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Co-W alloys are often considered as high-performance alloys [1], and the attractiveness 
of these alloys is driven by their outstanding properties and multiple potential applications: 
the research is encouraged by the pronounced mechanical, tribological, and magnetic 
properties as well as the corrosion resistance of tungsten alloys. The magnetic properties of 
electrodeposited Co-W alloys are of interest in recording media and remotely-actuated micro-
/nano-electromechanical systems. The given research presents an overview of versatility of 
Co-W alloys that can be used as flat coatings, and micro- or nanostructures. We 
electrodeposited them from citrate solutions at pH 5-8 and temperatures of 20÷60°C.  

Morphology, chemical composition, and structure and its thermal stability of the deposits 
were characterized in deep. Higher deposition temperature enhances the deposition rate and 
leads to a higher W-content. Grain size of the deposits is affected by the polarization: 
normally a decrease in grain size is caused by increase in polarization. In order to have a 
uniform deposition in recesses, a nanocrystalline or amorphous structure should be obtained 
which is preferentially achieved at higher overpotentials. Both mechanical and tribological 
properties can be improved by increasing content of W in the alloys. Magnetic and 
tribological properties of the samples obtained under different electrodeposition conditions 
were also investigated to evaluate possible application of studied Co-W alloys.  

Fig.1. SEM images of the flat coatings (a), 
microbamps (b), and nanoarrays (c) of 
electrodeposited Co-W alloys.

The electrodeposition of Co-W alloys in the 
recesses having various aspect ratios has 
been investigated in order to demonstrate the 
possibilities of the multiscale engineering of 
Co-W alloys. Notably, the electrodeposition 
conditions used for the deposition on the flat 
surfaces are not applicable for Co-W 
deposition in the recesses on the patterned 
wafers or nanoporous membranes due to 
instable pH values inside recesses, and the 
photoresist compatibility limitations. Also, 
different methods were applied to improve 
the mass transport in the recesses, and the 
most optimal electrodeposition conditions for 
the industrial applications have been 
recommended. 

The void free electrodeposition of Co-W alloys has been achieved under potentiostatic 
conditions at applied potential -0.87 V with high uniformity of micro-arrays (Fig.1). It has 
been proved that these optimum conditions can also be used successfully for the 
electrodeposition of Co-W alloys into AAO template. 

Acknowledgments: This study was founded from MSCA-ITN-2014-ETN � 642642, 
Research Council of Lithuania (MIP-031/2014), Moldavian national project 15.817.02.05A, 
and with the support of the Marie Curie Alumni Association.
References: 
1. N. Tsyntsaru, H. Cesiulis, M. Donten, J. Sort, E. Pellicer, E. J. Podlaha-Murphy. Surf. Eng. Appl. 

Electrochem., 2012, 48 (2012), 491–520. 

38



NEW ELECTROLYTE FOR Fe-W ALLOYS ELECTRODEPOSITION 

A. Nicolenco1, N. Tsyntsaru1,2, H. Cesiulis1

1 Vilnius University, Dept. Phys. Chem., Naugarduko 24, Vilnius LT-03225, Lithuania 
2 Institute of Applied Physics of ASM, 5 Academy str., Chisinau, MD – 2028, Moldova  

E-mail: aliona.nicolenco@chf.stud.vu.lt 

Various types of plating baths could be used for Fe-W alloys electrodeposition: 
containing Fe+2 or Fe+3 salts, acidic or alkaline, with inorganic or organic ligands [1]. 
Electrolytes with different organic complexing agents have been found as mostly useful for 
tungsten alloys electrodeposition, namely: malic, tarrtaric, gluconic, acetic, glycine, citric acid 
and etc. [2]. The citric acid as complexing agent is extensively explored by many researchers 
for tungsten alloys electrodeposition. However, it has been shown [3] that glycolic acid can be 
also a suitable candidate for Ni–W alloys electrodeposition and coatings produced from this 
bath demonstrated better overall performance in comparison with citric acid solutions. In this 
study Fe-W alloys have been obtained by the electrodeposition under direct current from 
citrate and glycolic-citrate bath (Table 1). Both electrolytes containing Fe(II) and Fe(III) salts 
(Table 1) were used to compare their behavior. Thermodynamic study of Fe+2 and Fe+3

containing electrolytes was performed and thermodynamical instability of solutions based on 
Fe(II) salts was revealed. In addition, the calculated distribution of species as a function of pH 
is provided for both citrate- and glycolate- based systems. 
Table 1. Composition of the baths used for the Fe-W electrodeposition (composition is given in mol/l).

Chemicals Cit-Fe(II) Cit-Fe(III) Glyco-Cit-Fe(II) Glyco-Cit-Fe(III)
Na2WO4∙2H2O 0.4 0.4 0.4 0.4 
FeSO4∙7H2O 0.2 - 0.2 -
Fe2(SO4)3∙H2O - 0.1 - 0.1 
C6H8O7∙H2O 
(citric acid)

0.2 0.2 0.3 0.3 

Na3C6H5O7∙2H2O 
(tri-sodium citrate)

0.45 0.45 - -

C2H4O3 (glycolic acid) - - 1 1 

The influence of electrodeposition temperature and current density on alloy composition 
and morphology was evaluated. The tungsten content in the deposits practically does not 
depend on temperature and is cca 20-23 at.% for alloys deposited from citric and glycolic-
citric baths at 20 mA/cm2. At high temperature the current density almost does not have 
influence on the tungsten content in the alloys obtained from citrate-based bath in contrary to 
glycolic-citric bath. The current efficiency of Fe-W coatings deposition from glycolic-citric 
bath can reach up to 80% that is much higher in comparison with pure citrate-based bath. 
Also, electrodeposition using pulse current mode and additives were carried out to overcome 
hydrogen embrittlement of the coatings. 
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