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F14sa Summary Report

September 1, 1947 to June 30, 1950

Research at Puzdue University

Purdue Research Foundation and Department cf Chemistry
in cooperation with

Army Engineers Research and Development Laboratories

FIRE EXTINGUISHING AGENTS

Abstract

Negotiations between the Army Engineers Research and Develop-
ment Laboratories resulted in Contract No. W44-M09 eng - 507 for conduct-
ing studies, re-s"o- ^-A investigations leading to the development of a
fire extinguishing agent with fkm. fire-fighting characteristics equal
to or superior to methyl bromide. Although fluorine containing compounds
were of a great deal of interest to this project, the investigation was
not limited to a study of the applicability these compounds as fire
extinguishing agents.

A literature search revealed that no systematic study had been
made of compounds to be used as fire extinguishing agents. In general,
a proposed compound was tested by putting out fires under specified
conditions. Such a test method was obviously not cuited for rating research
samples of a few grams of material.

A laboratory screening test of compounds for their fire inhibiting
properties was set ur by determining the limits of flammability of mixtures
of fuel, (L-heptane) air, and the proposed extinguishing agent. The peak
in the curve obtained by plotting data concerning the famability of
mixtures was considered as a measure of the flame extinction properties
of the test compound. This hypothesis was later shown to be valid by
tests conducted at Fort Belvoir. Dibrcuodifluormethane heads the list of
the thirty-one compounds found to be more effective than methyl bromide
on the basis of this test. When the comparisons were made on a weight
basis instead of a volume basis oray eight compounds were found to be mre
effective than methyl bromide.

It was found that in a given homologous series of compounds,
the effectiveness in fire extinction properties increases with an increase
in molecular weight. No apparent relationship could be found between the
fire extinction properties and molecular weight of ompounds chosen at
random.
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As part of a program of determining the effectiveness of
elemental coposttion of a compound in decreasing the flammability of
mixtures of air and n-heptane, several non-carbon compounds were studied.
Halides of silicon, sulfur, and boron have (lame inhibition properties
which are greater than those for the corresponding carbon halides. The
properties of these non-carbon halides rule them out as suitable fire
extinguishing agents. Bubsequent research should include a study of methods
leading to the preparation of organic polyhalides containing sulfur,
silicon and boron as an additional element.

The effect of a halogen substituent upon the fire extinction
properties of carbon compounds was studied in some detail. The order
of increasing effectiveness is F<Cl Br('I. There are, however, some
anomalies to this generalization which cannot be satisfactorily explained.
For example, the alkyl iodides are more effective flame inhibiting agents
than the corresponding alkyl bromides, but the perfluoroalkyl iodides
may or may not be as effective as the corresponding perf~uoroalkyl bromides

The replacement of a bromine atom for a fluorine atom in carbon
tetrafluoride greatly increases the effectiveness of the resulting compound,
briootrifluoromethane, in decreasing the flammability of mixtures contain-
ing air and n-heptane. Subsequent replacements of bromine for fluorine
results in the formation of compounds which are more effective as fire
extinguishing agents, however, this increase in effectiveness is not a
linear relationship.

Unsaturated cmpounds were found, in general, to be ineffective
i decreasing the flammability of mixtures of air and n-heptane. Tetra-
fluoroethylene was found to burn in air. 2,2-Diiluorovinyl bromide was
found to be as effective as methyl bromide. The (perfluoroalkyl)benzenes,
such as benzotrifluoride were found to be flammable in air.

The effect of temperature upon the coordinates of the peak
in the flammability curves was determined at -780C., +26*C., and 145°C.
The order of effectiveness, based upon the volume per cent of the halogen
compound in the mixture, is the same at the three temperatures. The
flammble areas obtained at -78"C. were found to be quite irregular. It
was also found that as the temperature increases, the peak in the flanmability
curve also increasee.

The standard fuel used for rating the various fire retarding
agents with respect to one another was n-heptane. When the standard fuel,
n-heptane, was replaced by a different fuel a qualitative parallel relation-
ship exists between the fire retarding agents. Other fuels investigated
included diethyl ether, pentane, benzene acetone, ethyl acetate, and
methanol.

The possibility of using a mixture of compounds as a fire
extinguishing agent was also investigated. Several binary mixtures of
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halogen compounds were used as fire retarding agents on mixtures of
fl-pentane and air, This preliminary stuay indicated that in certaiz
instances the use of a mixture of halogen-containing compounds is ad-
vantageous. The actual effectiveness appeared to be characteristic of
the particular mixture used. Hence no generalizations could be made
regarding choice of constituents in the mixture.

As a continuation of a study of the effect of variables on
the flamable limits of mixtures containing air, n-heptano, and a
halogen compound, the flaumble areas at subatmospheric pressures of
200, 300, 400, and I0 we. Hg were determined. Fcr mixture! containLn
methyl bromide as the flame inhibiting agent, not only is the flamu-
ability peak lowbred with a decrease or increase in pressure from 400 m.
Hg but in general the flammable area lies within the area found at 400
Hg pressure. When trifluoromethyl bromide was used as the flame in-
hibiting agent the peak in the flammability curve was essentially the
same at 300, 400, and 500 am. Hg pressure and lower at 200 m. Hg pressure#
In the case of dichlorodifluoramethane, the peaks are equivalent at 300
and 400 =, Hg pressure and lower at 200 and 500 n. Hg pressure. These
examples are too few to warrant drawing any conclusions concerning the
effect of pressure on the flamable areas.

An accelerated stability test of various halogen compounds
to iron, copper, aluminum, brass and magnesium was performed. Tests
were conducted at reflux temperatures at 200*F. (93.3C.) and at
392*F. (200"C.) under anhydrous and aqueous conditions. Small strips
of the test metal werenoted for corrosion and loss in weight. Data
show that halogen ccmpoumds are less stable toward alum-nun than to
either brass, copper, iron or magnesium. There appears to be no signifi-
cant difference between the stability of these compounds to brass and to
copper. The compounds are most stable to iron. The fluorocarbons are
the most stable and the monohaloalkanes the least stable.

Restivity measurements show that for practical purposes
fluorocarbons are non-conductors of electricity and hence would be suit-
able for use in combating electrical fires.

A knowledge of the behavior of halogen compounds under con-
ditions favoring decomposition is of intercst in the interpretation of
data relating to the toxicological properties and corrosive action.
Accordingly, several halogen-containing compounds were introduced into
a flame resulting from the combustion of propane in air and the pro-
ducts of decomposition studied. A special burner was designed so that
the materials introduced and products formed could be quantitively
measured. The halogen compound was - 'ected to the flame in either
of two ways. The halogen compound w first premiXed with the propane
stream before burning or the air stram before burning. Considerable
soot was formed except when carbon tetrafluoride and sulfur hexafluoride
were used. Then only trace amunts were noted. The amount of soot
obtained was always a little less than the amount of carban present in
the halogen compound introduced, This suggests that soot formation arises
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ethane are about equivalent in effectiveness.

Unsaturated compounds were found,in general, to be ineffective
ir decreasing the flammability of mixtures of air and n-heptane. However,
2,2-t'!flucr'vinyl bromide (CF2 - CHBr) was found to be unexpectedly
effective. rhe peak in the flammability curve was 9.7%.

Tetrafluoroethylene was found to be flamnablc in air. The lower
linit of flammability lies between 16.0 ard 16.3% and the upper limit
between 43.0 anO 44.0%. These limits are for the upward propagation of
flames. The flames resulting from combustion of mixtures whose compositions
wore in the region of the lower limit were pale blu. in color and no
smoke was present. he flamus resulting by burding mixtures of tutra-
fluoroethylene and air having a composition in the region of the upper
limit of flammability were red and much soot was frmed.

Mixtures of n-heptane, air and nitrogen trifluoride were found
to be explosive when ignited. The violence of the combustion reaction
was increased as the percentage of nitrogen trifluoride was increased to
70% where further testing vas stopped. These results were unexpected since
nitrogen trifluoride is a stable compound and relatively inert. As a
result of these tests it was ocluded that nitrogen trifluoride was of
no further interest as a fire extinguishing material.

The (perfluorcalkyl~benzenes, benzotrifluoride, bis(trifluoro-
methyl) benzenes and 1-(pentafluoroethyl)-4- (trifluoromethyl) benzenes,
were eliminmted from further consideration when they were found to be
flammable, The ring halogenated derivatives of these compounds were not
studied because of their low vapor pressure.

Weight Effectiveness vs. Molar Effectiveness. The method used
for the determinetion of the flame extinction prop.rLies of halogen-
containing compounds is based upon the volume percentage of the agent
in a mixture of vapors. While this procedure provides a convenient
means for evaluating the compounds and correlating the results, the weight
effectiveness becomes significant from an economic viewpoint since these
materials are usually sold on the weight basis. It is also important to
consider the weight of material required for fire protection. In general,
this point is more significant in cases where aircraft is concerned than
in other cases.

A comparison is made in Table II between the weight effectiveness
of a halogen compound as a fire extinguishing agent and the volume -ffectivk-
ness of these same compounds. The following equation was used in cal-
culating the weight of halogen compound equivalent to the volume percentage
of the halogen compound at the peak in the flammability curve. Grams of* Extinguisher - 100 liters22.4 liters x Mol. Wt. of Extinguishei x Vol.% Extinguisher at
Peak. The calculations are based on 100 liters of gaseous mixture at
O'C. and one atmosphere of pre3sure. It will be noticed that some com-
pounds which have a low flamability peak are found to be less effective
on a weight basis than others with a high flamability peak and vice versa.
It is interesting tc note that on the volume basis, thirty-one of the
compounds tested are better than methyl bromide; whereas, on a weight basis,
only eight compounds are more effective than methyl bromide.
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Table II

SUMJARY OF COMPOUNDS EVALUATED AS FIRE EXTINGUISHING AGDITS
(Room Temperature)

Order of
Peak in Effective-

Compound Flammability ness
FOrUla Name Curve, % Extinuishej,. Vol. Wt.

basis bas,1
CBr2Fa Dibromodifluoromethane 4.2 39.37 1

CBksp Tribrauofluoromethane 4.3 51.96 2 17

CF3 CHBrCH3 2-Bromo-i,1,l-trifluoro-
propane 4.9 38.71 3 4

CBrF2CBrF2  1, 2-Dibromotetrafluoro-
ethane 4.9 56.87 4 22

CFZICFaI Tetrafluoro-l,2-diiodo-

ethane 5.0 79.01 5 37

C zBr 2  Dibromomethane 5.2 40.39 6 7

CF3CF2I Pentafluoroiodoethane 5.3 58.19 7 26

CF3 CH2(aCBr 3-Bromo-1,l,-trifluoro-
propane 5.4 42.67 8 i

CH3 CH21 Ethyl iodide 5.6 39.00 9 5

CF3CO 2Br Bromopntafluoroethane 6.1 54.16 10 18

CH31 Methyl iodide 6.1 38.67 U 3

CBrF 3  Bromotrifluoromethane 6.1 40.57 12 8

CH3CH2Br Ethyl bromide - 6.2 30.15 13 1

CH 3BrCF1CH l-Bromo-2,2-difluoro-
propane 6.3 44.69 14 13

CClF2CHBrCH3  2-Bromo-l-chloro-1 ,l-

difluoropropane 6.4 55.8 15 20

CHBraF Dibromofluorcmethane 6.4 54.85 16 19

* These values were obtained by calculations assuming 100 liters of gaseous
mixture at 0G. and one atmosphere of pressure.



Table II (Continued)

Order of
Peak in Effective-

Ccsvcund Flammability ness
omiaName Curve, % Extizwuisher.R.* Vol. Wt

basis basis
C~rF2C!H2 Btr 1,2-Dibromotetrafluoro-

ethane 6.8 68.0 17 30

CF3~CH2Br 2-Bromo-l ,1 ,1-trifluoro-
*Mhane 6.8 49.66 IS 16

CF 1 6  Perfluoroheptane 7.5 129.91 26 49
C6?1 ,C2F5  Perfluoro(ethylcyclo-

hexane) 6.8 121.42 19 46

1,3-C6F1 o(CF3)2 Perfluoro(1,3-dimethyl--
cyclohexane) 6,8 121.42 26 47

l,4-CGF1 (CF3)2 Perfluoro(1,4-dznothyl-
cyclohexane) 6.8 121.42 21 48

CF31 Trifluoroiodomethane 6.8 59.5 22 27

CH2BrCFi2Cl 1-Broino-2-chloroethane 7.2 45.69 23 14

CCIFa3 liBr 2-Bromo-1-chloro-1,1-
difluoroethane 7.2 57.69 24 24

C6Fj1CF3  Perfluoro(methyl-
cyclohexane) 7.5 117.18 25 45

CH2BrC1 Brcmochloromethane 7.6 43.93 27 12

tQ{BrF2  Bromodifluorcaethane C.j49.12 28 15

CCl?2CC12F 1,1,2-trichiorotri-
fluoroethane 9.0 75.3 29 36

C~rC1F 2  Brcmochlorodifluoro-
methane 9.3 68.71 30 31

H~r Hydrogen bromide 9.3 33.62 31 2

CII3Br Methiyl brconida 9.7 41.13 32 9

CF 2-CHBr 2,2-Difluorovinyl bromide 9.7 61.92 33 28

nCFoPerfiucro n-butane 9.8 104.12 34 4

*These values were obtained by calculations assuming 100 liters of gaseous
mixture at O*C. and crne atmosphlere of pressure.
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Tabl- II (Continued)

Order of
Peak in Effectiveness

Compound Flammability Vol. Wt.
Name Curve. I Extinguisher.i.0.* "s t k!s

SiC1 , Silicon tetrachloride 9.9 75.1 35 35

CBrF2CBrC.F 1,2-Dibromo-2-CM loro-i,
1,2-trifluoroethane 10.8 133.5 36 50

CCIFgCCIF2  i,2-dichlorotetrafluoro-

ethane 10.8 82.4 37 40

CC1 4, Carbon tetrachloride 11.5 7,9.0 38 38

CF3 CHCICM3  2-chloro-1,1,1-tri-
fluoropropane 12.0 70.99 39 33

CF3 ai2C zC1 3-chloro-I,1,1-tri-
fluoropropane 12.2 72.16 40 34

CCIF3  Chlorot rifluoromethane 12,3 57.38 41 23

CF3 CF3  Hexafluoroethane 13.4 82.55 42 41

CC1 2 F2  Dichlorodifluoromethane 14.9 80.4 43 39

CHC13  Chloroform 17.5 93.3 44 42

C,1F3  Trifluoromethane 17.8 55.6 45 21

CH CIFZ Chlorodifluoromethane 17.9 69.1 46 32

CF Octafluorocyclobutane 18.1 161.61 47 53

SF6  Sulfur hexafluoride 20.5 133.6 48 51

BF3  Boron Trifluoride 20.5 62.05 49 29

PC1 3  Phosphorous trichloride 22.5 138 50 52

HCI Hydrogen Chloride 25.5 41.55 51 10

CF4  Carbon tetrafluoride 26 102.1 52 43

CO2  Carbon dioxide 29.5 57.94 53 25

* These values were obtained by calculations assuming 100 liters of gaseous
mixture at OC. and one atmosphere of pressure.
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Effect of TRerature. The effect of temperature upon the
coordinates of the peak In the flammability curves and the flammable
areas was determined. Since it was desired that one of the temperatures
be at least as low as -50*C. it was necessary to choose materials for
this study whichhave a vapor pressure at-50C. sufficiently high to
obtain mixtures having the desired concentrations, as the test procedure
is based upon the measurement of the flammability of a mixture of vapors.
Methane was investigated first as the flammable material, but it was
observed that the flawm was not always luminous. Isobutane was found
to be satisfactory in. all respects as the flammable material. Methyl
bromide, br trifluorcuethane and chlorotrifluormothane, sulfur hexa-
fluoride and carbon tetrafluoride were chosen for use as the flame
inhibitors.

The apparatus used was similar to the one previously described
except that the ecombustion tubes were 4-mersed in a constant temperature
bath as shown by photograph in Plate I and by diagram in Figure 4. The
Pyrex combustion tube (A) was 51 m. inside diameter and 120 on. long.
The rubber stopper (3), held on by atmospheric pressure, sealed the upper
end of A. The lower end of A was connected by means of 8 mm. Pyrex tubing
(C) to the gas mixing system. The upper end of A was connected to the gas
mixing system by means of E. The gas mixing system consisted of the
mercury piston (G) and the one-way check valves (F). Thus, when the mer-
cury rose and fell in G, the gas mixture in A was circulated and thoroughly
blended into a homogeneous mixture. Relay (J) and solenoids (I, and 12)
controlled the pump action in G by regulating the flow of ccmpressed air
into the mercury reservoir (H). Tube A was connected to the manifold (L)
through stopcocks (D and N5). Manometer (M) was used to measure the
pressure in A. A vacuum pump and sources for dry air, fuel, and halogen
compound were connected to L through stopcocks (NI, N2, N3, and N,
respectively). The electrodes (0) used for ignition, were made of number
29 gauge platinum wire and were connected to the high voltage terminals
of a Model-T Ford induction coil (not shown). The constant temperature
bath (P) was constructed of one-sixteenth inch sheet copper and was lagged
with 1.5 inches of magnesia (not shown). For elevated temperatures the
bath was filled with oil which was heated by 250-watt nichrome wire
imersion hoaters (not shown). For low temperatures, the bath was filled
with trichloroethylene and cooled with Dry Ice.

The apparatus was operated as follows: Tube A was evacuated b3
the vacuum pump by closing and opening appropriate stopcocks. Fuel, ex-
tinguisher, and dry air were introduced in order of increasing vapor
pressure. The composition was calculated from the partial pressure of each
component as noted on the manometer (M). Clamp (Q) was opened and the
pump (G) was allowed to operate until thorough mixing had occurred. The
mixing time was detemined by several preliminary runs. After mixing,

* the mixture was fired and a positive result was recorded if the flame
traveled the Ahole length of the tube A. Before the next run the system
was flushed with air by opening stopcock K.

Coordinates for the peak in the flammability curves for mixtures
of the halogen compounds with air and isobutane at -780C., +260 C. (rom
tmperature) and +145*C. are summarized in Table III. The flammable areas
at -78 e , *266 and *145"C. are shown in Figures 5-18 inclusive. The order of
effectiveness based upon the amount. of halogen compound in the mixture, is
the same at -78"C. as at +26"C. The order is as follows.

I I II I
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Table III

EFFECT OF TEMPERATURE ON THE PEAK IN
THE FLAMABILITY CURVES

Temperature, *C. -78 +26 +145

Peak in flamability Peak in flaznbility Peak in flamabillty
curve curve curve

Halogen Halogen Halogen Halogen
Compomd Ccmpd.% C,,Ha2% CaMAh ,% C..Hin.% Compd.., Cjin,%

CBrF3  3.25 4.5 4.7 4.6 7.3 4.0

CH3Br 3.75 3.5 6.75 4.0 8.3 4.0

CC1F3  8.25 3.5 10.75 4.25 12.8 4.0

SF6  12.75 5.0 15.75 5.0 17 5.5

CFA 18.25 5.0 23.75 4.0 14 3.5
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1. braotrifluoroethanc
2. methyl bromide
3. chlorotrifluoromethane
4. sulfur hexafluoridc
5. carbon tetrafluoride

At 145vC. the order of decrea3ing effectiveness is bromotrifluorom~thane,
mothyl bromide, chlorotrifluormethane and carbon tetrafluoride.

As shown in Figures 5-, , the curvus defining the On-abl- arcas
at -78*C. are quite irregular. The flammable area for mixtures of air,
chlorotrifluorum-thane and isobutani. is unioue since it is divided into
two regions. None of the mixtures containing 2% chlorotrifluoromethane
burned. There is a constriction in the flamable area for mixtures of
bromotrifluoromethane, isobutane and air at 1% bromotrifluoromethane. There
is a slight indentation in the curve sho.ing the flarmable area for mix-
tures of carbon tetrafluoride, isobutane and air. There is no evidence
of such phenomena in the curves showing the flammbnle areas with the other
halogen compounds. Likewise there is no evidence of such a constriction
in any of the flammable areas determined at room temperature using heptane
as the flammable materiftl. Since a zone of non-combustion was found to
exist with isobutxne and chlorotrifluoromethane at low tampcratures, the
region above the peak in the flammability curve for mixtures of ir,
chlorotrifluoromethane and isobutane at +26"C. was explored to determine
whether a second flarmable area could be found. No area of combustion was
found even with concentrations of 40% chlorotrifluoramethane. With one
exception, the data in Table III support the hypothesis that the percentage
of halogen compound in the mixture of air, flammable material and halogen
compound at the peak in the inflammability curve increases as the tem-
perature increases. Carbon tetrafluoride appears to be more effective in
reducing the flammability of mixtures of air and isobutane at 145"C. than
at 26 0Cor at -78*C.

Effect of Flanmable Materials. This research project was
undertaken to find a superior fire extinguishing agent for use in combating
fires resulting from flammable liquids and/or electricity. Early in the
research orogram, it was demonstrated that, in general, the types of materials
being investigated for possible fire extinguishing agents were nonconductors
of electricitylo. Since heptane vapors were used in the evaluation
studies, it seemed wise to undertake a project to determine whether or
not a parallel relationship exists between the Lbilities of halogen con-
taining compounds to reduce the flammability of mixtures of air and heptane
and mixtures of air dith other flaxmrable nm'terials. Fontan%., benzene,

ethanol, diethyl ether, acetone and ethyl acetate were chosen as the
combustiblcs after a consideration of availaility and volatility as well
as flammability. Methylent dibromide, ethyl bromide, mthyl bromide,
sulfur hexafluoride, c -rbon tetrafluoride, and bromotrifluoramethane were
chosen as the flame inhibitors. These mterials aere c ostm because of
their availability and, on the basis of prcvious tests, because a wOide
range of effectiveness is repr. tented by thuse materials. Data are
sumarized in TbLI: IV which show the peak in the flamability curve for
the various comntustibles mixud ith air and with the selected halogen
containing compound.

II



It can bv eccluded from tne data in Table IV that a qualitative
parallel relationship exists bet.-een tho abilities of halogen containing
compounds to reduce the flammability of mixtures of air and heptan and
mixtures of air with other flmable materials. Those points which rppear
to be more or lcss effective than expected have been checked and found
to be accurate within exrimental error.

Effeact of Binary Mixtues of Halcen Compounds. Devlopments
havo emphasized the need for a fire extinguishing agent applicable for
ise at temperatures ranging upward from -54°C. (-65*F.). A single
material which could be used over the entire tempernture range would be
desirable. One requirement of such a material is that it have a va.-or
pressure sufriciently high at the low temperature to propel itself from
the container to the fire. The vapor pressure of chlorotrifluoro-
methane (b.p. -78*C) is too low at -54"C. to carry the extinguishing
agent any appreciable distance from its container 22. Therefcre, it
seems probable that a substance should have a boiling point of -lO0C.
or lower if it is to be a self-propelling fire extinguishing agent at
-54C. Chumicals selcctcd from a group of about ten thousand organic and
inorganic materials having a normal boiling point below -IM0C. are
listed in Table V. An uxaaination of this list shows that those known
materials which may be of interest as a fire extinguishing agent are
limited to a small group comprising of helium, neon, nitrogen, argon,
krypton, nitric oxide, carbon tetrafluorde, nitrogen trifluoride and
xenon.

Carbon tetrafluoride has been shown to be more effective with
respect to fire extinction properties than nitrogen. It is believed
that there is no great difference in effectiveness between nitrogen,
helium, neon, argon, krypton, and zenon. The choice would depend upon
performance tests, availability and economics.

Nitric oxide has favorable physical properties but its chemicalproperties are unfavorable. One reaction may be summarized as follows:

2NO + a .-------- 2NO2

3O + H2 0--HN--3 NO+ NO

The first reaction may be advantageous since oxygen is being consumed,
but the second reaction would be disadvantageous because of the corro-
sive nature of nitric acid produced by the reaction of nitrogen dioxide
with water.

In view of the relatively few compounds available with boling
points btlow -1000C., it seems evident that a higher boiling substance(s)
will have to be used along with a propellant. Such a material should
have a freezing point below -54*C. and should be relatively rion-viscozis at
-54*C. If the fluid is a mixture of substances, the freezing point of
one or more of the components may be somewhat higher than -54*C.
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Table IV

EFFEOT OF FLAMMABLE IYATERIALS

Halogen
Compound CHZBrz CBrFj C2H 5 r C}i3 Br SF 6  (F4

Flamable
Maerials

C7H16 5.2 6.1 6.2 9.7 20.5 26

C5jH1 2  6;s 6.3 6.3 8.4 19.8 20.4

C6H, 7.3 4.3 8.2 84) 18.3 23.6

C2H 5011 5.7 3.7 5.2 6. 1 0.6 19.8

(C2H5) 20 7.7 6.3 7.3 7.2 21.8 22.4

C113COCH 3  5.7 5.3 5.11 7.3 16.4 18.7

ai3CaC2H5 4.3 4.6 6.3 ,.8 17.5 21.4

i I I I I I I
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Table V

NE2ICALS BOILING PaOW -1000C. AT NORRAL PRLSSURES

Name Formula B.P.,_C. M-P. ° C- Mol.Wt. Rcmarks

Helium He -2 8.9 <-272 4

Hydrogen H2  -252.7 -259.1 2 Flamable

Neon Ne -245.9 -248.7 20

Nitrogen 14" -195.8 -209.9 28

Carbon Monoxide CO -192 -207 28 Flammable,highly
toxic

Fluorine F2  -187 -223 38 Extremely reactive

Argon A -185.7 -189.2 40

Oxygen 02 -183 -218.4 32 Supports combustion

Fluorine Oxide F40 -167 54 Believed highly toxic

Methane G14 -161.4 -182 16 Flamable

Krypton Kr -151.8 -169 84

Nitric Oxide NO -151 -1l 30

Carbon Tetrafluoride CF. -128 -184 88

Silane SiFi -112 -185 32 Ingnitcs spontaneously

Ozone 03 -112 -251 48 Favors combustion

Nitrogen Trifluoride NF.4 -110 -210 71

Xenon Xe -109 -140 .131

Ethylene C2H4  -103.9 -169 28 Flawable

Boron Trifluoride BF3 -101 -127 68 Hydrolyzes readily



The possible need for using a mixture of ccmpounds for a fire
extinugishin, agcnt was mentioned in the preceding paragraphs. Accord-
ingly, research wa3 initiated to determine the effoctiveness of binary
mixtures of halogen cntair(in compounds in decreasing the flammability of
mixtur,'s containing n-heptane, air and halog~en compounds. Data obtainod
in this preliminary study are sumarized in Table VI. These dtta in-
dicate that in certain instances the use of a mixture of halrcyn-containing
compounds is advantageous,

In subsequent studies pentane was used as the flammablc material
to avoid certain irregularities in the data believed to result from the
condensation of the heptane from the mixture. The concentration of
combustible material was maintained constant in this study. Pentane
concentrations of 2.5, 4 and 6% were used with each mixture of halogen
ccmpound. The data re plotted in Figures 19-36 inclusive. The straight
line In each plot repres,nts the curve expected if the relationship between
the flame inhibition activities of the two extinguishing agents were
arithmetical. Mixtures of ethyl bromide and methyl iodide follow this
line at a pentane concentration of 4% tFig. 26). At a pentane con-
centration of 2.5% (Fig. 25) the curve lies below the line for mixtures
of ethyl bromide and methyl iodide containing 65-100% ethyl bromide,
indicating that the mixture in this region is more effective than cal-
culated. The curve lies above the line for mixtures containing from
35-100% methyl iodide (0-65% ethyl bromide), indicating that in regions
the mixture -is less effective than calculated from the consideration
of the effectiveness of the two components. At a pentane concentration
of 6% (Fig. 27), the entire curve lies below the straight line. At
pentane concentrations of 2.5%, 4% and 6% (Figs. 28, 29 and 30), the
curves for mixtures of ethyl bromide and methylene chloride lie below
the straight line, indicating a synergistic effect in all pentane con-
centrations of this binary mixture of halogen compounds. This is the
only mixture investigated which shows enhancement of effectiveness in all
cn centrations of the hydrocarbon. A summary of the effect of the mix-

tures is given in Table VII.

The evaluation of mixtures of carbon tetrachloride and
trichloroethylene was performed, in response to a request from repre-
ientatives of ERDL. This request was made since a mixture comprising

70% carbon tetrachloride and 30% trichloroethylene has been recommended
for use as a fire cxtinjaihing fluid. In general on the basis of t:sts
with pentane, it can be stated that a mixture comprising 70% carbon
tetrachloride and 30% trichloroethylene are not the most effective that
can be obtained by mixing the two compounds. In choosing the composition
of such a mixture consideration must be given to economic factors and
freezing point characteristics as well as effectiveness. Should the
70-30 composition represent the optimum from the cost consideration
and the freezing point characteristics, then a sacrifice in effectiveness
may be justifiud.



Table VI

EFFECT OF BINARY MIXTURES OF HALOGEN COMPOUNDS IN
DECREASING THE FLAMMABILITY OF MIXTURES CONTAINING

AIR AND n-HEPTANE

(% CH2Br2 - % Compound A)

Peak in Flamability CurvesMixture,%"

CMnpound A Qi;hBrp ,% Obs. Ca lc.

CBr 3F 5.2 4.3 5.3 4.8

C6F11 C2F5  5.2 6.8 5.4 6.0

CH3CH2Br 5.2 6.2 5,7 5.7

CC] 4  5.2 11.5 7.2 8.4

CHC1 3  5.2 17.5 9.3 11.4

* Calculated Value L _Ir, + % Compound A

2
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Table VII

BINARY MIXTURES OF HALOGEN COMPOUNDS

Mixture Pentane, % Effect

CH3Br-SF6  2.5 Synergistic over 40 to 100% SF6 ; less
effective over other concentrations

4.0 Synergistic over entire range

6.0 Synergistic over entire range

43Br-CFjo 2.5 !ess uffectivc than calculated over
untire rang,

4.0 Synergistic over entire range

6.0 Synergistic over entire range

CG{Br-C2HsBr 2 5 Less effective than calculated

O i31-C2HsBr 2 5 Synergi-tic for Cts5 Br concentrations
of 65-100%; less effective than cal-
culated at other concentrations

4.0 Follows curve calculated

6o Synergistic over entire range

012CI2-C2 H5 Br 2.5 Synergistic over entire range

4.0 Synergistic over entire range

6.0 Synergistic over entire range

CCIF3-C2 i5Br 2.5 Synergistic at CCIF3 conctntrations of
55-100%; less effective at other
conc ent rations

4,C Synergistic at CCIF 3 concentrations
of 40 to 100%; less effectivw at other
concentrations

6.0 Follows calculated curve 75 to 100%;
lass effective t other concentrations

CCIh-CClaCC1H 2.5 Synergistic for CC14 concentrations
of 30-100%1 lss effective at other
concentrations.

I

\d
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Table VII (Continued)

Mixturepte Effect

4 Synergistic for CC1h concentrations
of 7n to 100%1 less effectivc than
calculated at C01 concentration
of 28-70% and synergistic at con-
centration of 0 to 24% CCU.

6 Less effective at concentrations
of CCj f-r-r 45-100%; More or as
effective Lr CC14 concentratiUns
of 0-45%-

j

: . . . . II " + | - + + d + + I - I . .. . +t
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Stfefl o_ PrnuwreA. aotinuation of a study of the effect
of variables on the flama',le limits of mixtures containing air, a-heptane
and a halogen compcrnd, the flammable areas at subatmospheric pressures and
at room temperature were determined for these mixtures wherein methyl
bromide, trifluorcmethyl bromide, and dichlorodifluaromethane were used
as the halogen compounds. The areas obtained at pressures of 200, 300,
400 and 500 m. Hg. pressure are shown in Figures 37-48, inclusive. Data
shewing peaks in the flammable areas are summarized in Table VIII. For
mixtures containing methyl bromide as the flame inhibiting agent it can
be seen that not only is the flammability peak lowered with i decrease
or increase in pressure from 400 m. Hg., but that in general the
flammable area lies within the area found at 4W00 am. Hg pressure. kit
ten triflucrmethyl bromide was used as the flame inhibiting agent the
peak in the flammability curve was essentially the same at 300, 40 and
500 ms. Hg pressure and lower at 200 mm. Hg pressure. In the ccse of
dichlorodifluormethane, the peaks are equivalent at 300 end 400 mm. Hg
pressure and lower at 200 and 500 m. Hg pressure.

