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Table 4. Safety characteristics of pyridine-3-carboxylic acid (niacin)

Safety characteristics Valuation
Maximum explosion pressure pmax 8.6 bar
Kst - value 190 bar-m-s™
Dust explosion class St1
Minimum explosion energy MIE  without inductance: T=20°C 5-10mJ
with inductance: T=20°C 5-10mJ
with inductance: T=80°C 125 mJ
with inductance: T=140°C >12500 mJ
Minimum ignition temperature dust cloud >440°C
dust layer >365°C
Burning class number BZ 5
Exothermic decomposition Non until 230°C

Thus, neither ignition-effective electrostatic discharges nor mixture ignition by hot surfaces or spontaneous
combustion are to be expected in the plate dryer, because the maximum temperature values given in Table 1
are clearly below the measured ignition temperatures, or below the temperatures required for decomposition.
The determination of the permissible oxygen concentration was dispensed with and the assumption that the
minimum ignition energy increases with temperature was confirmed by the results of systematic ignition tests
(Figure 2). With this result, the danger of the ignition of niacin-dust/air mixture in the dryer by electrostatic
brush discharges could be excluded, because the product, with additional consideration of the residual
moisture (of 12 wt.% water), has a minimum ignition energy in the entry state that is already clearly above the
specified equivalent energy for brush discharges.
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Polynom Fit
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Operating Temp.
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Minimum ignition energy
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Figure 3. Influence of increasing temperature on the minimum ignition energy of pyridine-3-carboxylic acid

The results of the tests carried out with pyridine-3-carboxylic acid show that the information on safety
characteristics, including their dependence on operational parameters, in tables of publications or regulations
can only be indicative and are not necessarily generally valid. The results of the ignition tests in the 20-I
laboratory apparatus also provided information on the explosion behaviour of niacin. Explosion pressure and
rate of explosion pressure rise are falling with increasing temperature in comparison to other dusts (e.g.,
melamine polymer). The absolute values of both parameters depend on the type of ignition source (point
source: capacitor discharge; flame jet: pyrotechnical igniter) and the turbulence. In this respect, too, the
behaviour is different from what has been observed so far.
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3. Influence of turbulence of combustibility of dusts in quasi-stationary state

A description about the determination of the new safety characteristic, the so-called fire behaviour number in
quasi-stationary state (BVZgs), with the modified test apparatus according to Barth and Leksin (VDI 2263 Part
1 2021) was presented (Leksin & Barth 2019). The reason for this was that the combustion behaviour in the
modified burning test instrument for fluid beds cannot be described with the standardized burning class
number (combustibility index BZ for sedimented dusts) definitions.

Table 5. Definition of the fire behaviour number in quasi-stationary state (BVZgs)

BVZqs Type of reaction

| No fire behaviour

Local fire behaviour of the fluidized bed No spreading of
Il or jet flame in the presence of an ignition fire
source

Continuous fire behaviour with an open

flame (torch fire)

Continuous fire behaviour over the entire Fire spreads
v length or rapid combustion with flame

propagation

Investigations with more as 40 different dusts had shown that the fire behaviour number in quasi-stationary
state can’t be estimated and thus the influence of the turbulence on the combustion behavior remains an
unassessable factor. This is underlined by experimental results (table 6): the fire behaviour number in quasi-
stationary state is not always increasing in comparison to the burning class number (for dust in sedimented
form) but also for certain dusts the above-mentioned parameter (BVZqs) decreases or prevents the burning
completely.

Table 6. Comparison of burning class number (BZ) and fire behaviour number in quasi-stationary state
(BVZgs) of different dusts

Dust

o8]
N

BVZas

Aluminium grinding powder
Keton-resin

Melamin-resin

Copolymer

Coffee creamer

Sweet whey

Whey powder

Baby milk (NANPro)

Fish flavour

N WO W NDNDN-2 2~ A

Protein

The investigations the fire behaviour number of different dusts in a quasi-stationary state had shown, as
mentioned above, that the influence of turbulence cannot be estimated or calculated. The latest laboratory
tests from 2020/2021 had also shown that certain dusts, which were determined with a BVZgs Il in the
modified test apparatus (according to Barth and Leksin), can have a fire behaviour number of BVZqs IV in
larger fluidised bed systems or apparatus. Thus, this observation suggests that the factor of the geometry of
the chamber or the size of the plant can also have a strong influence on the safety characteristic of
substances. Probably it can be traced back to different heat transfer processes.

Experience of the author shows that explosion suppression systems are generally installed on fluid beds, as a
constructional explosion protective measure. But real scale investigations of the effectiveness of such
measures for different dusts in quasi-stationary state are missing. Such mistakes can be found still today in
the industries e.g., on installations of explosion suppression systems on plants in which dusts with explosion
class ST3 are handling. This means that companies, which produce constructive explosion protection
equipment, have a lack in competence. This is due to the fact that a university education of engineers in the
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field of explosion technology is missed and the number of real-scale investigations is limited to a small
number.

4. Conclusions

Both examples from the laboratory investigations shows, that there are a lot of other influencing variables that
complicate the approximate predeterminations of explosion processes which are described in (Bartknecht &
Pellmont 2018):

e temperature

e admission pressure

e humidity (for dusts)

e turbulence

e geometry of the explosion chamber

e location of the ignition site

e size of the explosion and combustion chamber

o effectiveness of "operational" ignition sources

e homogeneity

e chemical and physical substance properties and many others

Furthermore, the example of the influence of the turbulence on the burning behaviour of the dust in the quasi-
stationary state had shown how extremely difficult the estimation can be, consequently the influence of
turbulence on an explosion is much complicated. As can be concluded from this, postulates and
interpretations for the evaluation or calculation of the ignition and explosion behaviour of combustible dusts,
gases or vapours depending on the ambient conditions can only be used for those substances that have also
been investigated or have been determined on a real scale and under real conditions.

Another important point is that the error rate resp. deviations are not taken into account when determining the
safety characteristics. This could expand the field of research. Thus, the current tendency to simulate or model
explosions will generate even more errors and misinterpretations, as there are too many influencing
parameters that cannot be taken into account.
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