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Boiling Range of Starting &, In Desired Boiling Range
Material, ° C. XCT Diol 45 Mirando J
< 160 (atm. pressure) 14 23 29
160 (atm.)-147 (10 mm.) 435 24 22
147-208 (10 mm.) 37 46 35
> 208 (10 mm.) 4 7 14

The fractions were increasingly viscous, the low boiling ones being
thin oils and those boiling above 300° C. at atmospheric pressure,
brittle resins. Fractions of the three crudes having identical
boiling ranges varied considerably in appearance and physical
properties, but the fractions were so broad that the differences
may have resulted largely from differing distributions of material
within a fraction. Thus the cut from the XCT crude boiling be-
tween 147-208° C. at 10 mm. was markedly less viscous than the
corresponding cuts from the Diol 45 and Mirando J crudes; but
in the XCT crude most of this fraction came over between 147-
175° C. at 10 mm., whereas with Diol 45 and Mirando J much
of the material boiled near the upper end of the cut.
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Division of Industrial and Engineering Chemistry, 110th Meeting of the
AnmericaN CHeMIicaL Sociery, Chicago, Ill. The work described in this
paper is covered also in a comprehensive report of work with fluorine and
fluorinated compounds undertaken in econnection with the Manhattan
Project, This report is soon to be published as Volume T of Division VII of
the Manhattan Project Technical Series.
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COMMERCIALLY available xylene fractions, pure m-
xylene, and pure p-xylene were converted to bis(trichloro-
methyl)benzenes by liquid-phase chlorination. The mix-
tures obtained therefrom were fluorinated with hydrogen
fluoride alone and in the presence of antimony halides.
Highest yields of bis(trifluoromethyl)benzenes were ob-
tained by fluorination of 1,4-bis(trichloromethyl)benzenes.
The conversion of xylene to bis(trifiluoromethyl)benzenes
in a commercial mixture was about 41%.

FTER it was demonstrated that fluorocarbons would be use-

ful in the separation of uranium isotopes by gaseous diffu-

sion, it became evident that the properties of perfluorodimethyl-
cyclohexane, CsFys, made it suitable for use in this process. The
isomeric perfluorodimethylcyclohexanes can be prepared by the
reaction of xylenes with either fluorine or certain metal fluorides,
of which cobalt trifluoride (CoF;) is representative. Asillustrated
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by Equations 1, 2, and 3, relatively large quantities of fluorine
are required for these processes.

Cng(CHa)z + 13F2 — CsFlO(OFa)z + IOHF (1)
CeH,(CH;)a 4 26CoF; —> CeF1o(CF3)s + 10HF 4 26CoF; (2)
26CoF; + 13F,; —> 26CoF; (3)

A process requiring less elemental fluorine for the production of
perflucrodimethyleyclohexane was desired, since large scale
production of fluorine appeared to be both difficult and expensive.
Such a process would include the introduction of fluorine into the
xylene molecule by a fluorinating agent which could be prepared
without the use of fluorine.

The chlorination of aromatic compounds containing methy!
groups and subsequent fluorination of resulting trichloromethy!
compounds is described. in the patent literature (I, 4, 5, 7).
Hence, it was believed that, in the production of perfluorodi--
methyleyclohexane, it would be advantageous to convert xylene
to bis(trifluoromethyl)benzene, which could then be fluorinated
with CoF; at a considerable saving in fluorine. This sequence is
illustrated by the following equations:

CeH(CH,); + 6Cl, —> CsH.{(CCL), + 6HCI (4)
CsH(CCLy); + 6HF —> CsH,(CF3), + 6HCI (5}
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CsH,(CF3); + 14CoF; —> CiF1o(CFs): + 4HF + 14CoF; (6)
14CoF: + 7F; —> 14CokF; (7

In practice, the economy in fluorine is even greater than shown
by Equations 1, 2, 3, 6, and 7 because the yield of perfluorodi-
methyleyclohexane from bis(trifluoromethyl)benzene is substan-
tially greater than the yield from xylene.

