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Abstract: Cr−SiC nanocomposite coatings with various contents of SiC nanoparticles were prepared by electrodeposition in 
optimized Cr plating bath containing different concentrations of SiC nanoparticles. Direct current electrocodeposition technique was 
used to deposit chromium layers with and without SiC nanoparticles on mild carbon steel. The effects of current density, stirring rate 
and concentration of nanoparticles in the plating bath were investigated. Scanning electron microscopy was used to study surface 
morphology. Energy dispersive analysis technique was used to verify the presence of SiC nanoparticles in the coated layers. The 
corrosion behaviors of coatings were investigated by potentiodynamic polarization and electrochemical impedance spectroscopy 
methods in 0.05 mol/L HCl, 1 mol/L NaOH and 3.5% NaCl (mass fraction), respectively. Microhardness measurements and pin-on- 
disc tribometer technique were used to investigate the wear behavior of the coatings. 
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1 Introduction 
 

Erosion and corrosion of engineering materials are 
important factors potent to cause failures or reduce 
fitness for service of engineering components. A way to 
prevent these problems is to use a proper coating system 
on the surface to protect the material against erosion and 
corrosion. Several techniques have been applied to 
producing protective coatings, such as electrodeposition, 
plasma thermal spray or physical vapor deposition 
methods [1]. Nowadays, nanoparticles are used to 
reinforce the composite materials used for coating 
systems, to gain a greater wear and corrosion properties. 
Electrocodeposition of inert ceramic nanoparticles such 
as SiC in a metal matrix is a good way to produce a hard 
plated layer on a metallic surface. A pore-free metallic 
coating with the lowest number of micro cracks can 
easily isolate the metals surfaces in even very highly 
corrosive mediums. Such coating may be utilized for a 
lower friction coefficient but higher micro-hardness. 
BENEA et al [2] investigated the behavior of Ni−SiC 
nanocomposite coatings and observed the improved wear 
properties. Electrodeposition parameters such as 
operating pH, temperature, plating bath composition, 
bath solution stirring rate, current densities, current type 

and nanoparticles concentration can significantly affect 
the quality of such coatings [3−5]. Addition of 
nanoparticles to deposited layers can mainly improve 
surface microhardness if they are distributed uniformly. 
The aim of this work is to uniformly deposit SiC 
nanoparticles with Cr metallic matrix to produce hard, 
crack free Cr−SiC layers using conventional direct 
current electrocodeposition, to improve the wear and 
corrosion properties because of the good corrosion and 
erosion properties of SiC nanoparticles. 
 
2 Experimental 
 
2.1 Materials 

Pure Cr and Cr−SiC nanocomposite layers were 
deposited on mild carbon steel AISI 1020. The samples 
were in cylindrical shape with diameter of 16 mm. The 
effect of electrodeposition parameters, such as current, 
concentration, stirring rate, were investigated by using 
polarization and electrochemical impedance 
spectrometry, micro-hardness measurements and pin-on- 
disc tests. All the samples were ground by emery papers 
(400, 600, 800, 1000 and 1200). The substrates were 
ultrasonically cleaned in acetone for 10 min and 
continued with immersion in 10% NaOH solution for  
at least 30 s, dipped in 10% HCl for 5 s and finally  
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washed with distilled water before electrodeposition. The 
composition of the plating bath and operating parameters 
for electrodeposition are shown in Table 1 and Table 2. 
Distilled water was used to prepare all the electroplating 
solutions. The SiC nanoparticles with mean diameter of 
50 nm (β-SiC) with concentration of 0−25 g/L were used. 
All the chemicals were standard Merck chemicals. 
 
