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APPLICATION OF HALON 1301 TO THE PREVENTION OF
OR EXTINGUISHMENT OF AEROZINE-50 FIRES*
Robert W. Van Dolah and David Burgess
Explosives Research Center
Bureau of Mines
Pittsburgh, Pennsylvania
Should such a flammable mixture find its
way to an ignition source, there would of course
be some immediate hazard of overpressure, but
this would require a massive spill and evapora
tion from a substantial area of liquid surface.
A more likely hazard would be a localized flash
which could initiate secondary fires of such com
bustibles as Mylar,** Velostat, polyurethane
foam, or the clothing of technicians who might be
near. Any ignition would probably strike back to
a residual pool of accumulated liquid A-50.

An investigation was conducted into the
possibility of using Halon 1301 (bromotrifluoro
methane) to inert enclosed, personnel-occupied
spaces where spills of Aerozine-50 might occur.
The effectiveness of this agent in extinguishing
Aerozine-50 fires was also investigated. The
concentrations of Halon 1301 required to inert
Aerozine-50 vapor-air mixtures depended upon the
fuel vapor concentration; except at very high
fuel concentration, the amount required was
always less than that for nitrogen.

The less volatile hydrazine component of
A-50 is less hazardous in terms of ignition
probability, but more hazardous once a liquidsupported fire has been established. While the
pool burning of UDMH is unremarkable, hydrazine
pools can support fast-burning decomposition
flames which can be extinguished only by copious
quantities of water.

High concentrations of Halon 1301 are re
quired to extinguish Aerozine-50 fires, and
extinguishment appears possible only during the
early stages of burning, before the propellant
becomes too concentrated in the high-boiling
hydrazine component. There is no advantage in
the simultaneous application of C02 and Halon
1301, but the concurrent application of H2O and
Halon 1301 provides relatively easy extinguish
ment.

The major tasks in the study were (1) to
determine the concentration of Halon 1301 re
quired to inert mixtures of A-50 in air and to
compare this with that of nitrogen, (2) to
determine the concentration of Halon 1301 re
quired to extinguish established fires above
pools of A-50, (3) to determine_whether C02 and
Halon 1301 offered synergistic extinguishing
properties, and (4) to investigate the joint use
of water and Halon 1301 in extinguishing
established fires.

Introduction
The Lunar Module (LM) of the Apollo Space
craft is to be stowed within a structure known as
the Spacecraft-LM Adapter (SLA) during launch and
flight to the moon. The descent and ascent
engines of the LM are fueled with the hypergolic
combination Aerozine-50 (A-50) and nitrogen
tetroxide, and plans call for fueling to be com
pleted several days before launch, during which
time technicians must be within the SLA. Ob
viously, simultaneous spillage of both fuel and
oxidizer could result in a fire if large quanti
ties were involved, but such an event is con
sidered to be highly improbable. Far more likely
would be a spill or leak of a single propellant,
creating a fire or explosion hazard. The effec
tiveness of bromotrifluoromethane (Halon 1301) in
extinguishing fires of ordinary fuels burning in
air led to a proposal to install a quick-acting
Halon 1301 system in the SLA. The work described
below was performed by the Bureau of Mines in an
effort to define the potential effectiveness of
such a system in inerting A-50 spills or ex
tinguishing A-50 fires. Fires of plastic
materials burning in an ^O^enriched atmosphere
were also investigated but will be reported
elsewhere.

Experimental Procedures and Results
Inerting A-50-Air Mixtures
Limit-of-flammability experiments were con
ducted in the Bureau of Mines 1 F-ll apparatus to
determine the concentrations of Halon 1301 re
quired for inerting various A-50 vapor-air mix
tures. This apparatus is a flow-type unit
contained in a temperature-controlled oven to
allow determinations with condensable fuel
vapors; it is equipped with separate oxidant and
extinguishant metering equipment and with a
motor-driven hypodermic syringe for metering
liquid fuels into the flow system. The flamma
bility tube is 40 inches long and 4 inches in
diameter; it is fitted with platinum electrodes
that are connected to a 15-KV, 60 ma luminous
tube transformer for generating a high-voltage
spark.

