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Introduction

aaaa Results & Discussion, cont…

Experimental details

• 1946 - First reports of nickel electroless process [000]
• Presently, deposits of Ni−P: (W, Mo, Co) and Ni−B are used in
automotive, chemical, aerospace, oil & gas, electronic and
textile fields as well as to improve medical instrumentation [1–4].
• Two commercial processes to deposit Ni−B electroless coaLngs:
one uses borohydride and the other dimethylamine borane
(DMAB) as the reducing agents. The structural characteristics
idenLﬁed in the Ni−B coaLngs depend on the B content:

• Tribology: block-on-ring configuration was chosen.
• This configuration allows the evaluation on conformal mode contact pair.

• Evaluation: stationary conformal block mounted on a ring
subjected to a constant load of 147 N and constant angular
speed of 250rpm for 900 seconds under single initial lubricated
conditions.
• The ring rotates at 90° in a reciprocal manner; back and forward movement to
emulate the deep die-drawing manufacturing process.

a) if content is < 2wt.%, microstructure consists of a solid solution of boron into
microcrystalline nickel with columnar structure;
b) if content is between 2 and 6wt.% a mixture of microcrystalline and amorphous
phases are formed,
c) if content is ~ 6wt.% the coating becomes totally amorphous.

• With thermal treatments hardness on Ni−B coaLngs can be
similar to that of hard chromium with high wear resistance. The
only reported disadvantage is a corrosion resistance slightly
smaller than Ni−P alloys [5-9].
• Heat treatment improves hardness and the adhesion of Ni–B
deposited on steel [10].
• Further improving the electroless Ni-B coating conditions are
compared in wear tests versus hard chromium, electroless Ni-P,
cubic boron nitride, and titanium nitride, reporting lower wear
and a lower COF [7,11–14].
• In previous research, electroless Ni-B baths are usually prepared
with more than four reagents, and in a great majority they use
heavy metal salts (Pb and Ta) as a bath stabilizer.
• Health regulations and environmental these last salts are being banned.

• In this work we use a bath of four components, easy to control
and relatively low temperature (65°C), no stabilizers based on
heavy metal salts are used, and the bath is very stable.

Materials and Methods
• AISI D2 tool steel = blocks and rings material (Table 1)
• Reinforced with electroless coating (E Ni-B, hardness 660 - 800 HV).

• A synthetic fluid was used as lubricant (water / oil ratio = 10:1)
Table 1. Material properties
Materials

Microhardness
648 HV
660-800 HV

Lubricant
Water-based

Density (15°C)
1.03 g/cm3

• Average hardness untreated samples was 672 HV and 790 HV after heat treatment at
200°C for 90 minutes

• Heat treatment
crystallize the structure of various phases.
Hardness increase is attributed to the formation of hard Ni2B
[17]
and Ni3B phases .
• Other studies reported hardness in Ni−B electroless coaLng obtained from baths
with different composition [18], as well.

• After the tribological evaluation, hardness after the thermal
treatment promotes the improvement in the resistance of the
bare material.
• In order to ensure the experimental measurements repeatability, the Dixon
methodology [19] was followed for tribological evaluations, with 4 to 6 measurements
of each set of nanofluids, and a 95% confidence level.

Base
Base + TiCrN coating (~4µm)
Electroless 3µm
Electroless 6µm
Electroless 12µm
Electroless 3µm + HT
Electroless 6µm + HT
Electroless 12µm + HT

Viscosity (25°C)
2.02 mm2/s

Electroless Process
• Blocks (steel) substrates were prepared according to ASTM
B733-97 [16] and B322-99 [17].
• The procedure:
Alkaline degrease @ 75°C, 30 s, 30-50 A/dm2
0.58 mol/L trisodic phosphate,
0.425 mol/L sodium carbonate
0.375 mol/L NaOH

Solvent
pre-cleaning

Conclusions

COF

Standard
Deviation

Displacement
(µm)

Standard
Deviation

0.3715
0.2938
0.3071
0.2789
0.2575
0.2835
0.2570
0.2311

0.0082
0.0119
0.0044
0.0066
0.0082
0.0085
0.0063
0.0094

26.54
11.60
17.31
16.66
16.19
15.10
13.35
11.03

1.6563
0.9510
0.3248
0.7524
0.7078
0.5897
0.3739
0.7801

• COF improved as electroless coating thickness increase; 17% to
30% with 3µm and 12µm, respectively.
• Higher improvement (up to ~40% for 12µm + HT) is observed
after heat treatment application on electroless coating.