Table 1 Electroplating bath composition 

Electroplating bath composition Value 
CrO3 250 g/L 

H2SO4 2.5 g/ L 
CrCl3·6H2O 5 g/ L 

Sodium dodecyl sulfate (C12H25NaO4S) 0.3 g/ L 
SiC nanoparticles 0−25 g/ L 

 
Table 2 Operating parameters for electrodeposition 

Parameter Value 
Temperature 50 °C 

pH 1.5 
Current density 27−36 A/dm2 

 
Nanoparticles were dispersed in the electroplating 

bath solution by ultrasonic assisted process using 
HYLER UIP 1000 W/L disperser. During the 
co-deposition process the bath was stirred by a magnetic 
stirrer in order to keep the particles dispersed and prevent 
sedimentation in the electrolyte suspension. The bath 
temperature was kept at 50 °C by an automatic controller. 
The anode was a platinum plate with dimensions of   
20 mm × 20 mm. The surface morphology was 
characterized using scanning electron microscopy (SEM) 
accompanied with energy dispersive analysis system 
(EDX) using a Philips model MV2300 operated at 25 kV. 
 
2.2 Micro-hardness measurements 

The Vickers micro-hardness measurements were 
carried out with loads of 0.49 N and indention time of 30 
s. The corresponding final values were determined as the 
average of 10 measurements. The micro-hardness of pure 
Cr coating and Cr−SiC nanocomposite coatings with 
different contents of SiC nanoparticles were measured 
and compared. All of the micro-hardness tests were done 
using Micrometer (USA) micro-hardness measurement 
set-up. 
 
2.3 Wear test 

The wear tests were performed on a pin-on-disc 
tribometer with a constant rotation speed of 80 r/min at a 
constant radius of 1 cm and normal load (Fn) of 50 N at 
room temperature under non-lubricated condition with 
the total distance of 50 m. The friction loads (Ff) versus 
time were measured automatically by a load cell during 
the test with 5 measurements per second. The load cell 
was connected to the computer and the measured data 

were automatically transferred to the wear software. 
Wear software was used to evaluate the experimental 
data. The software normalized the experimental data. 
Friction coefficient (µf) was calculated from Eq. (1), and 
finally the software exhibited the friction coefficient 
versus sliding distance diagram. 
 
µf=Ff /Fn                                    (1) 
 

The pin was a bearing steel (AISI 52100) with a 
radius of 2.5 mm and a pin tip air radius of 10 mm. The 
hardness of pin was HRC 64. The disc was the mild 
carbon steel coated with a nanocomposite film. The 
diameter and thickness of disc were 30 mm and 5 mm, 
respectively. 

The samples were ultrasonically cleaned in acetone 
before and after each test. The mass loss of each sample, 
to an accuracy of 0.1 mg, was measured and its final 
value was reported. The wear tests were performed on 
pure Cr coating and Cr−SiC nanocomposite coatings. 
The wear loss, friction coefficient and worn surface of 
coatings were compared. 
 
2.4 Potentiodynamic polarization test 

Potentiodynamic polarization measurements were 
carried out in an open-to-air conventional three-electrode 
cell. The cell contained 100 mL of electrolyte. 
Measurements were performed in 0.05 mol/L HCl,      
1 mol/L NaOH and 3.5% NaCl solutions at room 
temperature, respectively. The coated specimens were 
used as the working electrode. Platinum electrode and 
Ag/AgCl electrode were used as counter and the 
reference electrodes, respectively. Polarization studies 
were conducted using a computer controlled Autolab 
PGSTAT 302N. Autolab GPES (general purpose 
electrochemical system) software was used for 
evaluating the experimental data. The open circuit 
potential (OCP) was measured after immersion and when 
OCP reached an stable condition, the polarization 
measurements were done. Potentiodynamic measure- 
ments were performed at a potential scanning rate of 0.5 
mV/s. The corrosion potential (φcorr) and corrosion 
current density (Jcorr) were calculated from the 
intersection of the cathodic and anodic Tafel curves using 
the Tafel extrapolation method. The polarization 
resistance (Rp) was determined using Stren–Geary 
equation [6]: 
 

)( 2.303 cacorr

ca
p ββ

ββ
+

=
J

R                       (2) 

 
where βa and βc are the anodic and cathodic Tafel slopes, 
respectively. The corrosion rate, Γ, was calculated 
through the following equation [7]: 
 

nd
MJΓ corr

corr 00327.0=                         (3) 
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where M, n, and d are molar mass, valence number, and 
density of the sample, respectively. 
 
