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[57]) ABSTRACT

A novel process for producing a thin flexible self sup-
porting boron nitride felt comprising the following
steps £.1:

A. purifying boron nitride fiber by washing with
water and subsequently extracting with an
aliphatic alcohol containing from 1 to 3 carbon
atoms;

B. forming a mat from the fibers in step A and
incorporating therein an aqueous solution of an
inorganic water soluble binder selected from the
group consisting of water soluble halides, nitrates,
nitrites and carbonates of the alkali metals, the
alkaline earth metals, the Group IIl A metals and
their mixtures; and

C. drying the resulting binder-containing mat
obtained from step (B) at a temperature below
the melting point of the salt.

4 Claims, No Drawings
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PROCESS FOR PRODUCING BORON NITRIDE
FELT

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to a method for preparing an
ion-permeable, electron-insulating separator for use in
an electrical energy storage device. More particularly
this invention relates to a method for preparing a sepa-
rator composed of boron nitride felt which is particu-
larly useful in electrical energy storage devices such as
electrochemical cells under the most chemically severe
operating conditions. A separator of this type consti-
tutes an effective barrier between electrodes of oppo-
site polarity and provides a means for spacing the elec-
trodes.

Under operating conditions in some electrochemical
cells and particularly in cells employing fused salt elec-
trolytes, the electrodes undergo distortion as is evi-
denced by their buckling and swelling. Heretofore the
distortion was compensated for by spacing the elec-
trodes far enough apart so that even after buckling and
swelling the electrodes failed to contact one another.
Thus by one method of the prior art short-circuiting
between electrodes was avoided. However, such exces-
sive spacing was both wasteful and inefficient.

The general requirements of the separator of the
present invention are that it be as thin as possible to
minimize electrical resistance and to allow for compact
electrical energy storage device, and that it possess the
mechanical strength to withstand operating conditions
entailing charging and discharging of the cell. Because
electrochemical reaction devices such as electrochemi-
cal cells herein described operate over a wide tempera-
ture range from about ambient to 750°C and above,
depending on the electrolyte, the internal components
are subject to considerable stress in the form of expan-
sion and contraction. Therefore, the separator of the
present invention must possess the structural integrity
to withstand wide ranges of operating conditions. The
separator must also possess insulating properties to
prevent the short-circuiting of the electrodes should a
bridge form from materials capable of promoting the
formation of short-circuits. Also the separator must
have a maximum porosity and must accommodate
ionic diffusion. Any hindrance of the ions in their
movement affects the efficiency of the electrochemical
device. Of course, the porosity of the separator desir-
ably approaches 100 percent.

The boron nitride separator prepared by the process
of the present invention is designed for use in a highly
corrosive, high-temperature environment, and it there-
for is manifested that it have a high melting point, and
be chemically and thermally inert, stable, and insoluble
under operating conditions.

Boron nitride bulk fiber as obtained from commer-
cial sources is either in the form of a loose, fluffy fiber
or is in the form of roving, both of which are difficult to
handle and to convert into a reproducible felt form.
Although boron nitride felt is available commercially,
the felt is unsatisfactory from the standpoint of impuri-
ties introduced in felting. By the process of this inven-
tion a minimum of impurities is introduced in the pro-
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cessing steps, and the roving or loose, fluffy boron
nitride fiber can be readily converted into a flexible,
integral, self-supporting felt of high purity that is suit-
able for use under the operating conditions heretofore
specified. This is accomplished by employing an inor-
ganic salt or combination of salts as a binder for the
boron nitride fibers in the mat. Preferredly for practical
purposes, the inorganic salt or salts utilized in this pro-
cess are the more common, water soluble salts wherein
the cation may be an alkali metal, an alkaline earth
metal or a Group III A metal and the anion is a halide,
nitrate, nitrite, or certain carbonates. In addition to the
use of a single salt as a binder material, binary and
ternary salt mixtures can also be utilized, such as lith-
ium chloride-potassium chloride, potassium iodide-
lithium iodide, potassium chloride-magnesium chlo-
ride, magnesium chloride-sodium chloride, lithium
bromide-potassium bromide, calcium chloride-lithium
chloride, lithium fluoride-rubidium fluoride, magne-
sium chloride-rubidium chloride, aluminum chloride-
lithium chloride, and mixtures thereof. Examples of
ternary mixtures are lithium chloride-potassium chlo-
ride-cesium chloride and lithium bromide-potassium
bromide-lithium chloride. A preferred binder composi-
tion is a eutectic mixture of potassium chloride and
lithium chloride.