This paper reports a study of the chlorination of xylenes and
the subsequent conversion of bis(trichloromethyl)benzenes to
bis(trifluoromethyl)benzenes,

CHLORINATION OF XYLENE

1t is difficult and expensive to separate the pure isomers of xy-
lene from commercially available mixtures of o-, m-, and p-xylene.
Therefore, it was necessary to evaluate the process using mixtures
of xylenes which could be obtained at reasonable cost. Since
o-xylene cannot be converted to 1,2-bis(trichloromethyl)ben-
zene, it was desirable to use a xylene fraction relatively free of
o-xylene (8). Accordingly, most of the work was conducted with
readily available commercial xylene fractions as starting mate-
rials. Three different commercial fractions were used, desig-
nated as xylenes A, B, and C. Xylene B was a coal-tar distillate
boiling at 137.9-139.4° C., and xylene C was a distillate boiling
at 138.4-139.4° C. These fractions were believed to contain
substantially no o-xylene. The percentage of p-xylene was
greater in xylene C than in xylene B. Xyvlene A, which had a
wider boiling range, was known to contain a small percentage of
o-xylene as well as other impurities such as ethylbenzene. In
certain instances pure xylenes, obtained from the Eastman Kodak
Company, were used.

Xylene was chlorinated photochemically in the apparatus
shown diagrammatically in Figure 1. A chlorination tube, D,
was prepared by sealing 24-mm. Pyrex tubing to one end of a 30-
mm. sintered Gooch crucible, E. A chlorineinlettube wasprovided
by sealing 8-mm. tubing to the other end of the crucible. The
over-all height of the tube was about 120 em. This was mounted
between two 40-watt fluorescent lamps, F.

Apparatus for Chlorination of Xylenes

Figure 1.

Chlorine was introduced from cylinder A through safety trap
B and flowmeter C. Gases from the reaction passed through re-
flux condenser G into a receiver immersed in a dry ice-trichloro-
ethylene bath, H. After a short induction period the reaction pro-
ceeded very rapidly. The desired reaction temperature was
maintained during initial stages of chlorination by cooling the
bottom part of the chlorination tube in an ice bath. Later, when
the rate of reaction became sluggish, the desired reaction tempera-
ture of about 100° C. was maintained by heating the lower por-
tion of the tube electrically. The turbulence of the liquid pro-
duced by introduction of chlorine was adequate to maintain a
uniform temperature throughout.

Generally, samples of the chlorination mixture were withdrawn
at intervals, freed of chlorine and hydrogen chloride by aeration,
and analyzed for chlorine (3). In a few cases the course of reac-
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tion was followed by observing the weight increase. After purg-
ing with air to remove dissolved chlorine and hydrogen chloride,
the final product was used for subsequent fluorination experi-
ments without further purification.

While the patent literature describes the chlorination of xylene
at 150° C. (9), it was found advantageous to control the tempera-
ture of the reaction mixture during chlorination so that the maxi-
mum temperature did not exceed 110° C. When the reaction was
carried out at this lower temperature, chlorinolysis was less ex-
tensive, and less difficulty with burning was encountered during
early stages of chlorination.

To determine the degree to which mixtures of m- and p-xylenes
should be chlorinated for production of the maximum possible
amount of bis(trichloromethyl)henzenes, a comparison of the
rates of chlorination of m- and p-xylenes was desired. m- and p-
Xylenes were chlorinated under similar eonditions, samples being
withdrawn at regular intervals to determine the degree of chlorina-
tion.
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Figure 2. Relative Rates of Chlorination of

m-Xylene (@) and p-Xylene (O)

The data obtained are plotted in Figure 2 and show clearly that
m-xylene is chlorinated more rapidly than p-xylene. They also
show that m-xylene is converted rapidly to a product containing
more chlorine than is required for bis(trichloromethyl)benzene,
the additional chlorine being a result of substitutive and /or addi-
tive chlorination of the benzene ring. Undoubtedly these reac-
tions occur simultaneously with side-chain chlorination. As a
consequence, maximum conversion of m-xylene to 1,3-his(tri-
chloromethyl)benzene is not achieved until more than the theoreti-
cal amount of chlorine has been introduced. It was predicted,
and later verified, that mixtures of m- and p-xylenes should be
overchlorinated in order to obtain maximum conversion to bis-
(trichloromethyl)benzenes.

