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Effect of iron content and annealing temperature
on the corrosion behavior of Nijgo_.Fe,

E. F. EL-WAHIDY, A. |I. ABOU-ALY, N. G. GOMAA, S. F. ABAZA
Department of Physics, Faculty of Science, Alexandria University, Alex., Egypt

Niqgo_xFex metallic glasses have been prepared with 8.5 < x <51 using electrodeposition
technique. Corrosion behavior of specimens in 0.1 M Na,SO, (pH=6) at 25°C has been
studied using potential-time decay, linear polarization resistance and potentiodynamic
techniques. Anodic polarization curves show that the specimens exhibit quasi-passive
region. The dissolution of samples increases with the increase of iron concentration and
also with the increase of annealing temperature. The interpretation was based on the
enhanced dissolution of the formed microcrystals of the specimens in the sulphate
solution. © 1999 Kluwer Academic Publishers

1. Introduction The cathode was copper sheet (0.27 mm thick), em-
Nickel-iron alloy may be formed by different tech- bedded in epoxy material which does not react with the
niques such as sputtering [1], vapor deposition [2] ancdchemicals used in the electrodeposition process, leav-
electrodeposition [3]. The electrodeposition of Ni-Feing an exposed window [0.7 djto react with the cor-
alloy deposits from both sulphate and chloride bathgosive medium. The substrate was first mechanically
and their mechanical properties are discussed in detaiiolished with a series of emery papers starting with a
as a function of both composition and current densitycoarse one and proceeding in steps to finer grades, then
[4]. Ni-Fe alloy exhibits anomalous codeposition [5], the substrate were chemically polished using a solution
i.e., the less noble metal, Fe, deposits preferentially t@f 55% phosphoric acid, 25% acetic acid and 20% nitric
the more noble metal, Ni. acid. After completion of the plating, the sample was
The study of Ni-Fe alloy gains its importance in re- easily to be stripped directly from the cathode without
cent years because it has a number of applications sy chemical treatment which been used in other sys-
magnetic [6], decorative [7], and electroformed mate-tem. The resulting samples were generally flat, smooth
rial [8]. Such applications require uniform and con- and bright. Annealing of samples was carried out in
stant physico-chemical properties of the alloy depositsfurnace at 500 and 70@ at atmospheric pressure.
However, in general, the composition of Ni-Fe alloys is Then sample was furnace-cooled to the room tempera-
affected dramatically by current density, agitation andture. Iron percentage in the samples was determined by
other plating variables [9]. Atomic Absorption Spectrophotometer (Perkin Elmer
Homogeneous amorphous alloys that lack grain2380). The results are listed in Table II.
boundaries, dislocation or inclusions are less prone to
corrosive attack because the corrosion process seems
to occur more often at such sites in crystalline mate2.2. Corrosion testing
rials [10]. Studies by Reverz and Kruger [11] indicate The corrosion potential of the working electrode was
that amorphous films have greater corrosion resistancecorded as a function of time with respect to satu-
than their crystalline counterparts. rated calomel electrode (SCE) using AMEL differen-
This work investigates the effect of increase of irontial electrometer model 621. Platinum wire served as an
content and annealing temperature on the behavior afuxiliary electrode. Polarization resistance and poten-
corrosion of Nigo_xFe at 85 < x <51. tiodynamic scanning methods were used to character-
ize corrosion performance. The potentiodynamic po-
larization of samples were measured at the applied volt
was increasing with steps 20 mV and then the stability
2. Experimental was achieved with 60 s by using AMEL potentiostate
2.1. Samples preparation model 55. Immersion time before performing the mea-
Samples of Nigo_xFe; were prepared by electrodepo- surements was 50 min, and the measuring temperature
sition. Bath compositions reported by Nakamura andvas kept constant at 2&.
Hayashi [12] are given in Table I. A d.c. power sup-
ply was used to maintain a plating current density
of 300 mA/cnt, the temperature of the solution was 3. Results and discussion
maintained constant at 53¢ and the plating time was The corrosion of Nigg_xFex alloys in 0.1 M NaSO,
3 hours. (pH=6) aqueous solution was studied by using
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TABLE | Bath compositions and deposition parameters for the

electrodeposition

Bath composition

NiSO4-6H,0 85 g/l
NiClz-GHzO 135 g/l
H3BO3 50 g/l
Saccharin 0.49/
Citric Acid 0.06 g/l
FeSQ-7H,0 10:80 g/l
Deposition parameters
Temperature 50C
Current density 300 mA/cfn
Plating time 3h

