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The Zn and Zn/MoS2 composite coatings exhibit a crystal-
line structure. The XRD pattern of produced coatings are shown 
in Figure 4. 

The incorporation of MoS2 into zinc matrix has an effect on 
the orientation of zinc crystallites from the plane (002) for pure 
zinc coating to the plane (101) for composite coating. This was 
also observed by V. Kanagalasara et al. [15]. The incorporation 
of the MoS2 disperse phase into the zinc coating increases the 
surface development.

The results of the Mo content measurement (w/w %) in 
the Zn/MoS2 composite coating material obtained with the 
XRF spectra analysis are summarized in Table 1. The content 
of a dispersion phase in the coating was dependent on the MoS2 
concentration in the bath and increases with the concentration 
of a dispersed phase in the bath. The lowest MoS2 content in 
the coating was observed for the Zn/MoS2 coating produced 
in a bath with the MoS2 phase concentration of 2.5 g/dm3 and 
constituted about 0.6 wt%. However, the highest MoS2 content 
in the Zn/MoS2 coating was noted when deposition was carried 
out from a bath containing the MoS2 phase at the concentra-
tion of 10.0 g/dm3. The resultant Zn/MoS2 coating contained 
ca. 1.0 wt% of a dispersion phase. 

a)

c)

b)

d)

Fig. 3. Surface morphology of Zn/MoS2 composite coating obtained from the bath containing (a) 2.5; (b) 5.0; (c) 7.5, and (d) 10.0 g/dm3 (SEM)

Fig. 4. The XRD pattern of Zn and Zn/MoS2 composite coatings
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TABLE 1

Molybdenum [wt%] content in the Zn/MoS2 composite 
coatings (XRF) 

Coating Mo content in the 
coating [wt%]

Standard deviation
[wt%]

Zn/MoS2 (2.5 g/dm3) 0.6 0.3
Zn/MoS2 (5.0 g/dm3) 0.8 0.2
Zn/MoS2 (7.5 g/dm3) 0.9 0.2
Zn/MoS2 (10.0 g/dm3) 1.0 0.1

The images of the decomposition of zinc, molybdenum 
and sulphur in a surface layer of Zn/MoS2 composite coatings 
produced from a bath containing different amounts of MoS2 are 
summarized in Fig. 5. The agglomerates of the incompletely 
embedded MoS2 dispersion phase are clearly visible onto the 
surface of the composite coatings. This phenomenon was more 
pronounced onto the surface of the Zn/MoS2 composite coat-
ing produced from a bath with the MoS2 phase concentration 
of 10.0 g/dm3. 

Fig. 5. The SEM image and distribution of zinc, molybdenum and sul-
phur on the surface of the Zn/MoS2 composite coating obtained from 
the bath containing (a) 2.5, and (b) 10.0 g/dm3 MoS2 dispersed phase

The images of cross-sections perpendicular to the surface 
of the zinc and composite Zn/MoS2 coatings obtained from 

a bath containing 2.5, 5.0, 7.5 and 10.0 g/dm3, respectively, are 
shown in Fig. 6 and 7. Both the zinc coating and the Zn/MoS2 
composite coatings were characterized by the compact structure, 
even thickness on a covered surface and good connection to 
a steel substrate.

Fig. 6. The cross-sections of zinc coatings (LM)

An exemplary molybdenum and sulphur distribution on 
cross-sections perpendicular to the surface of the Zn/MoS2 
composite coating prepared from a bath containing 2.5 g/dm3 of 
the MoS2 dispersed phase particles is shown in Fig. 8. 

The EDS analysis of the molybdenum and sulphur distri-
bution on the cross-section of the Zn/MoS2 composite coating 
confirmed the incorporation of a dispersed phase into the volume 
of the matrix material. The cross-section of the composite coating 
displays the agglomerates of the MoS2 powder.

The results of the roughness measurements of the zinc coat-
ing and Zn/MoS2 composite coatings are shown in Table 2. The 
Zn/MoS2 composite coatings were characterized by an enhanced 
surface development compared to the zinc ones. The highest 
roughness was observed for the composite coatings produced 
from a bath containing the MoS2 particles at the concentration 
of 7.5 and 10.0 g/dm³, respectively. 

