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Mechanical and cohesion properties of brass 
plated steel cords in a sulphurizing environment 

A. M A R T I N E Z  N I E M B R O ,  J. B. PELLETIER,  S. G. TOESCA 
UA 23 CNRS, Universitd de Bourgogne 21004, Dijon cedex, France 

The mechanical and cohesion properties of brass plated steel cords have been investigated in 
dry hydrogen sulphide between 25 and 450 ~ C. The extents of elastic and plastic regions, 
obtained from slow strain rate technique data have been defined, and the preferential site of 
decohesion tends to be the brass-steel interface. 

1. Introduction 
Brass plated steel cords constitute the major reinforcing 
materials used in rubber. The use of a thin brass layer 
as an adhesive for bonding steel to natural or synthetic 
rubber mixtures is well known [1] and the adhesive 
mechanisms of  the rubber brass system have been the 
subject of many investigations [2, 3]. The fundamental 
role of  copper sulphide, formed during the vulcaniza- 
tion process, has been emphasized [4]; the control of  
its growth and of  its evolution in aging conditions can 
be achieved by several methods, including compound 
formulation [5, 6] and surface doping by metallic 
elements [7-9]. In any case, the best cohesion proper- 
ties are expected and they are characterized by stan- 
dard adhesion tests. 

For  numerous practical applications, the chemical 
evolution of  a complex layer of sulphides, oxides or 
hydroxides is not the only element which leads to the 
decohesion of  the rubber brass-steel  composites. 
Mechanical stresses must be taken into account, 
especially for tyres, for which the effects of  deforma- 
tion, aggressive environment and overheating are 
closely linked. To characterize the sites of  decohesion 
and the evolution of mechanical behaviour, it was 
deemed useful to investigate the joint effect of tem- 
perature, of a uniaxial stress, and of a modelled 
sulphurizing environment [9-11] on brass plated steel 
cords. The steel-brass and brass-sulphide interfaces 
had to be particularly examined in the absence of  
rubber mixture. Our objectives were to generate base- 
line data for subsequent studies in practical sulphuriz- 
ing media, which exhibit a real complexity. 

2. Mater ia ls  and experimental  
procedure 

2.1. Materials 
Several batches of  specimens were used, all supplied 
by Sodetal Co. (France). Basically all were 0.25 mm 
diameter steel cords with a 0.3/~m brass layer. These 
were obtained by a multistep wiredrawing process and 
brass plating was carried out by electrodeposition. 
They differ by the copper percentage (wt %) in the 
brass layer (58%, 63%, 68%, 78%) and by the even- 
tual presence of  an external, 15 nm thick, metallic film 
(cobalt, nickel, copper) [11]. 
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In all cases the substrate was a high-strength steel 
supplied by Usinor (France); 0.7 wt % carbon. 

2.2. Experimental procedure 
Evaluation of the mechanical properties of our speci- 
mens was made by subjecting them to uniaxial load- 
ing, as is usual in numerous stress corrosion crack- 
ing studies; the slow strain-rate technique was used 
[12]. The elongation rates were selected in the range 
(10 -s, 10 -2) mmsec -1, for samples with a length 
of 50mm. Our experimental device was especially 
designed to test wire specimens which exhibit a dia- 
meter lower than l mm in controlled environments 
[11, 13]. The maximum force which could be applied 
was 100 daN for any strain rate. The general layout of 
apparatus is illustrated in Fig. 1. 

Morphological investigations were performed by 
scanning electron microscopy and phase analysis con- 
ducted by electron diffraction (JEOL 100C Electron 
Microscope). 

The temperature range (25~ to 390 ~ C) and the 
pressure range (10 -3 to 2 x 104pa) were selected 
according to reference studies [3, 9, 10, 14, 15]. 

3. Evolution of the mechanical 
properties 

The following results concern the high strength steel of  
the cords, since the nature of the brass layer has no 
influence on the mechanical properties. 

3.1. Influence of temperature 
The stress-strain curves obtained in vacuum for an 
elongation rate of  8.9 x 10 5mmsec -1 (strain rate 
0.18 x 10-Tsec -1) are illustrated in Fig. 2. At 25~ 
the value of  the yield strength (0.2% offset) is 
(2000 + 50)MPa, and the curve exhibits a very nar- 
row plastic region. The extent of this region increases 
with temperature. 

The ultimate tensile strength au and the fracture 
elongation (AL/Lu) reveal a serious loss of  elastic 
properties for steel above 300~ (see Figs 3 and 4). 