2.5 Electrochemical impedance spectroscopy (EIS) 

test 
The electrochemical impedance spectroscopy (EIS) 

measurements were performed from 100 kHz to 10 mHz 
using a computer controlled Autolab PGSTAT 302N at 
room temperature. Autolab FRA (frequency reference 
analyzer) software was used for evaluating the 
experimental data and calculation of polarization 
resistance (Rp). The peak-to-peak amplitude of the 
sinusoidal voltage signal was 10 mV. All EIS were 
recorded at the open circuit potential, i.e. at the corrosion 
potential (φcorr). Measurements were performed after 25 
min immersion in the electrolyte to reach steady state 
condition. To avoid noise effects on results, the 
experiment apparatus was placed in a faraday cage and 
any noise was kept away from the apparatus. 
 
3 Results and discussion 
 

SEM images of the pure Cr and Cr−SiC 
nanocomposite coating are shown in Fig. 1(a) and 
indicate that the pure Cr coating demonstrated a regular 
surface. The Cr−SiC nano-composite coatings show an 
smoother, more uniform and compact surface than the 
pure Cr coating, which indicates that the co-deposited 
SiC nanoparticles were uniformly distributed in the Cr 
matrix of nanocomposite coating. 
 

 

Fig. 1 SEM images of pure Cr coating (a), Cr−1.13% SiC 
nanocomposite coating (b) and EDX spectrum of Cr−    
1.13% SiC coating (c) 

3.1 Electrodeposition factors affecting composition of 
coating 

3.1.1 Nano-particles concentration in electroplating bath 
SiC nanoparticles become positively charged by 

adsorption of chromium ions and can be codeposited 
within chromium (during electroplating). Hence, the 
number of adsorbed Cr3+ ions on the surface of SiC 
nanoparticles increases with increase in the SiC 
concentration. Electric field causes SiC nanoparticles to 
move towards the cathode surface where the adsorbed 
Cr3+ ions discharge and deposit on the cathode surface 
encapsulating and incorporating the SiC nanoparticles. In 
other words, a higher concentration of SiC nanoparticles 
in the electrolyte enhances the adsorption rate, resulting 
in higher mass fraction of the co-deposited SiC 
nanoparticles. The decrease of SiC mass fraction in the 
coating may be attributed to agglomeration of SiC 
nanoparticles in the electrolyte owing to their poor 
wettability [8]. Figure 2 shows the relationship between 
SiC content in the coating and its content in 
electrodeposition bath. 
 

 
Fig. 2 Mass fraction of SiC in coating vs SiC content in plating 
bath 
 
3.1.2 Current density 

Figure 3 shows the relationship between the current 
density and the content of co-deposited SiC nanoparticles. 
The mass fraction of SiC nanoparticles in the coating 
was enhanced by increasing current density up to 32 
A/dm2. Beyond this current density, the SiC 
nanoparticles content in the coating decreased. The 
increase of SiC at current density less than 32 A/dm2 is 
due to the increase in adsorbed nanoparticles tendency to 
arrive at the (cathode) surface. The process is controlled 
by the adsorption of nanoparticles to the cathode surface 
and the nanoparticles deposition is dominant. At current 
densities higher than 32 A/dm2, the rate of metal ions 
moving to the cathode surface is faster compared with 
the adsorbed nanoparticles. On the other hand, more 
rapid reduction of metal ions (to metal matrix atoms on 
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the cathode surface) leads to a fewer nanoparticles 
(embedded) in the coating. This is the reasons why SiC 
nanoparticles content in coating decreases at current 
density higher than 32 A/dm2. 
 

