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1. A rubber adherable steel reinforcement element having a brass
alloy coating with a copper content of at least 55%, a substantially
homogeneous Cu-Zn composition with an essentially alpha brass structure,
said coating having incorporated therein phosphorus in the form of
phosphate ions in an amount of from 5 to 50 milligrams of phosphate ions
per square metre of coating surface, wherein said phosphorus in said
brass alloy coating serves to provide an enhanced adhesion to vulcanized
rubber products upon heat and/or humidity ageing.

11. A method of producing steel reinforcement elements in the
form of steel wire which comprises apblying a brass alloy coating with a
copper content of at least 55% to the surface of a steel wire wherein
phosphorus is incorporated into the brass alloy coating by contacting
the surface of the brass alloy coating with a phosphatizing composition
and drawing the wire whereby phosphorus is distributed in the brass
alloy wating in an amount of more than 4 milligrams of phosphate ions
per square metre of coating surface.
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i Properties
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best method of performing it known to me/us
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ABSTRACT

A brass alloy coating is disclosed which is of use in the
manufacture of steel reinforced rubber articles, particularly
tires. The alloy contains small amounts of phosphorus, par-
ticularly phosphates, and the adhesion between the rubber

and brass is thereby improved, especially under high humidity
and/or high temperature conditiouns.
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BRASS-COATED STEEI ELEMENTS HAVING IMPROVED RUBBER ADHESION
PROPERTIES

The present invention relates to brass coated steel elements
for use in the reinforcement of vulcanized rubber articles
and in particular to brass-coated steel wire and cord ele-
ments having improved, durable adhesion properties for use
in high-performance rubber applications such as steel-belt
reinforced pneumatic vehicle tires.

Brass-coated steel reinforcements for use in vulcanized
rubber articles include single filaments, steel cords,
strands of twisted or parallel wires and other wire products
(e.g. wire fabrics), strips, flattened or otherwise shaped
wires, etc. The term "element" 3is intended to include all
possible forms of such reinforcements. The steels used are
generally carbon and high-carbon steels, i.e. alloys which
owe their properties chiefly to the presence of carbon. The
carbon content may vary from about 0.1 % to up to more than
1 %, a usual range for tire cord application being 0.6 to
0.8 %. The term "brass" includes rubber adherable Cu-Zn alioy
compositions which contain at least 55% of copper, more
usually alpha-brass ranging from about 60 to 75 % Cu, the
remainder being essentially zinc (and optionally minor
amounts of other alloying elements, such as Co, Ni, etc.).

The present invention is particularly concerned with the
problem of ensuring adequate adhesion retention, over exten-
ded periods of use, between brass-coated steel elements and
the vulcanized rubber in which such reinforcing elements are
incorporated, more especially between brass-coated steel tire
cord and tire rubber wherein the embedded cord is frequently
subjected to severe ageing under high humidity and/or- high
temperature conditions. ’
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The problem of adhesion degradation during tire operation is
known to arise frequently and to a variable extent when
steelbelted vehicle tires are exposed to more or less severe
driving conditions, involving humidity and/or heat ageing
effects stemming from the presence of moisture in the rubber
(e.g. due to water penetration or permeation) and high opera-
ting temperatures. As a ccnsequence, initial or originally
cured adhesive bond strength between brass-coated steel cord
and tire rubber will decrease with time, sometimes very
rapidly (accelerated ageing) due to high heat and humidity
ageing (often in combination with chemical degradation and
corrosion effects). This deterioration in adhesion weakens
the structural integrity of the cord/rubber composite, and
ultimately the tire may tend to come apart by cord/rubber
debonding.

Consequently, it is important to maintain a high level of
adhesion throughout the service 1ife of the vulcanized rubber
product.

Many ways of protecting brass coated tire cord and of impro-
ving adhesion properties have been investigated and numeraus
methods have been proposed in the recent past. Various impro-
vements are directed to increased surface protectior of the
steel substrate and of the brass coating, mainly through
treatment of the wire and/or brass surface with anticorrosive
agents or by applying a protective top layer or undercoating
layer on to the brass. Other proposals involve alloy modifi-
cations of the brass composition and yet others the adapta-
tion of the rubber compound with specific adhesion promotors
and the like. Proposals thus include dipping the cord in
specified mineral oil solutions, vapour treatment of the cord
surface, precoating the brassed cords with rubber or with
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certain ingredients of the rubber wire and numerous similar
treatments with various chemical compositions (e.g. benzo-

triazole, carboxylic acids and salts thereof, borates, etc.).

Although the afore-mentioned proposals may result in an
increased stability of the adhesive bond against corrosive
attack, it has been acknowledged that they have not solved
entirely the persistent problem of substantial adhesion loss
in steel cord reinforced tires under conditions of high humi-
dity and heat ageing. Moreover, many of the above proposals
appear to be less practical from a technical and economical
point of view. |

Accordingly, it is an object of the present invention to
overcome the difficulties and drawbacks referred to above

and to provide improved brass coated steel elements which

can be readily produced, which have satisfactory adhesion
properties when incorporated into vulcanized rubber products
and which in particular provide a means of achieving adequate
adhesion retention when used in demanding conditions.

Another object is to provide a novel brass compositios for
use as a rubber adherent coating on steel elements to be
incorporated in rubber articles such as vehicle tires,
ensuring a more durable brass-rubber adhesive bond during
the 1ifetime of the steel/rubber composite.

A further oblect is to provide a method of increasing the
resistance of the brass-rubber bond in brass-coated steel/
rubber vulcanizates to rapid degradation caused by heat and
the presence of moisture.
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A still further object is to provide brass-coated steel elements
for use as tire reinforcements which retain a high adhesion level during
tire operation when subjected to severe heat and humidity conditions
such as simulated by steam ageing and overcure heat ageing.

A yet still further object is to provide high-durable rubber
products, in particular vehicle tires, containing improved steel element
reinforcements.

These and other objects and advantages of the present invention
will become more apparent to those skilled in the art from the detailed
description, figures and working examples hereinafter.

The present invention is based on the surprising finding that the
normal relatively steep fall in rubber adhesion strength of conventional
brass-coated steel reinforcing elements under severe humidity and heat
ageing conditions (exemplified by steam ageing) can be retarded to a
considerable degree when such reinforcing elements are coated with a
rubber-adherent brass composition containing phosphorus, in particular
when phosphorus is present as a phosphate in the brass coating.

According to a first embodiment of this invention there is
provided a rubber adherable steel reinforcement element having a brass
alloy coating with a copper content of at least 55%, a substantially
homogeneous Cu-Zn composition with an essentially alpha brass structure,
the coating having incorporated therein phosphorus in the form of
phosphate ions in an amount of from 5 to 50 milligrams of phosphate ions
per square metre of coating surface, wherein the phosphorus in the brass
alloy coating serves to provide an enhanced adhesion to vulcanized
rubber products upon heat and/or humidity ageing.

