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ABSTRACT The thermodiffusion behaviors of brass coating on tyre wire obtained by electro-deposi-
tion of copper and zinc with controlled thickness, followed by continuous annealing in industry and

isothermal annealing at laboratory, respectively, were studied by means of X-ray diffraction analysis.
With the information of X-ray diffraction, the fraction of f phase during different thermodiffusion pro-
cesses was given and the phase homogeneity of a phase in the films was discussed.
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1 INTRODUCTION

In the recent years, there has been of
great interest in the study of manufacturing
processes of tyre wire for the application of
tyre industry. As the reinforcement of pneu-
matic tyre, tyre wire is a kind of high strength
and toughness steel cord with brass coating,
and brass coating is one of the significant step
during process of the steelcord. The newest
way of coating on tyre wire is electro-deposi-
tion diffusion processes, which not only over-
come environment pollution caused by the old
ways of using cyanide, but also raised efficien-
cy and quality. However, the unstability of
coating processes has been one of the main
problems which lead to the poor physical and
chemical properties of tyre wire. It is shown
by Starinshak™ that the adhesion between the
tyre wire and the rubber depends on the chem-
ical composition of the brass layer. In fact,
the relative fractions of the @ and S phase have
also important influence on the wet drawing
processes of tyre wire. Compared to the a-
brass with fce structure, the 8 -brass with bec
structure has less easy slip system. Thus, the
presence of f-brass leads to higher shearing

stress making the deformation during drawing
more difficult, increasing the loss of brass.
X-ray diffraction analysis can not only de-
cide the phase contents of materials’®’, but al-
so detect phase composition homogeneity
quickly and exactly in thin films. The investi-
gations into the thermo-diffusion processes of
tyre wire by means of X-ray diffraction have
been reported in Ref[3]. To improve the qual-
ity of tyre wire for automotive industry in Chi-
na, the thermodiffusion behaviors of the brass
coating on steel cord obtained by electro-depo-
sition of copper and zinc with controlled thick-
ness, followed by electro-thermal annealing in
industry and isothermal annealing at laborato-
ry, respectively, were studied in present pa-
per. The effect of heat-treatment on the frac-
tion of B phase and the composition homogene-
ity of @ phase during the thermodiffusion after
electro-deposition are discussed in detail.

2 EXPERIMENTAL PROCEDURES

The specimens of 1. 68 mm (Specimen A)
and 1. 38 mm (Specimen B) in diameter, re-
spectively, with successive layers of copper
and zinc were provided by Shenyang Steel
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Cord Factory. For X-ray diffraction analysis,
four 30 mm-long schematically
shown in Fig. 1, were cut from each specimen

sections

which had been annealed through continuous
annealing in industry and isothermal annealing
( as shown in Table 1) at laboratory, respec-
tively.

Table 1 Heat-treatment condition of
specimen A and B in

the Laboratory

Thermodiffusion Diffusion Cooling
temperature/ C time /min. condition *
400 3+.84 15, 22 A.C.
450 1, 4, 7, 10 Pebaniois
EiG
500 1Ly 35io A.C.

% A.C.—air cooled; W.C. —water cooled;
F. C. —furnace cooled

Fig. 1 The schematic diagram to show the
X-ray diffraction geometry for cord steel

The experiments were performed in a
Rigaku Dmax-3A diffractometer with Cu-Ka
radiation and Ni filter. The tube voltage and
current were 37. 5kV and 25 mA, respective-
ly. The scanning step width and present time
are 0. 04° and 4 s, respectively. The volume
fractions of @ and 8 phase were determined
through comparing the {111}. with the {110},
diffraction peak. The overlapping diffraction
peak was separated according to Gauss Func-
tion"* and the height of each peak was used as
intensity for quantitative analysis.

3 RESULTS AND DISCUSSION

3.1 Volume Fraction of B Phase for

Industry Annealing Specimens
Fig.2(a), (b) show that the {110}, and

{111}, diffraction peaks of specimen A and B
with electrothermal annealing (in industry).
The {110}; diffraction peak can be observed
obviously in both specimens. The volume
fractions of B phase in specimens A and B are
7. 28% and 13. 5%, respectively. Comparing
with specimens with isothermal annealing at
laboratory (Section 3. 2) and previous re-
sults®), the fraction of B phase is greater,
which indicates that the industry annealing pa-
rameters should be adjusted.

Fig. 2 (c) gives the {111}. and {110},
diffraction peaks of specimen B separated a
thin layer of about 1 mm thick on the surface.

