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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.
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Formation of Methyl Borate
From the Methyl Borate~Boron Fluoride Complex

by D. A, McCaulay and ii. L. Rittschof

In a'previous reportl-the existence of the following equilibrium
was established,

B(OMe)3-28F3 + 2le,0 ;fs(oz,te)B + 2BF4 e 0 (1)

Since it appeared that loss of boron into the vacuum system of the
fractionation unit could easily result from displacement of the equilibrium to
the right by the presence of free methyl ether in the unit, an investigation of
the extent of this possible displacement was undertaken. Methyl ether was
bubbled through boiling methyl borate-boron fluoride complex and the vapors
wore rectifised. It was found that the overhead product consisted mainly of
methyl borate and that the residue consisted of methyl ether-boron fluoride

complex.
The results of this investigation indicate that the reaction goes

- to completion under thess conditions and that the occurrence of this reaction

could account for the high losses of boron from the fractionation unit which
have bean observed at various times.

introduction

It has bsen shown frem'vapor pressure measursoents made in Lhis
laboratoryl that methyl ether and methyl borate-boron fluoride complex react
reversibly to form methyl etherbboron fluoride complex as shown in the follow-

ing equation,

B(OMe) 5°2BF; 4 e 0 ,—;.—-_-Ea(ozge)B ° 2BF3°M320_ (1)
The msasured equilibrium constant for reaction (1) was small, and there is,
therefors, little tendency for the above reaction to proceed to the right

except under the influence of a 1arge excess of one of the reactants and the
continuous removal of one of the products. Thus, if a large excess of ether

is present, the reaction should be displaced to form methyl borate, which if
continuously removed might be formed until all the methyl borate complex was

used up.

-If this occurred in the plaht fractionation unit it would explaih
losses into the vacuum system which were sometimes greater than accountable
by flow of vent gas and vapor pressures of material thought to be present.

U%@&AS@?? EED 1)
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An excess of ether might be present in the columns of the fractiona-
tion unit if the ether complex were contaminated with water or if an excess of
ether were present in the entering feed. Under these conditions it is probable
that the volatile methyl borate would be carried into the vacuum system.

It was the purpose of ' this investigation to devise an experiment

which would simulate plant conditions when an excess of ether was present and

thus would measure roughly the exxent to which the methyl borate complex would
be lost. "o

ggggatus

The apparatus used consisted mainly of a fractionating column fitted
with a tube for admitting gas to the still pot. A schematic drawing of the
apparatus is given in Figure 1, and a description of the essential parts is
given in the following paragraphs:

a. Still Pot - The pot was 2 300 ml. round bottom flask f£it: :d
with a gas inlet tube which reached almost to tiz botton and with a female

- ground glass joint for connecting it to the column.

b. Column - The column was made from a length of 15 mn., pyrex glass
tubing on the lower end of which was sealed a male ground glass joint for the
still pot connection and on the upper end a short length of 25 mm. tubing and
a female ground joint for the connection to the reflux condenser. The column
was packed to a height of 21 inches with 5/32 inch I.D. single turn glass
helices and was estimated to have approximately seven theoretical plates.
Above the packed space but below the reflux condenser was sealed a thermo-
couple well in which was placed an iron-constantan thermocouple well for
measuring the overhead temperature..

¢. Reflux Condenser ~-"The reflux condenser consisted of a cold
finger made from 15 mm. pyrex tubing and a male ground glass joint for connect-
ing it to the column. The reflux rate was controlled by the amount of cooling
water allowed to flow through the reflux condenser and was measured by the rate
at which drops fell from the bottom of the cold finger.

d. Product Condenser - The product condenser was a conventional
all-gl&sa type fitted with ground glass joints for connection to the vapor
delivery arm of the column and to the receiver.

Progedure

The methyl borate complax used was material which had beea collectad

\from the vacuum lines of the fractionation unit. Before use, it was purified

by distillation in the column deseribed abcve and was found to have a boiling
point of 87°C. and a freezing point of 39°C. These constants agreed with
those given in the literature for the complex.
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The methyl borate complex was placed in the pot which was then
‘attached to the column. Tank methyl ether was slowly bubbled through the
liquid while the pot heater was adjusted to effect moderate refluxing. Cool-
'ing water was regulated to give an approximate two to one reflux ratio. '

Distillation was continued until a drop in the overhead temu:rabure
indicated that all the msthyl borete had dlStiJ.Ln. over. A sample of the pot
residue was analyzed for boron and flusrine? s for per cent ether complex by
ether evolution3, for Karl Fischer water’, and for specific rosistance. The
distillate was analyzed for methyl borate by treating a sample with an excess
of boron fluoride, measuring the increase in weight, and identifying the
resulting product as the methyl boratenboron fluoride complex by a melting .
point detemina.tion,

" Data

The data obtalned are as follows:

Ve

1. Starting lMaterial - Me’chyl borate-boron fluoride complex

Volume = 200 ml. :
Boiling point = 87°C.
Freszing point = 39°C.

2, Overhead Product

Volume = 90 ml.

Boiling range = 52°C. to 57°C. (740 mm, Hg.)

Wit. of sample = 11.5433 g.

Wt, of BP, added ® 12,5135 g:

i, of meghyl borate in, ,sample baszed on wi. of
BF,, added = 9,80 g.

Per cen 3 methyl borate in sa.mple = 85 0%

- Melting point of derivative = 37-39°C.

3. Pot Residue

. Yolums = 200 ml.
Boiling point = 127°C. (740 mm. Hg.) '
Per cent ether complex from boron analysis = 99.4%
Per cent ether complex from fluorine analysis = 99.3%
Per cent ether complex from ether evolution = 99.3%

- Per cent Karl Pischer water = 0.98

. Spacific Reslstance = 1683 ohms

25AK Report A-1299.
s Report 4-2120, p. 48.
bsan Report k-1184, p. 3.
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Discussion

_ Chemical analysis of the residue shows that it is practically one
hundred per eent methyl ether-boron fluoride complex formed in amounts roughly
predicted by equation (1).

The analysis- of the distillate shows that it is 85% methyl borate.

. Also, the fact that the derivative obtained on treating the distillate with

boron fluoride exhiblts a mslting point only slightly lower than that of pure

methyl borate-boron fluoride complex, indicates that most of the remaining 15%

of the distillate is methyl borate~boron fluoride complex.

From these results, therefore, it is apparent that the methyl borate
complex has been converted into the methyl ether complex which remains in the
pot and into the volatile methyl borate which distills over.

The eams conditions under which this experimen” w28 carried :
might from time to tims exist in the plant columma, Tl s, whenever T :tcr .
leaks into the system, the fOFEBtiDDCL methy) borate conplex is accolerabtel’
and methyl ether is liberated. The mathyl borate complex ard methyl ebher
then react to form methyl borate which ‘distills out of the condenser into the
vacuum line. It 1s quite probable, therefore, that the formation and vaporiza-
tion of methyl borate account for the high loss of boron into the vacuum system.

Conclusions

1l.. It has been demonstrated that under the proper conditions, methyl
borate complex and methyl ether will react quantitatively to form methyl ether
complex and msthyl borate. The conditions required are a large excess of methyl
ether and continuous removal of the methyl borate formed.

2. It is concluded that the abnommally high loss of boron from the
plant. fractionation unit observed at various times may be accounted for by
this reactlon.
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