The unsymmetrical dimethylhydrazine (UDMH)
component of A-50 is about as volatile as hexane
or acetone; a flammable vapor-air mixture should
develop quickly around any drip, stream, or spray
of the propellant. Previous work had shown that
UDMH-air mixtures have wide (concentration)
limits of flammability and require unusually
large concentrations of inerting agent to prevent
flame propagation.

Premixed fuel vapor-air-extinguishant
mixtures were introduced into the bottom of the
flammability tube at flow velocities of less
than 2 inches per second. The mixture tempera
ture was maintained at 100° F, or higher when
necessary because of fuel vapor pressure limita
tions. Previous work has shown that inerting
requirements at 100° F are not significantly
different from those at 72° F.

*This work was supported by the Kennedy Space
Center, National Aeronautics and Space
Administration.

**Reference to trade names is made for identifi
cation only and does not imply endorsement by
the Bureau of Mines.
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A brief investigation was made to establish
the flammability curves for UDMH-air-Halon 1301
mixtures. The neat UDMH does require somewhat
more Halon 1301 at all concentrations than does
the 80-20 mixture; however, the differences are
small, and again Halon 1301 was superior to
nitrogen at low fuel concentrations. Table 1
compares inerting requirements for the three
fuels.

The vapors above A-50 at 72° F have been
accepted as being 80 volume percent UDMH and
20 volume percent ^H^. 1 Thus the initial inerting tests employed this mixture. Incidentally,
the vapor-liquid equilibrium was subsequently
reinvestigated to yield the pressure-composition
diagram of figure 1. According to these new
curves, the vapors from a fresh drop or pool of
A-50 should be about 90 percent UDMH, and the
equilibrium concentration should be 14.9 volume
percent at 1 atmosphere. When the liquid is half
evaporated, depleting the UDMH in the liquid to
about 5 mole percent, the vapors are about
50 UDMH-50 N2 H4 a^ a maximum concentration of
5 volume percent. At this point the vapor
pressure is so low that further evaporation is
much less of a hazard. Thus the range of per
tinent vapor concentrations was covered by three
fuel mixtures: 100 percent UDMH, 80 UDMH20 N2 H4, and 50 UDMH-50

Table 1.

Minimum Halon 1301 Concentrations
Required for Inerting UDMH and
UDMH-N2 H4 Mixtures in Air

Halon 1301 required
Lower
limit, for inerting, vol %
vol % At 6% fuel At 12% fuel
(130°F)
(100°F) (100°F)
45*
28
2.0
UDMH
35
20
2.6
80% UDMH + 20% N2 H4
32
15
4.0
50% UDMH + 50% N2 H4
Fuel

The boundaries separating flammable from
nonflammable mixtures are shown in figure 2. It
is apparent from figure 2 that the amount of
Halon 1301 required to prevent flame propagation
increases continuously with increasing fuel vapor
concentration in the range of 0 to 15 percent
fuel by volume. The lower flammability limit of
80 UDMH-20 N2H4 at 100° F is 2.6 percent fuel in
air, and at this concentration any small percent
age of Halon 1301 would suffice for inerting; at
6 percent fuel vapor, which is roughly stoichiometric for combustion to C02, H20, and N2 , at
least 20 percent Halon 1301 is required for
inerting; at 12 percent fuel vapor, 35 percent
Halon 1301 is required.

