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This invention relates to improved processes of
working, deforming, machining or otherwise
changing the size or shape of light metals. The
processes in gquestion are various and include
those generally described by the terms: extrusion,
drawing, forging, pressing, broaching, machining,
cutting, rolling, and the like. In any event, they
are those processes by which a piece of light
metal is altered in shape, siZe or section as
distinguished from processes in which pieces of
metal are merely assembled into a structure.
These processes will, for convenience, be generi-
cally termed fabricating or shaping light metals,
the terms “fabricating” and “shaping” being used
equivalently herein. The light metals to which
the improvements of this invention relate are
aluminum and magnesium, or workable, deform-
able or shapable alloys which contain at least 70
per cent by weight of one of those light metals.
This application is a continuation-in-part of
Serial No. 626,164, filed November 1, 1945, and
now abandoned. o

In fabrication or shaping processes by which
licht metals are worked, deformed or otherwise
changed in size and shape the instrumentality or
tool which serves as the agent in the operation
and bears directly on the surface of the light
meta] i¢ commonly made of steel, bronze, ce-
mented carbide or other metal alloys or metallic
compounds. During such fabrication a coating
forms on the tool. This coating is believed to be
composed, at least in part, of light metal or an
oxide or other compound thereof. Such coatings
form to some extent whether the light metal be
rolled, extruded, drawn, forged, pressed, broached,
or otherwise altered in shape, size or section.
This contamination of the tool surface often ma-
terially affects the quality of the article produced
in that the surface of the article is often marred
by imperfections or is rough or of lessened polish
or brilliance, In some cases these coatings other~
wise adversely affect the efficiency of the fabri-
cation operation.

The principal aim and object of this invention
is to so improve methods of fabricating or shap-
ing light metals as to prevent, diminish or sup-
press the contamination of the tool by this coat-
ing and the effects of such contamination. In
achieving this result in accordance with this in-
vention other important incidental objects may
likewise be achieved, as is hereinafter explained.

In accordance with this invention, these ob-
jects are obtained in whole or in part, by main-
taining at the interface of the light metal and
the fabricating instrumentality or tool during
fabrication or shaping, the BF3 or BF: radical,
which radicals may, under. some circumstances,
exist as ions. In other words, there is furnished
at said interface a compound or complex which
contains BFs or BF: and which is stable under
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the conditions at the interface, in the sense that
the BF: or BF: is available at the interface
during the fabricating operation. These com-
pounds or complexes are selected from the group
consisting of MBFs, REIBF4, and X-BFs, where M
represents an inorganic radical or ion, R repre~
sents a nitrogen-containing organic compound
having a basic character, i. e. amines and amides,
and where X represents g substance or carrier
which will sorb or hold BF; when treated there-
with, Those substances which contain a BF4
radical are the inorganic fluoborates or the HBFs
acid salts of amines and amides. Those sub-
stances which contain sorbed or held BF: com-
prise a wide range of complexes, and in a few
instances perhaps compounds, which may be pre-
pared in various ways but which, for the most
part, may be conveniently prepared by exposing
the base material X to direct contact with gas-
eous BF3., Whether these substances be com-
pounds or complexes or a solution of BF: in the
base material or merely the undefined result or
reaction product of the treatment with BFs of a
material which has an unsatisfied valence which
will act as an acceptor of BFs, they are, for the
purpose of this invention, alike in basic function
if they will deliver to the light metal tool inter-
face amounts of BFs under the conditions exist-
ing at that interface during the fabricating oper-
ation, i. e., if they are “stable.”

Examples of compounds represented by the
formula MBF4 are the following: ammonium flu-
oborate, potassium fluoborate, sodium fluoborate,
lithium, fluoborate, calcium fluoborate, cadmium
fluoborate, lead fluoborate, barium fluoborate,
copper fluoborate, tin fluoborate, nickel fluobo-
rate and zinc fluoborate.

The formula RHBPF: represents the reaction
product of hydrofluoboric acid and an aliphatic,
aromatic or heterocyclic, mono- or polyamine or
hydroxy amine or an amide. Amines such as the
following can be used: butyl amine, amyl amine,
ethylhexylamine, dodecylamine, didodecylamine,
dioctadecylamine, trihexylamine, ethylene dia-
mine, diethylene triamine, triethylene tetramine,
di(2-ethylhexylamine), tri-n-amyl amine, aniline,
3-phenyl propylamine, 2-pentyl-4,5-dimethyl-4-
hexanooxyethyl-2-oxazoline, 2-pentyl-4, 4-bis-
(hexanooxymethyl) - 2 - oxazoline, 2 - nonyl-4-
ethyl-4-caproxymethyl-2-ethyl oxazoline, mono-
ethanolamine, diethanolamine, triethanolamine;
aminoethanolamine, diethylaminoethanol, 3-di-
n - amylamino - propylamine, monoisopropanol-
amine, phenyl ethanolamine, ethyl phenyleth-
anolamine, phenyl diethanolamine, o-dimethyl-
aminoethyl-p-octyl phenol, 4-amino - 3 - penta-
decyl phenol, nitron, phenyl morpholine, and 1-
hydroxyethyl-2-heptadecenyl glyoxalidine. Ex-
amples of amides which can be used are 'a.c,et-
amide, propionamide, butyramide, benzamide,
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cinnamide, nicotinamide, diacetamide, triacet-
amide, n-hexadecyl amide and n-octadecyl amide.