FLUORINATION OF BIS(TRICHLOROMETHY L)BENZENES

Fluorinations were conducted in an electrically heated nickel-
lined autoclave having a capacity of about 600 ml. The head
of the autoclave was attached by compression fittings to a nickel
block fitted with a gage, a safety disk, and a valve. Agitation was
provided by mounting the autoclave and heater on a rocking de-
vice. Temperatures were determined by a thermocouple placed
between the heater and the autoclave.

About 0.75 mole of bis(trichloromethyl)benzenes was placed in
the autoclave. After the autoclave was secured in position,
hydrogen fluoride was added from a small weighed cylinder, the
transfer of hydrogen fluoride being facilitated by heating the
eylinder. When the transfer was completed and the valves
closed, the autoclave was heated to the desired temperature.

The reaction mixture was agitated until the pressure became
constant at the particular temperature employed. Then the
autoclave was cooled to room temperature and the gases were
discharged into a dilute solution of sodium hydroxide. The
liquid product was poured from the autoclave, steam-distilled,
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TaBrLe I. FLUORINATION OF BIS(TRICHLOROMETHYL)BENZENES
; ————FEffect of Agitation Effect of Catalyst Effect of Time——
Expt. No. 13 22 74 56 68 72 52 77 42 68
CsHyCls, mole 1.0 1.0 0.50 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.44 0.75
HF, moles 14 13.8 6.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 8.0 9.0
Catalyst None SbCLF; None None SbCls SbFs None SbCls SbF: None None None
Max, temp., °C. 150 117 148 105 101 104 152 152 158 152 150 152
Total time, hr. . 24 14 16 7 7 7 7 7 7 2.5 3.0 7.0
Max, pressure, 1b./sq. in. 5000 2000 5000 900 1200 900 1400 1500 2050 1300 1100 1400
Type of autoclave Stationary Stationary Rocking E Rocking Rocking N
QgH4Fs. moles 0.01 0.2 0.27 0.32 0.36 0.33 0.35 0.34 0,22 0.20 0.33
Yield, % 1.0 0.0 40 36 48 44 47 45 29 45 44
TasrLe II. FrLuoriNatioN OF 1,3-B1s(TRICHLOROMETHYL)BENZENE

Expt. No. X-m-205 X-m-212% X-m-213¢ X-m-206 X-m-207 X-m-210 N . .
CsH.Cls, ILEOIC&T 0885 089 082 0.76 0.81 069 When m—xyler(lie \;;as chlorinated to a 68.99; chlo-

% C 68. 70.3 70.3 72.6 72.8 71.5 rine content, and t lyveh 7 -
HF, moles 10.0 10.8 10.0 12.25 14.4 9.5 © content, an ¢ powe loroxylenes were sub
Max. temp., ° C. 155 130 155 160 115 143 sequently fluorinated with hydrogen fluoride, the
%fﬁa‘lFEurI;leolssr 8:37 8'35 (1)?2»3 g:g& 3.29 32 resultant yield of 1,3-bis(trifluoromethyl)benzene
CsH,ClFs, moles . . o 0.09 0.11 0.10 was 339%. Fluorination of chlori -
CiHICL Y, moles o - - 006 004 .. S 900 o : chlorinated m-xylenes
Yield of CsHFs, % 33 43 40 32 36 36 containing 70.3% chlorine gave, on an average, 429,
Total yield of fuorinated 58 55 52 yields of bis(trifluoromethyl)benzenes. Substantial

product, %

2 Polychloroxylenes boiling at 135-145° C. at 3 mm. were used; undistilled chlorination

mixtures were used in the other experiments.

amounts of mono- and dichlorobis(trifluoromethyl)
benzenes were obtained in addition to the desired
bis(triflucromethyl)benzenes, and the total yield of

and rectified to determine the yield of his(trifluoromethyl)ben-
zenes.

