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This invention relates to' metal processing, and more
particularly relates to improvement in-coating and lubri-
cation of  metals, such as ‘wire or other metal to be
drawn, ‘ ‘ .

Up'te the present time: there has been proposed .and
used ‘a variety of metal surface treating processes: pre-
paratory to wire drawings and other metal-forming “op-
While - these -prior- treatments have  differed
greatly in their details, they: may- generally be classified
into several groups.

One type of prior metal treatment contemplates a’ de-
scaling treatment, followed by acid pickling and lime
treatment, with or without a subsequent glyceride coat-

ing. - Processes of this type, while used “commercially;

involve a relatively large number of operations and. have
certain inhsrent disadvantages, including ‘the additional
process - control ‘required and cosfs involved, 'Addition-
ally, in many processes of this type, organic solvents are

employed as carriers for' any lubricant coating. applied:

These solvents . generally must ‘be  removed: and ‘often

leave an objectionable greasy residue on the metal.

Another prior process involves passing wire, or other
metal to be treated, through a molten salt, for example,
molten caustic, followed by either ‘aqueous. ‘washing,
without further treatment,: or by ‘agueous washing to-
gether with additional metal treatments. - ‘Such’ processes,
in some instances, are satisfactory. However, any coat-
ing or film thereby formed on thé metal is but-a surface
layer: which' can be relatively easily removed;: 'More-
over, the intermediate aqueous washings remove much
of-any such surface coating.

A third type of metal treatment contemplates passing
wire ‘or other metal through a moltén bath- comprising
the reaction product of caustic soda and a fatty acid.
This procedure. thus involves passing the metal ‘through
a molten soap, generally in- the presence  of capstic.
Again, while a soap film is applied-to- the ' surface’ of the

métal by this technique, the coating comprises a pre-

formed soap which may be relatively easily removed

from the metal surface.” o
Since the removal of even a small' amount of surface

coating in wire drawing may seriously impair ‘the ‘qual-_

ity of the drawn wire; or injure the drawing_dies, it will
be appreciated ‘that while the prior- art metal  treating

" processes do provide various types of lubricant films; the

heretofore proposed processes. have not been & completely
satisfactory  solution. to: the problem of preparing metal
for drawing operations. ; T
Accordingly, the present invention has for its principal
object the provision of ‘a-new: and: improved metal tteat-
ing process ‘which ‘aveids the  difficulties heretofore eni-

countered in conditioning metal prior- to deep drawing .

operations:

A further object of the invention is the. provision -of
a new and improved adherent, protestive, lubricant for
metals. i
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- A still. further object of the invention is.to. provide a ..

2

“mew:and improved meta] treating process -of pondiﬁpp—

ing a metal surface for subsequent treatment;
These and. other objects and advantages of the inven-

-tion -will appear. more fully from. the following descrip-
“tion. S R

Generally, the present invention is ‘based upon: the
discovery that an improved, uniform, ‘adherent and dura-
ble surface. diffusion layer can be provided on metal by
contacting such’ metal ‘successively with a first bath com-
prising at least one ‘molten alkali metal hydroxide and
a.second " bath -comprising at least one molten fatty sub-
stance, such as a molten fatty acid, capable of chemical
reaction with said hydroxide to form a strongly adher-
ent, protective; lubricant surface - diffusion zone at and
beneath the metal surface ‘and thereafter subjecting this
surface diffusion zone to an elevated temperature.

In general, the elevated temperature to which the sur-
face diffusion zone is heated, and the length of time it
is’ exposed to such a temperature, ‘may- be. varied, de-
pending . on . the particular application, However, it is,
-of course, ‘desirable that the metal itself ‘net. be "appre-
ciably -heated, at least not. heated ‘to the extent that
the metal surface diffusion layér bond is impaired.:On
the contrary, it is preferabie only briefly ‘to ‘expose the
surface of the diffusion layer to-a relatively high tem-
perature: atmosphere,-e. g., 1000°-1500° F., as by pass-
ing the ‘metal through ‘a: furnace maintained ‘at such ‘a
temperature.: ' .

