
African Journal of Pure and Applied Chemistry Vol. 5(3), pp. 47-52, March 2011 
Available online at http://www.academicjournals.org/AJPAC 
ISSN 1996-0840 ©2011 Academic Journals 

 
 
 
 
 

Full Length Research Paper 
 

The magnetic properties of Co-Mo-S coatings by 
electrodeposition 

 

H. E. El-Feky 
 

Department of Chemistry, Faculty of Science, University of Fayoum, Fayoum-Egypt. E-mail: heshamelfiky@yahoo.com. 
Tel: +20552354684, +201207236872. 

 
Accepted 14 August, 2010 

 

The nano-coated Co-s-Mo alloys were electrodeposited from electrolytic solutions containing CoSO4, 
Na2MoO4, ascorbic acid, thiourea, and hexamine. The coated Co-S-Mo alloys were obtained evolving to 
hard magnetic behaviour. The coatings characterised by metallic lustre. The surface morphology of the 
coating was investigated by scanning electron microscope (SEM). The many alloys were 
electrodeposited using these baths. Phase structure of the coatings was analyzed by the X-ray 
diffraction (XRD), the XRD patterns show sharp peaks for face-cantered cubic fcc (112) and hexagonal 
close packed hcp (110) structures. The molar magnetic susceptibility and effective magnetic moment 
were measured using Faraday's method. The composition and magnetic properties of the coatings 

greatly depended on the composition of the electrolytic bath mainly [
−2

4
MoO ] / [Co

2+
] ratio. The drastic 

modification of the magnetic properties of the coatings was closely related to the presence of the 
additives and inclusion of sulphur in the coatings, the increase of sulphur leads to decrease of the 
molar magnetic susceptibility. 
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INTRODUCTION 
 
During the last years a significant effort has been 
employed in the development of micro-electrochemical 
systems (MEMS). In actuators devices, soft magnetic 
films are described as mobile elements under magnetic 
field desired [Osakai, 1997; Osakai et al., 1999; 
Tabakovic et al., 2002; Lallemand et al., 2004], although 
hard-magnetic materials can be incorporated also in 
actuators devices as fixed elements [Chin, 2000; Cho 
and Ahn, 2002]. The developing of the deposition 
process of hard-magnetic materials is compatible with 
(MEMS) processing; hence it is a desired objective. 

The modern studies have recently been increased in 
the miniaturization of hard magnetic materials and in their 
integration with lithographic processes and silicon 
electronics, which can allow the fabrication of efficient 
micromotors and actuators [Cugat et al., 2003]. Such 
materials can be achieved by through-mask deposition 
and lift-off processes, but hard magnetic properties are 
somewhat difficult to accomplish. In fact hard magnetic 
properties require anisotropic, often ordered, crystal 
structures and closely controlled microstructures, down to  

the deep sub-micron scale [Skomski and Coey, 1999]. 
Recent studies reveal that the magnetic alloys electro-

deposition can be a promising method to prepare hard-
magnetic films [Guan et al., 2004; Guan and Nelson, 
2005; Gomez et al., 2005]. This technique involves the 
incorporation of hard-magnetic elements during metals or 
alloy electrodeposition process leading to magnetic alloy. 
However, when sulphur was used to favour incorporation, 
it has been found that the sulphur is able to modify the 
magnetic properties of the alloy films. Electrodeposition 
of magnetic alloys in presence of additives seems to be 
useful to modify the alloy structural properties. It can be a 
simple method to induce greater coercivity in metallic 
films compatible with silicon technology [Pane and 
Gomez, 2006; Pane et al., 2007]. 