 
Fig. 3 Mass fraction of SiC in coating vs current density 
 
3.1.3 Stirring rate 

The relationship between the stirring rate and the 
content of co-deposited SiC nanoparticles in coating is 
shown in Fig. 4. The stirring rate strongly influences the 
mass fraction of SiC nanoparticles transported to the 
cathode surface. SiC nanoparticles content in the coating 
increased with the stirring rate and reached a maximum 
value at 200 r/min, then decreased with increasing 
stirring rate. At stirring rates lower than 200 r/min, the 
fluid flow is not capable of transporting all the 
nanoparticles to the cathode surface and thus 
co-deposition behavior of SiC nanoparticles is apparently 
controlled by nanoparticles transfer. When the stirring 
rate is too high, the decreasing trend of the mass fraction 
of SiC nanoparticles is principally caused by the 
collision factor. The increasing streaming velocity of the 
suspension may also sweep away the loosely adsorbed 
 

 
Fig. 4 Mass fraction of SiC in coating vs plating bath stirring 
rate 

SiC nanoparticles (on the cathode surface), and makes 
the rate of particle removal faster than particle 
attachment, resulting in a decreased mass fraction of the 
codeposited SiC nanoparticles in the composite coating. 
 
3.2 Potentiodynamic polarization 

The potentiodynamic polarization curves of pure Cr 
and Cr−SiC nanocomposite coatings, with different 
contents of SiC nanoparticles, in 3.5 % NaCl, 0.05 mol/L 
HCl and 1 mol/L NaOH solutions, respectively are 
shown in Figs. 5−7. Corrosion characteristics such as 
corrosion potential (φcorr), corrosion current density (Jcorr) 
and anodic/cathodic Tafel slopes (βa and βc) were 
obtained from the intersection of cathodic and anodic 
Tafel curves using the Tafel extrapolation method. Also, 
the corrosion rate and polarization resistance (Rp) 
calculated from these data are presented in Tables 3−5. It 
could be seen that by increasing SiC nanoparticles 
content in the plating bath, the corrosion potential of  
the coatings shifted to a more positive value, and also 
 

 
Fig. 5 Potentiodynamic polarization measurements for pure Cr 
coating and Cr−SiC nano-composite coatings in 3.5%NaCl 
solution 
 

 

Fig. 6 Potentiodynamic polarization measurements for pure Cr 
coating and Cr−SiC nano-composite coatings in 0.05 mol/L 
HCl solution 
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Fig. 7 Potentiodynamic polarization measurements for pure  
Cr coating and Cr−SiC nano-composite coatings in 1 mol/L 
NaOH solution 
 
Table 3 Corrosion characteristics obtained from potentio- 
dynamic polarization measurement for pure Cr coating and 
Cr−SiC nano-composite coatings in 3.5% NaCl solution 

Coating φcorr/ 
mV 

Jcorr/ 
(nA·cm−2) 

Rp/ 
(Ω·cm2) 

Wear rate/
(10−5mm·a−1)

Pure Cr −637 157 1153 62 

Cr−5 g/L SiC −617 104 1308 41 

Cr−10 g/L SiC −595 43 1764 17 

Cr−15 g/L SiC −575 22 2699 9 

Cr−20 g/L SiC −550 19 3264 8 

 
Table 4 Corrosion characteristics obtained from potentio- 
dynamic polarization measurement for pure Cr coating and 
Cr−SiC nano-composite coatings in 1 mol/L NaOH solution 

Coating 
φcorr/ 
mV 

Jcorr/ 
(nA·cm−2) 

Rp/ 
(Ω·cm2) 

Wear rate/ 
(10−5mm·a−1)

Pure Cr −640 676 320 265 

Cr−5 g/L SiC −615 100 1280 39 

Cr−10 g/L SiC −591 56 2780 22 

Cr−15 g/L SiC −565 48 3350 19 

Cr−20 g/L SiC −550 6.64 8075 3 

 
Table 5 Corrosion characteristics obtained from potentio- 
dynamic polarization measurement for pure Cr coating and 
Cr−SiC nano-composite coatings in 0.05 mol/L HCl solution 

Coating 
φcorr/ 
mV 

Jcorr/ 
(nA·cm−2) 

Rp/ 
(Ω·cm2) 

Wear rate/ 
(10−5mm·a−1)

Pure Cr −527 3880 116 1520 

Cr−5 g/L SiC −488 463 540 183 

Cr−10 g/L SiC −450 292 676 114 

Cr−15 g/L SiC −407 256 1034 100 

Cr−20 g/L SiC −358 94 1640 38 

polarization resistance (Rp) increased (reduction of 
corrosion rate). The coatings with higher number of SiC 
nanoparticles have better corrosion resistance compared 
with the lower amount ones. 