In practice; excellent results have been obtained by
passing metal, treated with molten alkali imetal hydrox-
ide and’'a  molten. fatty substance, “through a- furnaee
maintained at a temperature -within the range from the
melting’ point of the molten fatty substance to. a higher
temperature dictated by-the application intended and 'the
speed:.atwhich' the treated: metal will be passed-through
the furnace. ' “Incertain applications; temperatures as
high‘as 2000% F. may be used. At present, in treating
wire: it: is ;preferred  to. expose. the: surface diffusion: zone
10 -an: ‘atmosphere: maintained ‘at a temperature: within
the-~range- from about 1000°-1500° F, by: passing the
treated: wire through such: an: atmosphere at: a.rate: of
from 10 to 20.feet per minute. Those skilled: in the art
will -recognize’ that by. increasing the speed' at which

- treated wire s passed through a high temperature atmios-

phere. a -corresponding increase ‘in the temperature .em-
ployed -is- required :in. order to accomplish the same
amount of heating.

By 'the practice- of ‘this -invention " the. molten alkali
metalhydrexide: provides: a penctrating. and cleansing

-Action: on the metal being treated: Further;. this bene-

ficial action of the alkali-metal hiydroxide establishes the
alkali metal hydroxide in highly. reactive form, both at
the metal surface and deep wit] - the pores of the metal.
Hence; when a thus-treated .metal is. contacted with a
molten fatty substance, sich . fatty acid, a chemical
redction occurs not only at the: surface of the metal, but
after penetrating or diffusing into the metal within the
metal pores-as well to establish, what -is herein referred
to. as a “surface diffusion, zone.’ - The subsequent ele-
vated temperature treatment or. baking further enhances
the desirable features: of the. surface by removing unre:
acted faity substance and providing a smoother, more
uniform surface. ~Accordingly, the resultant reaction
product surface diffusion: zone is-‘extremely difficult to
remove- by ‘abrasion, as well asi'by such handling . metal
receives in industry prior. to further treatment.

Another inherent advantage is realized since the heat
treated reaction product.comprising the improved sur-
face. diffusion zone essentially. is a soap or other lubri-
cant soap-like material; nog_ing, are excellent lubricant
characteristics provided,, but. removal of this surface difs
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fusion zone “when desired may be accomphshed readlly
by washing with water or steam without an elaborate or
costly cleaning procedure. :

The preferred practice of - the  invention: at. present
contemplates first preheating metal to an elevated tem-
perature, above the temperature of the molten . alkali
metal hydrox1de employed, quenchmg the thus-heated
metal in the first molten bath comprising molten alkali
metal hydroxide, and: passing the metal into a second
molten bath, containing a fatty acid or other substance
capable of reacting with the molten hydroxxde as indi-
cated- above.. The thus-treated metal is then subjected
to an elevated temperature for a short time, the tempera-

73

10

ture being high enough substantially completely to re- -

move unreacted fatty acid or other -unreacted fatty sub-
stance and the exposure time being suﬂ’lclently brief so
that the surface diffusion layer itself is not injured, nor,
in most instances, is the metal appreciably. heated.

Those skilled in the art will appreciate that the fore-
going sequence is particularly advantageous where it is
desired - first to anneal or otherwise heat treat wire or
other metal to be processed, since such metal can ad-
vantageously be transported directly from the -heating
furnace, preferably through an inert or. reducing at-
mosphere, such -as hydrogen, cracked petroleum gas,
argon; nitrogen, carbon dioxide, mixtures thereof, or
the like, into the molten alkali metal hydroxide of this
invention without intermediate treatment.