*Value obtained at 110° F oven temperature.
Ignition of A-50 Pools in Halon 1301-Air
Atmospheres
It must be emphasized that high fuel concen
trations would only exist with large quantities
of liquids relative to the volume in which the
vapor may be dispersed. In real conditions,
movement of air coupled with the convective move
ment of the heavier-than-air vapor would reduce
the vapor concentration above a pool to much less
than the equilibrium values. The effectiveness
of Halon 1301 in preventing ignition of A-50
pools—inerting in the practical, non-equilibrium
case—was explored. Dishes containing A-50 were
placed in various Halon 1301-air atmospheres, and
ignition was attempted, employing the spark from
a luminous tube transformer and, if ignition did
not occur, electric squibs. In one case, black
powder fuse gave ignition after the squibs had
failed to ignite the A-50. The first attempts
were made using 50 cc of A-50 in shallow
(3/8-inch) or deep (2-inch) glass dishes 4 inches
in diameter. Subsequent trials were made with a
pint of A-50 in a 14-inch-diameter , 5-inch-deep
pan. The results are summarized in table 2. At
57° F, ignition was obtained with up to 5.5 per
cent Halon 1301 in air but not with as little as
7.5 percent. At the higher temperatures the
range between Halon 1301 concentration for
ignition and non-ignition was 9.3 to about 12
percent.

Since these values of Halon 1301 were so
much in excess of those anticipated and showed no
evidence of reaching a maximum, measurements were
extended to higher fuel concentrations that might
develop at temperatures higher than 72° F. Ex
tension of the curve into the range of 25 to 35
percent fuel vapor finally produced an apparent
maximum of 58 percent Halon 1301 required for
inerting. It must be emphasized that this mix
ture represents 58 percent Halon 1301 in the
total fuel-air-diluent mixture; at 30 percent
fuel and 58 percent Halon there is only 12 percent
air and hence 2.5 percent oxygen. The trials at
these higher concentrations were made at 150° F
to assure homogeneous gaseous mixtures.
Similar flammability trials were made with
nitrogen as inerting diluent. The flammability
curve (fig. 2) for (80 UDMH-20 N2 H4>-air-nitrogen
mixtures shows that Halon 1301 is indeed signifi
cantly more effective. While the maximum inert
requirement with nitrogen is also about 60 per
cent, this maximum requirement pertains to
essentially lower limit concentrations of fuel
where the flammability curve is nearly flat.
This behavior illustrates a difference between an
ordinary inert diluent (nitrogen) and an extin
guishing agent (Halon 1301) which acts as a
chemical inhibitor.

Extinguishment of A-5Q Fires
Pool fires of A-50 burn in two distinct
modes. Pools about 1 inch deep gave an initial
burning rate of 0.1 to 0.3 cm/min, in accord with
earlier experience with UDMH fires; but when the
liquid was about half consumed the residual fuel
began to boil vigorously, and the fuel consump
tion rate increased remarkably. When the tray of
burning liquid was loosely covered, the boiling
seemed to continue unabated.

The flammability curve for 50-50 vapor-air
Halon 1301 is shown in figure 2 for comparison
with the 80-20 data. The 50-50 mixture requires
(1) The lean
less inerting on several counts:
limit of flammability is higher, (2) the maximum
fuel concentration possible is lower, e.g., 5.0
vs 14.9 percent at 72° F, (3) the Halon 1301 re
quirement at any fuel concentration is less with
the N2 H4~richer mixture.

The fuel consumption rate is given in fig
ure 3 for 90 pounds of A-50 burning in a 48-inchdiameter by 3-inch-deep tray. The fuel being
consumed during the early (~0.7 Ib/ft^ min)
stage is thought to be 80 to 90 percent UDMH,
while the fuel in the final (-2.0 lb/ft 2 min)
stage is presumed to be nearly pure hydrazine.
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Table 2.

Vessel, Temp . ,
°F
in
3/8x4
3/8x4
3/8x4
3/8x4
3/8x4
2x4
2x4
2x4
3/8x4
3/8x4
5x14
5x14
5x14

57
57
57
57
57
57
57
57
84
84
85
86
89

extinguished or the fuel was completely consumed.
The weight of the fuel in the dish was measured
continuously by the load cell. Samples of the
inerting atmosphere in the vessel were taken
periodically during the run.