The aim of present work is the production of hard 
magnetic materials; the addition of sulphur induces hard 
magnetic behaviour to deposited Co-Mo alloys, because 
sulphur can be incorporated as non-magnetic element. 
Also the effects of the additives such as hexamine, 
ascorbic acid and thiourea on the deposits were studied.  
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Table 1. Chemical composition of Bath and deposition condition for Co-S-Mo alloy coatings 

 

Bath 
CoSO4 

mol/dm
3
 

Sodium citrate 

mol/dm
3
 

H3BO3  
zg/l 

Thiourea 

mol/dm
3
 

Ascorbic 

Acid g/l 

hexamine 

g/l 

Na2MoO4 

mol/dm
3
 

pH 
Current 

Density mA/cm
2
 

I 0.1 0.125 12 0.1 4.2 2.1 0.025 5.7 22.5 

II 0.08 0.125 12 0.1 4.2 2.1 0.045 6.6 22.5 

III 0.07 0.125 12 0.1 4.2 2.1 0.055 6.5 22.5 
 
 
 

Table 2. Composition of films obtained galvanostatically on copper substrate. 

 

Main constituents 1 2 3 

Co 59.55 47.78 45.45 

S 23.41 34.18 35.69 

Mo 7.88 5.59 4.93 
 
 
 
EXPERIMENTAL 

 
The electrodeposition of Co-S-Mo alloys was performed from 
solutions containing, CoSO4, Na2MoO4, sodium citrate, ascorbic  
acid, boric acid, thiourea and hexamine. All reagents were of 
analytical grade. The composition of different baths used and 
operating conditions for electrodeposition of Co-S-Mo alloys were 
shown in Table (1). Solutions were freshly prepared with water was 
doubly distilled. The electrodeposition experiments were conducted 
in a cylindrical three-electrode cell at 25°C. Electrochemical 
experiments were carried out using DC power supply (Sorensen 
XHR40-25 DC Power Supply), the experiments were performed 
with 5 mAcm

-2
.  

Rectangular 1 x 2 cm
2
 copper plates were used as working 

electrodes (cathode). These substrates were mechanically polished 
using emery paper of different grade and then with acetone 
followed by ethanol and rinsed in bi-distilled water before 
electrodeposition process. The reference electrode was a saturated 
calomel electrode (SCE). The counter electrode was platinum sheet 
of dimensions 1 x 2 cm

2
. Comparative tests were conducted on the 

Co-S-Mo alloys coatings. Surface morphology of coatings was 
investigated by scanning electron microscopy (SEM). The 
composition of coatings was determined using X-Ray Fluorescence 
spectroscopy (Axios, Sequential WD-XRF Spectrometer, 
PANalytical 2005 (XRF). Phase structure of the coatings was 
analyzed by X-Ray Diffraction (X Pert PANalytical Target Cu Kα 
with Secondary Monochromator Holland Omega=0.5). The samples 
were cut to small pieces then enter to the Pyrex tube utilized for DC 
magnetic susceptibility measurements. The magnetic susceptibility 
of the investigated samples was measured using Faraday's method 
[Ahmed et al., 2007; 2004; Ahmed and Khawlani, 2009] where 
small quantity of sample was inserted at the point of maximum 
gradient (maximum force) in a Pyrex tube. The measurement of 
magnetic susceptibility was performed at room temperature and 
magnetic field intensity of 3000Oe, the accuracy of magnetic 
susceptibility measurements was ±1%, where the data were 
reproducible. 
 
 

RESULTS AND DISCUSSION 
 
Composition analysis, SEM, and XRD 
 
The XRF analyses indicate the production of Co-Mo 
alloys with different composition, the  composition  of  the 

deposits was listed in Table 2. The deposits composition 
is greatly depend on the composition of the electrolytic 
bath mainly on [MoO

2-
4] / [Co

2+
] ratio in the bath and 

thiourea.  
The increase of molybdate /cobalt ratio causes the 

decrease of the Mo content in the alloys. The scanning 
electron micrographs of Co-S-Mo coatings (I, II, and III) 
are shown in Figure 1, the morphology of deposits varied 
respect the typical fine-grained nodular morphology of 
Co-Mo films obtained from the bath I. A circular 
morphology was observed Figure 1a, b, and c flatter and 
more uniform deposits were observed with the decrease 
of Mo in the deposits. Moreover, the change of nodular to 
circular morphology is due to the decrease of Mo during 
the electrodeposition process and seems to reveal the 
formation of hexagonal crystals parallel to the substrate.  
Also, they contain cracks due to the presence of highly 
hard molybdenum. 