The steel elements according to the invention are advantageously
in the form of steel wire (which preferably have a diameter of not more
than 0.5 mm, a tensile strength of at least 2500 N/mm2 and a brass
alloy coating having a thickness of from 0.10 to 0.40 micrometer) and
steel cords for use as tire reinforcing elements comprising a plurality
of such steel wires, preferably having a diameter of between 0.1 and 0.4
mm and a tensile strength of at least 2700 N/mz.

S ey oo
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According to a second embodiment of this invention there is
provided a method of producing steel reinforcement elements in the form
of steel wire which comprises applying a brass allcy coating with a
copper content of at least 55% to the surface of a steel wire wherein
phosphorus is incorporated into the brass alloy coating by contacting
the surface of the brass alloy coating with a phosphatizing composition
and drawing the wire whereby phosphorus is distributed in the brass
alloy coating in an amount of more than 4 milligrams of phosphate ions
per square metre of coating surface.

According to a still further feature of the present invention,
there is provided vulcanized rubber articles containing as reinforcement
steel elements according to the invention as hereinbefore defined or
steel elements as produced by a method according to the invention as
hereinbefore defined. Rubber tires containing steel cords as
hereinbefore defined constitute a particularly important embodiment of
the present invention.

According to a yet still further feature of the present invention,
there is provided a method of producing vulcanized rubber articles
ctontaining steel reinforcing elements in which unvulcanized rubber is
vulcanized in contact with steel

KK:5740W
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reinforcing elements whereby bonding between the vulcanized
rubber and the steel reinforcing elements is effected,
characterized in that the steel reinforcing elements used
are in accordance with Lhe invention as hereinbefore defined
or are as produced by a method of the invention as
’hereinbefore defined.

From investigations on numerous test coatings applied to
different wires or cords and bonded to varijous rubbers, it
has been possible to specify a minimum phosphate content of
lo. 4 mg per square meter of brassed surface as measured by the
Standard Test hereinafter described, below which minimum the
improvement in aged adhesion retention is generally poor or
less consistent. For example, between 3 and 4 mg phosphate
per m2 there may be a certain improvement, but this is
less controllable and frequently affected by minor surface
contaminants (including even incidental P-containing sub-

'°'°:° stances, stemming from wire and cord processing aids). Above
§°”°:° this minimum amount of 4 mg phosphate per m2 of brass coa-
E“... ting one in general obtains a substantial increase in adhe-
AL 2o sion strength under high humidity/heat ageing conditions.
;::. This improvement is observed in a broad range of P-containing

brasses and 1ncreasing]y so with rising phosphate content

which may attain a level of up to more than 40 mg/mz. (For
convenience, all concentrations in this specification are

expressed in mg/m2 as measured by the Standard Test).

Above, an upper phosphate 1imit of about 50 mg/mmz, it has
however been found that difficulties may sometimes arise.

For example it may become harder to fulfil a requirement of

sufficient initial adhesion with certain rubber compounds

‘vjﬂ 0%, ¢ 30 (owing to a too large reduction in adhesion build up rate in
‘ normal vulcanization conditions) and also the wet drawing
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operation frequently requires greater care. Thus it is pre-

2
ferred that the phosphate content be less than 50 mg/m .

The advantages and the improved aged adhesion properties
obtainable by the present invention are i11lustrated by the

drawings of Figures 1 and 2.

Referring to Fig. 1, there is shown the evolution of cord/
rubber adhesion strength with steam ageing time t, respec-
solid line (1)

and for two different cords according to the invention :

tively for conventionally produced cords :

broken 1ines (2) and (3). The adhesion strength in ordinate
is expressed in terms of forces (N) necessary to pull out
cords embedded in rubber blocks with a predetermined embed-
ment length (ASTM test 2630). Steam ageing time t in hours

is shown in abscis.

Fig. 2 compares adhesion build up with curing time t (min.)

and the effect of overcure on adhesion loss for th¢same con-
ventional cords : solid line (1) and for the respective cords
as in figure 1 and according to the invention  : broken lines

(2) and (3).

It is apparent from Fig. 1 that very significant increases
in aged adhesion retention are obtainable with cords accor-
ding to the invention which are coated with a brass layer of
the usual Cu-Zn compostion (here about 63-65 % Cu) except
that the brass has a phosphate content of about 9 to 12

mg/mz.

From Fig. 2 it is clear that cords according to the invention
are similar to conventional brassed cords in adhesion build
up, but are clearly superior in overcure resistance (pro-
longed heat ageing at 155°C).



v R et R

a9

30

Accordingly, the objects of the present invention are accom-
plished by providing a steel element (usually wire filaments
and cords) for use in the reinforcement of vulcanized rubber
products such as tires, hoses, straps, belts and the 1like,
which element is covered with a phosphorized brass alloy
coating having a copper content of at least 55 % by weight
(more usually 60 to 75 % Cu), the said brass coating having
generally a substantially homogeneous Cu-Zn alloy base com-
position and structure comprising an average phosphorus con-
tent of at least 4 milligrams per square meter of coating

surface, the P-content being expressed as an amount by weight

of phosphate ion (Poi-)‘as measured by the Standard Test
hereinafter described.

The phosphorus content of the improved brass coating will
preferably be not less than 5 mg/per m2 and rot more than

50 mg/mz; and preferably be comprised in the range of from

6 to 40 mg/m2 sti11 more preferably from 8 to 30 mg/m2

and most preferably from 10 to 25 mg Poi_ per mz‘ The
phosphorus is preferably, but not necessarily, evenly dis-
tributed in the brass layer. It may be more concentrated in
the upper part of the coating thickness, provided the average
P-amount is not less thah a specified lower 1imit as men-
tioned above. According to a particularly advantageous embo-
diment of the present invention, the P-amount in the brass

coating is essenttally present in the form of phosphate 1ons‘

(Poi-), conveniently but nqt necessarily of the consti-
tuent metals (i.e. copper and zinc) of the brass alloy base.
Other suitable phosphates include for example pyrophosphates.
In addition, phosphates of iron (stemming from the steel
substrate or otherwise introduced to the brass alloy) and
phosphates of optional brass alloying elements (e.g. Mn or
Co or Ni)

Feh B e
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are not excluded. Further, P-alloyed brass coatincs wherein
phosphorus is present as a solute, or as a suitable non-phos-
phate phosphorus compound are envisaged. Such P-containing
rubber adherent brass coatings, applied on steel filaments
and tire cords, are all included within the scope of the
present invention, provided their average P-content, expres-
sed as PO,-ion amount, is not lower than 4 mg per m2 of

4
brassed surface.

