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Abstract Methyl ethyl ketone peroxide (MEKPO) is an
unstable material above certain limits of temperature,
decomposing into chain reactions by radicals. The influence
of runaway reactions on this basic characteristic was assessed
by evaluating kinetic parameters, such as activation energy
(E,), frequency factor (A), etc., by thermal activity monitor ITI
(TAM III). This was done under three isothermal conditions
of 70, 80, and 90 °C, with MEKPO 31 mass% combined with
nitric acid (HNO5; 6 N) and sodium nitrate (NaNO3 6 N).
Nitric acid mixed with MEKPO gave the maximum heat of
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reaction (AH,;) and also induced serious reactions in the
initial stage of exothermic process under the three isothermal
temperatures. The time to maximum rate (TMR) also
decreased when HNO; was mixed with MEKPO. Thus,
MEKPO combined with HNO3; 6 N forms a very hazardous
mixture. Results of this study will be provided to relevant
plants for alerting their staff on adopting best practices in
emergency response or accident control.
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Introduction

In the petrochemical industries, the hazardous material methyl
ethyl ketone peroxide (MEKPO) is often stored, transported,
and employed in polymerization. However, MEKPO can be
unsafe when stored in large quantities. Designing a suitable
vessel and realizing the basic characteristics of a runaway
reaction, such as kinetic and safety parameters (time to max-
imum rate, self-accelerating decomposition temperature) for
MEKPO, are often a common way of reducing the conse-
quences associated with the above risks in an emergency.
Many methods can be applied to test the runaway reactions
and calculate its kinetic parameters, such as frequency factor
(A), apparent activation energy (E,), reaction order (n), and so
on by calorimeters. Isothermal modeling is extensively used in
evaluating the runaway reactions, requiring detailed consid-
eration of several competing and often interacting heat-
transfer, mass-transfer, and thermodynamic processes. In this
study, we have elucidated a variety of basic thermal hazard
characteristics for MEKPO by using the TAM III test.
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In recent years, several models and methods [1-4]
simulating the runaway reactions by various units have
been proposed. The simplest and the most commonly used
method for kinetic parameters by curve fitting was pro-
posed by Dr. A. A. Kossoy [5]. However, although
extensively validated against experimental results, curve
fitting is also limited to experimental data.

In this study, we report that MEKPO is very sensitive to
thermal sources and to acids. If combined with HNOs, its
heat of reaction is increased and safety parameters, such as
TMR, are prominently decreased. Results from this study
could be beneficial to relevant industries for lessening the
degree of hazard or guiding relevant staff on how to control
the operating system in a safe way.

Experimental setup

Preparation of MEKPO 31 mass%, HNOj3 (6N),
and NaNO; (6N)

MEKPO 31 mass% was directly purchased from Aldrich Co.
and stored in a refrigerator at 4 °C. HNO; is a common
inorganic acid, employed for catalyzing. De-ionized water
(H,0) was used as the diluent in preparing the HNO; (6N) and
NaNOj (6N) for comparing their influence on pure MEKPO.

Thermal activity monitor III (TAM III)

TAM III has been extensively used to evaluate a runaway
reaction in the thermal analysis area. This study, carried out
at three isothermal temperatures of 70, 80, and 90 °C,
discusses the runaway reaction phenomena [6-8] and also
estimates the basic characteristics of kinetic parameters, as
shown in Figs. 1 and 2 [9]. Absolute temperature could be
adjusted to within 0.02 K under isothermal mode.
Bath mean temperature fluctuations were within 107> K.
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Fig. 1 Structure of TAM III [9]

@ Springer

tank

Fine heater

Over Now
system

Fig. 2 TAM III thermostat principle [9]

A maximum scanning rate of £2 K h™' for chemical and
physical equilibrium was used. Software of TAM III
assistant was applied to control the thermostat. The ther-
mostat liquid was mineral oil with a total volume of 22 L.
In terms of the temperature range, it was operated between
15 and 150 °C while using oil [9].

Results and discussion

Results by TAM III tests are indicated in Tables 1 and 2
and Figs. 3, 4, 5. All of the results detected under three
isothermal conditions of 70, 80, and 90 °C indicated that
the degree of hazard for MEKPO can be significantly
increased while HNOj is added, especially under the iso-
thermal condition of 70 °C.

Figures 3, 4, 5 reveal the result of the measurements on
MEKPO 31 mass% and mixed with HNO5 (6N) or NaNO3
(6N) under three isothermal conditions of 70, 80 and 90 °C.
While HNO; was being added into a glass ampoule with
MEKPO, the heat of reaction was prominently augmented
about two times from 1,000 to 1,200[10] t0 2,210 J g_1 under
70 °C (Table 1), due to an accelerated pathway of
‘OH + HNO; — H,O + NO; [11-21] in the sensitive
structure of MEKPO, as displayed in Fig. 6 [16]. The heat of
reactions under higher isothermal conditions of 80 and 90 °C,
diminished to 824 and 428 J g~', respectively (Table 1),
because the thermal reaction was started before the samples
reached a condition of the thermal equilibrium. As for the
effects of NaNOs, the heat of reaction was about 814—
930 J g~ " under the three isothermal conditions. NaNO5 did
not induce any serious reaction when mixed with MEKPO.
Figures 7 and 8 show the evaluation results of the activation
energy for MEKPO with HNO; 6N and NaNO; 6N by
employing the Arrhenius equation: k; (T) = A exp (-E/RT),
where, A, E,, and R represent, respectively, the frequency
factor, the activation energy of the stage, and the gas constant
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Table 1 Experimental data by TAM III tests for MEKPO 31 mass% with HNO; 6N or NaNO3 6N
Sample Temperature/°C  Sample mass/mg Cell  Reaction time/day ~ AHg/(J g")
MEKPO 31 mass% + HNO; 6N 70 MEKPO (105.42) + HNO3 6N (11.99) G 16.2 2,210.71