Ignition of A-50 by Spark or
Black Powder Squibs in the
Presence of Halon 1301
Halon
1301,
vol %
19.5
15.4
8.2
7.5
4.9
8.5
8.2
5.5
11.8
9.3
12.5
5.7
18.2

At least 36 percent Halon 1301 was required
to extinguish established A-50 fires in this ex
perimental arrangement. Figure 5 gives repre
sentative weight loss data showing extinguishment
at 36 percent Halon 1301, and non-extinguishment
at about 30 percent Halon 1301; the steep upturn
in the weight loss is indicative of hydrazine
burning. The short arrows indicate times at
which samples of the atmosphere were taken.
Figure 6 gives temperature recordings which also
indicate extinguishment and non-extinguishment in
In all, three tests showed
the two experiments.
continued burning at 28 to 30 percent Halon 1301
and two tests showed extinguishment within onehalf minute at 36 percent Halon 1301. Larger and
deeper pools required over 45 percent Halon 1301,
in general agreement with the concentrations re
quired for inerting.

Result
No ignition
No ignition
No ignition
No ignition
Ignition by 7th spark
No ignition, 1-1/8 inch*
No ignition, 5/8 inch*
Ignition, 1/4 inch*
No ignition
Ignition by squib
Ignition by fuse
Ignition by 1st spark
No ignition

*Distance of spark gap above liquid surface.

While photographic and visual observations
were badly obscured by dense white smoke, motion
pictures showed clear evidence of an extinguish
ment in runs with 28 to 30 percent Halon 1301.
As this extinguishment was not borne out by
either weight loss or temperature data, it was
presumably the extinguishment of the luminous
afterburning flame which was no longer necessary
to support the non-luminous decomposition flame
of N2H4 at the liquid surface.

The apparatus used to determine the concen
tration of Halon 1301 to extinguish established
It consisted
fires of A-50 is shown in figure 4.
of a cylindrical steel tank, 2 feet in diameter
by 4 feet high, fitted with a Pyrex window near
the bottom of the tank and another in the top lid
to provide for visual and photographic observa
tions. A 50-cc sample of A-50 was poured into a
4-inch-diameter by 3/8-inch-deep Pyrex dish, and
the dish of fuel was placed on a load cell
(1-pound capacity) located at the bottom of the
tank to provide fuel consumption rate. The load
cell output was recorded by a direct-writing
oscillograph. The tank atmosphere was prepared
by metering air and Halon 1301 (or C02 for com
parison) with calibrated rotameters and passing
the gases through a mixer and diffuser, then
through a 4-inch-deep pebble bed at the bottom of
the tank. The top window was raised about 1.7
inches to provide adequate venting and for the
insertion of appropriate sampling tubes and
ignition lines.

Inerting and Extinguishment With^Combined COg
and Halon 1301
Experience had shown that C02 extinguishment
of A-50 fires does not involve the unpleasant
white smoke that occurs with extinguishment by
Halon 1301; on the other hand, a pool of A-50 can
be inerted by about 7 percent Halon 1301 as com
It was of interest to
pared with 35 percent CC>2.
determine whether some combination of CO2 and
Halon 1301 might not provide the best overall
protection.
The unrewarding results are illustrated in
figure 7 which shows that any "synergism" toward
inerting in the performance of C02 and Halon 1301
is strictly unfavorable. The dashed curve shows,
for example, that it requires more Halon 1301 to
inert a pool when there is already 20 percent CC>2
in the atmosphere than with no CC>2. Similarly
disappointing results were obtained when ex
tinguishment experiments were run. As in the
case of inerting, only a negative synergism was
found, as illustrated in figure 7.

