Evaluating the Flammability Hazards of Liquid Vapors
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With the growing concern of fires or explosions
resulting from processing or handling hazardous
material, itisimportant to characterize the
flammable properties of that material. The
flammability properties of fuels have been
extensively studied for many years and are
relatively well understood. Essentially, there
are three elements required for a fire or an
explosion to occur: a fuel, an oxidizer, and an
ignition source. Through removal of one of
these requirements, a fire/explosion will not
occur. However, eliminating the ignition source
as the sole means of fire/explosion prevent of
hazardous chemicalsis not a practical means

of prevention due to flammable vapors having
very low minimum ignition energies as well as
numerous different ignition sources (known and
unknown). Therefore, other means are necessary
forreducing the risk of a fire/explosion. These
revolve around moderating the fuel and
oxidizer concentration to avoid a flammable
concentration of gases/vapors.

In the chemical industry, processing and
handling of chemicals could resultin the
formation of a flammable or explosive
atmosphere. Forliquid chemicals, this may
occur attemperatures other than atambient
conditions. Figure 1 shows the relationship
between the flammable properties of a
combustible chemical and how they are related
to temperature.
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Asyouincrease temperature and move along
the vapor pressure curve for a flammable
substance, there becomes a point where

the concentration of the vaporis sufficient

for producing a flammable mixture. This
temperature is commonly known as the Flash
Point (FP). In theory, the lower flammability
limit (LFL) should intersect the vapor pressure
curve at the flashpoint temperature; as aresult
this temperature is also referred to as the Lower
Temperature Limit of Flammability (LTFL).
However, these two temperatures, FP and LTFL,
may not always be observed to be similar with
experimental data. Knowledge of the disparity
between these two points will help better assess
the flammability hazards of a specific chemical
aswellas helpimplement the proper safety
precautions during handling.

To understand the variation between the lower
temperature limit of flammability and the

flash point, tests were performed to compare
theresults. The lower temperature limit of
flammability tests were conducted using ASTM
E1232“Standard Test Method for Temperature
Limit of Flammability of Chemicals” modified to
be conducted in a 5.3-L stainless steel spherical
vessel using a fuse wire ignition source for safety
and environmental purposes. The criterion for
a positive ignition was a 7% pressure rise above
the starting pressure. The flash point tests
were performed per ASTM D3278 “Standard
Test Methods for Flash Point of Liquids by Small
Scale Closed-Cup Apparatus”. These tests were
performed on 4 different chemicals and their
results are summarized in Table 1.
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Figure 1:
Temperature Effects on a Combustible Mixture (Crowl, 2003)

“6 S flam
=) § ) Uppet Table 1:
.g i Mists N Flash Point and Lower Temperature Limit of Flammability Results
< — . Autoignition
= 0 Flammable o
= region
8 & Chemical Flash Point (C)  LTFL (‘C)
[Sp] 0 .
O o f Lower flammability Timit | Organosulfer Compound 89.5 81
: : Lactam Ring compound 81.5 79
Not Flammable —
: Pyridine compound 1 100 92
Pyridine compound 2 137 119
Flashpoint _j

The deviation between the values determined
for these two tests is aresult of differences in the
testapparatus and methodology used in each of
these experiments.
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Flammability limits are influenced by numerous factors and offer an explanation into the
differences between the two test results:

1.

Vessel size and geometry — As the size of the vessel increases, the heat losses to the vessel
wall becomes negligible. Through minimizing heat losses to the vessel wall, more heat is
transferred to the combustion reaction, therefore, promoting flame propagation. This
resultsin a widening of the flammable region and combustion can occur at lower
temperatures.

Ignition source location - A lower ignition source location in a vessel has shown to widen
the flammable region as compared to a central ignition source location (Van den Schoor,
Norman, & Verplaetsen, 2006). With a lower ignition source, a larger percentage of the
combustible mixture participatesin the combustion reaction with minimal heat losses to
the wall, thereby, resulting in a high pressure increase.

Homogeneity of mixture — Slight changes in the vapor concentration could resultin a
mixture becoming flammable or not flammable. In the LTFL tests, the vapor mixture is
stirred to provide a homogenous mixture of the fuel in air unlike the flash point tests where
the vapor space is not stirred and thus concentration gradients my form. Furthermore, the
LTFL tests provide a more uniform heating of the vessel as well as alonger mixing time to
allow the vapor and the liquid to reach equilibrium. All of these factors will impact the
concentration of the fuel in the vapor space, thereby, influencing the flammability results.

Flame propagation — Generally, the flammable region is wider for upward flame
propagation than for downward flame propagation due to flame buoyancy. Tests
performed in the 5.3L vessel measures upward flame propagation as compared to the flash
point tester which is measuring downward flame propagation (EU-Project SAFEKINEX). This
wider range means that the LTFL will occur at a lower temperature than the FP.

These results demonstrate that it is imperative to fully characterize the flammability hazards of
chemicals. The use of the flash point by itself may not always be sufficientin providing proper
safety precautions to avoid flammable temperatures when assessing the hazards of flammable
liqguids. As shown from the LTFL and FP tests, there can be large deviations between the two

values. Therefore, the use of a safety margin with the flash point value may not always be adequate.
A better approach would be to conduct a LTFL test to assess the temperature at which there is
sufficient vapor for flame propagation.
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Happy New Year from FAI!
If you did not receive a 2012 FAI calendar, we still have a few left.

Contact Jeff Griffin at grifin@fauske.com or (630) 887-5278
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