It is believed that the unexpected significant improvement

in aged adhesion retention achievable in cord/rubber compo-
sites by applying a specifijed P-containing brass deposit on
steel elements according to this invention (in particular
when the phosphorus is present as a phosphate, intimately
distributed in the brass coating) is associated with a sub-
stantial reduction in overcure and/or postvulcanization reac-
tion rate between the brass coating and the rubber, more
especially in the presence of heat and humidity. It is gene-
rally known that a gradual adhesion degradation normally
occurring in tire service is accelerated by heat and humi-
dity, frequently to such an excessive extent that premature
cord/rubber debonding precludes further tire usage. This ‘is
comﬁon]y thought to arise from abnormal growth of a cuprous
sulphide phase in the interface layer (rendering the adhesion
layer friable and more prone to debonding) or from the for-
mation of other undesirable reaction products (hydro-oxides,
sulphides of copper and zinc, corrosion products etc.)
between the rubber and the brass. Up to now these phenomena
were less understood and hardly controllable when using con-
ventional brass-coated wires and cords in demanding rubber
applications. Hence, considerable and unpredictable shorte-
ning of the running 1ife of steel cord reinforced tires has
been a serious drawback when such tires are exposed to severe

ey
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humidity and heat ageing effects during operation. As
distinguished from specific prior art proposals for either
improving adhesion properties or brass protection against
corrosion (which measures appeared to be less successful in
increasing the aged adhesion retention to a satisfactory
level, presumably because of the inability to slow down
overcure/ageing reactions to a sufficient extent), the
fundamental merit of the present invention consists both in
the identification of the nature of the complex brass/
rubber ageing problem and in the provision of an efficient
and practical means for preventing otherwise excessive dete-
rioration of adhesion strength under severe heat and/or humi-
dity ageing circumstances.

The precise mechanism of the unexpectedly favorable phos-
phorus factor in this respect is not yet completely under-
stood. We presume, that there may occur a direct beneficial
effect of phosphorus, in particular of phosphate, for regu-
lating/maintaining optimum brass reactivity in broadly vary-
ing ageing conditions, although this hypothesis should in no
way be taken to 1imit the invention. Certain indirect factors
related to brass phosphatization concern copper availability
and mobility in the brass surface region (adjacent to the
interface adhesion layer). As a result of phosphatization,
copper migration from the coating interior to the reaction
zone may be affected in such a way that excessive brass sul-
fidation and copper penetration in the rubber phase-struc-
ture is prevented. Minor changes in brass surface properties
and composition (possibly as a result of interaction between
phosphate, brass structure and high surface strain and shear
forces experienced during wire drawing) may exert an addi-
tional favourable influence.
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The present invention is applicable to a large variety of
reinforcing steel elements covered by any suitable rubber
adherable brass coating. However, the steel elements accor-
ding to the invention are advantageously in the form of wires
or cords for use in the reinforcement of tires and the fol-

lowing description is directed for the most part to

_brass-alloy coated steel wires and steel cords for this

purpose, although not hecessari]y restricted thereto.

The invention is generally, but not exclusively, applicable
to the commonly used combinations of steel wire materials

and brass (i.e. Cu-Zn) alloy surface coatings employed for
strengthening vulcanized rubber cohposites. Such wire mate-
rials conveniently have a diameter of less than 2 mm and are
produced from carbon steels (most often high-carbon steel
containing between 0.6 and 1.0 % C, although alloyed versions
thereof with higher than normal Si and Mn-contents and/or
containing Cr, Ni, Mo, V, Co, Nb, etc, are not to be exclu-
ded). The wire surface will be covered with a thin brass
alloy coating containing at least 55 % Cu (most often a
binary Cu-Zn aipha-brass alloy with 60 to 75% Cu). The P-con-
taining brass coatings according to this invention optionally
may also comprise other elements, e.g one or more additional
alloying elements (such as Co, Ni, Fe, Mn, Sn, Sb, Mo, etc.)
added in varying minor amounts to the P-byass composition.

Particularly preferred embodiments of the present invention
are concerned with brass alloy coated wires and cords for
use in vehicle tires. Such wire materials are commonly made
from brass-coated near-eutectoid steel up to about 1.0 % C
(more often 0.7 - 0.85 % C), which following patenting, is
brass plated and wet drawn to a final diameter of below 0.50

mm, commonly between 0.10 and 0.40 mm. In general, such hard
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dréwn pearlitic wires have a tensile strength of about 2500
-- 2800 N/mmz. sometimes increased to up to more than 3000
N/mmz. The wire surface is covered by a thin brass alloy
coating containing from 58 to 75 % Cu, preferably from 60 to
+2 % Cu. Coating thickness is gererally less than 0.50 um
and is preferably between 0.10 and 0.35 um. The brass alloy
coating may be formed by alloy plating (e.g. from a cyanidic
electrolytic Cu-Zn solution) or by sequential plating (in
any order) from separate copper and zinc baths to form dis-
tinct Cu and Zn-layers in appropriate proportions followed

by a thermodiffusion treatment so as to achieve a homogeneous

- (usually a-brass) alloy layer composition.

In principle, any appropriate process (including chemical/
electrochemical deposition and even physical alloying
methods) can be used to achieve the desired P-containing
brass compositior of this invention and this can be realized
at any suitable stage of the wire and cord manufacturing
process. Thus, the alloying treatment with phosphorus, and
in particular the provision of a required phosphate amount
in the brass composition, méy be realized in different ways.
It can_thus be carried out prior or together with the depo-

‘sition of the brass coating on the wire surface (alloy pla-

ting or sequential Cu and Zn plating), or between sequential
plating and thermodiffusion, or following thermodiffusion
and prior to wife drawing, or also during the wire drawing
process. It could also be done on finished wire filaments
(either before or after twisting the wires into a tire cord).
The manner or order in which these P-cdntaining or phospha-
tized brass surface coatings are realized into wires and
cords is not important to the performance per se of the
present invention, but only to the degree of performance and
ease of manufacturing.
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According to a particularly preferred feature of the practice
of the present invention, there is provided a method of pro-
ducing a brass coated steel wire or steel cord covered by a
desired phosphatized brass composition, which method compri-
ses dipping a previously brass-coated steel wire in an appro-
priate phosphatizing solution so as to deposit a required
amount of phosphate on the brassed wire surface, which phos-
phate upon subsequent wire drawing is evenly distributed into
the brass layer by the combined effect of extreme thermo-
plastic surface straining, mechanical mixing and deformation

enhanced migration or diffusion.

In a most preferred embodiment thereof a previously patented
steel wire is first brass coated (either alloy plated or,
more preferably sequentially plated with Cu + Zn and thermo-
diffused) and next treated in a phosphatizing H PO4—so1u-
tion of desired composition so as to fix a required phos-
phate-amount on the brass surface prior to drawing and
finally subjected to a large cdeformation by drawing the same
to a required final filament diameter.

