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Abstract

The éectrochemical behavior of a new class of aluminum meta matrix composites
produced by the direct metal oxidation technique, Lanxide AS-1091 , was detailed. The composite
IS 69% (by volume) SiC reinforcement, 24% oxidized meta (primarily Al,O;), and 7% retained
auminum alloy. The corrosion behavior of the SIC/AI,O,/Al composite was found to be
dependent on NaCl concentration and pH. SIC/Al,O,/Al was susceptible to pitting of the Al alloy
phase at open circuit during exposure to aerated and deaerated 0.6, 0.06, and 0.006 M NaCl
solutions. In contrast, exposure to 6x10“* M NaCl did not result in pitting at open circuit, and
buffered borate solution (no chloride) did not yield pitting at any potential examined. The pitting
potential of SIC/Al,O,/Al was estimated to decrease 80 mV per order of magnitude increase in
NaCl concentration. Comparison of the composite to amodel composite matrix material, Al 6061,
revealed that the composite was more susceptible to localized corrosion than the matrix alloy alone
which did not pit at open circuit in deaerated 0.6 M NaCl. Polarization resistance measurementsin
pH adjusted (1 - 13) 0.6 M NaCl solutions revealed that the corrosion rate is minimized in neutral
solution. Pits were neither confined to regions adjacent to SiC nor Al,O;, suggesting little galvanic
effect of the reinforcing phases.



I ntroduction

Aluminum metal matrix composites (MMCs) are attractive for awide variety of aerospace
and defense applications because of their low density and their improved mechanical properties as
compared to monolithic alloys. The corrosion behavior of this class of materials during exposure
to chloride-containing environments has been studied by a variety of researchers*® Matrix
materials of these composites can be comprised of either commercidly pure auminum®? or
aluminum alloy**?, and the reinforcements are typicaly SiC**?, ALO,**, or graphite”’. The
aluminum MM Cs that have been subjected to electrochemical testing have been produced in awide
variety of mannersincluding hot pressing and/or extrusion*%1%112 diffusion bonding®”*3, and
casting*®. It is these variations in composition and processing which gives rise to often

contradictory conclusions between studies.

Results from electrochemical testing of aluminum MM Cs appear to be matrix alloy and
processing dependent, given the different results stated in the literature. Perhaps the most
controversial issue isthe origin of the localized attack observed following exposure of aluminum
MM Cs to chloride environments. With few exceptions®, localized attack occurs preferentially at
the reinforcement/matrix interface™*47891913 - Attack at the interface has been attributed to galvanic
corrosion between the reinforcement and matrix™>*, crevice corrosion initiated at voids at the
interface formed during processing®*®*, formation of intermetallic compounds that are more
susceptible to pitting than the bulk matrix and that can preferentially form in the vicinity of the
interface®®%*2 and a defective passive film at the interface’ which arises from differencesin the
passive films formed on the different underlying materials** . Inherent to this controversy is the
role of the reinforcement in the electrochemical behavior of aluminum MMCs. Conflicting results
indicate that SiC is electrochemically active"** (i.e., able to participate in galvanic corrosion) and
inert®”®°, This controversy may be duein part to the wide range of conductivities possible for SIC

(10° - 10" Q-cm, asreported by Hihara and Latanison?), depending on its purity. The difficulty



in discerning the electrochemical effect of SiC arises from the fact that crevicing®****, due to
defectsin processing at an inert reinforcement interface with the matrix, cannot be discerned from
gdvanic corrosion effects at an eectrochemicaly active reinforcement interface by visual

observation.

The effect of reinforcement incorporation on values for nearly every pertinent parameter is
unclear. For instance, there is controversy over whether the presence of the SiC reinforcement
increases the pitting susceptibility (i.e., decreases the pit initigtion potentia (E;,) or the
repassivation potential (E,))>'**, decreases the susceptibility*"®, or has no effect"*°. Corrosion
current density has been shown to increase™**>*3, decrease>'®, and remain unaffected" in the
presence of reinforcements. Additionally, reinforcements have been shown to increase'®,

decrease®*****, and not affect®>*°’ the open circuit potential (OCP). Other contrary results exist

2,4,6,8,13 1,4,5,7,12

over the effect of the fraction of reinforcement® and the pit size and morphology
The conflicting results are likely explained by differences in processing and composition which
yield dramatically different electrochemical behavior. This explanation is reasonable because some
of the contradictory results arise from within individual studies that incorporate different
composites. Therefore, the corrosion behavior of new auminum MM Cs cannot be inferred from

the studies of different MM Csin the literature and must be determined via laboratory testing.

