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ABSTRACT: There are many methods to improve the surface of aluminum or aluminum alloys according to the
applications, including electroplating techniques. In this study, Composite of hard chromium-Nanoceramic Codeposit was achieved. Nanozirconia (Nano-ZrO2), Nanotitanium oxide (Nano-TiO2), and Nano-aluminum oxide
(α-Nano-Al2O3) were used in the bath of hard chromium electroplating on 1050 Al-alloy. Light optical microscope
with digital camera (LOM) was used for microstructure examination. Scanning electron microscope (SEM) and
Energy-dispersive X-ray spectroscopy (EDS or EDX) were employed for co-deposit analyses and thickness
characterization. Micro hardness tester for hardness was evaluated. The hardness increased with increasing the
content of Nanoceramic particles in the electroplating path, ZrO2, α-Al2O3 and TiO2 respectively. Moreover, the
thickness was increased with increasing ZrO2, α-Al2O3 and TiO2 content. The results showed that, the maximum
hardness and maximum thickness at the samples with Nanotitanium particles were 1227MPa, 17.2µm
respectively.
KEYWORDS: Al-alloys, Electroplating, Hard chromium electroplating, Co-deposit electroplating, Nano ceramic
particles.
INTRODUCTION
Aluminum and aluminum alloys are used since many centuries because of low density, high strength/weight ratio,
high thermal conductivity, high electrical conductivity, high ductility, magnetic neutrality, high reflectivity and
high scrap value. There are many techniques that have been used to improve the aluminum surface such as wear
and corrosion resistance, those used in specific applications that required in many industries. That led to detect of
many methods such as anodic oxidation, plasma electrolytic oxidation, micro–arc oxidation etc., to create an anticorrosion layer and hard with various additives of materials prepared for that purpose [1-3].
Plasma electrolytic oxidation was used to improve the surface of aluminum alloys by increase the wear resistance
and coefficient of friction, that using slurry electrolyte from a silicate-alkaline solution with basalt mineral powder
[4]. The composite chromium-Nano ceramics electroplating is used because the many of advantages can be
achieved such as; uniform distribution of the reinforcing particles, the using with any shape and size, can be
deposition with low temperatures, industrial equipment is not required, low energy losses, more coating rates
[5,6].
The aluminizing method was used to deposited the Al2O3 on electrochemical responses to produce the copper
and alumina as single layer coatings and Cu/Al2O3 double layers that by reverse pulsed current electroplating
[7].With composite coatings by the electroplating process, the ceramic or organic particles are used on the
substrate because of the high corrosion resistance, that are used at same time with the reduced metal ions are
precipitated [8, 9].
Physical properties of chromium were making electrical deposit of chromium useful for decorative and
engineering applications [10]. Generally, chrome plating was optimal due to its high corrosion resistance, high
wear resistance and hardness as well as cheap process [11]. Jasim studied the effect of hard chromium
electroplating reinforced by Nano zirconium oxide particles on St.37, and it concluded that the wear resistance
and hardness increased with increasing the zirconium oxide in composite deposit chromium-Nano zirconium
oxide [12]. The effects of current density, stirring rate and concentration of Nano aluminum oxide on hard
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chromium electroplating were investigated. The concluded results were that, the wear rate decreases with
increasing the stirring velocity and increasing of Nano ceramic concentration in electroplating path [13].
Sancakoalu, et al, studied the effect of Nano silicon carbide on the properties of chromium co-deposit, the silicon