Two methods of igniting the liquid pool of
an intermittent electric spark
fuel were used:
from a 15-KV, 50-ma luminous tube transformer,
and electric squibs. Both ignition devices were
positioned from about 1/4 to 1-1/8 inches above
the liquid surface. Chromel-Alumel thermocouples
were positioned 2, 9, and 16 inches directly
above the liquid pool surface and connected to
the same direct-writing oscillograph to provide a
means of monitoring the temperatures above the
pool and detecting the presence of flame. The
thermocouples were previously calibrated at the
melting points of tin and aluminum and at the
boiling point of water.

Cooperative Effects of Water and Halon 1301
Flammable water-soluble materials such as
A-50 can be made nonflammable in air by dilution
with water; the amount of water required depends
primarily on the ambient temperature. 2 Thus at
1-atmosphere pressure an A-50-water mixture must
contain at least 37 weight percent water to pro
duce nonflammable vapors in a Cleveland Open Cup
In practice, these
apparatus3 at 77° F (25° C),
values depend on the actual composition of the
A-50.* The amount of water required to produce
*The sample used here contained 52.9 weight per
cent hydrazine and 46,9 weight percent UDMH
(67.5 mole percent hydrazine; 32 mole percent
UDMH).

The A-50 was ignited and allowed to burn for
1 minute to obtain steady-state condition with an
air flow through the pebble bed of 3.7 ft 3 per
minute. The burning rate and the time to ex
tinguishment did not seem to be influenced by
this flow, since the rates obtained in the tank
agreed with the results of similar experiments
conducted outside the vessel. The inerting gases,
either Halon 1301 or CC>2, were added at the
proper flow relative to the air to give the de
sired composition; the compositions were verified
by sampling and analysis. The flow rates were
then maintained constant until the flame was
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nonflammable mixtures decreases as the UDMH con
tent decreases; this situation prevails when A-50
evaporates in an open container or a pool.

Table 4.

Unfortunately, heat is evolved when water is
added to A-50 so that the liquid temperature in
creases above that of the surroundings. For this
reason, more water is needed under adiabatic
conditions to produce a nonflammable mixture be
cause of the elevated liquid temperature. For
example, figure 8 indicates that the water re
quirements are increased to about 65 weight per
cent when water is added to A-50 in an insulated
open cup, as the liquid temperature increases
from 75° (24° C) to 145° F (63° C).

Water
delivery
Halon PreTime to
1301
Nozzle
rate to
burn extinguish
Run pressure, 14" tray, in air, time,
flame,
lb/ft 2 min vol %
sec
sec
psi
j.a/
%
*/•
5-,
62

A pertinent observation is that water de
creases the burning rate of an A-50 fire, whereas
the gaseous extinguishants, N2, CC>2, and Ha Ion
1301, have no apparent effect short of extin
guishment. This is illustrated in figure 9 and
also in columns 2 and 3 of table 3. When the
burning rate (evaporation rate) is slowed by
application of water, the fire is made more sus
ceptible to extinguishment by a gaseous extinguishant. The final column of table 3 shows the
much reduced requirement of Halon 1301 to
extinguish fires of water-diluted fuels.
Moreover, it should also be possible to dilute
the burning vapors with water in the presence of
Halon 1301 extinguishant, and this is the sense
of table 4. In tests 3 and 5 with no Halon 1301,
a water delivery rate of about 0.4 lb/ft 2 min
sufficed only to build up nonflammable concentra
tions after about 90 seconds of burning; with a
nominal 5 percent Halon 1301, tests 2 and 4, true
extinguishment occurred at about the same rate of
water application; with the same nominal Halon
1301 concentration, a spray of 0.14 lb/ft 2 min
was ineffective while a 0.57 lb/ft 2 min spray
gave fast extinguishment (tests 1 and 6).

