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Fig.5-1 Effect of Sodium thiosulfate on sulfur percentage in electro Ni-
S plating

Plating conditions: NiCl,6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,6H,0 0-
200g/1, temperature 20°C, time 30s, current density 1.75A/dm*, weight

0.5g/kg,wire diameter 1.65mm
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Fig.5-2 Effect of plating temperature on sulfur percentage in electro
Ni-S plating

Plating conditions: NiClL,6H,0 47.5g/l, NH,Cl 40g/, Na,S,0,5H,0
200g/1, temperature 10-40°C, time 30s, current density 1.75A/dm?,

weight 0.5g/kg, wire diameter 1.65mm
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Fig.5-3 Effect of current density on sulfur percentage in electro Ni-S
plating
Plating conditions: NiCL6H,0 47.5g/l, NH,Cl 40g/1, Na,S,0,5H,0
200g/1, temperature 20°C, time 30s, current density 0.5-5A/dm*, weight

0.5g/kg, wire diameter 1.65mm
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Fig.5-4 Relationship between dissolution of Fe in bath and deposition of
Ni on wire by electroless plating method
Plating conditions: NiCL6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,56H,0

200g/1, temperature 40°C, time variables, wire diameter 1.65mm




60
g:; 50 e sk -
o0 —{]
_g 40 B —sun S
S 30 ,/”/ o
8 20 |- 7.. e
&=
U:) 10 — — =ty

0

1 10 100 1000

Sodium thiosulfate (g/1)

Fig.5-b Effect of Sodium thiosulfate on sulfur percentage in electroless
Ni-S plating

Plating conditions: NiCl,6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,6H,0 2-
200g/1, temperature [ 40°C430°C, time 60s,wire diameter 1.65mm
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Fig.5-6 Effect of plating temperature on sulfur percentage in electro
less Ni-S plating

Plating conditions: NiCl,6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,6H,0 4
200g/1 20g/1, temperature 20-40°C, time 60s,wire diameter 1.65mm
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Fig.5-7 Effect of Sodium thiosulfate on plating weight of electroless Ni-

S plating
Plating conditions: NiCl,6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,56H,0 2-
200g/1, temperature 30°C ¥ 20°C, time 60s,wire diameter 1.65mm
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Fig.5-8 Effect of plating temperature on plating weight of electroless
Ni-S plating
Plating conditions: NiCl,6H,0 47.5g/l, NH,ClI 40g/1, Na,S,0,6H,0 4g/l,

temperature 20-40°C, time 60s, wire diameter 1.65mm
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Fig.5-11 X-ray diffraction pattern of electro Ni-S plating before and
after heating

Plating conditions: NiCL,6H,0 47.5g/1, NH,CI 40g/l, Na,S,0,5H,0
200g/1, temperature 20°C, time 30s, current density 1.75 A/dm?, weight

0.5g/kg, sulfur percentage 50%, wire diameter 1.65mm
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Fig.5-12 Ni2p and S2p photoelectron peak in depth of electro Ni-S
plating with Ar etching

Plating conditions: NiCL6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,5H,0
200g/1, temperature 20°C, time 30s, current density 1.75 A/dm? weight

0.5g/kg, sulfur percentage 50%, wire diameter 1.65mm
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Fig.5-13 X-ray diffraction pattern of electroless Ni-S plating before and

after heating
Plating conditions: NiCl,6H,0 47.5g/1, NH,C1 40g/1, Na,S,0,5H,0 20g/1,
temperature 20°C, time 30s, weight 0.11g/kg, sulfur percentage 20%,

wire diameter 1.656mm
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Fig.5-14 Relationship between plating weight at plating and residual

plating weight percentage after drawing process

Plating conditions: NiCL6H,0 47.5g/, NH,CI 40g/, Na,S,0,6H,0 0-
20g/1, temperature 35,45°C, time 30-110s, current density 2-5A/dm?
wire diameter at plating 1.68mm

Drawing 1.68mm— 0.30mm
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Fig.5-15 Relationship between sulfur percentage at plating and

residual plating weight percentage after drawing process

Plating conditions: NiCL,6H,0 47.5g/1, NH,CI 40g/l, Na,S,0,5H,0 0-
20g/l, temperature 35,45°C, time 30-110s, current density 2-5A/dm?,
wire diameter at plating 1.68mm