The carrier or substance represented by X in
the formula X-BF: may be selected from a wide
range of substances, among them being dieth-
yleneglycololeate, butyl stearate, acetamide, N-
hexyl ether, 4,5 dihydro-1,4 diphenyl-3,6 phen-
ylamino 1,2,4 triazole, pyridine, morpholine, di-
oxane, aniline, urea, oleic acid, linoleic acid, lard
oil, butyl acetyl ricinoleate, cetyl alcohol, tal-
low, diethylenetriamine and oxazolines.

The formula X-BF;, it should be understood,
does not necessarily imply an equimolecular ra-
tio between X and BFs, but rather that the or-
ganic material may be associated with BF; in
any proportion.

Among the compounds or substances repre-
sented by MBF:, RHBFs and X-BF: are a num-
ber which are not, in the sense of this inven-
tion, stable. This lack of stability, however,
may be simply and easily determined by testing
of a complex or compound (if information is
not readily available) to determine whether it
will retain its BF: or BFs: content until deliv-
ered at the interface and then make it avail-
able at the temperaturés and conditions ob-
tained at the interface. Because of direct ther-
mal decomposition or because of hydrolysis of
the compound into components, one of which
is insoluble or gaseous, or because of other sim-
ilar reasons, the compound or complex may not
be physically or chemically capable at the tem-
peratures and conditions of the fabrication proc-
ess of delivering BFs or BF: in effective form
at the interface.

It will be apparent that “stability” of the com-
pound or complex, as that term is herein used,
is relative and is dependent upon interface con-
ditions which are necessarily chosen by the op-
erator to obtain the fabricated product desired.
The inorganic fiuoborates, the reaction products
of hydrofluoboric acid and the basic nitrogen-
containing organic compounds and those sub-
stances represented by the formula X-BF3 are
eficient to accomplish the objects of this in-
vention if choice be made of them, in accord-
ance with the principles above indicated. Thus,
for instance, calcium fluoborate will be efficient
to deliver BF: to the interface and thereby pre-
vent or partially prevent contamination of the
tool if not mixed with water. However, if, as
in hot rolling of licht metal, there is used a mix-
ture of calcium fluoborate and a water-oil emul-
sion, hydrolysis of the calcium fluoborate will
take place with the consequent formation of
sufficient insoluble calcium fluoride, thus re-
moving the active fluoborate from the mixture.
Sodium fluoborate, potassium fluoborate and
many other fluoborates, however, will act effi-
ciently in the presence of water. Lithium fluo-
borate decomposes at relatively low tempera-
tures; when used as a solid film it may be in-
capable of delivering BF: at the interface when
the working operations are conducted at ele-
vated temperatures, say in excess of about 200
or 300° F. On the other hand, a compound of
higher thermal stability, such as potassium fluo~
borate, may be unsatisfactory when tempera-
tures are about 300° F. because it does not read-
ily yield BFs at such relatively low temperatures,
but may be effective to make BF: available at
temperatures of about 500° F. or even higher.
Other factors may likewise enter into such a
selection, depending upon the choice of the op-
erator. For instance, some of the fluoborates
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are less expensive than others, and, also, some
of the heavy metal fluoborates may be considered
less desirable than the alkali metal or alkaline
earth fluoborates, because of the possibility that
the presence of a heavy metal radical or ion
at the working interface might cause minute
contamination of the metal article being pro-
duced, with consequent corrosion or other dif-
ficulties. Similar principles apply to the selec-
tion of complexes represented by X-BFs3. The
capability of -any such complex to deliver BF3
to the light-metal tool interface when a given
set of conditions are there existent is readily
ascertainable by simple test. The carrier or
substance represented by X in the formula may
also be selected by the operator with other prop-
erties in mind, such as, for instance, properties
of lubrication, wetting or the like. A wide range
of substances has been found to be adapted to
deliver BFs to the interface, as indicated nere-
inabove, their use depending upon the temper-
ature of the operation and other considerations
of the type previously mentioned.