DiW rinse

• There is an effect of hard Ni2B and Ni3B phases formed after this process.

1. Ni−B electroless coaLngs on D2 steel substrates, which do not
contain Pb, Cd, or Ta.
2. Electroless Ni-B coating resulted in reduction in the specific
wear of the substrate.
3. Synergistic effect with the electroless coating thickness and the
applied heat treatment
4. Displacement evaluation: performance is improved up to 40%
and ~ 60% for the electroless with 12µm and 12µm+HT,
respectively.
5. A minor improvement was observed for the 12µm + HT
electroless coating (~5%) when compared to TiCrN coating,
6. Furthermore, it was also observed an enhancement in COF of
30% and 38% for the electroless with 12µm and 12µm+HT,
respectively.

Treatment @ RT, 50 s, 16 A/dm2
5.64 mol/L HCl
* This is performed to eliminate oxide film

DiW rinse

• The transferred patches from the electroless Ni - B coatings and
the wear debris are also observed on the surface of the counter
block, which clearly indicates an adhesion between the
electroless Ni - B coated steel blocks and the disc had occurred.

Results & Discussion

Hardness of block and ring
58 – 60 HRc

Surface conditions
Bare
E Ni-B

• This type of morphological feature, commonly called as “prows” is reported for
adhesive wear failure of electroless Ni - P coatings, by several researchers [20-23].

• Immersion times of 15, 30 and 60 minutes for Ni-B electroless,
with film thicknesses of 3, 6 and 12µm, respectively (Table 3)

Table 4. COF and displacement evaluations for electroless
Ring material
D2-steel

Block Material
D2-steel

• Wear indicates the presence of torn patches and, in some areas,
it could be seen detachments of coating layers in the initial
condition as coated surfaces (Fig. a).

7. The wear process of electroless Ni–B coatings is governed by an
adhesive wear mechanism.
Activation @ RT, 60 s, 16 A/dm2
2.25 mol/L Sulfuric acid solution

• The presence of torn patches and detachment of the coating, in as coated condition
confirm the adhesive wear mechanism.

Ni – B bath
Immersion

DiW rinse
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Table 2. Chemical Composition and conditions of the Ni-B electroless bath

Reagent
Nickel Sulfate (NiSO4 - 6H2O)
Dimethylamine borane (DMAB)
Sodium Citrate (C6H5Na3O7 - 2H2O
2-mercaptobenzothiazole (2MBT)

Concentration (mol/L)
0.19
0.40
0.09
0.0000374

Conditions
Temperature
pH
Agitation

60-70 ºC
5-6
Constant

Fig. Effect of electroless Ni-B process in COF, with and without heat treatment.

• The displacement (wear) behavior of the electroless Ni-B
samples was improved when compared to bare material, 35%
and 50% for 3µm and 6µm + HT, respectively.
• It was also observed a minor enhancement in performance
when compared to the TiCrN coating, about 5% for the 12µm +
HT electroless coating.

• With the surface preparation, composition and conditions of
the bath shown in Table 2, three immersion times 15, 30 and
60 minutes are evaluated.
• Subsequently, a group of samples were subjected to a thermal
treatment of 200°C, in an air atmosphere, with a maintenance
time of 90 minutes (Table 3).
• The microhardness (Vickers) was measured in all the samples
with a load of 500g and with load application time of 15s.
Table 3. Material properties

Coating
Bare
E Ni-B
E Ni-B
E Ni-B
E Ni-B
E Ni-B
E Ni-B

Time
15 min
30 min
60 min
15 min
30 min
60 min

Heat treatment (HT)
200 °C / 90 min
200 °C / 90 min
200 °C / 90 min

Thickness
3 µm
6 µm
12 µm
3 µm
6 µm
12 µm

Fig. Effect of electroless Ni-B process in displacement, with and without heat treatment.
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