Errecr or AcirarioN. The reaction between bis(trichloro-
methyl)benzenes and hydrogen fluoride is essentially one be-
tween two mutually insoluble materials. Consequently, unless
the mixture is agitated, the only contact between the reactants is
at the interface. Experiments showed that little or no conver-
sion to bis(triffuoromethyl)benzenes occurred when bis(trichloro-
methyl)benzenes were treated with hydrogen fluoride without
agitation during the reaction period. As Table I shows, the yield
of bis(trifluoromethyl)benzenes was increased from about 19 to
about 409, by agitation of the reaction mixture.

ErrecT OF CarTaLysts. Antimony halides have been shown
to be effective catalysts for trifluorinations with hydrogen fluoride
(2). It was assumed that the use of antimony halides might
increase the conversion of bis(trichloromethyl)benzenes to bis-
(triffluoromethyl)benzenes, and the effect of these catalysts was in-
vestigated.

When the fluorination was carried out at 100° C. in the absence
of a catalyst (Table I), the yield of bis(trifluoromethyl)benzenes
was 36%. The use of an antimony trifluoride (SbF;) or antimony
pentachloride (SbCl;) catalyst under similar conditions of time and
temperature resulted in an increase in the yield of bis(trifluoro-
methyl)benzenes to about 48%,. However, if the fluorinations
were carried out at 150° C. for the same time, yields of bis(tri-
fluoromethyl)benzenes were substantially the same in the pres-
ence or absence of antimony halides. Thus, at temperatures of
about 100° C. the use of antimony halides definitely improved
vields of bis(trifluoromethyl)benzenes, but at about 150° C.
there was no appreciable effect.

VariaTions 1N TiME. Studies were made to determine the
minimum time required to give maximum yields of bis(trifluoro-
methyl)benzenes at 150° C. in the absence of catalyst (Table I).
Sinece the yields of bis(trifluoromethyl)benzenes were essentially
the same after 3 and after 7 hours and substantially lower after
2.5 hours, it may be concluded that the minimum time necessary
for complete reaction under the conditions employed is about 3
hours. '

FLUoRINATION OF CHLORINATED m-XYLENE. In an attempt
to find commercially applicable methods for improving yields of
bis(trifuoromethyl)benzenes, relatively purc isomeric bis(tri-
chloromethyl)benzenes, prepared from m-xylene and from p-
xylene, were fluorinated. Table IT presents data for the fluori-
nation of chlorinated m-xylene.

fluorinated product approached 60%,. Since yields
of bis(trifluoromethyl)benzenes were actually in-
creased when the material fluorinated was obtained by over
chlorination of m-xylene, it is assumed that the increase in
chlorine content upon overchlorination is not entirely due to
ring chlorination of bis(trichloromethyl)benzene already present
in the mixture.

FLvorivaTiON OF 1,4-BIS(TRICHLOROMETHYL)BENZENE. [,4-
Bis(trichloromethyl)benzene was prepared by chlorinating p-
xylene; the crude bis(trichloromethyl)benzene was purified by
recrystallization. Table III gives data for the fluorination of
1,4-bis(trichloromethyl)benzene. When pure 1,4-bis(trichloro-
methylybenzene (melting point 110° C.) was fluorinated, yields
of bis(trifluoromethyl)benzene ranged from 75 to 819,. These
vields are considerably higher than those obtained from mixtures
of 1,3- and 1,4-bis(trichloromethyl)benzenes. Although the use
of overchlorinated m-xylenc resulted, upon fluorination, in higher
yields of bis(trifluoromethyl)benzene, overchlorinated p-xylene
gave yields of only 14 to 327%.