Although the precise manner is not known in
which the BF3- and BF¢-containing substances
act at the tool-light metal interface to prevent
contamination of the tool, it is believed that
the BF: and BF: portions of those substances
either eliminate or greatly reduce any wetting
of the tool by the light metal and any diffusion
of the light metal into the tool surface. Metal
pick-up by the tool is thought to originate with
the minute points of light metal which become
welded to the tool. The presence of BF; or BF4
appears to prevent the occurrence of such weld-
ing. One theoretical explanation of this action
is that the BFs or BF: saturates the molecular
field of force present on the metallic surfaces.
In any event, no visible film appears on either
the work metal or the togl and hence it is con-
sidered that whatever protective film is formed
is transitory and occurs only at the interface
between the light metal and tool under the in-
fluence of the heat and pressure incident to
working of the light metal.

The mechanics of bringing the aforesaid com-
plexes or compounds fto the interface between
the light metal and the tool and maintaining it
there during the fabricating operation will vary
with the nature of the fabricating process em-
ployed. In processes, such as rolling or cutting,
where a liquid lubricant or coolant is customarily
furnished at the interface, the compound or
complex or solution containing BFs or BF4+ may
be added to the liquid, thereby insuring main-
tenance of an effective agent at the interface
without necessity of extra operations. In fabri-
cating processes such as extrusion or drawing
where, in' common practice, a lubricant of the
grease or solid type is normally applied at the
interface, the compound or complex may be in-
corporated in sald lubricant. In many fabrica-
tion operations, however, little or no lubricant
is’ furnished at the Interface. In such case
maintenance of the compound or complex at the
interface during the fabrication operation in-
volves extra operations. For instance, where
the fabrication fool is hot, the compound or com-
rlex may be incorporated in a slurry or solu-
tion with a liquid vaporizable at the temperature
of the tool and applied at intervals to the sur-
face of the tool with the result that upon vapor-
ization of the liquid a dry coating of the com-
pound or complex will be formed on the tool
surface, which coating may be renewed as is
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necessary. Where the tool temperatures are
low, a slurry or solution of said compound or
complex may be continuously fed to the tool-
light metal interface during fabrication or
the slurry may be formed with a liquid phase
which evaporates guickly so that application
of the slurry to the tool will soon result in the
forming on the tool of a coating of the solid
phase of the slurry. Conversely, the coating
may, in same or similar manner, be applied to
the light metal rather than to the tool or the
coating may be applied to both metal and tool.
In any event, the manner of applying the sub-
stance or material which contains or carries
EF; or BF: is one of expedience and convenience
taking into account the inherent stability of the
compound or complex selected and the particu-
lar fabricating process employed.

In general, those substances having an organic
base should not be used at metal working tem-
peratures above 400° F. Also, some inorganic
compounds, such as lithium fluoborate, as re-
ferred to hereinabove, cannot be used at higher
temperatures because the compound decomposes
too quickly. On the other hand, most of the in-
organic compounds can be employed both at the
lower working temperatures and above 400° F.
The hot working of light metals seldom, if ever,
involves shaping at temperatures above 1000° F.
Most of the alkali and alkaline earth fiuoborates
are sufficiently stable above 400° F'. to serve satis-
factorily in delivering B¥s or BFs to the tool-
metal interface during such hot working opera-
tions.

The manner in which a slurry or emulsion con- 3

taining the BFs or BF: complex or compound may
ke applied in a metal working operation is illus-
trated in the accompanying single figure drawing
showing schematically a perspective view of one
form of apparatus suitable for carrying out the
invention. In the figure metal strip 3 is rolled
between rolls 1 and 2. The emulsion, which pre-
vents roll contamination, is supplied through per-
forated pipes § and 5 and is projected against the
rolls in the form of jets 6 so that it is carried
to the roll-metal interface.