80 MEKPO (102.08) + HNO; 6N (14.36) G 9.8 824.28

90 MEKPO (102.81) + HNO; 6N (16.57) G 3.7 428.44
MEKPO 31 mass% + NaNO; 6N 70 MEKPO (106.93) + NaNO; 6N (17.40) G 16.2 814.85

80 MEKPO (102.42) + NaNO; 6N (13.90) G 9.8 867.78

90 MEKPO (109.13) + NaNO; 6N (13.36) G 3.7 930.13

G: Glass ampoule

Table 2 Time to maximum rate (TMR) at three temperatures for
MEKPO 31 mass% with HNO; 6 N or NaNO; 6 N

Sample Temperature/°C ~ TMR/min
or day

MEKPO 31 mass% + HNO; 6N 70 55.32 min
80 59.33 min
90 60.47 min

MEKPO 31 mass% + NaNO; 6N 70 4.31 days
80 0.92 day
90 0.34 day
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Fig. 3 Heat power v.s. time for the thermal decomposition of 31
mass% MEKPO, along with HNO; 6N or NaNO3 6N at 70 °C. HNO;
6N gives a very high peak near the start of the reaction. A low
secondary peak is observed near day 5. Inset is the enlarged figure of
much smaller peaks for pure MEKPO 31 mass% and MEKPO 31
mass% mixed with NaNO; 6N

(R = 8314 Jmol™' K™'). The E, obtained by using the
TAM III software was about 82.8 kJ mol~' + 6.0 kJ mol ™"
for pure MEKPO [10], and E, = 88 kJ mol™! + 19
kI mol™" or 84.3 kI mol~' 4 8.2 kJ mol™' for MEKPO
mixed with HNO3 6N or NaNO; 6N, respectively. All
the results demonstrated that an exothermic reaction was
greatly facilitated when HNO; was added.

We have used TMR as a safety index to evaluate the
degree of hazard. TMR was 6.7, 3.3, and 0.9 day under
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Fig. 4 Heat power v.s.. time for the thermal decomposition of
31 mass% MEKPO, along with HNO3 6N or NaNO3z 6N at 80 °C.
HNO; 6 N gives a very high peak near the start of the reaction. The
secondary peak has increased in size compared to the 70 °C case.
Inset is the enlarged figure of much smaller peaks for pure MEKPO
31 mass% and MEKPO 31 mass% mixed with NaNO; 6N
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Fig. 5 Heat power v.s. time for the thermal decomposition of
31 mass% MEKPO, along with HNO3; 6N or NaNO; 6N at 90 °C. For
HNO; 6N case, there is a relatively low peak near the start of the
reactions while a high peak is produced around 0.25 day. Inset is the
enlarged figure of much smaller peaks for pure MEKPO 31 mass%
and MEKPO 31 mass% mixed with NaNO3; 6N
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Fig. 6 Decomposition mechanisms of pure MEKPO [19]
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Fig. 7 Temperature v.s. normalized heat flow for evaluating E, of
31 mass% MEKPO with HNO3; 6N at 70, 80, and 90 °C (E, =
88 kJ mol™' + 19 kJ mol™")
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Fig. 8 Temperature v.s. normalized heat flow for evaluating E,
of 31 mass% MEKPO with NaNO; 6N at 70, 80, and 90 °C
(E, = 843 kI mol™' + 8.2 kJ mol™})

isothermal conditions of 70, 80, and 90 °C for pure ME-
KPO 31 mass% [10]. When mixed with HNO; 6N, the
TMR values were lowered to 55, 59, and 60 min under
isothermal conditions of 70, 80, and 90 °C, respectively.
As for the effects of NaNO3 6 N on MEKPO, the TMR was
slightly decreased to 4.31, 0.92, and 0.34 day under
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isothermal conditions of 70, 80, and 90 °C. Thus, all the
degrees of hazard had increased under mixture conditions,
especially under the influence of HNO;3 6N.

Conclusions

Thermal analysis is an important technique in industry for
evaluating the hazard impact. We have described and
analyzed the basic characteristics involved in pure MEKPO
and also when mixed with HNOs 6N or NaNO3 6N. Results
of safety and kinetic parameters are a valuable source of
information in industry. In particular, the use of these
results in an assessment of a runaway reaction is seen to be
a very viable and attractive proposition. To precisely
evaluate the results of safety and kinetic parameters, the
representative experimental data, developed by using an
isothermal model, have been analyzed. All of the experi-
mental results indicate that hydrogen ions released from
HNOj; solution could elevate the degree of hazard when
combined with MEKPO 31 mass%. In terms of the effects
of NaNO3; 6N at three isothermal conditions, it did not
significantly affect the MEKPO. Results of this study can
be very helpful in increasing the safety awareness of rel-
evant plant personnel.
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