These examjles are too few to warrant drawing any conclusions
concerning thc effect-)of pressure on the flannable areas.

Stability Tests

Specific4tions of the desired fire extinguishing fluid rcquire
a compound stable under any climatic condition for long periods of time.
An accelerated test is desirable in a program in which a number of con-
ditions was used in predicting the behavior of the compounds when
stored. Iron, copper, aluminum, brass and magnesium were chosen for
use In these studies because they are ccmmonly encountered.in materials
of construction.

Stability at Reflux Temperature. Tests were conducted to show
the stability of halogen compounds being investigated to iron filings,
alut inum powder an copper powder. The experiments were conducted
as follows: A 10 ml. sample of halogen compound was refluxed with the
finely divided metal for 100 hours. The liquid was then tested for in-
saturation with a solution of pot~ssin permanganate in acetone and the
aqueous extract for halide ions using the zirconyl-alizarin "Red S"
test for fluoride ion and aayuous. silver nitrate for bromide and chloride
ions. The test was followed with arother in which 10 ml. of distilled
water was added to the mixtures of organic compound and metal and the
resulting mixture refluxed for 100 hours. rests for halide ions and
unsaturatin were carried out as described previously. The results of

*these tests are summarized in Table IX. The data show that in general
the compounds are quite stable to both iron and copper undar the con-
ditions of the test. Decomposition was observed with wet bromochloro-
methane, (not shown in Table IX) l-brmo-2-chloroethane and carbon
tetrachloride in contact with both iron filings and copper powder.

A
C
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Table VIII

THE EIPFECT OF PIIEURE ON THE FAI IN THE FLA16wAnI.Ir mmV

Peak -" Fiamablty
22mw Prosive Hc HalgemnCazon

CH3r200 5.8

400 9.7
500 7.2

CMrF 3  2D0 4.3

400 6.1.
500 6.3

CC12F2  200 13.4
300 14.8
400 14.9
500 13.4



83.

Table IX

CORROSIVE ACTION OF HALOGEN COKRANDS AT REFLUX TPERATIJI
(TIME, 100 HXS)

Azdrvous Hydrous
Cgapg tistn. Halide Ion Unsat,. Halide Ions

Perflaorohoptane
Copper Powder - -
Aluinau Powder . - - -
Iron Filings - - - -

Perfluoroethyleyolo-
huxane

Copper Powder - - - -

Aluminm Powder - - - -

Iron Pilings - - - -

Per fluoro-l,4-dimethyl
cyclohexane

Copper Powder - - - -

Almina Powder - - - -

Iron Filings - - - -

Perfluoroaethylcyclo-
hexane

Copper Powder - - - -

Aluminum Powder - - - -

Iron Filings ....

Perfluoror.an thalana
Copper Powder ....
Alumina Powder ....
Iron Filings ....

Perfluorondane
Copper Powder - - -

Aluminum Powder - - -

Iron Pilings - - -

Carbon Tetrachloride
Copper Powder - - - +
Aluminum Powder - - - +
Iron Filings - - -

Dichloromethane
Copper Powder - - -

Aluminum Powder - - -

Iron Filings - - -

1-Broco-2-ch lore ethane
Copper Powder - -
Aluminum Powder - - +
Iron Filings - - +

+ Indicates positive tests; - inoicates negative tests.
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Another series of tests were conducted in whid carbon tetra-
chloride (with and without an inhibitor) and bromochlormethane wore
treated in the following manner: A mixture comprising 15 al. of the
test compound and 15 ml. of distilled water was reflwxed for 1O hours
in the presence of polished and weighed strips of coper, aluminum and
iron. The results of these experiments are summarized In Table X. These
data indicate that carbon tetrachloride is more oorrosivi- to copper and
iron than bromochlorcmathane. In all three cases the &. 1minum strip
was consumed.

Stabilitw at Elevated Teaeratures A series of experiments

were conducted U which the test omuds were heated in contact with
strips of metal at 392F. (200*C.). Only the materials boiling above
about 50*C. were used in this study and these compounds wore chosen
to show the effects, if any, of structural relationships on instability.

The procedure used in this study was s Jbllows. Polished and
weighed strips of the metal and 20 ml. of the halogen compound were
sealed in ampoules (Carius tubes). The tubes were inserted in iron
pipes which, in turn, were placed in an oven boated at 392*F. After
30 days, the tubes were allowed to cool to room temperature and then
opened. The physical appearance of each strip was noted. After re-
moving coatings from the stripe which had corroded, the strips were
reweighed and changes in weight compared with the original value were
recorded. This study was initiated to show the stability of halogen
compounds to aluminum, copper and iron, common materials of construction.
After this study was initiated it was requested that brass strips be
suLstituted for copper strips. Data are summarized in Table I.

Compounds %,owing marked instability to the metals at 392*F.
were heated in contact with the same metals at 200"F. In addition,
experiments were conducted in which the halogen containing compounds
were heatid in contact with magnesium ribbon at 200*F. Data from these
experiments are summarized in Table XII. Experiments with magnelium
deviated from the experiments with the other metals in one respect, namely,
after tao -eeks at 200*F. the ampoule wa rtnoved from the oven, cooled
to room temp, razure, and the contents examined visually. Those ampoules
in which there was little or no attack on the magnesium were returned
to the oven for a second period of heating.

The compounds have been divided into four groups, according
to the weight change in the metal. Group A contains those compounds
in which the weight change was less than 0.01 g. Group B contains
those compounds in which the weight change was between 0.01 and 0.1 g.
Group C contains those compounds in which the weight change was greater
than 0.1 g. and less than complete cunsumption of the metal. Group D
contains those compounds in which the metal was completely consumed.
The stability of halogen-containing compounds toward metals according
to these classifications are summarized in Table XIII. Data show that

. W j
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Table I

OWRROSIVE ACTION AT REFLUI TFEPERATURE, UN3R AQJOUS (NDITIONS
(TIME - 100 HOUS)

Weight of Metals, g. Change in Weight
Cqpoud Original Fina

Carbon Tetrachloride
Copper 1.8449 1.7271 -0.1178 7
Aluminum 1.2891 0.0000 -1.2891 100
Iron 3.4522 2.4549 -0.9973 29

Carbon Tetrachloride
(with inhibitor)

Copper 1.8289 1.7306 -0.0983 5
Aluminum 1.2921 0.0000 -1.2921 100
Iron 3.2768 2.1348 -1.1420 32

Bromochloromethane
Copper 1.7705 1.7652 -0.0053 :6ii
Aluminum 13454 0.0000 -1.3454 JC
Iron 3.4169 2.8851 -0.5308 16



Table XI

STABILITY AT 392"P. (200 C.) FOR 30 DAYS

Weight of Metals, g. Change in Weight
r~ianal. Final g . Ag aoarace

Carbon Tetrachloride
(with inhibitor)

Copper 1.8297 0.0000 -1.8297 - O- Completely corrodA
Aluinum 1.1894 0.0000 -1.1894 -100 Completely corroded
Iron 3.0947 0.0000 -3.0947 -100 Completely corroded

Carbon Tetrachloride
(without inhibitor)

Copper 1.7005 0.0000 -1.7005 -00 Completely corrodec
Aluminum 1.4000 1.3567 -0.0433 -3 Gray coating
iron 2.8319 2.7562 -0.0757 -3 Black coating

Dichlorouethane
Copper 1.7005 0.0000 -1.7005 -100 black, completely

corroded
4uminum, 1.4190 1.3393 -0.0797 -6 black coating
Iron 3.1027 3.0785 -0.0242 -8 black coating

Bromochloromethane
Copper 1.8078 0.0000 -1.0078 400 Completely corroded
Aluminum 1.1758 0.6501 -0.5257 -45 Corroded
Iron 2.7196 2.7351 +0.0156 '1 Red coating

Dibromomeths ne
Copper 1.7856 0.0000 -1.7856 -100 Completely corroded
Aluminum. 1.1824 0.7041 -0.4783 -40 Corroded
Iron 3.2240 3.1121 -0.1119 -34 Red coating

1,1,2-Trichlorotri-
fluoroethane

Copper 1.8443 0.9085 -0.9358 -51 Gray coating
Aluminum 1.1920 1.1920 0.0000 0 Slight discoloration
Iron 3.0530 3.0530 0.0000 0 Slight discoloration

1-Bromo-2-chloroethane
Copper 1.7457 0.7730 -0.9727 -60 Black coating
Ali.minum 1.4380 1.3188 -0.1192 -8 Black coating
Iron 3.2271 3.1982 -0.0289 -1 Black coating

1, 2-Dibromotet rufluoro-
ethane

Copper 1.7443 1.5442 -0.20O1 -11 Gray coating
Aluminum 1.4465 0.0000 -1.4465 0 Gray,completell

corroded
Iron 2.9080 2.9043 -0.0037 nil Black coating 17
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Table XI (Continued)

STILITY AT 392"F. ("0'C.) MR 30 DAYS

Weight of metals, g. Chane in Weight
Compound Ori al . Fi!L R. 1 Appearance

3-Peco-1,1,1-tri-

fluoropropene
Copper 1.7581 1,6965 -0,0616 -3 Gray coating
Alaminum 1.2280 1.2280 C .OOC 0 No discoloration
Iron 3-1935 3.1841 -O.0C94 nil No discoloration

2-Bromo-1,1,1-tri-
fluoropropane

Copper 1.6717 1.5705 -0.1012 -6 Black coating
Aluminum 1.3970 0.0000 -1.3970 0 Completely corroded
Iron 3.2663 3.2510 -0.0153 nil Black coating
Brass 3.5531 3.5198 -0.0333 -1

Perfluoroheptane
Copper 1.6055 1.6055 0.0000 0 No change
Aluminum 1.4428 1.4601 +0.0173 0 Slight tarnish
Iron 2.7258 2.7258 0.0000 0 No change
Brass 3.8199 3.8253 +0.0054 nil

Perfluorotthyl cyclo-
bexane)

Copper 1.6861 1.6861 o.0000 0 No change
Aluminum 1.4149 1.4327 *0.0178 0 Slight tarnish
Iron 3.1050 3.1050 0.0000 0 No change
Brass 4.0718 4.0772 +0.0054 nil

Perfluoro(1, 3-dimethyl-
cyclohexane)

Copper 1.6838 1.6854 +0.0016 nil Slight tarnish
Aluminum 1.3945 1.4041 +0.0096 Slight tarnish
Iron 2.8250 2.8256 +.006 nil Slight tarnish
Brass 4.0095 4.0112 +0.0017 nil

Perfluoro(l,4-dimethyl-
cyclohexane)

Copper 1.7371 1.7371 0.0000 0 No change
Aluminum 1.3883 1.4062 0.0179 Slight tarnish
Iron 3.1313 3,1318 +.005 nil No duange
Brass 3.9070 3.9094 +0.0024 nil

Perfluortbethyl-
cyclohexane)

Copper 1.62r9 1.6209 0.0000 0 No changeAlwuML-u . A. 506- I.0234 Slight tarnish
Iron 2.9908 2.9908 0.0000 0 No change
Brass 3.8367 3.8424 +.00057 nil
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Table XI (Continued)

STABILITY AT 392"F (200'C.) FOR 30 DAYS

Weight of Metals, g. Change in Weight
Cmod Original Final 9

Perfluoronaphthalane
Copper 1.7350 1.7350 0.0000 0 No canre
Aluminum 1.4029 0.0000 -1.4029 -100 Black,ccmnletkly

corroded
Iron 2.9379 2.9379 O.OOOC 0 No change

Perfluoroindane
Copper 1.6678 1.6678 0.0000 0 Nm discoloration
Aluminum 1.4031 1.175 .0.0144 +1 Black coating
Iron 3.8083 3.8083 0.0000 0 No disnoloration

Methyl bromide
Copper 1.8437 1.8698 +0.0261 +1 Slight discoloratior
Aluminum 1.2145 1.2145 O.0000 0 No discoloration
Iron 2.8084 2.8130 +0.0046 nil Slight discoloration

Trifluoromethane
Copper 1.7830 1.7830 0.0000 0 No discoloration
Aluminum 1.2572 1.2572 0.0000 0 No discoloration
Iron 3.1043 3.1043 0.0000 0 No discoloration

Bramotrifluoromethane
Copper 1.8290 1.8398 +0.0108 +1 Slight discoloration
Aluminum 1.2101 1.2110 +0.0009 nil No discoloration
Iron 3.1116 3.1170 +0.0054 nil Slight discoloration

Chlorotrifluoromethie
Copper 1.8625 1.8625 0.0000 0 No discoloratikn
Aluminum 1.1830 1.1830 0.0000 0 No discolcration
Iron 2.9177 2.9177 0.0000 0 No discoloratior

I
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Table XII

COR OSIVE ACTION AT 200"P. (9g*c.)

Time Weight ot NetAl,, g Chao in Weight
Ian oultalve al FIM & ~ ~ j

Carbon Tetrachloride 30
Copper 1.8331 1.7821 -0.0510 -3 Black '.oating
Aluainup 1.2198 0.6177 -0.6021 -49 Black coating
Iran 3.3224 3.2718 -0.0506 -2 Red coating
Brass 3.9153 3.9004 -0.0076 nil

Carbor, Tetrachloride 30
(with inhibitor)

Copper 1.8828 1.5780 -0.3048 -16 Black coating
Aluminum 1.1596 0.0000 -1.1596 -100 Completely cor-

roded
Iron 3.3024 2.7677 -0.5347 -14 Red coating

1-Brcmo-2-chloroethane 30
Copper 1.7733 1.7485 -0.0248 -1 Black coating
Aluminu 1.2397 0.0000 -1.2397 -100 Completely cor-

roded
Iron 3.2377 3.2255 -0.0122 nil Black coating
Brass 3.9855 3.9779 -0.0076 nil
Magneslium 0.9061 0.9177 +O.C116 1 Dull

2-Bromo-1, 1,1-trifluvro-
propane 30

Copper 1.8174 1.8174 0.0000 0 No discoloration
Aluminum 1.3880 1.3880 0.0000 0 No discoloration
Iran 3.6006 3.6006 O.O000 0 No discoloration
Brass 2.6455 2.6444 -0.0011 nil

1,2-Dibromotetrafluoro- 30
ethane

Copper 1.8552 1.8152 O.O0CO 0 No discoloration
Aluminum 1.1781 1.1761 0.0000 0 No discoloration
Iron 3.4582 3.4582 0.0000 0 No discolomtion
Brass 3.8064 3.8053 -0.0011 nil

1, 3-Dibrcmo-2,2-difluorc- 32
propane

Copper
Aluminum 1.1061 1.1063 +0.0002 nil Bright
Iron 2.6956 2.6859 -0.0098 nil Corroded
Brass 3.7418 3.7412 -0.0006 nil Slights dull
MaH esium 1.2002 1.2199 +0.0197 2 Dull, coatc.

1, 2-tfodotetrfluoroethane 14
Copper
Aluminum 1.3998 1.3843 -0.0155 1 Dull, pitted
Iron 2.975 2.8798 -0.0877 3 Dull, pitted
Brass 3.7823 3.7513 -0.0310 1
Magnesium 1.1434 1.234 -*0.0960 8 Dull, pitted



Table XII (Continued)

CORKSIVE ACTICN AT 200'F. (930C)

Time Weigit of Metals, g. Cange in Wvight
gmsead- D Original Final C. t A2 4erance

Ethyl Bromide a 2.4042 2.3914 -0.0128 1 Badly corroded
Copper
Aluminum 1.1212 0.9076 -0.2136 Badly eatan
Iron
Brass 3.8040 3.7921 -0.0119 Corroded
Magnesium 1.1886 1.2760 +.00874 Coated

Ethyl Iodide a
Copper 2.9471 2.9X4 -0.0167 Corroded
Aluminum 0.7314 0.1138 -0.6176 Eaten away
Iron
Brass 3.4665 3.4413 -0.0252 Corroded
Magnesium 1.2098 1.2628 +0.0530 Coated

Perfluoroheptane 27 0.8763 0.8803 +.0040 Shiny

Perfluoro(methyl-
cyclohexane) 27 0.8368 0.8420 +0.0052 Shiny

Perfluoro(ethyl-
cyclohexane) 27 0.8763 0.8803 +0*0040 Shiny

Perfluoro(1, 3-di-
methylcytlohexane) 27 0.8408 0.8467 +0.0059 Shiny

Perfluom(l,4-dimethyl-
cyclohexane) 27 0.8530 0.8607 +0.0077 Dull

Perfluoronaphthalane 27 0.8883 0.8973 +0.0090 Dull

1,1,2-Trichlorotri-
fluoroethane 14 0.9140 0.9348 +0.0208 Dull, pitted

brittle



Table XIII

STABILITY OF HAL(YLN-CONTAINING COMPOUNDS TO METALS
(U~nless otherwi~c indicated, contact time ) 0 days)

CZCHOUND ALLUIU BRASq COPPER IRO)N MLICNEJSIW(
3927? 200? 3920? 20007 3920F 200OF 392"F 200'1 392F 2000F

Halocarbons
C?F1  B - A - A - A - - P

3

C6F11CF3  B - A - A - J. - - A3

C6F11CF2 CF3  B - A - A - A - - A3

l.,3-% 0 ,(CF. 3) 2  B - A - A - A - - A3

l,4-C6F,0(CF3)2 B - A - A - A - - A3

C10 F1 8  D - - - A - A - - A3

CC1 2FCC1F2  A - - - C - A - - B

CWT2 031F2  D A - A C A A A - -

CF;ZICF2I - C' - B1 BI - -

CC14  B C - B D B B B - -

Halohydrocarbons

CFC21 2 Br A - - - B - B - - -

CF 3CHBrCH3  D A B A C A B A -

CH 2 BrCF0 2 Br - A4  
- p~, - - - B4  - B4

C{2BrC1 C D - A C B r B - B
Cli2Brc1 C - - - D - B - -

CH2Braj C -- D - C - - -

CH 2 Ci 2  H - - - D - B - - -

CHi3Ci 2 r - 2 - B2 C2 - F2

QiCi' 21 C2 - B2  
- 2 - C2

1 Contact time - 14 days

2 Contact time - 11 to 15 days

3 Contact time a27 days

4 Contact time -32 days
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the compounds are less stable toward aluminum than to either brass, copper,
iron or magnesium. There appears to be no significant difference between
the stability of these compounds to brass and to copper. The compounds
are most stable to iron.

As a class of ccmpounds, the fluorocarbons are the moat stable
of the compounds investigated, and the monohaloalkar"es the least stabl.
The halohydrocarbons containing halogen atoms on adjacent carbon atoms
were less stable than tee halohydrocarbons containing halogen atz
in the 1-3 position. This is illustrated by the fact that 2-bromo-
1,1,l-trifluoropropane was less stable than 3-brcmo-l,,l1-trifluoropropane.
This type of instability is to be expectud, since dehalogenation is one
of the expected reactions between a metal and a hlooydrocarbon. This
roaction occurs more readily when the halogen atoms are on adjacent carbon
atoms than when there is a carbon atom between the two carbon atoms hold-
ing the halogen atoms.

The halogen compounds proved to be more stable to the metals
at 200F. thandt 392*F. This was expected, since, in general, the rate
of a reaction doubles each time the tempen.uro is increased by 100.
Carbon tetrachloride containing an inhibitor, was more corrosive at 3920 F
than carbon tetrachloride containing no inhibitor. Perhaps the inhibitor

decomposed under the conditions of the tests.

Of the liquid compounds other than fluorocarbons tested at 392"C.,
3-bromo-1,l,l-trifluoropropanc was the least corrosive while the carbon
tetrachloride containing an inhibitor was the most corrosive.

Resistivity Measurements

A meterial useful in extinguishing electrical fires should be
a non-conductor. Ac:ordingly, apparatus was assumbled for use in
resistivity measurdments. A Westinghouse Power Factor Cell (cell con-
stant 396) and a General Radio Megohm Bridge, type 544-B, Serial No. 842,
were available for use in making these measurements. Results of the
determination are summarized in Table XIV. Resistivity measuraments
wre limited to the fluorocarbons. The data obtained show that the
fluorocarbons tested are, for practical purposes, non-conductors and
hence would be suitable for use in combating electrical fires. It is
believed that the other compounds shown to be ctinterest as fire-
extinguishing agents are equally effective as insulators.

Attempts were made to determine the resistivity of biomotri-
fluoromethano following the same procedure used I7 r the liquid fluoro-
carbons. Values ranging from 1 x 101C to 1 x lO were obtained. When
results were obtained which were variable the project was discontinued
for lack of time. The data obtained indicate that bromotrifluormethrte
is a non-conductor of electricity.
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Tabl1e XIV

RESISTIV ITY OF FL~UOROCARBONS

Resistivity, ohm cm.

Perfluordethylcohexane) 4 x 101 4

Perfluor*thylcyclohexane) 1 x loll

Perfluoroindarie 2 x 1 0 1A

Perflucro-n-heptane 2 x 10' 2

Perfl3uorcmphthalane 4 X 1013
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Products of Dec=position

The major part of the study of fire extinguishing agents at
Purdue University was concerned with the determinatidn of the flammable
limits of mixtures of air, a-heptane and a halogen-containing compound.
A plot of these data on coordinate paper showed graphically the flamable
area for the three component mixtures. The peak in the curve defining
this flamsable ara serves as a. measure of the flame inhibition character-
istics of the compound in question.

A knowledge of the behrvior of compounds under conditions
favoring decomposition is of interest in the interpretation of data re-
lating to the toxicological properties and corrosive action. For compounds
with favorable flame inhibition characteristics, this knowledge is also
of interest in the adva-nccaent of the theoretical understanding of flame
extinction. Decomposition in (a) a flame, (b) "hot zone" and (c) electric
arc are of particular importance in a project relating to fire extinguishing
agents. Therefore, in the final phases of this investigation, attention
was directed to a study of the behavior of compounds chosen because of
their flame inhibition characteristics under these conditions.

Flame Decomposition Studies. The apparatus that was used for
the determinations of flammable limits was not suitable for a study of
the products of combustion because the quantities of materials involved
were insufficient for a total analysis. Therefore, a combustion
apparatus was assembled as shown diagramatically in Figure 41.

Compressed air was regulated by the needle valve 1 to maintain
a constant flow as indicated by the calibrated flowmeter 4. Propane was
released from the cyclinder by means of the needle valve 2 to maintain
the desired flow as shown by the calibrated flowmeter 5. The fire re-
tarding agent was released by the needle valve from the cylinder 3 which
was of 20 r2. capacity. Flowmeter 6 was used to maintain a constant
gas flo* from cylinder 3; however, the quantity of retarding agent used
was det3rmined by difference in weight of the cylinder before and after
the experiment. The burner barrel 8 was the ton of an ordinary laboratory
Bunsen burner, 10.7 cm. tall, 1.0 cm. inside diameter, and wall thickness
of 0.1 cm. The burner was held in place by the piece of quarter inch
copper tube 7. The combustion zone was at the top of the burner. The
mixture was ignited by means of the spark coil 14 and electrodes 7 and 13.
The flame can be observed through the small mica window 9 and the mirrcr
10. The large Pyrex test tube 11, 10 cm. in diameter and 18 inches deep,
made an air tight seal with the rubber stopper 12. The chimney 15 was
made from a piece of stainless steel tube 14 cm. long and 6 m. in diameter.
The large goose-neck 16 was made of nickel tubing 4 cm. in diameter. The
bonds in the nickel tubing and nickel-stainless steel connections were
welded. The choice of the nickel tubing was arbitrary and based upon
material readily available. To aid in dismantling the apparatus for
cleaning, flanges 17 and 19 were provided with neoprene gaskets held in
place by small bolts. The 2-liter, stainless steel beaker 18 cntaining

it
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20 MI. of distilled "ter collected mpst of the soot and a large pro-
portion of the combustion products eatuble in water. The water level in
'J must not be higher than the lower edge of 16 in order to avoid large
gas bubbles 4uich would effect the flame at 8. The gas from 18 passed
by means of the stainless steel tube 20, 8 a. inside diameter, into the
1-liter, stainless steel beaker 21 containing 600 al. of distilled water.
The lower end of 20 at 22 had mall holes drilled in the walls in order to
disperse the gas bubbles into a fine stream for thorough contact with the
water and also to maintain a constant Pas pressure at 86 The gas stream
leaving 21 was free of corrosive hydrogen fluoride, but a Pyrex glass
scrubbing tower 23 was provided for taking out residual soluble products
that may have gotten past 18 and 21. The cold finger traps 24 were chilled
with Dry Ice-trichloroethylene mixture for removal of elemental halogen
or other condensible products. Samples of gas were withdrawn at 26 for
analysis on a Burrell gas analyser. The last traces of soot settled out
in the tube 25, 100 by 5.2 ca. The ases then 'assed through the West
Test meter 27 and was vented to the hood at 28.

The propane and air flows were adjusted so that the resulting
flame was luminous but not smokey. The halogen compound was added (as a
gas) to the propane stram or to the air stream through a T-tube so as
to be prcmixed before burning.

In all runs the flow rates of propane and air were adjusted
at 0.238 and 7.18 moles per hour respectively. After the mixture was
burning steadily, the fire retarding agent was introduced slowly in
increasing amounts until the flame tended to go out. The amount of the
fire retarding agent was then decreased alightly and the combustim was
allowed to bum for the desired time. At the completion of a run, the
apparatus was dismantled and the soot in 15 and 16 was brushed loose for
weighing. The contents of the scrubbers 18, 21, and 23 and of the cold
fingers 24 were filtered by suction and. thoroughly rinsed with distilled
water. The soot was dried at 1108C. and weighed. The filtrate was diluted
to 2000 ml. from hich aliquots were taken for chemical analysis.

Analsis data for the combustion products of several halogen
compounds are sfmmarized in Table XV.

Analytical Procedures. - Aliquots of the scrubbing solutions
were taken for analysis at the completion of each run. Chloride and/or

bromide ion was determined gravimetrically by precipitation with silver
nitrate 19* Fluoride ion was determined gravimetrically by precipi-
tation as calcium fluoride 29,

A Burrell Do Luxe Build-Up Model J gas analyser was used for the
analysis of the gaseous mixture coming from the water scrubbers S. Carbon
dioxide was absorbed in 30 per cent aqueous potassium hydroxide. Illuminants
or unsaturated organic compounds were absorbed in 30 per cent oleum.
Oxygen was determined by absorption in alkaline sodium hydrosulfite. Hy-
drogen was determined by oxidation to water. Carbon monoxide was deter-
mined by oxidation to carbon dioxide followed by absorption of the carbon j
dioxide in a 30 per cent potassium hydroxide solution. Total paraffins or
saturated hydrocarbons were analysed by catalytically oxidizing to water
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and carbon dioxide. Nitrogen was determined by difference.

Samples of gas were collected for analysis with respect to
organic constituents according to the procedure which follows:

A quantity of gas, 38 to 76 liters, was scrubbed with 30 per cent
potassium hydroxide and then with aqueous sodium hydrosulfite to remove
carbon dioxide and oxygen, respectively& Carbon dicxide was .-emoved to
facilitate later rectification, and oxygen was removed to avoid a possible
explosion hazard. The gas was passed from the scrubbers through a trap
cooled with liquid nitrogen whid condensed all of the organic components
along with some residual oxygen and a little nitrogen* This mixture was
then rectified on the Podbielniak Hyd-Robot low temperature fractionating
column. In all cases, there was a large forerun of non-condensable
material consisting of oxygen and nitrogen, The quantities of the various
components present were calculated from the resulting rectification curves,

The restlts of these rectifications may be summarized as follows:

Run No. 12. - It was found that approximately 4 of carbon
tetrafluoride was destroyed when it was premixed with propane and then
burned in air. Thie value was obtained by analysis of the fluoride ion
present in the hydrolysis solution. The object of this experiment was
to sie how much of the carbon tetrafluoride could be recovered from the
combustion products by rectification. Propane and carbon tetrafluoride
w a first premixed before burning in air. Flow rates of propane, carbon
tetrafluoride, and air were 0.238, 0.244, and 7.18 moles per hour,
respectively. After burning and stripping off the non-condensable material
carbon tetrafluoride was present to the extent of 0;072 mole per 76 liters
of gas. This corresponds to 63 per cent of the carbon tetrafluoride
originally introduced.

Run Nos. 17 and 18. - Nineteen liters of gas collected from each
run were ccabined for the rectification. A trace of ethane, b.p. range
-87 to -88"C. was indicated. No trace of dibromodifluoromethane was
found, thus indicating that it was completely decomposed.

Run No. 19 - For this experiment, 76 liters of gas we* collected
and three fractions were isolated. Methane, b.p. -166*C., was present
to the extent of 0.0031 mole per 76 liters of gas and ethane, b.p. -86 to
-87'C. was present to the extent of 0.0047 per 76 liters of gas. The
third fraction, b.p. -136*C., is of unknown composition, and was present
to tht extent of 0.0015 mole per 76 liters of gas.

Run No. 20 - Only carbon tetrafluoride was present to the
extent of 0.184 mole per 76 liters of gas. This corresponds to 56 per
cent of the carbon tetrafluoride originally introduced.

Discussion of Results. - Table XV presents a summary of the
results of analysis of the products of combustion. In all cases, con-
siderable soot formation occurred except for carbon tetrafluoride and
sulfur hexafluoride where only trace amounts were noted. The amount of
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soot obtained was always a little less than the -meunt of aarbon presenu
in the halogen compound introduced. This suggests that soot formation
arises from the halogen cuapound and not from the propane, a point which
could be checked by burning a halogen compound containing labeled carbon.
The analysis for total halide ion gives the degree to which the halogen
compound is decomposed. Due to the hydrolytic action of the water
scrubbers, only total halide ions were determined. Possible halogen com-
pounds such as carboiye- halides or easily hydrolysed organic halides weru
not determined qualitatively or quantitatively since their structure would
be destroyed by passing through water. From the results of Table XV
it is apparent that all of the halogen compounds except carbon tetra-
fluoride tested are largely decomposed. The percentage decomposition of
the halogen compound when premixed with the propane stream can be deter-
mined by dividing the caloulated total halogen introduccd into the tdal
halide ion found by analysis of the combustion products. In Table XVI
flammability peaks and per cent decomposition ara tabulated for the
halogen compounds tested when premixed with the propane stream. Halogen
compouands having lou values for the flamability peaks have high values
of per cent decoviposition with the exception of dibromodifluoromethane.

Halogen compounds containig bromine or chlorine in addition
to fluorine were largely destroyed ad since those compounds having
strong fire retardtng characteristics contain bromine and/or chlorine
in addition to fluorine, it can be e4)ected that they will be largely
destroyed in a flame. Dibromodifluoromethane appears Lo be an exception
to that observation since it has a flammability peak of 4.2 but is de-
composed to the extent of 69 per cent (%) as determined by the qucantity
of halide ion formed.

In the case of sulfur hexafluoridu, no total sulfur balance
was obtained but free sulfur, sulfur dioxide, and hydrogen sulfide were
identified. The concentration of hydrogen sulfide in the gas stream was
of the order of 5 x I0" grams per liter.

There appears to be very little differenco in the results
obtained by introducing the halopen compound with Lither the air or the
propane.

Examination of the result& of the gas analysis in Table XV
shows that the intrduction of the halogen ccmpound to the propane-air

mixture is accompanied by a decrease in the completcness of combustion
as evidenced by increases in the amounts of illuminants, hydrogen and
carbon monoxide prod-ced. Two exceptions are noted. Carbon tetrafluorlde
and octafluoropropane seem to erance the degree of combustion as noted
by the large increase of carbon dioxide produced.

