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ABSTRACT

The corrosion behaviour of Al 6063 alloy- TiO, particul ate composites have
been studied in the present investigation, in acidic and akaline media. The
unreinforced matrix, as well as the composites containing 2, 4 and 6% by
weight of TiO, particulates were prepared by liquid metallurgy route using
vortex technique and their corrrosion behaviour was evaluated by weight
loss method and galvanostatic polarisation methods. The corrodents used
were IN HCI, 1N NaCl, 1IN NaOH. and equimolar mixture of 1IN NaOH and 1N
NaCl. The highest corrosion rate was observed in the case of corrodent 1N
NaOH. The rate of corrosion of both the matrix alloy and the composites
decreased with increaseintime of exposurein variousmedia. WhenTiO, is
added to matrix, it exhibitsinsulator action towards corrosion medium and
thereby reduces the percentage of pits and cracks formation. The Icorr val-
ues of AI6063 Matrix alloy and AI6063/TiO, composites were found to de-
crease asthe TiO, content increased from 0% to 6% in all media, which could
be attributed to particulates acting as physical barrier to the initiation and
growth of pitsduring corrosion.  © 2008 Trade SciencelInc. - INDIA
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1.INTRODUCTION

Aluminium compositeswiththeir uniquetherma
propertiessuchasmetdlic conductivity with co-efficients
of expansion that can betailored downto zero, have
enormous prospectsin space and avionics sectors. Al-
matrix compositeshavethepotentia of achievingsig-
nificant weight and cost savingson aircraft structures.

Because of their low density and good mechanical
properties, al uminium matrix composite materidshave
recently been proposed as alternative structura mate-

rialsto conventiona duminium aloys. However, the
presenceof reinforcing particlesinthemeta matrix, such
asAlO,, SIC, and graphite, can increasetheinhomo-
geneity of thealloy microstructure and subsequently
affect the susceptibility of the meta matrix composite
(MMC) tolocalised corrosion.

The corrosion behaviour of theMMCisaffected
by severd factors. composition of themeta matrix, its
porosity, nature of thereinforcing materiad and thepre-
cipitation of intermetalic phaseswithinthematrix, such
as Cu-Al intermetallic compoundswhich act as cath-
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odewith respect to the matrix resultingin promotion of
localised corrosion. Trzaskoma¥, reported that the pit-
ting potential, E, valueswerematrix alloy dependent,
rather than reinforcement dependent. . It wasalso un-
derstood that the rate of corrosioninfibrereinforced
MM Csisfaster than the particulate MM Cs. Exposure
of SICfibresinAl 6061- SiC resulted in the enhance-
ment of corrosionratein compositereativetothema
trix.

Ramanathant®, reported the effect of SiC particle
characteristicssuch asitscomposition, volumefraction
and pre-treatment on the aqueous corrosion behaviour
of Al - MMCs. Sharma investigated the stress corro-
sonbehaviour of Al6061/d bitecompositeinhigher tem-
perature acidic medium using autoclave. Thecorroson
rate decreaseswith increasing percentage of albitere-
inforcement. Thematerid lossfrom corrosonwassig-
nificantly higher inthe caseof pureAl thanintherein-
forced alloys. Similar decreasein corrosion rate has
been reported for for both theunreinforced matrix LM 13
alloy and the composites reinforced with garnet and
abiteby Seah et d®9. Studies” on ZA-27/ glass- fi-
bre composites also show decrease in the corrosion
ratewithincreasein glass- fibre content.

The corrosion behaviour of A16061 and Al7005
reinforced with Al O, particlesin aerated 3.5% chlo-
ride solution was studied by De Salazar'®. The pitting
corrosion mechanismsfor AI6061 MM Csreinforced
with aluminaparticles are affected by the heat treat-
ments given. Zaki Ahmed®, reported the corrosion
behaviour of Scandium alloyed AI15052 in neutra so-
dium chloride solution. Thecorrosion studiesweredi-
vided into two parts; weight | oss studies and el ectro-
chemicad studies. Theweight lossstudiesconductedin
3.5wt% NaCl showed that thecorrosion rate decreased
with increased exposure period. Pardo™ investigated
the effect of reinforcement coating on corrosion
behaviour of AA6061/SiC/20 compositein highrela-
tive humidity environments. SiC particlereinforced
Al6061composites™ werefound to corrodefaster than
the base all oy even though the attack wasmainly con-
fined totheinterface, resultingin crevicesor pits.

