in acid. The effect on the slope of the tie lines of the increase
from 25-35°C is small in all of these furfural-water-acid
systems.

Othmer and Tobias (§) have shown that binodal curve data
may be conveniently correlated through the equation

log (IOOb: bz) = m log <100a— a1> +n

1

where for the present system, g, is the mol % furfural in the
furfural-rich phase and b, is the mol 9%, water in the water-rich
phase. The plots for the present system are linear, and the
constants by least-squares treatment of the data at 25° and
35°C, respectively, are: m = 0.8375, n = ~1.0183; m =
0.9412, n = —1.0682. The plait points have been obtained
with the aid of these plots (4), and the results are included in
Table T and Figure 1. Also included in Figure 1 for compari-
son are the plait points for the acetic, propionic, and butyric acid
systems (3, 4). The plait points in the formic acid system
occur at a furfural-to-water ratio greater than unity. Thisratio
is less than unity for the plait points in the other three acid
systems. In each acid system, the furfural-to-water ratio at
the plait point increases as the temperature is increased.

The effectiveness of extraction of a solute by a solvent is
given by the selectivity (10), which in the present work is a
measure of the ability of furfural to separate water and acid.

Selectivity may be defined here as z/y, where z is the ratio of
solute (acid) wt 9% concentration in the furfural-rich phase to
that in the water-rich phase, and y is the ratio of water wt %,
concentration in the furfural-rich to that in the water-rich

phase. The selectivities of the formic acid system at 25° and
35°C, and of the other acid systems at 25°C are given in Figure
2. The selectivity is lowest in the formic acid system, and this
system exhibits maximum selectivity at about 3 wt % acid in
the furfural-rich phase.
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Flammability Characteristics of Methylene

Chloride (Dichloromethane)

ROBERT D. COFFEE,! PHILIP C. VOGEL, JR., and JOHN J. WHEELER
Technical Safety Laboratory, Eastman Kodak Co., Kodak Park, Rochester, N. Y. 14650

Studies have been made to determine the effects of temperature, pressure, and

additives on the flammability of methylene chloride vapors in air.
diagrams for methylene chloride and for

Flammability

methyl alcohol in oxygen-nitrogen

atmospheres are presented, together with diagrams showing the effect of methyl
alcohol and of tertiary buty! alcohol on the lammability diagram of methylene chloride

It was determined that methylene chloride becomes flammable at 80°F

and 760 mm Hg at a vapor concentration of 177, (by volume) with the addition of

less than 0.5% (by volume) of methyl alcohol.

Pure methylene chloride vapors in

air become flammable at approximately 217°F at 760 mm Hg and at 80°F at 1280 mm

Hg absolute.

Dichloromethane, methylene chloride in more popular ter-
minology, is a common solvent often considered to be non-
flammable. Because of extensive use in large quantities by
many companies, a thorough study of those conditions which
contribute to flammability was in order.

An explosive limits apparatus was employed, adapted so that
limits could be determined at a wide variety of pressures and
temperatures. The primary aims were to determine upper
and lower flammable limits at atmospheric pressure and the
effects of pressure and temperature on those limits.

Changes in the flammable limits because of admixture
with known flammable solvents were also to be explored since
methylene chloride is commonly used in mixed solvent sys-
tems.

PROCEDURE

Flammability results were based on visual observations of
upward and outward flame propagation from a 12-kV arec-
ignition source centrally located in a 5-liter spherical flask (Fig-
ure1). The flask was contained in a small oven equipped with
a heavy duty hair-dryer type of heater which permitted varia-
tion and control of apparatus temperature. Caution: Tests
should commence at concentrations known to be outside the
flammable range, with limits being approached in small incre-
ments. Violent explosions are possible with stoichiometric
and near-lower-limit mixtures, with tests run at elevated pres-
sures, and with tests run in strong oxidizers. Thus, all testing
of this nature in simple glass equipment should include the use
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TO PRESSURE TO VACUUM ment, since there is a sharp break between flame propagation
and lack thereof in the lower limit region. Upper limits and
limits for the less energetic methylene chloride mixtures may
be somewhat more in error, being perhaps +59% of the value
given since flame propagation is very slow just within the flam-
mable region. More precise values could be obtained in a long
tube apparatus, of adequate diameter, where flammability is
based on flame propagation for a considerable distance from
SHIELDING the ignition source, and not to great extent on operator judg-
ment.