The phosphoric acid solution may also contain zinc phos-
hates, one suitable ph sphoric acid/21nc osphate soluti

i £, 2haseh Rhosph AN
being that sold under the commerc1a1 name Bonderite)g sup-
plied by Barker Chemicals, USA).
niently phosphatized by running through a bath of the desired

The brassed wire is conve-

solution and it is preferred to dry the wire between dipping
and drawing, for instance by hot air drying or other conve-
nient methods.

In the case of thermodiffused brass coatings, the phosphati-
zing treatment of the Cu-Zn deposit can also be carried out

gy
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before thermodiffusion (i.e. on the upper Zn-layer of the Cu
+ Zn plating) with subsequent thermodiffusion so as to form
a phosphate-containing brass alloy. Most preferred however
is the process whereby a previously thermodiffused Cu-Zn
coated viire is subjected to a phosphatizing treatment fol-
Towed by wet drawing said wire to its final djameter with a
large drawing reduction of up to 96 % and more.

According to another possible embodiment of the method of
this invention, the improved wire with P-alloyed brass coa-
ting is obtained by submerged drawing of a brass-coated wire
in a wet Jubricant solution of a composition effective to
phosphatize the brass layer to a sufficient degree during
the multiple die wire diameter reduction operation. This
brocess effects phosphatization dF the brass surface and may
also provide penetration of part of the phosphate deeper into
the brass layer by the action of heavy surface deformation
under hi¢h die pressure while leaying most of the phosphate
in the upper layer of the brass coating.

The main advu..ages of the above jdentified preferred pro-
cesses for producing steel filaments covered with a brass
coating composition in accordance with this invention include
s1mpT1c1ty of operation and favourable production economics.

In .order to demonstrate the broad applicability of the pre- -

sent invention and the superior adhesion properties of wires

~and cords provided with a novel brass coating in accordance

with the invention, and to apprectate the marked gain in
adhesion retention over current brassed wires and cord used
in comparabie rubber and high humidity/heat ageing
conditions, we have carried out an extensive test program

go‘with a multiplicity of cord/rubber combinations involving
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various brass alloy coatings, different wire processing
methods and several tire rubber compounds. In these investi-
gations we used brass coated steel wires drawn to a filament
diameter of 0.20 to 0.30 mm (made from 0.70 to 0.85 %
C-steel). Cords of 1x5, 1x4, 2+2, 3 + 9, 2 + 7 and 12 x 1
(compact cord) construction were twisted from said filaments
(of normal strength and increased strength of up to more
than 3000 N/mm2) covered in most cases with a Cu-Zn alloy
thermodiffusion coating having a copper content in range of
60 to about 72% and further containing a preset amount of
phosphate which was varied from a very small level (nil to
less than.3 mg/mz) to increased levels of up to more than

30 mg/me.

Actual adhesion testing was carried out on vulcanized rubber
samples wherein either brass-coated wires or cords were
embedded. Static adhesion was then determined in the well-
known standard manner by measuring the force (in Newton)
required to pull a test wire or cord through and out of a
rubber block (with standard depth of wire/ cord embedment of
1 to 2,5 cm) by using standard Instron testing machine.

For humidity/heat ageing the vulcanized rubber samples con-
taining the embedded wires or cords were placed in a closed
chamber containing a humid steam atmosphere at a temperature
of 120°C.. The samples were aged therein for a perjod of 12
to 24 hours. After this period of time, the samples were
removed from the steam ageing chamber. Adhesion measurements
for the unaged and steam aged samples were conducted at room
temperature by using the above-described pull-out test.
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The rubbers to which the treated and untreated wire or cord
is to be bonded are preferably standard tire rubbers based
on natural rubber and/or polyisoprene, suitably compounded
with carbon black, sulphur, zinc oxide, accelerators, anti-
oxidants, stearic acid, etc. In most cases we used proprie-
tary and/or commercially available tire rubber compounds.
However, blends thereof with other rubbery polymers (1like
butadiene-styrene copolymers, polybutadiene, etc.) can also
be used and for products other than tires there can be used

nitrile rubber, polychloroprene and similar mixtures.

The superior adhesion retention properties following steam
ageing and the production of improved brass-coated wire and
cord according to the invention is il1lustrated in the exam-
ples given below which explain the object and technical
advantages of the present invention.

Example 1
This example i1llustrates the capacity of the phosphatizing-

drawing method for producing steel filaments with a specified

P-containing brass coating according to the invention.

Steel wires were produced from patented and brass-coated
halfproduct material of diameter 1,24 mm (0,72% C steel) by
wet drawing the same to a diameter of 0,27 mm, the ultimate
tensile strength of the wire attaining about 2700 - 2850
N/mmz. The thermodiffus2d brass layer on the wire surface
had a Cu-Zn alloy composition with 63 to 71 % Cu and a coa-
ting weight of about 3,5 - 4,5 g of brass per kg of wire. To
investigate the filament adhesion response to the presence
of phosphorus in the brass-alloy composition, the currently
used wet lubricant solution was adapted with the aim of pro-

viding a desired degree of phosphatizing power varying from
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very poor (reference Tubricant) to moderate and up to high.
For this purpose the phosphate concentration in the lubricant

‘was ratsed stepwise from a normal level (low total phosphate

amount of less than 0,5.g/1) to a medium level of 1,2 - 2

g/1 and was further inc}eased to a high level ranging from 2
to 3 g/1. For more effective phosphatizing, the concentration
of soluble phosphates was set at a value of at least 0,5 g/
and adjusted in a range of about 0,6 to 1 g/1 for moderate
phosphatizing, respectively from about 1 to 1,8 g/1 for
enhanced phosphatizing in combination with a control of pH
(appropriate addition of H3P04) and of the fatty acid
(lubricating) compounds in the Tubricant solution to
compensate consumption of chemicals during operation.

The results obtained with brassed filaments drawn in varying
phosphatizing-lubrication conditions were as follows :

Table 1 : Coating characterization versus
lubricant conditions.

Phosphorus content of coating(**)

Phasphate | Phosphating power{ IR-reflection| Chemical analy-
content of | of lubricant (Absorbance sis by DCP
lubricant Units) x 103 (mg/mz)
g/1
< 0,5 to 1} I. nil to low 0.1 -2 <3
1 -2 II. moderate 2 -4 3 =5
> 2 III. moderate to | 4 - 6.5 5 -8

high
> 2 with IV. high (*) 2 6 up to 2 7 up to
predip- 7.5 -9 9 - 10
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Highest P-concentrations (level IV) in the brass surface
coating of the wet drawn wire were obtainable by passing
the wire through a phosphoric acid predip bath (e.g. 3%
H3P04) placed at the entrance of the drawing machine
with a drying stage between the predip bath and the
drawing machine.