Historically, electrochemica tests have incorporated auminum MMCs prepared via
conventional processing. However, a new class of composite materials is currently being
produced viathe direct metal oxidation (DIMOX) technique'®*"8, In this technique, composites
are formed viainfiltration of areinforcement preform with molten metal which is subsequently
oxidized™'’. The resulting product is a ternary composite comprised of retained metal, its
oxidation product, and the reinforcement. This technique allows tailoring of material properties
including strength, fracture toughness, density, and electrical conductivity. One particular material
of interest, DIMOX AS-10901, is primarily SiC reinforcement and contains only 5-10% retained



aluminum alloy which is well dispersed throughout the Al/Al,O, matrix. The corrosion resistance
of this new class of composite is unknown. Since the material microstructure and processing
history are remarkably different from other aluminum MM Cswhich have been studied, it is likely
that the corrosion properties are different also. For instance, "near-interface” materia has often
been observed to dissolve preferentially vs. "remotely disposed” matrix material in conventional
auminum MMCs"34 7891013 - However, the retained Al phase in this composite can be considered
entirely "near-interface” material becauseitissmall (1 - 50 um). Thus, the deleterious effects of
both the primary reinforcement (SiC) and the dual-phase matrix (comprised of retained metal and a
secondary Al,O, reinforcement) should be exacerbated. Also, because the areas of retained alloy
are small and surrounded by SIC and Al O, metal dissolution islikely to result in the formation of
a locdlized chemistry. This should aso reduce the corrosion resistance of the composite.
Therefore, the objective of this study isto detail the electrochemical behavior of a new class of
SIC/ALQO,/Al composite exposed to chloride environments in order to detail the corrosion behavior
in avariety of environments, examine the effects of pertinent environmental variables such as
chloride concentration and solution pH, understand the underlying mechanisms which yield the
observed behavior, and to discern the role of the reinforcements, if any. Electrochemical testing of
this materia is required in light of the dependence of corrosion properties on composite
composition and processing history. Additionally, thiswork seeks to examine the el ectrochemical
corrosion behavior of aternary composite as well as a composite that is almost entirely comprised

of ceramic, neither of which have been well characterized in the literature.



Experimental Procedure

Materials

The SIC/AL,O,/Al composite used for this study was Lanxide AS-10900, which is
produced by the direct metal oxidation process'®'"*8, The material microstructure is shown in
Figure 1a. The composite is considered to be an auminum alloy / Al,O, matrix composite
reinforced with SIC particles. The nomina composition of the compositeis 65% SiC (by volume),
25-30% AlLQO;, and 5-10% retained auminum aloy. Results of chemicad composition
measurements of the composite are displayed in Table 1. The estimated phase fraction of the
composite, based on the elemental composition in Table 1, isshown in Table 2. Using avariety of
techniques, the retained aluminum metal was estimated to be Al - >1 Si - 1 Fe- 0.7 Cu - 0.4 Mg
(wt%). The precise concentration of Si in the retained Al was not able to be determined due to
corruption of the analysis by adjacent SiC phases. Analysis of the oxidized metal phase suggested
that it was primarily Al,O, and depleted of alloying elements as compared to the retained metal .
Based on the compositional analysis, aluminum alloy 6061 (Al - 0.6 Si - 0.7 Fe- 0.3 Cu- 1 Mg
(wt%)) was used as amode of the retained Al aloy for this study.

1-3 cm? area samples were mounted in epoxy for electrochemical testing. Samples were
wet polished to 3 pm grit with diamond paste, followed by ultrasonic cleaning in a mixed
hydrocarbon solution (100 ethanol : 1 methanol : 1 ethyl acetate : 1 methyl isobutyl ketone).
Samples were examined following exposure to ensure that no crevicing occurred at the

sample/epoxy interface.



