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Evaluation of Hardness for Electroless Ni-P Coatings

Faiza Farag Aljaray" , Saad Belaid Ghidhan?
Department of Chemical and Petroleum Engineering, EI-Mergib University,'
Department of Mechanical and Industrial Engineering, EI-Mergib University,
ffalgeria@elmergib.edu.ly

ABSTRACT: One of the outstanding characteristics of EN coatings is their high
hardness. There are three major parameters affecting the hardness of these coatings,
namely, phosphorus content, time, and the temperature.

In the present paper, Ni-P coatings with 8 and 10% P were deposited on iron steel.
The morphology, structure, microhardness of the Ni-P coating, were analyzed using
X-ray powder diffraction (XRD) and Vickers hardness tests. The relation of chemical
composition and microstructure with mechanical properties of Ni-P coatings is
presented. The phosphorus contents, the crystallization, and the incorporation of hard
particles in the coatings change the values of hardness.

Keywords: Hardness, Temperature, PH, Ni-P Coating, Time.

1. Introduction

The use of coatings in surface engineering continues to increase in recent decades. Ni-
P coatings, commercially available, combine high wear resistance and adhesion to the
substrate. These kinds of coatings present a uniform thickness and can be used instead
of hard chromium, decreasing

health and environment problems. The wide use of these coatings stems from new
prospects for improving the tribological properties of the coatings by thermal
treatment(1).

The process was performed in a nickel sulphate and sodium hypophosphite solution at
90-C and the hydrogen ions concentration at the solution (pH) was monitored
according to the phosphorus content

in the coatings. Figure 1 shows the influence of pH on the percentage of phosphorus
in the coatings [2].

Branco noted that for a pH = 4 the coatings present 10wt%P content, for a pH =5 the
phosphorus content is 8 wt%, and for a pH = 8 the phosphorus content is 1wt%P. [3]
As the pH of the bath has a tendency to lower to it becomes necessary drip an alkaline
solution with ammonium hydroxide to 50% by volume. The higher the deposition
time is, the increased the thickness of the coating. The Ni-8wt%P, Ni-10wt%P,
andNi-1wt%P/AI203 coatings were prepared in three chemical baths as shown in
Table 1. [4]

The most commonly used reducing agent for electroless Ni-P coating is sodium
hypophosphite. There are two widely accepted mechanisms for the deposition process
in the plating bath containing hypophosphite [5].
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2.Experimental Work
Measurement of microhardness
INNOVATEST Europe BV, The Netherlands, Model no 4500, Serial no

N

Figurel.Microhardness(Innovatest). Figure2.Measurement of sample

The hardness of the plate sample was tested using  Vickers hardness number. the
test load was 10Kg and indentation time was 10sec.

Figure3.Surface morphology of the Ni-P Coating at Hardness test

Preparation of sample

The used sample of iron metal(4cmx3cmx1mm) .Diluted nitric acid is used to clean
the surface and as a catalyst for the precipitation process. Deionized water is used
afterwards and lastly with acetone many times and dried well and then be weighed.
Preparation of bath solution for ENi-P Coating

The bath solution of the chemical material in tablel.the solution where put in the fixed
size cups 250ml each.

Tablel. Bath composition for ENi-P Coating at T=50,80Cat change Time. (6)

Chemical Material Ni-8%P Ni-10%P Ni-1%P
NiSO,.6H,O 21.29/1 21.2g/1 21.2g/l
NaH,PO,.H,0O 24g/1 24g/1 24q/1
C3HgO3 28g/1 289/l 28¢/I
C3HgsO: 2.2¢9/1 2.2¢9/1 2.2¢g/1
CH4N,S 0.8ppm 0.8ppm 0.8ppm
NaoH PH(4.5)(5.5) PH(3.5) PH(6.5)
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3. Results and Discussion

The Thickness and Chemical Composition of Ni-P Coatings. The thickness of the
coating measured roughly 12 um. The phosphorus content in Ni-8%P and Ni-10% P
coatings is the same, as estimated by the chemical baths with their pH=4.5 and
pH=5.5 and PH=6.5, respectively.

Effect of pH

Many of the reactions involved in the EN process are sensitive to changes in the pH of
the solution. By increasing the pH the nickel-reduction reaction is accelerated. On the
contrary, by increasing the pH of the solution, the phosphorus reduction is retarded.
This is due to the production of hydroxide ions as a result of the phosphorus reduction
reaction. Therefore, increasing the pH of the solution decreases the

phosphorus content of the coating. Also, since the nickel reduction reaction
predominantly controls the deposition rate, increasing the pH of the solution increases
the deposition rate. Figure illustrates the effect of pH of solution on both deposition
rate and phosphorus content Fields,[7].
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Figure4Variation curve of the microhardness with the pH of the solution at T=80C,
t=1hr.

112
110 A
108 A
106 -

104 A

VHN Hardness

102 A

100 -

98 T T T T T T
o 20 40 60 80 100 120 140

Time

Figure 5: Variation curve of the microhardness with the plating Time(min) at
T=50C,pH=4.5.
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Figure 6: Variation curve of the microhardness with the plating Time(min) at
T=500C, T=80C,pH=4.5.
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Figure 7: Variation curve of the microhardness with the Nickel sulphate hexahydrate
Concentration at T=80C,t=1hr,PH=6.5.
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Figure 8: Variation curve of the microdardness with the Sodium hypophosphite
monohydrate Concentration at T=80C,t=1hr,PH=6.5.
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Properties of EN coatings

Microstructure of EN deposits

The properties of EN coatings are directly attributed to their microstructural
characteristics. The phosphorus content of EN deposits controls their microstructure
and properties Park and Lee(8). Goldstein (9) and Vafaei-Makhsoos(10). The detailed
structure of EN deposits is not well understood but as-plated EN coatings have been
reported to be either crystalline, amorphous, or a co-existence of both . In spite of
some contradictory results in the existing literature,

the general trend in the understanding of EN deposits is that as-plated EN coatings
containing 1-5 wt% phosphorus (low phosphorus) are crystalline; those containing 6-9
wt% phosphorus (medium phosphorus) consist of mixed crystalline and amorphous
microstructures; whereas those containing 10-13 wt% phosphorus (high phosphorus)
are amorphous and crystallize on heat treatment to nickel and various forms of nickel
phosphides. The degree of crystallinity affects resultant properties and is a complex
function of a number of factors Allen and VVanderSande(11)
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Figure 9. X-ray diffraction pattern of electroless Ni-P coatings obtained at T=80°C,
time (60 min), PH =3.5.

Figure 10. X-ray diffraction pattern of electroless Ni-P coatings obtained at T=80°C,
time (60 min), pH =4.5.
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4. Conclusion

The results of the present study reveal a relation of chemical composition,
microstructure with mechanical properties of Ni-P coatings. Thus, the phosphorus
contents, the crystallization, and the incorporation of hard particles in the coatings
change the values of hardness.
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