For Al6061 composites with particulate TiO, a
decreasein corrosion resi stance as compared with the
matrix alloy, hasbeen reported by Ramesh et al .12

The present investigation involvesthe study of the
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effect of addition of TiO, particulatereinforcement on
corrosion behaviour of Al-6063 based composites.

In the present paper, Al-6063 aloy and its com-
positescontai ning different weight percentagesof rein-
forcement, TiO, arefabricated by liquid metallurgy tech-
niqueand their e ectrochemicd corros on behaviour was
studied by immersion testsin chloride and hydroxide
media

Thedudiesindudegd vanodtatic anodic and cathodic
polarization characteristicsof Al-6063/ TIO,MMCs.

EXPERIMENTAL

M aterials selection
Aluminium alloy 6063 -M atrix

Aluminiumaloy 6063 had thecomposition: S -0.2
t0 0.6%, Fe-0.35%, Cu- 0.1%, Mn- 0.1%, Mg- 0.45
t00.9%, Zn, Cr, Ti- 0.1% each and remainingAl. The
alloy wasof ASTM standards.

Reinfor cement

TiO,, A.R Gradewas obtained from E.Merck and
used asreinforcement intheform of particul ates.

Compositepreparation

Theliquid metallurgy route using vortex technique
isemployed to prepare the composites. Addition of
reinforcement materiad TiO, into themolten Al-6063
alloy melt wascarried out by creating avortex inthe
melt usngamechanica sanlesssted dirrer coated with
aumina(to prevent migration of ferrousionsfromthe
stirrer materid tothezinc aloy). Thestirrer(Figure 1)
was rotated at a speed of 450 rpm in order to create
the necessary vortex. The TiO, particles were pre-
heated to 400°C and added in to the vortex of liquid

Figurel: Electrical furnace
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Figure2: Al6063/TiO, compositesintheform of cylindri-
cal rods

melt at arateof 120 g/min. TheTiO, particulateswere
of sizevarying 50 - 80 um. Theweight percentage of
TiO, used was 2-6 in steps of 2%. The composite melt
wasthoroughly stirred and subsequently degasifiers
were added. Castings were produced in permanent
mouldsintheform of cylindrical rods(Figure2). [Di-
ameter 30 mm and length 150 mm].

Specimen preparation

Casted materia wascut into 20x20 mm piecesus-
ingan abrasivecuttingwhed . Thematrix dloy wasdso
cast under identical conditionsfor comparison. The
samplesweresuccessively ground using 240, 320, 400
and 600 SiC paper and were polished according to
standard metall ographi c techniques and degreased in
acetone and dried. The sampleswere weighed up to
fourth decimal place using e ectronic balanceand dso
the specimen dimensionswere noted down using Ver-
nier gauge.

For gal vanodtatic test, the compositesand the pure
alloy matrix were cut into rectangular shaped speci-
mensof 2 cm length, 1 cmwidth and 1 mm thickness
and made ready as described above and dimensions
werenoted down using Vernier gauge.

Corrosion test
(A) Weight lossmethod

Thecorroson behaviour of Al-6063 dloy wasstud-
ied by gtaticimmerson test to measurethemateria | oss.

Weight loss measurements were carried out by
weighing pureAl6063 aloy and the composite speci-
mens before and after immersion in 200 ml solutions
(of IN HCI, 1N NaCl, 1IN NaOH and Equinormal
mixture of NaOH and NaCl). Sampleswere suspended
inthecorrosivemediumfor different timeintervalsup
to 96 hoursin stepsof 24 hrs. After the specified time

Wotoioly Science  mm—

TOOD 4

P~ .