Pyrolysis Studies - Three types of -xpedrents were conducted
in this category; namely, heating the halogen compound, in the presence
of and in the absence of air, at 800*C. in an l.ron pipe heated to 800"C.
and heating the halogen compound in a platinum tube at 800*C. in the
absence of air, £etails of thesL experimentsi are as followst
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Table XVI

RELATION OF FLAMMABILITY PEAK TO PER CTT
DECC(POSITION OF HALOGEN COWVUND

Halogen 9 2_d, Flamability Peak Du fvosition. %
CBr 2 FZ 4.2 69

CBrF3  6.1 100

CliBr 9.7 114

CClF3  12.3 87

O~CHF2  17.9 93

SF6 20.5 73

CF. 26 4
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JImjao 2tudies in the Prsence of Air. An iron pipe, 20 inches
long and frvo-eI its Inch inside diameter, was loosely packed 4th about
10 grams of coarse steel wool. A 12-inch, electrically hated tube
furnace was used for hoating the iron pipe at 80* ± 10* C. The tem-
perature was measured by a thermocouple placed near the e.nter of the
tube and on the outsidt_ bet-een the tubc wall and the K .ating elements.
Air and the halogen compound were premixed before passing through
the hot zone. Irn the case of liquid halogen compounds, boiling ncar
room temperature and over, premixing was done by passing a measurod
amount of air through the compound in a test tube. The loss of weight
of the test tube gave the amount of halogen compound used. Gasteus
compounds were measured by moans of c.-librated flowmeters. The pro-
ducts from the hot tube were passd directly into a receiver cooled by
liquid nitrogen. All of the organic components were condensed along with
some air. At the compltion of a run, the entire contents of the
cold trap were rectified on a Podbiolniak Hyd-Robot low temperature
fractionating column.

Air and the halogen compound were protected from moisture but
no special precautions were taken to dry the gases before pyrolysis.
It was assumed that ordinary compressed air and commercial halogen com-
pounds were sufficiently dry for all practical purposes.

The halogen compounds chosen for the pyrolysis ctudies con-
tainud no hydrogen inteIr structure. The reason for this choice was
based upon the fact that there would be no hydrogen h; lide, exptcially
hydrogen fluoride, formed as a rusult of the pyrolysis. Hence, the
gaseous pyrolytic products could be rectified irrctly without any
danger of corroding glass apparatus.

The pyrolysis products were analysed for the organic com)n nto
present in the gas stream, carbonyl halides, and carbon dioxide and
ox7gen. The organic components presnt were analysed by condensing all
of the .lytic products in a trap cooled with liquid nitrogen and then
rectifying the contents of the cold trap as already mentioned above. From
a comparison of known boiling points and gas densities, the identity of
the unknown fractions could be determined in most cases. The quantity
of each fraction present w'1s calculated from the rectification chart
which is automatically ploti ed by the Podbielniak instrument.

The following proce dure was used for the quantitItivc deter-
mination of carbonyl halides: Air and the halog*%t compound were passed
into the hot zone as already described. Gaseous products wcre led
through a dry Pyrex Wool filter to rmcvu iron compounds suspended in
the gas stream and then into an sorption train similar to Lht one
described by Yant and covorkvrs.I- The train consistvd of a layer of
calcium chloride for drying the gas, a laytr of amalgamated tin for removal
of eLmental halogen, and a layer ef mossy zinc f&r remor-al of hydrogen
halides. The gas thin cntrLd the carbonyl halia.t absorption bulbs
containing wter saturated with tnilinc and sym-diphenyluren. A Wet Test
meter following th. absorption bulbs reccrdc-d th liters of gas passed
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through. Carbonyl halides 4erc converted to sym-iphenylurea by reaction
with the aniline. The sym-diphenylurea was filtvred on tared Gooch
crucibleswas dkied et 70*C. and. weighed. The sym-diphenylurea was then
dissolved out with 5 milliliters of warm, absolute ethanol into a tared
weighing bottle. The alcohol was evaporated at room temperature and the
residue was dried at 70oC. and weighed as sym-diphenylurea. The Gooch
crucible was also dried at 700C. and reweighed. The loss in weight was
used as a check for the analysis. Melting points and qualitative chembal
analysis of the sym-diphenylurea were made to check the purity of the pro-
duct. In all cases, only traces of halogen were detected in the Sym-
diphenylurea and the molting point found varied from 224 to 2391 C. The
literature value for sym-diphenylurea is 238-239OC. The amount of
carbonyl halides was calculated from the weight of sym-diphenylurea as
parts per million on a gas volume basis at temp-eratures and pressures of
experimental conditions. No attempt was made to identify the exact
formula of the carbonyl halide that was formed. Depending upon the halogen
compound undergoing decomposition, there is a possibility of various
carbonyl halides being produced and the values reported her3 represent
the summation of all.

In addition to the determinations of organic components and
carbonyl halides, an analysis was made on some of the products using
for carbon dioxide and oxygen a Burrell Gas Analysis Apparatus of the
Orsat type. The values found are reported in Table XVII, along with
other data for these experiments.

Rectification analyses for several of the products are as
follows:

Pyrolysis No. 3 - Carbon tetrafluoride was the only organic
compound present.

Pyrolysis No. 4 - Dichlorodifluoromethane was recovered to the
extent of 43.1 per cent. A second fraction boiled at -82.OC. and
had a moledular weight of 104 as determined by a gas density deter-
mination. The compound is chlorotrifluoromethane and was present
to the extent of 19.3 per cebt of the dichlorodifluoromethane
originally introduced. A third compound boiled at -125oC. and was
present in a tpace amount only. The latter compound is probably
carbon tetrafluoride. In addition to these compounds, a few grams
of an organic solid was found at the exit end of the iron pipe. The
solid was purified by sublimation and its melting point and
qualitative chemical analysis were determined. The compound melted
in the range 181-1890C. in a sealed tube and contains chlorine but
no fluorine. The compound was established to be hexachloroethane.

Pyrolysis No. 5 - The pyrolysis of 0.274 mole of dibromo-
difluoromethane and 0.174 mole of air through an iron pipe at 80OoC.
resulted in the formation of a compound having a boiling point of
-576C. and a molecular weight of 149 as determined from the gas
density. The structure of this compound was not established. The
pyrolysis was also accompanied by the liberation of elemental bromine
which was converted to an equivalent amount or iodine and then

- - -1 .ar tJO •i "a '. _
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titrated with a standard sodium thiosulfete solution. By calculation,
it was found that a total of 0.733 g. of elemental bromine was
formed. No dibromodifluoromethane was recovered.

Pyrolysis No. 6 -The pyrolysis of 0.121 mole of octafluoro-
propane end 0.347 mole of air through an iron pipe at 800"C. resulted
in the recovery of 67.0 per cent of the octafluoropropane Introduced.
Trace amounts of compounds boiling at -86CC. and -79C, were also
present but not identified.

Pyrolysis Studies in the Absence of Kir - The same apparatus
was used for these experiments that was described for pyrolysis experi-
ments in the absence of air. The amount of halogen compound used was
determined by the difference in weight of a small oteti cylinder before
and after the experiment. The pyrolyis products from the hot zone were
condensed in a trap cooled by liquid nitrogen. Generally only one pass
was made through the hot zone. The product in the trap cooled with
liquid nitrogen was anLiysed for brtakdown products by fractionEl dis-
tillation on the Hyd-Robot Low Temperature column.

Dichlorodifluoromethane - The pyrolysis of 0.307 mole of dichloro-
difluoromethane through the iron pipe resulted in the formation of
four breakdown products. Carbon tetrafluoride b.p. -130*C., was present
to the extunt of 0.004 mole. Chlorotrifluoromethane b.p. -82C.,
was present to the extent of 0.121 mole. The recovery of dichlorodi-
fluoromethane was 0.004 mole. A fraction boiling at -95"CC was present
to the extent of 0.004 g. mole Lnd material boiling above -186C. was
present to the extent of 0.003 mole. These materials were not identified.

The pyrolysis of dichlcrodifluoromethane (0.164 mole) through
a platinum tube at 8000C. resulted in the recovery of 0.119 mole of
dichlorodifluoromethane. No other products were detected.

Octafluoropropane - The pyrolysis of 0.100 mole of octafluoro-
propane through the iron pipe at 8000C. resulted in the formation
of 0.004 mole of unidentified material boiling at -80cC. The
recovery of octefluoropropene was 0.082 mole.

The pyrolysis of 0.183 mole of octefluoropropane through a
platinum tube at 8000C. resulted in the recovery of 0.164 mole
of octafluoropropane. ho other products were detected

Chlorotrifluoromethene - The pyrolysis of 0.363 mole of chloro-
trifluoromethbne through a platinum tube at 800*C. resulted in the
recover) of 0.320 mole of chlorotrifluoromethane. No other products
were detected.

Bromotrifluoromethne. - Bromotrifluoromethane (0.171 mole) was
possud through the platinum tube at 8000C. six times by distilling
the product buck and forth. Upon tnalysis of the final product,
the recovery of bromotrifluoromethnac was 0.114 mole. Elemental
bromine was present to the extent of 0.003 mole. na unidentified
iaw.tLriul boiling nt -914C. was present to the extent of 0.007 mole.
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Carbon Tetrafluoride - The pyrolysis cf carbon tetrafluoride
(0.180 mole) through a platinum tube at 800*C. resulted in the
recovery of 0.135 mole o f carbon tetrafluoride. No other products
were detected. It can be concluded from this series of experiments
that decomposition of the halogen compounds is less extensive in
the absence of air than in the presence of air. Also, more ex-
tensive decomposition is obtained in the iron tube,

Behavior ofHalogen Compounds in an Electric Arc. - The object
of this research was to determine the breakdown products formed by the
fire extinguishing agent when subjected to an electric arc. To accomplish
this, the following apparatus was constructed: A piece of Pyrex tubing,
24 am. in diameter and 26 cm. long, was constricted in the middle
to an inside diameter of 1 cm. Platinum electrodes were sealed into the
tube wall in such a manner that the gap between the electrodes was
directly across the snstricted part. A separate cold trap was connected
to each end of the Pyrex tube by means of ground glass ball joints to
make an air tight seal. The system was also connected to a mercury
manometer, one end of vhich was open to the atmosphere so that the
internal pressure during the arcing process could be measured at all
times. The spark source was a Model-T Ford spark coil having eight volts
D.C. on the primary. For the experiments described herein, thp el-ctrode
gap was 0.4 to 0.5 cm.

A quantity of the fire extinguishing agent was distilled into
the system and condensed into one of the cold traps dooled with licraid
nitrogen. Liquid nitrogen was chosen as a cooling medium to make certain
that no possible decomposition products would escape from the system.
By distilling the compound back and forth from cold trap to cold trap,
the vapors were forced through the arc. After arcing, the ontents of
the system werc analysed by rectification on the Podbiolniak Hyd-Robot
low temperature fractionating column.

Octafluoropropane - Octafluoropropane was subjected to five
passes through the arc. Etc iing of the Pyrex tube was noticed. On
rectification, thL bulk of the material was found to be octafluoropropaxr.
A trace of material boiling at -81'C. was also found.

Methyl Bromide. - Methyl bromide was sutJected to a single pass.
Some soot formation was noticed on the surface of the electrodes. No
elemental bromine was found. On rectification the bulk of material
was found to be methyl bromide. A trace of material boiling at -74"C.
was also found.

Dibramodifluoromethane. - Dibromodifluoromethane was subjected
to five passes. A small qugtity of elemcntal bivmine was liberated as
a result of the arcing. On rectification, the bulk of th'smaterial was
dibromodifluoromethane. A trace of mat,.rial boiling at -70"C. and a
trace boiling at -55'C. were also found.
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Carbon Tetrafluoride. - CArbon tetrafluoride was subjected
to seven passes. On rectification, only carbon tetrafluoride was found.

Brcmotrifluormethane. - Bromotrifluoromethane was subjected
to seven passes. A small quantity of elemental bromine was fosarm as
a result of wae arcing. On rectification, the bulk of material was
brmatrifluoromethane. A trace of material boiling at -109*C. was also
found.

Toxicity

No attempt has been made at Purdue to determine the toxicity
of the substances under investigation.

The Freons have been studied extensively and, in general, they
are considered to b non-toxic. Fluoroform (Freon 23) has been shown
to produce no ill effect upon a guinea pig when the test animal was
subjected to an atmosphere comprising 80% trifluoromethane and 20% oxygeng.

As a part of a cooperative research program at Purdue Universty
a number of fluorine-ccntnin compounds have been made avflable for
evaluation as anesthetics. Many of the compounds tested have been ahoumto possess desirable anesthetic properties.44 Among Ui.ise compounds are
2-bromo-and 3-bramo-l,l,l-tri fluoropropane.

The literature contains information concerning the life hazards
of several materials of interest as fire-extinguishing fluids. This In-
formation may be summarized as foflows:

Compound Classification Reference

CH3Br 2 30
C014 3 30
QiCl 3  3 30
QH2 BrCl 3 31
Ci3 (H2Br 4 30
COB 5 30
CC1 3F 5 30
CC1 2 F2  6 30
CClFaCCIF2 6 30

The classifications have been deft-;ed in the following manner:

"Group 1--Gases or vapors which in concentrations of the order
of 1/2 to 1 per cent for durations of exposure of the order of
5 min. ar- lethal or produce serious injury: sulphur dioxide.

"Group 2--Gases or vapors which in concentrations of the
order of 1/2 to 1 per cent for durations of exposure of the order
of 1/2 hr. are lothal or produce serious injnry: ammnonia and mthyl
bromide.
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"Group 3--Gases or vapors which in concentrations of thu
order of 2 to 2-1/2 per cent for durations of exposure of the
order of 1 hr. are lethal or produce serious injury. methyl
formate, chloroform, and carbon tetrachlorida.

"Group 4--Gases or vepors which in concentrations of the order
of 2 to 2-1/2 per cent for durations of exposure of the order of
2 hr. are lethal or produce serious injuryt dichlorethylene, mth~t
chloride, and ethyl bretide.

"Group 5--This group includes gasus or vapors much less
toxic than Group 4 and (a) more toxic than Group 6r monofluoro-
trichloromethane ("F-fl") and carbon dioxide-and (b) those
which available data indicatu cleasifly as either Group 5 (a)
or Group 6: butane, ethane, and propane.

"Grup 6--Gases or vapors which in concentrations up to at
least about 20 per cent by volume for durations of exposure of
the order of 2 hr. do not appear to produce injury: dichloro-
difluoromethane ("Freon") and dichlorotetrafluoroethane ("F-1U4")."

Struck and Plattner 7 have reported that perfluorobutane is
without anesthetic activity and that it is toxic in concentrations
greater than 25%. No ill effects were observed in concentrations of
about 5%. Perfluorocyclopentane was found to be more toxic than
perfluorobutane.

A study of the toxicological properties of several of the
compounds posseusing the more favorable flame inhibition properties has
been initiated at the Toxicology Branch of the Army Chical Center.
A formal report covering toxicity studies has not been issued.

Physical Properties

A library research project was initiated to determine whether
or not a correlation exists between the flame inhibition p roperties of
a compound and its physical characteristics. An attempt was made to
find all of the physical characteristics reported for several gases.
Materials chosen for this library study may be grouped into three
classifications, namely, inert gases, flammable gases and gascs supporting
combustion. Representative materials in each of these groups are as
follows:

Inert Gases

argon krypton chlorotrifluoromethane
htlium xenon dichlorodifluoromethane
nitrogen carbon dioxide trifluoromethane
noon methyl bromide carbon tetrafluoride
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nammable Goses

methane
ethane
acetylene

Gases _SuMErLU camuaio

oxygen
chlorine
fluorine

The appendix of this report contains tables showing data obtained in
this search. Numerous attempts have been made to correlate the physical
data reported in the Appendix(Tables I to 7 inlnusive) with
flame inhibition properties as indicated from the peak in the flazmability
curves. However, no correlation is apparent. Some of the relationshipe
considered which were more promising than others are shown in Figures
50 to 55 inclusive. These figures show the relationah3p of vapor density
and dielectric constants to flammability peaks,

It is our conclusion as a result of this library search that

there are insufficient physical data reported for any given series of
compounds to make a correlation feasible.

Test Materials

During the cours3 of this research it has been the policy to use com-
pounds of high purity. 'Whenever possiblematerials available from comertial
supply houses have been used. Other materials were synthesized in the
laboratories at Purdue following procedures tich seemed most expedient.
The following paragraphs summarize the source of the test compounds
used on the project. Details are omitted from procedures described in
the literekre.

Freons - The following Freons were obtained from Kinetic Chemicals,
Inc. and were used without further purification:

Dichlorodifluoromethane (Freon 12), b.p., -30*C.
Qtlorotrifluoromethane (Freon 13), b.p., -821C.
Chlorodifluoramethane (Freon 22), b.p., -40*C.
Trifluormethane (Freon 23), b.p., -82.2°C.
1,1,2-Trichlorotrifluoroethane (Freon l13)b. p., 46.5?C.
1,2-Dichlorotetrafluoroethane (Freon 114) b.p., 3.61C.
Tetrafluoroethylene (Freon 1114) b.p., -76.3YC.

Carbon tetrafluoride (b.p. -128"C.) was prepared by the vapor-
phase fluorination of carbon tetrachloride with silver difluoride. Before
using, the carbon tetrafluoride was purified by rectification on a
Podbielniak Heli-Grid low temperature column. In addition, carbon
tetrafluoride was obtained from the New Products Division, Mimesota
Mining and Manufacturing Co., St. Paul, Minnesota.

___ m m mm m i m m mm m i .---
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Carbon tetrachloride (Fire Extinguishing Grade) was made
available through the courtesy of the Purdue Physical Plant.

Bromotrifluoremethane (b.p. -601C.) was prepared by the
thermal Lroina.tion of trifluoromethane (Freon 23)3. The rection
was carred out at oO0C, in a glass tube packed with glass beads.

1. CH3 Bra, ot-------------GBrF 3 * HBr

Also a part of the bromotrifluormethane was supplied by the Army Engineers,

Trifluoroiodumethane. (b.p. -22.5*C.) was prerared from
carbon tetraiodide and iodine pentafluoride, following a procedure des-
cribed by FEeleus and coworkers6. Reactions involved in this synthesis
are illustrated by equations 2, 3, and 4:

2. CCII + (2431 .441p C14 + Cl13C1

3. 12 + F2 -* IF5

4. CI + IF5 - CF31 + 12

The procedure used in the preparation of carbon tetraiodide
was adapted from the one described by Soroos and lHinkamp26. The techniques
involved are illustrated by the following example: Two hundred and
sixteen grams (1.4 moles) of carbon tetrachloride and 936 g. (6,6 moles)
of methyl iodide were mixed in a 2-liter, 3-necked flask equipped with
a motor driven stirrer, a brine-cooled condenser, and a nitrogen inlet.
Before mixing, the carbon tetrachloride and the methyl iodide were dried
by distilling from anhydius aluminum chloride. Aluminum chloride t..3
mole, 4. g.) was added to the solution and the flask flushed with dr-
nitrogen for 10 minutes. The mixtue was heated rapidl. to 42CC. (abo~t
10 minutes), and the temperature maintained at 42*0. tutil only a snal
amount of methyl iodide remained in the flask (approximately 60 minutes).
Then 400 ml. of 20% sodium bisulfite was added to the reaction mixture
in the flask. The mixture was filtered and the residue washed with
copious amounts of sodium bisulfite solution. Te carbon tetraiodide
was placed in a crystallizing dish and washed with distilled water. The
wet carbon tetraiodide was placed in a vacuum desicator and dried for
several days. Seven hundred and two grams (1.35 moles) of dried carbon
tetraiodide was obtained, representing a yield of 97% based on the carbon
tetrachloride used.

Iodine pentafluorido (b.p. 97"C.) was prepared by direct union
of the elemcnts, iodine and fluorine. In a typical experiment, 1.5 lb.
of iodine was placed in a nickel tube, 36 in. long and 1 in. in diameter,
sw'roundt-d bya water jacke.. Fluorine from 3 cells operated at 30 amperes
was passed into the tube for a period of 6 hours, at the end of which
time the iodinc pntafluoride was distilled from the reactor. The
distillation was conducted in an atmosphere of fluorine. Approximately
500 g. of iodine pentafluoride we a3 obtained, representing a yield of
84%, based upon the iodine charged to the rdactor.
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Trifluoriodomethone was prepared from carbon totraiodide by
a halogen exchange reaction using iodine pentefluorido. In a typical
experiment, 160 g. of thoroughly dried crbon totraiodide was placed
in a 2-liter, 3-necked flask equipped with a mercury sealed stirrer,
a dropping funnel, and a condenser connected in series with a receiver
cooled by a mixture of Dry Ice and trichloroothylene. The flask and
its contents were cooled to OC. and 60 g. of iodine pentefluoride was
rdded dropwise during a period of 30 minutes. No change in temperature
was observed during the period in whioh iodine pentafluoride was added.
The mixture was heated to 90-1000C. within 45 minutes, during which time
lurge quantities of vopore were evolved. The products from 3 such experi-
monts were combined, and approximately 60 g. of trifluoroiodomethne was
obtained ropresenting 6 yield of 33%. Yields as high as 65* were obtained
in Inter oxporinents. In conducting these '~ats, it was observed
that the desired roaction does not proceed if the reagents are not
anhydrous. /

Other experiments which were tried and which were not pro-
ductive of the desired trifluoroiodomethane include tho halogen exchange
reaction between carbon tetraiodide and entimony trifluoride, in the
presence of and in the absence of antimony .entochloride. Carbon
tetraiodido wLs recovered. These experiments were conducted under
conditions known to give the desired halogen exchange reaction with
carbon tetrachloride and with carbon tetrobromide.

Dibromodifluoromethnne (b.p., 24.5*C.) was prepa.red in accordance

with the following sequence:

5. 3CBr4 + 2SbF3  -ZCBr 2F2 + 2SbBr 3

Two hundred grams of curbon tetrabroniide w-s ground with 500 g.
of antimony trifluoride and the mixture was placed in a 3-necked flask
fitted with a stirrer and a water condenser. The tumperature of the
condenser water was adjusted to about 250C. to permit the distillation
of dibromodifluoromethane from the reaction mixture as formed, The
reaction mixturo was heated, with stirring, to 1200C. until all of the
hnlogenated methr.nes had been distillad off and collected in receivers
cooled in ice water. The product was washed with ice cold sodium
hydroxide solution and then with ice water. After drying over anhydrous
sodium sulfate, it was rectified and ?. g. of dibromodifluoromethane
was obtained. There was a residue ot about 7-g..of tribromofluoromethane
which apparently had been entrained through tho water condenser.

Tribromofluoromethane (b.p. 106*C.) was prepared in accordance

with the following equetions

6. 3CBr 4 + SbF/Br 2  " ". 3Crr 3 F + SbBr3

Carbon tetrnbromide (200 g.) was mixed with 40r g. of antimony tri-
fluoride and the mixture was placed in a 3-necked flask equipped with a
Hirsechbrg stirrer and an air-cooled condenser which woe connected in
serics with receivers cooled by wet Ice and by Dry Ice. About 5 ml.
of bromine w.s added to the mixture in the flask and the mixture waswarmed with stirring to 1000C. Tribromofluoromethane distilled frcs the

!zn
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reaction flask as formed and collected in the ice cooled receiver. The
material was weaed with a cold concentrated sodium hydroxide solution
and dried over anhydrous sodium sulfate. Upon rectification at atmositeric
pressure, there was obtained 79 g. of tribromofluoromethane representing
a yield of 49%.

romochlorvdfluo rcethane (b.p., -6*C.) was obtained by
thermal bromin.tion of dilorodifluoromethane (Freon 22). The reaction
involved may be illustrated by the following sequence:

7. 0C11Fa * Bra - ' CBrClF2 * HBr

A Vycor tube, 5 cm. by 2.5 cm., wps packed with Kimble glass
beads 5 a. in diameter. This reactor was placed in an electric furnace
and heated to 570'C. Chlorodifluoromethane was introduced below the
surface of liquid bromine maintained at a temperature of 40-50C, The
mixture of bromine and chlorodifluoromethane was then passed into the
reactor. The effluent gases were scrubbed with aqueous sodium hydroxide
(20%), dried by anhydrous calcium chloride and finally condensed in a
receiver cooled by Dry Ice. Upon rectification of the product which
collected in the receiver there was obtained 43 g. of chlorodifluoro-
methane, 77 g. of bramochlorodifluoromethane and 47 g. of dibromodi-
fluoromethane.

Chloroform (b.p. 61.2*C.: m.p. -63.5C.) was obtained from
the Dow Chemical Company. It was used without further purification.

Bromodifluorcuethane (b.p. -14,59C.) was obtained from the Army
Engineers and was used without further purification.

Dibrcmofluoramethane (b.p. 65*C.) was prepared in accordance
with the following equation:

8. 3QHBr 3 + SbF 3 /Br 8 --.--- . - 3CBrj+ SbBr 3

Bromofom (CIr3; 253 g.) was mixed with antimony trifluoride (330 g.) and
the slurry was poured into a 3-necked flask equipped with a stirrer and
an air-cooled condenser connected in series with a receiver cooled by
wet ice and by Dry Ice. About 5 ml. of bromine was added and the mixture
was heated with stirring to 10C. Dibromofluorcmethane distilled from
the reaction vessel as formed and collected in the ice-cooled receiver.
The distillate was wakbed with cold concentrated sodium hydroxide solution
and dried over anhydrous sodium sulfate. Upon rectificetion at atmospheric
pressure, there was obtained 64 g. of dibromofluoromethane representing
a yield of 46%.

Dichloromethane (b.p., 40-410C.) was obtained from the Eastman
Kodak Company and used without further purification.

Dibromomethane (b.p. 98.5*C) was obtained from the Columbia
Organic Chemicals Inc. This material was rectified before using.
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Bromochloromethane (b.p. 68-69 C.) was obtained from the
Michigan Chemical Company and from the Columbia Organic Chemical, Inc.
These materials were used without further purification.

Methyl Bromide (b.p., 4.50C.) was obtained from the Mathieson
Company and used without further purification.

Methyl Iodide (b.p., 42.4*C.) was obtained from the Paragon
Testing Laboratories and used without further purification.

Hexafluoroethane (b.p. -78*C.) was made available for test
purposes on this project after it was obtained on another project as a
by-product in the synthesis of chlcropentafluoroethane by the reaction
between ll,2-trichlorotrifluoroethcne and silver difluoride.

1,2-Dibromotetrafluoroethane (b.p. 46.40C.) and Bromopenta-fluoroethane (b.p., -236C. were prepared in accordance with the following

reaction sequence:

9. CF2 nCF. + Dr 2 - CBrF2 CBrF2

10. 2CBrF2 CBrF2 + 2AgF2 - 2CF 3 CBrF2 + 2AgF + Brz

1,2-Dibromo tioetrafluoroethan was prepared by the addition of
bromine to tetrafluoroethylene following the procedure described by
Ruff 2 5 . The following example is illustrative of the technique used.
Bromine vapors and tetrafluorothylcne were mixed in a reaction chamber
illuminated with one 200 Watt incandescent lamp. The rate of introduction
was such that the bromine color disappeared as a result of addition to
tetrafluoroethylene. After 3 moles of bromine had been utilized, the
crude product was washed with cold sodium hydroxide solution to remove
excess bromine. The organic product was thcn st=m distillcd, dr.dd
over calcium chloride and rectified. Six hundred and forty-three grams
of 1,2-dibromotetrafluoroethane was obtained, representing a yield of
83% based on bromine consumed.

Lead tetrafluoride was tried for the halogen exchange reaction
to convert 1,2-dibromotetrafluoroethane to brcomopentafluoroethane. How-
ever, after several attempts proved unsuccessful, efforts were directed
to the use of the more Active silver difluoride. In the first experi-
ment with silver difluoride, 75 g. of 1,2-dibromotetrafluoroethane was
passed over silver difluoride maintained at a temperature of 1100C. The
time required for the addition of the organic material was one hour. The
effluent gases were passed from the reactors into a receiver cooled by
wet ice and then into a receiver cooled by Dry Ice. Approximately 10 'I.
of product collected in the Dry Ice-cooled receiver. There was some
evidence indicating that the dibrcmotetrafluoroethane decomposed to give
bromine and tetrafluoroethylene. A second experiment was conducted
in uhich 75 g. of the dibromotetrafluoroethane was passed over silver
difluoride at 750C. The time for introducing the 1,2-dibromotetrafluoro-
ethane was 0.5 hour. Approximately 20 mi. of product was obtained from
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this !xperiment. The products from these two experiments were combined,
scrubbed free of bromine by bubbling through sodimi hydroxide, and dried
by contacting the vapor fror. the scrubber with phsphorus pentoxide.
Rectification on a low temperature column gave 28 g. of brcmopentafluoro-
ethane boiling at -23"0.

Pentafluoriodoethane (b.p., 16-16.5Q Emelous and coworkers 6

reported the preparation of pentafluoroiodoethane by the reaction of
iodine pentafluoride with acetylenetetraiodide. After a consideration
of available materials and reactions involved, it was decided to prepare
a quantity of this compound for testing with respect to fire extinction
properties by the reaction of iodine pentafluoride with tetrafluoro-l,2-
diiodoethane. Several experiments were performed and the following
example may be considered typical of the techniques involved: Fifty
grams of tetrafluoro-l,2-diiodoethane waw placed in a one-liter, 3-necked
flask equipped with a stirrer, a dropping funnel, and a condenser con-
nected in series to a wash bottle containing a 5% solution of sodium
hydroxide and a receiver which was cooled by a mixture of Dry Ice and
trichloroethylene. Thirty-one grams of iodine pentafluoride was added
dropwsie over a period of 15 minutes. The mixture was heated to 700C.
within 20 minutes, during which time a small amount of gas was evolved*
The temperature was then raised rapidly to 75*C. (about 5 minutes) and
maintained at 75 to 820C. until the evolution of gases ceased. Approxi-
mately 24 g. of pentafluoroiodoethane, boiling at 16-16.50C., was
obtained. This represents a yield of 69%.

Tetrafluoro-l.2-Dtdoethane (b.p., fl2*C.) was prepared by
adding iodine to tctrafluoroethylene, according to the procedure of
Raasch2 2 and illustrated by the following sequence:

11. CF2 CF2 + 12 - CFzICF21

One pound of iodine and one poaund of diethyl ether were mixed
in a 2-liter iron autoclave. After securing in position, the autoclave
and its contents were hzated to 60C. Thena portion of the ether was
discharged to remove the air which was in the autoclave and tetra-
fluoroethylene was added from a cylinder to a pressure of 330 lb./sq. in.
The autoclave and its contents were rocked for 7 hours, during whidh
time a pressure drop of 30 lb./sq. in. was observed. Tetrafluoroethylme
was added at frequent intervals during the next 48 hours, so that a

pressure of 330 lb./sq. in, was maintained. After discharging the fixed
gases, the autoclave was opened, and the contents wure poured onto
crushed ice. No free iodine was present. The organic material was
steam distilled frcr a sodium thiosulfatc solution. The. disthyl ether
was removed by distillation at atmospheric prvssure, and tha 1,2-dtodo-
tetrafluoroetnylene wad distilled at reduced pressure.

2-bromo-l.l.l-trifluorocthane was prepared in accordance with
the following sequence:

12. CH2 C104C1 2 + NaOH - a{2-CC1 2 + MaC] + H20

13. CH2-C"1 2 + Er2 -.--z CH2 BzCBrCl;
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14. CBrCl 2 aH2 Br + HF/SbCl 5  CF3 ai2Br

In brief, this process involved the dehydrochlorination of 1,1,2-tri-
chloro-ethane to form 1,1-dichloroethane which was converted to 1,2-
dibromo-1,l-dichloroethane by the reaction with bromine. 1,2-Dibromo-
1,1-dichloroethine was converted to 2-bromo-1,1,l-trifluoroethane using
the hydrogen fluoride in the presence of antimony pentachloride. This
latter step represents a modification of a procedure described in the
literature. 