As used throughout the specification and claims,. the
expression “alkali metal hydroxide” is intended. to in-
clude hydroxides of the various alkali metals, e. g., so-
dium, potassium, rubidium, cesium, and lithium. How-

ever, sodium and potassium hydroxides are, of course,:

the commonly used alkali metal hydroxides. Because of

its_availability and-low cost, sodium hydroxide is the

preferred material at present, and particular reference
will be made hereinafter to sodium hydroxide, although
the practice of this invention is not limited thereto.

The second molten bath comprising the material ca-
pable of reacting with the alkali metal hydroxide to
form an adherent, protective, lubricant surface diffusion
zone may comprise a variety of materials capable of
forming - an adherent reaction product upon chemical
combination with an alkali metal hydroxide. Such ma-
terials include oils, greases, fats, fatty oils, fatty acids,
and fatty acid derivatives, such as fatty acid esters,
amides, and the like, and are generally termed “fatty sub-
stances” herein. At present, it is preferred to employ
one or a mixture of fatty acids of commercial purity.
Superior results are obtained using a fatty acid or fatty
acid mixture which solidifies at a temperature well above
room .temperature, i. €., 70° F. Typical fatty acids
which may be employed, either alone or in admixture,
include such saturated fatty acids as

caproic
caprylic
capric

- lauric
myristic
palmitic
stearic
arachidic
behenic, and
lignoceric acids

as well as unsaturated fatty acids, such as

myristoleic
palmitoleic
oleic

linoleic
linolenic
elaeostearic
licanic
ricinoleic, and
erucic acids
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In some instances, natural oils and fats containing
substantial proportions of ome or more of such fatty
acids also may be employed. . Illustrative of such mate-
rials are tallow or lard, fish oils, such as whale, men-
haden, sardine, and herring, plant oils, such as coconut,
palm kernel, babassu, murumuru, palm, rape seed, mus-
tard seed, olive, peanut, sesame, corn, cottonseed, soy-
bean, sunflower, walnut, linseed, perilla, castor, tung, and
oiticica oils, as well as certain halogenated derivatives
thereof. However, .as pointed out hereinbefore, it is
preferable to utilize a fatty substance which, upon reac-
tion with the alkali metal hydroxide, forms a continuous
solid reaction product layer and which has a relatively
high flash point in order to minimize danger of fire caused
by contact with hot metal. Any danger from such flash
fires can also be prevented, of course, by blanketing the
molten baths with an inert atmosphere.

In some instances it is desirable to incorporate one
or more additives in the molten baths of this invention.

‘Suitable additives for the molten alkali metal hydroxide

bath include substances to lower the melting point of
the caustic and/or to improve the cleansing action of the
caustic. Additives for the molten fatty substance may
include sulfur-containing- substances, -such as' molyb-
denum disulfide, sodium sulfide, sodium sulfite, as well as
other lubricant-type materials, e. g., mica, graphite, and
the like.

Referring now to the drawings,

Fig. 1 is a schematic flow diagram illustrating one em-
bodiment of the method of this invention;

Fig. 2 is a schematic flow diagram illustrating an-
other embodiment of the method of this invention;

Fig. 3 is a schematic representation of one form of
apparatus which may be used:in the treatment of wire

in accordance with this invention; and

Fig. 4 illustraties schematlcally another type of appa-
ratus for the treatment of wire in accordance with this
invention.

Referring to Fig. 1, wire first is passed into molten
caustic and then into a molten fatty -acid, thereby to
form, in situ, a surface diffusion zone of a lubricant soap
coating. As indicated in Fig. 1, the wire may be, and
at present preferably is, subjected to a heat treatment,
such as annealing at 1600°-1850° F., the temperature
depending on the type of wire being processed prior to
immersion in the molten caustic. Optimum results are
obtained when the wire is heated to a temperature in
excess of the temperature of the molten caustic ‘there-
by to obtain a quenching effect when the wire is con-
tacted with the molten caustic. In this heat treatment
there preferably is provided an inert atmosphere, e. g.,
nitrogen, carbon dioxide, or the like, surrounding the
wire. In practice, it is frequently advantageous to- ex-
tend the furnace exit tube beneath the surface of the
molten caustic to insure maintenance of the desired mert
atmosphere

The wire is then passed from the molten caustic di-
rectly into the molten fatty acid without intermediate
treatment, although in some instances, it is desirable to
accomplish a predetermined amount of cooling interme-’
diate the first and second molten baths, as by passage
of the wire over one or more pulleys or spools interme-
diate the molten baths. Such cooling is only required
when it is necessary to minimize danger of igniting the
second molten bath, e. g., fatty acid, upon contact with
the heated metal.