TABLE Il Concentration of Fe in the hjo_xFex alloys

Fe (at %) FeS@6H,0 (g/l)
8.5 10
18.5 20
25.5 40
45 60
51 80
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Figure 1 Open circuit potential vs. time for ANjo_xFe; at 85 <x <51
in 0.1 M NSO, solution. @) NigisFess, (¥) NigisFeiss, (@)
Niz45F€s;5, (0) NissFeys and (x) NisgsFesys.
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Figure 2 Open circuit potential vs. iron percentage with and without
annealing temperature for Ni-Fe alloys immersed in 0.1 M3@ so-
lution. (d) without annealing,+) Tan = 500°C and @A) Tz, = 700°C.

examined specimens showed no significant displace-
ment of the open circuit potentiakf ¢) for a period of
forty five minutes upon immersion in the sulphate. The
E.. decreases as the concentration of iron increases.
Fig. 2 represents the change of tg; as a function of

the iron concentration in the alloys at different anneal-
ing temperatures. Samples without annealing showed
a decrease OE, . with increasing the iron content is
observed, i.e., corrosion resistance of the samples de-
crease at high iron concentration.

To investigate the mechanism of the corrosion of
the specimens, the potentiodynamic polarization curves
for Nijoo_xFex alloys are measured and represented in
Fig. 3. This technique is achieved by measuring the
potential-current curves (Tafel plots) in both anodic and
cathodic direction. It was pointed out that during the ap-
plication of potentiodynamic technique to evaluate cor-
rosion rate, attention should be paid to choose “correct”
scan rate for determining the polarization characteris-
tics [13]. Mansfeld and Kending [14] have found that,
the reasonable data can be obtained for scan rate less
than 1 mV/s.

Fig. 3 shows that the potentiodynamic polarization
curves for different samples are nearly identical through
cathodic polarization, while the difference has been ob-

potential-time decay, potentiodynamic polarization andserved in the anodic polarization behavior of samples.
the linear polarization resistance techniques. The mealhe potential region, at which the current is approxi-
surements were carried out for five concentrations ofnately stable “quasi-passive”, exists in some of the ex-

Ni1po-xF€& and annealing temperatures &) 500 and
700°C.

3.1. Effect of increasing iron content
on the corrosion of Nijgg_xFey alloy

amined specimens. It is known that crystalline nickel

exhibits a passive region [15] in its polarization char-

acteristics. On the other hand the iron does not exhibit
such region, therefore the Ni-Fe system is considered
as a complex system. Consequently, the existence of
the quasi passive region for the different samples are ir-
regular. Also the existence of quasi-passive region may

Potential-time curves obtained for electroplatingbe related to the existence of microcrystallites offfd
Nijoo-xFe at 85 < x <51 are presented in Fig. 1. The within the amorphous matrix.
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TABLE Il Electrochemical parameters obtained from d.c. measurements of electrodepogjtedfdy in 0.1 M Ng;SOy
Fe% Tan(°C) Eoc(mV) icorr(/’-A/sz) (icor)a/(icom)B Ro (10’3 x ) (1/Rp)a/ (1/Rp)s
8.5 Without —-290 1.34 — 111.0 —
500 -310 3.05 2.27 52.38 2.11
700 -320 4.25 3.17 34.67 3.20
18.5 Without -310 1.70 — 82.00 —
500 -325 3.05 1.79 42.34 1.93
700 -375 5.08 2.98 27.65 2.96
25.5 Without —340 3.50 — 42.30 —
500 -375 5.60 1.60 28.56 1.48
700 —395 8.22 2.34 20.15 2.09
45 Without —395 7.70 — 27.37 —
500 —435 10.90 1.41 20.77 1.31
700 —445 12.96 1.68 17.30 1.58
51 Without —450 9.06 — 20.07 —
500 —470 11.60 1.28 16.07 1.24
700 —480 14.20 1.56 13.31 1.50
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Figure 3 Potentiodynamic polarization curves forti_xFex at 85 <
X <51in 0.1 M NaSQ, solution. @) NigysFes s, (¥) NigisFerss, (@) N- Fe
Niza5Fepss, () NissFess and (x) NiggsFesys. 191.5F€8.5
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Meaningful parameters obtained from the potentio-