carbide particles were adsorbed on the substrate (cathode surface) [14].
In addition to electroplating and anodizing, there are other common ways were used to improve the surface of
aluminum and its alloys, such as; coating, polishing, sanding, laser ablation, ion implantation and nanoparticle
composite deposition [15]. The last years Nanoceramic particles were used with the leaser and the electroplating
to produce hard composite layer to improve corrosion resistance. Jiru et al studied the influence of manganese,
and magnesium on the corrosion behavior of aluminum samples in acidic ambience [16]. Jain et al studied the
microstructure and wear by using the friction stir process to introduce titanium oxide to reinforce the surface of
aluminum [17]. There are many similar studies for this work that we cannot mention in this paper in order to avoid
lengthening.
RESEARCH OBJECTIVE
The main objective of this study was improved the aluminum alloy surface in a method of hard chromium-nano
ceramic co-deposit composite. Previous studies focused on the problem of low hardness of aluminum and their
alloys, which considered a major obstacle in many industrial applications, almost repeated same materials for
electroplating in these studies, this paper was used a composite of Nano ceramic materials were precipitating codeposit of chromium-nanoceramic particles (Zirconium oxide, Titanium oxide and Aluminium oxide). The aim
was try to get the best results in improving the surface of the aluminum alloys, especially the hardness increased
with increasing the deposit thickness that lead to increase the wear and corrosion resistance. That achieved by the
electroplating process. These were done using a technique the hard chromium electroplating with Nano ceramic
particles, expected to achieve the best results.
METHODOLOGY
The procedures of work was prepare the samples of (1050 Al-alloy) by lathe machine with selected cutting
conditions such as cutting speed, depth of cut, feed and dry cutting. Then, grinding, polishing, zincate and
electroplating processes were prepared. So have been conducted the tests of hardness by micro-hardness machine.
Light optical microscope with digital camera was used for microstructure examination. Scanning electron
microscope and Energy-dispersive X-ray spectroscopy were using to evaluate the type of deposit layers and
elements.
Experimental work
The samples were machined by lathe machine at finishing cutting conditions; cutting speed 450 m/min, depth of
cut 0.5 mm, feed 0.1 mm/rev and dry cutting, with diameter 25 mm and 3 mm thickness. Then, involving grinding,
polishing, zincate and electroplating processes were prepared. Electroplating was hard chromium according to
ASTM B177 / B177M - 11(2017) standard [18]. The bath consists of (300g/l of Cr2O3, 3g/l of concentrated
H2SO4), the anodes were from lead-7Sn. The samples were cathode in the electroplating cell. The Nano zirconium
oxide (ZrO2), Nano aluminium oxide (Al2ZO3), and Nano Titanium oxide (TiO2) with particle size (20-30 nm)
were used in the unit cell each individually. Magnetic stirrer with hot plate was used for mixing and heating the
electroplating bath, the used temperature for all experiments was 45ºC. Table 1 showed the chromium plating
parameters that used for the electroplating processes. The samples were prepared for microstructure and hardness
by cutting, grinding, and polishing according to ASTM E3—11(2017) samples preparation standards. Micro
Vickers hardness was carried out using Vickers hardness test with (0.4N) testing load and 15 sec. testing time as
in table 2. The microstructure carried out using light optical microscope equipped with digital camera. Scanning
electron microscope was tested by using SEM. The composition of deposit and co-deposit layers was evaluated
using SEM and EDS.
Table 1. Parameters of hard chromium electroplating.
Sample No.