SAMPLE INSERTION

ELECTRODES

RESULTS

Pure Vapors. Temperature. Methylene chloride differs

GLASS BEADS & MAGNETIC STRRER o OUN from conventional solvents in that at atmospheric pressure
i o o and room temperature it is not flammable. To illustrate con-
Figure 1. Five-liter explosive limits apparatus ventional lammability, the diagram for methyl aleohol, based

on data obtained on this apparatus by this laboratory, is shown
in Figure 2. The location of the intersections of the vapor
of adequate shielding to protect personnel and the surrounding pressure and the explosive limit curves agrees well with the

equipment in the event of vessel rupture. data (8). For methyl alcohol, flammable mixtures fall into

In this investigation the flask and its thermostated container one of three regions: (1) mists, the section to the left of the
were placed in a well-shielded totally enclosed laboratory hood. vapor pressure curve, consisting of droplets suspended in a
The hood was equipped with electrical interlocks which pre- vapor-air mixture; (2) saturated mixtures, along the vapor-
vented operation of the ignition arc with the hood door open. pressure curve; and (3) the most common region, unsaturated

To determine flammable limits, the flask was cleaned and vapor-air mixtures, lying to the right of this curve. This dia-
evacuated prior to insertion of the liquid sample. The sample gram was determined at atmospheric pressure (760 mm Hg).
was measured with a microliter syringe and introduced Points A and B represent the temperature limits of lammabil-
through the sample insertion funnel. After being allowed to ity. These were obtained in this apparatus by operating with
vaporize, it was mixed with air for time periods varying from a pool of excess liquid in the flask. They do not lie on the ex-
1'/:-4 min, depending on the temperature at which the test trapolated flammable limit lines because of slight vapor-phase
was made. Air addition, up to atmospheric pressure, was association at conditions of saturation and the use of the ideal
made through the sample insertion funnel to ensure complete gas laws for calculating vapor concentrations.
sample entry. At pressures above atmospheric, additional Comparing the flammability diagram for methylene chloride
clean dry compressed air was added prior to mixing. Four (Figure 3) with Figure 2, we see that at atmospheric pressure
to 12 separate tests were necessary to determine each limit the only flammable mixtures are unsaturated vapor-air mix-

value. tures, and that the lower temperature limit of methylene

Vapor concentrations at the various temperatures and pres- chloride is about 217°F. The Bureau of Mines reports a nar-
sures were calculated on the basis of system and liquid sample row flammable range for methylene chloride in air at 212°F
volumes, assuming ideal gas law behavior. for upward propagation in 10-cm diameter tubes (4). The

Lower limit values, with the exception of those for mixtures apparent difference in temperature limits of flammability may
with high percentages of methylene chloride, are reproducible  be due to such items as minor impurities, differences in system
within £21/,9, of the value given. This reproducibility is geometry, and experimental error or a combination of these

primarily limited by the precision of liquid sample measure- factors (see Mixtures).
1000 — ] 17 T TT T 40 L O 0 S O
! . T AT T
800 — O [ T[T
T RI
600 [ f NONF{LAA ABL] Fo CH
500 T i i ] ! ‘T ]
400 T Yl RRARBRNN I
1 ! ' IMIT ;
o % T RS Fe e 2= oo S mmma SR J
b 200l T T e REARANERNBRNAR R AT
$2° r | ! ‘E‘“ x T
z AEREARRS 1 IHHHHI
z t T T [ [ IRNERAEREER R
z MISTS| | e‘°° ! FL’AMMAB‘LE I | |
¢ w00 I q‘%T T ; T NN
a T Oq~ T T r I 1
o»n 80 S T T [ i IBENEN
g AT 1 \
a 60 (- T " Tl
z 50 o S 1 ]
a A i ] g pmon|
g 4 ] - ‘ TR EMIT i
10 9 8 O I SRS RN RN il
P z e T N
pal 1 | NONFLAMMABLE (700 LEANY | 1| 11111
T T T L
/ [ R | | } | i L “ ! | i
¥ i i T
[ ! | | ‘ ‘ | ‘ |
oL AR RRES AR AR NN L
20 40 60 80 100 120 140 160 180 200 220 240

TEMPERATURE, DEGREES FARRENHEIT

Figure 2. Flammability diagram: methyl alcohol in air

Total pressure: 760 mm Hg
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Figure 4. Pressure limits of lammability for methylene chloride in air

Pressure. The flammability diagram is useful for evaluat-
ing processes operating at atmospheric pressure, but many ap-
plications of methylene chloride call for the vapor to be sub-
jected to higher pressures. Lower pressure limits of methy-
lene chloride vapor were therefore determined as a function of
temperature. Figure 4 illustrates the effect of temperature
on the lower pressure limit and indicates that methylene chlo-
ride is flammable at room temperature (80°F) at a pressure of
approximately 1280 mm Hg.

Figure 5 illustrates a useful concept in the presentation of
flammability data (8). All of the relevant parameters of flam-
mability (Table I) for pure methylene chloride are presented
as a three-dimensional diagram with axes of pressure, tempera-
ture, and composition. With this system, it is possible to lo-
cate any process condition as a point on the diagram and thus
determine how much of a safety factor exists in all directions.

The diagram, if extended, would exhibit a “top’ constrained
by vapor pressure limitations and a ‘bottom” which would
show a diminishing range of concentration at temperatures
above 217°F and pressures below atmospherie.

Inerting. One common method of dealing with situations
in which flammable concentrations of combustible vapors are
possible is to isolate those vapors in an inert atmosphere. The

general effect of adding inert diluents to a vapor system is to
narrow the flammable range for that system; that is, to raise
the lower flammable limit and lower the upper flammable limit.

