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bstract

olid and liquid phase sintered silicon carbide (SiC) ceramics are used in aggressive environments, e.g. as seals and linings in chemical plant
quipments. There exist data concerning corrosion of solid phase sintered SiC (SSiC), but there are only few data concerning their electrochemical
orrosion behaviour. The corrosion of liquid phase sintered SiC ceramics (LPS SiC) containing yttria aluminium oxide grain boundary phases has
een investigated by standard methods that have shown the decisive influence of the oxide grain boundary on the corrosion stability of these materials.
ut no electrochemical investigations are known. In this study therefore, potentiodynamic polarisation measurements have been used to determine

he corrosion mechanisms of SSiC and LPS SiC ceramics at room temperature in acidic and alkaline environments. The investigation has shown
pronounced electrochemical corrosion in acids and alkaline solutions for both types of materials. In HCl and HNO3 pseudo-passivity features
ue to the formation of a thin layer of SiO2 on the surface were observed, whereas in NaOH soluble silicate ions were observed resulting in more

ronounced corrosion. Microstructural observations of initial and corroded samples revealed that the residual carbon found in the microstructure
f SSiC did not dissolve preferentially. The corrosion current densities of the LPS SiC materials were caused by the dissolution of SiC and not by
he corrosion of the oxide grain boundary phase. The corrosion current densities of the LPS SiC materials investigated were lower than those of
he SSiC materials.

2006 Published by Elsevier Ltd.
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. Introduction

Ceramic materials are often used in very aggressive and cor-
osive environments, e.g. bearings, seals, valves, and linings in
hemical equipment because of their high degree of chemical
nertness and corrosion resistance. However, even though it is
low, corrosion does occur. The standard procedure for mea-
uring corrosion resistance of ceramic materials is the immer-
ion method that involves immersing samples in a corrosive
edium and measuring weight loss, corrosion layer depth, resid-

al strength and sometimes the concentration of the corroded
ons in the corrosion media.1–7 Electrochemical methods are

ften used to determine corrosion behaviour of metals and hard
etals, but are hardly ever used for the analysis of ceramic mate-

ials. However, these techniques can also be used to measure the
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orrosion behaviour of ceramics as long as the ceramics remain
lectrically conducting.2 These methods offer the possibility to
urther elucidate corrosion mechanisms and stability of conduct-
ng or partially conducting ceramic materials, thus enhancing the
nderstanding of ceramic material corrosion behaviour. Recent
nvestigations have shown that the corrosion of SiC can be
trongly influenced by electrochemical effects.7

The electrochemical corrosion behaviour of a material can be
escribed using the open circuit potential (potential formed at
he interface of a material and a solution if no external voltage is
pplied and no macroscopic current flows), the corrosion current
ensity (icorr), or the current at different applied voltages. These
alues are normally determined using polarisation scans8 during
hich the potential at the interface of a test surface is contin-
ously changed and the current passing monitored. The open

ircuit potential is a measure of the ease with which the mate-
ial dissolves in a solution in which it is immersed, i.e. the ease
ith which the surface corrodes. The potential is directly pro-
ortional to the energy changes accompanying corrosion. The

mailto:herrmann@ikts.fhg.de
dx.doi.org/10.1016/j.jeurceramsoc.2006.07.011
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orrosion current density (icorr) is directly proportional to the
orrosion rate of the material if no external voltage is applied.

Electrochemical corrosion of sintered silicon carbide ceram-
cs has been studied at room temperature in various dilute acids
HCl, HNO3, HF, H2SO4 and H3PO4).2,5 The principal corro-
ion reaction of SiC was assumed to be the dissolution of Si
toms. This is valid in the case where the SiC is infiltrated with
i, i.e. for the case of SiSiC but not for SSiC where the corro-
ion is connected with the SiC. There were no measurements in
lkaline environments in these investigations.2,5

Investigations by Cook et al.2 deduced the thermodynamic
equirements, in terms of the open circuit potentials, for SiC
orrosion based on Si reactions. From the different behaviour
n HF and HCl, they deduced that SSiC was passive, i.e. did
ot corrode in acidic environments, except in HF, because of
he formation of a surface film of silica. The surface film acted
s a barrier between the SSiC and the corrosive medium. The
eduction of O2 dissolved in water was proposed as the cathodic
eaction. A number of anodic reactions for carbon and silicon
n acidic and alkaline environments, with their corresponding
tandard potentials (E0), are available in literature.9–11 Based on
hese reactions and using the thermodynamic data12 of reaction
1) below:

i + C ↔ SiC (1)

he following corrosion reactions for SiC were proposed and
heir standard potentials (i.e. tendencies to corrosion) (versus
tandard hydrogen electrode, SHE) were calculated as shown in
qs. (2)–(9).

