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It is our honor and pleasure to discuss some phenomena of
specific organic peroxide with Prof. M. Malow and Prof.
K. D. Wehrstedt.

The kinetic parameters of the thermal behavior of lau-
royl peroxide (LPO) were detected by DSC under non-
isothermal conditions. Kinetic models and algorithms for
thermal analysis were invented by Kossoy, Akhmetshin,
and their associates (2007) of the Thermal Safety Software
(TSS) [1-6]. Inputting experimentally derived data of
interest into TSS is a simple analytical process that can be
used to estimate or predict the thermal hazard of organic
peroxides and other energetically sensitive materials to
achieve optimization in the safety approaches of chemical
plants. In our laboratory, many applied cases [7-10] in the
use of organic peroxides and energetic materials have
already been studied using this method. For instance, from
Tables 1 and 2, the kinetic parameters of the thermal
behavior of LPO were tested by DSC in non-isothermal
conditions (with heating rates of 1, 2, 4, and 10 °C min_l)
first. Then they were further simulated using TSS by nth
order and autocatalytic reaction processes, respectively.

In addition, the thermal hazard parameters of LPO, time
to maximum rate (TMR), and a certain time to conversion
limit (TCL) at heating rates of 1, 2, 4, and 10 °C min~! by
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nth order and autocatalytic simulation were shown in
Figs. 1 (for TMR) and 2 (for TCL). Under adiabatic con-
dition, TMR is normally employed as a critical index of a
temperature with an explosive accident potential once over
by the surrounding temperature. According to Fig. 1,
through simulation of a temperature of 70 °C, the TMR
value was about 3-5 min. Utilization of this data could
enable an operator to know how much time would be
available for emergency response in the event of a runaway
reaction. LPO is solid organic peroxide, belonging to the
group of quasi-autocatalytic reactions of thermal decom-
position [11]. When LPO was stored under isothermal
conditions, over a long time, an abrupt self-heating of the
resultant liquid started. In essence, exothermic decompo-
sition reactions can begin when the solid and liquid phases
coexist on one container [12].

Another parameter for determining thermal stability,
which is characterized by the time necessary to reach TCL,
was necessary to determine the stability of materials under
storage or transportation conditions.

In our previous studies associated with the aforemen-
tioned kinetic-based simulation approach, three main steps
were conducted: executing a necessary series of calori-
metric experiments; building up the mathematical model of
a reaction based on experimental data of DSC, incorpo-
rating the kinetic model into the model of processing; and
achieving the practical target by applying mathematical
simulations. In case of a package containing a solid with
both internal heat losses from the surface are important [6].

Various vessel types with different material densities
were chosen for simulation, like LPO in box is simulated
by solid thermal explosion specifying boundary conditions
of the first, second, and third type. Transport package sizes
and boundary conditions, shown in Tables 3 and 4, were
assumed to be uniform over each package’s surface.

@ Springer



412

M.-L. You, C.-M. Shu

Compared to small-scale tests of US self-accelerating
decomposition temperature (SADT), our results were
similar or the same. The SADT is an important measure-
ment that characterizes thermal safety for transport of
self-reactive substances. From the simulations [1-6], the
different package sizes of box 1 and box 2 were displayed
in Tables 5 and 6. We found that the simulation results
varied from the experimental results. In contrast, the sim-
ulation was able to predict how variation of geometry,
physical properties, and features of a reaction can affect
reliability of the results. In addition, in our simulations by
TSS, any variation of heat was assumed to be observed at
the central point inside the box. Any non-uniformity of a
system resulted in significant differences in the SADT, but
specifically, non-uniformity packages will make the dimi-
nution of thermal conductivity results in lowering of the
SADT [6].

To find thorough solutions to the problems indicated by
Profs. Malow and Wehrstedt, we have been consulting with
Dr. Kossoy, who is in charge of the TSS tool development,
for his valuable technical supports regarding their criti-
cisms. The following statements are personal communi-
cations from Dr. Kossoy:

“In fact Dr. Malow and Dr. Wehrshtedt cite the
results and experience that refer to the solid LPO
whereas the estimates given in the paper are attrib-
uted to liquid. Apparently LPO in solid phase is much
more stable than in liquid phase therefore the results
form the paper (TMR and SADT) are just incompa-
rable with that mentioned in the letter even provided
that decomposition kinetics (for liquid) evaluated
from DSC experiments is adequate and all the sim-
ulations have been performed correctly.

Additional remark is that DSC is not appropriate for
investigation of the “solid scenario” which is of
significant practical interest as LPO is stored and
transported in solid phase. For this purpose, solid
decomposition had to be studied using TAM at low
temperatures in isothermal mode—at least initial
stage of decomposition. In this case DSC can give
reasonable estimate of total heat of reaction.”

We are deeply thankful for the valuable comments and
questions from Profs. Malow and Wehrstedt. The journal
article they criticize originally dealt with the crucial
thermokinetic parameters of LPO found experimentally via
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use of DSC, emphasizing the newly discovery of SADT
and TMR. With respect to the simulation evaluation of
LPO, although we have been applied great effort to pursuit
of the minimum variation between the results of simulation
and experimental approaches, due to our unfamiliarity with
the TSS simulations at that time, it is possible that some
parameter settings may not have been adequate, in effect
causing the differences in simulated results from those of
Profs. Malow and Wehrstedt. We would like to offer our
apology to Prof. Malow, Prof. K. D. Wehrstedt, and Prof.
J. Simon (the Editor-in-Chief of JTAC) for any unwitting
mistakes in our simulations. In future, we will do our best
possible to look strictly over our studies applying these
simulations in the interests of correct methods for safety
approaches and protocols of chemical plants.
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