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ABSTRACT

In the present article, in order to investigate
corrosion resistance tendency on both sides o
columnar to equiaxed transition (CET), some sarnr
of Al-Cu alloys (5 and 8 w&Cu) wereprepared on
the columnar and on the equiaxed sides of thencg
and subjected to corrosion tests. The corro
resistance has been analysed by both
electrochemical impedance spectroscopy techr
and Tafel extrapolation method conducted ir
3%NaCl solution at room temperature. It was fot
that both columnar and equiaxed morphologies a
CET region, for each alloy examined, have atta
similar experimental electrochemical impedance
polarisation results. The secondary dendrite
spacingsl2 on both columnar and equiaxed side
the CET region are very similar in any ci
experimentally examined and the resemblance ol
corrosion resistance of columnar and equic
structures has been attributed to the similaritguth
micro structural parameter.

Keyword: Columnar to equiaxed transition, Dendrite
arm spacing, Corrosion resistance

l. INTRODUCTION

It is well known that the mechanical properties
metallic alloys depend on the as cast structuretiaam
the structural morphology depends on melt prope
and on cooling conditions during solidificatic
Various studies are reported in the litera relating
materials yield strength and grain sizel,2 or dte
tensile strength and primary or secondary den
arm spacings.3,4 On the other hand, the as
structural  morphologies  (macrostructure .
microstructure) may also play an important tin the
corrosion behavior of metallic materials. A numbé
experimental studies have pointed up effects of

structure upon the corrosion resistance by anai)
various structural forms in a number of proce:

Recently, it was reported that p metals castings
have the tendency of corrosion resistance conni
only with the macro structural form and grain ¢
owing to the absence of representative m
structural dendrite branches formation.8 The a$
macrostructure can be mainly repreed by chill,
columnar and equiaxed regions and can occur in
pure metals and alloys. Equiaxed grains can nue
and grow ahead of the columnar front provoking
abrupt columnar to equiaxed transition (CET) alar
plane parallel to the chill wall. However, for alloy
castings, micro structural features such as thdriter
arm spacing can be even more important in tern
corrosion resistance than the macro struci
morphology. It was found that there are tr
important factors affecting the cosion resistance
tendency: the cooling rate, the solute redistrdm
phenomenon and the anodic or cathc
electrochemical behaviour.10 The aim of this stis
to investigate the corrosion resistance tendenc
both sides of the CET in some importandustrial
alloys in order to correlate the corrosion behawih
as cast structural features— Cu alloys samples have
been prepared on the columnar and on the equ
sides of the casting and were subjected to comc
tests such as the electrochcal impedance
spectroscopy (EIS) technique and Tafel extrapaie
method conducted in a 3%NaCl solution at rc
temperature.

Il. EXPERIMENTAL

Experiments were performed with two differe
binary hypoeutectic Alcu alloys (5 and 8 \-%Cu).
A water cooled vertical upward unidirection:
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solidification system was used to obtain the sag
of Al-Cu alloys. The water cooled system v
designed in such a way that the heat was extr:
only through the water cooled bottom, promol
upward vertical directical solidification. The use
experimental set is schematically shown in Fig.
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Fig 1 Water cooled vertical upward unidirectio
solidification apparatu:-

Cylindrical as cast specimens were longitudin
sectioned from the centre in order to revboth the
macrostructure and microstructure. An im;
processing system Neophot 32 and Cambridge -
500 was used to measure the average dendrite
spacing at the CET region. Figure 2 show:
schematic representation of the CET region (Fig.
and a thle with mean values of secondary denc
arm spacing 12 measured in both sides of the

region for each alloy experimentally examined (I
2b).