Drawing 1.68mm— 0.30mm
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Fig.5-17 Ni2p,S2p and Ols photoelectron peak in depth of electro Ni-S
plated steel cord with Ar etching

Plating conditions: NiCl,6H,0 47.5g/l, NH,Cl 40g/1, Na,S,0,5H,0 2g/l,
temperature 35°C, time 55s, current density 2A/dm? weight 1.9g/kg,
sulfur percentage 20%, wire diameter 1.68mm

Drawing 1.68mm— 0.30mm
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Fig.5-18 Effect of plating weight on the pull out strength of adherends
between NR compound and electro Ni-S plated wire
Plating conditions: NiCl,6H,0 47.5g/l, NH,CI 40g/l, Na,S,0,5H,0 20g/1,
temperature 20°C, time variables, current density 4A/dm? weight
variables, sulfur percentage 32%, wire diameter 1.65mm
NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,
Cona. 1

Curing temperature: 160°C, Time: 20min.
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Fig.5-19 Effect of sulfur percentage on the pull out strength of
adherends between NR compound and electro Ni-S plated wire
Plating conditions: NiCl,6H,0 47.5g/l, NH,Cl 40g/l, Na,S,0,5H,0
variable, temperature 20°C, time 30s, current density 1.75A/dm?
weight 0.5g/kg, sulfur percentage variable, wire diameter 1.65mm
NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,

Cona. 1

Curing temperature: 160°C, Time: 20min.
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Fig.5-.21 Effect of plating weight on the pull out strength of adherends
between NR compound and electroless Ni-S plated wire
Plating conditions: NiCl,6H,0 47.5¢g/l1, NH,Cl1 40¢g/1, Na,S,0,6H,0 20g/1,
temperature 20°C, time variables, weight variables, sulfur percentage
21%, wire diameter 1.65mm
NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,
Cona. 1

Curing temperature: 160°C, Time: 20min.
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Fig.5-22 Effect of sulfur percentage on the pull out strength of
adherends between NR compound and electroless Ni-S plated wire
Plating conditions: NiCl,6H,0 47.5g/l, NH,CI 40g/l, Na,S,0,6H,0 20g/1,
temperature variable, time variable, weight 0.1g/kg, sulfur percentage
variable, wire diameter 1.65mm

NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,
Co na. 1

Curing temperature: 160°C, Time: 20min.
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Fig.5-23 Effect of sulfur percentage on the pull out strength of
adherends between NR compound and electro Ni-S plated steel cord
Plating conditions: NiClL,6H,0 47.5g/1, NH,Cl 40g/l, Na,S,0,5H,0
variable, temperature 35,45°C, time 30-110s, current density 2-5A/dm?,
sulfur percentage variable, wire diameter at plating 1.68mm
Drawing 1.68mm— 0.30mm, Steel cord construction 1x2
NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,
Cona. 1

Curing temperature: 160°C, Time: 20min
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Fig.5-24 Effect of curing time on the pull out strength of adherends
between NR compound and electro Ni-S plated steel cord and brass
plated steel cord
€ Electro Ni-S plated steel cord:

Plating conditions: NiCl,6H,0 47.5¢g/1, NH,Cl 40g/1, Na,S,0,56H,0 2g/1,
temperature 35°C, time 55s, current density 4A/dm?® sulfur percentage
8%, weight 1.1g/kg,wire diameter at plating 1.68mm
Drawing 1.68mm—> 0.30mm, Steel cord construction 1x2
M Brass plated steel cord:

Copper percentage 64%,weight 4g/kg
NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,
Cona. 1

Curing temperature: 160°C, Time: variable
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Fig.5-25 Effect of steam aging time on the pull out strength of
adherends between NR compound and electro Ni-S plated steel cord
and brass plated steel cord
€ Electro Ni-S plated steel cord:

Plating conditions: NiCl,6H,0 47.5¢g/1, NH,C1 40g/1, Na,S,0,5H,0 2g/1,
temperature 35°C, time 55s, current density 4A/dm? sulfur percentage
8%, weight 1.1g/kg,wire diameter at plating 1.68mm
Drawing 1.68mm— 0.30mm, Steel cord construction 1x2
Brass plated steel cord:

Copper percentage 64%,weight 4g/kg
NR compound(phr); NR 100, HAF black 50, St.A 1, ZnO 5, S 4, NOBS 1,
Cona. 1
Curing temperature: 160°C, Time: 20min

Steam aging: temperature 120°C,relative humidity 100%,time variable
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