Maximum P04—concentrations in the brass coating attai-
nable by applying the method of phosphatizing in the
drawing lubricant were about 8 to 10 mg/mz.

to (**) Phosphorus characterization of the coating is carried

0

20

aut by the infra-red reflection technique (IR) and by
fine chemical analysis of the brass layer using the DCP
(Atomic Emission Spectroscopy by Direct Current Plasma)
method. The IR-technique mainly gives information on
the P-content of the upper brass surface (IR-reflection
peak at P04—wave1ength of measured IR-spectrum). The
amount of phosphate is expressed as absorbance units
(A.U.) or relative reflection intensity .

(AR = Io - I)
Io

The DCP-chemical analysis, by contrast, gives informa-
tion on total phosphate content of the brass coating
since the sample preparation method ensures in-depth
leaching of phosphates present in the brass layer. This
method was therefore adopted as the standard method of
analysis and is referred to herein as the "Standard
Test". The exact procedure is performedras follows :
Standard preparation procedure for DCP-analysis in. the
case involves treatment of 5 gram cord or filament or
other element, cut into bits, in a 1.2 N HCI solution
(10-m1) for 60 seconds at ambient temperature in an
ultrasonic bath (Telsonic type TUC-150, frequency 35
kHz) to speed up in-depth brass layer attack. The
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obtained solute is then transferred to a well-known
DCP-instrument for analytical determination of
P04—amount (Beckman Spectraspan VI; wavelength of
DCP-spectrum : N = 213.618 nm). This measured amount
is then converted to give a value expressed as weight
in milligram related to the brassed surface of the ele-
ment in square metres (mg P04/m2 of wire).

The DCP-method has been found to be very reliable and
reproducib]e‘and to afford precise data even when
P04-content is very low. Therefore the method has
been adopted as the Standard Test referred to herein.

The drawn wires with different P-contents of their brass
surface coating, relating to the phosphatizing lubricative
conditions I to IV of tahle I, were then incorporated into
rubber blocks for comparative adhesion testing. Wire embed-
ment length was 1 centimeter and vulcanization was carried
out at 155°C for a cure time of 35 minutes. The vulcanized
rubber/cord samples were then subjected to steam ageing
(120°C. - 24 hours) for adhesion comparison with unaged sam-
ples. Static adhesion tests were conducted (as described
hereinabove) by pulling the filaments through and out the
rubber blocks by means of an Instron testing machine and by
measuring the pull-out force in Newton. The test data are
summarized in table 2.
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Table 2 : Adhesion of wire filaments

(force in Newton)

Phosphatizing- Unaged Steam aged
drawing conditions

of wire

I 2 130 38 - 52 (poor)
Il (mostly greater 51 - 65

II1 than breaking 76 - 89

Iv force of filaments)| 83 - 94

As deinonstrated by the results given in Tables 1 and 2,
adhesiorn retention of brassed filaments after steam ageing

is markedly improved by providing the steel wire with a brass
coating containing a sufficiently high phosphate amount
(level III and IV) according to phosphatizing-drawing condi-
tions. The phosphatizing-drawing method, however, has some
Timitations with regard to the maximum attainable phosphate
amount of brass coating and requires great care to maintain

a constant phosphatizing level in production conditions
(ageing of lubricant solution).

In a second series of tests adhesion response on phosphati-
zation was evaluated for commercial tire cords (construction
type 2 + 2 x0.25 mm) twisted from 0.25 mm diameter wires
(tensile strength of about 2800 - 3000 N/mmz) provided with

a brass surface layer containing about 63-64 % Cu with a
coating weight of about 3.4 g/kg of wire. Phosphorus content
of the brass coating was set at either a high level (at least

4 x 10_3 A.U. by IR-analysis), or alternatively at a normal
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Tow level (0,1 x 1073 A.U.) by adapting the phosphati« ng
capacity of the wet drawing lubricant.

Adhesion results of rubberised cord samples after vulcaniza-
tion or steam ageing are given in Table 3 below.

Table 3 : Adhesion of (2+2 x 0.25)-cords

in commercial tire rubber compound

Phosphatizing Initial Steam-aged adhesion (Newton)
level adhesion with ageing time
(Newtcn) 12 hrs 24 ‘hrs

low (conventional 370 - 427 230 - 257 167 - 187

wires)
high (wires of the| 375 - 430 | 280 - 300 | 218 - 227
invention)

It can be seen that brass-coated cords of this invention are
less sensitive to adhesion degradation by steam ageing. Adhe-
sion retention after 24 hours is improved by 20-25 % over
conventional cords. However, as will be demonstrated in the
following examples, the reliability of the method and the
level of improvement in aged adhesion retention can be
increased to a sti1l more significant extent by optimizatinn
of the practice of this invention in accordance with the

underlying inventive concept.

Example 2
Brass-plated cords (2+2 x 0.25 mm) having an average brass

coating thickness ranging between 0.12 and 0.30 um with a
copper content from about 60 % up to 70 % were twisted from
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0.25 mm diameter wire. The wire had been drawn from brassed
semiproduct (0.68 to 0.86 %C; diameter 1.20 to 1.40 mm) which
was thermodiffused to produce a homogeneous a-brass struc-

ture as desired for adequate wet drawing and rubber adhesion
purposes.

In a first series (I) said plated wires were conventionally
processed to a final diameter 0.25 mm without any special

previous treatment of the brass coating.

In a second series (II) the thermodiffused brassed semipro-
ducts, prior to drawing, were first subjected to a controlled
phosphatizing treatment by immersion in a phosphoric acid
solution (0.5 to 10% H3PO4) followed by careful heating/
drying so as to obtain a sufficiently phosphatized brass
coating. Wet drawing to 0.25 mm was carried out in the same
lubricant as used for current production of conventional

wires (cfr. series I).

Cord samples randomly taken from the two wire series were

evaluted with respect to steam aged adhesion retention.

Phosphorus content (expressed as Poi_) of cord filaments
has been determined by DCP-analysis (the Standard Test).

Table 4 gives the results of coating characterization and
adhesion -behaviour in two unidentified standard tire com-
pounds supplied to us by well known tire manufactures.