dynamic polarization curves for different iron percent- 20
age are presentedin Table lll. Thisincludes the openci
cuit potential €,.¢), the corrosion current densitiib)
and the polarization resistancy). The experimental
data in Table Il show that, in the active region, the
corrosion current generally increases in samples with
high iron concentrations. The X-Ray diffractograms existence of Fe content. While the second one tends to
of these samples indicate that the amorphous state imlecrease the corrosion rate. This decrease is attributed
creases with the increase in iron concentration [16] (X0 the increase in the amorphous phase of the sample.
ray diffractions are presented in Fig. 4 just to show theSince the increase of the iron content in the sample
change in crystallinity). leads to a marked sever reduction in its crystalline state,
In order to explain above results, it was assumeds indicated by the X-ray diffractogram [16], then there
that there are two factors which affect the corrosionis a lack of grain boundaries and hence the corrosion
mechanism of Ni-Fe alloy. The first factor tends to rate decreases. From Table Ill, it can be noticed that the
increase the corrosion rate of Ni-Fe due to the increaseorrosion current of the samples slightly increases as

r-. ) )
Figure 4 X-ray scans of Nigo_xFe; alloy at 85 < x < 18.5 without an-
nealing.
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Figure 5 Potentiodynamic polarization curves forgNiFes s in 0.1 M NgSOy solution at different annealing temperaturll) (vithout annealing,
(+) Tan=500°C and () Tan = 700°C.
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Figure 6 Potentiodynamic polarization curves forgNsFeigs in 0.1 M NaSOy solution at different annealing temperature) vithout annealing,
(+) Tan = 500°C and () Tan = 700°C.
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Figure 7 Potentiodynamic polarization curves fordlsFess in 0.1 M Na SOy solution at different annealing temperatu@) (vithout annealing,

(+) Tan = 500°C and ) Tan = 700°C.
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Figure 8 Potentiodynamic polarization curves forsyfress in 0.1 M Na SOy solution at different annealing temperatufé) (vithout annealing, )

Tan = 500°C and () Tan = 700°C.
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Figure 9 Potentiodynamic polarization curves forffres; in 0.1 M Na SOy solution at different annealing temperature) vithout annealing, )
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16
14 + e
~~
NE A
(9]
2:1 12 |
= +
= +
2
S 10
ko]
E ]
e s
3 °l 0
c
Re)
8 6t
= +
8 a
4_ iy
0
+ +
2L
a
a
0 | | | | | ! | | | |
0 10 20 30 40 50 60

Iron concentration (%)

Figure 10 Corrosion current density vs. iron percentage ofoblixFe; alloys at 85<x <51 immersed in 0.1 M Ne&5O, solution. (J) without
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fact that the increase of iron content factor plays a more
dominant roles in determine the values of corrosion
current.

' the iron contentincreases. This may be attributed to the

Tan=900 °C

Ni;Fe+Nike .
A A w 3.2. Effects of annealing temperature (T,,)
on the corrosion of Nijgo_xFey alloy
: The relation between the concentration of iron and
open-circuit potential for specimens with different an-
Tuw=700 °C nealing temperatures is shown in Fig. 2. The data show
NiskFe that E, ¢ shifts to lower values after annealing the sam-

ples, and also as the annealing temperature increases
Ww the corrosion tendency of the samples increases. From
R the polarization curves of all annealed samples, shown
in Figs 59, the ratio between the corrosion current den-
T =500 °C sity after and before annealifi@cor)a /(icorr)s} @and the
NiFe ratio between the reciprocal value of the polarization re-
| sistance after and before anneali(ty Ry)a/(1/Ry)s}
) . were calculated and listed in Table Ill. Fig. 10 repre-
Without Annealing ot the relation between the corrosion current density
NisFe and Iron concentration at different annealing tempera-
tures. From the figures, it is clear that there is a gen-
. . s eral enhancement of corrosion rates as a function of
3 3% 40 4 48 52 % annealing temperature. These result indicate that the
20 annealed samples at higher temperature obviously dis-
solve more rapidly compared to samples annealed at
Figure 11 X-ray scan of NjssFexss alloy with different annealing  |OW temperature. The enhancement of the corrosion
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Figure 12 Corrosion current density ratio and reciprocal polarozation resistance ratio vs. iron concentratigf.offid alloy. (O) Tan = 500°C
and (X) Tan = 700°C (scale on left),§) Tan = 500°C and () Tan = 700°C (scale on right).

2977



can be interpreted by the same manner in the X-ray dataf the crystallites by the annealing and the existence of
[16] (some X-ray diffractions are presented in Fig. 11the grain boundaries at which the dissolution of alloy
justto show the change in crystallinity). It the formation starts to take place.

of crystallites in the sample due to the annealing pro-
cess create grain boundaries through which dissolution

of the material starts to take place. For better compariReferences

son between temperature of the annealing process and
the reproducibility of the results obtaining by using po-

tentiodynamic and linear polarization measurements,,
the corrosion current density ratio and the reciprocal 3
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