After removal from the second bath, the wire is sub-
jected to an elevated temperature in a baking or- other
heat treatment operation. Such a heat treatment is not
intended appreciably to heat the wire itself but, on the
contrary, briefly to expose the surface of the lubricant
layer to an elevated temperature. The singular improve-
ment obtained by such heat treatment, or baking, is that
any unreacted excess fatty substance mechanically car-
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ned out.of .the molten bath is  thereby -remoyed and .a
smoother, more umform con
surface is obtained. ’

The resultant coated wire may then either :be stored
or shrpped w1thout further treatment, or passed directly
through wire- drawlng dies. The drawn wire still Ietains
an appreciable thickness of a continuous uniform, pro-
tective 'and lubricating surface layer. -In ‘some mstances
it is desirable fo:remove this layer by treatment-with 'wa-
ter, or, preferably, by steam treatment.  In other cases,
since this layer is extremely adherent - and oﬁers con-
tinued' protection against rust, corrosion, and abrasron,
it-is advantageous fo ship .or store the wire .without re-
moval of this layer.

Fig. 2 illustrates a .mpodification of the. process of this
‘mventron which does not mvolve heat .treatment of the
Wwire prlor to contact with molten caustic. “In‘the process
shown in Fig. 2, wire is sub}ected to surface cleamng prior
10 caustic treatment Typical -of the §irface ‘cléaning
‘treatments contemplated are such conventxonal metal
cleamng procedures as sand blastlng, acid prckllng, acid
etching,” and/or” other abrasive or "chemical treatment
including “electrolytic metal surface cleanmg operatlons
it should be’ emphas1zed that in many apphcatrons no
pretreatment of the metal is necessary at all; the moltén
caustic accordmg a thorough rust removing and surface
cleansing ‘action. " The wiré is then’ ‘subjected to the’ same
sequence of ‘operations illustrated in Fig. 1, which opera-
tions, of course, may or may 1ot include cooling inter-
mediate the molten baths.

Fig. 3 1llustrates, in-schematic' form, -apparatus. partic-
ularly adapted in the treating of ‘hard” drawn wire' in
accordance . with - this invention. ‘The apparatus shown
in Fig. 3-for treating-a wire 10 comprises a storage reel
12, a feed pulley-14, a first tubular heat treating furnace
16, a molten caustic container 18, a guide pulley 20, a
n' fatty acid contamer 22 a2 second tubular heat
treat“ ent fu1nace 24,7a dlscharge pulley 26, and a take-
up pulley 28 drlven through belt 39 by a motor- 32.
‘ Those skrlled in the arf will reahze that a varrety of types
of supportmg structures (pot. shown) may be employed
m utlhzlng the apparatus shown in F1g 3. "To provrde
an ‘inert. or reducmg atmosphere when desued there may
be provrded tubular extension 17 ‘having 2" gas “inlet* 19
for countercurrently mtroducmg the desired atmosphere-
providing gas; ¢. g., nitrogen.
of ‘the ‘furnace 16 ‘and fthe molten caustic container may
be ]uxtaposed to ¢liminate exposure of the wire ;prior-to
contact withthe caustic.