Frvorixariox oF BIS(TRIFLUOROMETHYL)BENZENES FROM
TecuNnicaL XYLENEs. Initial experiments were conducted by
chlorinating commercial xylenes (xylene A) to a chlorine content
of approximately 689, and fluorinating the chlorinated product
with hydrogen fluoride at 150° C. The average yields of bis-
(triffuoromethyl)benzenes were about 399, (Table IV). Since
this xylene fraction was known to contain substantial quantities
of o-xylene and since o-xylene is not converted to 1,2-bis-
(trifluoromethyl)benzene by this process, the low yield was attrib-
uted, in part, to the presence of o-xylene in the mixture.

A xylene mixture substantially free of o-xylene was available
(xylene B). Chlorination of this mixture to about 689 chlorine
content and subsequent fluorination of the mixture of poly-
chloroxylenes under similar conditions showed a marked in-
crease in yields of bis(triffuoromethyl)benzenes. Average yields
of bis(triluoromethyl)benzencs, obtained by fluorinating chlo-
rinated xylene B, were about 449,. This value is in close agree-
ment with results obtained in commercial operation (&).

Tasre III. FruoriNaTiON OF 1,4-BIS(TRICHLOROMETHYL)-
LENZENE
Expt. No. X-p-216 32 79 80
CsH4Cls, mole 0.70 0.50 0.75 0.75
HF, moles 10.0 9.0 9.0 9.0
Max. temp., °C. 210 150 150 150
Total time, hr. 12 18 7 7
CsH4Fs, mole ¢, 57 0.39 0.56 0.56
Yield, % 81 78 75 75
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TasrLi 1V, EFrFecT of VARIATION IN TECHNICAL XYLENE ON
I'LUORINATION OF BIS(TRICHLOROMETHYL)BENZENES

Expt. No. 33 59 60 42 68 69
CsHCls

Type A A A B B B .

Mole 0.50 0.75 0.75 0.44 0.75 0.75
HF, moles 6.0 9.0 9.0 8.0 9.0 9.0
Max. temp., ° C, 148 152 154 150 152 154
Total time, hr. 16 7 7 3 7 7
MMax. pressure, 1b. ‘sq. in. .. 1500 1500 1100 1400 1300
CsH,Fe, mole 0.20 0.30 0.28 0,20 0,33 0.33
Yield, % 40 40 38 44 44 44

INDUSTRIAL AND ENGINEERING CHEMISTRY 301

was initiated under the sponsorship of the Office of Scientific
Research and Development, and completed under the auspices
of the U. 8. Army Corps of Engineers. :
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Since highest vields of bis(trifluoromethyl)benzenes were ob-
tained from 1,4-bis(trichloromethyl)beazene, it was believed that
conversion to bis(trifluoromethyl)benzenes could be increased
by employing as starting material a fraction of technical xylenes
richer in p-xylene than those previously used. Therefore, xylene
C was obtained and investigated for utility as starting material
for the commercial process. However, when chlorinated xylene
C (68.39 chlorine) was fluorinated under conditions similar to
thoze employed with other chlorinated fractions, the resulting
yields of bis(triffuoromethyl)benzene averaged only about 2275
(Table V). It was evident that the bis(trichloromethyl)ben-
zenes had changed in quality upon the change in ratio of m-
xylene to p-xylene in the starting coal tar fraction. This change
in quality of chlorinated xylenes may be at-
tributed to the differences in relative chlorina-
tion rates of the meta and para isomers.
Sinee m-xylene chlorinates more readily than
p-xylene and is more readily overchlorinated,
a mixture of chlorinated m- and p-xylenes
containing 689 chlorine would have substan-
tinl quantities of xylene derivatives contain-
ing dichloromethyl groups, even though the
chlorine percentage appeared sufficient. When,
xylene C was chlorinated to a higher chlo-
rine content than necessary for xylene B
(70.59) and the chlorination products were
treated with hydrogen fluoride, resultant yields
of bis(trifluoromethyl)benzenes were about
439, (Table V). The comparative figures
show that xylene C required a higher degree
of chlorination than did xylene B for pro-
duction of maximum yields of bis(trifiuoro-
methyl)benzenes upon fluorination of the
intermediate chlorinated fraction.
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