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Abstract. 1,2,4-triazole is now widely used in the production of pesticides and medicine, and
progress has been made in the application of materials. The structural characteristics of
1,2,4-triazole with high nitrogen content will cause it to the release of a large amount of gas when it
occurs pyrolysis, which may have a certain impact on industrial production safety. In the industrial
process, there will be some other impurities mixed into it, so the influence of these impurities on the
1,2,4-triazole pyrolysis gas is worth exploring. In this study, the adiabatic acceleration calorimeter
was used to simulate the adiabatic conditions to study the pressure value of the gas generated by
the pyrolysis of 1,2,4-triazole itself, and the influence of the addition of three basic impurities on the
overall pyrolysis pressure value. Experiments show that these three impurities can affect the
pressure value of pyrolysis gas in different degrees. The results can provide reference for the loss
prevention and control of 1,2,4-triazole in industrial production.

Keywords: 1,2,4-Triazole; Impurities; Pyrolysis; ARC; Pressure.

1. Introduction
1,2,4-Triazole is a kind of nitrogenous organic matter, its character is colorless needle-like

crystal, soluble in water and ethanol[1]. As an important intermediate in the production of medicine
and pesticides, 1,2,4-triazole has an irreplaceable value, such as the production of triadimefon,
paclobutrazol, uniconazole and diniconazole and other pesticides, and the production of fluconazole
and other medicines[2]. 1,2,4-Triazole, as a member of the triazole organic compounds, also has a
large heat release, so it has a relatively large potential thermal risk[3]. 1,2, 4-Triazole is used in so
many production, then the safety of industrial production needs to be guaranteed, which is reflected
in two aspects, one is the understanding of its own thermal risk, and the other is the thermal risk of
the raw materials involved in the production process and the material mixed with 1,2, 4-triazole[4].
If it occurs pyrolysis, then whether the gas generated by this process will lead to the occurrence of
accidents needs to be studied and discussed to avoid some incalculable consequences[5]. Related
accidents have also occurred in recent years, which are summarized in the Table 1.

Table 1 Statistics of accidents caused by triazole
Year Accidents
2005 An explosion occurred in a benzotriazole distillation column at a chemical plant

in Rugao, Jiangsu Province, China.
2015 A chemical plant in Taizhou, Jiangsu Province, China, exploded due to the

violent decomposition of benzotriazole under the influence of impurities in
off-working conditions.

2019 On April 15, 2019, Qilu Tianhe Pharmaceutical Co., Ltd. in Jinan, Shandong
Province, China, suffered a major fire and poisoning accident. The main reason
is that the company in the process of reforming the basement pipeline, illegal
fire operation ignited the refrigerant accelerator, which contains benzotriazole,
the accident caused 10 deaths, 12 injuries, direct economic losses of 2.62

million dollar.
Some existing studies focus on its heat release. The pyrolysis of 1,2,4-triazole was studied by
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using Differential Scanning Calorimeter (DSC), and its melting point and initial decomposition
temperature were obtained. The pyrolysis of 1, 2, 4-triazole was studied by DSC. For 1, 2, 4-triazole,
there is an endothermic peak in the range of 112-135 °C, corresponding to the melting of 1, 2,
4-triazole at 119 °C. The heat release region contains three stages, the small first stage is
decomposed in the range of 300-342 °C, the large second stage occurs in the range of 320-430 °C,
and the third stage appears in the range of 430-486 °C[6]. These data may be different when using
different brands and types of test instruments. For example, when using DSC testing, the sensitivity
of different materials to the heat release of substances is not the same, and there will be certain
differences in the obtained thermal parameters[7]. Different from the use of instruments, some
scholars use the simulation method to study the passage. The ground and transition states of
1,2,4-triazoles were investigated by using Sparatan '10 simulation software. After model
optimization, the values of ΔE, ΔS and ΔG are the energy differences between the ground state (GS)
and transition state (TS)[6]. The existing research on 1,2,4-triazole is currently limited to the
pyrolysis representation analysis of 1,2,4-triazole itself and its derivatives[8]. However, in view of
the structural characteristics of 1,2,4-triazole, no scholars have made relevant research on the
pressure rise caused by its pyrolysis and release of gas. The pyrolysis of 1,2,4-triazole not only
releases a lot of heat, but also produces a lot of gas. For the safety of industrial production, it is
necessary to have a certain understanding of its gas generation process. At the same time, some
other substances will inevitably be added in the production process, so what impact these
substances have on the gas production of 1,2,4-triazole cannot be ignored[9]. However, the existing
research is negligent in this respect, which leads to certain safety risks in related industrial
production.