‘The molten caustic container-18 and the:molten fatty
acid contamer 22 ‘may be fabricated from nickel, steél,
Monel, or otherichemical- and temperature-resistant metal
or alloy. Each of the ‘containers .18 and 22 preferably
comprises-a curved tubular member, .8, 12 inch radius;

having. an inlet intermediate its ends and-a Tadius’ of

curvature dictated by the minimum bending radius the
wite to be processed can withstand: Hence, it will be
appreciated that the containers 18 and 22 , having a rela-
tively large radius of curvature, permit the processing of
hard drawn wire which is capable of only a slight degrec
of bending - without' rupture. Moreover, containers of
this type have the additional advantage of permrttmg the
use of relatively small quantities- of molten caustic and
molten fatty acid.

In order to provide. the:desired elevated, temperature

within the containers 18 and 22, each confainer is pro-
vided with: suitable heating means, such as. a longitudi-
nally extending heating coil comprising an electrical re-
sistancé heating elément (not shown). : In order fo mini-
mize heat loss: the containers 18 and 22 preferably are
suitably "covered ‘with - asbestos ‘or: other insulation.
" In operation, using the apparatus of Fig. 3, wire 18 is
passed continuously from the storage reel 12 over feed
pulley 14 through the heat’ treatment furnace 16 ‘where-
~in any desired” heat treatment in advance ot .caustic im-
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mersion may :be provided, through molten caustic in the

-over guide pulley ;
acid in contamer 22, througl»
24, over the dtscharge pulley 26, and onto take—up

_pulley 238.

Referrmg to-Fig. 4, which il{ustrates angther form of

-apparatus ‘which ‘hay be used in treatmg -wire 107 ln the

practice. of this invention, there is provrded a storage
spool 34, a first heat treatment furnace 36, guide ‘spools
38,490, 42, 44, and 46, .a. molten : caustic container 56
provrcled wnh -leatmg means (not sho X r) d

y ‘ treatmeut furnace 48, and
a take~up s ool 50 drlven" through belt 52 by a motor 54.
T here is 1nd1cated schematlcally 1 ‘hroken hnes at 37 one
embodiment of apparatus permitting the - se of a specxal
atmosphere, . g., inert or redycing, in the ‘furnace 36
without exposure of the wire 10’ to the outside atmos-
phere prior to-.contact with ‘the’ molten- caustic. - There
is«also provided:an inlet 39-for introduction of the desired
atmqsphere-provrdmg gas, «€. g, mitragen. The opera-
tion .of the apparatns-illustrated in Fig. .4 is similar to-that
previously described. ~ The sequence -of \operations is .as
follows: ‘Wire 19" is taken continuously from storage
reel 34, passed successively through the first heat’ treat-
ment furnace 36, through molten caustic in container 56,
and molten fatty actd in. contamer 38, through the second

heat treatment furnace 48" and onto the take -up spool 55'

The various heat treatment furnaces indicated in the
drawings may comprisg different. types of apparatus, in-
cluding flame heated devices, depending upen  the par-
ticular apphoatron ‘Hawever, iit:has ‘been ‘found -prac-
ticable in' most instances ‘to: employ a tubular heating
chamber-having. 3 reratrvely small diameter, €. g., 157 10

114*% or less, the: size, of ‘course, bemg dictated: by..the

size of wire or other metal processed, and providing ade-
quate heating by a spirally. disposed. glectrical resistance
heating element  about the tubalar heating .chamber.
Those skilled in the art wili realize, ‘of c¢ourse, ‘that a
suitable electrical resistance heating element may cem-
;prise Nichrome ‘wire, ‘and the tubular heating chamber
riay be formed from a heat resistant metal, such as nickel,
steel, or other suitable metal or alloy, or, if desired, from
a heat-resistant metallic .or non-metallic refractory sub-
Stance, such-as.glass or other refractory. It is desirable
to.-provide  heat-resistant “insulation ‘about the heatxng
chamber. and heating element, 3 typically practicable in-
sulation being fibrous asbestos or'other mineral substance,
with or without a heat-resistant binder,

In order that those skilled in-the art may more coii-
pletely understand the present invention. and the pre-
ferred methods by which the same may be carrrecl into
effect, the follow=ng specific exampies ‘are offers