3.2. Influence of the elongation rate at 
375~ in vacuum 

A temperature of  375 ~ C has been selected to reach a 
plastic region which exhibits a sufficient extent. 
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Figure 4 Evolution of  the engineering strain at fracture (AL/L.) in 
vacuum (10-3Pa) against temperature. Elongation rate: 8.9 • 
10-Smmsec -I. 

Figure 1 Experimental device: general layout. 
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Figure 2 Stress-strain curves obtained in vacuum (10 -3 Pa). Elon- 
gation rate: 8.9 x 10-Smmsec-L 
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Figure 3 Evolution of the ultimate tensile strength (a.) in vacuum 
(10-3pa) against temperature. Elongation rate: 8.9 x 10 5mm 
s e c -  I .  

The influence of the elongation rate at this tem- 
perature in vacuum is illustrated in Fig. 5: a more 
plastic behaviour is induced if the strain rate decreases 
and Fig. 6 gives the corresponding values of the ulti- 
mate tensile strength au against elongation rate. 
There is a stabilization of  o-,, below 10 -4  m m  sec -1 at 
a value of  (1000 _ 50)MPa. The fracture aspects 
obtained at different strain rates (Fig. 6) exhibit no 
significant differences but reveal that the detachment 
of the brass layer is frequently observed. 

3.3. Influence of a pressure of dry hydrogen 
sulphide at 390~ 

The stress-strain curves obtained at 390~ under 
different pressures of  dry hydrogen sulphide are 
shown in Fig. 7. If  a slight decrease of a u is evidenced, 
with no loss of elastic properties, (AL/L)u decreases 
from roughly 10% to 6% when the pressure of  hydro- 
gen sulphide increases from 0 to 1.5 • 104pa (Fig. 8), 
for an elongation rate of 8.9 x 10-Smmsec -1. 

For  these experimental conditions and reaction 
times of 10 to 12 h, the brass layer has been sulphur- 
ized, giving Cu2_xS, CuS and ZnS, and steel has been 
attacked, giving Fel_xS. The computed (and observed) 
value of  the thickness of the corrosion layer, according 
to former investigations [10, 16], is 2#m. It leads, for 
the cords, to a relative loss of  section of 0.025%, with 
no consequence on the value of ~u if the growth of  a 
corrosion layer is the only phenomenon involved. A 
possible explanation for the evolution of the stress- 
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Figure 5 Stress strain curves obtained at 375~ in vacuum 
(10 3Pa) for different strain rates (given in mm see-I).  
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Figure 6 Evolution of the ulti- 
mate tensile strength (~u) in vac- 
uum (10-3Pa) against strain rate 

at 375 ~ C; fracture features. 

strain curves in this sulphurizing environment is the 
existence of stress corrosion cracking. As evidenced by 
Fig. 14 (see Section 4.4) cracks could be generated 
perpendicularly to the axis of the cords and their 
propagation is enhanced by the joint action of local- 
ized corrosion and uniaxial stress. 

4. Cohesion propert ies  
4.1. Spontaneous detachment of the brass 

layer 
In the absence of any mechanical stress, sites of 
detachment of the corrosion layer can be observed 
after long times of exposure to the sulphurizing 
environment, for any type of initial brass layer. Such 
a phenomenon is illustrated in Fig. 9: the specimen 
has been submitted to a pressure of 2 x 103Pa  at 
245~ during 24 h; the initial copper percentage was 
63 wt % and brass was doped by copper at the external 
interface. 

The usual phases CU2_xS , GuN, /~-ZnS and Fe~ x 
have been identified. When Fej_xS is formed in dry 
hydrogen sulphide, a cationic diffusion mechanism is 
involved and vacancies are generated in the substrate 
[16]. They lead to microscopic cavities [17] and to a 
detachment of the iron sulphide layer. 

This interpretation can be retained even though the 
brass layer is not completely sulphurized, since its 
thickness is not constant: during the wire-drawing 
process this thickness is locally diminished, as evi- 
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Figure 7 Stress strain curves obtained at 390 ~ C for different press- 
ures of dry hydrogen sulphide. V = 8.9 x 10 5mmsec -~. P~2 s 
(hPa). 

denced by Fig. 10. At these locations, as soon as the 
reaction interface reaches steel, Fe~_xS is formed and 
the reaction could proceed by superficial diffusion at 
the brass-steel interface. The consequence might be 
the detachment of the remaining brass, even for a 
minimal extent of sulphidation at low temperature. 