In this study, we selected three substances that are often mixed with 1,2,4-triazole in the
industrial production of fluconazole and flutriafol. They are potassium carbonate, sodium
bicarbonate and sodium hydride. In order to have a better study effect, the addition amount set in
this study is 10% and 20% of the total mass, respectively. In this study, adiabatic acceleration
calorimeter (ARC) was used to simulate the worst-case cooling failure and to collect the
relationship between gas pressure and temperature with respect to time. This study revealed the
change of gas pressure of 1,2,4-triazole pyrolysis, while adding other impurities to study their
influence on the pressure of 1,2,4-triazole pyrolysis gas.

2. Experiments
2.1 Substances

All reagents used in this study are laboratory analytical grade and do not require further
purification. The basic information of the substances is listed in the Table 2.

Table 2 Basic information about the substances used in this study
Substances Manufacturer Purity
1,2,4-triazole Shanghai Aladdin 99%

Potassium carbonate Shanghai Titan 99.5%
Sodium bicarbonate Shanghai Titan 99.5%
Sodium hydride Shanghai Titan 60%

2.2 Adiabatic experiments
The adiabatic acceleration calorimeter (ARC) produced by British Thermal Hazard Technology

Limited (THT) was used in this study. The lowest detection sensitivity of ARC is 0.02℃/min, and
the highest detection sensitivity is 200℃/min. In this study, a standard heat-wait-search (H-W-S)
model was used to track the exothermic self-heating rate of samples[10]. The total mass of the
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weighed sample is 0.6 g and the weighed sample is placed in a 10 mL Hastelloy ball. ARC set the
heating step to 5 °C /min, wait for the search heat release time to 15 minutes, and the temperature
range is 30 °C to 400 °C. Since ARC is measured under adiabatic conditions, it is possible to
accurately simulate the thermal behavior of the sample during actual use. When the sample occurs
thermal runaway, ARC can quickly detect the rapid change of heat, so as to timely abort the
experiment and prevent the sample from burning or explosion and other dangerous situations, it has
high precision, high sensitivity, wide temperature range and so on[11].

2.3 Modification of thermal inertia factor
The energy released by the substance in the ideal adiabatic state is only used as the temperature

rise of the substance in the adiabatic system, but in the actual ARC experimental measurement, the
heat released during the pyrolysis reaction of the sample to be measured not only increases its own
temperature, but also heats the sample chamber of the instrument[12]. At this time, it is necessary to
modify the adiabatic data obtained by the experiment, and the correction formula is shown in Eq.(1)
[13]:

φ = 1 +
(mCp)c
(mCp)s

(1)

In Eq.(1), φ is the thermal inert factor, m is the mass, CP is the specific heat capacity of the
substance, c represents the reactor, and s represents the reaction sample.

3. Results and discussion
3.1 1,2,4-triazole

Fig 1 Temperature rise rate and pressure change rate of 1, 2, 4-triazole in
adiabatic exothermic reaction versus temperature.