Fuel
A-50

Added
water,
%
0
20
50
64

Burning rate,
g/cm min
0.17
.10
.056
No ignition

60
30
30
30
30
90

0.57
.38
.38
.43
.43
.14

5.6
4.8
.0
5.0
.0
5.5

8
7
10
26
30
15

12
16
83
37
64
108

a/ P-54 Bete nozzle.
l>/ P-28 Bete nozzle,
c/ Two P-10 Bete nozzles.

concentration. Near the lower flammability limit
only a few percent of the agent inerted the
system, compared with the nearly 60 percent
nitrogen that would be required. The original
concern over the possibly varying requirements of
Halon 1301 concentrations depending upon the fuel
vapor composition (UDMH vs ^2^4 concentration)
was shown to have minor significance.
The capability of Halon 1301 to extinguish
A-50 fires was very disappointing. A-50 burns in
a two-stage process consisting of a non-luminous
monopropellant flame followed by a luminous flame
of the decomposition products burning in air.
The luminous secondary flame could be extin
guished by low concentrations of Halon 1301, but
the first stage flame required 36 to 45 percent
extinguishant depending on pool diameter. These
concentrations could not be delivered into the
large volume of the SLA, being possible only by
direct application to a small fire, if at all.

Burning Rates and Minimum Halon 1301 to
Extinguish Water-Diluted Pool Fires

Table 3.

Water-Halon 1301 Extinguishment Data
for A-50 in a 14-inch Tray Located
in a 12-ft Sphere

The two-stage combustion provides an ex
planation for the low Halon 1301 concentration to
inert a liquid spill (~7 percent) as contrasted
with the high concentrations required for fire
extinguishment: pools of neat UDMH apparently
do not support decomposition flames; consequently
an A-50 pool whose vapors are about 90 percent
UDMH must be marginal for this mode of burning.
Presumably the decompositional burning is only
initiated by heat fed back from the airsupported secondary flame; therefore, the inerting of an A-50 pool is basically the prevention
of the secondary flame and is comparable to the
inerting of any fuel that burns as a diffusion
flame in air. In comparable experiments it re
quired 5 percent Halon 1301 to inert a hexane
pool, 7 percent for A-50, and 9 percent for
methyl alcohol.

Min. Halon 1301
to extinguish,
%
48
16
2.5

Discussion
The results obtained indicate that substan
tial protection is possible. In the worst case,
with saturated A-50-air mixtures, the concentra
tion of Halon 1301 needed to produce an inert
mixture would place an impossible requirement on
a delivery system for a structure the size of the
SLA. Moreover, the combined concentrations of 12
to 14 percent A-50 vapor and 35 to 40 percent
Halon 1301 would scarcely leave an atmosphere
tolerable by people; the oxygen concentration of
10 percent or less presents severe problems in
itself.

Attempted extinguishment of A-50 fires with
Halon 1301 presents other problems as well.
Before the flame can be extinguished, copious
quantities of dense solid smoke are formed. A
major constituent of the smoke is ammonium
bromide, which is not particularly toxic, al
though evidence of fluorides, bromine, and other
products was obtained. Regardless of the
toxicity of the products, the reduced visibility
caused by the smoke would adversely affect egress
of personnel.

However, two conclusions are apparent, the
most important being that Halon 1301 was acting
as a chemical extinguishant., not merely as an
inert agent, and the required concentration was
rather sharply dependent upon the fuel vapor
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Conclusions
Halon 1301 in reasonable concentrations pro
vides protection against ignition of A-50 vapors
in low concentrations such as may be expected
above small pools or spills. If conditions are
such as to give near-equilibrium concentrations
of fuel vapor, the concentrations of Halon 1301
to prevent ignition seem impossibly high to be
practical. Similarly this agent appears to have
little applicability to the extinguishment of
existing fires of A-50 unless water sprays can be
used simultaneously. On balance, protection
against fire involving A-50 appears feasible
under most credible conditions, given rapid
detection of leaks and quick, massive delivery of
Halon 1301.
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Pressure-composition diagram for A-50 at 72 6 F.
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Figure 2.

Limits! of flammability of two Aeroxine fuel compositions in

various air-Halon 1301 and air-nitrogen mixtures at temperatures
between 100 6 and 150* P (4-incli-i.d. flammability tube).
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