The data clearly reveal the improvement of 
corrosion protection by SiC nanoparticles. Polarization 
resistance (Rp) increased with increasing SiC 
nanoparticles content. It can be concluded that the 
co-deposited SiC nanoparticles in Cr matrix increase the 
corrosion resistance in salty, acidic and alkaline solutions. 
Obviously, the SiC nanoparticles play a major role in 
improving the corrosion protection by two mechanisms. 
Firstly, these SiC nanoparticles act as inert physical 
barriers to the initiation and development of defects, 
modifying the microstructure of the chromium layer and 
hence improving the corrosion resistance of the coating. 
Secondly, the dispersion of SiC nanoparticles in the 
chromium layer results in the formation of many 
corrosion micro cells in which the SiC nanoparticles act 
as cathode and chromium as anode (standard potential of 
SiC is more positive than that of chromium). Such 
corrosion micro cells facilitate the anodic polarization. 
Therefore, in the presence of SiC, localized corrosion is 
inhibited, and mainly homogeneous uniform corrosion 
occurs [9−11]. 
 
3.3 Electrochemical impedance spectroscopy (EIS) 
3.3.1 EIS tests in 3.5 % NaCl solution 

The Nyquist diagrams in 3.5% NaCl solution are 
shown in Fig. 8. The impedance spectra for Nyquist and 
Bode diagrams were analyzed by fitting the experimental 
data to the equivalent circuit model (Fig. 9). A good fit 
with this model was obtained using F.R.A. software with 
an average error of about 3.5% (Rs represents the 
solution resistance). The capacitive loop, Rct and CPE 
(constant phase element) can be attributed to the charge 
transfer reaction. CPE is introduced to the circuit instead 
of a pure double layer capacitor to give a more accurate 
fitting [12]. Rct represents the charge transfer resistance 
 

 
Fig. 8 Nyquist plot for pure Cr coating and Cr−SiC 
nano-composite coatings in 3.5% NaCl solution 
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Fig. 9 Equivalent circuits used for numerical fitting of 
impedance plots for NaCl solution  
 
whose value is a measure of electron transfer across the 
surface and is inversely proportional to the corrosion rate 
[13]. Charge transfer resistances in NaCl solution are 
listed in Table 3. Rct increases with the increasing of SiC 
nanoparticles content in the coating. 
3.3.2 EIS tests in 1 mol/L NaOH solution 

Figure 10 represents the Nyquist plots in 1 mol/L 
NaOH solution. The Nyquist plots exhibit a capacitive 
loop at the higher frequencies followed by a 
diffusion-controlled charge transfer at the lower 
frequencies [14]. The diagrams indicate that the 
corrosion mechanism was controlled not only by a 
charge transfer but also by diffusion process. The 
equivalent circuit model for electrochemical behavior is 
shown in Fig. 11. The experimental data have a good 
fitting with this model with an average error of about 
2.3%. Cdl and Zw represent a double layer capacitor and 
Warburg impedance. The corrosion rate is affected by the 
inter-diffusion of Cr3+ and OH− ions, and there should 
exist a Warburg diffusion element reasonably describing  
 

 
Fig. 10 Nyquist plot for pure Cr coating and Cr−SiC 
nano-composite coatings in 1 mol/L NaOH solution 
 

 
Fig. 11 Equivalent circuits used for numerical fitting of 
impedance plots for NaOH solution 

the diffusion effect of ions [15,16]. The charge transfer 
resistances in NaOH solution are listed in Table 4. Rct 
increases with increasing the SiC nanoparticles content 
in coating. 
3.3.3 EIS tests in 0.05 mol/L HCl solution 

The Nyquist diagrams in 0.05 mol/L HCl solution 
are shown in Fig. 12. The impedance spectra for Nyquist 
and Bode diagrams were analyzed by fitting the 
experimental data to equivalent circuit model (Fig. 13). A 
good fit with this model was obtained with an average 
error of about 4.5%. Rs represents the solution resistance. 
The capacitive loop, Rct and CPE, can be attributed to the 
charge transfer reaction. The constant phase element, 
CPE, is introduced in the circuit instead of a pure double 
layer capacitor to give a more accurate fit [12]. Rct 
represents the charge transfer resistance whose value is a 
measure of electron transfer across the surface and is 
inversely proportional to corrosion rate [13]. Charge 
transfer resistances in HCl solution are listed in Table 5. 
Rct increases with increasing the SiC nanoparticles 
content in coating. 
 

