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A Method for the Quantitative Measurement
of Rubber Coverage Using a Potentiostat

Akio TAKIMOTO, Takehiko MIZUTA, Shuuji MITOR]I,
Akira HIROSE and Toshio Fuj

Abstract

To produce a heavy-duty steel radial tire, the cords of brass plated ultra-high strength thin wires are
embedded into rubber. The adhesion between the cords and rubber is mainly controlled by a thin layer
of chemical compounds (for example, Cu, 4,S) formed between them during vulcanization and/or driving.
The adhesive strength of them is usually measured by pulling out a cord from CER (Cords embedded in
rubber) in tension (ASTM., AM., or SWAT. method) or by peeling out the cords from CER in tearing
(peeling test). The adhesive force (kgf) is naturally controlled by both the interfacial adhesive stress
(kgf/mm?) and the adhered surface area (mm?). The latter area in the above tests is often examined
intuitively for convenience sake and the degree of adherence to surface area, that is the rubber coverage,
is expressed into ten grades; for example, 100%, 90%,+++. Thus, the adhesive force between the cords
and rubber is given, but the interfacial adhesive stress which is controlled by the chemical adhesion
between them can not be analysed from the measured force. Of course, if this adhesive stress is stronger
than the cohesive stress of rubber componds, shear fracture will occur in the latter and the measured force
in the above test is no longer the strength concerned.with the adhesive stress between the cords and
rubber. And it will be a different problem from the subject reported here.

To analyse adhesive stress and/or to examine the adhesiveness between the cords and rubber we have
to measure the other important factor, i.e., the interfacial adhesive area exactly in the above test. Here,
we proposed a method of measuring the non-adhesive interfacial area quantitatively using a potentiostat,
a pulse generator, an electrolytic cell and so on. The method is applied to more than one hundred
commercial cords of brass-plated wires pull out in ASTM test and the results prove that the proposed
method is useful for the exact measurement of rubber-coverage in practice. The method and the data
are reported here in detail.
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Fig.1 A rubber adhesion test to steel tire cords.
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Fig.2 A rubber adhesion test to steel tire cords.
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Fig.3 A rubber adhesion test to steel tire cords.
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Photo.1 (a) Top view of a rubber adhered tire
cord pulled out in tension.

(b) Bottom view of the above.
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Photo. 2 SEM photographs of the tire cord sur-
faces, peeled off the adhesive rubber
layer at -196°C.
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Fig.4 Schematic diagram of the experimental
set-up for the measurement with a
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Fig.5 (a) A brass-plated wire sample having a
known non-covered surface area pre-
pared for a potentiostat test.

Fig.5 (b) An unknown coverage cord sample pull
out in tension (ASTM) prepared for a
potentiostat test.
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Fig.6 A rubber adhesion mechanism to a steel cord.
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Fig.9 (a) Variation of millivolt with respect to the elapsed time. Effect of three
different metal samples having the similar non-covered areas is shown.
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Fig.9 (b) Same with Fig. 9 (a) for samples having the larger non-covered areas
than those of Fig. 9 (a).
u
< 1200 T T
2 Brass-plated wire non-covered area
£ 3.9164 mm?
3> —-— 19738 mm:
~E = 0.5404 mm?
P N |\ N B 0.2660 mm'’
E _ s00l— :
t3
o >
5=
OE
B Y0
5
3o
£y
oz S :
£8 9 1 2 3 4
Elapsed time ms

Fig.10 Variation of millivolt with respect to the elapsed time. Effect of the known

non-covered area of a brass-plated wire is shown.
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Fig.11 Variation of millivolt with respect to the elapsed time.

The functional

relationship among millivolt, known non-covered area and elapsed time is

shown.
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Fig.12 Variation of millivolt with respect to the non-covered area of a brass-plated
wire in the very small area range.
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Fig.13 Variation of millivolt with respect to the non-covered area of a brass-plated
wire in the very small area range.
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Fig.15 Variation in rubber coverage obtained at different elapsed time for a sample.
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