The separator of this invention is particularly suitable
for use in fused salt batteries wherein the binder may
have the same composition as that of the electrolyte of
the electrochemical cell. It is also feasible to employ
the binder-saturated boron nitride felt as the only ion-
containing and conducting medium in the battery,
wherein the felt is placed between and is wrapped
around the electrodes. :

In the broadest aspect of this invention, the process
for preparing the felt comprises adding an aqueous
suspension of boron nitride fiber to a saturated solution
of the binder in water, stirring the resulting mixture to
obtain a uniform suspension of the fiber in water, sepa-
rating the fiber-salt mixture from the aqueous medium
as by filtration or by some other known means to pro-
duce a felt-like sheet, and subsequently shaping and
drying the sheet. Alternatively, in a more preferred
procedure, an aqueous suspension of the boron nitride
fiber is filtered to produce a thin fiber mat, an aqueous
solution of the binder is sprayed onto the surface of the
mat, and the mat is then shaped and dried to obtain an
integral, flexible, spacer. This latter procedure enables
better control of the binder composition and concen-
tration in the felt, particularly where the binder com-
prises a mixtyre of salts in certain definite proportions.
On slow drying, the fiber mat may be reshaped periodi-
cally to adjust the form and thickness to the desired
dimensions.

For satisfactory performance in an electrical energy
storage battery, the boron nitride fiber employed in
preparing the felt of this invention should contain a
minimum of foreign matter so as not to contribute
excessively to the leakage current of the electrochemi-
cal cell. It is therefor preferred that the boron nitride
fiber contain less than about one percent by weight of
any foreign substance. Boric oxide is a common impu-
rity found in the fibers and this can be readily removed
by converting the boric oxide to boric acid by means of
washing with water and removing the boric acid by
extraction with a low molecular weight (C, to C,) ali-
phatic alcohol. It is also advantageous, but not essential
to use fibers with a diameter of < 10 microns, and a
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density of = 1.85 grams/cc of fibers, and a dy, spacing
= 341A.

Structural variables of the felt such as orientation of
fibers, uniformity of fiber density, and thickness, are
largely controlled by the concentration of fiber in the
aqueous suspension. By using more dilute suspensions
of the fiber, it is possible to obtain felt with uniform
density, minimum orientation and a greater degree of
cross-linking required for strength and flexibility to
survive subsequent handling. With the use of a more
lilute suspension it is also possible to produce felt with
2 minimum of thickness which is important from the
standpoint of space conservation in electrochemical
cells. For example, we have found that felts with satis-
‘actory physical properties and having dimensional
‘hicknesses of from 15 to 75 mils can be obtained by
:mploying concentrations of boron nitride fiber of
‘rom about 1 to 5§ grams per liter of water. It is also
oreferred, but not essential however, for a mat in this
‘hickness range to have a fiber density of from about
2.5 to about 12.5 X 1072 g/fcm? of geometric surface
area of felt. It has been found that lower drying rates
also contribute to reduction of separator thickness, and
‘hat very satisfactory results are obtained by slow dry-
ng under reduced pressures at temperatures ranging
rom about 50°C to a temperature just below the melt-
.ng point of the binder.

The concentration of the binder in solution necessary
0 produce satisfactory felts may vary with the salt
:mployed and the manner in which it is incorporated
nto the boron nitride fiber. On adding an aqueous
suspension of the fiber to a solution of the binder, it is
sreferred to employ a saturated salt solution, and the
oncentration will vary with temperature and the solu-
sility characteristics of the particular salt employed. If,
1owever, the salt is applied by spraying on to a pre-
‘ormed mat of fibers, generally more dilute salt solu-
ions are required. It is preferred that the final concen-
ration of the binder in the mat range from about 2 X
1072 to about 5.5 X 1072 g/cm? of mat.

It has also been found to be advantageous to produce
nultilayer laminates of boron nitride felt by combining
several layers to obtain felt with increased cross-linking
of fibers and to compensate for minor variations in
‘hickness.

The following examples represent preferred modes of
sarrying out the process of this invention, but the scope
>f the invention is not limited to these procedures.

EXAMPLE 1

Twenty-five grams of boron nitride roving (Carbo-
undum, high purity textile roving) were added to 500
nls. of distilled water. The slurry was boiled for 15
ninutes and the water decanted. This latter step was
‘epeated two additional times in order to convert boric
»xide present as an impurity in the fiber to boric acid.
[he boric acid was then removed from the boron ni-
ride roving by soaking in 500 mls. of methanol for 15
ninutes and decanting the methanol. The boron nitride
iber was then placed in a Waring three-speed commer-
sial blender containing 3,500 mls. of distilled water,
ind the fibers were blended for one second. The
slended mixture was then diluted with distilled water to
t total volume of 12 liters and agitated by means of an
lir sparger. The resulting suspension was filtered by
racuum through a porous filter with a nickel surface
ind having 3.8 u holes and 40 percent void fraction,
ind the fiber mat was checked for uniformity and den-
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sity. The mat was removed from the filter with the aid
of a gentle stream of air directed to the back of the
filter and cut to the appropriate shape and size required
for the separator. Excess water was removed from the
mat by pressing, and the mat was sprayed with a binder
solution consisting of a mixture of 7.3 grams of potas-
sium chloride and 5.8 grams of lithium chloride in 52
mls. of water. The final mat containing 2.54 X 1072
g/cm? of binder, was then dried in a hot air oven at
50°C for one hour and reshaped to a mold block. The
mat was returned to the oven and dried at 125°C, and
then placed in a vacuum chamber and dried for a per-
iod of about 15 hours during which time the tempera-
ture increased to 300°C and the pressure was reduced
to approximately 10~% Torr. The final boron nitride mat
had a uniform thickness of 0.030 inches.