In acidic environments:

C(residual) + 2H2O(l)

→ CO2(g) + 4H+(aq) + 4e− E0 = +0.206 V (2)

SiC(s) + 2H2O(l)

→ SiO2(s) + C + 4H+(aq) + 4e− E0 = −1.07 V (3)

SiC(s) + 4H2O(l)

→ SiO2(s) + 8H+(aq) + CO2(g) + 8e−

E0 = −0.433 V (4)

SiC(s) + 3H2O(l)

→ SiO2(s) + 6H+(aq) + CO(g) + 6e−

E0 = −0.542 V (5)

In alkaline environments:

C(residual) + 6OH−(aq)

→ CO3
2−(aq) + 3H2O(l) + 4e− E0 = +1.72 V (6)
SiC(s) + 6OH−(aq)

→ SiO3
2−(aq) + C + 3H2O(l) + 4e−

E0 = −1.87 V (7)

1
T

b

eramic Society 27 (2007) 2127–2135

SiC(s) + 12OH−(aq)

→ SiO3
2−(aq) + 5H2O(l) + CO3

2−(aq) + 8e−

E0 = −0.076 V (8)

SiC(s) + 8OH−(aq)

→ SiO3
2−(aq) + 4H2O(l) + CO(g) + 6e−

E0 = −0.80 V (9)

The oxide additives (yttria and alumina (Y2O3/Al2O3)) in
PS SiC materials form crystalline phases at the SiC grain
oundaries. Some Al, O and Y can dissolve in the SiC grains and
an strongly influence the electrical behaviour13–15 of the result-
ng material. LPS SiC materials show in comparison to SSiC

aterials, increased fracture toughness and flexural strength,
ut also different corrosion resistance and high temperature
roperties.1,3,4,15,16 It is therefore essential to know the effect
f the oxide grain boundary phases which result from the oxide
dditives on the corrosion resistance of these materials. The pro-
osed electrochemical reactions ((2)–(9)) of the SiC grains in
SiC are similar to those which could be expected in LPS SiC
ut the presence of an oxide grain boundary phase and the dis-
olved Al, O and Y ions in the SiC grains in the LPS SiC material
ould influence the mechanism of corrosion. The oxide grain
oundary phases in the LPS SiC materials are mostly differ-
nt yttria aluminates (Y3Al5O12, YAlO3, Y4Al2O9). They could
ndergo severe dissolution in acidic environments. For example
ttria aluminium garnet (Y3Al5O12) can dissolve according to
he following reaction:

Y3Al5O12 + 24H+(aq)

↔ 3Y3+(aq) + 5Al3+(aq) + 12H2O(l) (10)

Reaction (10) above is a simple hydrolysis reaction without
n exchange of electrons and therefore cannot result in an elec-
rical current. In strong alkaline environments, aluminium and
ttrium react to form soluble [Al(OH)6]3− or AlO2

− ions and
nsoluble yttrium hydroxide, respectively.

In this paper, the corrosion mechanisms of SSiC and LPS
iC in acidic and alkaline environments are investigated by elec-

rochemical methods. Microstructural observations before and
fter corrosion as well as the concentration of corroded ions in
olution were analysed and correlated with the corrosion mech-
nism.

. Experimental procedure

.1. Materials

Two liquid phase sintered SiC ceramics (LPS SiC) with dif-
erent additive ratios of Y2O3/Al2O3 (1:1 and 1:4, respectively)
nd a solid state sintered silicon carbide (SSiC) material were
sed. The LPS SiC materials were sintered at a temperature of

950 ◦C for 60 min. The materials’ characteristics are shown in
able 1. Details of the preparation are given in Ref.15.