Example T

A non-annealed steel wire 0.081” in diameter, moving
at a speed | of 10 feet per minute, is first passed thlough a
3-foot loug, a” chameter, electrically lieated tubular fur-
nace at a temperature of 1835° F. The wiré emerging

- from the furnace is at red heat and has an approximate
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temperature of 1475°°F. ' This preheateu Wile passes con-
tmuously mto molter sodlum hydromde, wlnch has a
temperature of 680" F ""he wire then is 1mmersed in
molten stearic acid maintained at a temperature of 300°
F. 'The continuously, moving wire is then passed through
an 18” long, 132" diameter Lubular furnace mamtameo
ata temperature of 1265° L.

The thus-treated wire 1s then passed through wrre-
drawing dies wherem in one pass, it'is subjected to a
substantlal reductlon i €., 30%, in diameter. - The wire
draws readlly without i m]ury to the die or accumulation
of excess coating thereon The drawn wire retains. an
adherent protective surface dlﬁusxon zone which -may. be



either removed by water or steam washing, or may be
allowed to remain on the wire for protective purposes.

Example 11

The procedure of Example I is repeated using palmitic
acid instead of stearic acid. - Substantially the same re-
sults are obtained.

Example 111

Employing apparatus of the type illustrated in Fig. 3,
using a tubular furnace having a temperature of 1475° F,
and provided with a nitrogen atmosphere, iron wire is
heated to red heat and passed successively through molten
sodium hydroxide at 680° F. and stedric acid at 212° F.
There is obtained a durable, protective and lubricant sur-
face on the wire.

Example IV

The procedure of Example III is repeated and the
trated wire is. passed at a speed of 10 feet per minute
through a second tubular furnace maintained at 1475° F.
to obtain a harder, more uniform surface and to facilitate
removal of unreacted stearic acid.

Example V

The procedure of Example IV is repeated, using potas-
sium hydroxide instead of sodium hydroxide. Substan-
tially identical results are obtained.

Example VI

To illustrate the use of molten alkali metal hydroxide
in combination with other fatty substances, a series of
experiments -are conducted in the following manner.
Iron wire is pickled in 50% hydrochloric acid for §
minutes, rinsed in water, and then heated to 1350° F. in
a quartz tube by gas burners. A nitrogen atmosphere is
provided in the furnace.

The thus-treated wire is then dipped for 5 seconds in
molten sodium hydroxide maintained at a temperature
of 680° F. and thereafter immediately dipped into a sec-
ond molten bath for 5 seconds, the second bath being
maintained at a temperature of 300° F. The thus-treated
wires are then passed rapidly through the heated quartz
tube to obtain an improved coating surface. - The fol-
lowing table indicates the compositions of the second
molten bath and the type of reaction observed:

Fatty Substance Reaction Observed

Tung Ol .. .. .....................

Mild Reaction.
Soybean Oil. .__ Do.
Menhaden Gil Do.
Tall Oil...._. Vigorous Reaction.
Sunfiower Oil Mild Reaction.
live Oil . __... Do.
Cottonseed Oil..... ... Do.
Lingeed Oil.__._.___.__. Do.
Castor Ofl............. - Do.
Caprode Aeld. il Vigorous Reaction.
Olefe Aci. . ool i Do.

Although, as indicated in the above table, a reaction is
noted in each instance, the adherency and surface char-
acteristics of the resultant coating vary, depending on the
composition of the second molten bath.

Example VII

The procedure -according to Example VI is repeated
using somewhat different temperature conditions. In
this set of experiments the tubular furnace temperature is
maintained at 1832° F., the molten -sodium hydroxide
‘temperature is 932° F., and the fatty substance tempera-
ture is 302° F., the coated wire samples being passed
through the tubular furnace after immersion in the molten
fatty substance in addition to an initial pass through for
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preheéting. The reactions observed with specific molten
fatty substances are shown in the following table:

Fatty Substanece Reaction Observed

Mild Reaction—Short Duration.
Mild Reaction.

