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Abstract
This study show that of the alloy zinc-iron
zinc
electrodeposited on steel by electrodeposition from chloride acid
electrolytes, the
he chloride electrolyte have more advantages than the electrolyte
te sulphate. Furthermore the
influence of various parameters (current
current densities, [Zn(II)]/[(Fe(II)]
[
)]/[(Fe(II)] concentration ratio in electrolyte and the
nature of additives:
s: saccharin Na(S) and glycerol (J) …)
… on the morphology and the structure of the deposits is
discussed. EDS Analysis was applied to determine the composition of alloys obtained,
obtained Which shows an increase
in Fe content with the density of current. For high [Zn(II)]/[(Fe(II)]~1/9
)]/[(Fe(II)]~1/9 concentration ratio in solution, Fe
content remains constant independently of current densities. In the presence of brightener "J.S",
"J.S" the iron content
decreases in the deposits, which is in agreement with measurements of the cyclic voltammetry showing that the
" J.S " inhibits the electroreduction
duction of iron. X-ray diffractograms realized for Zn-Fe
Fe alloys, lead to the presence
of the three phases of the alloy Zn--Fe: η, ζ and Γ.
Keywords: Electrodeposition,, alloy, Zn-Fe,
Zn
additive, chloride, electrolyte.
1. Introduction
Electrodeposited zinc coatings have found extensive use for the corrosion protection of steel. Over the last few
years a great attention
tion has been made to Improvement the electrodeposition of alloys. It has been shown [1, 2]
that zinc alloy improved corrosion resistance compared to zinc pure coating [3,
3, 4].
4 Like all Zn alloys, Zn-Fe
coatings are very attractive, since they combine high corrosion resistance with excellent mechanical
performance [5]. However Zn-Fe
Fe alloys can be electrodeposited from various types of electrolytes.In recent
years chloride baths are preferred [6, 7] because of their higher conductivity. They contain also other species
acting as a buffer, complexing agent and brightener
brig
for refine the grain etc…The deposit composition can be
influenced by the addition to the solution of organic additives which have a favourable effect on the quality and
on the bath stability. The electrodeposited Zn–Fe
Zn
alloys have metastable structures
ures and different phases coexist
over a wide range of composition. Thus, the structure of the electrodeposited Zn–Fe
Zn
alloys is complicated.
Adaniya et al. [8] have reported that the phases of electrodeposited Zn–Fe
Zn Fe alloys include: η,α, Г, δ, and ζ. Fe
richh alloys showed G and a phases, whereas, Zn rich alloys showed mainly h phases [9]. In this work, the role
of some additives such as saccharine and glycerol were investigated, to propose an electrolyte composition in
order to obtain low iron content Zn-Fe
Zn
alloy (15-25%)) because of their excellent protective properties [10]. CV
curves and X-ray
ray diffraction analysis were performed on the obtained Zn-Fe
Zn Fe alloys.
2 - Experimental
Zn-Fe
Fe alloys were electrodeposited galvanostatically by 1.5-5.0
1.5
A/dm2, at a room
om temperature ( 25°C), on a steel
sheet (steel 1,0037) [ 11] of 2 cm2 area, in a chloride electrolyte: 0.15 M ZnCl2, 0.75 M FeCl2, 180g/l KCl,
25g/l boric acid, 0.02 M L-ascorbic
ascorbic acid. pH =2.3. All chemicals were analytical grade. Before
electrodeposition,
n, each sample was polished mechanically using silicon carbide of 4000 grade (5um of grain
size), degreased ultrasonically in NaOH satured solution in ethyl alcohol, actived in HCl solution (1:1) for 30 s,
rinsed with ultra pure water and cold dried.

1865

J. Mater. Environ. Sci.6 (6) (2015) 1668-1674
ISSN : 1503-2002
CODEN: JMESCN

Amirat et al.

