
>
L

E
G

A
L

 
N

O
T

IC
E

 
., 

T
h
is

 r
e
p
o
rt

 w
as

 
as

 a
n
 a

c
c
o
u

n
t 

o
f 

G
o

w
m

m
n

t 
sp

on
so

re
d 

w
or

k.
 

N
e

it
h

e
r 

th
e
 

U
n
it
e
d
 S

ta
te

s,
 

n
o
r 

th
e
 C

o
m

m
ie

io
n
, 

n
o
r 

a
n
y 

p
e
rs

o
n
 a

c
ti

n
g

 o
n

 b
e
h
a
lf
 o

f 
th

e
 C

om
m

is
si

on
: 

A.
 

h
k

e
s

 a
n
y 

w
a
rm

n
ty

 o
r 

re
p
re

se
n
to

tio
n
, 

ex
pr

es
s 

o
r 

im
p
lie

d
, 

w
it

h
 r

e
sp

e
ct

 t
o
 
th

e
 a

c
- 

cu
ra

cy
, 

co
m

pl
et

en
es

s,
 
o
r 

u
se

fu
ln

e
ss

 o
f 

th
e
 i

n
fo

rm
a
ti
o
n
 c

o
n
ta

in
e
d
 i

n
 t

h
is

 r
e
p
o
rt
, 

o
r 

th
a
t 

th
e
 

us
e 

o
f 

a
n
y 

in
fo

rm
a
tio

n
, 

a
p
p
a
ra

tu
s,

 m
et

ho
d,

 o
r 

pr
oc

es
s 

d
is

cl
o
se

d
 i

n
 t
h
is

 r
e
p
o
rt

 m
ay

 
n
o
t 

in
- 

fr
in

g
e
 p

ri
v
a

te
ly

 o
w

n
e
d
 r

ig
h
ts

; 
o
r 

B. 
A
ss

um
es

 a
n
y 

li
a

b
il
it

ie
s
 w

it
h

 r
e
sp

e
ct

 t
o
 
th

e
 u
se
 o

f, 
o
r 

fo
r 

da
m

ag
es

 r
e
s
u
lt
in

g
 fr

o
m

 t
h
e
 

us
e 

o
f 

a
n
y
 i
n
fo

rm
a
tio

n
, 

a
p
p
a
ra

tu
s,

 m
et

ho
d,

 
o
r 

pm
ce

ss
 d

is
cl

o
se

d
 i
n

 th
is

 r
e
p
o
rt

. 

k
 u

se
d 

in
 t

h
e
 a

b
~

v
e

,"
~

e
m

n
 a
c
ti
n

g
 o

n
 b

e
h
a
lf 

o
f 
th
e 

C
o
m

m
is

si
o
n
" 

in
cl

u
d
e
s 

a
n
y 

e
m

- 

p
lo

y
e
e
 o

r 
c
o
n
tr

a
c
to

r 
o

f 
th

e
 
C

o
m

m
is

si
o
n
 t

o
 
th

e 
e
x
te

n
t 

th
a
t 

su
ch

 e
m

p
lo

ye
e
 o

r 
c
o
n
tr

a
c
to

r 

pr
ep

ar
es

, 
h
a
n
d
le

s 
o
r 

d
is

tr
ib

u
te

s,
 
o
r 

~
ro

v
id

e
s

 oc
ce

ss
 t

o,
 

a
n
y 

in
fo

rm
a
ti
o
n
 p

u
rs

u
a
n
t 

to
 h

is
 e

m
- 

p
lo

ym
e
n
t o

r 
c
o
n
tr

a
c
t 

w
it

h
 t
he

 C
om

m
is

si
on

. 

- 



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 
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Pornt ion of Nethyl Borate 
-1 Borate-Boron Fluoride Complex 

by Do A. McCaulay and i'i. L. Rittschof 

. 
In  a previous reporb" the d s t e n c e  of t h e  fo1bxh.g  quil.ibrh.m 

was established, 

B(OMe)3*2BF3 4 21Je20 ,&B(OMe)3 + 2BF3%eZO (1) 

Since it appeared t h a t  loss of boron into the vacuum aystem of the  
fractionation unit could easily result froE displacement of t h e  equiUbr8um to 
the r icht  by t he  presence of free methyl ether in t h e  unjbt, an investigation of 
t h e  extent of this possible cUsplacernent MQS undertaken, Methyl ether was 
bubbled through boilfne -thy1 borate-boron fluoride complex and the vapors 
were rectified,  It was found that th'e overhead product consisted mainly of 
meP;hy.l borate and that t h e  residue consisted of methyl ether-boron fluoride 
COR@€& 

The pesufts of this investigation h d i c a t e  tha t  the reaction goes 
t o  cemgletion under these conditions and that  the  occurrence of this reaction 
coubd account for %he high losses of' boron %mm the  fractionation U t  which 
have been observed at  various t-80 

htmduct%on 

1% has bsen shown from vapor prosr;me mnarar<..im';o rzc'2 i n  tisis 
hbmtioryl that methyl  ether and =thy1 borate-boron fluorids c o q h x  rem% 
reversibly t o  fom mthyl ether-bomn fluoride 0oQpdgx as shorn h the follow- 
ing equation, 

B(OBe)302BF'3 4 2He20 \-(OHe>s e+ 2BF30Me;~o 

The masuse8 equilibrium constant for reaction (1) was s!?!alls and there is, 
therefore, Uttle tendency for t h e  abve  m a c t b n  t o  proceed t o  t he  right 
except under the influence of a large excess of one of t h e  seactmta and the 
eontbaow remval of one of the pmducta. Thus, i f '  a large excess of ether 
3.8 premnt, the  reaction should ba displaced t o  fom nrethyl borate, which if 
continuously removed might be formed until all the  methyl borate complex was 
used up. 