1 4

1,2-Dibromo-2-chloro-l,1.2-trifluoroethane (b.p., 93-94oC.)
was obtained from the Army Engineers and was used without purification.

l2-Dibromo-ll-difluoroethane (b.p. 94; m.p. -56.50C.) was
obtained from tho Army Engineers and was used without further purificatin.

2-Bromo-l-chloro-l.1-difluoroethane (b.p., 680C.) was pre-
pared from vinylidene chloride in accordance with the following sequence:

15. CCI2-CH2 + Br2 - CBrCl2CH2Br

16. CBrC12CH2Br + SbF3/SbCI5 + CClF2CH2Br + SbBr3.

Bromine was added dropwise to an equivalent amount of vinyli-
dene chloride contained in a 3-liter, 3-necked flask. The rate of
addition of bromine was controlled by the rate of the reaction as
evidenced by the disappearance of the color of bromine from the contents
of the flask. After the reaction was essentially complete, the product
was washed with dilute sodium hydroxide to remove excess bromine and
then with water. The dried product, essentially 1,2-dibromo-1,l-di-
chloroethane, was used in subsequent fluorinations.

A one-liter, 3-necked flask was fitted with a Hershberg
stirrer and a Vigreaux column. 1,2-Dibroao-l,1-dichloroethane (300 g.)
and antimony trifluoride (260 g.) were mixed in the flask and then
antimony pentachloride (25 g.) was added slowly with stirring. The
mixture was heated rapidly and the product allowed to distill from the
flask. The distillate was treated with a small amount of sodium bi-
sulfite and steam distillcd. The organic layer was washed with water
and dried over anhydrous sodium sulfate. Upon rectification there were
obtained 51 g. of 2-bromo-l-chloro-l,1-difluoroethane and 110 g. of
2-bromo-l,l-dichloro-l-fluoroethane representing a k" conversion of
1,2-ibromo-l,l-dicloroethane to 2-brmo-l-chloro-l,1-difluoroethane.

l-Bromo-2-chloroethane (b.p. 106.7*C.) was obtained from the
Eastman Kodak Company and was used without further purification.

E (b.p. 38.4*C.; m.p. -l17.80C.) was obtained
from the Dow Chemical Company and used for test purposes without further
purification.
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Ethyi (b.p 72.4"C.; m.p. -17.86C.) was obtained from

Columbia Organic UciaI Inc. The matrial was used for determina-
tion o f fire extinction propertics without purification.

2.2-Difluorovinyl brlaide. (b.p. .66C.) was prepared by the dchy-
drochlorination of 2-broo-l-etloro-1,l-difluoroethane as illustrted
in the following equation.

17. CClF2CH,2Br + SaCH - CFa-CHBr + NaC1 + H2 0

2-Bromo-l-chloro-1,l-difluoroethane was added dropwise to an
alcoholic solution of sodium hydr-xide at 60"C. The solution was con-
tained in a 1-liter, 3-necked flask equipped with a dropping funnel,
a stirrer and a reflux conddnser. Difluorovinyl bromide distilled from
the reaction mixture as formed and collected in a receiver cooled by a
mixture of Dry Ice and trichloroethylene. The difluorovinyl bromide
was purified by rectification. Due to the rapidity with vCiich difluoro-
vinyl bromide undergoes polymerization, the purified material. was stabilized
with hydroqLu none.

Vinyl bromide (b.p. 16'C.) was prepared in iaccordance with the

following sequence:

18. Cl 2 BrO4ZBr + K(H/C2 .sO CH2 -MBr + + H, O

A solution of potassium hydroxide in ethanol was charged into a
3-necked, round-bottom flask equipped with a dropping funnel, a motor
driven stirrer and a reflux condenser. The reflx condenser was connected
in series with a receiver cooled by wet ice. 1,2-Dibranoethane was added
dropwise frum a separatory funnel and the viny! brcm-ide, distilling cut
as formed, was collected in a receiver cioled by ice. Vinyl bromide
was purified by rectification through a lowd tomperature column.

2-Chloro-l 1 1-trfluoropro *ne (t p. )_C) and 3-chloro-l.l.:Il-
triciuoro'ro-n (b.P '45,C. were prepared by the cilorination of 1,1,1-
trifluoropropane"5.

2-Bromo-l.1ll-trifluoropropane (b.p. 6.50C.) and 3-bromo--.i.1-
trifluoropropane (b.D, 62C.) were prepared in accordance with the follow-
ing sequence;

FeCI
19. CH2ClPClCH3 + C12 - C ClOfCl1 3 , HC1

20. H(1CICH NaCI -L-f C- IOiCH3 * NaCI + H20

21. CCl 2*4iCO 3IF CF CH2CH3 + 2HCi

22. CY3CH2Qi 3  Br2 - --- CF3 OiBrCH 3 + CF 3L:X(,lH2Br * H~r

1,2-Dichiorop'opane (propylene chloride was chlorinated in the
liquid phase and in he presence of ferric chloride tc produce polychloro-
proparies, a larke propArtion of which was l,1,2-richloropropanc, 1,1-
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Dichloropropene was prepared from the 1,1,2-trichloropropane by dehydro-
chlorination using,,equeous sodium hydroxide. 1,l-Dichloropropene was
converted to 1,1,1-trifluoropropane by treatment with an excess of hydrogen
fluoride at autogenous pressure and at about 1250 C. The thermal bromination
of the trifluoropropane at about 6000C. resulted in the formation of a
mixture containing both 2-bromo- and 3-bromo-l,l,1-trifluoroproPanel6 .

2-Bromo-l,l,l-trifluoropropane can also be prepared by the
fluorination of 1,2-dibromo-l, l-dichloropropane with antimony trifluoride
containing elmental bromine ;ccording to the reaction sequence outlined
in equations 23 and 24.

23. CC1 2 - GCH 3 + Br 2  -- CBrCl 2 CHBrCH3

24. CBrCl 2QHBrCH 3 + SbF3 -F4-_ CF3 CHBrCH3 + SbBrCl 2

2-Bromo-l-chloro-l,l-difluoropropane (b.p. 680C.) was prepared
by the fluordbati~n of 1,2-dibromo-l,1-dichloropropane with antimony
trifluoride and elemental bromine. The reactions involved may be
illustrLtcd by the following sequence.

25. CCl 2 CQ1013 + Br2 
-  CBrC1 2 CHBrCH 3

26. CBrCl2GiBrCH 3 + SbF3 - CClF2 CHBrCH3 
+ SbrCIF

l-Bromo-2,2-dilluoropropane (b.p., 76*C.) was prepared in
accordance with the following sequence:

27. L12 ClCHCICH 3 + KOH - CH2 -CClCH 3 * KCl + H2 0

28. C7{1CClf 3 - Br2 .- 2BrCBrClCH3

29. Q12BrCBrClCH3 + SbF 3/Br 2 -- : CH2BrCF 2 CH3 + SbBr 3 .

2-Chlorcpropene (CHZ-CClQ, 3 ) pr_'- pr -d te hyyri-
chlorination of 1,2-dichloroprcpnne fhlPo;ring a proceaurQ described by
Rebou1 23 .

A one-liter, 3-necked flask wa.; equipped with a mercury-
sealed stirrer and a dropping funnel. The flask was surrounded by ice-
water and then charged with 1.44 moles of 2-chloropropene. Liquid
bromine (1.44 moles) was added dropwise from the separatory funnel.
After the reaction was essentially complete, the flask was fitted with
a condenser set downward for distillation. Then a mixture of antimony
trifluoridc (1.44 moles) and bromine (1.44 moles) was added to the
contents of the flask. The mixture was hemted with stirring until the
flask was free of bromine vapors. The product which collected in the
ice-cooled receivcf was steam distilled from aqueous sodi, hydroxide.
After drying, the product was rectified. Seventy-six grams of 1-bromo-
2,2-difluoropropane was obtained.
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l-Brccowvmno (t.p. O.8'Z.1 m.p. -109.9"C.) used for test
PqflXst was obtained frm Halogen Chmicals, Inc. and used without
further purification.

2-rroaxne (b.p. 48.4 0 C.; m.p. -125aC.) was obtained fromthe Halogen Chemicals Company. It was used without further purificrtion.

Perfluobutane was prepared by the fluorination of 1-bromo-
butan; with silver difluoride at temperatures ranging from 200-3000C. The
pr)duct from the fluorination was washed with a sodium hydroxide solution
to r~move acidic materials and then with a solution of potassium per-manganate to remove unsaturated oompounds. The perfluorobutane was dried
prior to rectification on a highly efficient column.

Octafluorocvclobutane (FC-318) (b.p, -5oC.; m.p. -48*C.) wasobtained as a research sample from the Jackson Laboratories of the E.
I. duPont de Nemours Co., Itic. This material was used without purifica-
Lion.

Benzotrifluoride (b.p. 102.5*C.) was obtained from the Hooker
Electrochmical Company.

Perfluoro (et h clohexane) (b. rfluoona thalane,
(b~). 140'C.) prfluoroindanea (b-p.!n - 1C. efuro(methyl-
c clohexane) (5.04 2-76 C.) - and  erfl uo oi rane (b.p. 82.4C ) were
prcp'red by the flucriratiun o ethylbenzene, naphthalene, indene, toluene,
and n-heptane respectively.1, 4h1,18 These reactions were carried out in
the vapor r ase using silver difluoride as a fluorinating agent. Thehydrocarbon was fluorited with the silver difluoride at 200-250 0C. and
then the product from the first pass recycled over silvr difluoride
at 300-350'C. Cobalt trifluoride could have been used with equal facility.
However, a higher temperature would have been required to insure complete
conversion to a saturated, hydrogen-free material.

Perfluorc,(1, J.&geth ylcycloexa) was prepared according to
the following sequence.

013CC1 3

I + 6C12 + 6HCI3

CC1 3  CF3

+ 6e/S l5  11F + 6HC

.34



124.

CF3  CF3

4 C12(FeCl3 * C) HCI

N2. ' S CF3  lC3

CF3  
F CF3

2 + 26AgF 2  Fa [a ' C'.

C1 F2 - 2ACF3

34. 2AgF + F2 ---.. 2AgF 2  F2

Commercial xylene is a mixture comprising essentially M (about
70%) and p (about 20%) xylenes z2 . This mixture contains acme o-xylene as
well as some ethylbenzene. In order to obtain perfluor(1,3-dimethyl-
cyclohexane) free of isomeric materials the -towience outlined in equations
30-34, inclu.sive. was followed in accordance with procedures described
previously.10 l, 1P .91 17 , zi !

Perfluoro(1 4-dimethylcyclohexane) was prepared according to the

sequence: ('3 CC13

35. 6l + 6HC

S I FI~ ~ 1 *Ec

C 11111

37.C C1 F, ,CF3

+ 14AgF2  - F F2 14 AgF + 4 HF

F F 2

38. 2AgF * F2 - 2gF2

Para xylene from the Oronite Chemical Company was chlorinated
photochernically to produce 1,4-bis(trichloramethyl)benzene, (m.p. 112*C.)
which wa i purified by recrystallization. The 1,4-bis(trichloromethyl)-
benz.,,:Ae was treated with hydrogen fluoride and antimony pentachloride at
room temperature to produce l,4-bis(trifluoromethyl)benzene which was con-
verted to perfluoro(1,4-dimethylcyclohexane) by vapor-:ihast fluorination
with silver difluoride.



125.

HentA dafluoro(N.N-diethv1orn1lalne) was obtained from
the Minnesota Mining and Manufacturing Company as a research sample. It
was used as such without purification.

y.- trifluoroacetate (b.p., 61.70C.) was prepared by the
siultaneous hydrolysis and esterification of sodium trifluoroacetate.
The reactions involved in this synthesis may be illustrated by the
following sequence:

39. CF3COtNa * H2SO4 * CaHsOH - CF3CO2 C2H5 + NaHSO4 4 H20.

In carrying out the reaction, an excess of both sulfuric
acid and ethanol was used and the reaction was forced to completion by
the ontinuous distillation of the product from the react.-on mixture.
The distillate was treated with anhydrous calcium chloride at OC. to
remove residual alcohol and distilled from a sall amount of phosphorus
pontoxicke.

Nitrogen Trifluoride (b.p. -llOC.) waq prepared by the vapor-
phase fluorination of ammonia using silver difluoride. Nitrogen tri-
fluoride was purified by scrubbing with aqueous alkali, drying and
rectifying.

Silicon tetrachloride (b.p. 57.66C.; m.p. -700C.) was obtained
from the Stauffer Chemical Company and was used without further purifi-
cation.

Hydrolen bromide (b.p. -670C.) was preparod by the reaction
between bromine and tetralin. In the preparation of hydrogen bromide
135 ml. of bramin3 added slowly to an xcess of tetralin contained in a
Florence flask. The gas evolved was dried by passing it through
calcium chloride and collected in traps cooled by Dry Ice. To prevent
brmine from passing ever with the reaction product an ice trap was
utilized together with water cooling of the resction flask.

hirrogen Chloride (b.p. -850C.) was obtained from the Hanshaw
Chemical Company and used without further parification.

Phosphor-s Trichloride (b.p. 75.90C.) was obtained from the

Mallinckrodt Chemical Company and used without further purification.

Carbon Dioxide was obtained from th,± Liquid Carbonic Company.

Other Materials. Most of compou nds evaluated with respect t.o
their fire extinction properties havt been either halocarbons or
halohydrocarbons. The desirability of preparing and evaluating repre-
sentative compounds from other classes of materiali is evident from
an inspectirn of th6 few data available from the evaluation of such
compounds. Considerable effort has been directed to the preparation of
fluorinated derivatives of ether, sulfides, silicones and amines. The
propost. methods of synthesis of these compounds and a discussion of
the progress azid failures to date are repo.ted herein.
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Fluorinated Ethers. It was decided to attempt the preparation
of fluorinated dimethyl ethers by two methods which are described by
the following equ.ations:

40. CF3 1 + NaOCH 3 -".- CH3OCF 3 + Nal

41. 2CF3I + Ag2O --.- CF3OCF 3 + 2AgI

42. CH3 + HC + CH20 - Cl~I2 OQi 3 + H20

43. CQI(20Q 3 + C12 . C2H2 Cl4O

44. C2H2C0l4  + SbF 3 - CZH 2F40 + C2!12C1F30

45. C2H 2F4O + C12 - C2 C12F40

46. C2H2 C1F3 O + 012 C2C13 F30

47. C2C12F40 + MFx - -- C2F60 
+ C2OCIFS

48. C2C13F30 + MFx - C2Cl2FO -C2 C1F 5O + C2F60

The method of equations LO and 41 represents the more direct approach and
,;ccordingly experiments were performed in which an attempt was made to
react trifluorcmhyl iodide with sodium methoxide and with silver oxide.
The react.ons when carried out in Carius tubes usually ended with the
demolition of the tubes, indicating the formation of hexafluoroethane.
One experiment was conducted in a small ni ckel autoclave. Forty grams of
trifluoroiodetha-_. 26 7 of sil-ci co.r an6 20 g. of mutianol were

- Ln a Lll nickel autoclave and heated ax 500C, for 96 hours
and then at 1000C. for 24 hours. The autogenous pressure had reached
600 lb./so. in. at 1036C. and was 200 lb./sq.in. at room temperature.
The ai.toclave was connected to a series of traps and the valve was
opened. No gas was collected in the Dry Ice traps and upon heating the
autoclave a ' t.i,,tiy of methanol was u-L.ected. The autoclave was opened
and the solid was removed. The solid material gave a positive test for
silver iodide but also seemed to have hydrogen fluoride occluded on the
surface. The fact that there was a pressure increase during the reaction
and yet no ga3 was collected in the Dry :ce traps indicated that a more
complicated reaction had tAken place than expected from equation 41.
It appears that a metallic surfacc is not beneficial to the desired
reaction. Since no glass lined aut&oclave was available and since only
small quantities of materials could be used in the Carius tubes it was
decided to abandon this approach.

The synthesis concerned with the preparation of the polychlor-
inated dimethyl ethers as the intermediates was considered the next
logical approach to the preparation of the desired polyfluorinated
dimethyl ethers. Monochlorcmethyl ether was chosen as the starting
material and four kilograms were prepared by the directions given in
Organic Synthesis7." The next step in the preparation of fluorinated
methyl ethers was the preparr.tion of polychlorinated methyl ethers from
the monochloromethyl ether. Booths, mentioned the preparation of poly-
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chlorinated methyl ethers but does not give experimental details. It
was found that 7.n tha presence of carbon tetrachloride and ultraviolet
radiation further chlorination of monochloromethyl ether with chlorine
otld ba acieved* A typical preparation is as followal Three hundred
grams of monochloramethyl ether was placed in a large glass tube 4 feet
long and 2 inches in diameter and equipped with cooling coils, a gas
dispersion disc and a reflux condenser. Two hundred and fifty grams
of carbon tetrachloride was added and chlorine was passed into the
solution for 20 minutes at -151C., and for 16 hours at approximately
35 to 40'C. The solution was dried with calcium chloride and fractionated,
There was obtained 300 grams of polychlorinated dimethyl ether boiling
at 128 to 1300C. amd 100 grams of dichloro(dimethyl ether) boiling at
102 to 1051C. It has not been determined if the higher boiling fraction
is the tri- or tetrachloro(dimcthyl other). There are conflicting
reports in the literature as to the boiling points of the two mavterials.

Booth2 gives the preparation of fluorinated dimethyl ethers
by the reaction of Pntimony trifluoride with the polychlorinated methyl
ethers. Three hundred grams of the polychlorinated ether was placed
in a 500 ml., round-bottom, 3-necked flask equipped with a stirrer, a
condenser and a nitrogen inlet. Fivv hundred grams of antimony tri-
fluoride was added and the mixture was heated at reflux for several hours.
There was obtained 25 grams of material boiling at 30-31*C. and 7 grams
of material boiling at 53*C. This would indicate that the starting
material was trichloro(dimethyl ether) since the boiling points correspond
to these given by Booth for trifluoro(dimethyl ether) and cblorodifluoro-
(dimethyl ether.)

Fluorinated Sulfides. Among the sulfur compounds desired for
evaluation ,ith respect to their fire extinction properties were the
following: CCIF3 S, CF3SF 5 , CF 3SF, CF3SCF 3 , and (CF 3 ) 2 SF , . The proposed
methods of synthesis of these compounds are given by the following
unbalanced equations:

49. CS2 + Cl2  - CC1 3 SCl

50. CC1 3SC1 + SbF3 - CC1 2 F2 S + CCIF3S

51. CC13SCI + AgF2 - CF3SF6 + CF3SF

52. Qi 3 SCH 3 C a C2H4Cl2S + C2H2Cl4S

53. C-HACI2S + SbF3  C2H4F2S

54. C2 4FaS 
+ Cl2 -.--- C2Cl.F 2 S

55. C2ClF 2S 4 SbF. - C2 F6S

56. C2H2Cl4S + SbF3 - C2 H2 F4 S

57. C2H2 F45 * Cl 2 - CzC12F4S

.A
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58. C2 C'aF bF3 - - C2F65

59.. Ch35DI * Wx (CF + (33F()+. WCOOSFF *(

Several attempts were made to prepare thiocarbonyi perdhloride (CCISCl)
without success by the method given in Organic Synthesis$. No explar-ation
has been found and this particular synthesis has been abandoned.

Thu chlorination of dimethyl sulfide has been done by Moos0
Howver, upon chlorinat-ion of dimethyl sullfidc, prnJibcts were obtained
whose boiling points were different from these given by Moos.

Fluorinated Amines. Bn order to make the study on amines lore
complete, it war decided to attempt the preparation of perfluoroktrimethyl
amine). Ten experiments were performed in which trimethylamine was
fluorinated to various degrees by passing the compound over ft orides
consisting of ether lead totrafluoride, cobalt trifluoride or silver
diflu.:ride. The experiments were varied with respect to temperature and
time of contact. From the ten experiments approximately 70 grams of a
material boiling at 30-330 C. and analyzing for 6.9% N, 19.4% C and
1.6% H as compared to 6.33% N, 16.28% C and 0% H for perfluoro(trimethyl-
amina) was obtained. This material was recycled over cobalt trifluoride
at 180-2000C. The resulting product was rectified on a low temperaturo
column. Seven fractions were obtained and are as follows:

Weight of distillate (go) Boiling Range (°C.)

Less than 1.0 below -15.0
5.0 -14 .0 to ?.0
5.0 +7.5 to 15.0
9.0 15.0 to 2I.O

Less than 1.0 27 to 40
1.9 40 to 65
7.5 65 to 70

Since these experiments were not indicative of better results, further
work was abandoned.

Performance Tests

Early in this research program it was mutually agreed that
large scale tests should be conducted at Fort Belvoir and not at Purdue.
This report would not be complete without including results of some
actual tests. These results, supplied by the research group at Fort
Belvoir, are sumrized in Table XVIII. An inspection of these data
in this table bear out the conclusion that bramoflucrocarbons are
effective fire extinguishing agents. The correlation between the peak 4
in the flammability curve (Table I) and the behavior of these materials
in extinguishing a tib fire is not readily apparent. However, if the *

n I Jl m J m I I I a I g m I mg J I g 3
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product of the time required for extinguishment and quantity of RIEterial
required is compared with the peak in the fiammability curve (Zable =)9
ftere Is a qualitative relationip.

It is noted that the method of application influences the
effectiveness of a given substance as a fivr-extnguishing agent.
Perhaps a closer correlation would have been obtained between snall scale
tests and large scale tests if all largc scalu tests had been conducted
using ionditions for the application which had been damonstrated as being
most effective for the compound in question.

i mm m m m n m m m m n mm m m a am m a d
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Table XIX

MIE C0R01EArION BETIW PERFO:ANCE -L= AND
PEAKS IN E IMLAMOABILITY CURVES

(Class D Tub Fire)
Flammbility_A Qt V0uantity, oz. Product

Agent at 800 psig.

CBraF2 1.9 7.6 1444 4.2CBrF2CPrF2  2 10.5 21.00 4.9CSI'F 3  3 7.7 23.10 6.1
CH31 2.8 11.7 32.76 6.1CalsBr 2.8 11.7 32.76 6.2CH2BrCl 2.7 12.7 34,29 7.6CHSr 3.4 11.3 38.42 9.7COa 5.2 9.1 47.32 29.5

Agent at 400 psig.
CBr 2F; 1.4 6.6 9.24 4.2CWB"F 2  2.3 10.8 24.84 4.9CBrF3  3.0 7.6 22.80 6.1CBrF2Of2Br 2.2 W 26.40 6.8CBrC1Fa 2.3 10.7 24.61 9.3C(3Br 2.1 8.0 16.80 9.7CC14  2.0 11.4 22.80 2.CC12F2  4.1 12 49.20 14o9

4
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Appezdix

The aestinbility of having .11 Of the ftS obbtaiW +Arts th
course of research on this project is apparent. Consequently, detailed
information not pertinent to Lhe discussions in the body of this report
are collected in the appendix. Tables are Included which show the flma-
mability of various mixtures. Whenever possible plota are included show-
Ing tho flammabl* arena of the various mixtures. The data obtained In the
litereture search for physical properties of 3r:voral gaces are summarized
In tabular form in this section.

In the tables sbowirg the flemmabilzy, + Indicates that the
misture burned, i.e. the flame travelled to the top of the tube; - indicate&
that the mixture did not burn or If the mixture ignited, the flame did not
travel to the top of the tube.
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Table 1

F)AWMBILITY OF MIXWRL- OF iI-TA E &iR K4TD
DIBRM0ODIFID0ROM)THA M

(Ttal Pressure - 400 mm. Hg)

Pmgsure.WA m ~ 11Aum Igut R e . L

CHaI CBr 2F _ CZlii CBraFp

8 8 2.0 2.0
8 12 2.0 3.0

12 8 3.0 2.0
12 12 3.0 3.0
16 8 4.0 2.0 +
1i 6 3.0 1.5

8 4 2.0 1.0
16 6 4.0 1.5 +
20 4 5.0 1.0 +
14 8 3.5 2.0 +
22 6 5.5 1.5
14 i0 3.5 2+5 +
14 12 3.5 3.0 +
12 10 3.0 2.5
10 6 2.5 1.5
16 6 4.5 1.5 +
22 2 5.5 0.5 +
10 4 2.5 1.0 *

22 4 5.5 1.0 "
16 12 4.0 3.0 +
18 10 4.5 2.5 +

16 14 4.0 6.5 +
18 12 4.5 :5.0
16 16 4.0 4.0
18 16 4.5 4.0 +
20 14 5.0 3.5
18 18 4.5 4.5
24 4 6.0 1.0 +
20 8 5.0 2.0 +

14 N 3.5 3.5
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Iable i2

LAhMABIITUY OF MIOTU 1 OF U-iTAIA, AIR AND
TRI BR0MOFLUCORC M UNE

(Total Pressure - 400 mm. Il)

Pressure. m. H. Volume I

C? ig c~rSFC 7'H CBr3F

8 8 2.0 2.0 -
8 12 2.0 3.0 -

10 8 2.5 2,0 +
10 12 2.5 3.0 -

12 16 3.0 4.0
10 10 2.5 2.5 -

12 20 3.0 5.0 -
12 18 3.0 4.5 -

14 18 3°5 4.5 -

16 14 4.0 3.5 -
18 10 4.5 2.5 -

14 14 3.5 3.5 -
20 6 5.0 1.5 -
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Table 5

FA1MA;tLFI'Y OF 41XMJR&.S OF n-HEPTA17, AIR AND k-BRaMO- 1,1I-TRI-FLUORO-

'c &- - V2j1UM2 f

4.01 4.G :0 . 1.0
5,0 8.0 401 1.3 2.0 -

6.0 6.0 397 1.5 2.0 +
8 . 9.0 396 2.0 2.3 -

9.0 9.0 400 .. 3 2.3 +
9.0 12.0 400 2.3 3,0 +
o " 14,0 396 '.3 3.5

10.0 14.6 39F 2.15 3.5 +
11.0 16.0 400 2.8 4.0 +
14.0 20.0 4 3.5 5.0 -

14.0 19.0 40 3,5 4.8
15.0 i,400 3.8 4.8 +
16.0 18.0 100 4.0 415
16.0 17,0 397 4.0 4So; +
i8.0 15.03 396 4.5 3.8
i8.0 14,0 400 4.5 315 +
19.0 10.0 400 4.8 2.5
R0.0 8.0 400 5.0 2.0
20.0 7.0 I00 5.0 1.8
2C.0 6.0 400 5.0 1.5 +
20.0 4.0 398 5.0 1.0 +
21.0 4.0 400 5.3 1.0
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Table 4

PLANWILITY OF MIX VM 0 n-It"TAX-, AI PD A ,O
TETRA- FLU OROETHIM,

(Total Presti '. - 400 mm. H9)

Pressure. ma. liz Volume R

7.0 4.0 1.8 1.0 +
6.0 4,0 1.b 1.0
7.0 8.0 1 p .C +
7.v 6,U 1.8 1.5
7.0 10.0 1.8 2.5
8.0 12,0 2.0 3.0
9.0 14.0 2.3 3.5

10.0 16.0 2.5 4.0 +

11.0 18.0 2.8 4.5
14.0 18.0 3.5 4.5 +
15.0 19.0 3.8 4.8 _
15.0 20.0 3.8 5.0
17.0 18.0 4.3 4.5
18.0 16.0 4.5 4.0
20.0 14.0 5.0 3.5
21.0 10.0 5.3 2.5 +

21.0 8.0 5.3 2.0
22.0 8.0 5.5 2.0
19.0 14.0 4.8 3,5

Wi

- -- -. " 4

m i mm mm m m mm mm m m mm mm m- - _m
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Table 5

FLAMMABILIT'I 0± MIX4RM-q OF &-HEPTASE AIR, AND 1,2-
DTI ODOTRPFW0PCTHAN2

(Total P-osaure a 400 Hg)

Pregure. n. H .. Volume. % Resut

16 16 4.0 4.0 +
20 16 5.0 4.0 +
16 18 4.0 4,5 +
Ia 16 3.0 4,0 +
24 16 6.0 4,0

8 16 2.0 4.0 +
16 24 4.0 6.0 -
12 24 3.0 6.0 -
16 20 4.0 5.0 -
12 20 3.0 5.0 -
12 18 3.0 4,5 +
20 18 5.0 4,5

8 18 2.0 4.5
14 19.2 3.5 4.8 +
6 16 1.5 4,0

"14 20 3,5 5.0

I,.
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Table

FLAUABILITY OF MIXTURES OF i,-!L 2T.N. AfM, AND DEOMOANE
(Total Pressure 400 mm. Hg)

pIDespu=e JiL IL volumep

14.0 16.0 3.5 4.0
12.0 20.0 3.0 5.0
15.0 16.0 3.8 4.0
11.0 20.0 2,8 5.0 +
18.0 10.0 4.5 2.5
6.0 14.0 1.5 3.5
7 .0 14 °0 1.8 3.5 +

8.0 16.0 2.0 4.0 +
7.0 12.0 1.8 3.0 +
6.0 10.0 1.5 2.5
6.0 8.0 1.5 2.0
8.0 18.0 2.0 4.,5
6.0 4.0 1.5 1.0 +
9.0 20.0 2.3 5.0 +

10.0 21.0 2.5 5.3
17.0 10.0 4.3 2.5 +
20,0 4.0 5.0 1.0
19. 4e0 4.8 1C +
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Table I

FLAMMABILITY OF MIXT URES OF N-HEPTANE, AIR, AD VNPJkLORO-
IODOFTAK

Pressure. m. HR. . o&lme. % Result

1i.0 16.0 3.0 4.0 +
12.0 20.0 3.0 5.0 +
10.0 18.0 2.5 4.5
12.0 24.0 3.0 6.0
14.0 2010 3.5 5.0
12.0 22.0 3.0 5,5
10.0 14.0 2.5 3.5
16.0 14.0 4.0 3*5 +
10.0 10.0 2 .5 2,5
20.0 10.0 5.0 2.5 +
10.0 6.0 2.5 1.5
18.0 16.0 4.5 4.0 +
24.0 10.0 6,0 2.5 +
18.0 18.0 4.5 4.5 +
26.0 10.0 6.5 2.5

/*
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Table

FLAWMAIMI OF k TX M OF n-FLTS OF, AIR, AND 3- O, ,-1.-
FLU OR OPRO77M

(Total Preasutre w 400 mm. Hg)

Presure. mm. Ug Volume. I Result

12.0 16.0 3.0 4.0 i

13.0 16.0 3.3 4.0
12,0 18.0 4.05 8
6.0 18.0 1.5 4.5 +

16.0 10.0 4.0 2.5 +
6.0 0.0 1.5 5.0 +

18.0 10.0 -*.5 2.5
6.0 U1.0 1.5 5.3 +
5.0 20.0 1.3 Z.0-
8.0 21.0 2.0 5.3
6.0 22.0 1.5 5.5
5.0 21.0 1.3 5.3
5.0 14.0 1.3 3.5
10.0 20.0 2.5 5.0

-1. 10.0 1.0 2.5
10.0 19.0 2.5 4.8

S

a.



Table 9

FLAM6UITY OF MflC UlM Of n-HMMT~I LM.,AJD
ETHY I0m1D

(TotL1 Precsure - 40 am. He)

Eressure, m. tam, Volume o t
C-1H9iI cH 1 C7,IA cHEI

12 13 3.0 4.0
12 20 3,0 5.0 +
12 24 3.0 6.0
12 22 3.0 5.5
10 22 2.5 5.5 +
14 22 3.5 5.5
10 7 6.U
14 18 3.5 4.5

8 24 2.0 6.0
16 14 4.0 3.5
8 22 2.0 5.5 +

16 10 4.0 2.5 +
6 16 1.5 4.0 +

20 8 5.0 2.0
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Tble 10

P1AMABTTY 0F virX'19W CP n-mmm.2, 1,A

(Total ,ressure - 400 sm. Hj.

