBP in toluene exponentially. It is eluci-
dated that the maximum of the corrected pressure rate
is influenced by the weight of DTBP. The maximum of
the corrected pressure rate can be predicted by the con-
centration and the weight of the self-reactive substance
in solution.

(3) The corrected pressure rate curves extend against the
corrected pressure when the sample weight increases.
The first stage of the corrected pressure rate appears to
be distinguished from the second stage on the basis of
the slope of the corrected pressure rate against the cor-
rected pressure when the sample weight increases.
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