In order to estimate the tendency of corros
resistance for the different alloys at the CET oag
EIS tests were conducted in a 500 mL 3%N
solution at room temperature. A potentiostat codi
to a frequency analyser system, a glass corrosbt
kit with a platinum counter electrode and a satd
calomel reference electrode (SCE) were usec
prescibed by the ASTM standard G3/89. T
working electrodes consisted of as cast al
samples. The as cast samples were further groui
to a 600 grit SiC paper, followed by distilled wa
washing and air drying before each sequence o
EIS and polarisation tests.
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Fig 2 a macrostructure representation at CET &
average values of secondary dendrite arm spaci
for Al-5 wt-%Cu and A-8 wt-%Cu alloys

The samples were positioned at the glass corrc
cell kit, leaving a circular 1 cm2 metal sace in
contact with the electrolyte. The potential amulé
was set to 10 mV in open circuit potential and
frequency range was set from 100 mHz to 100 |
EIS measurements began after an initial delay c
min for the sample to reach a steady scondition.
Polarisation tests were also conducted in a 500
3%NacCl solution at room temperature using an E
G Princeton Applied Research, model 273
potentiostat. The polarisation tests were condulbte
stepping the potential at a scan rate of 0.V s21
from 2250 (SCE) to z250 mV (SCE) related to o
circuit potential. The polarisation curves werettad,
and both corrosion rate and potential were estid
by the Tafel extrapolation method after obtair
triplicate experimental results. All thpolarisation
tests were performed after each correspondent
test.

columnar

+  equiaxed

CET
Fig 3 Columnar to equiaxed transition o5 wit-
%Cu directionally solidified samg
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. RESULTS AND DISCUSSION

Figure 3 shows a typical example of the directityn
solidified macrostructure of an AA-wt-%Cu alloy.
The CET is observed to occur essentially on a
vertical plane and far from the metal/chill intera
The secondary dendrite arm spacing's were mea
in both sides of the CET. Figure 4 shows
comparison of gxerimental results for these two—
Cu alloys concerning EIS diagrams and pote
dynamic polarization curves in both morphologie:
the CET vicinity. The EIS experimental results
presented in both Bode and Bode pf
representations, as shown in Hg and c. In the El
diagrams shown in Figs. 4a and c, the high frequ
limit (f.1 kHz) corresponds to the electrol
resistance Rel.
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Fig 4 Comparison between experimental EIS
potentio dynamic polarization curves of a and -5
wt-%Cu alloy and ¢ and d A8 wt-%Cu alloy on both
sides of columnar to equiaxed transi

The low frequency limit (f,1 Hz) indicates the swifn
Rel. and the resistance R1, which is, in a

approximation, the polarization resistance of

material surfacd1l The Bode phase or phase ang
against log f plot shows h dropping towards zer
high and low frequencies, corresponding to

resistive behavior of Rel. and the sum of Rel. [ptds
Figure 5 shows the resulting corrosion rate va
ICorr as a funtion of secondary dendrite arm spac
12 for Al-5 wt-%Cu and Al8 wit-%Cu alloys. It can
be observed that both columnar and equic
morphologies at the CET region for the-8 wt-%Cu
alloy castings exhibit lower corrosion rates thiaose
morphologies of the AB wi-%Cu alloy. Such
behavior seems to be associated with difference
micro structural features, which are known to play
important role in the corrosion resistan
Hypoeutectic AK€u as cast alloys are constituted

@ IJTSRD | Available Online @ww.ijtsrd.con | Volume — 2 | Issue — 6 | S@pt 201¢

Page: 758



International Journal of Trend in Scientific Res#aand Development (IJTSRD) ISSN: 2-6470

an Al rich dendritic matrix a involved by a lamelle
eutectic mixture formed by a and AlI2Cu lamell
The amount of Al2Cu inside the interdendritic reg
is quite close for both alloys experimentally exaedl
(Al-5Cu and AI-8Cu), but the secondary dendri
arm spacing is ,50%igher for the former alloy as ci
be seen in Fig. 5. As a general trend, the secgr
arm spacing decreases with increasing solute cb
of hypoeutectic alloys.

