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What is a Functional Material? 

 

Functional materials possess a combination of specific tunable properties (mechanical, 

magnetic, electrical, etc.) that ensure their exploitation for a wide range of real-world applications. 

Biocompatibility + 

Magnetic properties 

 
Plasma facing  

W-Fe-Ni 

composite for 

fusion reactors 

 

 
Ni-Fe-W  core  

micro transformer 

for  high-frequency  

power  

applications 

Porous Fe-W  alloy  

scaffold  for  bone  

tissue engineering 

Magnetic Fe-W 

nanoelectrodes for 

sensors fabrication  

Magnetic + Electrical  

properties 

Mechanical + 

Biodegradability 

Mechanical behavior + 

Thermal properties 

Henager et al. Int. J. Powder Metall. 2017 
He et al. Colloids Surf B Biointerfaces 2016 

Mundotiya et al. Sens. Actuators 2017 
Barbano et al. Surf. Coat. Tech. 2017 

Miniaturization 
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Solutions containing Fe(II) tends to oxidation by dissolved oxygen, what reduces the bath 

life time and reproducibility of the results: 

This study aims to synthesize Fe-W alloys by electrodeposition from a thermodynamically 

stable Fe(III)-based electrolyte with a sustainable approach.  

Sustainability aspects of Fe-W electrodeposition 

spontaneous reaction 

Low waste Economic viability Green chemistry Abundant elements 
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Complexes distribution in an electrolyte 

Basic principles 

The distribution of metal species in electrolyte is a function of other species in the 

bath and is also pH dependent. This function can be calculated by solving an 

equation set which includes the following equations: 
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Complexes distribution in an electrolyte 

Fe-W plating bath 
Glycolic acid species distribution 

HGly- + H+ ź H2Gly Logɓ = 3.83 

H2Gly 

Calculations are based on the literature data where the formation of a particular 

specie was proven and the corresponding stability constant was determined.  

E. Bulemela et al, Journal of Solution Chemistry 2005 
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Complexes distribution in an electrolyte 

Fe-W plating bath 
Citric acid species distribution 

Cit4- + H+ź HCit3- Logɓ = 11.8 

Cit4- + 2H+ź H2Cit2- Logɓ = 17.52 

Cit4- + 3H+ź H3Cit- Logɓ = 21.89 

Cit4- + 4H+ź H4Cit Logɓ = 24.83 

H4Cit 

Most of citrate baths operate at pH 7-10 due to the formation of HCit3
- anion, which is 

assumed to be the main ligand in all the complexes.  

A. Survila et al, Electrochimica Acta 2000 
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Hydrolysis 

 

 

Complexes with 
Glycolic acid 

 

 

 

 

Complexes distribution in an electrolyte 

Fe-W plating bath 
Formation of metal species 

Complexes with 
Citric acid 

A complete set of the equations to be solved is based on: dissociation constants of 

acids, hydrolyzes constants of Fe and W, and complexes formation constans; ~49 

simultaneously occurred equilibrium reactions. 

A. Nicolenco et al., J. Electrochem. Soc. 2017 

etcé etcé etcé 
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Complexes distribution in the electrolyte 

Fe-W plating bath 
Formation of metal species 

The addition of complexing agents (citric, glycolic acid) shifts the dynamic equilibrium, 

thus some of the species can be disregarded for the formulation of the final equation set. 
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Ctot(Fe3+) = 0.2 M 
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Complexes distribution in an electrolyte 

Fe-W plating bath 
Metals species distribution 

W- rich alloys  + CE up to 70% Fe-rich alloys + drop CE 

Due to the complexes distribution the composition of deposits is very sensitive to the solution pH.  

WO2Gly2
2  

Fe(HGly)2Gly  

FeH2(Cit)2
3  

FeH(Cit)2
4  
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Complexes distribution in an electrolyte 

Fe-W plating bath 
Metals species distribution 

W-citrate complex W-glycolate 

2- 

J.J. Cruywagen et al, J. Chem. Soc. Dalton. Trans. 1991 M.M. Caldeira et al, Can. J. Chem. 1987 

The current efficiency of Fe(III)-bath increases up to 70%  due to the formation of 

glycolate complexes with small volume, which can move faster to the cathode and 

discharge easier as compared to citrate complex molecule. 
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Complexes distribution in an electrolyte 

Stability of Fe-containing plating bath 

[ὊὩ3+ ]ίὥὸ=
ὒὊὩ(έὌ)3

[Ὄ+ ]3

ὑύ
3  

Fe3+ + 3OH- = Fe(OH)3Ź 

ὒὊὩὕὌ 3
= ὊὩ3+

ίὥὸὕὌ
3 

The stability of Fe-based solution is governed by the concentration of metal ions free 

of complexation by ligands able to form hydroxide precipitate.  



COST MP 1407 training course   -    Si·fok, Hungary, 26 -30 March 2018    16  / total page #  

Mapping of Fe-W alloys properties 
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 A. Nicolenco et al., Materials & Design 2018 

Ŭ-Fe phase 

Ŭ-Fe + Fe(W) 

Fe2W + W(Fe) 

Fe2W + W(Fe) 

The composition and structure of Fe-W alloys can be  tailored by variation of electrochemical 

parameters. This tunable structure represents a useful opportunity when aiming for certain properties.  

6 at.% W 

17 at.% W 

25 at.% W 

Fe 