The amount of compeound or complex contain-
ing BFs or BF: which need be present at the
tool interface in order to achieve the objects
of this invention will depend upon the conditions
encountered. However, a sufficient amount
should be present to provide at least 0.01 per
cent by weight of the BFs or BF: radical or ion
with respect to the total weight of the composi~
tion used at the tool-lisht metal interface. If
the tool or work is to be coated with one of these
compounds or complexes, a visible coating which
is continuous, or even considerably discontinu-
ous, will usually serve to achieve the desired re-
sult., Where the compound or complex is added
to a gresse, or oil or other similar lubricant,
I have generally found that noticeable results
will be obtained if the BF:; or BF: content of
the final grease or oil compound or complex mix-
ture is above about 0.01 per cent by weight of said
mixture. If the compound or complex be brought
to the interface in solution or slurry or as a
component of an oil-water emulsion, it is usually
desirable that such solution, slurry or emulsion
have a content of BFs or BFs which is substan-
tially at least 0.01 per cent by weight, this for
the reason that lower amounts do not pro-
duce noticeable effects in reduction of con-
tamination of the tool and are, therefore, com-
mercially impractical. On the other hand, the
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maximum amount is established by such con-
siderations as cost, increased benefits and dele-
terious effects upon the metal or tool. It is to
be understood that other conventional compo-
nents than water, oil or grease may be present
in the composition applied to the tool, work piece
or light metal-tool interface to impart particu-
lar properties or aid in the proper distribution of
the BFs or BFy-containing substance. Once the
essential fabricating conditions have been set
by the operator, simple trial will readily disclose
the actual amount of compound or complex de-
sirably added to reduce or eliminate the effects
of tool contamination. The amount of tool con-
tamination which may be tolerated in a given
fabrication operation without deleterious effect,
and the amount of total contamination which will
normally appear in any fabrication operation,
depends upon not only the basic operation em-
ployed, but likewise the temperature conditions
existing at the tool-light metal interface, the par-
ticular light metal being processed, the pressures
or percentage of reduction employed, the nature
of the tool and other various factors which in
the first instance are set or determined with re-
spect to the total or over-all purpose of the
fabrication operation. S

In any event, the choice by the operator of the
particular amount of BF: or BF: desirably pres-
ent at the interface must first await the selection
of all of the conditions otherwise necessary to
the ultimate result of the fabrication. _

One of the factors which, within limits, may
be varied with the direct purpose of enabling the
use of a given compound or complex at the inter-:
face is temperature. It will be apparent that
when temperatures are very high, the thermal
stability of any said compounds or complexes
will be an inherent limitation to the use of this
invention, unless the operator can, by adjust-
ment of temperature factors at the interface,
create conditions under which the compound or
complex will be sufficiently stable to deliver BF3
or BF¢ at least for the time necessary to lessen
or eliminate tool contamination. Temperature
conditions at a light metal-tool interface during
a working operation are the result of the starting
temperature of the metal, the starting tempera-
ture of the tool and the heat generated by the
working operation. Often, when high tempera-
tures are necessary, it is possible to attain the
desired temperature mainly through the metal
itself, the carrier of the compound or complex
leaving or maintaining the tool in a cooler con-
dition. If this can be achieved and the com-
pound or complex in question initially applied
to the relatively cooler tool surface, it will be
possible in many instances to obtain the objects
of this invention when the metal is at g tem-
perature at which the selected compounds or
complex would otherwise be unstable.

The prineiples of this invention and the use of
these principles in controlling deleterious coat-
ing effects at the tool-light metal interface dur-
ing fabrication operations will now be specifi-
cally illustrated by the following descriptions of
the invention when practiced in connection with
some of the more common methods of fabri-
cation.

Rolling operations

In such operations a light metal billet is shaped
by the action of converging roll surfaces. When
“hot rolling” is practiced, i. e., when the light
metal is at such temperature that any hardening
of the metal induced by the working does not
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produce a product much harder than quarter
hard, it is common practice to furnish to the
roll-metal interface an aqueous coolant contain-
ing amounts of a lubricant or a surface active
agent, wetting agent or detergent. When op-
erations are at lower temperatures, the coolant
is usually omitted and a small quantity of oil
or similar lubricant is applied, more or less con-
tinuously, at the interface. Mineral oils of low
viscosity, for example, kerosene, are used for this
purpose with or without the addition of animal,
vegetable or fish oils in relatively minor quantity.
When the principles of this invention are applied
to rolling operations, the compound or complex
which forms the source of BF: or BF: is mixed
with the coolant or with the lubricant normally
furnished to the rolling interface, the result being
a decrease in the contamination of the tool and
deleterious effects resulting therefrom. An in-

cidental drawback of the use of the inventicn ¢

may be a noticeable decrease in the “bite” of
the rolls at the interface—a condition which is
more pronounced when the metal is at a high
temperature -during rolling. This drawback,
however, is often balanced by the advantages
derived from clean roll surfaces, particularly
where a product of superior surface qualities is
the desired result of the rolling operation. The
amount of BF: or BF: required to produce a
noticeable commercial improvement is usually in
excess of the amount represented by the boron-
fluorine equivalent of 0.1 per cent by weight of
NaBF: in the mixture. Good operating results
are obtained during rolling when the metal is at
high temperature if the amount of BF3 or BF4
present at the interface is that represented by
the equivalent boron-fluorine in a mixture of
0.3 to 1 per cent by weight of NaBF: with the
coolant. Increasing amounts are not harmful,
but where the coolant consists of an oil-water
emulsion, increased amounts of added compound
or complex may tend to break the emulsion.