Preasure. mm. ug V Il1epC 1 6  OFCFZBr C7H1 8  CFZCFZBr

14 20 3.5 5.0 -12 20 3.0 5.0 .16 20 .C 4.0 *20 z0 5.0 5.0 .16 16 4.0 4.0
20 16 5.0 4.014 16 3.5 4.0 +
ic i6 4.5 4.012 16 3.0 4.0 +18 2C 4.5 5.017,2 22 4.3 5.516 22 4.0 5.5 +10 18 2.5 4.5
16 24 4.0 6.0 +19.2 16 4.8 4.0 +
16 26 4.0 6.510 16 2.5 4.0
15.2 24 3.8 6.0
8 16 2,0 4.0

14 20 3.5 5.0 +10 24 4.2 6.0
16 24.8 4.C 6.2
12 20 3.0 5.0

l 
&
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Table 11

7UMANUTY OF WMWfl OF ii-HLLN, 41J jM) U=~Afl IODIIM
(Total Pressure 11, 400 mm. Hig)

1;.0 12.U 3.5 3.5 -

13.0 12.0 3.3 1.2 +

12.0 16.0 3.0 4.0
8.0 !0.0 2.0 5.0

13,0 16.0 3.3 4.0 -

8.0 18.0 2.0 4.5 +
8.0 16.0 2.0 4.0 +
9.0 ;2.0 2.3 5.5
7.0 16.0 1.8 4.0 -

9.0 23.0 2.3 5.8 -
8.(1 22.0 2.0 5.5
7.0 0.0 1.8 5.0 -

10.0 20.0 ;).5 5.0
8.0 23.0 2.0 5.8 -

11.0 20.0 2.8 5.0 +
12.0 20.0 3.0 5.0 +

14.0 12.0 3.5 3.0 +



146.

Tabl c 12

TLAWMILITY OF MIXRES OF n-HE'r ANE, AiIR JL YOrORIFLUCRO-
ME7MNE

(Total Pressure - 400 mr. Hg)

Pressure, m&. U Vo01. 

5.0 0.0 1.3 0.0 -

6.0 0.0 1.5 0.0
Z28.0 0.0 7.0 0.0
29.0 0.0 7.3 0.0 -

ii .J ,%T .0 2.8 6.j -
13.0 21.0 3.3 6.0 -
6.0 8.0 1.5 2.0 -

7.0 8.0 1.8 2.0 +
t.0 16.0 2.0 4.0 -

9.0 16.0 2.3 4.u +
20.0 ,5 2.U
16.0 16.0 4.0 4.0 -
12.( 24.0 3.0 6.0 +
12.0 25.0 3.0 6. -
10.0 20.0 2.5 5.0 +
13.0 23.0 3.3 5.8 -

9.0 20.0 2.3 5.0 -
15.0 16.0 3.8 4.0 +
19.0 8.0 4.8 2.0 +
14.0 20.0 3.5 5,0
24.0 4.0 6.0 1.0 -
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Table i

Fl.:M"AILITY OF MrXrI1EZ OP n-HEPjM, AIR ND
ETYL BO0IE

(Total Pressure - 400 m. Hi

P uro. Un. VI um I_- Result
a CH3 'HeBr C7," 16  C' 3 CH3 Br

24 1e 6.0 4.0
2 16 0.5 4.0

20 16 5.0 4.0
6 1.5 4.0

18 16 4.5 4.0
16 1.0 4.0

19.2 16 X.8 4.0
5.2 16 1.3 4.0

18 32 4.5 8.0 -

14 32 3,5 8.0 -

14 24 3.5 6.0 -

6 24 1.5 6.0 -

10 24 2.5 6.0 +

12 24 3.0 6.0
8 2; 2.0 6.0 +

10 26 2.5 6.5
11.2 24 2.8 1.0
7.2 24* 1.8 6.0
6 25.2 2.5 6.3
9.2 25.2 2.3 6.3 +

8 25.2 2.0 6.3
9.2 26 2.3 6.5
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Table it

FIJAMMBILITY OF MIXTURES OF n-IIElt4E, AIR ;.D
I-momO-, 12-DIFWORORWOPNE

(Total Pressure 400 mm. HE)

Pr6ss3flQ mm. HR Reuml
CHe18 H BrC -. 3  C7H18 2HBrCF 2 CH3

4 4 1.0 1.0-
4 8 1.0 2.0-

8 4 2.0 1.0
8 B 2.0 2.0 +

8 12 2.0 3.u +

6 1.5 1.0 +

6 8 1.5 2.0 +
6 12 1.5 3.0 +

8 16 2.0 4.0 +
4 16 1.0 4.0 +

4 12 1.0 Z.0 +

2 16 0.5 4.0
20 1.0 5.0

4 24 1.0 6.0
6 20 1.5 5.0
6 24 1.5 6.0 +
6 28 1.5 7.0
8 32 2.0 8.0
8 28 a.0 7.0

12 24 3.0 6.v +
12 28 3.0 7.0 -

8 26 2.0 6.5 -
12 26 3.0 6.5 -
16 26 4.0 6.5 -
14 26 3.5 6.5 -
16 24 4.0 6.0 -
10 P4.8 2.5 6.2 +
14 24 3.5 6.0 -
26 12 6.5 3.0 -
8 25.2 2.0 6.3 -
22 12 5.5 3.0 -

8 24 2 ,O 6. u+
18 12 4.5 3.0 +
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]L;,MABILITY OF MIXTURES OF n-IHEPANE, AIR AND 2-E0RO-1-CHLORO-lil.-
D1U PROIAhI

(Total Pressure - 40U mm. Hg)

_&dsur. a. He. Volua. 1

10.0 20.0 2.5 5.0 +
14,0 16.0 3.5 41c;
12.0 20.0 3.0 5.0
8.0 24.0 2.0 6.0 +

10.0 22.0 2.5 5.5
10.0 24.0 2.5 6.0
8.0 25.0 2.0 6.3
4.0 20.0 1.0 5.0
, .0 24.0 1.0 6.0
6.0 27.0 1.5 6.3 +
6.0 2.0 1.5 6.5
3.0 24,0 0.b 6.0
4.0 25.0 1.0 6.3
3.0 16.0 0.8 4.0

13.0 16.0 3.3 .o0 +
4,0 10.0 1.0 2.5 +

18.0 12.0 4.5 2.0
16.0 8.0 4.0 2.0 +
3.0 10.0 0.8 2.5
2.0 4.0 0.5 1.0

\ !
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Table 16

FLAMMABILIT! OF MIXthRES OF n-HEPTANE, AIR AND
DIMBOMOFLUORQU=HiNE

(Total Pressure - 400 m. HS)

Prossure. ram. HR VQlume

-CHZ . C7HBr1F A CHBraF

12 20 3.0 5.0 +
6 12 1.5 3.0

12 28 3.0 7.0
12 24 3.0 6.0
8 12 2.0 3.0

12 23 3.0 5.75 +
10 12 2.5 3.0 +
i 24 2.5 6.0 -
28 12 7.0 3.0 -
14 24 3.5 6.0 -
20 12 5.0 3.0 -
10 22 2.5 5.5 -
16 12 4.0 3.0 +
14 22 3.5 5.5 +
18 12 4.5 3.0 +
13 24 3.25 6.0 +
13 25 3.25 6.25
16 22 4.0 5.5
13 26 3.25 6.5

*1
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Table 17

FL;JVMABILITY OF MIXTJMU OF n-flEPTE, AIR, bil 1,2-DIROM0-
1,1-DIFIDOROETIL.,IE

(Total Pressure 400 mm. Hg)

Volur%. I

1.0 5.0
4.0 4.0 +

1.0 2.0
4.0 5.0 +

2.0 5.5
4.0 6.0
2,0 5.0 +
5,5 2.0
2.0 6.0
3.0 6.5 +
5.0 4 .0 -
3.0 7.0 -
2.5 6.5 -

3.5 6.5 -

Ie
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Ttble 1

FLA ILITY OF MIIVURES OF n-H3EPU , AIR AND 2-BUOMO-1,1,1-

(Total Pressure a 400 am. Hg)

Prossure. mm. Hi Volume. f
n-C.H., CFxCHBr a-CH3A

29.0 6.0 7.3 1.5 +
29.0 7.0 7.3 1.8 -

.0 10.0 6.8 2.5 +
28.0 10.0 7.0 2.5 -

26.0 12.0 6.5 3.0 -

25.0 12.0 6.3 3.0 +
25.0 11.0 6.3 3.5 +
22.0 18.0 5.5 4.5 -

21.0 18.0 4.3 4o5
19.0 22.0 4.8 5e5 -

18.0 22.0 4.5 5.5 +
16.0 26.0 4.0 6.5 +
11.0 26.0 2.8 6.5 +
13.0 27.0 3.3 6,8 -

10.0 22.0 2.5 5.5 +
9.0 18.0 2.3 4.5 -

9.0 18.0 2.3 4.5 -

9.0 10.0 2.3 2.5 -

10.0 10.0 2.5 2.5 +
9.0 6.0 2.3 1.5 -

8.0 4.0 2.0 1.0 -

9.0 4.0 2.3 1.0 +
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Table 19

7LAOILTY OF MIVTRZZ OF n-HEF=L, M 20D IPJOMMTHL-
CYCLOHE

Pressure. mm. ig Volume. % Romt

5.0 -. 0 500 1.0 1.0 -

30.0 5.0 500 6.0 1.0 +
6.0 5.0 499 1.2 1.0
31.0 5.0 500 6.2 1.0 t
5.0 I0.0 499 1.0 2.0 +
4.0 10.0 499 0.8 2.0 -

5.0 15.0 501 1.0 3.0 +

4.0 15.0 502 0.8 3.0 -

24.0 8.0 401 6.0 2.0 +
6.0 20.0 503 1.2 4.0 -

25.0 8.0 401 6.2 2.0 -

?.L 20.0 50C 1.4 4.0 +
24,0 12.0 401 6.0 3.0 -

10.0 25.0 503 2.0 5.0 -

23,0 12.0 400 5.8 3.0 +

i140 25.0 501 2.2 5.0 +
22.0 16.0 399 5.5 4,0 -

10.0 24.0 400 2.5 6.0 -

21.0 16.0 399 5,3 4.0 +
11.0 24.0 401 2.7 6.0 +
18.0 18.0 349 5.2 5.2 -

9.0 21.0 300 3.0 7.0 -
16.0 17.0 340 4.7 5.0 -

15.0 17,0 340 4.4 5.0 +
9.0 20.0 300 3.0 6.7 +

12.0 18.0 300 4.0 6.0 +
10.0 20,0 300 3.3 6.7
13.0 18.0 300 4.3 6.0 -

11.0 20.0 300 3.7 6.7 +
12.0 21.0 310 3,9 6.8 -

J-e~\
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lable 20
FLA BILIT - OF MIrIrRES OF -IPMAN, AjR A3,D p=UjR00-1,3-

DIM TLCyCLO= NE
(Total Pressure f 400 mm. HE)

25.0 4.0 6.3 1.0 +2310 12*0 5.8 3.0 +22.0 16.0 5.5 4.020.0 16.0 5.0 4.0 +18.0 2,0 4.5 5.5 +13.0 27,0 3.3 6.8 +
9.0 24.0 2.3 6.07.0 16.0 1.8 4.0 +6.0 16.0 1.5 4,0 .4.0 4.0 1.0 1.0 

-5,0 4.0 1.3 1.0 4

4'



155.

FLJUILITY OF mUXtIRES OF x-' IPT,4, AIR .JD TERFLOCRO-14-
IDIIT1LCYLO1LX4IE

Presumre. am. Ha Volume I

3.0 6.0 239 1.0 2.0 -

20.0 3.0 300 6.7 1.0 +
4.0 6.0 300 1.3 2.0
21.0 3.0 300 ?.) 1.0 -

4.0 12.0 300 1.3 4.0 -

17.0 19.0 a0u 5.6 3.0 +
5.0 12.0 299 1.7 4.0 +

18.0 9.0 300 6.0 3.0 -

7.0 15.0 300 23.3 5,0 +
13.0 15.0 300 4.3 5.0 +
6.0 15.0 300 2.0 5.0 +

14.0 15.0 302 4.6 5.0 +
5.0 15.0 300 1.7 5.0 -
15.0 15.0 299 5.0 5.0 -
7.0 18.0 301 2.3 6.0 -

16,0 15.0 300 5.3 5.0 -
810 18.0 301 2.7 6.0 +
19.0 6.0 300 6,3 2.0 -

11.0 21.0 300 3.7 7,0 -

18.C 6,0 300 6.0 2.0 +
11.0 20.0 303 3.6 6.6 +
14.0 19.0 300 4.7 6,3 -

9.0 20,0 302 - 3.0 6.6 +
13.0 19.0 299 4.3 6.3 -
9.0 21,0 307 2.9 6,8 -

16.0 12.0 300 5.3 4.0 -
5.0 5.0 499 1.0 1.0 -

15.0 12.0 300 5.0 4.0 +
6.0 5.0 499 1.2 1.0 +

13.0 18.0 3%)u 4.3 6.0
15.0 19.0 299 5.0 5.7 -

29.0 401 7.2 0.0 +
15.0 17.1 305 4.9 5.6 -

30.0 0.0 405 7.4 0,0
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Table

FL"MBILITy OF mruns OF N-HInv=, AIR 7.ND 2RI1W(Io-

(Total Pressure - 4200 mm. Hg.)

_P-erfagge. im. Val, Y Rm esul
_7H_ _ CF3I C7H 1 8  CF3 I

1210 20.0 3.0 5.0 +12.0 28.0 3.0 7.0 .120 24.0 3.0 6.0 +12,0 26 0 3.0 6.5 -I0.0 26.0 2.5 6,5 +14.0 26.0 3.5 6.5 -I.0 28.0 2.5 7,0 -16.0 20.0 4.0 500 +8.0 26.0 2.0 6.5 -8.0 20.0 2.0 5.0 +
20.0 20.0 5.0 5.0 +6.0 2.3o0 1.5 5.C .24.0 20.0 6.0 5,0 -8.0 24,0 2.3 6.0 +22.0 20.0 5.5 5.0 +14.0 2490 355 6.0 +18.0 24.0 4.5 6,0 +

I,



T1Able 25

n U.E"ITY OF M URES n-HM'I \-, AIR AND 1-BRC0-2-CHLORO-

PreurM., M. Hi VoUao__,

6.0 4.0 353 1.7 1.1
6.0 20.0 300 2.0 6.? -
6.0 3.0 300 2.0 1.0 -

6,0 19.0 300 2.0 6.3 -
12.0 3.0 300 4.0 1.0 -

6,0 18.0 300 2.0 6.0 -

12.0 .. j 300 4.0, 1.3
6.0 16.v 300 2.0 5.3 -

18.0 4.0 300 6.0 1,3 +
6.0 14.0 310 1.9 4.5 +

18.0 3.0 300 6.0 1o0 -
6.0 15.0 299 2.0 5.0 -

21.0 4,0 300 ?7.0 1.3 -
12.0 11.0 301 4.0 3.7 -
12.0 1040 299 4.0 -. 3
21.0 5.0 301 7.0 1.7 +
18.0 8.0 300 6.0 2.7 -

23.0 So0 301 7.7 2.0 -

Us. 7, 3V6 6.0 2.3
22. 6,0 300 7.3 2.0 -

21.0 7.0 300 7.0 2.3 -

21.0 6.0 300 7.0 2.0 -

22.0 5.0 300 7.3 1.7 -

3.0 17.0 300 1.0 5.7 +
3.0 18.0 300 1.0 6o0 -

I



Table 24

FLiMEBILITY OF MIXTURES OF n-MIX, AIT ..ND 2-BROMO-1-
C.ORO-I, 1-DI FLORceTm
(Total Pressure - 400 ma. H)

Pressure. im. fl, Volume %
C 1T, 8 CC1F2% 2 r C7HI6 CCIPSHaBr

8 8 2?.0 2.0

8 2.0 3.0 4

12 8 3.0 2.0 +
8 16 2.0 4.0
8 2.0 5.0
12 16 3.0 4.0 +
12 20 3.3 5.0 +
12 24 3.0 6.0 +
12 28 3,0 ..J
12 36 3.0 9.0 -
12 44 310 11.0 -
12 32 3.u 8.0 -
16 28 4.0 7.0 -
12 30 3.0 7.5 -
16 24 4.0 6.0
14 30 3.5 7.5
20 20 5.0 5.0
14 28 3.5 7.0
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Table 25

PLJOL.BILIV(f OF IffXTURES OF n-HEPTAN, AIR AMl!) PflWWCIWETHYL-
CYCLOHEXANE

Pneasure. ms. H , Volume

"AiA Cl l a 12kl nC,, -F.p Result

27.0 15.U 501 5.4 3,0 *

28.3 15.0 500 5.6 3.C"
6.0 20.3 532 I.r 4.1)
7,0 20.0 500 1.4 4,0 +

12.0 35.0 500 2.,; 7.0
13.0 35.0 499 2.6 7.0 +
14.0 38.0 520 2.7 7,3 +
14.0 38.0 5k-u 2.8 7.6
14.0 37,0 500 2.8 7.4 +
11.0 30.0 500 2.2 6.0
12.0 30.0 504 2.4 6.0
9.0 25.0 504 1.8 5 a +
21.0 3u.V 500 4.2 6.0 +
8.0 25.0 498 1.6 5.0

12.C 33.0 bOO 2.4 6.6 *

22 66 30.C 503 4.4 5,0
19.0 33.0 488 3,9 6.8 4

18.0 35.0 505 3.6 6.9 +
19.0 35.3 495 3.8 7,1
16.0 37,0 199 3.2 74
16.0 36.0 502 3.2 7.2 +
5.0 10.0 500 1.0 2.0 +
4.0 IC ,c 499 0.8 2.0
6.C 20.L 503 1.2 4.0
7.0 2J.0 499 1.4 4.0 +
5.0 15.C 50 1. 3.0
6.0 15.0 502 1.2 3,0 +

24.0 24.C 5,0 4.8 4.8
23.0 24.0 50C 4,6 4.8 *

5.0 5.0 530 1.o 1.0 
4.0 5.C 501 0.8 1.0

IW
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Table 26

FLAMMABILITY OF MUXMrMR% OF n-MEIM2AM, Ajj, AND n-fIlRLUORO.
{EnPrANE

(Tota Pressure - 400 Hg Es)
_Prep~ure. fin . Volume.

A~~~aILLA~z aC~. AaL Result
28.0 4.0 7.0 1.0 +2640 12.0 6.5 3.024.0 12.0 6.0 3,022.0 16.0 5.5 4.0 +18.0 24.0 4.5 6.0 

-15.0 26.0 3.8 6.5 +13.0 24.0 3.3 6.0 4f10.0 16.0 2.5 3.0 47.0 8.0 1.8 2.06.0 8.0 1.5 2.0 .6.0 4.0 1.5 1.0
5.0 4.0 1.3 1.0
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Teile 27

FL.J8L1BILITY OF MIXTURES OF n-1iPT',iE, AIR AND SOMOCHLCRO0-

Preswxre. nun. HA VOlvl'ne
QLTC-j; CHtBr~i Total n-C2H1 A -'f~ Result

9. 0 2C,0 499 1.8 4,0 -

10.0 2Q.u 501 2.0 4,0 +
11.0 :5.~ 498 2.2 7.0 +
lu.v -5 507 2.u 6.9 -

23.v' 15.0 5U5 4.6 3,0 -

2 2. 15.U 502 4.4 3,0 +
18.0 25.0 5W 3.6 5.0
19.0 25.u; 497 3.8 5.0 -

14.0 35.0 496 2.8 7.1 +
15.0 35.Q 495 3.0 7.1 -

13.C 37.0 512 2.5 7e2
12.0 36.0 502 2.4 7.2 +
12 . 38.) 498 2.4 7.6 -

12.0 37.0j 50t 2.4 7.3 +
10.o 37.0 492 2.0 7.5 +
11.0 38.c 502 2.2 7.6
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Table 28

FL-J*LBILITF 0? MI F N-H NE, EROMODIFLUORC-
MEJNE AD .IR

(Total Pressure - 400 mm. Hg)

Pressure. mm. HR. Volume % Results
CH__ CKBF. Cfu CHBIF.

16.0 32.0 4.0 8.0 +
12.0 24.0 3*0 6.0
20.C 24c0 5.0 6.0
16.0 4o.0 4.0 10.0
20. 16.0 5.0 4.0,
16.0 36.0 4.0 9.0
12.0 32.o 3.C 8.0-
8.0 24.0 2.0 6.0 -

20.0 8.0 5.0 2.0
12.0 28.0 3.0 7.0
8.0 8.0 2.0 2.0

20.0 52.0 5.0 8.0
20.0 . 5.0 1.0
32.0 0o0 8.0 0.0 -

t



Table 29

TLJIMABILITY OF MIXTURES OF n-HEPT., iM AjND 1,1, 2-TRICHLCRO-
FLUOROETH J,

Pressure. ma. Hr ,. Volume S
n-Z- 217 1tl nwAo Result

5.0 5,0 500 1.0 j -
6.0 5.O 5W 1.2 1.0 +
5.C 10.0 500 1.0 2 0
6.0 10.0 499 1.2 2.0
6,0 10.0 500 1.2 2.0
7.0 10.0 500 1.4 2.0 +
7,0 1510 499 1.4 3,0
8.0 20.0 500 1.6 4.0 Blew off

safety cap

28.0 2.0 409 6,9 0.5 +
28.0 490 399 7,0 1.0
27,0 4.0 400 6.7 1.C +
27.0 8.0 400 6,7 2.0
26.0 8.0 400 6.5 2.0 +
26.0 12.0 399 6.5 3.0 +
27.o 12.0 4C1 6.8 3.0
26.0 16.0 400 6.5 4.0
25.0 16.0 404 6.2 4.0
24.0 16.0 401 6.0 4.0 +
6.0 16.0 399 1,5 4.0 +

22.0 20.0 400 595 5,0 +

23.0 20.0 401 5.7 5.0
7.0 21.0 40 1.7 5.2
5.0 16.0 400 1.3 4.0

20.,0 24.0 400 5.0 6.0 +
8.0 20.0 399 2.0 5,0 +

10.0 24.0 403 2.5 6.0 +
21.C 24.0 399 5.2 6.0
9.0 25.0 400 2.3 6.2 +
17,0 28.0 400 4.3 7.0 +
8.0 24.0 400 2.0 6.0
18.0 28.0 400 4.5 7.0 +
10.0 280 400 2.5 7.0 +
9.0 28.C 400 4.7 7.0 +
19.0 28.0 401 2.2 7.0 +
8.0 28.0 400 2.0 7.0

21.0 28,0 400 5.2 7.0
12.0 32.0 401 3.0 8.0 +
16,0 32.0 4C0 4.0 8.0 +
12.0 34.0 400 3.0 8.5
16.0 34.0 399 4.G 8.5 +
16.0 36.0 401 4.Q 9.0 +
10.C 31.0 399 2.5 7.7 +
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Table 29 (continued)

Pressure. m. HR Volume %

16.0 38.0 400 4.0 9.5
10.0 32.0 400 2.5 8.0 -
20.0 32,0 407 4.9 7,9 -
12.0 33,0 406 3,0 8.3 4
19.0 32,0 400 4.7 .0 -
12.0 33.C 401 3,0 8.3 +
18.0 32.0 400 4.5 8.0 +
16,0 37.0 406 4.0 9.-
17,0 25.0 400 4.3 8.8 -
20.0 28.0 400 5.0 7,Q
18.0 28.0 400 4.5 7.0 +
18.0 35.0 411 4.4 8,5 -
19.0 28,0 400 4.8 7.0 +
14.0 35.0 400 3.5 4.8 -
20.0 28.0 399 5.0 7.5 -
14.0 34,0 400 3.5 8.5 -
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Table 30

FJO-LBILITY OF MIJCUPLS OF n-HEPLJ, °JR .ND BROUIOCLORO-
DIFLU0ROETHE

(Total Pressure - 4.Of mm. Hg)

Pnaseure. . Ha Voluae tAU
C ~0,1118 C7O BrOlii;

8 24 2.0 6.C +
20 24 5.0 6.0 +
8 32 2.0 8.0

12 28 3.0 7.0 +
4 24 1.0 6.L -
8 28 2.U 7.0 +
6 24 1.5 6.0 -

12 32 3.0 8.j +
8 30 2.0 7.5

14 34 3.5 8.5
12 36 3.0 9.0 +
16 32 4. 8.0 -
10 34 2.5 8.5 -
12 38 3.0 9.5 -
18 34 4.5 8.5 -
14 34 3.5 8.5 -
20 28 5.C 7.0 -
6 12 1.5 3.0 -
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Tble 3

FLAMMABiLITY OF MIXTURES OF N-HgPTLNE, ;,-R, AND HYDROZN
BROMIiE

(Total Pressure - 400 am. Hg,)

Pressure. m fi. lume # R.esu.lt
C.,R 8  flBi- c7HI6  HBr

16.0 40,0 4.0 10.0
24.0 40.0 6.Q 10.0
16.0 20.0 4.0 5.)
24*0 20,0 6,0 .* -
16,0 28.0 4.0 7.0

kOlO 20.0 5.0 5.0 -

16.0 32.0 4.0 8.0 -

8.0 20.C 2.0 5.0 -

16.0 36.0 4.0 9.0 
12.0 20.0 3.0 5.0 +
12.0 38.0 3.0 9.5 -

20.0 36.0 5.0 9.0 -

16.0 38.0 4.0 9.5 -

12.0 36.0 3*0 9.0 -

24.0 4.0 6.0 1.0 -

8.0 8.0 2.0 2.0
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Table 32

FLAIABILITY OF MIX7JR S OF n-HEPTANE, AIR AND 10IIYL R0MIrfE

Pressumre. m. Hj Volume fy

6.0 20.0 498 1.2 4.0
7.0 20.0 506 1.4 3o9 +
6.0 40.0 500 1.2 8.0
7.0 40.0 500 1.4 8.0

1O.C 43.0 500 2.0 8.6
10.0 44.0 501 2.0 8.8
15.0 27.0 500 3.0 5.4 +
15.0 30,0 499 3.0 6.0
17.0 25.0 500 3.4 5.0
16.0 25.0 504 3.2 5.0 +
13.0 35.0 498 2.6 7.0
12.0 35.0 500 2.4 7.0 +
11.0 40.0 501 2.2 8.0
10.0 40.0 501 2.0 8.0 +
8.0 46.0 501 1.6 9.2 +
8.0 47.0 499 1.6 9.4
7.0 48.0 501 1.4 9.6 +
7.0 49.0 500 1.4 9.8

25.0 9.0 503 5.0 1.8 +
26.0 9.0 503 5.2 1.8
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Table 53

FIAMIABILITY OF MIXYURES OF N-FEF'AM, AIR AND DIFWCR0-
VIVLrL BRCMIDE

(Total Pressure - 400 mm. 11.1

Pressure. in, HR. _Vollime Result

8.0 24.0 2.0 6.0 t

20.0 24.0 5.0 6,0 -

4.0 24.0 1.0 6.0 -

16.0 29.0 4.0 6.0
4.0 36.0 1.0 9.0 -

12.0 24.0 3.0 6.0 +
8., 28.0 z.0 7.0 t

10.0 32.0 2.5 8.0 +
12. C- 28.0 3.0 7.0 +
10.0 36.0 2.5 9 p +
10.0 40.0 2.5 10.0
10.0 38.0 2.5 9.,5
12.0 36.0 3.0 e.5 -

8.0 38.0 2.0 9.5 -

20.0 10.0 5.0 2.5 -

20.0 14.0 5.0 3.5 r
20.0 6.0 5.0 1.5 -
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Table 34

FLAMMABIL1TY OF MIXTJT(ES OF n-HEPTAIW, AIR AD F OROBUTANE

Pressure. ma. HK Voju2 %

30.0 4.0 400 7.5 1.0
29.0 4.0 400 7.2 1.0 +
29.0 8.0 400 7,2 2.0
28.0 8.0 400 7.0 2.0 +
24.0 16.0 400 6.0 4.0
23.0 16.0 401 5.7 4.0 +
20.0 23.0 40) 5.0 5.7 +
21.0 24.0 402 5.2 6.0
200 29.0 400 5.0 7.2
19*0 29.0 400 4.7 7.2
17.0 35.0 402 4.2 8,7
13,0 31.0 400 4.2 8.5 +
13.0 39.0 400 3.3 9. +
5.0 40.0 400 3.3 10.0
4.0 4.0 400 1.2 1.0
4,0 4.0 401 1.0 1.0 +
4,0 12.0 398 1.0 3.0 +
5.0 12.0 400 1.2 3.0
5.0 20.0 400 1.2 5.0 +
6.0 20.0 399 1.5 5.0
7.0 26.0 400 1.7 6.5 +
8,0 26.0 400 2.0 6.5
8.0 31.0 400 2.0 7.?
9.0 31.0 400 2.2 7.7

11.0 3b.0 401 2.7 8.7 +
11.0 36.0 40u 2.7 9.0 +

.w
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Table 35

FLAWABILITY OF M1X0JREZ Or n-HEIPA.NE, AIR AND SILICON
TETRACHLORIIE

(Total Pressure a 400 m. Hg)

PresMure. ma. H volume Reslt

16 32 4.0 8.0 t
12 24 3.0 6.0 +
20 24 5.0 6.0 +
16 34 4.0 8.5 +
10 24 2.5 6.0
12 36 3.0 9.0 +
14 36 3.5 9.0 +
16 36 4.0 9.0
14 38 3.5 9.5
12 38 3.0 9.5
12 40 3.0 10.0
10 40 2.5 10.0
10 38 2.5 9.5



Table 36

inAMAiBILI7T OF WIEIMM 07 n-MM, AIR, AND 1,2-DIBROMO-
-2-COGO-1, 1-DI FWMUn

(Total Preesure - 400 m. Hg)

2.0 4,0 +
2.0 5.0 ,
2.0 6.0 4.
2.0 7.0 +
2.0 8.0 +

2.0 9.0
2.5 9.0
3.0 9.0 +
3.0 9.5

4.0 9.3 +
3.5 9.5 +
3.5 10.0 +
4.0 10.0
4.5 9.0 +
1.5 8.0
5.0 9.0 +
1.5 5.0
5.5 9.0
3.5 10.0 +
3.5 10.5 +
3.5 11.0

/
&
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Table 3?