Environments

All solutions were prepared with distilled water and reagent grade chemicals. A pH of 6.4
was measured for aerated 0.6 M NaCl. Some 0.6 M NaCl solutions were pH adjusted to pH 1 or
pH 4 with HCI, or to pH 10 or pH 13 with NaOH. Therefore, these pH adjusted solutions are
nominally, but not exactly, 0.6 M NaCl. Buffered borate solution (pH 7.4) was comprised of 0.5
M boric acid buffered with 0.05 M sodium borate. The oxygen concentrations for actively aerated
and deaerated solutions (with ultra high purity Ar gas) were measured as 6.4 ppm and 0.06 ppm,
respectively. Gases were introduced to solution by fine porosity gas dispersion tubes with flow

rates of approximately 45 cm®/min (0.1 scfh). A solution volume of 500 ml was used for all tests.

Electrochemical Testing

Electrochemica measurements were performed with several different commercialy
available potentiostats under software control. All potentiodynamic scan rates were 0.05 mV/s.
Samples were immersed in solution for 4 hours at open circuit (OC) preceding potentiodynamic
polarization tests. OCP measurements over a one week period (aerated 0.6 M NaCl) indicated that
the OCP of the SC/Al,O,/Al composite at 4 hours was nearly identical (+/- 20 mV) to that at one
week. Thus, polarization behavior following a4 hour immersion is considered to be indicative of
that at steady state. Electrochemical cells were composed of a glass five-neck flask, a platinized
NDb counter electrode, and either a saturated calomel electrode (SCE) or aHg/HgSO, electrode as a
reference electrode. The Hg/HgSO, electrode was used with buffered borate solution to prevent
chloride contamination. All potentials are referenced to the SCE. Polarization resistance
measurements were conducted via potentiodynamic polarization and eectrochemical impedance
spectroscopy (EIS). Surface areas were not corrected for surface roughness. The entire exposed
surface area of the SIC/AI,O,/Al composite was used for current density calculations (as opposed

to the retained metal areaalone). Thus, assuming that the SIC and Al,O, phases are inert (see



Results and Discussion), the current densities for retained metal regions are approximately 14 times
larger than that of the composite as a whole because the retained metal comprises approximately
1/14 of the composite surface area. Similarly, polarization resistances of the retained metal are

actualy 14 times smaller.

Data were not corrected for the inherent sample resistance which is negligible based on
electrochemical impedance spectroscopy (EIS) measurements. EIS tests incorporated identical
areas (1.74 cnv’) of SIC/ALLO,/Al (0.5 cm thick) and 304 stainless steel (SS) individually exposed
to an identical solution (aerated 0.6 M NaCl). The measured impedance spectrum is displayed in
Figure 2. Assuming a negligible materiad resistance for the SS sample, the high frequency
impedance approach to the Z' axis (real component of the impedance) corresponds to the solution
resistance. Since the solution resistance for the SS and SiC/Al,O,/Al samples are identical for
specimens of identical geometry and fixed cell geometry, the solution resistance obtained from the
SS test may be subtracted from the high frequency impedance of the SIC/Al,O,/Al sampleto yield
an estimate of the sample resistance. Using this approach, the sample resistance was cal culated to
be2.6 Q. The material resistance is considered to be negligible for the present study. Therefore,

data were not adjusted for potentia drop within the material.

Results and Discussion

Anodic and Cathodic Reactions Determining the Open Circuit Potential in Neutral

Environments

Polarization curves for aerated 0.6 M NaCl, deaerated 0.6 M NaCl and buffered borate
solution are shown in Figure 3. The corrosion current densities of SiC/Al,O,/Al samples exposed

to the deaerated environments of Figure 3 are lower than that of the aerated solution. Thisis



explained by the cathodic polarization data. The cathodic branches of the aerated and deaerated
solution are controlled by mass transport limitation, almost certainly oxygen reduction. Thus, the
corrosion current density is determined almost entirely by the cathodic reaction rate since the
cathodic slope is nearly infinite on the E - log i plot while the anodic slope is practically zero.
Because the cathodic current density is proportional to the dissolved oxygen concentration, and
because the corrosion current density is practically equivalent to the cathodic current density, a
roughly two orders of magnitude increase in the dissolved oxygen concentration should yield atwo
orders of magnitude increase in corrosion current density. Indeed, polarization resistance
measurements indicated a 2-3 orders of magnitude increase in the corrosion rate in aerated 0.6 M
NaCl, as compared to deaerated 0.6 M NaCl, which corresponds well with the two orders of
magnitude increase in dissolved oxygen concentration. Therefore, the cathodic reaction rate is

shown to control the corrosion rate of SIC/Al,O,/Al in 0.6 M NaCl.