Serious tool contamination is often encoun-
tered when the light metal is hot rolled. In such
cases the results of the invention are best realized
if the compound or complex containing the B3
or BF, is delivered to the working interface in
mixture with an agueous emulsion containing at
least 1 per cent and preferably 1 to 10 per cent
by weight of at least one substance selected from
the class consisting of lubricants, for example,
the so-called soluble oils, and surface active
agents.

A listing of many surface active agents is given
in Industrial Engineering Chemistry, volume 35
(1943) at page 126, Tlustrative examples of
various types follow:

Type Example
(11032 P Monocthanolamine oleate.
Sulfated aliphatic esters........_. Turkey-red oil.
Aliphatic sulfates. ...........-.-- Sodium oleyl sulfate.

Ester of oleic acid and sodium
aminoethyl sulfonate.

Sodium oleyl sulfonate.

Keryl benzene sulfonate,

Cetyl pyrydinium chloride.

Glycerol monostearate.

Complex emino esters........—..-

Aliphatic sulfonates.............-
Alkyl aryl sulfonates.. .--..---.-
Cation active compounds......-
Estersand ethers. ...

As a group, the inorganic fluoborates are used
with better results in the rolling of light metals
than are the complexes of the X-BF;3 type, SO
long as the particular fluoborate selected is stable
under the conditions existing at the roll-light
metal interface. When an aqueous coolant is
used, those fluoborates, such as calcium fluobo-
rate, which hydrolyze so that BFs or BF: is not
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8 .
available or is considerably reduced in quantity,
should be avoided. The preferred compounds are
the alkali metal flucborates, including ammonium
fluoborate, especially the sodium and potassium
compounds. Excellent results have also been
obtained with zinc fluoborate and the HBF4 salt
of ethanolamine.

Forging and drawing operations

In metal working the operations of forging and
drawing, including upsetting, hot pressing and
the like, are closely allled and, with respect to
this invention, may be generally treated as of
the same class. In many of such operations it
is common practice to use a lubricant of the
solid or grease type which is periodically appiied
to the tools. In other instances, lubricants in
a more liquid form, such as thick oils, are used,
and in stil] other instances light drawing oils
are used as lubricants. In many instances, how-
ever, no lubricant is present at the working in-
terface. When forging and drawing operations
are carried out under conditions where the metal
and the tools are at low temperatures, examples
of such operations being tube drawing or reduc-
ing, deep drawing of sheet into cup-shape form
and spinning, I prefer to use, in the practice of
this invention, a complex of the X-BF; type,
which is oil soluble or readily dispersible in oil.
Examples of such complexes are butyl stearate
.BF; and tallow .BF: wherein the BF: constitutes
ahout 15 per cent by weight of the complex. I
have obtained excellent results when about 5 per
cent by weight of these complexes are mixed with
an oil of appropriate viscosity.

When such fabricating operations are carried
out at relatively high temperatures, as is the
case in many forging and hot pressing opera-
tions, I have found it convenient to bring the
BF: or BF: to the hot tools in the form of a
solution or a slurry of the compound or complex,
the solvent or the liquid phase of the slurry be-
ing one which will vaporize upon contact with
the tools. I prefer to use in such operations a
water solution of an alkali metal fluoborate, par-
ticularly sodium, potassium or ammonium fluo-
borate, and to apply the solution to the hot tool
to build up on the tool surface a coating of the
fluoborate, Alternatively, the compound or com-
plex may be conveniently applied in admixture
with a heavy grease or oil if the fabricating proc-
ess in hand will admit the use of such a lubri-
cant, Efficiency of even the more stable of these
compounds or complexes in elimination of tool
contamination and the effects thereof appear to
decrease when the temperatures of the tool and
metal at the tool-metal interface exceed 500°
F., and when the temperatures exceed about
700° ¥, the effect of even the most stable of the
compounds diminishes appreciably, probably be-
cause of rapid loss of the compounds.

In the use of my invention to prevent tool
cpntamination in forging and drawing opera-
tions, I have found that an incidental advantage
is also obtained, this advantage evidencing itself
in a notable decrease in the pressures necessarily
applied between tool and metal in order to effect
the proper deformation. This decrease appears
whenever the BF: or BF4 is present at the tool-
metal interface in amount sufficient to have no-
ticeable effect in reducing tool contamination.