The quality and the Fe content in Zn-Fe coatings were studied as function of current densities, [Zn(II)]/[Fe(II)]
concentration ratio in electrolyte (R= 1/3, 1/6 and 1/9) and the nature of additives: saccharin Na (S) and
glycerol (J). The cyclic voltammograms (CV) were carried out in a conventional three-electrode cell, with a
capacity of 0.5 dm3 using an EG&G 273A controlled by a micro computer M352. Scanning process starts from
the initial potential: -800 mV/ECS to -1800 mV/ESC, then returns to -500 mV/ESC with a scan rate of 20 mV/s.
All potentials were given against Hg, Hg2Cl2/KCl (SCE sat.) electrode. The morphology of deposits was
observed using both optical microscopes X500 LEICA DMRM controlled by a logiciel Visilog and a scanning
electron microscope (SEM) JEOL JSM-5410LV (20kV, SS10, Wd20).
Energy dispersive analysis of X-ray (EDS) was performed to determine the deposit composition value.
X-ray diffraction (XRD) phase analysis was performed on Bruker AXS D8 Advance diffractometer. The Cu-Kα
radiation (λ= 15,406 nm) was selected in symmetrical mode for 2 Ө in the range of 10° to 100° with a step of
0.02°.

3-Results
3.1. Zn-Fe alloys deposition
Initial Hull cell investigation was carried out to estimate the quality and the composition of Zn-Fe alloy
deposits. 1 to 6 present the dependence of the quality and the Fe content in Zn-Fe coatings, as function of
current densities, [Zn (II)]/[Fe(II)] concentration ratio in electrolyte and the nature of additives: saccharin
Na(S) and glycerol (J) used to improve surface morphology of the deposits.
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Fig. 1: Dependence of the quality of deposit as function Fig. 2: Dependence of the quality of deposit as of current
densities for R = 1/3 without additive.
function of current densities for R = 1/3 with saccharin.
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Fig. 3: Dependence of the quality of deposit as function current densities for R = 1/9 without additive
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Fig. 4: dependence of Fe content as function of
current densities for R = 1/3 without additive.

Fig. 5:dependence
dependence of Fe content as function of
current densities for R = 1/3 with 1 g/l saccharin.
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Fig6: dependence of Fe content as function of current densities for R = 1/3 with 10-3M glycerol.
Addition of saccharin
harin Na and glycerol have a beneficial effect (Fig.7-11)
11) on deposit morphology; high-quality
high
fine-grained
grained deposits with Fe content of 5 to 66% could be obtained galvanostatically (1.5-5.0A/dm2) under
constant stirring conditions. The morphology was compact and homogenous. The addition
addit
of saccharin causes a
slight decrease in Fe content (Fig 5, 9) and an increase in oxygen content from 9% to 17%. In fact local pH
varies during the electrolysis and iron hydroxides can precipitate in the form of black nodules (Fig.11). This
effect could
ld be explained by the disappearance of oxidation peak recorded when scan was reserved (Fig.13).
a

b

Fig.7.SEM
SEM micrograph of deposit obtained at 2A/dm² for R=1/3 without additive (a) and whith 1g/l saccharin
(b).
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It should be noted that for Zn=1/9, Fe content remains constant, independently of current densities (Fig 8 -10).
This fact requires a complementary investigation.
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Fig. 8 : dependence
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current densities for R =1/9 with 1 g/l saccharin.

80
60
%
40
A
20
t0
o 0
m

0.02

0.04
j(A/cm²)

0.06

Fig10: dependence of Fe content as function of current densities for R = 1/9 with 10-3M glycerol.
a

