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ABSTRACT

The paper presents the results of examination of microhardness of chemical coatings
Ni-P, applied on samples of aluminium alloy for plastic processing AW-7075. The
examinations have been performed on samples with three different thicknesses of the
Ni-P coatings; next the influence of their thickness on the depth of material penetra-
tion by the indenter under load, as well as its influence on creep, increase of Martens
hardness and on the Young’s modulus of the system of the coating with the substrate
material. Hardness measurements have been performed with the use of PICODEN-
TOR HMS500 nanohardness tester (Vickers). The purpose of the examination of Ni-P
coating deformation without dispersion phases is analysis of their mechanical prop-
erties in respect of the possibility of technical applications on the aluminium alloy
AW-7075 (among others, by the selection of optimum thicknesses on hard aluminium
alloy), as well as the determination of the possibility of applying dispersion phases in
order to improve their properties.
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INTRODUCTION

Ni-P coatings made by the method of chemical
reduction can be laid on various materials, includ-
ing constructional ones, due to their mechanical
properties. Thanks to that, they have found many
technical applications. An important advantage of
them is even distribution on the substrate surfaces
regardless of their shape which is precisely pro-
jected during the coat application and they signifi-
cantly improve adherence and durability as com-
pared to electrolytic coatings. Moreover, they can
be ground for coatings of, for example, much high-
er hardness which cannot be applied directly on
any material or they can be enriched with disper-
sion phases in order to improve their abrasive wear
resistance. An example of materials to which it is
difficult to select coatings with increased abrasion

resistance and high adherence is aluminium alloys.
The most often applied coatings are ones which
have anticorrosion properties or ones which form
a decorative layer. In the case of aluminium alloys,
the most popular operations are anodizing (hard or
soft oxide coatings, e.g. in order to protect against
corrosion and mechanical damages or for decora-
tion), possibly colouring process of anodizing etc.
Chemical Ni-P coatings can be put on practically
each material, including aluminium alloys, sig-
nificantly improving mechanical properties of the
surface, which increases the possibilities of appli-
cation of aluminium alloys in the machine industry
[10, 6, 12]. Properly selected combination of layers
or coating composition for a given application can
have many advantages, e.g. reduction of the mass
of individual machine parts by substitution of steel,
extension of tool life [4, 8] as compared to alumin-
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ium alloys without coatings, improvement of their
efficiency [13, 9] and reduction of inertia. Due to
the fact that most of machine parts manufactured
at the moment require operations improving their
mechanical properties [5], selection of anti-wear
coatings has become necessary [7]. Thanks to the
development of coatings and the technology of
applying them, many parts can be provided with
higher load capacity without the necessity of us-
ing heavier and/or larger materials. The existing
applications of electrolytic coatings, mostly for an-
ticorrosion and decorative purposes, have inspired
designers and scientists to elaborate better coatings
to meet the requirements related to better strength,
hardness, adherence to the substrate.

The present study is aimed at the determina-
tion of the changes of the mechanical properties
of chemical Ni-P coatings on AW-7075 alumini-
um alloys depending on their thickness.

GENERAL DESCRIPTION OF THE NI-P
CHEMICAL COATING

The material of the chemical Ni-P coating
is unique due to the method of application and
properties. The nickel-phosphor coatings are
amorphic, homogenous, relatively brittle, self-
lubricating, easy to solder and have good corro-
sion resistance. Moreover, they can be success-
fully subjected to precipitation hardening. Due
to that nickel-phosphor coatings are suitable for
many applications.

The hardness of the nickel-phosphor coating
applied by the current less method is about 500
— 600 HV. During heat treatment consisting in
ageing at the temperature of 340°C for 2 hours,
the coating hardness increases up to as much as
1100 HV. The nickel-phosphor coatings applied
by the current less method have good abrasive
wear resistance, both just after application and in
the hardened condition [3].