Exlrusion operations

) In those operations in which solid light metal
is forced through an orifice to form a shape
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roughly corresponding to said orifice, which oper-
ations are generally described as extrusion oper-
ations, I have found that maintaining the BF3
or BF4 at tool-metal interface, in accordance
with my invention, not only decreases or elimi-
nates tool contamination but also greatly in-
creases the efficiency of the extrusion process.
These effects are particularly noticeable if tool
and metal temperatures are less than 500° F.
Above about 500° F. these effects become less
noticeable. As previously pointed out, however,
if it is necessary to the success of the operation
that the metal must be at such temperatures, it
is often possible to obtain the results of this
invention by maintaining the tools at a lower
temperature. In extrusion operations it is cus-
tomary to lubricate extrusion tools, which tools
include not only the die which defines the extru-

sion orifice but also the walls which confine the -

metal behind the die, by the use of a heavy oil
or grease, such as those composed of hydrocar-
bons or mixtures of them and metallic soaps.
Therefore, it is convenient in connection with
such operations to bring the BFs or BPFs to the
metal-too] interface by mixing the compoungd or
complex containing the same with said grease
or oil. As above mentioned, simple trial will de-
‘termine the amount necessary to. prevent tool
contamination, and if this amount is used, the
extrusion pressures necessarily employed in the
extrusion operations will often be reduced. Such
fluoborates as those of sodium, potassium and
ammonium are examples of compounds that are
useful for this purpose, when applied as aqueous
solutions or dispersed in oil.

In extrusion of.light metals, I prefer to add
to the lubricant an amount of the compound or
complex which, measured in terms of equivalent
boron-fluorine, is equal to about 1 per cent by
weight of KBFs, While the elimination, by the
use of my invention, of the ill effects of tool con-
tamination in such operations is of importance,
the incidental advantages obtained may often
be of even greater importance. The use of this
invention will allow an increase in speed of ex-
trusion per unit pressure employed. In work-~
ing with aluminum alloys of high tensile strength,
which are some of the most difficult light metals
to extrude, I have obtained increases in speed of
as much as 300 per cent, thereby greatly in-
creasing the efficiency of the expensive extru-
sion installations. It will be noted that this im~
provement will allow the operator to maintain
the same speed while reducing the extrusion
pressure and that thereby an operator may in-
crease the range of usefulness of the extrusion
.apparatus, or even employ apparatus of lighter
design.

The above specific illustrations of the applica-
tion of my invention to roling operations, to ex-
trusion operations and to drawing and forging
operations, have been concerned mainly with a
discussion as to the usefulness of the invention
in respect to the elimination of tool contamina-
tion. I have also observed, however, that when
the BF: or BF: is present at the metal-tool inter-
face in amount sufficient to at least reduce tool
contamination, and when the compound or
complex containing the BFs or BFs is mixed
with an oil, grease or other lubricant, the
efficiency of the lubricant is often increased,
apparently the film strength of the oil and its
load bearing capacity are bettered, the opera-
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at times the wear upon the tool is likewise reduced.
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It will be evident from the above description of my
invention that when the compound or complex
containing BFs or BFs is used in a lubricant, it
need not necessarily be soluble in the lubricant
in order to obtain the desired effect, and indeed
I have found that oil or grease insoluble com-
pounds or complexes may be mixed or dispersed
in the lubricant with good results.

"~ While' I have described my invention with
respect to light metals, as above defined, I have
generally observed that the invention is com-
paratively more efficient when used in connec-
tion with the fabrication of aluminum and its
alloys than when used in the fabrication of
magnesium and its alloys, particularly in respect
to the elimination to tool contamination. How-
ever, I have further observed that the difference
is merely one in degree and that the magnesium
base light metals are materially benefited. By
the use of the formulae, MBPF:, RHBF4, X-BF;
I do not indicate the valence of any radical or
ion of the indicated compounds or complexes
since such indication forms no part of this in-
vention.

Having thus described my invention, I claim:

1. In a process of shaping the light metals,
aluminum, magnesium and alloys containing at
least 70% by weight of one of such metals, in
which the light metal is worked, deformed, cut
or otherwise altered in size or section by the
action of a tool, the improvement consisting in
controlling tool contamination and the effects
thereof by supplying at the interface of the tool
and light metal a composition containing a stable
substance, the essential active constituent of
which is a boron-fluorine combination selected
from the group consisting of BFs and BFs, in an
amount sufficient to provide at least 0.01% by
weight of said boron-fluorine combination with
respect to the total weight of the composition
applied to the light metal-tool interface, said
substance being selected from the group con-
sisting of MBFs, RHBF: and X:BFs; where M
represents an element or radical selected from
the group consisting of the metals and the
ammonium radical, R represents a basic nitro-
gen-containing organic compound and X repre-
sents a compound selected from the group con-
sisting of basic nitrogen-containing organic
compounds and organic oxy compounds, said
substance being stable under operating condi-
tions until called upon to deliver the said boron-
fluorine combination to the light metal-tool
interface, substantially as described.