b

Fig.11.SEM
SEM micrograph of deposit obtained at 1.5A/dm² for R=1/9 in the presence of 1 g/l saccharin (a) and 103
M glycerol (b).
Small concentration additive 1- 2 g/l of saccharin
harin Na is sufficient to obtain bright deposits with fine grains.
Furthermore, the role of sodium saccharin as a brightener [10] is confirmed. But, it is not excluded that
saccharin as a polyfunctional ligand, can be engaged in N, Oco or Ooso coordination [12-15].
[12
Thus, saccharin
may be an interesting complexing agent. However in contrast to that, glycerol has practically, no notable effect
neither on Fe content nor on oxygen content. The Hull test shows a slight beneficial effect on the quality of
deposits, when the glycerol was added to the electrolyte containing
containi saccharin.
Since the aim of this work was to propose an electrolyte composition to deposit Zn-Fe
Zn
alloy with Fe content of
15 to 25%, the investigation was limited to the ratios 1/3 at 1/6 of the solution.
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3.2. Electrochemical results.
The effects of organic compounds such as saccharin Na, glycerol and saccharin+ glycerol on Zn-Fe
Zn
alloy
electrodeposition from chloride electrolytes, were characterized by cyclic voltammetry (Fig. 12-13).
12
*[Zn (II)]/ [Fe (II)] = 1/3
Voltammetric results indicated that the presence of saccharin in the chloride bath inhibited (Fig. 12) the Zn-Fe
Zn
alloy deposition, since the potential necessary to begin the alloy deposition shifted to more negative values.
values Two
clear reduction stages may be distinguished. On the reverse scan,
scan, an oxidation peak appeared around –0.9V.

a
b
c

Fig.12. Cyclic voltammograms at 50mV/s of (a)-0.15
(a)
M ZnCl2, 0,75 M FeCl2, 180g/l KCl, 25g/l boric acid, 0.02
M L-ascorbic acid, (b)- a+1g/L saccharin, (c)(c) a+ 1g/L saccharin +10-3 M glycerol for R=1/3.
*[Zn (II)]/ [Fe (II)] = 1/6
Zn Fe alloy without(a) and with saccharin
Fig.13 (curves b-c)) represents CV curves for the electrodeposition of Zn-Fe
Na(b), glycerol(c) and saccharin Na+ glycerol(d). The same effect was
was observed for [Zn (II)]/ [Fe (II)] = 1/3:
saccharin inhibits Zn-Fe
Fe alloy electrodeposition, contrary to glycerol.
It should be noted that the oxidation peak corresponding to oxidation of Zn disappeared for [Zn (II)]/ [Fe (II)] =
1/6. It is, probably, due
ue to higher Fe content in the Zn-Fe
Zn Fe alloy, for which oxidation potential occurs at more
positive values.

Fig.13. Cyclic voltammograms at 50mV/s of (a) - 0.15 M ZnCl2, 1,50 M FeCl2, 180g/l KCl, 25g/l boric acid,
0.02M L-ascorbic acid, (b)- a+1g/L saccharin, (c)(c) a+ 1g/L saccharin +10-3 M glycerol for R=1/6.
3. 3 Structural analysis
XRD patterns showed in Fig. 14-- 15 and table 1several peaks. The relative intensity of the ligne 2 Ө =43.5
indicated the dominant phase-ζ when R= 1/3(Fig. 14-15)
14
.A second η-phase
phase corresponding to an hexagonal
structure of Zn takes place. Contrary to that when R= 1/6 the Γ-phase
phase becomes the more important and some

1869

J. Mater. Environ. Sci.6 (6) (2015) 1668-1674
ISSN : 1503-2002
CODEN: JMESCN

Amirat et al.

peaks appear to correspond to α-Fe structure (solid solution). For high iron content samples the shape is strongly
irregular (Fig.15), which is, probably, due to imperfections in the crystalline structure of the obtained alloys.
Finally the diffractograms indicated a clear mixture of η, ζ and Γ-phases.
Table 1: XRD results for Zn-Fe alloy deposit obtained without additive and with saccharin only.
Deposit obtained at 2
% Fe
Several peak
Intense peak
A/dm² for

R=1/3 without
Additive.
R=1/3 in the presence
of 1 g/l saccharin.
R=1/6 without
additives.
R = 1/6 in the the
presence of 1 g/l
saccharin.