B am o

E - i

— [~ R rs. o] ':l [

TR —

= i, e

< oo S —— 2%
T

= 3000 - "

o - = —— 4%

] 2000 . =

=] - 5%

@ oo & 6%

w

- o

L7}

4 I 48 TZ =
. TIHE OF EXPOSURE WHOURS
Figure3: Corrosion rateof compositeswith different per-
centages TiO, (2%, 4% & 6%) in IN HCI

the sampleswere cleaned mechanicaly using abrush
to removethe heavy corrosion depositsonthe surface.
At least three sampleswere tested and averagevalue
of theweight |osswasdetermined. Corrosionrateswere
computed using the equation given bel ow.

Corrosion rate=534W / DAT mpy

Where W is the weight loss in mg, D is density of the speci-
men g/cm?®, A is the area of the specimen sg-inch and T isthe

exposuretimein hours.
(B) Galvanostatic method

Corrosion cell wasset upwith

—  Working €l ectrode (Sample)

— Referencedectrode (SCE)

— Counter electrode (Pt electrode)

Thecorrosion cell was connected tothecircuit and
the electrolytewas stirred mildly by magnetic stirrer,
therest potentia a so referred to asopen circuit poten-
tial wasnoted down after an equilibrationtime of one
hour. Theanodic and cathodi ¢ polarization val ueswere
measured under gal vanostatic conditionsusing digital
potentiostat (ELICO).The applied current wasvaried
between 1 and 100 amperes.

RESULTSAND DISCUSSIONS

(A) Weight llosstests

Corrosion rate of compositeswith different per-
centages of TiO, (2%, 4%, 6%) in IN HCl solutionis
showninfigurel. Figure 2 givesthe corrosion rate of
compositeswith different percentagesof TiO, in 1IN
NaOH. Figure 3 givesthe corrosion rate of compos-
iteswith different percentages of TiO, in equinormal
mixtureof IN NaOH and 1IN NaCl. Figure4 givesthe
corrosion rate of compositeswith adifferent percent-
agesof TiO, in 1IN NaCl.
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centages TiO, (2%, 4% and 6%) 1N NaCl

Effect of test duration

Thecorrosionrate (mpy) ismeasured asafunction
of exposuretimeinthe staticimmersiontest asshown
inthefigures 3-6*. Corrosion rate decreasesfrom0to
6% composites. It can be observed that corrosionre-
sistance of the compositesa soincreaseswith increase
inexposuretime. Thisdecreasein corrosionrateisthe

indication of possiblepassvation of matrix aloy.
*The values of corrosion rate expressed as mpy are
summarised inTABLES1, 2, 3and 4.

>yl Paper
TABLE 1: Weight losscorrosion test in IN HCI

% Exposuretimein hours
Reinfor cement 24 48 72 96
0 14766 7354 5020 3660
2 13931 6508 4263 3050
4 12530 5632 3600 2440
6 11350 4970 3140 1920
TABLE 2: Weight losscorrosion test in 1IN NaOH
% Exposuretimein hours
Reinfor cement 24 48 72 96
0 6553 3620 2500 2030
2 5760 2910 1970 1350
4 6130 3282 2255 1735
6 5400 2620 1740 1150
TABLE 3: Weight losscorrosion testin IN NaOH + 1N NaCl
% Exposuretimein hours
Reinfor cement 24 48 72 96
0 7255 3370 2380 2060
2 6668 3000 2090 1770
4 6299 2743 1830 1510
6 5901 2400 1600 1290
TABLE 4: Weight losscorrosion test in 1N NaCl
% Exposuretimein hours
Reinfor cement 24 48 72 96
0 0.072 0.0469 0.0296  0.027
2 0.047 0.033 0.026 0.0199
4 0.038 0.0259 0.0182 0.0152
6 0.023 0.0222 0.0149 0.0117

Effect of TiO, content

Corrosion rate decreases monotonically with an
increasein TiO, content. In the absence of thereinfor
ment (TiO, - 0%), the presence of visiblecracksand
pits was observed clearly on the base alloy surface.
Sincethereisno reinforcement provided in any form
thebasedlloy failsto provide any sort of resistanceto
the acidic medium. Hence weight loss in case of
unreinforced dloy ishigher than that of composites. When
TiO, isadded to matrix, it exhibitsinsulator action to-
wards corrosion medium and thereby reducesthe per-
centage of pitsand cracksformation.