2. In a process of shaping the light metals,
aluminum, magnesium and alloys containing at
least 70% by weight of one of such metals, in
which the light metal is worked, deformed, cut
or otherwise altered in size or section by the
action of a tool, the improvement consisting
in controlling tool contamination and the effects
thereof by supplying at the interface of the tool
and metal a composition containing a sufficient
amount of a metal fiuoborate to provide at least
0.01% by weight of the horon-fluorine radical
or ion with respect to the total weight of the
composition applied to the light metal-tool in-
terface. )

3. In a process of shaping fthe light metals,
aluminum, magnesium and alloys containing at
least 70% by weight of one of such metals, in
which the light metal is worked, deformed, cut
or otherwise altered in size or section by the
action of a tool, the improvement consisting in
controlling tool contamination and the effects



2,850,352

11

thereof by supplying at the. interface. of the
tool and metal a composition con 8
sufiicient amount of an alkali metal fluocborate
to provide at least 0.019% by weight of the boron-
flilorine radical of ion with respect to the total
welglit of the composition applied to the light
metal-fool interface.

4. In a process of shaping the light metals,
aluminum, magnesium and a.lloys containing at
least 70% by weight of one of siuch metals, in
which the light metal is worked, deformed, ¢ut
of othérwise altered in size or section by the ac-
tion of a tool in the pr esence of an aqueous emul-
sioli cdontaining 1 to 10% by weight of the.sub-
stanice selected from the group consisting of Tabri-
cants and surface active agents, the improvement
consisting in controlling tool contamination and
the éffects thereof at the interface of the tool
and metal by adding to said aquéous emulsion a
stable substance, the essential active constituent
of which i§ & boron- ﬁuorme combination: selected
from theé group consisting of BF; and BF4, in .an
amount sufficient to provide at least 0.01% by
weight of said béron-fhicrine combination. w1th
respect to the total weight of the emulsxon ap-
phed to the light metdl-tool intérface, said sib-
stance being selécted from the group consisting
of MBF¢, RHBF} and X-BF;, where M represents
an element or radical selected from the group
consisting of the metals and the ammonium radi-
cal, R represents a basic nitrogen-containing or-
gani¢ compound and X represents a compound
selécted from the group consisting of basic nitro-
gen-contammg organic compounds and organic
oxy compounds, said substance being stable under
operating conditions until called upon. to deliver
said boron-fluorine combination to the light
metal-tool interface.

5. A procoss of shaping the light metals, alumi-
num, magnesium and alloys contammg at Teast
0% by weight of one of such metals, in which
the light metal is worked, deformed, cut or other-
wise altered in size or sectxon by the action. of a
toal in the presence of an aqueous emulsmn con-
faining 1 to 109% by weight of a substance selected
from the group consisting of lubricants and sur-
face a.ctrve agents, the improvement consisting in
controllxng tool contamination and the effects
thereof at the interface of the tool and metal by
s.ddmg to. said aqueous emulsion a suﬂiclent
amount of a metal fluoborate to provide at least
0. 01% by wexght of the boron-ﬁuorme radxcal or
ion with Trespect to the total wexght of the emul-
sion apphed to the hght metal- tool interface.

6. In a process of shapxng the light metals
a.lummum magnesmm and alloys contammg at
least 70% by weight of one of such metals, in
which the light metal is worked, deformed, cut
or otherw1se altered in size or section by the ac-
tron of .atool in the presence of an aqueous emuj-
sion containing 1 to. 10% by weight of a. sub-
stance selected from the group consxstmg of
lubncants and surface active agents, the im-
provement cons1st1ng in controlling tool con-
ta.mmatron and the effects thereof at the inter-
face of the tool and metal by adding to said
aqueous emulsion a sufficient amount of an alkali
metal fluoborate to provide at least 0.01% . by
weight of the boron-fluorine radical or ion with
respect to the total weight of the emulsion ap-
pled to the light metal-tool interface.

7. In a process of rolling the light metals, alu-
minum, magnesium and alloys containing at
Jeast 70% by weight of one of such métals, in
which the light netal is subjected to the action
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of & roll in the:presence of an agueous emulsion.
contafning 1 t6 10% by weight of a substance
selécteéd from: the group consisting of lubncants
and surface active agents the lmprovement con-
sisting in controlling roll contamination and

effects thereof at theé interface of the roll and
metal by adding to said aqueous emulsion &
stable substance, the essential active constituent
of which is a boron-fluorine combifiation , se-
lécted from the group consisting of BFs arid BF‘«;
in an amount sufficient fo provide at least 0.01%
by weight of said boron-fluoriné combination
with respect to. the total weight of the emulsion
applied to the light metal-tool interface, said
substance being selected from the group con-
sisting of MBF4, RHBF4 and X-:BFs, where M
represents an element or radical selected from
the group consisting. of the metals and the am-
monium radlcal R répresents a basic mtrogen-
contgining organic compound and X répresénts a
compound of the group consisting of basi¢ nitro-
gen -containing organi¢c compounds and. organic
oxXy compounds said substance being stable until
¢alled Upon to deliver the.said boron-flucrine
combmatlon to the. hght metal-tool interface,