1] Caumnar morphology
g - I Equised morphology

A-Swt%Cu
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Secondary dendrite arm spadings (&, ) [ um ]
Fig 5 Corrosion rate ICorr as function of seconc
dendrite arm spacing 12 for Al-5 wbCu and A-8
wt-%Cu alloys and typical microstructu

The literature reports that inter metallic partsckucl
as Al2Cu dissolves faster than the dendritic ms
when immersed in some aggressive environmel
In the lamellar eutectic morphology, ta phase is so
close to the inter metallic that it acts as a learto
corrosion of such particles. This seems to be r
effective for smaller dendritic spacing's becaus
more extensive distribution of the ‘protective lbarr
will be provided. This resoning could explain th
experimental evidence shown in Fig. 4. The freque
range (1 Hz,f,1 kHz) is determined by the capack:
C. In the mathematical analysis of impeda
diagrams, a constant phase element (CPE) was
instead of an ‘ideal’ capaoit to account for th
deviations observed as capacities slopes and |
angle reach valueslower than 21 and 9C
respectively. The parameter n, which is showr
Table 1, defines values that when approachingd
constant ZCPE is identical to an ideiapacitor, as
reported in literature.11 The equivalent circuiédigo

fit experimental data for the different analyselbysd
is shown in Fig. 6. The impedance parameters
R1, ZCPE and n were evaluated using an approf
model (ZView version 2.1b)nd are presented in
Table 1. It can be observed in Figs. 4 and 5 ariadel
1 that both columnar and equiaxed morphologie
the CET region for the two examined—Cu alloys
have attained similar experimental EIS and pote
dynamic polarization resultor the Al-5 wt-%Cu
alloy, it can be seen that the current density
corrosion potential for both columnar and equia
morphologies around the CET region are about £
and 4. 82 mA cm22 and 2584 and 2620
respectively. Average secondary dendrite
spacing's 12 in both columnar and equiaxed side
the CET region are similar, as shown in Fig. 4be
polarisation resistance R1, capacitances values:
and phase angle n values are also similar for
columnar and equiaxed morphologies arouncCET
region. For the AI-8 w%Cu alloy, the currer
density and corrosion potential for both columnad
equiaxed morphologies around the CET region
about 3. 89 and 3. 69 mA cm22 and 2581 and :
mV respectively. The mean 12 values are also °
similar, as shown in Fig. 4d. In Table 1, the ZCPI
and R1 values indicate similarity on the corros
resistance tendency at both sides of the
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Fig 6 Equivalent circuit for modeling impedancea
of examined alloy

Table 1 Impedance parameters for samples of Al-5 wi-%Cu and Al-8 wit-%Cu alloys in 3%NaCl solution

Al-5 wt-%Cu alloy Al-8 wt-%Cu alloy

Parameters Cm* EM* CM* EM*

Re @ om™2 20 20 20 20
Zope, 10907 8" em™? 130-150 148-172 156-176 170-194
n 079 081 085 084

Ry Qem™? 3735 4879 3438 3149

*CM=coiumnar morphology; EM=equiaxed morphology.

Analysing Table 1, although a variation can
observed among the impedance parameters ZCP
R1 of both alloys, it can be seen that a same @fl
magnitude is attained because the observed var
can be considered irrelevant. For instance, a tder
of magnitude is kept for all polarisation resis&@
values: 3. 7, 4. 8, 3. 4 and 3. 2 kV cm22 . Thhs,
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sole remaining factor of influence seems to b
which indicates the phase angle. Further,

experimental fits simulated using the ZView von 2.

2.1b show that a minimum variation of n can pro\
a considerable modification on corrosion resiste
tendency, with higher values indicating be
corrosion behaviour, as observed for the-8 wit-
%Cu alloy. The equivalent circuit results are
agrement with the current density values obtai
from the potentio dynamic curves. It is importaor
point out that the present experimental results
limited to general corrosion. The adopted proceduo
determine corrosion rates takes into accounter
active or noractive (nobler) surface areas. As
result, corrosion rates were determined conside
the whole area.

IV.  CONCLUSION

The following conclusions can be drawn from

present experimental investigation:

1. The experimental EIS results in both Bode
Bode phase representations and Tafel polaris
results for both columnar and equiaxed side
the CET regions have indicated a great simile
in terms of corrosion resistance for any al
experimentally examined, despite the mc

3. The corrosion

extensive grain boundaries distribution typica
equiaxed structures.

The dendrite arm spacing seems to be the
significant structural parameter in terms
corrosion resistance because they are simile
both sides of th CET for each alloy examine
despite the dissimilarity of macrostructt
resistance has decreased
increasing alloy Cu content. The experime
evidence has indicated that this can be assoc
with smaller dendritic arm spacin
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