 
Fig. 12 Nyquist plot for pure Cr coating and Cr−SiC 
nano-composite coatings in 0.05 mol/L HCl solution 
 

 
 
Fig. 13 Equivalent circuits used for numerical fitting of 
impedance plots for HCl solution 
 

It could be seen in Table 5 that by increasing the 
number of SiC nanoparticles in the bath, the charge 
transfer resistance of the coatings was increased in    
the environment. According to the overall investigation 
of potentiodynamic and impedance data, these     
coatings have a reasonable performance in corrosive 
environments. 
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3.4 Hardness measurements 
By increasing SiC nano-particles in the coating, the 

micro-hardness increased from HV 1050 for pure Cr 
coating to HV 1225 for Cr−20 g/L SiC (Fig. 14). The 
mechanisms of such strengthening are the grain 
refinement strengthening and the dispersion 
strengthening [10,11,17, 18] 
 

 
Fig. 14 Microhardness vs SiC content in plating bath 

 
The addition of SiC nanoparticles would increase 

their deposition and increases the number of nucleation 
sites in the matrix. This leads to the formation of finer 
grains. The grain refinement strengthening by Hall− 
Petch relationship is as follows: 
 
σy = σi+kD−1/2                                (4) 
 
HV = 3σy                                                       (5) 
 
where σy is the yield stress; σi is the friction stress; k is a 
constant; D is the grain size in diameter. The mechanism 
proposed for the dispersion strengthening is illustrated in 
Fig. 15 according to Orowan’s mechanism [19]. The 
yield stress is determined by the shear stress required to 
bow a dislocation line between two nanoparticles, a 
distance λ apart. In Fig. 15, stage 1 shows a straight 
dislocation line approaching two nanoparticles; at stage 2 
the line is beginning to bend; at stage 3 it will have 
reached the critical curvature. The dislocation can then 
move forward, no further decreasing its radius of 
curvature. Since the segments of dislocation that meets 
on the other side of the particle are of opposite sign, they 
can annihilate each other, leaving a dislocation loop 
around each particle at stage 4. The original dislocation 
is then free to move further at stage 5. The shear stress 
required to force dislocation between the obstacles is 
 
τ0=Gb/λ                                     (6) 
 
and the yield stress is 
 
σy =2Gb/λ                                   (7) 
where G refers to the shear modulus of the matrix and b 

is the Burger’s vector of the dislocation. For pure 
chromium, these values are taken to be 115 GPa and 
0.2884 nm, respectively [20]. 
 

 

Fig. 15 Schematic drawing of stages in passage of a dislocation 
between widely separated nano-particles, based on Orowan’s 
mechanism of dispersion hardening [19] 
 

These strengthening mechanisms become stronger 
with increasing SiC nanoparticle content in composite 
coatings. Thus the micro-hardness of the coating 
increases with the increase of SiC nanoparticles content. 
 
3.5 Wear behavior of coatings 
3.5.1 Friction coefficient 

Figure 16 shows the friction coefficient of pure Cr 
coating and Cr−SiC nanocomposite coatings containing 
0.85% and 1.13% SiC (under the identical test 
conditions). The friction coefficients of all coatings wove 
approximately the same in the first 10 m. The of friction 
coefficient of pure Cr coating increased to 0.5 and 
remained at this value. However, the friction coefficients 
of Cr−SiC nanocomposite coatings exhibited little 
change and kept stable during the test. The hard 
nano-scaled reinforcements embedded in nanocomposite 
coatings reduce direct contact between the metal matrix 
and the abrasive surface. On the other hand, during the 
friction process, the co-deposited SiC nanoparticles 
gradually protruded out of the matrix, which carry the 
load transfer from the matrix, and as a result, the thermal  
 