If this oceusped in the plrure fractionation unit it would explain 
losses into t h e  vacuum system which xere sometimes greater than accountable 
by flow of sent gas and vapor pressures of material thought t o  be present, 

\ 





Lt 
An excess of ether might be present in the columna o f  tb fmctiom- 

t ion unit if the ether csxy,la were contamhated with water o r  df an excess of 
ether wen present i n  the entering feed. Under these conditions it is probable 
t h a t  the volat i le  methyl, borate would 'be carried into the vacuum system, 

It was t he  purpose o f > t h i s  investigation t o  devise an exp8rSment 
which muld simulate plant eonditi'ons then an excess of ether was present and 

i thus  wuld measure roughly t h e  extent to  nhich t h e  methyl borate complex would 
be lost. ' 0  

1 

5 

.. 

4 %  

b 

The apparatus used consisted mainly of a f ~ c t ~ o n a t i n g  column f i t t e d  
with a tube for admitting gas t o  the  sti l l  pot. A schematic drawing of the 
apparatus is given in Piguse 1, and a description of the essential  parts i a  
given in the f o l l o w i n g  pragraphs:  

a, Still Pot - The pot was D 300 nil. mwd bot'm flask fit ' ,  % 1 
with a gas inlet tube which reached almst t o  t: 3 l m t ' c x  L G ~  with a fmz3-e 
ground @.ass joint  for  connecting i t  tg t h e  c ~ b ~ i l i .  

b. I Column - The column m s  mde f r o m  a length of 15 m. p m  glass 
tubing on the  lower end of which &AS sealed a male gxmnd glass joint  for the 
still pot connection and on the  uppr  end a short length of 25 me tubing and 
a female ground Joint for t he  connection t o  the  reflux condensero The co3lueua 
was packed t o  a height of 23. inches with 5 / 3 2  inch I.D. single turn g1-s 
helices and was estimated t o  have appmdmte ly  seven theoretical  plates. 
Above the  paeh-d space but below the  reflux condenser was sealed a t h e m -  
couple wel l  in which was placed an iron-constantan thermcoupbe w e l l  fo r  
mastaring t he  overhead temperature., 

eo Reflux Condenser - The reflux colldenser consided of a cold 
finger msrde f r o m  13 50 pyrex tubing and a d e  ground glass jofnt for connect- 
$.% it to the  column. The reflux rate was controlled by the amount of cooling 
water allowed t o  f l o w  through the reflux condenser and was measured by the  rate 
at which dmps fell fmmthe bottom of t h e  cold finger, 

8. Pmduct Condenser - The product condenser mas a conventional 
ipbb-glase t y p  f i t ted with ground glass j o h t s  for connection to  the vapor 
delivery apn of the column and t o  the  receiver. 

The mthyl borate cmaple~ wed was mterl-al ziiich hczd bzsa c o l l e c k d  . from the vacuum Uncs of t h e  f iydlonat ion unit. Befora w e p  it vias purified 
by d i s t U a t i o n  i n  the column described a p e . u r d  was found t o  have a boiling 
point of 87%. and a freezing point of 3 C. These conetanes agmed with 
those Given in the Literature fo r  the cornplex, 
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The m e t h y l  borate complex waa placed 3n the pot which was then 
'attiached t o  t h e  colunm, 
U q d d  0VhU.e the pot heater was adjusted t o  effect moderate refluxing. 
i$ng water was regulated t o  giwe an app&te two to one reflux ratio. 

Tank methyl ether was slowly bubbled through the 
Cool- 

c 

3. 

Vollms = 200 m l ,  
Boiling point 0 a27°Co (740 mo Hg.) 
Per cent ether c o m p h x  f r o m  boron analysis = 99.u 
Per cent ether conplex f r o m  fluorine analysis = 99,s 
Pes cent ether complex from ether m l u t i o n  
Per cent Karl Pischer water 0.98 
Specific Resist-ance 1683 o b  

99.3% 

...... . . . . .  ..... . * .  . . . . . .  
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Chanical analysis of the residue shxs that  it is practically one 
hundred per cent methyl ether-boron fluoride complex fomed in amounts mug- 
pssdictsd by equation (1) , 

Also9 the  fact t h a t  the derivat+ve obtafned on treating the d i s t U t e  with 
boron f luoride exhibits a melting point only sl ight ly  lower than that of pure 

of the d i s t i l l a t e  is mthylborate-boron fluoride complex, 

p 

r -  ?he analysis of the distillate shms t h a t  it fs 85% methyl borate. 
8 

v methyl borate-boron fluoride eornplex,Fndicates that most of the  reaabhg 15% - 

From these poesulta, therefom, it is apparent that the rrrethyl borate 
complex has been converted into the  &hyl ether complex which m&s in the 
pot and into the tPohtUe methyl. borate which disti3J.s over, 

b ,  Conolusf o m  

1, It has been demonstrated tha t  under t h e  proper conditions, methyl 
borate complex and nrsthyl ether w i l l  react quantikativelg t o  form methyl &her 
coxripbas and methyl borate, 
ether and c o n t ~ u o u s  removal of t h e  methyl borate formed, 

The conditions required are a h g e  a c e a s  of methyl 

2 ,  1% is concluded that %lie abnoRaally high loss of boron f r o m  t he  
plant fgwtionation unft obsewed a t  various tines may be accounted for by 
this reaction, 

D. A .  MC CAULAY e/ 
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