S0

S1

S2

S3

S4

CrO3

0

300
g/L

300 g/L

300 g/L

300 g/L

H2SO4

0

3
g/L

3 g/L

3 g/L

3 g/L
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Voltage(V)

0

6

6

6

6

DC current (A)

0

20

20

20

20

Time (Min.)

0

30

30

30

30

Temperature (C º)

0

50

50

50

50

Mixing Velocity (rpm)

0

800

800

800

800

Nano ZrO2

0

0

0

6 g/l

0

Nano TiO2

0

0

6 g/l

0

0

α-Nano Al2O3

0

0

0

0

6 g/l

Table 2. Micro-hardness results.
Sample No.

Test 1 (Hv MPa)

Test
MPa)

S0 (Without electroplating)

33

S1(Hard chromium deposit)

Test 3(Hv MPa)

Mean value

37

36

35.5

890

880

920

897

S2 (Chromium with TiO2)

1220

1240

1250

1237

S3 (Chromium with ZrO2)

1089

1100

1040

1076

S4(Chromium
Al2O3)

1090

1080

1098

1086

with

α-

2(Hv

RESULTS DISCUSSION
Microstructure
The samples were prepared for microstructure according to ASTM E3 standard [19].These samples were cut and
mounted by epoxy resin. The cross section examined as polished without etching to show the layers of
electrodeposits. As appear in fig.1 the microstructure was free from chromium deposit in sample (S0) because the
sample was not electroplated. As shown in fig.1, there is only base metal (pure aluminum) at the cross section of
the sample. Fig.2 (A, B) showed the microstructure and composition of sample (S1). Fig.2 (A) showed three layers
appear in this micrograph, the dark brown at the left represents the mounting layer. The base metal was the light
brown layer at the right and a thin layer of chromium deposit between them. Fig.2 (B) showed the EDS map of
sample S1. There are copper layer (blue layer) precipitated on the base metal at bottom of image, chromium layer
(green) precipitate on copper layer. The carbon appears as a pink color may be from carbonized cyanide. The
cyanide was change to cyanide carbonate when exposed to air for a long time. Fig.3 (A,B) displays the micrograph
at the cross section of sample S2 which electroplated by hard chromium bath with Nano TiO 2 as a reinforcing
agent. Fig.3A shows four layers, base metal at the right, mounting material at the left of image and copper layer,
co-deposit of hard chromium and TiO2 between them, as shown in micrograph in fig.3A, the co-deposit layer
appears as wavy layer as a result of Nanoceramic particles. Fig.3B displays the EDS analysis of the co-deposit.
Fig.4, four layers appeared in micrograph at cross section of sample S3. These layers consist of base metal the
light brown at right of image, copper layer, the brown layer precipitated at Cu-layer, mounting layer, the dark
brown at the left of image, and co-deposit layer of chromium with Nano-ZrO2 between them. The co-deposit layer
appeared less thick compared with co-deposit layer in fig.3. That means the ability of Nano ZrO 2 to precipitate
with chromium deposit is less than Nano-TiO2 may be because the low density of TiO2 (Bulk density of TiO2
Nanoparticles 0.24 g/cm3 and the true density is 3.9g/cm3, and the true density of Nan-ZrO2 is 6.03g/cm3) [20].
Fig. 5(A,B) displayed the Micrograph and EDS analysis at sample (S4). Fig.5 (A) showed that the deposit at
sample S4. The deposit consists of Cu- layer and co-deposit of chromium with Nanoaluminum oxide (Al2O3). The
co-deposit layer at micrograph of sample S4 was more uniform and wide wavy structure. That means, the Nano-
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Al2O3 precipitates with chromium deposit to form smooth layer. Fif.5 (B) appeared there is Al2O3 precipitated
with hard chromium.

Mounting
material

Base metal

Figure 1. Base metal without electrodeposit (S0)

A

Base metal

B

Chromium
deposit
Mounting
layer

Figure 2. The chromium deposit.

A

B

CU layer
Cr-TiO2 co-deposit
Base metal

Mountin
g
material

Figure 3. (A, B) The chromium co-deposit at sample (S2).
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Mounting
material

Base metal

Cu layer

Co-deposit of
Cr-NanoZrO2

Figure 4. Co-deposit of chromium and ZrO2 at sample (S3)