A L e i e
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| Table 4 : Initial and steam aged adhesion (Newton)
of 2+2 x 0.25 mm cords with brass coatings
of different P.-content (expressed as phosphate)
Compound A |Brass coating Compound B
Wire Adhesion (N) |% Cu |Weight' P- |Adhesion (N);Brass
type Init. 'Steam- | con- |Init.!Steam 5coat1ng
|ageing "g/kg | tent ‘ageing P-content
'24 H -| ia mg/rn2 :24 H mg/m2
20 ¢ : ' 120°C :
| i i
L6 I 433 | 210 | 69.5 : 415 ) 1.6 | 476, 182 1.9
current 477 |, 243 66.7 | 3.45 3.1 474 ZZOi 2.8
to low 466 | 248 64.9, 3.38 | 2.9 450 2320 2.9
L P-level | 475 | 252 60.8 4.30 | 2.7 465: 201} 3.2
el | . |
£t I 450 | 308 | 68.8 ; 3.80 | 15.2| 480" 277 10.1
E““‘ invention 477 | 317 66.3 | 3.21 7.4) 460 270 10.4
.1;31 (phos- 495 ‘ 372 63.5 3.03 1.1 445| 288 8.5
o phatized) 483 | 313 | 65.2 | 3.24 | 7.8 400 290 9.3
Y 47 298 61.6 | 3.52 4.6 428' 261 5.7
,‘ | |
o 11 457 : 172 | 63.91 3.9 | 2.1
o a0 current | 445 187 | 62.5! 4.3 | 2.7
e mass 450 153 | 66.1' 5.4 | 1.9
SRy production442 139 | 69.2' 4.9 | 1.7
T l ! |
L As demonstrated by the tabulated results, a substantial

improvement in adhesion retention is obtainable in a repro-

ducible way by assembling cords from filaments having a brass
cnmposition with an specified P-content, which according to
the invention is at least 4 mg PO4 per rn2 of brassed wire

S surface.
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Most remarkable is also the finding of an unexpected, consi-

derable improvement (70 up to 90 %) over current production
levels of steam aged cord adhesion.

On filament, specified phosphate levels are preferably at

least 5 mg/m2 and more preferably in a range of from 7 up
to more than 25 mg/mz.

It can be seen that by applying the teachings of the present
invention in optimum practice conditions, a high retained
adhesion target value of 280 N after 24 hours of steam-ageing
is achievable in different rubbers. Even in rubber batches
showing 20 to 30% lower initial adhesion ratings than the
most appropriate rubber compounds for steam ageing purposes,
we observed a substantial increase in adhesion retention. Of
course, the degree of improvement is affected by rubber com-
position and further depends on degree of coating perfection,
wire processing and drawing care.

A schematic representation of the improvement in adhesion
retention after steam ageing is shown in Fig. 1, comparing
actual levels of current tire cords with the results achieved

by applying the fords and production method according to this
invention.

Example 3

In this example we investigated the steam aged adhesion res-
ponse of 0.25 mm filaments and cords (2 + 2) x 0.25 mm with
different settings of phosphate amount in their brass plate.
Phosphate content was determined by chemical DCP-analysis
(the Standard Test). Copper content of the thermodiffused
brass coating was between 60.5 and 66 % and coating weight

varied from about 2,8 g up to 5 g per kg of wire filament.

o AT
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In a first set-up phosphatization of the brassed semi-product
was carried out by a predip bath (20 to 50 g/1 of phosphoric
acid) with rapid drying prior to and in 1ine with the ente-
ring section of the wire drawing machine. In a second better
controlled and adjustable process the semi-product brass
coating line was extended with an appropriate phosphatizing
and phosphate fixing cell wherein the brass coated wire was
treated in appropriate conditions (H3P04—concentration

from 5 to up to more than 250g9/1, preferably from 25 to 125
g/1 ; zinc orthophosphate concentration from zero up to the
solubility 1imit; different immersion times) with the aim of
systematically increasing the phosphate content of the

brassed wire (firmly attached to brass layer by proper
drying/heating).

Steam aged adhesion retention (120°C - 24 hrs) of wire and
cord samples was evaluated in 2 distinct batches of a given
tire rubber compound stemming from the same supplier. The
results are summarized in Table 5.

- s se
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Table 5§ : Adhesion force (Newton) versus P04-content
of wire and cord specimens following steam

ageing.
Specimen PD4-content Adhesion (N)
type mg/m2 batch 1 batch 2
filament ' cord filament cord
normal 1.2 - 2.9 19-34 | 144-167 | 31-37 :]53-187
production I ,
|

phosphatizingl 3.1 - 3.9 39-52
predip 4.0 - 5.0 50-58

192-223 | 46-58 | 230-262
238-265 | 57-65 ! 250-302

phosphatized | 5.2 - 8.1 60-72

|

|

{

l !
i T
| 273-308 | 66-15 i287—324
|

on brass 9.2 - 12.8 711-86 |, 293-328 | 85-92 |, 330-342
coating line 14 - 20 90-99 ' 366-391 | 91-106 1370-398
23 - 28 86-94 | 345-369 | 89-96 | 355-370
32 - 4 81-89 | 309-351 | 83-91 ! 317-360

The tabulated results demonstrate the considerable improve-
ment in adhesion retention after steam ageing obtainable by
covering the wires or cords with a phosphatized brass coating
comprising a specified minimum P04-amount of 4 mg/m2
according to the invention. It can be seen that beyond an
optimum P04-range (above about 25 - 30 mg/mz) there is a
slight tendency to somewhat lower than maximum adhesion
values. In this respect, however, processing care, drawing
conditions (lubricant type and temperature ; number of dies
and die series) and rubber compound factors will also affect
actual adhesion response ; sald factors may shift the optimum

P04-range to smaller or larger levels, or broaden or narrow
*t from case to case.
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It can be seen that the improvement in aged adhesion reten-
tion obtainable by the invention is still significant at
elevated P04—1eve]s of up to more than 40 mg/mz, although
less pronounced and showing more variation as compared to
the optimum P04-range. Thus, excessive increase of a
P04-amount (about 40-50 mg/m2 and more) is generally un-
necessary for the purpose of adequate adhesion properties
and often less desirable in practice owing to certain pro-
blems in wire production associated with drawability varia-

tions, increased drawing losses and the like.

Example 4

Experiﬁents were made similar to those in example 3 with
brassed cords (2 + 2) x 0.25 mm but the rubber compound used
for cord embedment was changed to check the comparative
(steam) age adhesion response of different rubbers to the
presence of phosphate in the brass coating.

In Table 6 a comparison is given between three unidentified
standard industrial tire rubbers (as made available by
well-known suppliers B, C and D) which were reinforced with
conventional cords or altefnative]y cords according to the
invention comprising on average between 10 and 15 mg/m2 of
PO4 in their brass surface coating.

B ke e e e
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e e o pa et |

Adhesion property of cords according to the

invention versus conventional cords in
different rubbers

L Cord Adhesion Strength in Newton

f Rubber Conventional Cords Cords acc. to invention
Initial ! Steam Aged Initial | Steam Aged
: | I

| 192 ' 2n 493 LY

i 423 bo243 446 b 349
438 ' 2m 450 I 360

:?: I |

% S o In the following Table 7 the tests are repeated for rubbers
i C B and ¢, but comprising brassed cords with varying phosphate
i amount in an usual brass composition of about 65 Cu - 35 Zn.
{
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Table 7 : Effect of increasing P04-content of brass
coating on cord adhesion in rubber C and D

(steam ageing : 120° C - 24 hours)

Compound C Compound D
P04—con—' Adhesion strength P04-con— Adhesioq strength
tent of Initial! Steam aged | tent of Initial! Steam aged
brass (N) : 24hrs-120°Q| brass :
(mg/n’) | LN |
|

£ 3.0 403 ; 243 £ 3.0 - ]185 - 204
4.0 - 4.8| 420 | 310 3.9 - 4.5 - 1229 - 244
7.1 437 1 322 6.1 - 1260 - 293
10.4 451 ' 342 10.8 - : 320
15.2 445 I 360 14.6 - 1379
16.2 468 : 375 17.5 -390
21.6 485 | 413 19 - | 366
31 416 ; 302 27.4 - 1335

' {

Thq test results (Table 7) demonstrate that a phosphate-
containing brass coating of this invention is very effective
in different commercial rubbers to considerably enhance adhe-
sion retention of normal cords in steam ageing conditions.