Of dl thecorrosion mediainvestigated, the highest
corrosion ratewas observed in the case of corrodent
1IN NaOH. In the case of equimolar mixture of 1N
NaOH and 1N NaCl, therate of corrosonislittlelesser
incomparison with corrodent 1IN NaOH.

B. Galvanostatic tests

Fgure 7 show theAnodic and Cathodic Polarisation
curvesfor Al6063/TiO, MM C that aretypical for both
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Figure 7: Mixed polarization curves for Al 6063 (0%,

2%, 4% & 6% TiO,) compositesin 1IN NaOH

compositeand matrix aloyin 1IN NaOH solution. To
determinetheeffect of normality onthe corrosion cur-
rent dengity (Icorr), € ectrochemica Galvanostatic mea
surementswere carried out in 0.25 N NaOH, 0.5N
NaOH, 1IN NaOH and a mixture of 1IN NaOH and
1N NaCl solutions. It wasfound from thelcorr values
that adecreasein concentration of the solutionsresults
inmarked decreasein corrosion ratefor both compos-
iteand matrix aloy.

Effect of TiO,

Thelcorr valuesfrom the gal vanostatic polariza-
tion curveswerefound to decreasewithincreaseinthe
content of TiO, in the composites[ 2%, 4% and 6% .
Theseresultscorroborate theresultsfrom weight | oss
teststhat, the corrosion resistance of compositesin-
creaseswithincreaseinthe percentage of TiO,. This
confirmsthefact that the TiO, particul atesdo influence
the corrosion characteristics of the composites. Alu-
miniumalloy with TiO, reinforcement possesshigh hard-
ness and modulus, and is predicted to have superior
corrosion resistance!™. Our observation of increased
corrosion resistance by TiO, differsfromthat reported
for Al6061-TiO, composite where adeterioration of
corrosion resistance when compared to the matrix al-
loy hasbeen observed.

Effect of concentration of NaOH

Thelcorr valueswerefound to increase with in-
creasein concentration from 0.25N to 1N NaOH.

Anodic and Cathodic polarisation curvesfor both
matrix aloy and reinforced compositesaresimilar in
naturewith dight changesin theabsol uteva ues of cor-
rosion current dengity.

TABLE 5: Galvanogtatic anodic and cathodic polarisation of
(Al 6063 + 0% TiO,)

Current Potential E in mv E - Ecorr
| inamp Anodic Cathodic Anodic Cathodic
1 1496 1515 3053 3072
2 1505 1514 3062 3071
3 1509 1517 3066 3074
4 1510 1510 3067 3067
5 1511 1516 3068 3073
6 1512 1520 3069 3077
7 1511 1521 3068 3078
8 1511 1497 3068 3054
9 1510 1523 3067 3080
10 1510 1524 3067 3081
20 1490 1537 3047 3094
30 1493 1545 3050 3102
40 1484 1551 3041 3108
50 1473 1556 3030 3113
60 1462 1564 3019 3121
70 1450 1569 3007 3126
80 1439 1575 2996 3132
90 1425 1580 2982 3137
100 1408 1586 1965 3141
Rest Potential (E_gg) = 1557 mv

TABLE 6: Galvano gatic anodic and cathodic polarisation of
(Al 6063 + 2% TiO,)

Current Potential E in mv E - Ecorr
Iinamp Anodic Cathodic Anodic Cathodic
1 1532 1531 3034 3033
2 1527 1532 3029 3034
3 1524 1533 3026 3035
4 1523 1534 3025 3036
5 1520 1534 3022 3036
6 1517 1533 3019 3035
7 1516 1533 3018 3035
8 1515 1535 3017 3037
9 1514 1535 3016 3037
10 1513 1536 3015 3036
20 1500 1544 3002 3046
30 1486 1552 2988 3054
40 1472 1569 2974 3071
50 1456 1576 2958 3078
60 1438 1587 2940 3089
70 1419 1592 2921 3094
80 1399 1599 2901 3101
90 1380 1605 2882 3107
100 1357 1613 2859 3115
Rest Potential (E.gg) = 1557 mv