The anodic kinetics are more complex. In buffered borate solution, the SC/ALO./Al
sample is passive over the entire measured anodic potential range. In contrast, SIC/Al,O,/Al does
not reveal a passive region when exposed to 0.6 M NaCl. For the 0.6 M NaCl solutions, the slope
of the anodic branch is shallow (approximately 20 mV/decade), and the anodic kinetics are

independent of aeration level (i.e., the aerated and deaerated curves overlie one ancther).

Figure 4 shows anodic polarization data for SiC/Al,O,/Al exposed to deserated 0.6 M
NaCl. No trend of composite polarization resistance with chloride concentration was observed for
all of the deaerated chloride solutions (all were approximately 10° Q-cn?). This supports the prior
assertion that the corrosion current density is cathodic reaction rate controlled in these
environments, because the variations in chloride concentration alter the anodic kinetics. Therefore,
the corrosion current density can be maintained at arelatively low valuein 0.6 M NaCl if the

dissolved oxygen concentration can be kept to aminimum. Note that the corrosion current density



isan average current dengity (total current / composite surface area) and does not represent the local

anodic current densities within the pits which are actually much larger.

The anodic reaction on SIC/Al,O,/Al appears to be controlled by pitting of the aluminum
metal, as evidenced in Figure 4. The anodic behaviors during exposure to deaerated 0.006 M,
0.06 M, and 0.6 M NaCl are similar, each exhibiting pitting at OC. In contrast, SIC/Al,O,/Al is
spontaneously passive (i.e., no pitting was observed) at OC in deaerated 6x10* M NaCl. Upon
anodic polarization of a few hundred mV in deserated 6x10* M NaCl, a pitting potentia is
revealed. Since pitting is observed at 6x10* M NaCl, pitting will most certainly occur at higher
NaCl concentrations, with the pitting potential decreasing with increasing NaCl concentration™.
Thus, it islogical to assume that the pitting potential in the more concentrated solutions is below
the OCP and cannot be observed. Indeed, pitting was observed following immersion in 0.6 M
NaCl (see "Localized Corrosion” below). In summary, the mixed potentials for the 0.006, 0.06,
and 0.6 M NaCl tests appear to be comprised of anodic pitting and cathodic oxygen reduction. In
contrast, 6x10* M chloride promotes a mixed potential comprised of passive dissolution and

cathodic oxygen reduction.

Localized corrosion of SIC/Al,O,/Al composite

Post-immersion microscopy confirmed that SIC/AlL,O,/Al pitsat OC. SIC/AL,O,/Al samples
were immersed in 0.6 M NaCl for 4 hours (not shown), 26 hours (Figure 1b) and 168 hours
(Figure 1c). Optical microscopy revealed no pitting following the 4 hour immersion even though
polarization curvesinitiated following 4 hour immersion indicate that pitting occurs. The apparent
discrepancy likely arises from the insenstivity of optica microscopy as compared to
electrochemical testing. Conversely, the 26 hour test produced corrosion pits within regions of
retained Al alloy. Not all retained alloy regions were pitted. Corrosion pitswere lessthan 5 pum in

depth following the 26 h immersion in 0.6 M NaCl. The 168 hour immersion produced more
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severe damage, with entire pockets of retained aluminum alloy dissolved from within the inter-SIC
matrix. These pits correspond to areas previously comprised of Al aloy. A random sample of 50
pits indicated penetration depths ranging from 4.5 um to 69 pm following the 168 hour exposure
t0 0.6 M NaCl. The distribution of pit sizesis shown in Figure 5.

The pit nucleation potentia for aluminum can be described by the equation

E,, = A-Blog[Cl ]

pit

where B has been shown to vary between 50 and 130 mV (0.01 M < [Cl] <5 M).* B can be
estimated using E,,, the potential at which the anodic scan crosses itself on the return scan (not
shown). Over the 0.006 to 0.6 M range, B was found to be 73 mV, which isin good agreement
with the literature values.”® The value of A was -0.890 V... Moreover, assuming that the
cathodic current density (oxygen reduction rate) is independent of potential between -0.7V o and
-1V, the OCP can be used as areasonable approximation of E,. Using OCPin place of E;;, a
B of 83 mV is obtained over the 0.006 to 0.6 M range. This agreeswith the B obtained using E,
aswell asthat observed elsewhere”. The value of A was-0.938 V.

