Annals of the University of Petrosani, Mechanical Engineering, 26 (2024), 31-40 31

EVALUATION OF THE AUTO-IGNITION
TEMPERATURE OF DUST ACCUMULATIONS
- A CASE STUDY OF WASTE FROM THE
AUTOMOTIVE INDUSTRY

NICULINA-SONIA SUVAR/, MARIA PRODAN?,
CAMELIA TRAISTA?®

Abstract: The phenomenon known as spontaneous combustion occurs when
combustible organic powders are heated by gradual oxidation through an air channel (formed by
an air depression) through the dust aggregate. The oxidation of combustible powders is the
reaction of these powders with air oxygen to form carbon dioxide, carbon oxide, water, and other
gases whose contents are temperature-dependent. Combustible dust can self-ignite based on their
chemical composition, the characteristics of their constituent materials, the size and shape of the
material mass's particles, and—Ilast but not least—the ambient temperature. Environmentally
friendly organic waste is being used for many applications, including building materials, in
response to global concerns about sustainability in construction engineering. The difficulty is
that, when using these materials, one must ensure the safety associated with the handling of such
organic components that are known to have flammable characteristics. This work aims to
determine the self-ignition behavior of combustible dust from the automotive industry, in order
to be able to take the appropriate measures of protection.

Keywords: Combustible dust, spontaneous combustion, dust accumulation, autoignition
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1. INTRODUCTION

According to the Occupational Safety and Health Administration (OSHA) [1, 2,
15, 17], combustible dust is defined as "a fine material that presents a fire or explosion
hazard when dispersed in air and ignited." This definition encompasses a wide range of
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organic and inorganic materials that can be reduced to a powder and pose a risk under
specific conditions. Examples of combustible dust include metals, wood and wood
products, coal and other carbon-based materials, plastics and rubber, flour and other
agricultural products, and certain chemicals. The hazard associated with combustible
dust arises from its potential to form explosive mixtures with air.

The key to risk assessment lies in accurately determining the flammability of the
dust. Combustible dust is a term used to describe fine solid materials with a diameter of
420 microns or less that can cause a fire or explosion when they are dispersed and ignited
in the air. This definition is found in both NFPA 654: Standard for the prevention of
explosions against fire and dust in the manufacture, processing, and handling of
combustible particulate solids, and NFPA 454: Standard for combustible metals, metallic
powders, and metallic dust. In addition to particle size, it is important to consider
additional elements such as the method of dust dispersion, the availability of ventilation,
airflow patterns, potential sources of ignition, and the presence of physical barriers that
ensure dust containment or separate work activities. Effective management and
eradication of combustible particulate matter is equally vital [3, 4, 16, 19, 20].

Understanding the materials typically associated with dust explosions and fires
is crucial for maintaining workplace safety. DustEx Research Ltd.'s latest data reveals
that from January 1, 2023, to July 1, 2023, there were a total of 159 fires, 32 explosions,
71 injuries, and 48 fatalities worldwide caused by flammable dust. 82 percent of the
injuries and 52 percent of the fatalities were caused by food, metals, and wood
processing. Furthermore, there were additional occurrences at establishments that handle
pulp and paper, rubber, grass products, graphite and carbon, pharmaceuticals, plastics,
and waste treatment. In the first and second quarters of 2023, dust collectors were
responsible for 11.5 percent of reported incidents [5, 18, 21, 23].

According to this data, in the last year (2023), combustible dust explosions and
dust fires remain prevalent in industries like as wood processing, food production, and
metal manufacturing. Sectors such as wood, food, and metal production are particularly
susceptible to combustible dust explosions and dust fires.

Autoignition of dust clouds poses a significant safety hazard in various industrial
settings, particularly in sectors where fine particulate materials are prevalent. When
combustible dust accumulates and becomes airborne, it can form explosive dust clouds.
These clouds can ignite spontaneously at specific temperatures without the need for an
external ignition source, a phenomenon known as autoignition. Understanding the
conditions that lead to autoignition is critical for preventing dust explosions and ensuring
workplace safety [6 - 8].

The autoignition temperature (AIT) is a key parameter that indicates the
minimum temperature at which a dust cloud will ignite on its own. Several factors
influence the AIT, including dust particle size, concentration, and the presence of
contaminants. Accurate determination of AIT helps in designing effective dust control
measures and safety protocols to mitigate the risk of ignition.

The self-ignition hazard of bulk materials must be assessed through the
experimental determination of self-ignition temperatures as a function of volume. Two
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standardized methodologies are available for this purpose: measuring the self-ignition
temperature of a layer of dust placed on a heated surface and determining the self-
ignition temperature of dust samples in an oven. The second method may be challenging
to employ at times, contingent upon the sample's behavior during these evaluations [9].