The Fig 1 shows the temperature rise rate and pressure change rate of 1, 2, 4-triazole in adiabatic
exothermic reaction versus temperature. As a whole, the temperature rise rate increases first and
then decreases with the increase of temperature. The pressure change rate is relatively stable at the
initial stage of the reaction, and increases with the increase of temperature. From the point of view
of temperature rise rate, the pyrolysis reaction process of 1,2,4-triazole is relatively slow, indicating
that its instant release of heat is relatively small, so the thermal risk should be more focused on the
overall heat release. From the point of view of the pressure rise rate, it can also be seen that the
temperature of the most intense pyrolysis reaction is 314 °C, but the instantaneous pressure change
is small, which also indicates that the possibility of explosion of 1,2,4-triazole during pyrolysis is
relatively small, and more attention should be paid to the final gas production of 1,2,4-triazole
pyrolysis.
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3.2 Potassium carbonate

(a) (b)
Fig 2 Temperature rise rate and pressure change rate of samples containing different

proportions of potassium carbonate in adiabatic exothermic reaction versus temperature.
The Fig 2 shows the temperature rise rate and pressure change rate of samples containing

different proportions of potassium carbonate in adiabatic exothermic reaction versus temperature. In
both cases, the rate of temperature rise and the rate of pressure change with temperature did not
change. However, the maximum temperature rise rate decreases and the maximum pressure rise rate
increases, and the temperature corresponding to these two parameters also decreases. This trend
indicates that the introduction of potassium carbonate will bring the pyrolysis reaction of
1,2,4-triazole to an early end, reduce the final temperature of the reaction, but increase the overall
gas production, thus increasing the gas pressure. The introduction of potassium carbonate improves
the thermal safety of 1,2,4-triazole to some extent.

3.3 Sodium bicarbonate

(a) (b)
Fig 3 Temperature rise rate and pressure change rate of samples containing different

proportions of sodium bicarbonate in adiabatic exothermic reaction versus temperature.
The Fig 3 shows the temperature rise rate and pressure change rate of samples containing

different proportions of sodium bicarbonate in adiabatic exothermic reaction versus temperature.
With the increase of sodium bicarbonate content, the release of gas becomes relatively flat in the
whole process of pyrolysis, but the maximum pressure rise rate increases significantly. With the
increase of sodium bicarbonate content, the final temperature of the overall pyrolysis reaction
gradually decreases, while the overall gas production will increase substantially, resulting in a
substantial increase in gas pressure. The introduction of sodium bicarbonate improves the thermal
stability of 1,2,4-triazole to some extent.
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3.4 Sodium hydride

(a) (b)
Fig 4 Temperature rise rate and pressure change rate of samples containing different
proportions of sodium hydride in adiabatic exothermic reaction versus temperature.

The Fig 4 shows the temperature rise rate and pressure change rate of samples containing
different proportions of sodium hydride in adiabatic exothermic reaction versus temperature.With
the increase of sodium hydride content, the rise rate of gas pressure decreases significantly in the
whole process of pyrolysis, and the maximum pressure rise rate decreases significantly compared
with other conditions. With the increase of sodium hydride content, the final temperature of the
whole pyrolysis reaction will decrease significantly, and the overall gas production will decrease
significantly, so that the gas pressure will decrease significantly. The introduction of sodium hydride
improves the thermal safety of 1,2,4-triazole to some extent.

4. Conclusion
In this paper, the temperature rise rate and pressure rise rate of the pyrolysis of pure

1,2,4-triazole were studied by ARC. The effect of adding potassium carbonate, sodium bicarbonate
and sodium hydride on the pyrolysis of 1,2,4-triazole was also studied. In conclusion, this paper
raises the following key points.
• The pyrolysis of 1,2,4-triazole is a relatively slow process, and the temperature rise rate and

pressure rise rate are relatively small. Therefore, more attention should be paid to the final state
of pyrolysis of 1,2,4-triazole.

• All the impurities selected in this study can improve the thermal safety of 1,2,4-triazole to
varying degrees, and the introduction of sodium hydride can reduce the release of pyrolysis gas,
thereby reducing pressure.
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