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Physical Properties of Hydrocarbons

Part 23—Brominated Hydrocarbons

R. W. Gallant,
The Dow Chemical Co., Plaquemine, La.

THE BROMINATED HYDROCGARBONS do not approach the
chlorinated and fluorinated hydrocarbons in terms of vol-
ume usage but their unique properties have made them
indispensible to the chemical industry, T'otal volume of
the brominated hydrocarbons is probably less than 200
million pounds and cthylene dibromide alone accounts
for over 75 percent of this total. Although many efforts
have been made to replace ethylene dibromide as an
essential anti-knock addflive in gasoline. ethylene dibro-
mide will probably remain in gasoline for many years yet.

Methyl bromide is the anchor compound of a growing
number of valuable brominated agricultural chemicals.
Bromotrifluoromethane is used in refrieerant, aerosol
spray, and fire extinguishing applications, Ethyl bromide
has a variety of specialty uses. The use of brominated
compounds for imparting fire retardant properties to plas-
tics could represent a major new market for brominated
hvdrocarbons.

Because these compounds have been well-known for
many years, the physical properties have been extensively
studied.

Vapor Pressure and Critical Properties. The critical
properties and vapor pressures are available (rom the lit-
erature,"** except for the critical density of methyl bro-
mide which was estimated by the method of Vowles.!

Heat of Vaporization. The heat of vaporization has
been determined at the boiling point for all four com-

TABLE 23-1—Physical Properties of Brominated Hydrocarbons

1
. Critical Properties
Boiling | Melting| Mole-

Point | Point | cular Te Pe de
°C °c Welght °C PSIA @ /ml
Methyl Bromide. . .. 3.0 - 93 | 94.95 194 T57 0.61%

Hromotrifluoro- |

pnethane, ;. ,.....| —bH7.8 — 168 148.93 67 575 0.745
Ethyl Bromide. ... .. 8.4 —-118 108.98 | 230.7 904 0.507
Ethylene Dibromide. 131.5 ‘9.8 187.88 | 300.8 1,038 0.776

* |istimated.
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pounds.® " Other data are available over a fairly wide
temperature range for methyl bromide, ethyl bromide,
and cthylene dibromide.* The data have been extended
to the critical point by the Kharbanda nomograph,® with
an average crror of about 3 percent.

Heat Capacity. Gelles and Pitzer” have determined the
vapor heat capacity of methyl bromide and bromotrifluo-
romethane from —200° C to +1200° C. Their data agree
closcly with the results of Spencer and Flanagan for
methyl bromide® and McGee® for bromotrifluoromethane.
The vapor heat capacities of ethyl bromide and ethylene
dibromide have been calculated by the method of Rihani
and Doraiswamy,'"" with an expected error of less than
2 percent.

Experimental liquid heat capacity data are available
from —93° C to +7° C for methyl bromide,*»** —100° C -
to +20° C for ethyl bromide,'® and +14° C to +52°C
for ethylene dibromide.’*!* Only the 25° C point is avail-
able on bromotrifluoromethane.* The data were extended
over the —80° C to +120° C range by the method de-
scribed in the previous two parts. When compared to 10
experimental points, the method gave an average error
of 0.4 percent and a maximum error of 1.5 percent.

Density. Except for data on ethyl bromide which cover
the —112° C te +30° C range,'* the only data available
are at room temperature.”* Consequently, the method
of Lyderson, Greenkorn, and Hougan' has been used to
estimate the liquid density over the entire temperature
range. For ethyl bromide, the average error was 0.2 per-
cent. Experience with similar compounds indicates that
the error on the other compounds should be 1 percent
or less.

Viscosity. A limited amount of experimental vapor vis-
cosity data are reported for methyl bromide!*'* and bro-
motrifluioromethane.'” ' The method of Bromley and
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Fig. 23-1—Gives vapor pressure of brominated hydrocarbons from —150° C to 450° C.
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Fig. 23-2—Gives vapor pressure of brominated hydrocarbons from —20° C to 4-240° C.
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Fig. 23-3.—Gives heat of vaporization of brominated hydrocarbons from —80°C to -}310°C.
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Fig. 23-4—Gives vapor heat capacity for brominated hydrocarbons from —100° C to --800° C.
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Fig. 23-5—Gives liquid heat capacity for brominated hydrocarbons from —80° C to +120° C.
o . 7