ζ Zn-Fe, η, Zn and Fe

ζ Zn-Fe

10.75

ζ Zn-Fe, η, Zn and Fe

ζ Zn-Fe

09.87

Г Zn- Fe, α Fe, ZnO

Г Zn- Fe

39.85

Г Zn- Fe, α Fe, ZnO

Г Zn- Fe

36.00
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Fig. 14. X-ray diffractograms of Zn-Fe alloy deposit obtained at 2 A/dm² for R=1/3 in the presence of 1 g/l
saccharin + 10-3M glycerol.
R = 1 /6 + " J S " 2 A / d m ²
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Fig.15. X-ray diffractograms of Zn-Fe alloy deposit obtained at 2 A/dm² for R=1/6 in presence of 1 g/l
saccharin + 10-3M glycerol.

1870

J. Mater. Environ. Sci.6 (6) (2015) 1668-1674
ISSN : 1503-2002
CODEN: JMESCN

Amirat et al.

Conclusion
The different EDS analysis, SEM and X-rays diffraction of Zn-Fe alloy obtained galvanostatically provided the
following:
1. The Zn-Fe alloy composition is strongly affected by the [Zn (II)]/ [Fe (II)] concentration ratio in
solution.
2. Saccharin Na behaved one’s self as a grain affiner (brightener). Despite the fact that its role was
estabilished to be a complexant agent [12, 16, 17].
3. Glycerol and saccharin Na have a beneficial effect on Zn-Fe deposit morphology.
4. For R= 1/9 the Fe content remains constant, independently of current densities his fact requires a
complementary investigation.
5. The electrodeposition of Zn-Fe alloys leads to the presence of three phases: η, ζ and Γ [18, 19, 20].

References
1. Gomez E., Pelaez E., Valles E., J. anal. Chem., 467(1999) 139.
2. Abd El Rahim S.S., Emad M., Khaled M., Fethouhi M., Scirokoff J., TRANS IMF, 79, (2001) 95.
3. Kantek W., Sahre M., Paatsh W., Electrochim. Acta 39 (1994) 1154.
4. Winand R., Surf. Coat. Technol. 37 (1989) 65.
6. Gomez E., Alcobe X., Vallés E., J. Electroanal. Chem. 475 (1999) 66.
7. Ge F. Y., Xu S. K., Yao S. B., Zhou S. M., Surf. & Coat. Techn., 88 ( 1997) 1.
8. Adaniya T., Hara T., Sagiyama M., Homa T., Watanabe T., Plat. Surf. Finish. 72 (1985) 52.
9. Abd El Rehim S. S., Emad M., Khaled M., Fettouhi M., J. Shirokoff, Trans. Inst. Met. Finish. 79 (2001) 95.
10. Critchlow J.D., Gabe D.R., Trans. Inst. Met. Fin. 76 (1998) 187.
11. Amirat S., Rehamnia R., Bordes M., Creus J., Mat. & Corros., 64 (2013) 328.
12. Ricq L., Lallemand F., Gigandet M.P., Pagetti J., Surf. & Coat. Techn., 138 (2001) 278.
13. Naumov P., Jovanovski G., Struct. Chem. 11 (2000) 19.
14. Lan C.J., Liu W.Y., Ke S.T., Surface & coatings technology 201(2006) 3103.
15. Zhang Z., Leng W.H., Shao H.B., Zhang J.Q., Wang J.M., Cao C.N., Journal of electroanalytical chemistry
516 (2001)127.
16. Yang Z.N., Zhang Z., Zhang J.Q., Surf. & Coat. Techn., 200 (2006) 4810.
17. Diaz S.L., Matos O.R., Barcia O.E., Fabri Miranda F.J., Electrochim. Acta 47 (2001) 4091.
18. Yadav A.P., Katayama H., Noda K., Masuda H., Nishikata A., Corros. Sci. 49 (2007) 3716.
19. Kyung-Keun L., In-Hwan L., Cheul-Ro L., Haeng-Keun A., Surf. & Coat. Techn., 201( 2007) 6261.
20. Ramananskas R., Quintana P., Maldanado L., Panes R., Pach-canul M.A., Surf. & Coat. Techn., 92 (1997)
16.

(2015) ; http://www.jmaterenvironsci.com

1871