FLIW BILITY OF MIXTURES OF n-HEPT NE, AIR AND
102-)ICHLORCTETRLU 0 THAN (FREON 114)

(Total Pressure = 4O am. Hg)
Pressure. Mn. Hit Volume Resul

C7 H, 6  CC1F2 CC1FJ C7 H1 6  CC01CC1Fa i

8 4 2.0 1.0 +
10 2.5 2.0 +
6 8 1.5 2.0
8 12 2.0 3.0 +
8 8 2.0 2,0 4
6 12 1.5 3.0 -
8 16 2.0 4,0 +
8 20 2.0 5.0 -

8 24 2.0 6.0 -

10 20 2.5 5,0 -

10 26 2.5 6,5 -

12 20 3.0 5,0 '

14 24 3.5 6.0 +
12 29 3.0 7,25 +
20 24 5.0 6.0
12 36 3.0 900
16 32 4.0 8,0 +
12 40 3.0 10.0 +
20 32 5.0 8.0 +
12 44 3.0 11.0 -

12 42 3.0 10.5 +
20 32 5.0 8,0 +
14 42 3.5 10.5 -

10 42 2.5 105 -
24 32 6.0 8.C .
12 41 3.0 10,25 +
22 32 5.5 8,0 +
24 22 6.0 5.5 +
26 22 7.0 5.5 -
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Table 36

FL.IBMILITY OF MIXTURES OF rHITAn, AIR ND C.AON TETRACHLORIDE

Pressure. m. H R Volume 1.
____ ~ 4  Total rC.HA CCIA Re oul

7.0 20.0 493 1.4 4.1 +
6.0 20,0 522 1,2 3.8
8.0 30.0 517 1.5 5.8
7.0 30.0 517 1.4 5.8 +

13.0 50.0 531 2.4 9.4
11,.0 50.0 536 2.6 9.3 +

13.0 46.0 409 3.2 11.2 +
13.0 47.0 406 3,2 11.6
21.0 45.0 468 4.5 9.6
20.0 45.0 492 4.1 9.2 +

29.0 ;o. 0 506 5,7 3.9 +
30.0 20.0 509 5,9 3.9

,,=[
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Table 39

FLIMMBILITY OF QIXTURES OF n-NEPTANE, AIR AND 2-CHLORO-..,I,I-TJ.
FLUOROPROP ANS

(Total Pressure a 400 mm. Hg)

Presure. m. Hg Volume. _
rA-CH1 CF-,CHC1CH1  nq UC~HClCH 3

22.0 16.0 5.5 4,0 ,4.0 16.0 1,0 4.0
2.0 16.0 0,5 4,0 -

12,0 32.0 3.0 8.014. 0 32.0 3.5 8.0 .8.0 4* 0 2.0 10.0 
6,0 40.0 1,5 10.0 +4,0 44.0 1.0 11.0 +
0.0 32.0 oo 8.0 .
6.0 44.0 1.5 11.04.0 48.0 1.0 12,0 ,6.0 46.0 1.5 11.5 +0.0 42.0 0.0 10.5 +6,0 47,0 1.5 11.8 .4.0 47.0 1.0 11.8 +0,0 28.0 0.0 7.0 -7.0 44.0 1.8 11.0 .0 c 29.0 0.0 7.3 40o0 43.0 0.0 10.8 -3.0 44,0 0.8 11.0 .1.0 24.0 0.3 6.0 421.0 16.0 5.3 4,0
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Table 40

FLIJBEILITY OF MIXTURES OF ib-NEPTAIE, AIR IND 2-CHLOR-I,IpI-TRI-
FLUOROPROP ANE

(Total Preasure a 400 m. Hg)

PrernAe. m.. HR, Volue .
CA AU n-CH, C4HAC Result

22.0 12.0 55,5 3.0
21.0 12.0 5.3 3.0 +
14.O 28.0 3.5 7.0
13.0 28,0 3.3 7.0 +
4.0 440 1.0 11.0 +

16,0 20.0 4.0 5.0 +
1,0 36.0 0.3 9.0 +
0.0 36.0 000 9.0 -

17.0 20.0 4.3 5.0 -
0.0 40.0 0.0 10.0 -
4.0 48.0 1.0 12.0 -
1,0 4.4,0 0,3 11,0 -
2.0 48.0 0.5 12,0 +
4.0 46.0 1.0 11.5
2,0 49,0 0,5 12,3
3,0 46,0 0.8 11.5 +
1:0 48.0 0.3 12.0
3,0 48,0 0,8 12,0 +
3.0 49,0 O, 8 12.3 -

1.0 28.0 0,3 7,0
3.0 20.0 0,8 5.0 0
2.0 28.0 0.5 7.0 +
2.0 20.0 0.5 5,0 -

10.0 36.0 2.5 9,0
9.0 36.0 2.3 9.0 +

a
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Table 41

FLWMABILITY OF WITURES OF u.UEPTiNE, UR AM CHLOROTRIFLUORKM AN

(Total Presaure - 4C0 am, Hg)

Presiure. a. He Volume

12,0 48,0 3.0 12.0
140. 48.0 3.5 12.0 -

12.0 50.0 3.0 12.5 -
14.0 440 3.5 11.0 4

10.0 40.0 2,5 10.0
20.0 24.0 5.0 6.0
21.0 24.0 5.3 6.0 -

11.0 48.0 2.8 12,0 -
13.0 48.0 3,3 12.0 +
13.0 50.0 3.3 12,5 -
7.0 24.0 1.8 6,0
6.0 24.0 1.5 6.0

/
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Table 42

,LJ ABILIT OF MIXTUIES OF n.HEPT4NE1 AIR IN H8XA.0UORETh+A

(Total Pressure = 400 -. Hg)

pregsure, aB. Hg Volume

24.0 20.0 6.0 5.0 +
6.0 2.0 1.5 5.0 -

25,0 20,0 6.3 5.0 -

7.0 20.0 1.8 5.0 +
8.0 40,0 2.0 10.0 -
9.0 40,0 2.3 10.0 0

I:.0 52,0 2,5 13.0 -
10.0 48.0 2,5 12.0 -

16.0 4.0 4.0 11.0 -
11.0 48.0 2.8 12.0 +
16.0 40.0 4.0 10.0 +

17.0 40.0 4.3 10.0
14.0 48.0 3.5 12.0 +

12.0 54.0 3.0 13.0 -

15.0 48.0 3,8 12.0
140 50.0 3.5 12,5 -

13.0 52.0 3,3 13,0 "
12.0 53.0 3.0 13),3 +

-
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Table 43

FLAWIABILITY OF MIXTURFS OF n-HEPTANE, AIR AND DICKLORDIFLUOtOMMHANE
(FMEN 12)

(Total Pressure Z 400 =, Hg)

Pressure, M. Hit Volume. %
n-78A cmp.122A CC12F, Result

6.0 32.0 1.5 8.0 +
20.0 32.0 5.0 8.0

6.0 16.0 1.5 4.0 +
22.0 16.0 5.5 4.0
21.0 16.0 5.3 4.o +
19.0 32.0 4.8 8.0
5.0 16&0 1.3 4.0
5.0 32.0 1.3 8.0

18.0 4.0 4.5 11.0 +
19.0 44.0 4.8 11.0
12.0 44.0 3.0 11.0
18.0 52.0 4.5 13.0
17.0 52.0 4.3 13.0 +
14.0 58.0 3.5 14.5 +
11.0 44.0 2.8 11.0
14.0 59.0 3.5 14.
16.0 58.0 4.0 14.5
18.0 58.0 4.5 14.5
16.0 60.0 4.0 15.0
10.0 38.0 2.5 9.5 +
9.0 38.0 2.3 9.5
17.0 58.0 4.3 14.5

$

'1



table 44

FLW(ABILITY O ?qVMAMRE OF n-HEPTANEs AIR AND
(2iLWROFORM(

(Total Pressure - 400 mm. H9)

Pressure. . Ha vome %
CH. CHC13  ColH, 6 CHC13 Resmlt

8 4 2.0 1.0
8 2.0 2.0 +

12 4 3.0 1.0 +
8 12 2.0 3.0 +
8 16 2.0 4.0 +
8 2D 2.0 5.0
8 24 2.0 6.0

12 20 3.0 5,0 +
12 48 3.0 12.0 +
12 24 3.0 6.0 +
12 52 3.0 13.0 +
16 56 4.0 14.0 1
12 60 3.0 15.0 +
12 68 3.0 17.0
12 72 3.0 18.0
12 64 3.0 16.0 +
16 60 4.0 15.0 +
12 66 .0 16.5 +
16 64 4.O 16.0 +
2D 60 5.0 15.0 +
24 36 6.0 9.0 +
14 68 3.5 17.0 +
28 68 7.0 9.0
14 72 3.5 18.0
14 70 %5 17.5 4
16 68 4.0 17.0
2D 64 5.0 16.0
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Table 45

FLAMMABILITY OF MIXURES OF n-HAPTANE, AIR AND TFLUOROMTHANE
(FR6Mt 23)

kTotal Pressure - 400 mam. Hg)

Pressure, am. Hg Volume
n-C H, M -n-C7 Hi& CHP3 Result

24.0 16.0 6.0 4.0
5.0 24.0 1.3 6.0
4.0 24.0 1.0 6.0

2.2,0 16.0 5.5 4.0 +
6.0 40.0 1.5 10.0 +
18.0 40.0 4.5 10.0
4.0 40.0 1.0 100

16.0 40,00 4.0 10.0 +
14.0 60.0 3.5 15.0
12.0 60.0 3,0 15.0 +
6.0 56.0 1.5 14.0 +
10.0 68.0 2.5 17.0 +
8.0 68.0 2.0 17.0 +

12.0 68.0 3.0 17.0 +
6.0 68.0 1.5 17.0

10.0 71.0 2.5 17,8
12.0 71.0 3.0 17.8
8.0 71.0 2.0 17.8

13.0 68.0 3v3 17.0
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Table 46

FLLMABILITT OF MIXTU ES OF n-HEFrANE AIR AND CiLOODIFLUJO0RCLWE
(FREDN 22)

(Total Presmnie - 400 mmn. Hg)

Pressuive m. Hg Volume._%
n-C__ (IC1F2  f-Ci, ClF, Result

24.0 16.0 6.0 4.0
4.0 16.0 1.0 4.0 +

20.0 28.0 5.0 7.0
3.0 16.0 0.8 4.0

23.0 16.0 5.8 4.0 +
4.0 28.0 1.0 7.0 +
21.0 28.0 5.3 7.0
18.0 40.0 4.5 10.0 +
19.0 40.0 4.8 10.0
4.0 40.0 1.0 10.0 +
3.0 28.0 0.8 7.0
3.0 40.0 0.8 10.0
6.0 60.0 1.5 15.0 +
5.0 60.0 1.3 15.0

12.0 66.0 3.0 16.5
13.0 66.0 3.3 16.5
12.0 68.0 3.0 17.0
10.0 72.0 2.5 18.0
ii.0 70.0 2.8 17.5
10.0 71.0 2,5 17.8 +
8.0 70.0 2.0 17.5 +
16.0 52.0 4.0 13.0
6.0 68.0 1.5 17.0
7.0 68.0 1.8 17.0

8.0 71.0 2.0 17.8
4.0 52.0 1.) 13.0

15.0 52.0 3.8 13.0 +

5.0 52.0 1.3 13.0 +
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Table 47

FLAMMABILITY OF MIXTUZ3 n-HEPTANE, AIR AND
CCTrA.UCftOCYCILTE PC- 318)
(Total Pressure - 400 mm. Hg)

PreagUre. . Hx Volume Result

8 8 2.0 2.0 +
8 12 2.0 3.10 +
8 16 2.0 4.0 4
8 2.0 5.0 +
8 24 2.0 6.0 +
8 28 2.0 7.0 +
8 32 2.0 8.0 +
8 36 2.0 9.0 +
8 40 2.0 10.0 +
8 44 2.0 1.0 4
8 48 2.0 12.0 4
8 60 2.0 15.0 +
8 72 2.0 18.0 +
12 72 3.0 18.0 -
8 80 2.0 20.0 -
8 76 2.0 19.0 -

10 76 2.5 19.0 -
10 74 2.5 18.5 -
8 74 2.0 18.5 -
14 A4 3.5 16.0 -
6 36 1.5 9.0 -
16 52 4.0 13.0 -
6 16 1.5 4.0
20 36 5.0 9.0 +
4 12 1.0 3.0 +

26 24 6.5 6.0 +
4 24 1.0 6.0 -
28 24 7.0 6.0
30 30 7.5 7.5 -
2 12 0.5 3.0 -
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Table 48

FIAMAPILITY CF FIXTURES OF n-HEPrANE, AIR AND SULF'UR HEXAFM UCRIDE

Pressure. !M. 'K Volume %
n-C 7 Htf. -SFA, I SF Result

26.0 16.0 6.5 4.0
6.0 16.0 1.5 4.0

27.0 16.0 6.a .14.0
7.0 16.0 1.8 4.0
8.0 32.0 2.0 8.0
7.0 32.0 1.8 8.0

10.0 48.0 2.5 12.0
9.0 48.0 2.3 12.0
10.0 60.0 2.5 15.0
22.0 48.0 5.5 12.0 -

21.0 48.0 5.3 12.0
11.0 60.0 2.8 15.0
26.0 32.0 6.5 8.0 -
24.0 32.0 6.0 8.0
12.0 72.0 3.0 18.0
22.0 60.0 5.5 15.0
130 72.0 3.3 18.0 4

21.0 60.0 5.3 15.0
20.0 72.0 5.C 18.0 +
21.0 72.0 5.3 18.0
16.0 82.0 4.0 20.5
18.0 80.0 4.5 20.0 +
18.0 81.0 4.5 20.3
16.0 81.0 4.0 20.3 +
20.0 80.0 5.0 20.0 +
14.0 80.0 3.5 20.0
13.0 80.0 3.3 20.0
21.0 80.0 5.3 20.0
14.0 e1.0 3.5 2C.3 +
14.0 82.0 3.5 20.5
20.0 81.0 5.0 20.3

I
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Table 49

FL q..iV OF MIXTURES OF n-HEPTANE, AIR AND

(Total Pressure - i O mm. Hg.)

Pressure. mm, Hg Volume % Results
C z___ BF3  C7H,6  BF3

8.0 8.0 2.0 2.0
20.0 16.0 5.0 4.0 +
16.0 24.O 4.0 6.0 +
4.0 8.0 1.0 2.0

16.0 32.0 4.0 8.0
24.0 16.0 6.0 4.0 +
16.0 100.0 4.0 25.0 -
28.0 i .0 7.0 4.0
16.0 80.0 4.0 20.0
8.0 24.o 2.0 6.0 -

16.0 84.0 4.0 21.0
24.0 32.0 6.0 8.0
12.0 80.0 3.0 20.0
12.0 64.o 3.0 16.0 +
20.0 80.0 5.0 20.0 -
10.0 64.o 2.5 16.0
20.0 64.0 5.0 16.0 -
6.0 64.o 1.5 16.0

16.0 64.0 4.0 16.0
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Table

FRIAMPILITY OF MI=M JRES OF n-HEPTANE, AIR
AN:' PHOSPHOROUS TRICHLORIDE

(Total Pressure -400 rm, Hg.)

Pressure. m. H7 Volume % Results
CHjf, PC1 3  C7H,6  PC 3

16.0 24.0 4.0 6.0 +
16.o 48.0 4.0 12.0 +
16.0 52.0 4.0 13.0 +
16.0 80.0 4.0 20.0 -

16.o 60.0 4.0 15.0 -

16.o 56.0 4.0 14.0 +
20.0 56.0 5.0 14.0 -

12.0 56.0 3.0 14,0 +
120 60.0 3.0 15.0 +
12.0 64.0 3.0 16.0 +
12,0 68.o 3.0 17.0 +
12.0 72.0 3.0 18.0
12.0 76.0 3.0 19.0 +
12.0 8060 3.0 20.0 +
12,0 88,O 3.0 22.C +
12.0 100.0 3.( 25.0 -
12.0 96.o 3.0 24.0 -
12.0 92,0 3.0 23.0 -
8.0 88.0 2.0 22.0 -
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Table 51

FLAMM'fBILITY OF Y1X)URS! OF n-HZETANE, ;.i AND
HYDROGEN aiLOiIDE

(Total Pressure - 400 mr. Hg.)

Pressure, rm. Hg. Volue % Results
C7HI 6  HCI ___ HC1

12.0 40.0 3.0 10.0 +
12.0 80.0 3.0 20.0 +
12.0 120.0 3.0 30,0
12.0 100.0 3. 25.0 +
12.0 112.0 3-U 28.0
8.0 8c.0 2.0 20.0 +
12,0 104,0 3.0 26.0
4,0 80.0 1,0 20.0

16.0 100.0 4. 25.0
16.0 0,O0 4.0 20.0
8.0 100,0 2.0 25.0
20.0 40.0 5.0 10.0 +

4.0 ).4.0 1.0 6.0
24.0 40.0 6.0 10.0
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Table 52

FLA)ABILITY OF t'IXTURES OF n-HEPTANE, AIR ,d$D CA?30N RETAFLUORIDE
(Total Pressure - 400 m. Hg)

Pressure. Wi. Hi Voleume %
n-CIHIA CF n-C,_ CF Result

29.0 8.0 7.3 2.0 4

30.0 8.0 7.5 2.0 -
28.0 20.0 7.0 5.0 +
29.0 20.0 7.3 5.0 -
24.0 36.0 6.0 9.0 +
25.0 36.0 6.3 9.0
21.0 48.0 5.3 12.0 +
21.0 52.0 5.3 13.0
16.0 72.0 4.0 18.0
14.0 84.0 3.5 21.0 +
12.0 92.0 3.0 23.0

5.0 100.0 1.3 25.0 *

4.0 84.0 1.0 21.u +
4.0 64.o 1.0 16.0
4.0 44.0 1.0 11.0
4.0 20.0 1.0 5.0
3.0 12.0 0.8 3.0
3.0 8.0 0.8 2.0
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Table 53

FLAMMABILITY OF MIXTURES OF n-HEFTANE, AIR AND CARBON DIOXIDE
(Total Pressure - 400 m. Hg)

Pressure mm. Hg V-lume
n-CZHIA CCL n2 CO2  Result

3.0 4.0 0.8 1.0
3.0 12.0 0.8 3.0
3.0 16.0 0.8 4.0
4.0 32-,0 1.0 8.0
3.0 32.0 0.8 8.0
4.0 64.0 1.0 16.0
4.0 80.0 1.0 20.0
6.0 100.0 1.5 25.0
5.0 100.0 1.3 25.0 -

12.0 116.0 3.0 29.0
12.0 118.0 3.0 30.0
16.0 96.0 4.0 24.0 +
20.0 80.0 5,0 20.0
23.0 40.0 5.8 10.0 +'
24.0 8.0 6.0 2.0
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Table 5i

FLA)OWMiBILITY OF MIXTURES CF ISOaJrMNE, AIR AND
B~iOTRIFLUOROMEThANE AT -78-c.

UrFa Results

3.5 1.5
3.5 2.5
5.5 1.0
6.0 1.0
5.5 2.0
6.0 2.0
5.0 1.0
5.0 2.0
4.0 1.0
4.5 1.0
3.5 0.5
4.0 0.5 +
5.0 0.5 +
5.5 0.5 +
5.0 1.5 +
6.0 0.5 +
6.5 0.0
6.5 0.5

2.5 0.0 +
3.0 0.0 +
2.0 2.0
2.5 2.0
3.0 2.0
3.5 2.0 +
3.0 4.0
3.5 4.0



190.

Table 55

FLAMMABILITY OF MIXTURES OF ISOBUTANE, AIR AND
BFMOThIFLUORCiEKMANE AT 260C

Volume. %
C ,. CBrI "  Results

3.5 1.5 -
3.5 2,5 -
5.5 1.0 -
6.0 1.0 -
2.0 0 -
2.5 0 -
2.5 2.0 -
3.0 2.0 -

3.5 2.0 +
3.5 4.0 +
4.0 4.0 -
4.5 4.0
3.5 3.0
4.0 3.0 +
3.5 3.5 -
4.0 3.5 -
4.5 3.5 -
5.0 3.5-
4.5 3.0 +
5.0 3.0 +
5.5 3.0 -
6.0 3.0 -
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Table 56

FLhM1OBILITY OF MIXTURES OF ISOUTaNE, AIR AND
BDKOTRIFLURR(MANE AT *145.C

Vclume, %
"I_ O~ff, Results

2.5 1.0 +
3.0 1.0 4

2.0 1.0
2.5 1.0 +
2.5 2.0 +
3.0 240
2.0 240
2.5 3.0
3.0 3.0
3.5 3.0
4.0 3.0 -
4.5 3.0 -
3.0 4.0
4 ,0 4.o

6.0 3.5 +
5.0 3.5 +
5.0 3.0 +
5.0 4.0 4
4.5 4.0 +
6.0 4.0 +
4.5 5.0 +
5.0 5.0
4.0 5.0 +
4.C 6.0
3-5 5.0+
3.5 6.0 +
3.0 5.0
3.0 6.0
3.5 7.0
4.0 7.0 +
4.0 7.5
4.5 7.5
4. 5 7.0
5.0 7.0
5.5 5.0 4

6.0 5.0
6.5 3.0 +
7.c 3.0
7.C 2.0 +
7.5 2.0 +
8.0 2.0
8.5 2.0

8.0 1.0-
8.5 1.

9.5 0.0
10.0 0.0
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Table 57

FIJA4ABILITY OF MIXTURES OF ISOUTANE, AIR AND
METHYL BROKIDE AT -780C

Volume, %
W= CH 3Br Resultsi

4.5 3.5 -
4.0 4.0
4.0 3.0
4.5 3.0
4.0 2.0 *

4.0 3.0
4-.5 2.0 +
5.0 2.0
5.5 2.0 +
6.0 2.0 +
6.0 1.0 +
6.5 1.0 +
4.0 2.0
4.0 4.0
3.0 4.0
3.5 4.0
2.0 1.0
3.0 1.0
3.5 1.0 +
4.0 1.0 +
2.5 2.0 -

2.5 3.0
3.0 3.0 4
3.5 3.0 +
3.0 3.5 +
3.5 3.5 +
2.5 3.5
4.0 3-5 +
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Table 5

FLAMMABILITY OF MIXTURES OF ISOBUTNE, AIR AND
METHYL BROMIDE AT 26"C

Volume, 9
_____ tJBr Results

1.0 4.0 +
3.0 4.0 -

1.0 5.0 -

3.0 5.0 +
1.0 1.0 -
6.5 1.0 -

5.5 1.0 +
2.0 1.0 +
4.0 6.0 +
4.0 5.0 +
4.0 7.0 +
4.0 8.0 -

4.0 7.5 -

4.0 3.0 +
5.0 3.0 -

5.0 4.0 -

5.0 6.0 +
5.0 5.0 -

5.0 8.0 -

5.C 7.C -
4.0 6.0 +
4.0 10.0
4.0 9.0 -
2.5 5.0 +
4.0 8. -

2.C. 5.0 -

6.0 2.0 +
6.0 7.0 -
7.0 2.0 -

4.0 6.5 -
3.0 6.C
5. 6.0 -
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Table 59

PLA4MiBILITY OF MIXTURES OF ISOBUTAE, AIR AND
fMTYL BROMIDE AT +1451C

Volume,.

S-1 m H Br Results

1.0 040
0.5 0.0
1.5 0.0
1.0 0.0
2.0 0.0
1.5 0.0 -
2.5 0.0
3.0 0.0
3.5 0.0 
4.0 0.0 +
6.5 0.0 +
7.0 0.0 +
7.5 0.0 +
8.0 0.0 +
9.0 O.c +

i0.0 0.0
4.0 2.0 +
4.5 2.0 4

3.5 2.0
3.5 4.0 +
3.0 4.0
2.5 4.0
3.0 6.0
3.5 6.0
3.0 5.0
4.0 5.0
4.5 5.0 +
4.5 5.5 +
4.0 5.5
4.0 6.o
4.0 7.0 +
4.5 7.0 +
4.5 6.0 +
4.5 8.0 +
3.5 7.0 +
3.5 8.0 +
3.0 7.0 +
3.0 8.0
3.5 9.0
4.0 8.0
5.0 8.5
5.0 9.0
4.0 8.0 +
4.0 8.5



Table 5 9(Cont'd)

Volume.
UC=01%1r ResUlts

5.5 8.0
6.0 8.0
5.0 7.0 +

5.5 7.0
5.5 6.0 -

6.c 6.0
5.0 5.0
5.5 5.0
5.5 3.0 4

6.o 3.0 +

6.5 3.0 +

7.0 3.0
7.0 2.0 +

7.5 2.0
7. L 1.0
7.5 1.0 +

5.0 4.0 +

5.5 4.0 +

4.5 1.C +

4.5 3.0 +

6.5 4.0 -
8.0 1.0

/
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Table 60

FLA4BILITY OF MIXTUREM OF ISCBUTidiE, tIR iND
aiLOJRTRIFLUOR0OFN7..E AT -780C

Volume, %
-2 Results

4.0 2.0
4.5 2.0
3.C 2.0
3.5 2.0
2.0 2.0
2.5 2.Q
3.c 2.0
6.0 1.5
4.0 2.0
4.5 2.0
7.0 1.0)
7.5 1.0
6.5 1.0
6.5 7.0
6.0 1.0 +
6.5 2.0
6.0 2.0
6.0 0.0 +
5.5 2.0
6.5 0.c +
5.0 2.0
7.5 0.0
4.5 2.0-
7.C 0.-
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tablc 61

t ,15ITY OF IXTU ?'. F ISCRUTAN-, ,IR ,MD
C: 0RTRIFUOi.u',, 1'T 260 c,

Volume, i

_ ResUlt5

3.0 6.5
3.5 7.0 +
3.0 8.0
3.5 8.0 +
2.0 3.0
2.0 5.0
2.5 3.0
2.5 5.0
4.5 7.0
4.5 9.0
3.0 9.0
3.5 9.0

. 9.0
4.5 9,0
4.0 8.5
4.5 8.5
4 10.5 +
4.5 10.5 +
5.0 10.5
5.5 10.0
3.5 1.0
3.5 10.5
5.0 10.0 +

5.0 12.0
4.0 10.0
4.0 12.0
4.5 10.0 +
4.5 12.0
5.0 5.0
5.5 6.0
4.5 5.0 +
5.0 4.0 +
5.5 3.0 +
5.5 4.G +
5.0 4.5 +
6.0 4.C +

5.5 4.5 4
6.5 4.0
6,5 2.0 +
6.5 6.o
7.0 2.0
6.0 6.0 +
7.5 2.0

9.0



Table 61fCmt'd )

Volume, A
9 Resi.ts

5.5 9.0 +
5.5 13.0
6.0 6.5 +
6.0 3.0 +
6.5 3.0 +
6.5 6.5 +
7.0 3.0 -

7.0 6.5

4"t



lable 62

91I' WA LITY OF MIXTUJRES OF ISOWTO, AIR "r,
-LCIfTRI FLUORFCMF ,,NE 'T +45- C

=ke CF Re sult s

1.5 010
2.0 0.0
2.0 0.0 +
2.5 0.0 +
1.5 2.0
2.0 2.0
2.5 2.0 +
3.0 '.0 +
2.( 4.0
2.5 4.0 +
2.0 6.0
2.5 6.0
2.5 6.0
3.0 6.0 +
3.0 8.0
3.5 8.C
4.0 8.0 +
4-.5 8.0 +
4.0 10.0 +
4.5 10.0 +
3.0 10.0
3.5 10.0 +
3.5 12.0
4.0 12.0 +
3.5 13.0
4.5 2.0 +
4.5 6.0 +
4.5 14.0
5.0 14.0
4.5 13.0
5.0 13.0
4.0 12.5 +
4.5 12.5
3.5 13,0 +
4.0 13,C
4.5 12.0 +
5.C 12.0
5.c 10.0 +
5.5 10.0 +
6.0 8.0 4

6.5 8.0
6.0 6.0 +
6.5 6.0
6.0 4.0 +
6.5 4.0 +
7.5 2.0 +
8.C 2+0

/



2 Jo.

TablO 62 (C'ont'd)

Vo1l.Me. j -
CCJ~F ~ Rusults

1010 C.C +
6.u 10.0
5 -C 11.0 4

3.5 12.0+
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Table 63

FLAWABILITY OF MIXTURES OF ISOBWPANE, AIR AND
$IJIPRR HPKAFUJO~rif AT -78*0

Volume
SFA Results

3.0 0.0 +
5.0 10.0 +
4.5 10.0
4.0 10.0
5.c 12.0 +
4.5 12.0 +
4.0 12.0
4.0 14.0
4.5 14.0
4.5 1C.0 -
3.0 4.0 4
3.0 6.0 +
2.5 0.0
2.) 2.0 -

3.0 2.0 -
.O o6.0 -

2.5 6.o -
5.0 11.0
5.0 12.0
4.5 12.0 -
4.5 12.5 -
3.5 0.0 -
3.5 0.0 4

3.5 0.0 +
4.5 I1.O -
5.5 -4.0 -
5.0 14.0
5.0 13.0 -
4.5 13.0 -
5.0 12.5 -
4.5 1P.5 -
3M5 0.0 +
3.5 0.0 +
5.5 12.0 -
6.0 12.0
5.0 I1.0 -
5.5 11.0



Table 64

MMABILITY OF IMXTWR1 OF T!OPUTANE, AIR AN
SULFUR iEIXAFLUAiRIDE AT 26"C.

Volume, %

1.0 4.0
4.0 4.0 +
2.0 4.0
3.0 4.0
2.5 4.0
6.0 4.0
2.0 0,0 +
8.0 0.0
1.0 0.0 +
7.0 0.0
0.5 00
6.0 0.0 +
6.0 0.0 +
6.5 0.0 +
4.0 13.5 4
7.0 5.0 +
5.0 18.0
5.5 14.0
5.0 17.0
4.5 15.0 +
5.5 16.0 +
5.0 16.5 +
4.5 16.0 +
3.5 13.0 +
6.0 13.0
3.0 10.0
5.0 11.0 +
5.0 12,0 +
5.0 13.0
5.0 14.0
4.5 11.0
4.5 12.0
3.5 0.0
3.5 0.0
4.0 0.0
4.0 0.0 +
4.0 0.0 +
4.0 0.0 +
5,C 12.0 +
4.5 12.C
5.0 8.0

5.5 9.0
4.0 0.0 +
4.o 0.0 +
4.5 8.0
5.0 8.0 +
,.0 6.0 +
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Table

FLAMMABILITY OF MI(TURES OF ISOBU7ANE, ATR AND
ULF'UR HEXAFLUORIZ AT +145'C

volume, -%

9._2F, Results

2.0 2.0
2.5 2.0
3.0 2.0 +
3.5 2.0 +
3.5 4.0 +
4.0 4.0 +
3.5 8,0 +
4.0 8.0 +
2.5 40 +
2.5 8.0
3.5 12rC
4.0 121C +
4.0 14,0 +
4.5 14.0 +
3.5 14.0
6,c 14.0 +
4.0 16.0
4.5 16.0
5.0 18.0
5,5 18.0
4.5 17.0
5.0 17.0
5.0 16.0 +
5.5 16.0 +
6.0 16.0 +
6.0 16.5 +
5.5 17.0
6.0 17.0
6.5 16.0
7.0 16.0
6 5 14.0
7.0 14.0
6.5 12.0 +

7.0 10.0
8.0 O.C
7.5 10.0
7.0 8.0
7.5 8.0 +
8.0 6.0
8.5 6.0
7.5 6.0 +
7.5 3.0 4

3.C 10.0
3.5 10.0
2.0 6.0
2.5 C.0
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Table 66

FLAWA$ILITY OF MIXTURES OF IVSOI3TA!NE, AIR AND
C0WFTi'Afr-LUORIDE AT -78%C

Volume.%
CC 1 Results

6.0 18.0
7.0 18.0

5.5 18.5
3.0 0.0 +

3 .0 1 -7 , 55.0 1.55.0 10

4.5 13,5
5.5 1 ,5
4.0 ic.O +
(.0

6.0 3006,0 i0oo

6.5 10.0
r1.5 8.0 +
6.0 8.0 +
6.5 8.0 +
7.0 8.0 +
7.5 8.0 4
6.0 9.0 4

6.5 9.0 +
7.0 9.0 4
7.5 9.0 +
8.0 8.0 -
8.0 9.0 -
7.0 6.o -
7.5 6.o -
6.5 6.0 +
7.0 7.0
6.5 4.0
7.0 4.0
6.0 4.0 +
5.5 4.0 4
6.0 2.0 4
6.5 '2.0 4
4.5 15.0 +
3.5 13.0 +
4-5 7.0 +
4-5 i0.0 +
4-5 3.0 +
4-5 5.0 +
2*5 6.0
3,0 6.0 +
2#5 6.0



Table 66 (Cont d)

Volue. 
Results

2.5 10.0
3.0 10.0 +
3.5 10.0 +
2.5 14.0
3,0 14.0
3.5 14.0 -4-
4.0 14.0
4.5 14.0
5.0 14.0 +
4.5 18.0
5.0 18.0
4.5 22.0
5.0 22.0
4.5 14.0
4.5 18.0
5.0 22.0
6.0 22.0
6.5 22.0
7.0 22.0
4.5 20.0
5.0 20.0
5.0 20.0
6.0 20.U
7.6 20.0
8,0 20.0
5.0 19.0
5.5 19.0



Table 67

FLAMMABILITY OF MITURES OF ISOBWIEUT , AIR AND
CARB TNTRAFLUORIDE AT 26*C
Volume, %

CF20_ Results

6.5 10.0
6.5 14.0
6.0 13.0 +
6.o 16.0
5.5 16.0
5.5 18.0
5.0 16.0
6.0 15.0
5.5 15.0
4.5 16.0 +
5.0 15.0 +
5.0 18.0
4.5 18.0
4.5 20.0
4.0 21.0
4.5 21.0 +
4.5 22.0
5.0 22.0
2.5 9.0 +
3.0 9.0 +
2.5 13.0
3.0 13.0 +
2.5 15.0 -
3.0 15.0
2.5 18.0
3.0 18.0
310 12.0 +

2.5 12.0 +
3.0 14.0 +
3.5 14.0 +
1.5 0.0
2.0 0.0
4.0 23.0
7.5 4.0
4.0 23.5 +
7.5 3.0 +
8.0 1.0 -
8.0 2,0
8.0 3.0
7.0 4.O +
7.0 6.0 +

7.0 8.0
6.5 8.0 +
6.5 11.5
6.0 12.0
6.c 14.0
5.0 3.0 4

5.5 5.0 +
5.0 2.0



Table 88 267

FLAMMABILITY OF MIXTURES OF IM)RTANE, AIR AND
CARDOWTETRAFLUORIIE AT +145t.