The XRD diffractograms of the deposits (I-III) are 
shown respectively, in Figure 2a, b, and c, XRD data 
show that Co-S-Mo alloys form solid solutions and this 
enables the alloys to be obtained with different 
composition. Sharp defined peaks are observed, which 
indicate good crystallization structure. All indexed peaks 
correspond to face-centered cubic fcc (112) and 
hexagonal close packed hcp (110) structures [17]. The 
grain size was calculated from the Scherrer’s formula. 
The average grain sizes of fcc (112), and hcp (110) 
coated Co-S-Mo alloys were measured to be 92 and 56 
nm, respectively. 
 
 
Magnetic properties studies 
 
The data of the Table 3 show values of molar magnetic 
susceptibility (χm) and the effective magnetic momentum 
(µeff) of different coatings of Co-S-Mo. The values of 
molar magnetic susceptibility were calculated from the 
Equation 1: 
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(a) 

 
 
Figure 1. Typical Scanning electron micrograph pattern of CoMo alloy, (a)Co-7.88Mo-23.41S, (b) Co-5.59Mo-34.18S, (c) 
Co-4.93Mo-35.69S. 
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Figure 2. XRD patterns of various of Co-Mo alloys, (a) Co-4.93Mo-35.69S (b) Co-7.88Mo-23.41S, (c) Co-5.59Mo-34.18S. 

 
 
 

Table 3. The values of molar magnetic susceptibility (χm) and the effective magnetic momentum 

(µeff) of different coated Co-S-Mo alloys. 
 

Coatings χm C µeff 

1 0.0001643 0.0487882 0.6250918 

2 0.0000907 0.0269274 0.4643908 

3 0.0000254 0.0075438 0.2457998 

1
2
7
7
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Ả
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c 
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Figure 3a. Variation of molar magnetic susceptibility (χM) for Co-Mo alloys sulphur content. 
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Figure 3b. Variation of the effective magnetic momentum (µeff) for Co-Mo alloys 

with sulphur content. 
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                                         (1) 
 
Where ∆m is the net pull in grams, g is the gravitational 
acceleration 980 cm/ s

2
, Mol.Wt is the molecular weight 

of the sample (grams), m the mass of the sample grams, 
Ho is the value of magnetic field intensity (Oe), and dH/dt 
is the magnetic field gradient (Oe/cm) at the selected field 
intensity. The value of Curie constant and the effective 
magnetic momentum µeff were obtained from Equations 2 
and 3: 

 ......(.TC
m

χ=
                                                     (2) 

 
 ......(83.2 C

eff
=µ

                                                  (3) 
 
Where C is the curie constant, T is absolute temperature 
 

The results show that the values of molar magnetic 
susceptibility and the effective magnetic momentum µeff 
greatly decreased for Co-S-Mo alloys, due to the 
presence of the  nonmagnetic  sulphur  element  in  these  
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alloys, Table 3 and Figures (3a, b). The drastic modi-
fication of the magnetic properties for coated Co-S-Mo 
alloys was closely related to structural change, which 
induced during the electrodeposition process as a 
consequence of the presence of additives in the bath. 
 
 
Conclusion 
 
The nano-coated hard- magnetic Co-S-Mo alloys can be 
electrodeposited on the copper substrates from different 
baths containing CoSO4, Na2MoO4, ascorbic acid, 
hexamine and thiourea. The composition of these alloys 

greatly depends on the ratio [
−2

4
MoO ]/ [Co

2+
]. The molar 

magnetic susceptibility and effective magnetic momen-
tum values greatly decreased in the case of Co-S-Mo 
alloys due to the presence of nonmagnetic sulphur 
element 
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