Figure 6 consists of two flammability diagrams showing the
effect of the addition of carbon dioxide and of nitrogen on the
flammable limits of methyl alcohol. For the carbon dioxide
atmosphere, the upper and lower flammable limits converge
until, at a carbon dioxide concentration of more than 339, no
methyl alcohol concentration is flammable.

Figure 7 shows the analogous effect of the addition of nitro-
gen to atmospheres of methylene chloride vapor. Figure 7
also indicates the effect of temperature on the inerting opera-
tion.

Vapor Mixture Systems. In many processes, methylene
chloride is used in conjunction with other flammable solvents.
For such situations, it is necessary to redetermine flammable
limits for the mixture of vapors.

Figure 8 is the flammability diagram for mixtures of methyl
alcohol and methylene chloride. Methylene chloride, al-
though nonflammable by itself at room temperature and atmo-
spheric pressure, acts as a flammable diluent, for it lowers the
lower flammable limit of the methyl alcohol. Figure 9 illus-
trates the same relationships for t-butyl alcohol and methy-
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Table I. Effect of Temperature and Pressure on the

Flammable Limits of Methylene Chloride in Air

Pressure, Flammable limits, Vol %,
mm Hg Temp, °F LEL UEL
760 217 151 15.1
760 298 14.3 17.3
760 372 14.1 SRS
760 - 363 B V7.7
760 496 1agl 20.6
980 140 (15.3) (1583
980 326 13.3 i
980 338 s 19.6
1140 100 15.4 15.4
1140 336 12.7 21
1280 80 16.0 16.0

lene chloride. Similar results for acetone—methylene chloride
systems were reported by Coleman (1).

Points of special interest for these mixture diagrams include
the “toe’’ point at various temperatures to indicate concen-
trations of methylene chloride above which no mixtures are
flammable, as well as the lowest point on the curve for various
temperatures, which indicates the minimum concentration of
aleohol necessary to render methylene chloride flammable.
With methyl aleohol, at 100°F and atmospheric pressure, no
mixture is flammable at concentrations of methylene chloride
greater than 26.5% (by volume). However, it takes less
than 0.5%, (by volume) of methyl alcohol to make a 17% (by
volume) methylene chloride vapor flammable.

Flame eaps (flames near the ignition source that do not prop-

330°F. TEMPERATURE ENVELOPE

Flammability diagram for methylene chloride in air
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Figure 6. Limits of flammability of methyl alcohol-carbon
dioxide—air and methyl alcohol-nitrogen—air mixfures at
25°C and atmospheric pressure

Broken curve at 50°C and atmospheric pressure
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agate), when present with tests immediately outside of the
flammable range, are indications that sufficient energy is avail-
able for ignition (8). These flame caps were noticed at all
concentrations immediately outside of the limit values illus-
trated on the lammability diagrams.

Other sources (4, §) indicate that the vessel size used in these
tests is sufficient to eliminate any significant effect of quench-
ing of the flame by the walls of the vessel. It is felt that the
results obtained in these tests are valid for application to pro-
cesses in which similar conditions prevail.

It should be stressed that these data are presented in terms
of vapor composition. (For ease of manipulation, the data were
obtained by total vaporization of premixed liquids.) It is
estimated, on the basis of available vapor-liquid equilibrium
data (?), that under equilibrium conditions a methylene chlo-
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Figure 9. Limits of flammability of +-butyl alcohol-methylene
chloride—air mixtures

(% Air = 100-% t-buty-T MeCl;) 760 mm Hg

ride-methyl alcohol liquid mixture containing as little as 0.2
wt 9, alcohol would evolve vapors containing 0.5 vol 9%
alcohol. (There is little data in ref 7 in this concentration
range.) Variables such as total pressure, degree of super heat-
ing, vapor densities of the two components, and degree of air
movement would of course have a significant effect on the com-
position of vapor mixtures found in practice.

DISCUSSION

The situation concerning methylene chloride’s ‘“nonflam-
mability”’ might be compared to that of a few years ago for
trichloroethylene. This material was considered nonflam-
mable at normal room temperature and atmospheric pressure
(2), and is so listed in certain of the literature to date. How-
ever, in 1963 (6), the flammability characteristics of trichloro-
ethylene were finally determined and published. These were
revised in 1966 (6).

A report (3) discussing a methyl bromide air explosion (this
material was long considered practically nonflammable) states
that any vapor normally considered nonflammable should be
suspect if an exothermic combustion reaction with oxygen can
be written. Thisis possible for methylene chloride.

CONCLUSIONS

Data included in this report indicate that methylene chlo-
ride vapors are nonflammable in air at normal ambient con-
ditions. However, slight traces of other solvents, elevated
temperatures, or higher pressure conditions can render it flam-
mable. For these reasons, it is recommended that processes
involving methylene chloride should be carefully evaluated to
ensure the presence of adequate safety factors to prevent po-
tential fires or explosions with this ‘“‘nonflammable” solvent.
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