The primary reason for self-heating (or potentially self-ignition) is the
occurrence of exothermic reactions between oxygen in the air and the molecules present
on the surface of combustible dust particles. These reactions take place inside the open
space between particles, even under normal temperature conditions. After the release of
heat, any quantity of it will increase the temperature inside the dust-air system, hence
hastening the reaction between further dust particles and oxygen. The thermal
equilibrium of the system depends on the heat generated within the dust mass (amount
and surface area of reactive molecules, calorific value) and the heat lost to the
environment (thermal conductivity and size of the dust mass, heat transfer coefficient on
the outer surface). This balance determines whether the system reaches a thermal
equilibrium at a slightly higher temperature or if the temperature of the dust mass
increases until self-ignition occurs, caused by inadequate heat dissipation [10, 22, 25].

The common experimental approach used to study the self-ignition behavior of
a dust sample is to determine the AIT of dust masses with different volumes. These
experiments are carried out in isoperibolic conditions (storage at constant temperatures)
inside a heating oven. The dust sample is placed freely in wire mesh baskets of different
sizes, using a spatula, without any compression or leveling on top. The baskets have an
open at the top and a closed bottom. The mesh size is carefully selected to ensure that
the dust remains securely contained within the net, while allowing for the necessary
diffusion of oxygen from the oven’s air supply system into the dust sample. The volumes
used for this case study were: 125 cm?, 512 ¢cm?®, and 730 cm’®. At the test temperature,
the chimneys were positioned in the middle of the preheated oven. When dust is ignited,
a fire breaks out. A dust fire has the potential to escalate into a dust explosion. However,
the ignition of a dust cloud can result in an explosion that is characterized by rapid
pressure changes and the sudden release of heat, unlike a fire. This highly explosive
reaction is the cause of the particular dangers linked to a dust explosion [2, 10, 11].

During the test, two temperature measurements are taken. One is the oven
temperature, which is measured using a thermocouple placed in the air space halfway
between the sample surface and the inner wall of the oven. The other measurement is the
sample temperature, which is measured using a thermocouple with its hot junction
positioned directly at the center of the sample. If the temperature of the sample increases
suddenly and exceeds the oven temperature by at least 60 K after a delay, it is indicative
of self-ignition [11, 12, 24].

In the quest for safer and more efficient automotive manufacturing processes,
understanding the autoignition temperature (AIT) of combustible dust has become
critically important. Despite the widespread recognition of these hazards, there remains
a notable gap in comprehensive data on the AIT of various dust types encountered in the
automotive industry.

This study aims to experimentally determine the AIT of combustible dust
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commonly found in the automotive industry, namely the shot blasting powder. Utilizing
standardized testing methodologies, we investigate the ignition characteristics of these
materials under controlled laboratory conditions. The findings of this research provide
valuable insights into the thermal hazards associated with these dusts, contributing to the
development of improved safety guidelines and practices. Furthermore, this study will
enhance our understanding of the factors influencing dust ignition.

2. MATERIALS AND METHODS
2.1. Materials

There were performed tests to determine the self-ignition temperature for
samples of industrial dust, namely the shot blasting powder, collected from an important
beneficiary in the automotive field. The sample used was representative and obtained
under normal operating conditions of the process.

Shot blasting is a surface finishing technique used to pre-treat or clean the metal
before the powder coating is applied. Shot blasting is popular in almost every industry
that uses metal, including aerospace, construction, automotive, shipbuilding, rail, and
many more. In the process of shot blasting, small abrasive particles made of metal such
as aluminum oxide or carbon grit are blasted to the surface in a controlled manner.
Smaller shots lead to a smoother, polished finish, while larger shots remove excess
forged material. Shot blasting delivers a much more powerful impact on the surface of
the workpiece than sandblasting (a process somehow similar, but using gentler abrasives
such as organic media, sand, or glass). This effect can generate textured surfaces and
shaping that cannot be achieved with sandblasting. The shot-blasting powder is
presented in Figure 1.

Figure 1. Shot blasting media
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2.2. Experimental method

The experimental setup used to perform the tests follows the standard SR EN
15188: 2021 requirements, as shown in Figure 2.

Fig. 2. Experimental assembly for hot steaming tests
1 - heating oven; 2 - inner enclosure; 3 - air outlet, 10 mm diameter air inlet (preheated air,
flow); 4 - thermocouple for temperature measurement; 5 - thermocouple for measuring the
sample temperature; 6 - wire mesh cylinder, with dust sample; 7 - deflector

To measure and record the temperature of the sample and the oven,
thermocouples with a protective coating with an outer diameter of approximately 1 mm
and a data acquisition system corresponding to the recording of signals from
thermocouples were used.