Compared to the coatings applied by the elec-
trolytic method, the coatings obtained by the chem-
ical method show the following major advantages:
* the Ni-P coating forms a layer of the same

thickness on all the surfaces reached by the bath

regardless of the shape of the coated object,

Table 1. Chemical composition of the AW-7075 alloy

» the coating structure is even and independent
of the substrate structure,

* they show higher hardness which can be in-
creased by later heat treatment,

* they show better corrosion resistance,

* they can be applied directly on aluminium,

* they show good solder ability.

The process of chemical depositing signifi-
cantly extends the scope of application of the
Ni-P coatings, however, for economic reasons, it
has some drawbacks, too:

» the cost of the chemical bath components is
higher than in the case of the electrolytic bath,
» the largest difficulty in wide application of
chemical depositing is regeneration of the

bath [14].

Considering the possibilities of using the
Ni-P coating on aluminium alloys for technical
applications, taking into account the properties,
advantages and tests performed so far, the coat-
ing should be further tested in the application for
machine parts which had been made of AW-7075
aluminium alloy.

METHODOLOGY OF INVESTIGATION

Ni-P coatings deposited by the method of
chemical reduction on aluminium alloy, AW-7075
with the hardness of about 155 HV. The Young’s
modulus of the alloy is 72 GPa and its chemical
composition can be found in Table 1.

Samples in the form of cubicoids dimensioned
15x15x7 mm have been coated with chemical
Ni-P coatings with the thicknesses of 10 pm, 20
pm and 30 pm. (Fig. 1). Prior to that, the samples
have been ground with fine grained abrasive pa-
per with the gradation of 1200. The coatings on
the samples have been made by GALVO S.A.
company in Lodz where special electrolytic baths
have been applied. Once deposited, the coatings
have been subjected to internal quality control in
order to confirm their thickness and quality.

The mechanical properties of the coatings have
been examined on the laboratory device, PICO-
DENTOR HMS500 in the Faculty of Mechanical
Engineering and Management of the Poznan Uni-
versity of Technology. The examination has been

Al Zn Mg Cu Fe

Si

Mn Cr Zr Ti Other

Balance | 5.10-6.10 | 2.10-2.90 | 1.20-2.00 | max 0.50

max 0.40

max 0.30 | 0,18-0.28 | max 0.25 | max 0.20 | max 0.05
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Fig. 1. AW-7075 alloy sample with current less Ni-P
coating

performed by applying the force of 300 mN for 20
seconds to the laboratory machine indenter accord-
ing to European Norm PN-EN ISO 6507-1:1999; 6
measurements have been performed on the samples
at even distances in several rows and maintain-
ing the distance of minimum 2 mm from the edge
(Fig. 2). There were prepared 3 samples for each
thickness of Ni-P coating separately. The parame-
ters measured during the examination were: plastic
stress, creep, Martens hardness [11] and Young’s

modulus. Moreover, basing on the obtained com-
puter diagrams, the depth of the indenter penetra-
tion of the materials has been determined.

The coating thicknesses have been selected
considering their internal stresses because, the in-
crease of thickness results in the increase of ten-
sile stress which is detrimental and significantly
reduce durability, usability and functionality of
the coatings. On the other hand, the greater com-
pressive stress the better adherence of the coating
and its crack resistance, resistance to exfoliation
and other mechanical damages. Unfortunately,
compressive stresses occur with small thickness-
es and that is why 10, 20 and 30 um have been
selected although it was possible to make much
thicker coatings (even as thick as 120 pm).

TEST RESULTS

Average measurement results can be found in
Table 2.

