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EFFECT OF INHIBITORS ON FLAMMABI.LITY
OF HEPTANE AR MIXTURES

H. Landesman and J. E, Basinski

National Engineering Science Company, Pasadena, Calif.

A large scale inveéstigation of the effect of -inhibitors on flammabilities of
heptane-air mixtures has been reported by workers at Purdue University (2)(3).
The technique involves measurmg upward flame propagatlon at various n-heptane
inhibitor-air percentages in a standard 4 ft, long, 2 in. diameter tube and plot-
ting the percentages of extinguishant versus heptane percentages where mixtures
are nornflammable, A curve such as shown in Fig. 1 is obtained.

With better inhibitors than that shown in Fig. 1, a peak in the flammability
curve will be obtained at a lower percentage of inhibitor than the 6 mol. percent
of Fig, 1. This peak percentage may be translated to weight percentages of
inhibitor producing nonflammability of heptane-air mixtures and comparisons
on a weight basis also can be obtained. These data have been found to follow
fairly closely the extinguishment capability of the materials on actual test hep-
tane or gasoline fires (3), though there is controver sy over the extrapolation of
data to potential fire ext1ngu1shmg performa.nce (4).

It was necessary to obtain a pre- -fire test screemng of extinguishants for
hydrocarbon fires which would be stable at 550°F and have low vapor pressures

- at that temperature, This screening was accomplisheéd by means of the combus-

" flange assembly and lower end of the tube is submerged in the 200 C silicone oil

-

tion tube apparatus mentioned before. Since high concentrations of low vapor
pressure inhibitors could not be maintained in the vapor phase with heptane-air
mixtures in a conventional ambient temperature flammability limit combustion.
tube (5), it was necessary to design a heated combustion tubé in which the flame
propagation could still be observed. Visibility was necessary for evaluation of

the inhibitory effects of theé candidate extinguishant.

Experiments were carried out at sub-atmospheric pressures to prevent
explosions or excessive pressures in the tube. Relative inhibitory effects have
been found to be essentially independent of pressures down to about 200 mm (2).

The system is diagrammed in Fig. 2 and photographs are shownoin Figs, 3
and 4. The gas containing sections of the apparatus are heated to 200 C to pre-~
vent condensation of the inhibitor. The glass combustion tube is heated by a

baked on transparent conductive coating, while the metal inlet system and the

pressure gauge are heated by electrical tapes.’

The lower end of the combustion tube is closed by a metal flange; which is
joined to the tube by a kovar-glass seal. The removable half of the flange has
a glass feed-through insulator for the tungsten ignition wire (Fig. 4). This entire

bath to 1nsure the gases reachmg a uniform temperature.

Partial pressures of the inhibitor and the heptane are measured directly
with a Kern-Springham glass spiral manometer with attached mirror. Rotation
of the spiral deflects the mirror and the deflection is measured on the scale.
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The spiral deflection was calibrated to read pressures up to 50 mm against an
external mercury manometer which was read with a cathetometer. Total pressure
of the combined inhibitor-heptane-air mixtures was 300 mm.

For the larger air pressures, the manometer is used as a null indicator.
The desired air pressure is introduced to the outside of the glass spiral, then
balanced with pre-heated air on the system side. The gases are mixed by a
sliding perforated disc, which ts driven by an external magnet, After twenty
minutes of mixing, the disc was brought to the top of the tube and the mixture
sparked, If ignition, as evidenced by flame propagation to the top of the tube,
did not occur, mixing was continued another five minutes and the mixture
sparked again, It was found that the rich limit for heptane-air increased to 8.75
percent heptane at 203°C and 300 mm total pressure compared to 6.9 percent at
approximately ambient temperature-and 300 mm pressure (2). The lean limit
did not change. A few. comparison points were made in this work at 203 C with
the same inhibitors used in the Purdue work at ambient temperatures., It was
found that peak percentages for sym-dibromotetrafluoroethane and for trifluoro-
bromomethane increased about 10 - 12 percent with the temperature increase.
However, since experimental conditions, including mixing times and methods of
mixing, are considerably different, the comparison has little meaning. It was
found during this work that changes in these variables led to large differences in
observed flammability, .

In Figs. 5, 6, 7 and 8 are shown flammability plots for the inhibitors evalu-
ated. The curves exhibit a. variety of shapes and peaks occurring at various heptane-
air-inhibitor ratios. The significance of this is not known. 'The peaks of the curves
are of interest since these represent a comparison of the individual molecules'
effectiveness as flame inhibitors. In Table [are presented data obtained on peak
inhibition percentages and the weight this volume percentage represents in 100
liters of a heptane-inhibitor-air mixture. These data are taken from peaks of
the curves previously shown.

The Purdue University work previously referenced contained a study of the
effectiveness of 56 compounds as flame inhibitors, in a combustion tube at room
temperature. This study includes many halogenated hydrocarbons, however,
since their tube was not heated, they were unable to test the less volatile mater-
ials. Two major correlations emerge from their work, the firat is a confirmation
of work of earlier investigators who found that hydrocarbons containing iodine are
better extinguishants than those containing bromine, which in turn, are better
than the aliphatic chlorides. The Purdue group also found that hydrocarbon com-
pounds containing only fluorine were very poor extinguishants. The second major
correlation was the observation that as the molecular weight increases the extin-
guishing ability also increases, i.e., the peak percentage decreases. This rela-
tion, however, is not invariable and it ia not possible to determine the extinguish-
ing ability of a molecule from its molecular weight alone,

-This study was carried out at a temperature of 203°C, thus, it was possible
to ‘determine. the peak percentages of some higher molecular weight halogenated
hydrocarbons. Figure No. 9 is a plot of the peak percentages from all the Purdue
data plus those determined in this work as a function of molecular weight. The
situation is quite complex, however, the chiorine cuniainisg Compounds ap
form a rough geries, :

The general curvature of this line suggests that a straight line might occur
if peak percentage were plotted against the inverse molecular weight., As can be
seen from Figs. 10 - 14, this is the case. For a given series of halogenated
hydrocarbons, the general trend is quite well marked, despite the wide variation
in structures. There are two possible explanations that might clarify this rela-

tionship between pedk percentage and inverse molecuiar weight. The first would
be a purely physical process in which the extinguishant molecule acts as a "third
body" to promote free radical recombinations, The alternate possibility would be
to reason that the inverse molecular weight was related to some chemical property,
such as bond energy, which was the actual cause of the effectiveness of the extin-
guishant, At the moment, we are investigating various parameters in an attempt
to discover a rational correlation and explanation o the relation of extinguishant
abil‘:ty to the physical properties and chemical structures of the halogenated hydro-
carbons, .
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FLLANGE DETAIL

FIGURE 4

COMBUSTION TUBE

FIGURE 3
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