TABLE 2

Roughness parameters (Ra and Rz) of zinc and Zn/MoS2 
composite coatings. Length of the measuring 

section ��c = 0,8 mm 

Coating Ra 
[��m]

Standard 
deviation

[��m]

Rz 
[��m]

Standard 
deviation

[��m]
Zn 0.5 0.1 3.6 0.7

Zn/MoS2 (2.5 g/dm3) 1.0 0.2 6.9 1.6
Zn/MoS2 (5.0 g/dm3) 1.1 0.2 7.7 0.8
Zn/MoS2 (7.5 g/dm3) 1.2 0.1 8.3 1.0
Zn/MoS2 (10.0 g/dm3) 1.2 0.2 8.5 1.2

The Knoop microhardness determined on the surface of 
zinc and Zn/MoS2 coatings are shown in Table 3. The microhard-
ness measurements showed that in the studied range of dispersed 
phase concentrations the incorporation of the MoS2 particles 
into the zinc matrix led to the slightly strengthened coatings.
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TABLE 3

Knoop microhardness of Zn and Zn/MoS2 composite coatings 

Coating HK 0.01 Standard deviation
Zn 41 6

Zn/MoS2 (2.5 g/dm3) 40 4
Zn/MoS2 (5.0 g/dm3) 43 3
Zn/MoS2 (7.5 g/dm3) 45 4
Zn/MoS2 (10.0 g/dm3) 55 4

The highest increase of the microhardness by ca. 30% 
compared to the zinc coating was observed for the Zn/MoS2 
composite coating, produced from a bath containing a dispersed 
phase at the concentration of 10.0 g/dm3.

The corrosion properties of the coatings produced were 
examined by an electrochemical dynamic potential method. 

The potentiodynamic polarization curves recorded for the Zn 
coating and Zn/MoS2 composite coatings are shown in Fig. 9. 
Table 4 summarizes both the corrosion potential and corrosion 
current determined using an extrapolation method tangent to 
the Tafel curves. 

TABLE 4

Corrosion potential and corrosion current of Zn 
and Zn/MoS2 composite coatings 

Coating Ecorr [mV] I corr [�—A/cm2] 
Zn –1039.4 8.3 

Zn/MoS2 (2.5 g/dm3) –1009.5 22.1 
Zn/MoS2 (5.0 g/dm3) –997.8 28.2 
Zn/MoS2 (7.5 g/dm3) –1038.5 20.6 
Zn/MoS2 (10.0 g/dm3) –1019.4 25.4 

a) b)

c) d)

Fig. 7. The cross-sections of Zn/MoS2 composite coatings obtained from the bath containing: (a) 2.5; (b) 5.0; (c) 7.5 and (d) 10.0 g/dm3 MoS2 (LM)

Fig. 8. SEM image and distribution of molybdenum and sulphur on the cross-section of the Zn/MoS2 composite coating, produced in a bath 
containing 2.5 g/dm3 of MoS2 
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Fig. 9. Polarization curves of Zn coating and Zn/MoS2 composite 
coatings

The polarization curves obtained for the composite coatings 
exhibit a similar trend, which however, seem to slightly differ 
from the polarization curve obtained for the pure zinc coating. 
A shift of the corrosion potentials of the Zn/MoS2 composite 
coatings towards less negative potentials was observed in com-
parison to the corrosion potential for the zinc coating. A highest 
shift towards the more electropositive potentials was found for 

the composite coating obtained from a bath containing 5.0 g/dm3 
of the MoS2 powder. The produced composite coatings are 
characterized by a greater degree of the surface development 
compared to the zinc coating, which by far affects the course of 
the corrosion processes. Fig. 10 and Fig. 11 show the surface 
images of the produced coatings upon the corrosion tests. 

Fig. 10. Surface morphology of Zn coatings after corrosion tests (LM)

a) b)

c) d)

Fig. 11. Surface morphology after corrosion tests of Zn/MoS2 composite coatings obtained from the bath with MoS2 concentration: (a) 2.5, (b) 
5.0, (c) 7.5, and (d) 10.0 g/dm3 (LM)