Do.
Vigorous Reaction.
Mild Reaction.

Castor Ofl...._. - 0.
Caproic Acid. ... Vigorous Reaction,
Oleie Acid. o .o i oo i ___i.. : Do.

~ Example VIII

A further series of experiments are conducted accord-
ing to the procedure of Example VI, except that after
the wire is washed with water, following acid pickling,
it is placed in an oven maintained at 212° F. for 15°
minutes. The tubular furnace temperature is maintained
at 1562° F., the molten sodium hydroxide temperature
is 932° F., and the molten fatty substance temperature
is 302° F. The results of such runs using the fatty sub-
stances, wherein the coated surfaces are subjected to an
elevated temperature following immersion in the second
molten bath, are set forth in the table below:

Fatty Substance Reaction Observed

Mild Reaction,

- Do.
Vig~rous Reaction.
Mild Reaction.

Fish Oil

Example 1X

To illustrate the effect of removal of surface diffusion
layers formed in accordance with the present invention,
a 12’ length of 34"’ diameter iron wire which had been
coated by successive immersion in molten sodium hy-
droxide and stearic acid and passed through an
18" x 1¥%’* diameter tubular furnace maintained at 1475°
F. is placed in a jet of 250 p. s. i. g. steam. By such
treatment the coating is substantially all removed.

Example X

A further experiment is conducted by placing a drop
of room temperature water on a length of wire treated
with molten sodium hydroxide and molten stearic acid.
Examination under a microscope reveals that the surface
diffusion layer softens under the influence of water and
can then readily be removed by wiping. Toluene and
carbon tetrachloride are applied in the same manner as
the drop of water to an identical coating without ap-
preciable solvent effect. :

Example X1

A 40-foot length of 34" iren wire previously condi-
tioned in accordance with the process of this invention by
successive immersion in molten sodium hydroxide and
molten stearic acid and baking at an elevated temperature
is given a 54% reduction from 0.0915" diameter to
0.062"" diameter in four passes through wire drawing
dies at a speed of 80 feet per minute. The intermediate
die sizes and the percent reduction for each pass are as
follows:

Percent

The appearance of the surface of the wire coati_ng im-
proved after each draw and the finished 0.062"" diameter
wire retained a uniform coating. .
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Example XII

To illustrate the use of lubricant additives to the molten
fatty substance, the following series of experiments. are
conducted. - Samples of iron wire are pickled in HCI at
room temperature, rinsed, dried, heated to dull red heat
in a nitrogen atmosphere and immersed in molten sodium
hydroxide maintained at a temperature of 932° F. The
samples of the thus-treated wires are then separately im-
mersed in a second molten bath comprising ‘stearic acid
and one of the following additives, the indicated percent-
age ‘being by weight. of the stearic acid, and thereafter
passed through a tubular furnace maintained at 1832° F.
at a rate sufficient to cause .only the removal of unreacted
stearic 'acid and an improvement in the surface of the
diffusion layer without: appreciable heating of the wire
itself. :

5% mica powder (160 mesh) ‘

50%- powdered graphite" (Acheson “Electric Furnace”
Graphite grade 38—National Carbon Co., Inc.)

5% - powdered -graphite. (Acheson “Electric  Furnace”
Graphite grade 38—National Carbon Co., Inc.)

In each instance, no apparent reaction of the additive with
the stearic acid was noted and the resultant coating was
smooth and homogenous. The baking treatment pro-
vided a hard, thin, adherent surface diffusion layer. It
will' be ‘appreciated, thus, that in addition to the other
advantages hereinbefore set forth, the present invention
affords an excellent means for binding graphite, even a
large amount of graphite, on a wire prior to drawing.