4.2. Defo rmat ion  in v a c u u m  at 2 4 5 ~  
If  specimens are submitted to deformation at a rate of 
9 x 10 4mmsec-~, at a temperature of 245~ in 
vacuum, their surfaces exhibit slip traces, but no crack 
is observed (Fig. 11), except in the vicinity of the 
fracture site. The brass layer demonstrates, in any 
case, an outstanding plasticity so that practically no 
detachment can be characterized and an attenuation 
of the wire-drawing defects can be noticed (Fig. 11). 
In the absence of sulphurizing environment, brass 
plated steel cords display satisfactory cohesion 
characteristics and the detachment of the brass layers 
is closely linked with the formation of iron sulphide. 

4.3. Deformation in hydrogen sulphide at 
245 ~ C 

When any brass plated steel cord is submitted to joint 
plastic deformation and attack by hydrogen sulphide 
at 245 ~ C, detachment of the brass layer occurs, for 
any extent of the sulphidation reaction. If the brass 
layer is completely transformed in sulphides, the 
phenomenon is particularly enhanced (Fig. 12) and 
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Figure 8 Evolution of the engineering strain at fracture (AL/Lu) 
against pressure of hydrogen sulphide. T = 390 ~ V = 8.9 x 
10-s mm sec -t ' 
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Figure 9 Spontaneous loss of adhesion observed at 245~ 
(2 • 103 Pa of H2S, 24h exposure, 63% copper brass layer, copper 
surface doping). 

Figure 10 Surface of  an initial specimen (68% copper brass layer). 

Figure 12 Surface of  a specimen (63% copper brass layer, copper 
surface doping) after fracture at 245~ (2 • 103Pa of  H2S, 
6 x 10-4mmsec l). 

two preferential directions are defined: perpendicular 
and parallel to the axis of the cords. This last feature 
confirms the existence of a superficial corrosion at the 
brass-steel interface, initiated along the wire-drawing 
lines where steel is in direct contact with hydrogen 
sulphide. On the other hand, the perpendicular direc- 
tion might correspond to stress corrosion cracks. 
Nevertheless, the corrosion layer, when it remains 
adhesive, demonstrates relative qualities of plasticity, 
since it exhibits few microcracks. The rupture is typi- 
cally ductile, as shown in Fig. 13. 

4.4. Deformation after presulphidation 
A last series of experiments has been carried out on 
specimens which have been previously attacked by dry 
hydrogen sulphide at 245 ~ C, or by a mixture of 
hydrogen sulphide and water vapour at the same tem- 
perature. After elongation at 25 ~ C, the surface of the 
samples displays microcracks, localized on the 
preferential sites of sulphidation (Fig. 14), particu- 
larly if water is involved in the corrosion process 
(Fig. 15). It can be explained by the loss of plasticity 
of the corrosion layer at low temperature and it must 
be emphasized that few detachments are observed at 
the brass-steel interface. This implies that the stress 

Figure 11 Surface of  a specimen after fracture in vacuum (10 -3 Pa, 
245~ 9 • 10-4mmsec-I) .  

Figure 13 Fracture of  a specimen (63% copper brass layer, copper 
surface doping) at 300~ (104pa of  H2S, 6 x 10 4mmsec 1). 
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Figure 14 Surface of a specimen (63% copper brass layer, Ni surface 
doping) after presulphidation (245~ 6.4 x 103Pa of H2S ) and 
elongation at 25~ (9 x 10-4mmsec-l). 

Figure 15 Surface of a specimen (63% copper brass layer, Ni surface 
doping) after presulphidation (245~ 6.4 x 103Pa of H20 ) and 
elongation at 25~ (9 x 10 -4mm sec-~). 

corrosion cracking phenomenon is reduced at this 
temperature, even though the samples are in a sul- 
phurizing environment. 

5. Conclusions 
On the basis of this study, it appears that: 

1. The mechanical properties of such brass plated 
steel cords do not depend on the composition and on 
the nature of surface doping of the brass layer; no 
noticeable region of plastic deformation is encoun- 
tered below a limit which is estimated to be 200 ~ C in 
vacuum. 

2. In our sulphurizing environment, a stress cor- 
rosion cracking phenomenon can be characterized by 
the slight decrease of the ultimate tensile strength and 
the joint appreciable loss of engineering strain. 

3. As soon as Fel_xS sulphide is formed, a detach- 
ment of a partially sulphidized brass layer can be 
expected. It acts at the very beginning of any sulphida- 
tion process, since brass may be locally removed from 
steel during the wire-drawing process. 

4. This detachment might be considerably enhanced 
if a stress corrosion cracking process is involved, 
though it must be noticed that specimens submitted to 
a mechanical stress at low temperatures exhibit satis- 
factory adherence properties. 

5. Rubber-brass-steel composites, in coupleddefor- 
mation and overheating conditions, might demon- 
strate a serious loss of cohesion at the brass-steel 
interface. 
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