2.4

2,0¢

®
GRAMS / MILLILITER |-

4

olil i

-80 0 80 160 240 320
: -. © ° CENTIGRADE :

Fig. 23-6—Gives liquid density of brominated hydrocarbons from —80° C to 4-320° C.
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Fig. 23-7—Gives vapor viscosity of brominated hydrocarbons from 0° C to 500° C,

-

2.3 TIITIIT T 1 Hi
H 1 :: HEH ;J"- :
i .
_E_hi_
2.4 g
i ;
2.0 H I:l I
i : .,'
) o
o |
|.6 'E s
am i
(%] E
K1
.8

iR
i °CENTIGRADE
Fig. 23-8—Gives liquid viscosity of brominated hydrocarbons from —80° C to +120° C. : , :
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Fig. 23-9—Gives pressure effect on liquid viscosity of ethyl bromide from 0 atmospheres to 10,000 atmospheres.
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Fig. 23-10—Gives surface tension of brominated hydrocarbons from —80° C to --120° C.
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Fig. 23-11--Gives vapor thermal conductivity for brominated hydrocarbons from 0° C to 500° C.

GALLANT SERIES IN
HARDBACK BOOK FORM

Ever since the start of the “Physical Properties of
Hydrocarbons™ series by Bob Gallant in July 1965,
readers have been writing in asking if there wasn’t some
way all of these articles could be put into a handier
and more permanent form. Now, Gulf Publishing Co.
is proud to announce that this series is assembled and
prepared: for publication as a hardback book. Volume |
which is dlmost ready to go o press will cover Parts
1-23. Title of the book is Physical Properties of Hydro-
carbons [Vol. 1. As the next 20 parts are published, work
will progress on Volume 2.

In addition (o the material which has appeared in
HyprocarsoN ProcessiNg, the author has updated and
expanded some of the text and charts. ‘Also, there are
two appendices of brand new material and a complete
index so that you will be able to quickly and easily lo-
cate everything in the book.

Physical Properties of Hydrocarbons/Vol. 1 (232 large
814 x 11 pages) will cost about $16 and should be avail-
able for distribution in 60 days. If you would like to
resérve your copy, just send a letter to the address below.
When the book is published, we’ll send it to you and
invoice vou at the same time.

Book Publishing Division, Gulf Publishing Co.
P. O. Box 2608 Houston, Texas 77001
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Wilke,'" with a somewhat lower constant to allow. for the
lower vapor viscosities of halogenated hydrocarbons, has
been used to estimate the vapor viscosities of all four
compounds. The error should be less than 5 percent.

The liquid viscosities of ethyl bromide® -1 %19 and
ethylene dibromide® ' have been measured over a wide
temperature range. The more limited data on methyl bro-
mide® and bromotrifluoromethane® '* have been extended
by plotting the logarithin of the viscosity against the re-
ciprocal of the absolute temperature. The error should
be less than 5 percent,

Graph 23-9 presents experimental data on the effect of
pl."cssurc'on the liquid viscosity of ethyl bromide.'*

Surface Tension. The surface tension of ethylene di-
bromide has been determined from 10°C to 130° C.'*
Only room temperature data are available for bromotri-
fluoromethane® and ethyl bromide.*''* There are no
data for methyl bromide. Consequently, the surface ten-
sions of all but ethylene dibromide have been estimated
by the previously described method that relates surface
tension to parachlor, density, and molecular weight.*
When comparced with nine experimental points, the
method gave an average error of 8 percent.

Thermal Conductivity. Masia and Alvarez report the
vapor thermal conductivity of bromotrifluoromethane at

135
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Fig. 23-12—Gives liquid thermal conductivity of brominated hydrocarbons from —80° C to --120° C.

5° C and 134° C.** With no other data available, the
vapor thermal conductivities of the four compounds have
been calculated by the method proposed by Owens and
Thodos.”! Because the quasicritical thermal conductivities
had to be estimated. the error is probably about 10 per-
cent.,

The liquid thermal conductivities of ethyl bromide®*
and ethylene dibromide® have been measured at room
temperature.. The method of Robbins and Kingrea®* has
been used to calculate the thermal conductivities for all
four conipounds, with a probable error of 5-10 percent.
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Part 24, C,-C, Aldehydes, will appear in an early issue.
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