To determine whether or not self-ignition occurs, there are two methods:

a. When the temperature in the center of the sample rises by at least 60 K above

the oven temperature;

b. When the temperature in the center of the sample shows an inflection point,

relative to time, if it appears above the oven temperature - Figure 3.



36 Suvar, N.-S., Prodan, M., Traista, C.

)
C Legend: ¢ temperature, t duration
of the test, P inflection point
BT
P f
I L -
Oy [T > o
i
|9A iiiiiii —— -0
A

t

L

Fig. 3. Ideal time-varying temperature variation curves for dust samples
of the same volume at different evaporation temperatures

When working at significantly lower temperatures, the sample temperature will
approach asymptotically the oven temperature (curve A).

At higher oven temperatures, significant reactions with oxygen take place in the
dust mass, the sample temperature will be temporarily higher than the oven temperature
and the self-heating process will start, without igniting the sample. Thereafter, the
sample temperature decreases to the oven temperature (curve B).

The heat production in the sample has reached a threshold where it consistently
exceeds the heat loss (by heat conduction, convection, and radiation). Following an
induction time, the temperature of the sample increases rapidly until it reaches the point
of self-ignition, as indicated by curve C. The self-ignition temperature falls within the
range of furnace temperatures represented by curves B and C. The time interval between
placing the sample in the oven and achieving the steaming temperature, as well as the
overall steaming time, were recorded for each test. Furthermore, the time interval
between attaining the steaming temperature and ignite was recorded, ultimately reaching
the maximum temperature [11, 26, 27].

3. RESULTS AND DISCUSSIONS
Following the analysis, the results presented in the table below were
obtained, as well as the graphs in Figures 4 and 5:

Table 1. Characterization of the sample. Shot-blasting powder

Dust volumes tested (cm3) AIT (°C) Induction time (hour)
100 180 0,5
375 160 1,1
785 150 1,8




Evaluation of the Auto-ignition Temperature of Dust Accumulations - A Case ... 37

Graph interpretation:

In Figure 4, the Ta variation for several dust volumes is presented, in the form
of chart 1g(V/A) function of 1/T. The line that crosses the Ta values, separates the
equilibrium regions from the unstable regions for the dust volumes. Self-ignition occurs
in the region above the curve. For the analyzed dust sample, it resulted that a cylindrical
volume of 1 m? has an auto-ignition temperature higher than 76°C.
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Fig. 4. Graphical representation of ignition temperatures after Arrhenius

In Figure 5, the induction times required for the critical ignition for different
dust volumes were plotted as 1g(ti) function of 1g(V/A).
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Figure 5. Dependence of the induction time of combustion (ti) on the volume/surface ratio
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From this figure, the induction time for the self-ignition of the dust samples
deposited at temperatures over the ignition temperature can be deduced. So, for our
sample, if this volume of 1 m? is stored at this constant temperature, it will take 4 days
before an ignition could occur. Self-ignition of bulk dust is caused by the rate of heat
production, oxidation and/or decomposition reactions of the dust, which is higher than
the rate of heat loss. Generally speaking, self-ignition or spontaneous combustion is
limited to the contact of solids with high specific surfaces. Oxygen can react on surfaces
in the entire amount, as long as the air exchange is large enough. The oxidation process
can begin at room temperature depending on the substance [12 -14].

4. CONCLUSIONS

Using the test stand described in the specific European standard SR EN
15188:2021, tests were performed to determine the self-ignition behavior of some dust
waste, common for the automotive industry (shot-blasting powder). The experimental
results demonstrated that the investigated dusts are flammable, and based on the graphs
produced, safety precautions can be implemented to prevent unintentional fires and
explosions.

By integrating the two plots, the maximum duration for which a specific quantity
of dust can be accumulated without reaching its self-ignition temperature may be
determined. Thus, for a cylindrical volume of 1 m* of dust, the obtained auto-ignition
temperature was higher than 76°C. If this volume of dust is stored at this constant
temperature, it will take four days before an ignition could occur. The safety manager
can take appropriate measures to prevent undesirable events based on such values.

The experimental determination of self-ignition temperatures for industrial dust
waste is a foundational element in the proactive management of fire and explosion risks.
By leveraging accurate and reliable data, industries can enhance their safety measures,
protect workers, and ensure compliance with regulatory standards, thereby fostering
safer industrial environments.
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