In order to ensure good adhesion of the depos-
ited layers, the oxide layer had to be removed from
the surface of the AW-7075 alloy constituting the
substrate. The oxide layer is removed in a process

Table 2. The results of examination of mechanical properties of the surface of chemical Ni-P coating deposited on

AW 7075 aluminium alloy

Coating thickness | Indenter penetration depth | E - Young’s modulus | HM - Martens micro- Creep during the
hardness of the coating | indenter pressing
(um) (pm) (GPa) (N/mm2) (%)
10 1.08 129.50 4049.44 1.165
20 0.99 151.92 4845.02 1.020
30 0.87 180.73 5976.23 1.048
'. T % Unloading Loading
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Fig. 2. Theoretical diagram of the material penetration by the laboratory indenter together with the diagram of
the load dependence on the penetration depth (A - Vickers indenter)
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Fig. 3. Morphology of the Ni-P layer with various
thicknesses on the surface of AW 7075 aluminium
alloy: a) 10 um, b) 20 um, c¢) 30 um

of etching, but it is immediately rebuilt as result of
aluminium passivation. In order to remove such
a layer, the substrate surface has been subjected to
zinc plating, which resulted in removal of the pas-
sivating oxide layer and formation of a thin layer
of zinc on the surface, ensuring good conection
of the coating with the substrate [2]. It has been
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Fig. 5. The depth of Ni-P coating penetration on the aluminium alloy, AW-7075, as a function of its thickness

observed that the deposited zinc uniformly cov-
ers the surface of aluminium. On the AW-7075 al-
loy surfaces prepared in this way, Ni-P coatings of
various thicknesses have been deposited; images
of those coatings can be seen in Figure 3.

The morphologies of Ni-P layers seems the
same for all of samples, as it was expected, be-
cause the structure for them is also the same in
spite of the different thickness. In fact, no defects
or damages of surfaces were noticed, especially
in areas where the measurements have been done.

The first parameter to be examined was the
depth of the indenter penetration into the Ni-P
coatings made on the AW-7075 aluminium al-
loy (Fig. 4). The test results from Table 2 show
that the depths of the impressions after unload-
ing the indenter decrease clearly and gradually.
This is directly due to the increase of the coating
hardness with the increase of their thickness on
softer substrate. The hardness is directly related
to the thickness and that is why the changes of
the penetration depth also depend on the coating
thickness (Fig. 5).

The coating penetration test results have
shown its drop with the increase of their thick-
ness. For a 20 um thick Ni-P coating the material
penetration has dropped by about 8.3% as com-
pared to 10 pm thick coating; for the thickest 30
pum coating, the depth has dropped by 12.1% as
compared to 20 um thick coating; for a 10 pm
coating by 19.4%.

The Young’s modulus (E), or coefficient of lon-
gitudinal elasticity, expressed as the dependence of
the linear true strain (g), on the stress, 6, which ap-
pears in the range of elastic deformations (applica-
bility of Hooke’s law) is considered to be one of the

most important parameters characterizing materi-
als. The dependence of proportional deformations
which occur at the applied stretching (compress-
ing) force have been determined by Hooke’s law
and, thanks to it, one can determine a material elas-
ticity using the mentioned Young’s modulus (E).
Each material has its own physical properties and,
when building responsible constructions supposed
to carry high loads, the designers select materials
with adequate strength, resistant to high internal
stresses with minimum deformation — that is why
the higher Young’s modulus the larger stresses the
given material can carry.

A similar principle is valid for isotropic coat-
ings. However, in the case under investigation,
we consider the system of the chemical Ni-P
coating with the substrate and the smaller coat-
ing thickness the bigger influence of the substrate
on the measurement result. With the increase of
the Ni-P coating thickness, the Young’s modulus
gradually increases from the value of 129.5 up
to 180.73 GPa. To compare, for the AW-7075
aluminium alloy alone, the coefficient of propor-
tionality is 72 GPa. The highest value obtained
in the test appears with the biggest Ni-P layer
thickness and is very close to that for its material
because, in that case, the substrate influence is
much smaller. As compared to the AW-7075 al-
loy, significant increase of the coefficient of pro-
portionality is observed and, basing on the anal-
ysis of those results, the coating material alone
could carry much higher loads than the alumini-
um alloy if, theoretically, such samples made of
pure Ni-P existed. Unfortunately, it is not pos-
sible from the point of view of electroplating,
however, coating with Young’s modulus much
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Fig. 6. The measurement results of Martens hardness of the Ni-P coating on AW-7075 aluminium alloy