(a)

4005 41415 42 Ao 5 A3 AS.5 44
20 /()

(b)

40.5 41 41.5 42 42.5 43 43.5 44
26 /()

(c)

40.5 41 41.5 42 42.5 43 43.5 44
20 /(%)

Fig. 2 The X-ray diffraction profiles
of tyre wire with brass coating
(a)—Specimen A thermodiffused in industry;
(b)—Specimen B thermodiffused in industry;
(¢ )—Specimen B thermodiffused in industry
and separated a thin layer
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Comparing with previous sample, the intensi-
ty of {110}, peak decreases. X-ray quantita-
tive analysis shows that the fraction of 3 phase
dropped from 13. 5%~ 8. 57% . which indi-
cates that the relative much 8 brass in the
coating may be lost in the wet drawing pro-
cesses,
3. 2 Effect of Heat-treatment on the
Fraction of B Phase in the Coat-
ng
Fig. 3 shows the volume fraction of
phase as a function of the time of thermodiffu-
sion at 400 'C, 450 C and 500 ‘C, respective-
ly. As shown in Fig. 3, it takes about 22 min
to get amount of 3. 5% for B phase at 400 C,
however, only 5 min were needed for the
amount of 8 phase to drop to 2.5% at 500 C.
As annealing temperature rises, the diffusion
coefficients of Cu-Zn system increase, thus,
the time for B phase to disappear reduces
rapidly. In present paper, the ratio of the
thickness of Cu to Zn was designed according
to a brass with chemical composition of 67%
Cu and 33% Zn.
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Fig. 3 The effect of thermodiffusion
temperature and time on the
fraction of /3 phase in
the coating of Specimen B

The cooling rate has also significant influ-
ence on the fraction of 8 phase. Fig. 4 gives
the volume fraction of 3 phase of both speci-
mens heated in the annealing furnace at labo-
ratory at 450 C for 10 min and cooled in vari-
ous conditions. The smaller amount of 8 phase
are detected in the samples with furnace cool-

ing and water cooling, however, it is seen that
the larger amount of 8 phase are evident in
those with air cooling. The above results indi-
cate that cooling rates is another significant
factor to influence the fraction of 8 phase in
the coating. As shown in the Cu-Zn phase dia-
gram'®', phase content is controlled by two
important processes, both of which are con-
trolled by the thermodiffusion processes. One
is phase transformation of 8 — @ at high tem-
perature, the other is the precipitation of 2
phase from a phase during cooling process.
The furnace cooled specimens hold for a long
time at high temperature will transform com-
pletely from 8 to aand @ phase has enough time
to become homogeneous, thus, the smaller
amount of B phase precipitation occurs during
the following cooling. However, as the air or
water cooled samples are held for short time at
high temperature, the inhomogeneous @ phase
will be produced in the coating, thus, larger
amount of f phase precipitated from a phase
with chemical composition close to the solu-
tion limitation during air cooling, while 8
phase precipitating may be restrained in the
water cooling.
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Fig. 4 The effect of various cooling rates
on the volume fraction of 3 phase

3.3 Study of Homogeneity of @ Phase
in Coating

The chemical composition of @ phase ob-

tained by the processes of electro-deposition

diffusion may be inhomogenous. The homo-

geneity of @ phase may be analyzed through the
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shape and position of diffraction peak of
{200}, of @ phase. Fig.5 gives the diffraction
peak of {200}, of specimen B thermodiffused
at 450 C for various time. As shown in Fig.
5, the broader diffraction peak is observed for
the sample thermodiffused for 1 min at 450 C,
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Fig. 5 Diffraction peak of {200}, of
Specimen B obtained by
(a)—electro-deposition of Cu and Zn with con-
trolled thickness and following by anneal-
ing for 1min (b), 4min (¢) and 10min (d)
respectirely, at 450 C

which indicates that the chemical composition
of @ phase is inhomogeneous and its zinc con-
centration in copper layer varies from 0%~
38% ( Zn solution limitation in « phase).
With increase of diffusion time, zinc concen-
tration of @ phase increases and the lattice con-
stant of @ phase increases, which leads to the
movement of X-ray diffraction peak of 26 from
higher to lower angle, while the width of
diffraction peak becomes narrow which means
that the homogeneity of @ phase increases.
Above discussion shows that the homogeneity
of a phase can be determined precisely by X-
ray diffraction analysis.

4 CONCLUSIONS

(1) X-ray diffraction analysis is one of
most effective method to detect the volume
fraction of phase and the homogeneity of its
chemical composition in the coating of tyre
wire obtained by the ‘electro-deposition
diffusion’ processes.

(2) In present study, the fraction of 8
phase in the coating of tyre wire, produced by
the continuous annealing in industry, is rela-
tively larger. Thus, the annealing parameters
need be adjusted to decrease the amount of S
phase in the coating.

(3) Heat-treatment conditions have great
influence on the 8 phase content in the coating
of tyre wire. The fraction of £ phase has been
dropped below 5% through adjusting the an-
nealing parameters at laboratory.
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