As egpected. the attainable degree of improvement and the

optimum PO,-range depénd-on the rubber compound.

4

In a further series of tests we investigated the peculiar
adhesion effect of certain special rubber ingredients (known
as-adhesion promotors and often optionally added to a given
standard rubber mix) in combination with the phosphate

factor.




4T

3

- 30 -

We started with a standard compound S having the following base
composition (main ingredients expressed as relative weight units):

Natural rubber : 100
Carbon : 60
Zinc oxide : 8
Sulfur :

Stearic Acid : 0.5

Other proprietary additives:

Santoflex* 13 (Monsanto)

Dutrex* 729

Santocure MOR (Monsanto) : 0.8
Flectol*

Compound S was modified by replacement of part of the carbon black with
the well known HRH or RFS system, and additionally small quantities of
three well known adhesion promoters were added, to give modified
compositions as follows:

Ingredients S] S2 83 S4
Carbon black 45 45 45 45
(UTtrasil*VN 13 12.5 12.5 12.5 12.5
RFS (Cofill*Il 5 5 5 5
(Hexa K - - 1.5 1.5
Cyrez* resin 963 4 4 - -
Manobond C16 1.5 - - 1.5
Addivex Co 23% - 1 1 -

Suppliers: Manobond C-16: Mancham Ltd. Manchester
Addivex Co 23%: Ets. Vasset, Ezamville, France
Cyrez resin: American Cynamid, New Jersey, USA

* "Santoflex", "Dutrex", "Flectol", "Ultrasil", "Cofill" and
"Cyrex" are registered trademarks.
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Conventional brassed cords and cords according to the inven-
tion with a brass surface comprising from 8 to 20 mg P04
per m2 were incorporated in said rubbers for adhesion tes-

ting after vulcanization (initial adhesion) and steam ageing

(120°C - 24 hrs).

Table 8 : Cord Adhesion - in modified rubbers
Adhesion strength in Newton
Rubber Conventional Cords Cords acc. to invention
Compound |Initial ! Steam Aged Initial ‘ Steam Aged
v 1
S 495 ! 157 490 | 279
S] 481 | 304 489 ; 436
52 491 | 336 485 . 438
53 492 ; 140 493 : 303
54 488 . 168 492 ; 376
|

From the tabulated adhesion ratings it is clear that cords
according to the invention systematically retain a signifi-
cantly higler cord-to-rubber bond level than conventional
tire cords under similar steam ageing conditions, and this
for all the tested rubber modifications.

Comparing the different additives, it can be seen that the
Cyrez adhesion promotor is apparently more effective for
steah ageing than a HRH-type. However, this in no way dimi-
nishes the general conclusion that a phosphate-containing
brass coating according to the invention affords a very sub-
stantial improvement of cord/rubber adhesion in severe heat/
humidity ageing conditions irrespective of the applied tire
rubber compound.

g



\0

e

- 32 -

Example 5
Similar to example 4 the same cord construction (2+2) x 0.25

mm comprised of respectively conventionally produced fila-
ments with normal brass coating and of filaments made accor-
ding to the invention (drawn from prephosphatized brassed
wire) were incorporated in various rubbers to investigate
the adhesion properties under (overcure) heat ageing condi-
tions. Adhesion response upon heat ageing was determined by
subjecting cord/rubber samples to prolonged vulcanization
cure cycles at 155° C and then measuring the adhesion
strength (cord pull-out force in Newton).

Table 9 summarizes the results obtained in commercial rubber

C of example 4.

Table 9 : Adhesion strength vs. cure time
P04—content of brass coating, mg/m2
Cure time|Current : Interme- Cords according to
(minutes) {Cords | diate cords invention
(
[ | |
<3 | 3 -4 7,6 14 | 18,2
. [ I
15 333 1 417 350 30 1 a0
25 448 : 482 472 | 492 [ 440
35 475 ( 465 463 I 475 : 495
60 403 ! 422 447 ! 462 | 462
180 345 | 360 407 I: ns A
200 }

Similar tests were carried out on modified rubbers S

"'

52, S3 and S4 of Example 4 reinforced with normal

cords and cords according to the invention. Here the

R
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cord/rubber blocks were heat aged for 200 minutes at 155° C.

The results are set out in Table 10 as follows :

Table 10 : Overcure adhesion retention (Newton)

Rubber Compound Improved Cords Conventional Cords
S] 417 305
52 450 122
53 473 418
S4 452 373

From the results it follows that improved cords with a phos-
phate-containing brass coating according to the invention
are consistently superior to normal cord in their resistance
to adhesion degradation as a result heat ageing (overcure).
The improvement is systematically observed in a variety of
rubbers although the degree of performance will depend on

rubber type and on optimization of a P04-containing brass
composition.

Some typical results are illustrated in Fig. 2 described
hereinabove.

Example 6

fo evaluate other important advantages of the present inven-
tion (and also to distinguish between the humidity and heat
factors in the humidity/heat ageing problem) we carried out
additional tests in cured humidity ageing conditions. For
this purpose vulcanized cord/rubber blocks were prepared
from the same conventional cords and cords according to the
invention of Example 5 and exposed in a humidity chamber for
8 days to a temperature of 80 - 85° C and an atmosphere of
95 % relative humidity.

WA
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Table 11 gives a comparison of initial and cured humidity
g adhesion for both cord types embedded in rubbers S] to
i S .

o

Table 11 : Effect of humidity ageing on cord adhesion
(Adhesion strength in Newton)

Rubber Compound Current Cords Cords acc. to invention

l .
Initial Cured I Initial Cured

: Humidity

Humidity

481
491
492
488

-

382 485 4an
140 493 314
175 492 324

L]

—

[¢]
wv »n - unmv um

> W N

|
|
|
i
1
363 489 | 465
|
|
|
|

I
!
I
!
I
f

Tees The tabulated results clearly demonstrate the remarkable
£ capacity of cords according to the invention to retard adhe-

sion loss by humidity ageing.

e Finally, a complementary test was carried out to separate
etelt the heat and humidity effects in steam ageing conditions. In
this case we compared the adhesion response of cord/rubber
Teies N samples upon ageing for 24 hours at 120° C in a closed

In chamber comprising an atmosphere of respectively wet steam

and dry nitrogen.

el The results are summarized below for conventional cords and
cords according to the invention incorporated -in rubber

compound S.
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Table 12 : Adhesion strength (Newton) after heat ageing
(24 hours - 120° C)

Heat Aged
Cord Type Initial Adhesion |[Steam Nitrogen
Conventional 462 : 127 238
Invention 483 283 352

It can be seen that both the heat and humidity ageing part

of the adhesion loss are considerably smaller when using
cords according to the invention which proves the outstanding
capacity of the invention to improve adhesion retention in
different ageing conditions involving varying relative heat
and humidity effects.