Voumes%
O 1 Results

3.0 0.0 4

3.5 0.0 4

2.5 0.0 +
2,0 0.0 +
1.5 0.0
1.0 0.0
9.0 0.0
9.5 0.0 +
2.0 3.0
2.5 3.0 +
2.0
2.5 0.0 +
2.5 9.0
3.0 9.0 4

3.0 12.0 4

3.5 12.0 +
2.5 15.0
3.0 15.0
2.5 12.0
3.5 15.0
3.5 18.0
4.0 18.0
4.5 18.0
5.0 18.0
4.0 15.0 -
4.5 15.0
3.5 13.5 +
4.0 13.5
2.5 13.5
3.0 13.5
4.0 12.0
4.5 12.0
5.0 12.0
5.0 13.5
5.5 12.0 4

6.0 12.0
5.5 13.5
5.5 15.0
6.0 9.0
6.5 9.0
7.0 6.0
7.5 6.0
7.0 3.0 +
7.5 3.0 4

4.0 3.0 4
4.0 9.0 4

2.0 1.5
2.5 1.5

\ !'

m i J m m i J m i
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Table 69

FLAMMABILITY OF MIXTURES OF PENTANE, AIR AND -THYLENE DIBROMIDE
(Total Pressure - 400 mm.

Pressure, mm. H Volume % Result
CrH12 CH2Br2  CH12 __

12 24 3.0 6.0 +
8 8 2.0 2.0 +

12 32 3.0 8.0 +
6 8 1.5 2.0

12 28 3.0 7.0
24 12 6.0 3.0
12 22 3.0 5.5 +
12 26 3.0 6.5
10 26 2.5 6.5 +
14 24 3.5 6.0
10 28 2.5 7.0
18 16 4.5 4.0
8 26 2.0 6.5

18 12 4.5 3.0- +
8 16 2.0 4.0 +

/



Table 70

F'LA BIIITY OF MTXI'J.rL OF PF.TNE, AIR "tYD BNO0-

TIFLUJORW%1;WiL
(Total Pressure - 400 mm. li

IPr~~r*. am. I, volume.- - Result,

C0,CH3r r C1 GF.3 Br

12 16 3.0 4.0 +

16 16 4.0 4.0 +

12 22 3.0 5.5 +

16 20 4,.0 .0 +

12 26 3.0 C.5
16 2c 4.0 6.5
12 24 3,0 6.0 +

1, 24 3,5 6.0 +

10 24 2.5 r.0 -

14 26 3.5 C1.5 -

9 20 2.0 5.0 -

16 24 4.0 6.0 -

8 i6 2.0 4.0 -
20 20 5.0 U5.0 -

10 16 L.5 4.0

20 16 5.0 4.0
10 14 2.5 3.5 +

20 12 5.0 3.0 +

8 12 2.0 3.0

20 8 5.0 2.0 +

8 p 2.0 2.0

20 i 5.0 1.0 +

8 4 9.0 1.0 +

20 0 5.0 04

24 12 6.0 NO
24 8 6.0 e:0 -

24 6.0 1.0 +
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FLAWABILITY OF MIXTURES OF PTWTAM, AIR ,D ETYL BMUIDE
('Tbte) Presure - 400 -mm. HE )

Pressure. mw. ig, Volume, h eult
Crf1 C2 H5 Br CICI'r

12 16 3.0 4.0 +
12 24 3.0 6.0
12 28 3.0 7.0
12 20 3.0 5.0
12 22 3.0 5.5
12 28 3.0 4.5
lu 3.5 5.0 +
10 22 2.5 5.5 +
4 12 1.0 3.0

10 24 2.5 6.0 +
6 12 1.5 3.0 +
8 26 2,,0 6.5 +
6 18 1.5 4,5 +

10 26 2.5 6.5
6 26 1.5 6.5
8 30 2.0 7.5

12 22 3.0 4.5
8 28 2.0 7.0

16 10 4.0 2.5 +
22 4 5.5 1.0



Table 72 211o

I JMMABILITY OF MIX IHES OF PENANE. AIR 40 MEla YL aOwit
(Total Pressure - 400 mm. HS)

CQI 5 (213Br Gii32 Cii3Br

4 12 1.0 3.0 -
28 12 7.0 3.0 -

6 12 1.5 3.0 -

24 12 6.0 3.0 -
$ 12 2.0 3.0 +

12 2 3.0 6.0 +
20 12 5.0 3.0 +
I,, 33 3.0 8.0 +
2 12 5.5 3.0 -
12 3, 3.C 8.5 -
16 24 4.0 6.0 +
10 32 2.& 8.5 +
18 29 4.5 6.0 -

8 36 2..0 9.0 -
8 24 2 .0 6.0 +
8 3 ? 2.0 8.0 +
6 2,t i.5 6.0 -
8 2.0 8.5 -

10 3", 2.5 8.5 -

10 35 2.5 8.75 -

4.
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Table 73

FLASBILITY OF Mfl"JRXS OF PENTiJ, AIR AND SJUR

(Total Pressure - iO0 M. HE)

Preautre. imm. lg Volume. £ W0S~lt

05111 2 SF6  C5H 2 CF6

12 72 3.0 18.0
16 76 4.0 19.0
12 70 3.0 17.5 +

16 78 4.0 19.5
25 76 5.0 1910
14 7 3.5 19.0 +

18 7C 4.5 19.0
14 73 3.5 19.5
18 7P 4.5 18.0
14 80 3.5 20.0
10 56 2.5 14.0
20 66 5.0 17.0

8 5S 2.0 P.0
22 52 5.5 13.0 +
10 3 2.5 8.0 +
24 5. 6.0 13.0 -
6 32 1.5 8.6 -

28 24 7.0 6.0 -
26 24 6.5 6.0 -
24 24 6.0 6.0 4
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Table 74
FI4J4UBI.LITY OF MIrTIui OF~ pL:4'Ld4jg, qD =WI)CI~~

TEMMoL1JRimD
fTotal Preasure - 400 n, Hg)

Hw VolRepult
C5j C4C

5H2 CF4

I p3.0 1.14 72 . 18.0+12 e0 3.0 0(
1803X1 2010 +12 '/6 3.0 19.0

88 ~3.b?2.
1.0 20 .014 3.5 21.0
18 ~4.5 L.-14 82 3.5 2.lB 6 4.5 15.010 72 2.5 180018 152 4.5 13.010 6c Z..5 151010 5 2 2.5 1".C6 40 1.5 10.016 724.0 111.0

26 1.5 7.092.7.
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Table 75

PLt.fBILIT OF M IS OF EUZENW , AIR "D MI*YI.E It7 I 'I
(Total Pressure - 400 a, Hg)

Presmgtr. mm. Hog Volume. %Rfesult
C6 He C1 2 Br.

12 2.5 0
i2 28 3.0 7 +30 o ,".,0

12 30 Z.0 7.5
8 12 2.0 3.0 *

28 2.5 7.0
-4 12 i.( 3.0-

14 28 3.5 7.0
6 12 1.5 3.0

36 v .0 0
8 20 2.0 5.0

3. 6.5 0
18 20 4.5 5.0
10 20 2. 5 .0 -
16 20 4.0 5.0
12 20 3,0 5.0 +
14 20 3.5 5.0 +
18 12 4.E 3.0 +
22 12 5.5 3.0
20 12 5.. 3.0

I

m m m m m m m m



Table 76

FLAMMABILITY OF WIXILMRES OF RU.I1, AIR ,fzD PmOmOTpI-
FUJOROa Thr

(Total Pressurm - 400 om. 11g)

.reqsure. Me. HA Volume, ____

12 20 3.0 5.0
I6 2A ;.O 5.0
20 20 5.0 5.0
16 16 4.0 4.0 +
24 20 6.0 5.0
16 18 e.0 4.5 +
18 3b 44 1; .5 -
20 16 o.0 4.0
18 16 4.5 4.0
14 16 3.5 4.0 +
14 18 3.5 4.5
12 16 A.0 4.0 +
10 14 2.5 3.5 +
10 16 2.5 4.0 +
12 18 3.0 4.1--
10 18 2.5 4.5
IB 14 4.5 3.5 +
22 12 5.5 3.0
2 10 7.0 2.5 +
W 6 8.0 1.5 +
26 12 7.0 3.0 +

V,
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Table 77

FLAMMkILITY OF MIXTJRIS OF N YNI, AR .!M ETHYL JOIGNDE
(Total Pressure . 400 mm. Jig)

Bsauue, mm. Ha Volwi R.ga
0eHo 02 48r CiH§5 C2 HeBr

12 24 3.0 6.0 +
12 32 3.0 8.0
12 28 '.0 7.0
12 30 3.0 7.5
10 j 2.5 7.5
14 305 7*5

" 2.5 .0
16- 4.0 6.0 +
10 34 2.5 6.5
25 25 5.0 5.0

8 34 2.0 8.5 -
24 12" 6.0 3.0 -

8 26 2.0 6.5 -
18 co 4.5 5.0 -
16 2c 4.0 6.5
20 10 5.0 2,5

8 14 2.0 3.5 +
32 0 8.0 0 +

6 14 1.5 3.5 +
4 0 1.0 0
6 0 1.5 0
4 14 1.0 3.5
8 0 2.0 0

12 0 3.0 0 +

4[
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Table 78

nLAMMBILITY OF XIXrL OF ENaUM, AIR -J-D bTHL WOUIL
(Total Pressure a 400 mam. H)

Pressure. am. k1VoIu. %
CONe cHiBr c G.% C [3b"

12 24 3.0 6.0 +
a if 2.0 4.0 -

12 32 3,0 8.0
10 16 2.5 4.0
12 40 360 10.0 -

8 8 2.0 2.0 -

12 36 3.0 9.0 -
fA 16 6.0 4.0
12 34 3.0 8,5 -

E8 16 7.0 4.0 -

14 32 3.5 8.0 -

32 10 8.0 2.5
10 32 2.5 8.0 +
S6 1r 6.5 4.0 -

8 3," 2.0 8.0 -

16 24 4.0 6.0 +
10 34 2.5 8.5 -

18 4.5 6.0 -

I



218.

Tabllt 79

FL-A:L.BILITY OF M SXTh'RES OF BENZENE, AIR .ID SULRIR HMX,-
FLUORIDE

(Total Pressur v 400 ami. Hg)

PssuJre. mm. hoi VQolu.o. I.

16 4.0 20.0
12 80 3.0 20.0
l 80 n.t 20.012 78 ',. 19.5-
10 76 2.5 19.0
12 74 3.0 18.5
10 72 2.5 18.0
12 70 3.0 17.E
10 70 2.5 17.5
12 66 3.0 16.5
10 62 1.5 15.5
12 58 3.0 14.5
16 58 4.0 14.5 +
20 58 5.0 14.5 +
16 70 9.0 17.5
20 64 5.0 16.0 +
16 66 9.0 16.5 +
20 66 5.0 16.5 +
14 64 3.5 16.0 +
20 72 5.0 18.0
14 68 3.5 17.0
20 68 5.5 17.0 +
18 70 4.5 17.5 +
k4 68 6.0 17.0 +
18 74 4.5 18.5
26 68 6.5 17.0
24 72 6.0 18.0
18 72 4.5 18.0 +
12 43 3.0 12.0 4
I0 2 4 2.5 6.0 +
28 52 6.5 13.0 +

8 24 2.0 6.)
30 52 7.5 13.0
30 _7 .5 7.0 +

I. ....
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Tab1 80

M.OMMLUTY OF MTVP1RV-, OF WUNE, AIR .1 rRON
IETRAFLUORI DE

(Total Pressuro a 400 mm. Ifi)

Pressurf ., He. .. Volume. % Rcs,ilt
Cee CF4 f63 C74

14 76 3.5 19.0
12 80 3,0 20.0
14 80 3.5 20.0
12 88 3,0 22.0
14 88 3.5 22.0
14 62 3.5 23.u

12 84 3.0 21.0 +
I ; 90 3.5 22.5 +
15 88 4.0 22.0
18 S0 4.5 20.0 -
10 80 2.5 20.0
16 8c 4.0 20.0 +
10 64 2.5 136.0 +
20 64 5.0 16.0 +
24 48 6.0 12.J +
28 40 7.0 10.0 +
28 48 7.c 12.0
2; 64 6.0 16.0
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Table 81

LAJWBIL7foITY xmu Or t--mANOL, AR 7.D RETIm

LIBROMIDE
(Total Pressure 400 mm. Hg)

Prcusura. MM, Hp ~umj Rosult
C2 2,0h CH2Br2  C2! , Ck-IBr2

3 12 8.0 3.0
32 20 8.0 5.0
23 28 7.0 7,0 -

32 24 8.0 6.0 -

32 22 8.0 5.5 -

28 22 7.0 5.5 -
34 20 8.5 5.0 -
30 20 7.5 5,0 +
28 16 7.0 4.0 +
30 22 7.5 5.5 +
20 10 5.0 U -
30 24 7.5 6,0 -

24 12 6.0 3.0 -



Table 82

11VL",LH7t OF ?Ir'I IS OF ETIh 4NQL, ALIR :ID ERWiC-

(Total Pressure a 4CC rim. Hg)

Pressure. niqi N Voljwn. % ki --' t
CglieoH Ci 3 Br 02 h5 0h C.F5Sr

28 ZQ7.0 !5. 0
32 40 610 510
28 16 7.0 i.0
32 16 8.0 4,0-
36 16 9.10 4.0
36 14. 9.0 3.5
32 14 8.0 3.5-
40 14 10.0 3.5-
34 14 8.5 :3.5
38 14 9.5 3.5
40 10.0 0
32 lu 8.. 2.05
40 10 10.0 2.5-
32 6 8.0 1.5-
40 6 10.0 1.5-
32 4 8.0 1.0
40 4 lu.0 1.0
32 0 8.0 0
40 2 10.0 0.5+
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FM, M'AILITY OF MIXT." OF ETAJIOL, AIR .JD ETHYL BPOMIIZ
(Total Pressure - 400 mm, Hg)

Pressure. mm. H Volume % Result
CO!hnOH Cpf!mBr C9HrQ C,1 2r

32 12 8.0 3.0 +
32 20 8.0 5.0 +
32 24 8.0 6.0
32 22 8.0 5,5
30 22 7.5 b.5

22 8.5 5.5
28 20 ?.0 5.0 +

36 20 9.0 5.0
28 22 7.0 5.5
24 20 6.0 5.0
22 16 5.5 4,0
20 12 5.0 3,0 +
20 8 5.0 2,0 4

26 20 6.5 5.0
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Table 84

FI J, "ILITY OF *X'IUrA S OF EThIOLL, IR -,',D hTHYL BROMIDE
(Total Pressure - .100 mn. fig)

Prtssuru. mm. 14-,. Volume, % Result
C2 % GH "T C2H50fi'O CH3Br

12 24 3.C 6.0 -

32 24 8.0 6.0
2 28 8.0 7.0 -
20 32 5.0 860 -

20 26 5.0 7.0 -
28 28 7.C 7 * -

20 20 5.0 5.0 -

32 26 8.0 6.5 -

36 26 9.0 6.5 -
28 24 7.0 6,0 -

20 12 5,0 3.0 -
40 14 10.0 3.5 -

28 20 7.0 5.0 +
36 14 9.0 3.5 +
36 22 9.0 5.5 -

24 16 6.0 9.0 +
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Table 85

FLIAM.BILI'TY OF MIX JRES OF ETHILN0L, AIR ..D SULFUR f.lA-
FLUORIDE

(Total Pressure = 400 =m. H)

Pressure *,1. 1k HRVolamet.,.,
C2 4HOH SFe C2 MH SFs

20 64 5.0 16.0
20 16 5.0 4,0 -
52 64 8.0 16.0 -
24 16 6.0 4.0 -?
32 48 8.0 12.0
28 16 7.0 4.0
32 32 8.0 8.0
48 12 12.0 4,0 *
32 40 8.0 10.0 -
32 36 8.0 9.0 +
28 " 7.0 9.0 +
28 40 7.0 10.0 +
24 40 6.0 10.0 -
24 16 6.0 4.0 +
38 44 7.0 11.0 -

40 32 10.0 8.0 -

56 16 14.0 4.0

46$



Teble 6

F1-;YALBILITY OF MIXTURES OF ETHANOL, AIR ,, CI3ON-
TTIL FLU ORI E

(Total PrF-.surc [amX ~. Nig.

Pz'cssuro. mw. A --g- V1=2,e -, c~lC.H,5OH CF4  C2H50H CF,

2C 80 5.0 20,0 .24 80 6.0 20,0 _2b 80 7.0 20.0 _32 80 8.0 20.0 _28 74 7.0 18.5 -32 76 8.0 19,0 
,8 68 7.0 17.0 -32 78 8.0 19.5 +28 60 7.0 15,0 -34 78 8.5 19.5 +
36 80 9.0 20.0 -24 32 6.0 3..0 -34 80 8.5 20.0 -28 32 7.0 8.0 -36 72 9.0 18.3 -3C 32 7.5 8.0 -36 56 9.0 14.0 +30 6C 7.5 15.0
40 40 10.0 Iu.O +
Sc 32 7.5 8.044 40 11.0 1.0
32 32 8.0 6.30 78 7.5 19.5 -
36 32 9.0 - , +30 68 7.5 17.0 +
20 0 5.0 032 i 8.0 5.
28 0 7.0 024 0 6. 0 +28 8 7.0 2.0 +22 a5.5 0 +24 b 6.0 2. 0



I
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Table 87

FLAWMBILITY OF UXTJRYS OF DTETHYL ETHER, ;JR M a MMf E
DI BI EIE

(Total Pressuro - 400 min. 1g)

Presuru, m. Hr Volunt. R
(C2H6 )20 CHzfr 2  (02 H6 ) 20 C.Ii 2Br8

12 10 3.0 -10 +
12 24 3.0 C°0 +
12 28 3.0 7.u +
12 32 3.0 8.0
12 36 3.0 9.0
12 30 3.0 7,5
10 30 2.5 7,5
14 30 3.5 7,5 +
10 24 2.5 6.0
14 32 3.5 8.0
10 16 2.5 4.0 +
1 30 4.0 7.5
24 20 6.0 5.0
24 12 6.0 3.G +
18 24 4.5 6 .C

t

&€
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Table W

FLW&,BILITY OF MIXflEhL OF LIEfhrYL ' Iht 1R ,.ND FRcJaTRI-

(Total Pres.uru - 4C0 w..

pr-,, S gn c, & volu. ; Recsult
(C2 1) 2 0 CF3Br (Caik ".Fr

12 340 5.0 -
is 20 4.0 5.0 +
2G 20 5.0 5.0 +
16 24 4.0 6.0 +
20 24 5.0 6.0 -

16 28 4.0 7.0 -
16 30 4 .0 7.5 -

1. 2' 3.5 6.0 -
16 26 4.0 6., -

18 4.5 6.0 +
12 16 3.0 4.0 -
18 26 4.5 6.5 -

12 12 3.0 3.0 -

20 22 5.0 5.5 +
12 8 3.0 2.0 +
24 6.0 5.0 -
14 3.5 -

24 16 6.0 4.0 +
14 16 5.5 4.0 +
28 12 7.0 3.C +?
32 10 8.0 2.5 -



r
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Table 89

FL',ALBILITY OF MIXTJRES OF DIETHYL ETHER, JR M2W ETIYL
BROMIDE

(Totel Pressure = 400 1m. Hg)

Vol nst5.. Result
(c24)20 C2 H.I~Br (CAI5 !;c C ,B

12 24 3.0 6.:)
8 10 2.0 2,5

12 28 3.0 7.0
10 16 2.5 2.5
16 52 4.0 8,0
18 24 4.5 6.0
16 2 4.% 7.0
16 24 4.0 6.tu
10 20 2.5 5.0
14 24 3.5 F,0
10 24 2.5 6.0 +
12 16 3.0 6.5
10 26 2.5 6.5 +
22 12 5.5 3.0 +
10 i8 2.5 7.0 +
24 12 6.0 5.0

10 30 2.5 7.5
26 12 6.5 5" +
26 12 6.5 5.0 +
28 12 7.0 0.0 +
32 L2 8.0 5.0 +
36 I2 9.0 1.0

to

4 -~.

Nf



Tablu 90)

FLJMWBILITY OF MIX'! fl7 OF DIEThYL ET.MR, "IR AND

(Total Prcozuru - 403 rim~. dg~)

__________Ma._& Result

12 1~ 3 .; +

W3 12 9.0 3.0+
8 12 2.0 3,(,

38 12 9.5 3.0
10 12 2.5 3.0
12 2-i :5. 6.0
12 36 3.0 9.0

h, :5.0 11.1)-
:52 3.0 8.0

i. 30 3.5 7.5
28 3.0 7,J
P6 4. 0 65

12 30 :5.0 ?o5

25 6.25 6 125
V20 +~0 .

20 6.0 5.0 +
36 16 9.0
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Table 91

FLAda4AILI TY OF 'MTXh 71 t- Or DTF.TPYL F=,~R .IR A2S-Tr.

}E.-LU ARI DE
(Tot31 Pr;ssurc = 400 mn. 9g)

Drensurc. M. L l Vo1ne , Result
(C2!c )2Q SF6  (C2 HF,)20 F

ILQ 40 5.0 10,0
10 12 L1.5 3.0
20 56 5.0 14,0 +
20 72 5.0 1810 +
12 56 b.0 14,0 +
20 80 5.0 20.0 +
12 76 3.0 19.0
20 88 b.0 22.0
12 68 3.0 17.0
20 84 5.0 21.0 +
12 66 3.0 16.5
21 86 5.0 21.5 +
12 60 Z.0 15.U
24 84 6.0 21.C
16 76 4.0 I+.0
24 76 6.0 19.0 +
36 4t 9.0 2,.0
32 48 a.0 12.0
22 88 5.5 22.0
28 48 7.0 12.0 +
18 88 4.5 22.0
36 16 9.0 4.0 +
16 84 4.0 1 a0 -



Table 92

FLAIABILITY OF MIIXTRES OF CIETHYL F-TR, AIR AD CARBON-
TETNAFLU OR I DE

(Total Pressure - 400 mm. 1i1)

Fressure, nim. 11 Volume,_. Reult
_____)__! CF. (CAJ20 CF4

10 16 2.5 4,0 +
38 16 9.5 4.0

6 15 2.0 4.0
34 16 8.5 4.0
14 26 3,5 .5 +
30 16 7.5 4.'- +
10 26 2.5 6+. 4
26 36 6,5 'J +
10 36 2.5 .),O +
30 36 7.5 J +
10 44 2.5 1 i
28 60 7.0 I:> u 
12 52 3.0 13..' +
24 60 6.0 Ib. -
12 80 3.0 20.L_
22 60 5.5 +S.U +
16 80 4.0 [ -J +

20 80 5.0 19+0 4
16 84 4.0 ;i.2 4

38 0 9.5 +
16 an 4.0 22.0
14 b4 3,5 21.0
18 84 4.5 21.0 +
20 rg 5.0 21.0
18 4.5 22.0 +
18 30 4.5 22 .5

/

, 4
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TPabl 93

FL.,SU"ILITY OF ,.LJXrJ.UrhL OF AC'ETO1, AIR AD MThIiE-
T' BRO T DE

(Total Pressure = 400 mm. Hgj

Pcre, Vam Ig - z cowe Result
CM2ci CL1* CQC' Br

1' 1 ' +20 20 5.0 5.0 +0804.0 410 +
20 24 5.0 6.012 16 3.O 4.0 -

1C 22 5.0 5.5 +16 20 4.0 5.0 _16 22 4.5 -,5 +
22'.,; 5 ,5 5 .5 +18 24 4,5 6.0 _22 24 5.5 6.0 .24 22P- 6.0 5iz 12 3.0 3.0 -28 16 7.0 4.0 -28 7.036 3 9.0 2°0 -
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Teble 94

FLAMNABILITY OF KIXJRLS OF ACETONE, AIR AND BR0OTRI-
FLUOROMiUANE

(Totel Pressure - 400 mm. 1g)

Presuare. mm. Hg . Volume.i5 Resuilt
C'3O"5CF.,Br OI~cucHfi OFil-r

20 5.0 " 0
24 20 6.0 5.0
20 16 5.0 4.0 +
24 16 6.0 4.0 +
20 18 5.0 4.5 _
24 16 6.0 4.0 +
24 18 6.0 4.5
28 16 7.0 4.0 +
28 20 7,0 5.0 +
28 22 7.0 5.5
32 20 8.0 5.0
26 20 6.5 5.0 .
30 20 7.b 5.0
16 16 4.0 4.0
2 ]6 8.0 4.0

16 I 4.0 .0 -
36 14 9.0 .5 -

16 8 4.0 2.0 ,
16 4 4.0 1.0



{

Table 95

FLJAMABILITY OF 141XTUJLS OF ACETONE, AIR AMD ETTYL BROMI)E
(Total Pressure = 400 mm. Hg)

Pressure. mm. Hr. Volume. % Result
CH 3 0Ci 3  rZHsBr Cll 3 COGiHS CH5Br

20 16 5.0 4.0
2 20 5.0 5.0
16 20 .0 5.0
20 i5.• 0 6.0
16 24 4.0 5.0
20 22 5.0 5.5
18 22 4.5 5.5
14 kM 3.5 5.0 +
24 20 6.0 .-
14 22 3.5 . +
16 22 4.0 b.5 +
28 16 7.0 .

28 12 7.0 .

32 8 t .0 ,,.0 +
32 12 8.0 3.0

a.!
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Table 96

F AM"BILITY OF MIIIRES OF ACETONE, AIR AMM Tn-HYL BROMIDE
(Total Pressure - 400 mm. Hg.

r, a. urc. r .. log, Volume, R kesult
3BCOCrh CH(OCHI Cri Br

0 3.0 0
16 0 4.0 0 +
32 0 8.0 0 +
14 0 3.5 0 +
44 0 11.0 0 *?
16 123 4.0 3.0 +
48 0 12.0 0 +e
14 12 3.5 3.0 +
20 24 5.0 6.0 +
52 0 13.0 0
14 24 3 .5 6.0
12 12 3.0 3.0
20 p8 5.0 7.0 +
24 28 6.0 7,0 -
20 32 5.0 8.0
16 28 4.0 7.0
20 30 5.0 7.5 -
28 24 7.0 f.0
36 14 .C 3.5
28 20 7.0 5.0
32 14 8.0 b.5-
28 16 7.0 4.0
32 S 8.0 2.0 +
29 20 6.0 5.0 +



~i
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Table 97

FLAW.ABILITY OF I4I)jJ F-S CF ACETON., AMR ,PT ZULU R H EXA-
FLUOR I DE

(Total Pressure - 40j nta, -14

Pressure, mm. Hg Voluiw-,  Result
(7%i--0(l" 3  --F8 cI,3cOcHZ S*

20 20 5.0 5.0
14 12 3.5 3,0 +
20 28 5.0 -,.0 +
12 12 3.0 2.0
20 36 b .0 9.0 +
10 12 2.5 3.0
20 64 5.0 16.0 +
20 72 5.0 18,0
12 36 3.0 9.0
16 .6 4.0 9.0
20 68 5.0 17.0
22 64 5.5 16.0 +
18 64 4.5 1.0
24 61 6.0 16.0
16 36 4.0 9.0
22 68 5.5 17.0
18 52 4.5 13.0
24 52 6.0 13.0
18 40 4.5 10.0 -
26 52 6.5 13.0 +
18 32 4.5 8.0 -?
30 52 7.5 13.5 +
18 16 4.5 4.0 -?
36 60 9.0 15.C +
44 483 11.0 1210 +
18 16 4.5 4.0 +
44 52 11.0 13,0
18 24 4.5 6.0 +
40 60 10.0 15,0 +
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Tablo ge

FLAMABILITY OF MIX"TUES OF kC1TOa, AIIR ,:D G~d0(BN ThT'h--

(Tbtal Pressure 00m.Hg)

graqg mm, lig. Volume, % Re.4;ult
M3foll .0 cHg__

90 72 b.() 18.10-
16 72 ..0 1,:.0
24 72 6.0 18.0
no 6.1 5.0 16.0 +
20 68 5.0 17.0-

;A68 6.0 17.0+
28 72 7.0 18.0 +
32 72 8.0 18.0
28 76 7.0 IcD.0 -

32 68 B.0 17.0 -

28 7/4 7.0 18.5 -

32 64 8.0 16.0 -

1448 3,5 1.2.0 -

32 56 8.0 1/1.0 -

14 40 3.5 10.G -

32 48 8.0 12.0 +
16 40 4 1.0 10.0)
36 14 9.0 11.0-
40 40 10.0 10.0-
36 36 9.0 .0 -

36 28 9.0 n,.0C +
26 74* 6.5 18 b +
26 76 6.5 19.0-
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Table 99

FLAMMABILITY OF MIXTuTE03 OF -11M CETft-E, AIR Zfl .- T!YI.-
LI BROIDE

(Total Pressure a 400 am. Hg)

Pressure. mm. Hr Volume. F ftReU"

16 0 4.0 0 +
12 0 3.0 0
38 0 9.0 0 +

0 2.0 o
i4 0 11.0 0
10 0 2.5 0
36 9.0 5.0
12 i£ 3.3
36 12 9.C :. -
14 12 3.5
36 4 9.0 1.0
16 12 4.0 3.0
36 2 9.0 0.5 +
16 16 4.0 1.0
16 20 4.0 5.0
24 16 6.0 4.0 +
28 16 1 .0 4.0
24 20 6.0 b.0
26 12 7.G -5.0 +
20 18 5.0 4,5
24 18 6.0 4.5
20 12 5.0 ,0 +
22 16 5.5 .0 +
16 a .- 2.0
22 18 b.5 4,5-
32 6 8.0 1.5 +
20 16 5.0 4.0 4
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Table ICO

LANM.ABILITY OF MIXMRREU OF LTHYL ACLTaTE, AiR A.NDl IOMO-
TRT FI1OROCTH4E

(Total Pressure - 400 mm. Hg)

Pressurc. mm. HA Volume. Result

a2CH £aCQ C]3rF,,

16 24 4.0 6.0 -

12 4 3.0 1.0 -
16 16 4.0 4.0 -

32 4 8.0 1.0 ?
24 16 6.0 4.0 -

8 8.0 2.0 +
20 12 5.0 3.0 -

32 12 8.0 3.0 +
16 34.0 8.0 -

32 16 8.0 4.0 -
36 16 9.0 4.0 -

32 24 8.0 C.0 -
30 14 7.5 3.5 +
36 12 9.0 3.0 -
30 16 7.5 4.0 -

28 16 7.0 4.0 0
26 16 6.5 4.0
28 18 7.0 4.5 -

26 18 6.5 4.,5 +
26 20 6.5 50 -
24 14 6.0 5.5 +
20 8 5.0 2.0 +
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Table I01

FLABILITY QF ;IXJfiS OF ETh-YL Aci-TAEI1 AIR AND E1 IYL

(Total Pressure - 400 mm. ig.)