Corrosion pits appeared to be homogeneoudly distributed throughout the matrix following a
one week immersionin 0.6 M NaCl. That is, the pits were not solely confined to regions
immediately adjacent to SIC or Al O;. If there is some galvanic interaction between the retained
metal and the SIC and Al, O, phases, neither the SIC nor the Al O, appears to have a greater effect
on galvanic corrosion. However, Al O, isunlikely to interact galvanically with the retained Al
aloy because AL,O; isan insulator. Thus, it seems unlikely that galvanic effects play a significant
role in metal dissolution given that neither phase appears to preferentially promote localized

corrosion and that galvanic interaction with Al,O; islikely to beinsignificant.
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Comparison of SC/ALO,/Al Composite Behavior to that of Monoalithic Model Matrix Materid

The anodic polarization behavior of the SIC/AlL,O,/Al composite exposed to deaerated 0.6
M NaCl is compared to that of Al 6061 in Figure 6. Al 6061 is considered to roughly simulate the
composition of the retained metal in the MM C (see Experimental Procedure). Thus, a comparison
of the corrosion behavior of the two materials provides insight into the effect of the processing

history and reinforcements on the electrochemical behavior of the MMC.

The presence of the reinforcement is deleterious to the localized corrosion resistance of the
SIC/ALQO,/AlI composite. The MMC pits at its OCP in deaerated 0.6 M NaCl whereas Al 6061
doesnot. The MMC islessresistant to pitting as evidenced by the more negative pitting potential,
-0.93V . for the MMC vs. -0.74V g for Al 6061. (The pitting potential for Al 6061 agrees well
with other published results for Al 6061 exposed to deaerated 0.6 M NaCl.?®) Additionally, the
OCP of the MMC is more positive than that of Al 6061. The more positive pitting potential and
more negative OCP of the MMC resultsin areduced driving force required for pitting. That is, the
anodic overpotential required for pitting in deaerated 0.6 M NaCl is approximately 0.26V for Al
6061 as compared to OV for the MMC. The decrease in driving force required for localized
corrosion of the MMC islikely attributable to the introduction of reinforcement/matrix interfaces
which have been shown to enhance localized corrosion™**"#91%1% gnd the MM C microstructure
which contains afine distribution of retained metal that is all near-interface material. Because the
alloy regions are all near-interface material (i.e., the retained alloy regions are small), al of the
alloy material is bounded by areas which do not dissolve. Thus, alocalized solution chemistry is
more likely to develop in the MM C than the monolithic alloy because dissolution results in a

recessed alloy surface.

The polarization resistance of the retained Al aloy within the MM C can be calculated and

compared to that of Al 6061 if it isassumed that all of the anodic current results from anodic
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reactions on the retained Al aloy alone. The polarization resistance of the retained metal phase
aloneis calculated by multiplying the MMC polarization resistance (1.2x10° Q-cn¥) by the surface
areafraction of retained alloy, 0.073, assuming that the fraction is unchanged during immersion.
A polarization curve normalized for retained Al aloy areais shown in Figure 6. The polarization
resistance of the retained metal (8x10* Q-cn¥) was found to larger than that of Al 6061 (3x10*
Q-cn¥). Thus, the corrosion current density is actually smaller. Note that differences between the
corrosion current densities these values may be insignificant given the uncertainty in surface area.
Regardless, no dramatic difference (i.e., an order of magnitude or more) between the corrosion
current densities is observed. Therefore, the presence of the SIC and Al, O, reinforcementsis not
deleterious to the overall or average corrosion current density. This result is consistent with the
prior assertion that the corrosion current density is oxygen reduction rate (or oxygen concentration)
controlled. However, because the corrosion current density represents an average current density,
the MM C will exhibit alarger maximum penetration because the anodic current is localized to small
regions of intense dissolution. So the presence of the reinforcements is detrimental to the
corrosion resistance of the composite even though its average corrosion rate is similar to that of Al
6061. In summary, the combination of reinforcement inclusion and processing history increases
the susceptibility of SIC/ALL,O,/Al to pitting by reducing the driving force required for pitting (i.e.,
lowering the pitting potential and increasing the OCP). This reduction in driving force resultsin
localized corrosion of the MMC at OC, in contrast to the monolithic Al alloy material. However,
the retained aloy corrosion current density is not increased by the presence of inclusions and the

processing history of the MMC.