In summary, as seen from the examples and the results shown

in the tables above, steel filaments and cords treated accor-

ding to the invention and provided with a specified phos-
phate-containing brass surface coating for bonding to rubber
ensure durab1e adhesion with rubber in service. In particu-
lar, adhesion retention in widely varying heat and/or humi-
dity aqeing conditions are markedly improved in different
tire rubber compounds.

It has to be understood that the invention and the underlying
inventive concept are not restricted to the generally known
combination of steel elements and brass surface coatings used
for Eeinforcing rubber with adequate bond strength. With
respect to the selection of a reinforcing material, any
alloyed steel, including non-ferrous metals and alloys, may
be combined with rubber in any suitable form (such as fila-
ments, cords, flat wire and other shaped elements and fabrics

R



7

L
b3
¥
53
5
&
He)
kS
£
¥
i
¥
e
s
£
2.3
£
i

X0

- 36 -

thereof) and provide improved adhesion properties if said

elements are covered with a phosphate-containing brass layer.

In addition to the exemplified phosphatizing methods and the
preferred embodiments of (Zn, Cu) phosphate-containing brass
surface coatings for improving rubber to steel (cord) vulca-
nization bond properties, the invention may be extended to
modified phosphatizing methods and other phosphorus compounds
(pyrophosphates, phosphides) and possibly other P-alloying
means to realize a desired P-containing brass coating. Modi-
fied phosphatizing methods may for example include depositing
a metallic film (selected from Zn, Fe, Mn or a combination
thereof) onto the brass surface and chemically converting
said surface film into phosphate by treating the same in a
phosphating bath.

To form a desired phosphated film on brassed wire prior to
drawing a final filament, a chemical conversion treatment in
a phosphoric acid solution containing metallic zinc ions, or
optionally manganese or iron or iron and calcium ions to
modify the metal composition of the phosphate film, may if
desired be made. Nickel and/or cobalt phosphates may simi-
larly be incorporated into the brass coating if desired. Also
electrochemical aids and the use of electrolytic deposition

are not excluded.
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The claims defining the invention are as follows:

1. A rubber adherable steel reinforcement element having a brass
alloy coating with a copper content of at least 55%, a substantially
homogeneous Cu-Zn composition with an essentially alpha brass structure,
said coating having incorporated therein phosphorus in the form of
phosphate ions in an amount of from 5 to 50 milligrams of phosphate ions
per square metre of coating surface, wherein said phosphorus in said
brass alloy coating serves to provide an enhanced adhesion to vulcanizecd
rubber products upon heat and/or humidity ageing.

2. A steel element as claimed in claim 1 in the form of a steel
wire.

3. A steel element as claimed in claim 1 or claim 2 in the form
of a steel wire having a diameter of not more than 0.5 mm, a tensile
strength of at least 2500 N/mm2 and a brass alloy coating having a
thickness of from 0.10 to 0.40 micrometer.

4. A steel element as claimed in any one of claims 1 to 3
wherein the brass alloy coating is one which has been applied by alloy
plating.

5. A steel element as claimed in any one of claims 1 to 3
wherein the brass alloy coating is one which has been applied by
sequential plating of copper and zinc on to the steel element followed
by thermodiffusion to form a substantially homogeneous coating of the
brass alloy.

6. A steel element as claimed in any one of claims 1 to 5
wherein the brass alloy coating has a copper content of from 58 to 75%.
7. A steel element as claimed in any one of claims 1 to 6
wherein the brass alloy coating has a copper content of from 60 to 72%.
8. A steel element as claimed in any one of claims 1 to 7
wherein the brass alloy coating contains phosphorus in an amount of from
6 to 40 mg P04 per m2 expressed as a weight content of phosphate

jons.
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9. A steel element as claimed in any one of claims 1 to 8
wherein the brass alloy coating contains phosphorus in an amount of from
8 to 30 mg/m2 expressed as a weight content of phosphate ions.

10. A steel element as claimed in any one of claims 1 to 9
wherein the brass alloy coating contains phosphorus in an amount of from
10 to 25 mg/m2 expressed as a weight content of phosphate ijons.

11. A method of prcducing steel reinforcement elements in the
form of steel wire which comprises applying a brass alloy coating with a
copper content of at least 55% to the surface of a steel wire wherein
phosphorus is incorporated into the brass alloy coating by contacting
the surface of the brass alloy coating with a phosphatizing composition
and drawing the wire whereby phosphorus is distributed in the brass
alloy coating in an amount of more than 4 milligrams of phosphate ions
per square metre of coating surface.

12. A method as claimed in claim 11 wherein the phosphatizing
composition contains H3P04 in a concentration of from 5 to 250:g/1
and optionally zinc phosphate in a concentration up to the solubility
limit. B

13. A method as claimed in claim 11 or claim 12 wherein the wire
js dried between the steps of contacting with the phosphatizing
composition and drawing.

14. A steel cord for use as a tire reinforcing element which
comprises a plurality of steel wires as claimed in claim 2.

15. A steel cord as claimed in claim 14 wherein the steel wires
have a diameter of between 0.1 and 0.4 mm and a tensile strength of at
least 2700 N/mm’.

16. Vulcanized rubber articles containing as reinforcements steel
elements as claimed in any one of claims 1 to 10.

17. Rubber tires containing steel cords as claimed in claim 14 or
claim 15 as reinforcements.

KK:5740W
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18. A method of producing vulcanized rubber articles containing
steel reinforcement elements in which unvulcanized rubber is vulcanized
in contact with steel reinforcement elements whereby bonding between the
vulcanized rubber and the steel reinforcement elements is effected,
characterized in that the steel reinforcement elements used are as
claimed in any one of claims 1 to 10 or are as produced by a method as
claimed in any one of claims 11 to 13.

19. A rubber adherable steel reinforcement element as defined in
claim 1 and substantially as herein described with reference to any one
of Examples 1 to 6, but excluding any comparative examples therein.

20. A method for producing a rubber adherable steel reinforcement
element as defined in claim 1 which method is substantially as herein
described with reference to any one of Examples 1 to 5, but excluding

Yo"ty any comparative examples therein.

v DATED this TWENTY-EIGHTH day of FEBRUARY 1990
N V BEKAERT S A

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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