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as the second inflection characterizes the start of a linear change of current den-
sity with potential. This deviation from linearity demonstrates a change of the 
mechanism of metal deposition.4,5 

Fe powder is an important raw material, which is widely used in the manu-
facture of porous metallo–ceramic bearings, friction materials, parts for machi-
nery, for production of various alloys, in the chemical industry for the fabrication 
of rechargeable batteries, etc.6 The physical and chemical characteristics of Fe 
determine its peculiar electrochemical behavior. Almost all data concerning the 
electrodeposition of Fe powders were summarized by Calusaru.6 A literature sur-
vey of the electrodeposition of Fe powders shows that mainly two types of elec-
trolytes were investigated and these were based on sulfate6–11 and chloride elec-
trolytes.6,12 In all the reported cases, the morphology of the deposited powders 
was dendritic.8,13 With increasing duration of electrolysis, the dendrites merge, 
which is unacceptable for the further application of such deposits as they must be 
ground in order to obtain powders. However, in the range of lower acidity, the 
deposits become powdery and, in some cases, may be spongy and sticky. Gene-
rally, the hitherto research indicates that there are two steps in the electrodepo-
sition of Fe powders, deposition of a fragile film followed by grinding.14–16 It 
should be emphasized that we successfully attempted to obtain powdery Fe pow-
ders without the grinding process. 

Fe powders have a very high tendency to corrosion. The wet electrolytic pro-
duct contains over 99 % Fe, while the washed and dried powders may contain 
several percent of oxide.8 Kuzmin and Kiseleva8 demonstrated a marked influen-
ce of pH on the content of oxide in Fe powders electrodeposited from sulfate elec-
trolytes. Fe(II)-based electrolytes were investigated within the pH range 1.5–4.2. 
The oxide content depended not only on the amount of hydroxides formed during 
deposition, but also on the amount of powder oxidized during washing and dry-
ing. It is noteworthy that the lower the pH, the much lower was the oxide content. 

The aim of this work was to investigate the polarization characteristics of the 
processes of the electrodeposition of Fe powders from sulfate and chloride elec-
trolytes and the morphologies of the obtained powder as a function of the type of 
electrolyte and current density. X-Ray diffraction analysis was performed in 
order to check the quality of the selected way of stabilization of the Fe powders. 

EXPERIMENTAL 
Polarization diagrams were recorded in a three-compartment standard electrochemical 

cell at room temperature. The Pt-foil counter electrode and the reference saturated silver|silver 
chloride (Ag|AgCl) electrode were placed in separated compartments. All solutions were pre-
pared from analytical grade chemicals and distilled water. Polarization measurements were 
performed using a computer-controlled potentionstat (PAR M273A) and corrosion software 
(PAR M352/252, Version 2.01) at a sweep rate of 1.0 mV s-1. To obtain polarization curves 
corrected for the IR drop, the current interrupt technique was used with a current interruption 
time of 0.5 s. 
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powder electrodeposited from the sulfate electrolyte was characterized by den-
drite, coral-like particles, while the powder electrodeposited from the chloride 
electrolyte contained one type of agglomerates. 
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Fig. 2. Polarization curves for the 
electrodeposition of Fe powders 
from the sulfate and chloride elec-
trolytes measured with IR drop 
correction at selected current den-
sities; (∆) chloride (j = 3.6, 4.8 
and 6.0 A cm-2) and (○) sulfate 
(j = 2, 3.5 and 5.0 A cm-2) elec-
trolytes. 
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Fig. 3. Typical powder particle morphology; sulfate, j = 5.0 cm-2 (a), 

and (b) chloride electrolyte, j = 6.0 A cm-2. 

The morphologies of the Fe powders and their surfaces deposited from the 
sulfate electrolyte at current densities j = 2, 3.5 and 5.0 A cm–2 are shown in 
Figs. 4a–4f. The morphology of the Fe powders deposited at all the investigated 
current densities is dendritic of the coral type. There is no significant difference 
in size and shape of particles with increasing current density in the range from 
2.0 to 5.0 A cm–2. Only primary ramification of the dendrites occurred without a 
clear crystallographic orientation and further ramification was hindered. It is a 
characteristic for the primary branch of dendritic particles that only one type of 
cavity, i.e., cone-shaped, could be detected on all the particles: (Fig. 4b). The ap-
pearance of such cavities is most probably the result of bubble formation due to 
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hydrogen evolution.4,5,19 Such a kind of cavities was found and explained in 
previous papers on alloy powders.4,5 At higher magnification, which enabled de-
tailed observation of the morphology of the dendrite, insufficiently developed 
cauliflower endings with crystallites were noticed regardless of the applied cur-
rent density. These crystallites represent potential places for further growth of 
dendrites. The morphology of the endings depends on the moment of detachment 
of the particles from the electrode.4 
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Fig. 4. SEM Micrographs of Fe powders electrodeposited from sulfate electrolyte: 
morphology of the powder particles (a, c, e); morphology of the surface (b, d, f); 

j = 2.0 (a, b), 3.5 (c, d) and 5.0 A cm-2 (e, f). 
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The morphologies of the Fe powder particles and of their surfaces deposited 
from chloride electrolyte at current densities j = 3.6, 4.8 and 6.0 A cm–2 are 
shown in Figs. 5a–5f. In this case, only agglomerates were detected at all the in-
vestigated current densities. Some of these agglomerates were spherical (Fig. 5a). 
The higher magnification microphotographs (Figs. 5b, 5d and 5f) reveal that the 
top surface of these agglomerates also had cauliflower-like endings. The main 
characteristic of the top surface of these particles was the presence of crystallites 
on the cauliflower-like endings. Such a morphology indicates that a second layer 
of growth of nodules occurred.19 
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Fig. 5. SEM Micrographs of Fe powders electrodeposited from chloride electrolyte: 

morphology of powder (a, c, e); morphology of surface (b, d, f); 
j = 3.6 (a, b), 4.8 (c, d) and 6.0 A cm-2 (e, f). 
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