Effect of pH on Corrosion in 0.6 M NaCl Solutions

The effect of pH on the electrochemical behavior of SIC/AI,O,/Al exposed to chloride
solution was examined. Anodic polarization curves for pH 1, 4, 6.4 (nonadjusted), 10 and 13 are

shown in Figure 7. All solutions promoted pitting at OC. Anodic behavior in the near-neutral
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solutions (pH 4 and 10) is nearly identical to that in neutral solution, resulting in similar OCPs and
corrosion current densities. Since the OCPs roughly approximate the pitting potential here, the
results are in agreement with literature discussions which state that the pitting potentid is
independent of pH over this pH range.**** The OCPs of SiC/Al ,O,/Al exposed to both pH 1 and
pH 13 solutions are different from those in neutral and near-neutral solutions. This difference
arises from changes in both the anodic kinetics (Figure 7) and cathodic kinetics. In contrast to the
mixed potential in neutral solution, which is determined by anodic pitting and oxygen reduction,
the mixed potentials generated by pH 1 and pH 13 solutions are composed of anodic pitting and
hydrogen evolution (Figure 8). Further, the polarization resistance was found to be a maximum at
neutral pH (Figure 9). Thisis consistent with the minimum in corrosion rate of Al in neutral
solutions observed in awide variety of environments.? Therefore, the corrosion rate can be

controlled by varying the solution pH.

Although it seemed apparent from microscopy following different immersion periods that
corrosion pits resulted from Al alloy dissolution, it could be argued that the observed pits are
attributable to phase "fall-out". However, the following experimental results support the assertion
that corrosion pits originate from Al alloy dissolution. A white precipitate was noted in solution
following anodic polarization tests on SIC/Al,O,/Al in neutral and near-neutral chloride solutions.
No precipitate was observed following testing in buffered borate solution, 0.6 M NaCl adjusted to
pH 1, or 0.6 M NaCl adjusted to pH 13. Following immersion of SiC/Al,O,/Al in 0.6 M NaCl,
the precipitate was filtered from solution and allowed to dry. X-ray diffraction analysis of the
precipitate indicated that the compound was aluminum hydroxide containing a small percentage of
AlQ,. Integration of the anodic data indicated that the anodic charge passed during the borate test
(0.012 C) was much lower than that passed during any neutral chloridetest (11 C (6x10* M NaCl)
- 280 C (0.6 M NaCl)). Assuming adissolution valence of 3, the aluminum concentration in the
buffered borate was calculated to be 8 x 10° M, which is below the experimentally determined

solubility limit of approximately 10° M in near-neutral solution”®. The aluminum concentration in
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the neutral chloride solutions was between 8 x10° M and 2 x 10° M, which exceeds the solubility
limit in neutral solutions and results in precipitation. The lack of precipitationin the strongly
akaline and acidic chloride solutionsiis attributabl e to the fact that the aluminum concentrations are
similar to those in neutral solution but that the solubility limits are much larger at the pH extrema
(107 - 10" times larger than that in neutral solution)*. Thus, the observed precipitation (or lack of
precipitation) in every solution examined can be explained by comparison of solution concentration
calculated from anodic data with the corresponding auminum solubility limit. Therefore, the
presence of oxidized aluminum compounds provides independent confirmation that the Al phaseis
dissolved upon anodic polarization of the SIC/Al,O,/Al composite exposed to 0.6 M NaCl

solutions.

Conclusions

The corrosion behavior of a SIC/Al,O,/Al composite exposed to chloride solutions was
examined. The mixed potential in neutral and near-neutral chloride solutions was determined by
anodic pitting of the retained Al alloy phase and cathodic oxygen reduction. One exception to this
was 6x10* M NaCl solution which promoted passivity at OC. The pitting potentia of
SIC/ALQO,/Al decreased by 80 mV per order of magnitude increase in NaCl concentration. Both
post-immersion microscopy and solution precipitate analysis revealed that the corrosion pits
resulted from dissolution of the retained Al phase. Corrosion pits within the retained alloy phase
were observed following 26 hour immersionin 0.6 M NaCl. Pitswithin the retained aloy were
not observed following a 168 hour immersion. Rather, entire regions of the finely dispersed Al

alloy phase were dissolved.