A

B

Cu-layer

Cr &NanoAl2O3

Base metal

Mounting
material

Figure 5. (A,B) The chromium co- deposit at sample S4.
Hardness
The hardness test was done using micro-hardness machine. Three tests for each sample, were done, the testing
load and testing time was (30 gr., and 30 sec. respectively) displayed in table 2. Fig.6 the hardness of samples
increased after hard chromium electroplating. The hardness of sample S0 was 35.5 MPa, but in hard chromium
deposit at the sample S1 the hardness increased to 879Mpa. The effect of Nano ceramic particles increased the
hardness of co-deposit, to the maximum hardness about 1237 MPa at the Cr-TiO2 composite layer at the sample
S2. The hardness of Cr-ZrO2, and Cr-Al2O3 were 1076, 1186MPa respectively. The hardness of co-deposit
increased about 44% compared with only hard chromium deposit. The reason for that, were the effect of Nanoceramic particles as a hard particles and its effects as dispersion hardening particles which act as barrier to block
dislocation motion [21].
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Figure 6. Micro hardness of samples before and after electroplating with and without Nanoparticles
SEM & EDS Tests
Scanning electron microscope (SEM) and (EDS) were used for evaluation of the type of deposit layers, as shown
in fig. 7, 8, 9, and 10, the elements consists the deposit layer were determined. Fig.7 showed the SEM image and
EDS at first layer of deposit, fig 7A, represented the SEM image at the first layer between the base metal and
chromium layer, fig7B showed the EDS diagram at copper layer. The construction of this layer consists of Al the
base metal and the copper deposit. Fig.8A showed the image of the position of spectrum 4 at the boundaries of
spectrum3 which represent the copper layer. Fig.8B apeared the EDS diagram of Al 2O3 layer which consists of Al
and O2 and cu the copper deposit. Mean that, Some of Al 2O3 Nano particles immersed in copper layer. Fig. 9A
appeared the position of Nano Ti particles in co-deposit Cr-Ti layer. Fig.9B showed the EDS diagram of spectrum
23. As appear from fig.9B the composition of the layer which consist from Al and Ti particles.

B

A

Figure 7. The SEM image and EDS at the first layer which represents the copper layer.

B

A
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Figure 8. The SEM image at spectrum 23 which shows the Nano Ti particles at the deposit.

B
A

Figure 9. SEM image at spectrum 23 which shows the Nano Ti particles at the deposit.
Thickness of Co-Deposit Layers
Fig. 10 displayed the thickness of co-deposit of samples. Fig. 10 A showed the SEM image for sample S0, in this
image, the thickness was Zero. The thickness of deposit in sample S1, in fig. 10B was 9.3 µm. There are two
layers, the first was Cu layer and the other was chromium without ceramic particles. The thickness of co-deposit
in sample S2 in fig. 10 C was 17.2 µm. There are two layers consist of Cu for the first layer and co-deposit of CrTiO2. The thickness of co-deposit in sample S3 in fig. 10 D was 11 µm. There are two layers consist of Cu for the
first layer and co-deposit of Cr-ZrO2. The thickness of co-deposit in sample S4 in fig. 10D, was 16.6 µm, there
are two layers consist of Cu at the first layer and co-deposit of Cr-Al2O3. The higher thickness was the co-deposit
of Cr-NanoZrO2. A; without electroplating, B; hard chromium electroplating deposit without Nanoceramic
particles, the thickness was 9.3 µm , C; Electrodeposit with Nano-TiO2 particles, the thickness was 17.2 µm, D;
Electrodeposit with nano-ZrO2 particles the thickness was 11 µm, E; Electrodeposit with nano-Al2O3 particles,
the thickness is 16.6 µm.

A

B
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C

D

E

Figure 10. (A,B,C,D and E): The SEM images showed the thickness of deposit layers.
CONCLUSION
The results obtained from this study can lead to the following conclusions;
• The surface of Al-alloy can be improved by hard chromium-nanoceramic composite electroplating.
• The thickness of co-deposit depends on true density of Nano-ceramic particles, in other word, high true
density lead to low deposit thickness.
• The increasing deposit thickness of nanoceramic composite electroplating lead to increase the hardness.
• The highest thickness was in sample electroplated by co-deposit of Cr-TiO2
• The layers of coating were compact and uniform, as this was evident in all the previous figures.
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