8. In a process of rolling the light metals, alu-
mmum magnesium and alloys containing at Iéast
70% by weight of one of such metals, _in whi¢h
the light metal is subjected to the actxcn of 'y
roll in' the presence. of an aqueous emulsion ¢on-
taining 1 to 10% by. weight of a substance se-
lected from thé group consisting of lubrlcants
and surface active agents, the improvement con-
sisting in controlling roll contamination ang the
effécts thereof at theé interface of the roll. and
metal by adding to said aqueous emulsion & suff-
cient’ amount of a metal fluoborate to provide
at least 0. 01% By weight of the boron- -fluorineé
radical or ionm with respect to the total weight
of the emulsion applied to the light metal-tool
interfacé

9. Il the process of shaping the light metals,
alummum mag‘nesmm and alloys. contalmng at
least: 70% by weight of one of such metals, in
Whlch the light metal is’ worked, deformed, cut
or’ otherwise altered in size or section by. the
actibn of a tool and the surface of said tool be-
comes’ contq,mmated by 4 coating containing sald
metal, the, 1mprovement c¢onsisting. in' de¢réasing
the préssures necessary to effect said shaping by
Supplymg at the interface of the fool and metal a
composmon contad nmg a stable substance, the
essential active constituent of, which is a boron-
fluorine ¢combination: selected from the group ¢on-
sisting of BI: and BF'4, in an amount sufficient
to providé at least 0.01% by weight of said boron-
ﬂuorme comblnation with respect to the. total
weight of the compcsition applied to the light
metal-tool . interface, said - substance being se-
lected from the grotp consisting of MBFi, REBF,
and’ X BY: where M represents an element of
radical selected from the group consisting of the
metals_ and the, _ammonium radical, R represents
& basi¢ nitrogen conta.lmng organic compound
and X repres S.a compound of .the group con-
sistmg ‘of basic mtrogen conta.ming organic com-
pounds and organic oxy’ compounds said - sub-
stance bemg stablé wnatil ca.lled upon to dehver
the said bofon-ﬂuorme combinatmn to the light
metal-tool mterface

10. I that method of shaping the hght metals,
alummum . maghesium . and alloys conta.ming at
least 70%. by weight of one. of such métals, i
which confined light metal is extruded through
4n' orifide’ under the' actlon of pressure exerted on
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said confined metal in which the surface of the
metal-forming tools becomes contaminated with
a coating containing said light metal, the im-
provement consisting in decreasing the pressures
necessarily applied to effect such extrusion by
supplying at the interface of the tool and metal
a composition containing a stable substance, the
essential active constituent of which is a boron-
fluorine combination selected from the group con-
sisting of BF; and BF:, in an amount sufficient
to provide at least 0.01% by weight of said boron-
fluorine combination with respect to the total
weight of the composition applied to the light
metal-tool interface, said substance being se-
lected from the group consisting of MBF:, RHBI
and X-BF; where M represents an element or
radical selected from the group consisting of the
metals and the ammonium radical, R represents
a basic nitrogen-containing organic compound
and X represents a compound of the group con-
sisting of basic nitrogen-containing organic com-~
pounds and organic oxy compounds, said sub-
stance being stable until called upon to deliver
the said boron-fluorine combination to the light
metal-tool interface.

11. In a process of shaping the light metals,
aluminum, magnesium and alloys containing at
least 70% by weight of one of such metals, in
which the light metal is worked, deformed, cut
or otherwise altered in size or section by the ac-
tion of a tool in the presence of an oil, the im-
provement consisting in controlling tool con-
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tamination and the effects thereof at the inter-
face of the tool and metal by adding to said
oil a substance, the essential active constituent
of which is a boron-fluorine combination se-
lected from the group consisting of BFs and BFy,
in an amount sufficient to provide at least 0.01%
by weight of said boron-fluorine combination
with respect to the total weight of the oil ap-
plied to the light metal-tool interface, said sub-
stance being selected from the group consisting
of MBFy, RHBF: and X-BFs where M represents
an element or radical of the group consisting of
the metals and the ammonium radical, R repre-
sents a bhasic nitrogen-containing organic com-
pound and X represents a compound of the group
consisting of basic nitrogen-containing organic
compounds and organic oxy compounds, said sub-
stance being stable until called upon to deliver
the said boron-fluorine combination to the light
metal-tool interface.
EGBERT M. KIPP.
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