The electrochemical behavior of the MM C was compared to that of Al 6061. Al 6061

roughly approximates the composition of the retained metal phase in the MMC. In contrast to
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SIC/ALQO,/Al composite, Al 6061 did not pit at OC in deaerated 0.6 M NaCl. The MMC had a
more positive OCP and a more negative pitting potential than Al 6061. Thus, the MMC required a
smaller driving force for pitting (OV) than the model monolithic matrix materia (0.26V).
Therefore, the presence of the reinforcements and/or the processing of the MMC is deleterious to
the localized corrosion resistance. However, the overall corrosion current density of the MMC
was not higher than that of the monolithic material asaresult of cathodic oxygen reduction control

of the corrosion rate.

The effect of solution pH (pH 1 - 13) on the corrosion of SIC/Al,O,/Al exposed to 0.6 M
NaCl was examined. Polarization resistance measurements indicated that the corrosion rate is
minimized at intermediate (neutral) pH. Pitting was observed at OC regardless of solution pH. At
pH extrema (pH 1 and 13), both the anodic and cathodic kinetics were significantly different from
those in neutral 0.6 M NaCl. The cathodic reaction is controlled by hydrogen evolution during
immersion of SIC/ALLO,/Al in pH 1 and 13 NaCl solutions, as opposed to oxygen reduction at
intermediate pH. Anodic dissolution resulted in precipitation of an aluminum hydroxide compound
in neutral and near-neutral NaCl solutions but not in pH 1 and 13 solutions due the higher

solubility of aluminum hydroxide at the pH extrema.
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S C @) Al Fe | Mg | Cu Sn Zn
atomic% 3444 | 3327 | 1658 | 1543 | 0.14 | 0.07 | 0.05 |0.01 |0.003
weight% 46.88 [ 1957 [ 1286 | 2018 [ 0.38 | 0.08 | 0.I5 |0.08 |0.01

Table 1 - Elemental composition of the SIC/Al,O,/Al composite.
SiC ALO, Retained
_ — metd
volumeYo 68.8 23.8 7.3
weight% 66.0 28.2 5.9

Table 2 - Estimated composition of the SIC/Al,O,/Al composite by phase.
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Figure 1 - Optical micrograph of SIC/Al,O,/Al microstructure. @) As polished, prior to immersion.
b) Following a26 himmersionin 0.6 M NaCl. c) Following a 168 h immersion in aerated 0.6 M
NaCl. Marked areasare SIC (A), Al,O, (B), retained aluminum aloy (C), and corrosion pits (D).
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Figure 2 - Comparison of electrochemical impedance spectra of SIC/Al,O,/Al composite and 304
SS exposed to 0.6 M NaCl. The SiIC/Al,O,/Al sample thicknesswas 0.5 cm.
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Figure 3 - Polarization curves on SIC/AlL,O,/Al composite exposed to aegrated 0.6 M NaCl,
deaerated 0.6 M NaCl, and deaerated borate buffer.
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Figure 4 - Anodic polarization data from SiC/Al,O,/Al exposed to deaerated NaCl solutions of

differing concentration.
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Figure 5 - Distribution of pits depths following one week exposure of SIC/Al,O,/Al to aerated 0.6

M NaCl.
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Figure 6 - Anodic polarization curves of SIC/Al,O,/Al, SIC/AI,O,/Al normalized for retained alloy
area, and Al 6061 exposed to deaerated 0.6 M NaCl. Al 6061 roughly approximates the
composition of the matrix material in SIC/AL,O,/Al.
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Figure 7 - Anodic polarization curves of SIC/Al,O,/Al exposed to aerated, nominally 0.6 M NaCl
solutions of varying pH.
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Figure 8 - Anodic and cathodic polarization data from SIC/Al,O,/Al exposed to aerated 0.6 M NaCl

(nominal) adjusted to pH 1 and pH 13.
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Figure 9 - Polarization resistances of SIC/Al,O,/Al exposed to aerated 0.6 M NaCl (nominal) as a
function of pH.