Throughout the specification and claims, in stating that
the alkali-metal hydroxideis employed in the molten state,
it is meant that its temperature may range from the tem-
perature at which the particular alkali metal hydroxide
or mixtures thereof . become molten, to a temperature
limited by the boiling point of such hydroxides. How-
ever, as a practical matter, the temperature, which, of
course, may be varied within this range, depending upon
the particular application, is the lowest which provides
the desired effect on the metal being treated. Typically
practicable “temperatures, using sodium hydroxide,  are
within the range from its melting temperature, i. e.,
318.4° C. (606.1° F.), to about 510° C." Similarly, the
temperature of the second: molten bath also may. range
from the melting point to the boiling point of the sub-
stance or- mixiure employed, or higher if a vapor phase
reaction s desired; although generally temperatures as
low as possible within this range are employed. Using
stearic acid, typically practicable temperatures within the
range from 250°-316° F., although temperatures as high
a5 375 F. have been used.

The speed-at which wire is passed through the molten
baths and heat treating furnaces can be varied widely and
is dictated by the type of wire being processed and the
particular application intended. However, in-small-scale
installations employing temperatures of the. order indi-
cated hereinbefore, lineal speeds within: the range from
10 to 20 feet per minute are typical. "It is appreciated
that commercial wire drawing operations involve wire
speeds often as high as several hundred feet per minute.
For example, stainless steel wire drawing speeds generally
range from about 89 to 200 feet per minute, while carbon
steel wire is often drawn at speeds as high as 500 to 600
feet per minute. = Hence, it is generally miore practicable
to treat wire in accordance with this invention and then
separately to draw the treated wire. - However, in certain
instances, continuous drawing operations wherein wire is
first treated by the technique of the present invention can
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be achieved by proper selection of bath compositions,
temperatures, and wire drawing speeds.

Metals which can advantageously be treated in accord-
ance with this invention include both ferrous and non-
ferrous metals and alloys. Illustrative are various irons,
steels, including: stainless steels, titanium, copper, nickel,
cobalt, as well as various alloys containing these or other
metals-or alloys.. Moreover, while the invention has been
described with particular reference to wire drawing, it
will be understood, of course, that other metal operations
are contemplated -as well, e. g., tube drawing, pressing
and stamping in suitable dies, deep drawing of sheet met-
als, wire rolling, and the like.

While this invention is applicable in a variety of metal
treating operations, those skilled in the art will recognize
that it provides an improved method for wire patenting,
i. e., heat treating of wire, generally medium or high car-
bon steel wire, before drawing or between draws, where-
by the ‘wire is heated above its transformation tempera=
ture range and then cooled to a témperature above this
range. . Wire patenting operations heretofore generally
have involved successively passing wire through molten
lead, acid pickling, lime slurry soaking, lime baking, and
subsequent application- of a lubricant. .In accordance
with the method of the present ‘invention, the patenting
can ‘be ‘accomplished directly by successive immersion of
the wire in molten caustic and a molten fatty -acid or
other fatty substance as indicated hereinbefore, without
resort to. a multiplicity of elaborate and relatively. costly
operations as heretofore required.

While particular reference has been made herein to the
conditioning of wire continually passing as -individual
strands or filaments through the molten baths, it will be
appreciated that the practice of this invention is particu-
larly advantageous in the treatment of coils of wire, tub-
ing. and ‘the like. - In many instances, depending on the
application, such coils need not be unwound but may be
treated in coil form.

It is to.be understood that although the invention has
been described with specific reference to particular em-
bodiments thereof, it is not to be so limited, since changes
and alterations therein may 'be made which are within the
full “intended ‘scope of this invention as-defined by the
appended claims.

What is claimed is:

1. A metal " treating process comprising - the steps of
successively. immersing the metal in molten alkali metal
hydroxide, immersing said metal in a molten fatty sub-
stance which reacts with said hydroxide in situ to form
a lubricant layer, and subsequently subjecting the thus-
treated metal to heating at an elevated temperature suf-
ficient to remove axcess unreacted molten fatty substance
without removing said lubricant layer.

2. The process of claim 1 wherein said metal is sub-
jected to drawing following removal of the excess molten
fatty substance. ‘
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