Theintensity of corrosion attack increaseswithin-
creasing concentration of NaOH. Formation of inter-
metdlic predi pitates hasbeen found to occur which pro-
videsan eas er path for the electron exchange neces-
sary for reduction™. A higher corrosion ratewasdue
totheavailability of hydroxyl ionfromakali. A higher
number of corrosion pitswere observed on the matrix
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TABLE 7: Galvanogtatic anodic and cathodic polarisation of
(A1 6063 +4%TiO,)

Current Potential E in mv E - Ecorr
| in amp Anodic  Cathodic Anodic Cathodic
1 1598 1561 3155 3118
2 1592 1565 3149 3122
3 1588 1566 3145 3123
4 1584 1568 3141 3125
5 1579 1569 3136 3126
6 1577 1569 3134 3126
7 1575 1569 3132 3126
8 1573 1570 3130 3127
9 1569 1570 3126 3127
10 1567 1571 3124 3128
20 1553 1580 3110 3137
30 1537 1588 3094 3145
40 1524 1596 3081 3153
50 1508 1603 3065 3160
60 1490 1610 3047 3167
70 1471 1618 3028 3175
80 1451 1625 3008 3182
90 1429 1631 2986 3188
100 1405 1638 2962 3195
Rest Potential (E_,.,) = 1557 mv

TABLE 8: Galvanogtatic anodic and cathodic polarisation of
(Al 6063 +6%TiO,)

Current Potential E in mv E - Ecorr
Iinamp  Anodic Cathodic Anodic Cathodic
1 1611 1559 3188 3136
2 1606 1560 3183 3137
3 1597 1561 3203 3138
4 1590 1562 3196 3139
5 1586 1563 3163 3140
6 1582 1563 3168 3140
7 1578 1564 3164 3141
8 1575 1565 3152 3142
9 1570 1566 3147 3143
10 1567 1566 3144 3143
20 1546 1575 3123 3152
30 1534 1583 3111 3160
40 1517 1590 3094 3167
50 1497 1598 3074 3175
60 1473 1605 3050 3182
70 1448 1612 3025 3189
80 1424 1619 3001 3196
90 1396 1625 2973 3202
100 1368 1632 2945 3209

Rest Potential (Ecorr) = 1557 mv

aloy than onthecomposites. It wasa so observed that
Al6061/ SIC compositessufferslocalised corros on*3
inacid medium Corrosion behaviour isclosaly associ-
ated with the presence of heterogeneitiesand MMC’s
havelarge quantities of heterogeneitiesintheform of
reinforcement, microcrevices, voids, porosity, second
phase preci pitates and interaction products. Thismay
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be dueto increased coverage of reinforcement onthe
composites. Particulatesact asinert barriersto theini-
tiation and devel opment of pitting corrosion, modifying
the micro structure and henceimproving thecorrosion
resistance.

CONCLUSIONS

Through the present investigation, it hasbeen es-
tablished thet:

1. Al6063/TiO, composites can be prepared by the
additionof TiO,

2. Paticlesinmolten Al6063 aloysby vortex method
followed by castingin suitable permanent moulds.

3. Itispossibletointroduceonly prenheated TiO, par-
ticles (temperatureof 400°C) to obtainauniformdis-
persion of TiO, particulatesonamacroscopic scae

4. Corrosion rates of Al6063/TiO, composites de-
creaseasafunction of timeof exposurein IN HCl,
NaCl, NaOH and mixtures of NaOH and NaCl
solution.

5. Of dl thecorrosion mediainvestigated, the highest
corrosion rateisobserved in the case of corrodent
1N NaOH. Icorr valuesincrease with increasein
the concentration of the corrodent, NaOH for both
matrix aloy aswell ascomposites.

6. Corrosion current dengity, Icorr valuesof pureMa
trix alloy and the compositesdecrease asthe TiO,
content increases (0 to 6%) in various concentra-
tionsof NaOH solution.

7. Thecorrosion rate of the compositeswas aways
lower thanthat of the corresponding matrix alloy.

It can be conclusively stated that TiO, in Al6063
aloysplay asignificant roleinthe corrosion resistance
of thecomposite materials. Increaseinthe percentage
of TiO, aidsinreducing thedensity and increasing the
corrosionres stancesignificantly.
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