 
Fig. 16 Friction coefficient of pure Cr and Cr−SiC coatings 
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plastic deformation and scuffing wear at high 
temperature caused by the heat generated in the sliding 
are reduced. The nanoparticles which are separated from 
matrix due to abrasion act as solid lubricants. This is the 
reasons why the friction coefficients of nanocomposite 
coatings are much more stable and much less as 
compared with pure Cr coating. 
3.5.2 Wear performance 

Figure 17 shows the wear loss of pure Cr coating 
and Cr−SiC nanocomposite coatings with different SiC 
contents. It is obvious that the wear resistance of the 
nanocomposite coatings is more than that of pure Cr 
coating. The wear resistance of nano-composite coatings 
is increased by increasing the SiC nanoparticles content. 
This can be attributed to the strengthening effect and the 
decrease in friction coefficient. The hardness and friction 
coefficient are the two parameters which affect the wear 
resistance [21]. The wear resistance increases with 
increasing hardness and decreasing friction coefficient. 

The tendency of Cr−SiC nanocomposite coatings 
for plastic deformation is less than pure Cr coating. The 
results suggest that the wear resistance was improved by 
the addition of SiC nanoparticles. The embedded SiC 
nanoparticles can significantly improve the tribological 
performance of Cr−SiC nanocomposite coatings. 
 

 
Fig. 17 Wear mass loss vs mass fraction of SiC in coatings 
 

4 Conclusions 
 

The content of SiC nanoparticles in coating is 
influenced by current density, stirring rate and SiC 
nanoparticles concentration in the plating bath. The 
maximum SiC content embedded in the coating was 
obtained at the SiC nanoparticles concentration in the 
plating bath of 20 g/L, current density of 32 A/dm2 and 
stirring rate of 200 r/min. The maximum SiC content in 
the coating is around 1.13%. When the concentration of 
SiC in the bath is more than 20 g/L, the agglomeration of 
nanoparticles increases. The surface morphology of 
Cr−SiC nanocomposite coating is smoother, more 

uniform and compact than that of pure Cr coating. The 
co-deposited SiC nanoparticles are uniformly distributed 
into the Cr matrix which improves the corrosion and 
wear performance of coating. By increasing SiC content 
in the coating, the micro-hardness increases, the 
corrosion current density decreases and the corrosion 
potential shifts to the more positive potentials. The EIS 
spectra demonstrate that the corrosion rate is controlled 
by charge transfer resistance: Rct increases with the 
increase of SiC content. The Cr−SiC nanocomposite 
coatings show lower friction coefficient and better wear 
resistance compared with pure Cr coating. The worn 
surface morphology shows that the Cr−SiC 
nanocomposite coatings exhibit less abrasive width and 
depth and less tendency for plastic deformation. 
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电沉积 Cr−SiC 纳米复合涂层的磨损、腐蚀和电镀性能 
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摘  要：在含 SiC 纳米颗粒的铬电镀液中，通过改变溶液中 SiC 纳米颗粒的含量，电沉积得到不同 SiC 纳米颗粒

含量的 Cr−SiC 纳米复合材料涂层。采用直流共沉积技术在低碳钢基体上沉积得到纯 Cr 涂层和 Cr−SiC 纳米复合

涂层。研究了电流密度、搅拌速度和 SiC 纳米颗粒浓度对电沉积的影响。用扫描电镜来研究涂层的表面形貌，用

能谱分析检测Cr−SiC 纳米复合涂层中 SiC纳米粒，用动电位极化和电化学阻抗谱方法研究涂层在 0.05 mol/L HCl、

1 mol/L NaOH 和 3.5% NaCl 中的腐蚀行为。用显微硬度计测量涂层的硬度和采用销−盘磨损试检研究涂层的磨损

行为。 

关键词：Cr−SiC 纳米复合涂层；电沉积；耐腐蚀性；磨损行为 
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