higher than that of the substrate, theoretically
makes larger load possible, which results in the
possibility of increasing the carrying capacity of
the given part — neglecting other factors and pa-
rameters influencing the coating behaviour. The
third parameter under consideration was Martens
microhardness (HM) for the coatings made di-
rectly on the AW-7075 aluminium alloys with the
substrate material. Average measurement results
are shown in Table 2. Hardness changes have
been graphically presented in Figure 6.

Microhardness measurement examinations
have shown gradual increase of the hardness of
the coating top layers with the increase of their
thickness. For an Ni-P coating with the thickness
of 20 pm, increase of about 19.6% as compared
to the coating with 10 um thickness has um ob-
tained. In the case of the thickest (30pum) coat-
ing, increases of 23.3% and 47.5% have been
obtained as compared to the thickness of 20 pm
and 10 um respectively.

A fourth parameter, creep, has also been ex-
amined. This is a phenomenon consisting in slow
change of material deformation under the influ-
ence of long nesting loads below the material lim-
it of elasticity [14]. All the average values are in
the region of 1%. However, more precise analysis
of the individual measurements shows that they
vary within the ranges of 0.97 + 1.35 for 10 pm,
1 + 1.35 for 20 pum and 0.84 + 1.34 for 30 pm.
In the test, linear .load has been applied and the
tests have been performed with the same loading
speed for each thickness. In accordance with [1],
the creep value increases with the speed of load-
ing within definite ranges corresponding to the
given material. It can be stated, therefore, that,
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under the predetermined laboratory conditions,
with the adopted load of 300 mN (in a period of
20 s), the coating thickness changes have not sig-
nificantly influenced the value of the parameter of
creeping determining the process of plastic defor-
mation related to very low deformation speed. If
only the coating material were processed, its limit
of creeping could be determined, as well as creep
resistance in tensile test. However, for the system
of AW-7075 aluminium alloy with the Ni-P coat-
ing, the results indicate very small deformation.

CONCLUSIONS

Basing on the performed investigation, the
following conclusions can be formulated:

* The coating thicknesses influence the hard-
ness of the top layer. The hardnesses have
been measured on the surface of the samples
and the values increase proportionally in rela-
tion to the increase of the coating thickness,
from the level of about 4000 HM to 6000
HM, i.e. for the transitions from 10 to 20 pm
and from 20 to 30um, the hardness values in-
crease by about 20%.

*  The bigger thickness of the coating, the higher
its deformation resistance. This is proved by
the results of the measurements of the Ni-P
coating penetration depth which decreases
gradually by about 10% with simultaneous
increase of their thickness by 10 pm.

e The material constant — Young’s modulus
(E) was also changing gradually and notice-
ably and its increases have been observed at
the levels of about 17.3% and 18.9%. The
strength of the coatings is a very complex is-
sue, however, if their strength theoretically
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depended mainly on the Young’s modulus,
the obtained results would indicate the pos-
sibility of adequately larger loads for the in-
dividual coatings with adequate thickness.
Theoretically, much higher internal stresses
can be obtained with appearing simultane-
ous minimum deformation of the coatings
as compared to the substrate material (AW-
7075) with much lower Young’s modulus
(E = 72 GPa) because the higher Young’s
modulus the higher stress can be carried by
the given material. Increase of the Young’s
modulus is, therefore, very advantageous for
the Ni-P coating.

»  The test results concerning the phenomenon
of creeping for the Ni-P coatings have shown
the lack of clear influence of their thickness
on the process of plastic deformation with
very low deformation speed.
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