The resulting felt was utilized as a separator between
the electrodes in an electrochemical reaction cell com-
prising a -high surface area carbon electrode and an
opposing electrode composed of an aluminum-lithium
alloy. The space between the electrodes provided a
clearance of 0.030 inches. The electrodes were im-
mersed in an electrolyte composed of a eutectic mix-
ture of lithium chloride and potassium chloride, (59
mole percent LiCl and 41 mole percent KCL), and the
cell was operated at a temperature of 500°C. The cell
was contained in a rectangular 1,008 carbon steel hous-
ing, 6 inches wide, 8 inches high, and 1 inch thick, with
the fused salt about ‘% inch from the top of the cell. The
cell was sealed to prevent liquid and gas evolution and
was provided with a positive current carrier. The cell
performed in the rechargeable mode as a secondary
sealed system. The cell was cycled for 30 days between
3.34 v and 1.0 v. The separator was inspected after
completion of the test and was found to be in excellent
condition.

EXAMPLE 2

The procedure of Example | was repeated using a
eutectic mixture of lithium bromide and potassium
bromide (mol ratio 1.63 LiBr/IKBr) as the electrolyte
and as the binder in the boron nitride felt. The fiber
density of boron nitride in the final felt was 8.10 x 1072
g/cm? of mat, the felt had a thickness of 0.050 inches,
and it had a binder content of 4.0 X 1072 g/cm? of mat.
The cell was cycled as in Example 1 for a period of 30
days and on examination of the separator on comple-
tion of the test the separator was found to be in good
condition.

EXAMPLE 3

The procedure of Example 1 was repeated using
lithium chloride-potassium chloride eutectic as the
electrolyte and cesium chloride as the binder in the
boron nitride felt. The felt had a fiber density of 4.05 X
1072 gfcm? of mat, a thickness of 0.025 inches, and it
had a binder concentration equivalent to 2.0 X 10-2
g/cm? of mat.

When employed as a separator in an electrical energy
storage cell as in Example 1, which was operated for 20
days, the separator was found to be in excellent condi-
tion.

EXAMPLE 4

The procedure of Example 1 was repeated except
that the binder in the boron nitride mat consisted of a
mixture of lithium chloride, rubidium chloride and
potassium chloride in a molar ratio of 2.55:1.18:1. The
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mat had a thickness of 0.015 inches. a fiber density of
2.43 x 1072 gfcm? of mat, and a salt concentration of
5.1 X 1072 g/em? of mat. The separator was wrapped
around both electrodes of the cell, and the only electro-
lyte present in the system was held interstitially by the
separator. After cycling the cell for 15 days, the separa-
tor showed no signs of deterioration.

We claim:

1. A process for producing a thin, flexible, integral

boron nitride felt comprising the following steps:

A. purifying boron nitride fiber by washing with
water and subsequently extracting with an aliphatic
alcohol containing from one to three carbon atoms;

B. forming a mat from the fibers in step (A) and
incorporating therein an aqueous solution of a
binder Lin an amount such that the final concen-
tration of the said binder in the mat ranges from
about 2 X 1072 to about 5.5 X 1072 g/cm?® ], said
binder being an inorganic salt selected from the
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group consisting of water soluble halides, nitrates,
nitrites and carbonates of the alkali metals, the
alkaline earth metals, the Group III A metals, and
their mixtures; and

C. drying the resulting binder-containing mat ob-

tained from step (B) at a temperature below the
melting point of the salt.

2. The process in claim I wherein the binder in step
(B) is incorporated by adding an aqueous suspension of
the boron nitride fiber to a saturated aqueous solution
of the binder, and forming the mat therefrom.

3. The process in claim 1 wherein the binder in step
(B) is incorporated by spraying the mat formed from
boron nitride fiber with an aqueous solution of the
binder.

4. The process in claim 1 wherein the inorganic salt
consists of a eutectic mixture of lithium chloride and

potassium chloride.
* * % * *