Pro~re, mm. k1, Volume, 7 RSjIt

24 16 6.U 4.0 *24 20 6.0 5.0 -28 18 7.0 4.5 .24 18 6.0 4&5 -
16 10 4.j 2.5
20 16 5.0 4.0 +12 4 3.0 1.5 420 18 5.0 4.5 .12 10 3.0 2.5 +16 16 4.0 4.0 +
28 16 7.0 4.0 +
16 20 4.0 5.0 +32 16 8.0 4.0 _16 24 4.0 6.0 -12 20 3.0 5.0 +16 22 4.0 5.5 +
12 22 3.0 5.5 +14 24 3.5 6.0 .12 24 3.0 6.3 +36 10 9.0 ,5 -12 26 3.0 6.5 -36 6 9.0 1.5 +
48 0 12.0 0 +?

0 13.0 0 +?
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Table 102

r.&A3ABILITY CV '.'TX1 TR!3 OF ETHYL ACYrA1,TE, .L D ,I,
METHYL M0O141 DE

(Totel Prosaure - 400 .m. ig)

rres-ure. mm. Hg Volunc. . Result
CC.C3CMBr c1-xi*% C0-, DIH

23 6.0 5.0 +
20 20 5.0 5.0 +
24 22 6.0 5.5 -

20 22 5.0 5.5 -
18 22 ,.5 5.5 +
23 2-i 4.5 6.0 +
12 8 3.0 n.0 -
18 26 4.5 6.5 +
14 8 3.5 2.0 +
18 28 4.5 7.0 -

14 16 3.5 4.u +
16 28 4.0 7.0 -
14 22 3.5 5.5 -
16 26 4.0 S.5 -

32 18 8. 45 -

28 23 7.0 5.0 -
32 14 8.0 3.5 -
32 10 8.0 2.5 -
32 6 e.0 1 .5 +
28 12 7.0 3.0 +
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Table 103.

FLA&BILITY OF MIX"flRJS OF ETHYL ACiT ,TE, ,JP At) "U LFUR
PIXA.M /OR I VE

(Total Pressure - 400 mci. Hg)

Pressure. mm. Hg Volume, - Result

12 24 3.0 6.C
£,'2 24 6.0 6.0 +
12 12 3.0 3.0 1?
24 32 6.0 8,0 +
12 12 0.0 3.0 -

24 40 6.0 1 0.0 +
14 12 3.5 3.0 +
2 4 56 6.0 14.0-
16 24 4.0 6 .u +
24 ;8 (.0 12.0 +
18 40 4.5 l0.6 +
40 24 10.0 6.0
24 52 6.0 13.0 +
32 24 8.0 6 .2 +
20 52 5.0 13.0 +
28 52 7.0 13.0 +
28 52 7.0 13.0 +
20 56 5.0 14.0 +
2 60 5.0 lb.0 +

44 8.0 11.0
20 68 5..0 17.0 -
36 24 9.0 6.0 -
20 64 5.0 16.0
16 56 4.0 14"0
16 64 4.0 16.
16 68 4.j 17 ?,
12 64 3.0 16.0
16 72 4.0 18.u
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Toble j0)4

FlAAt&3BILIY 0OF Y1XTIJTRES OF ETHYL &,EThTL, R i1NL CA-RBOIN
TETR:,FLUTORIDE

(Toxs'1 Prwgsure - 400 Mnn. Hg)

P sucmmHgVolumui. Rt;Sdlt

0725.0 15.0+
72 6.0 18.0

17:72 4.0 18.0 +
Li76 5 0 19 .%0

72 3.0 18."0-
2u 80 5.0 +:.
16 768 19.0 +
'1 L 8-4 5.0 P1.0+

18 SO0 4.0, 2o. -

20 as 5.0 2p.
12: 56 3.0 14,0-
12 90 3. C10i.0-
20, 8 6 5.0 21 .-,;
14 40 ~ .5 10.6

18 844.5 1 1
22 84 5.5 21.0
24 64; 6.0 16.U+

28 0 7.0 15.0-
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Table 105

FLiA- ABILI'lY OF MIXTURES OF n-HEPTAflE, AIR, TRIBRM00FLUORO-
METH.1- .ND ITHYLUNE DIBROMIDE

(Total Pressuro = 400 mm. Hg)

Pressure. mm. Hg, Volum: % Result
A CH2Bro C _1r.n C.7H1 A 0",2Br, CFBr

12 9 9 3.0 2.25 2.25 +
8 6 6 2.0 1.5 1.5

12 10 10 / 3.0 2.5 2.5 +
10 6 6 2.5 1.5 1.5 +
12 11 11 3.0 2.75 2.75
18 6 6 4.5 1.5 1.5 +
10 10 10 2.5 2.5 2.5
14 9 9 3.5 2.25 2.25 +
14 11 11 3.5 2.75 2.75
22 6 6 5.5 1.5 1.5
18 8 8 4.5 2.0 2.0
24 4 4 6.0 1.0 1.0

6 4 4 1.5 1.0 1.0
20 5 5 5.0 1.25 1.25
8 4 4 2.0 1.0 1.0
22 3 3 5.5 0.75 0.75
10 4 4 2.5 1.0 1.0 +
20 3 3 5.0 0.75 0.75
8 2 2 2.0 0.5 0.5 +

20 2 2 5.0 0.5 0.5 +
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Table 0

FLAI.ABILITY OF L'IXTJX1D OF n-HEPTN-E, At, t!ThYLXNL DIBRO 1M
AND PERFUJ0R0ETHYLCYCLQHXXLJZ

(Totul Pressurt = 40,t ni. Hg)

Pressure. mm. HsF Volunv % Rcsult
CjjA~ CI1 0Br9  n, C41 diA Thaka- CAFA

12 14 14 3.w 3.5 3.5
12 10 10 3.. 2.5 2.5 +
8 6 6 2.0 1.5 1.5 +
12 12 12 3.U 3.0 3.0
4 6 6 1.0 1.5 1.5

12 11 11 3.0 2.75 2.75
6 6 - 1.5 1.5 1.5 +

10 10 1,. 2.5 2.5 2.5 +
22 6 1 5.5 1.5 1.5
16 8 H 4.0 2.0 2.0 +
14 13 lu 3.5 2.5 2.5 +
16 10 10 4.0 2.5 2.5 +
8 10 10 2.0 2.5 2.5 +

18 10 10 4.5 2.5 2.5 -
6 10 10 1.5 2.5 2.5 -

14 11 11 3.5 2.75 2.75 -
16 11 11 4.0 2.75 2,75 -
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Tcble 107

FT -!NBILIT. OF MIMRS OF n-HLFTjME, ;,IR, MTL M=M
WI Th ETHYLLU E DIBROMIDE

(Total Pressure - 4, .: mm. Hz)

Pressure. mm. Ri Voluint f Result
lu"C.krc~2r c 7111 A C295B Q1aka

12 8 8 3.0 2.0 2.0 +
20 6 6 5.0 1.5 1.5
12 12 12 3.0 3.%, 3.0
16 6 6 4.0 1.5 1.5
12 11 11 .3.0 2.75 2.75 +

8 8 8 2.0 2.0 2.0
14 i0 IQ 3.5 2.5 2.5 +
10 8 8 2.5 2.0 2.U

8 4 4 2.0 1.0 1.0
12 8 8 3.0 Z.0 2.0
4 4 1.0 1.0 1.0

12 8 8 3.0 2.0 2.
6 4 4 1.5 1.0 1.0
8 3 3 4.0 0.75 j.75 +

12 8 8 3.0 2.0 2.0 +
20 3 3 5.0 0.75 0.75 +
14 12 12 3.5 3.0 3.0-
24 3 3 6.0 0.75 0.75-
13 11.5 11.5 3.25 2.67 21.87
22 3 3 5.5 075 u.75 +
11 11 11 2.75 2.75 2.75
15 11 11 3.75 2.75 2.75
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Tnblu 108.

FLJ&ABILITY OF MIXTURES OF n-HEMIroE, AIR, C2,RBON TETRI-
CIKLRIDE -ND ITEYID-NE DIERCMIDL

(Total Pressur - 4v0 m. Hg)

Pressure. mm. Ha Volume % Result
L.A&a Claka, f~l C-Ua GUaflra £2L

12 10 10 3.0 2.5 2.5 +
6 3 3 1.5 0.75 0.75 -

12 13 13 3. L 3.25 3.25 +
8 3 3 2.0 u.75 0,75 +

12 16 16 3.0 4.0 ;.0
2L 6 6 5.L 1.5 1.5 +
12 14 14 3.0 3.5 3.5 +
24 6 6 6.0 1.5 1.5
12 15 15 3.0 3.75 3.75 -
16 11 11 4.0 2.75 2.75 +
10 14 14 2.5 3.5 3.5 +
18 11 11 4.5 2.75 2.75 +

8 14 14 2.0 3.5 .5.5
20 11 i1 5.0 2.75 ?-.75 -
10 15 15 2.5 3.75 3.7b -
8 11 10 2.% 2.5 2.5 +
14 14 14 3.5 3.5 3.5

6 10 IJ 1.5 2.5 2.5

4
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Tabl 109

FJJL&.BILITY OF MbTXATRLF OF n-hiET !, .JR, > ThYLEM LI-
fLROZIDE %ZiL CliLURvFfk;itI

(Total Pressur - 4JC, mm. fig-)

Pressure. mm. Hg Volune % Reuilt
C2H,& ~ ~ ~ 2L £UQh CH~agHa E1 ~ Br

12 6 6 3.0 1.5 1.5 +
12 10 10 3.0 2.5 2.5 +
12 14 M4 3. 3.5 3.5 +
12 18 18 3.G 4.5 4.5 +
12 22 22 3.0 5.5 5.5 -
12 26 26 3.u 6.5 6.5 -
12 20 20 3.C 5.0 5.6 -
12 19 19 3.0 4.75 4.75 -
10 18 18 2.5 4.5 4,5 -
14 18 18 3.5 4.5 4 .5 -

8 1' 1 t. 2.5 2.5 -
2c 12 12 5.v 3.0 3.u -
8 7 ? 2.0 1.75 1.75 -

22 8 8 5.5 2.v 2.C -
8 4 4 2 ., 1. . I0 +

24 4 4 6.0 1.y 1 .
20 4 4 5.. 1.. 1.u
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(Total Prossure - 1,-. mm. iip-.)

Volume. it
41kthvI Bromide R.sl

3.-. 4*5

2.uu

3, ., 0.5



Thblo 1

(Total Pressurc - 203 inn. ;ie.)

n-Hoptane ketbvI Brornido Rsl

3.v 5.w
2... 5.

3.%- 5.5
2,4 .%j.

'k v 5.,j
2.Z.1 +

4.,,.3 j
1.V .j
2.5 5.5 +



(fRt t Prvs,,'urou300 -rv. 1i.)

n-Ikp- tnm Mcthyl jb-,wido R~l

2.00
2.0 5.0 +
3.0 5.0
2.0 5.5+
1.0 5 .0
1.5 5.5

.55,5 +

1,5 3.0 +
2.5 6.0 +

1.10 3.0
2,5 6.5 +
3,5 3.00
2,5 7.0
1.,3 3.0



(Tot,.l Pr, xuro 5 00 mn. ls.)

Volumc.

n-Haptcno Mothv1frond

195 10
290 7.0
1.5 9,5
1.5 9.0

4..0
1.5 7.0+
1.5 8.0
1 7.0
1.5 .
4.0c 2.5 +
1.C, 3.0
6.0 +
1.010
7.0 +.
1.0
8BIC
1.5 +9
2.5 510



Table 121 29

Flznmability of mixtures of U-~t:nnx, und iBrorotritluoror-ilthx~nc .
(Total Prossuro=2O inn. 11C.)

VoluIiu A

Ze-entana Bromotrifluorothnt Rcsultc

3.0 5 .0 -

3.0 3.0 +

3.04.
2.0 3.0
3.0 3,,5
3.5 3.0
2,5 3.5 +
3.53.
2.5 0
2.54.-

5.0 1.5
2,0 1.0+



FL MBAILI-ly OF iIX-771X OF n-,tP-4j.;, ,.If, . 2D R iZiOTjd
( 'ot-I Prture - 300 .'

3.15 4.0
3.0 5.5+
2.0 .

1.o5 2.0~
3.* 5 6.0
3,0 6.5

P.5 6.0
12.0 2.0+

4.5 2.0
5.0 2.0
5.5 2.0
6.0 2.0



Tabte 1 3

FL.AZZ,1aYILTT Or M1dzug 01P n-!M!ft"F, T1 A'D T0G- tlfcA

(Total Pressure 5 W® mm. H.)

SrootriflluorOmotunre Result

3,0 6.5
3.0 6.0 +

1.5 3.0
2.5 6.0
3.5 6.0 +
2.0 3.0 +

3.5 6.5
4.0 6.0
5.0 3.0
4.0 4.5
4.0 3.0 +
5,0 1.5 +
4.5 3.0
6.5 1.5
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Table 124

WYTOAL rATA R CASM S P0=RTI! =USTICN

Materia1 Chlorine Ox'vgan Fluorine

Boiling -34.6 (10,42v79) -18300 (II94k) -187. (Iig23,42)

Point, .C, -33.6 (42) -182.7 (251,1-5)

molting -101.6 (11,42,79) -218.4 (11,42) -233. (10,23,42
Ioint, "G. -102. (23) -218. (23) 79)

-103.5 (79) -218.8 (25)

Molecular 35,457 (ii) 16.000 (1) 19.000 (11)
Weight 35,46 (23) 16 (23) 19.0 (23)

Criltical 141 (23) -118 (23)
Temperature, OC. 144 (79) -118.8 (79) -129.1 (8)

Critical 83.9 (2 3) 49.7 (79) 55 (8)
Pressure, atm. 76.1 (79) 50.0 (3)

Critical 0.5739 (79) 0.430 (79)
Density, g./ce. 0.573 (79) 0.6044 (23)

Heat of Fusion, 0.812 kg.cal/g.atom 0.053 Lg.cal/E. 0.19 kg.
142) atom (42) cal/g.atom

3.40 kg.joules/g. at b.p. (42)
atom (r/9) 0.8g-joules/

96.1 joules/g.(at g.atom (79)
m.P.) (79)

Triple Point, OA 417.1 at 76.1 atm. 54.3 (25) 1 atm. P. 500
(59) (52)

Dencity STP
Liquid, (g./1.) 3.214 (23,79) 1.4290 (23) 1.695 (23,79)
Vapor 2,491 (23) 1.1053 (23) 1.26 (23)

H:;at of Vaporizution I0.Oki. joul,/. 1630.7+1.5
tom (a st .p.) ( 79 ) el m

(24)
2.39k4.cui/g.atom 50.97 cal/ke.

(42) (23)
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ThhMAL OONIIJCTIVIT11Z 0R OXYGEN (29)

Than W gnductlvjty x 10! Tomicraturo, *A
Cal. /se./cm.'A - -

1.701 80
1.721 81.,
1.930 90
2,159 1OC
2,387 110
2.614 120
2,840 130
2.064 140
3.287 1c
3.508 160
3,728 170
3,946 180
4.162 190
4,292 194,7
4.375 200
4,584 210
4,'i?0 220
4.993 2,V
5,194 240
5.392 2w
5.586 260
5*780 270
5,70 273
5.970 280
6*1D9 290
6 .50 300
6,547 310
6.798 320
6.954 330
7.164 340
7.37a 350
7.594 360
71182 370
7.427 373
8,033 390

A
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Trblc 126

Mat Capacit!Oz for Oy9a

0p-cal/molo/'A (78) Tcaporaturo $A

6,961 20
,970

7,017 7,019 29b.16
7.019 7,021 00
7,194 7s194 400
7,429 7*43D 500
7,670 7,669 600
7,885 7.W82 700
8,064 8,062 e00
8,212 8,211 900
8,335 0,335 1000
8,440 8.439 1100
8,530 8,528 1200
81570 1250
8.608 81606 1300
8*676 8,675 1400
8,?39 8,739 1500
8.885 1750
9.024 2200
9,035 2500
9.518 300C
9,711 3500
9.879 4000

IC .003 4500
IL ,105 5000



inble 127

lkat Gapucitios for Ohlorino (6)

Cp-oal/nole/A Tomporzture *A

0.89
1,87 

2'
2.90 Z.
3.97 30
5.73 40
6,99 50
8.00 

60
8,68 

70
9.23 

80
9.71 

9010.10 10010.47 11010,87 
120

11,29 13C
11,73 

14-!012.20 150
12,68 

16013*17 
170

4b.,4



Table 128

TFERMAL CONDUCTIvITrLS FOR OWY27

Thermal Conductivity, Temperature, Ref.

cal./cm, se4e.*

!.851 6E.53 a4
2.035 94.55 34
2.113 98.02 34
k.774 127.22 34
2.861 130.99 34
3.166 144.56 34
3.316 151.24 34
3.6?6 167.28 34
4.051 185.17 34
4.488 205.38 ,4
4.981 22).l36 34

.408 250.87 34
5.819 272.07 34
6.175 2W0.o 34
6,828 323.86 34
7.201 341,99 34
7.547 357.63 ,34
7.956 376.30 34
5.768 273.1 78
5.83 37
5.839 35
5.89 55
5.89 31
5.90 18
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Table~ 1%9

MSIGkL DATA FOR FOME MAfl GLkST

Mater tal . Etum Acetylene Methane

L)lling Point, -88.3 (11) -8636 (16) -161.5 (11,79)
OC -89.1 (pI) -83,8 (C3) -!61.[i7(70)

-&39.O (8) -35. (23) -161.4 (14

-88.9) (42) -85.0 (7?) -165. (23)
-;,8.62(79) -161.1 (4Z)

MeUlting Point, -172. (42; -81.8 (11,36) -184. (11,23,38)
CC -171. (23) -31.0 (16; Th -182.5 (16)

-172. (11) -164.4 (42)
-18:3.2(16)
-1b3 .23(81)
-172.2 (42)

Lloloular Woight 30.27 (11) 26.04 (11) 16.04 (11)
16.03 (82)

Critical Tempera- 32.27 (2) 36.1 (16) -82.4 (70)
ture, %C 32.2 (79) 36. (719) -62.8 (16)

32-1 (23) -82.1 (79)

-82. (82)

Critical Pressure, 49.0 (23J 61.7 (79) 45.8 (16,79,82)
atm. 45.8 (16) 62. (16)

48.2 (2)
48.8 (79)

Critical density, 0.220 (79) 0.230(79) 0.1615 (30,91)
g/cc. 0.20b (2,16) 0.231 (16) 0.162 (ic,)

hest of Fusion, 682.9 224 (25)
cal/mole (at b.p.) (81)

682 (25)

Triple Point, . 89.9 (25) 81.5 (79)

/



278*

Table 10 (Cont'd)

PHYSICAL DATA FOR SOME F AULF. GSES

Material Itbane Aotilan mthan*

Vapor Deni1ty (g./l.)
at STP 1.0494 (23) 0.92 (23) 0.415 (16)

Liquid Density (g./l.) 0.415 (23)

Heat of Vaporization,
cal/mole 3415 . 4 (81) 206 + 2 (24)

(-173.6-C.)

cal/g 116.9 (at b.p.) (16) l sb.3 (16J
(at b.p.)
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Table 130

HEAT CAPACITTfS OF FLAMMABLE GA=

Mmterialo 0,, cal/molo Cp, cal/mole Tempealture Ref.
*A

Ethane 6.57 92.4 ;0
6.51 93.1 40
6.55 - 9365 40
6055 - 9 3 40

6.59 - 97.4 40
6.60 - 98.4 40
6.64 - 99.6 40
6,64 - 100.5 40
7,72 - 134.1 40
7.10 - 143.0 39
7.43 - 163,0 39
8.13 - 191.1 42
8.02 - 193.0 39
- 11,834 272.07 41

9,406 - 288.1 42
- 12,733 302.70 42
- 13,719 335,82 41
- 14.589 364,78 41
- 12.59 298.16 5
- 12.65 300.0 5
- 15.68 400.0 5
- 18.66 500.0 5
- 21.34 600.0 5
- 23.71 700.0 5
- 25,82 800.0 5
- 27,68 900.0 5
- 29.31 1000.0 5
- 30.75 1100.0 5
- 32,00 1200.0 5
- 33.10 1250.0 5
- 34.05 1300,0 5

-4,89 1400.0 5

Methane 5.104 7.20 158.1 42
5.92 7.963 19S .1 42
6.4512 8.45 288.1 42

8.41 288.6 16
- 9.49 283.1 23

Acetylene 29,12 - 202.,. 42
- 10.452 291.1 42

\.
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Table 131

-XL:CTIN CIVTC.T. OF C 0J T .

Materlal Dielectric Constant Pressure, Temperature, Ref.

Oxygen 1.000,5;,3,3 750 273 31
1.000,t 7!' 1217 291.1 50
1.000,86: 2863 291.1 50
i1000,1r 763 291.7 50
1.000,,96 1507 291.7 50
1.001,314 2035 291.7 50
1.000,5;4 765 292.6 50
1.000,811 2873 2926 50
1.0041,241 6610 294.4 50
1.002, 781 7.395 294.6 50
1.001,8g 2955 295.1 50
1 .004,26Z 6675 295.4 50
1 .003,wa 5352 296.1 50

Chlorine 1.9 760 274.1 13
2.0 760 274.1 22
1.97 760 274,1 49

- 46

*1
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Table 132

RATIO OF C JCv  S 0 F L C%4=

Materials CG v  Temperature, Ref.

Methane 1.47 158.1 42
1.35 199.1 421.;51 288 1 42
1,316 284.1 to 300O1 3

Ethane 1.22 288.1 42
1.21 323.1 42
1.19 37:51 2

Acetylene 1.31 202.1 79
1.26 268.1 79
1,28 191.1 42
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Table 133

TVAUAL MOMIITIES FM SU IUAMMAiEi GIaS

Material Thermal Conductivity w 105 Temperature$ Rof.

Acetylene 4.40 %?73,1 29

Ethane 2.727 202.7 29
4.306 273,1 29
7.673 373.1 29

Methane 2.24U 8165 29
2.27Z 90 33
2.536 100 33
2.800 110 33
3,065 120 33
3.331 130 33
3.595 140 33
3.860 i 33
4,128 33
4.396 170 33
4.667 180
4.940 190 W
4.940 197.5 29
5216 200
5.496 210
5.778 220
6.063 230 X
6.351 240
6.643 250
6,940 260 3 5
7.242 270 3.3
7.200 273.1 29
7.549 280 33
7.862 290 33
8.186 300 33
8,518 310 33
8.862 320 33
9.219 330 33
9.590 340 33
9.978 350 33

10,372 360 33
10.797 370 33
11 .220 380 33

16
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Table 134

DIL U 'fC CONSTANTS OF SOME FLA"AIDLE C

Matorial Dielectrie Tnmperature, Pressure, Ref.
Con'- ,an:. . atr,_

Aothane 1.01918 0 20 75
1.04044 0 40 75
1.06439 0 60 75
1.09082 0 80 75
1.1198 0 100 75
1.0134 100 20 75

.2";3 40 75

1.04164 100 60 75
1.05C15 100 80 75
1.07113 100 100 75
1.09005 100 1.5 75
1.1089 100 150 75
1.1275 100 170 75

Ethane 1.0015 73

Acetylene 1.00154 73

ii
IF
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Table 137

ThERMAL CONThCTIVITII S OF I1SRT GiZS

Material Thermal Conductivity x 105 Temperature, "A Ref.Sal/se ./e /

a-rgon 1.42 90.6 29
3.88 273.1 Z9

5.0,37 373.1 29
Helium 6.0 3,15 60

5,13 2088 29
15.34 80 33
14.84 81.4 29
16.43 90 33
1 .1 100 33
18,5-3 io 33

19.64 120 33
20 6d 130 33
21.71 140 33

22.73 150 33
23.73 160 33
24.72 170 33
25.63 180 33
26.63 190 33
27,56 200 33
28.49 210 33
29.39 220 33
30.28 230 ;3
31.15 240 33

32.00 250 33

32.83 260 33

33.65 270 33

33.6 273.1 29
34.45 280 33
35.23 290 33
36.00 300 33
36.74 310 3
37.46 320 33
38.15 330 3,
38.81 340 33
39.44 350 33
40.05 360 33

40.62 370 33
39,85 373.1 29
41.17 380 33

Neon 4.99 91.7 33

8.79 198.7 33
10'87 273.1 33
13.44 378.9 33 4

Xenon 1,24 273.1 15 4
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Tablo 137 (Uontinacd)

tuteial Tnermal Conductivity x 105 Temperature, 6A Ref.
Calteec ./cm./°A

Nitrogen 1.829 8167 2V
4.305 198.7 29
5.68 273.1 29
7.18 373.1 29

Krypton 2.12 273.1 15
Carbon dioxide 1.984 180 33

2.126 190 33
2.546 194.6 29
2.272 200 33
2,424 210 33
2.580 220 33
2.741 230 33
2.907 240 33
3.077 250 33

3.251 260 33
3.429 270 33
3.393 273.1 29
3.611 280 33
3.796 290 33
3.9E4 300 33
4.175 310 33
4.371 320 33
49571 330 33
4.77? 340 33
4,988 350 35
5,202 360 33
5,416 370 33
5.06 373,1 29
5.630 380 33
14.20 819.1 29

Methyl bromide 1.74 277.7 33

i
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Table 138

L=T CTI CON.-T OfT C.JIBN DIOXIE
Pressure Temp.

Mtterial Dielectic Constant _ft. Hk. A. Ref,

Carbon 1°000862 714 294,1 76
dioxldu 1100j662 722 294.1 76

1.000e73 724 294o 76
1.000929 763 291.1 76
1.001449 1203 292.6 76
1.001548 1275 292.1 76
1.002145 1747 292.1 76
1.002367 1946 292.6 76
1.002377 1959 294.1 76
1.002421 1997 292.6 6
1.003042 2466 291.3 76
1.003074 2511 292.6 76
1.003595 2868 291.1 76
1,004057 3329 294:1 76
1,005540 4494 293.5 76
1.008667 5384 294.4 76
1.,007452 5986 294,1 76
1.007608 6088 , 293.5 76
1.0280 25.79 296.15 50
1.0343 30.4 "& 298.15 50

*Thes6 values ore expressed in atmospheres.

V<



Table 139 (Cont'd)

DtELECTIC C0rAMrF OF TNET GA.2
Prts sure

Dkelectric Constant Pres Tsu e m. L

Cerbon 1.0'15 35.24 298.15 50dioxid 1.0494 19.99 50
1.05&j 44-.65 50
1.0707 50.17 50
1.083B 54.62 50
1.1022 5 .33j 50
1.1317 63.14 50
1.02486 25.80 322.81 501.03578 35.25 50
1.04566 42.91 50
1,06343 54.67 50

1.21 50
1.06574 66.4:.' r 50
1.09712 71.27 50
1.11124 76.53 50
1.12444 80.74 J 50
1.15457 88.27 50
1.01951 24.75 372.86 50
1.04457 51.76 50
1.06939 74.35j 50
1.13914 123.50 501.18008 146.20 50
1.20654 160.31 50Helium 1.000,072,8 " 80
1.000,068,4 + 0.000,000,5 273.1 31Neon 1.000,134 - 80
1.0)O,127,4 + 0.000,000,5 273.1 31Argon 1.000,550 - en
1.000,545,1 ± 0.000,000,5 273.1 31Krypton 1.000,838 80Xenon 1.001,351 80

Methyl bromide 9.97 273.1 53
10.42 263.1 53
10.91 253.1 55
11.43 243.1 53
12.00 23b.1 53
12.63 223.1 53
13.32 213.1 5314.07 203.1 53
14.96 193.1 53
16.02 183.1 53
17.4 173.1 53

4

4i
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Table 140 2

Hect Capacities of .Nitrogen (7-3)

Temp~rUure 'A

6.957 00
6.959 ;;50
6.960 298 16.961 iw)
61991 4007.070 500
7,197 600
7. 351 700
7.512 800
7,671 9007.816 1000
7.947 1100
8.063 1200
8.116 150
8.-65 1300
8 .253 1400
6 .330 1500
8.486 1750
8.602 2000
8.759 2500
8.862 30008e934 S500
8.984 .00
9.036 4500
9.076 5000
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ftble 141.

Heat crp- -titico cf cr oiig c rbln UozidQ
-Qal&/Aol8j:A Tw.aneraturb_. A il ~a

b887 292.9 41
8.074 '.)8.16 78
8.894 ) W. 0 78
0.240 331.86 41
? .503 358.4 41
i r)95 .67.72 41
9.871 400.0 78

IU,862 500.0 78
1) .311 500.0 78
11 .849 700.C 78
1L,300 80.0 78
12.678 900.0 76
12.995 1000.0 78
13.260 1100.0 7b
13.49 1 00.0 78
13.59 1250.0 78
13.68 1300.0 lp
13.85 1400.0 76
13.99 1500.0 78
14.30 1750.0 78
14.50 2000.0 78
14.80 2500.0 78
L5.00 3000.0 78
1.2 3500.0 76

/
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Table 1

Heat Capacities of solid corbon dioxide

CD-c).Imle/c, Temneratir. hat

0.540 15

1.225 %0

2.137 25

3.093 30

3,912
4.690 40

5.435 45

6,095 50

7.178 60
-. .,7? 70

9 .582 80

9.105 90

9.530 100

9.915 110

10.30 120

10.67 130

11.04 140

11.39 150
31.77 160

12.17 170

i -. 61 180

13.07 190
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Table 13

mEAT CAPACIrT1) micwRED FOr THyL mobIDE

1.54 6
".56 20 6

3.60 25 6
4.51 30 6
6.37 40 6
7.93 50 C
'.i6 6

10.02 70 6
10.79 80 6
11.42 90 6
11.92 100 6

12.34 110 C
12.67 120 6
12,96 130 6

Iz.21 140 6

13.44 150 6

13.88 160 74

10,18 298.1 74

11.07 350 74
11 .96 400 74
13.60 500 74
15.05 600 74

16.27 700 74
17*30 800 74
18 .4 900 74
19.06 1000 74

19.78 1100 74
20.41 1200 74

I
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Thble 144

HEAT CAPACITIES FOR DIOLRODIFLU M01IH

C Cal/mole C cal/mole Temperature,
p

10.32 12.31 173,1 36
11.027 13.25 198.1 36
12.16 14.15 223,1 36
13.01 15.00 248.1 36
13082 15.80 273,1 36
11.57 16.56 298.1 36
15.25 17.24 323.1 36
1b.92 17.90 348.1 36
16.51 18.50 373.1 36
17.06 19.04 398.1 36
17.55 19.54 423.1 36
18.01 20.00 448.1 36
16.43 20.41 473.1 36
14.82 L73.1 20
16.87 61-301 20
17.37 373.1 20
18.32 423.1 20
19.10 473.1 20
19.74 523*1 20
20.34 573.1 20

m m m m m m m m m m m m m mt-.



Table 145

HLAT (APACITIES OF TRIW METHANE (U8)

(Col./moles fit *.}

_.* ... Te mi-u-ture. OA Temersatre, "

il.37 250 1602- 450
12.01 273.1 16.668 473.1
12.68 %98e.1 17.15 500
12.73 300 17.95 550
14.02 350 16.65 600
12 .56 373 19.27 650
15.19 400

Mable 146

HEAT CAPACITIES FOR C.RBON TETRAFLUORIDE (Z0)

(Cal ./mole at *A)

vTanerature- -A

27311
1204 323.1
14.0J 73,1
15,27 423.1
16,30 473,1
17.18 523.1
17.94 573.1
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Table 147

ME RATIO CP/CF0fl SOM INERT G,-ES

Material CpGv Temperature, *C. Rer,

Nitrogen 1.41 - 23
1.47 -181 42
1.404 15 42

Holium 1.62 - 3-
1.660 -180 42

Argon 1.76 -180 42,79
1.668 15 42
1.65 15 79

.rypton 1.68 19 42

Neon 1.64 19 42

Dichlorodi- 1.138 - 42
fluoromethane 1.139 e5 42

Methyl bromide 1.27 18 42

Carbon dioxide 1.37 -75 42
1.310 1 42
1.304 15 42
1.281 100 42
1.2%5 400 42
1.195 1000 42
1.171 2000 42
1.2995 4-11

Xenon 1.66 292 63

i
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