The SSiC ceramic materials were sintered with carbon and
oron as sintering additives. The weight percent of the resid-
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Table 1
Material compositions of LPSSiC- and SSiC-materials

Material SSiC LPSSiC-1 LPSSiC-2

Additives B/C Y2O3/Al2O3 (10 wt%) Y2O3/Al2O3 (10 wt%)
Mol ratio additives Y2O3/Al2O3 1:1 1:4
Measured density (g/cm3) 3.11 3.32 3.26
Theoretical density (g/cm3) 3.36 3.34
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ried out with a scan rate of 1 mV/s. The width of the scan
was from −200 mV to about +1000 mV relative to Ecorr. At
least three full scans were conducted per electrolyte. Samples
were re-polished and used in subsequent scans. The electrolytes
rain boundary phase 2% carbon
esistivity (k� cm) 39.5

al carbon, determined using an X-ray diffraction technique
Rietveld analysis) was 2 ± 0.4%. The measured density was
.11 g/cm3. The specific resistivity of the LPS SiC materials
as in the range of 40–60 k� cm, the resistivity of the SSiC
aterial was 39 k� cm (Table 1).
Samples were prepared for image analysis and corrosion

xperiments by grinding on Struers MD-Piano 1200 to achieve
flat surface and polishing on a Pan cloth to 1 �m finish using
iamond spray and diamond extender (lubricant). The samples
ere cleaned afterwards with ethanol and dried. The microstruc-

ures and compositions of the material before and after corrosion
ere analysed using a LEO1525 scanning electron microscope.
-ray diffraction (PW 1710 Phillips; XRD7, GE) was used to
etermine the composition of the materials and it was found
hat the major oxide phase was Y3Al5O12, i.e. yttria aluminium
arnet, YAG (Table 1).

.2. Corrosion measurements

Potentiodynamic polarisation measurements were performed
ccording to ASTM G 5-9417 and ASTM G 3-8918 to investi-
ate the corrosion behaviour of the test samples. Samples were
repared by attaching an insulated copper wire using a conduct-
ng paste to one face of the sample and cold mounting in resin.
amples were then polished on a Pan cloth to 1 �m surface finish
nd coated at the sample-resin interface with Bostik quickset to
revent the possibility of crevice corrosion. The area of the sur-
ace exposed to the corrosive media was 0.1 cm2 for SSiC and
cm2 for LPS SiC materials. This was followed by cleaning

n an ultrasonic bath with ethanol before immersion in the cor-
osive medium (electrolyte). All tests were conducted at room
emperature (25 ◦C). A schematic diagram of the experimental
etup is shown in Fig. 1a. The potentiostat automatically varies
he potential at the exposed surfaces at a constant rate, which
otential generates current through the cell (Fig. 1a). The cur-
ent goes through the working electrode (sample) and the counter
lectrode (CE). The counter electrode used was platinum. The
otential of the working electrode was measured with respect to
he reference electrode (REF) connected via a salt bridge and the
uggin capillary. The reference electrode used was a saturated
alomel electrode (SCE) (potential of the standard hydrogen
lectrode SHE = SCE + 241 mV). The capillary was suspended

pproximately 1 cm above the sample surface. A typical polar-
sation measurement curve obtained from such experiment is
hown in Fig. 1b. Information that could be obtained from such
raphs include open circuit potential (Ecorr), corrosion current

F
i
G

Y3Al5O12, Y4Al2O9 Y3Al5O12, Al2O3

61 39

ensity (icorr) and Tafel slopes. icorr, which is directly propor-
ional to the corrosion rate, is determined by Tafel extrapolation

ethod in which the linear regions of the potential versus current
urve are extended until they meet as indicated in Fig. 1b.18

The open-circuit potential (Ecorr) was taken 5 min after
mmersion of samples. A potentiodynamic scan was then car-
ig. 1. (a) Schematic diagram of the setup used for the potentiodynamic polar-
sation tests and (b) typical Tafel plot from polarisation experiment (ASTM
3-89).
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sed in this investigation included 1 M solutions of HCl, HNO3
nd NaOH. The electrolytes were replaced after each polari-
ation scan. Before immersion of the samples, the electrolytes
ere purged with ultra-high purity (99.999%) nitrogen gas for

pproximately 45 min to reduce the dissolved-oxygen content.
urging was continued throughout the tests. In experiments
imed at determining corrosion mechanisms, the SSiC material
as tested in HCl purged with CO2 gas while the LPS SiC was

ested in an electrolyte made from 50 g/l yttrium chloride (YCl3)
n 1 l of 1 M HCl. Also, the electrolyte was analysed after polar-
sation scans using inductively coupled plasma optical emission
pectrometry (SPECTRO CIRUS CCD). The following analyti-
al wavelengths were chosen (nm): 396.156 Al, 251.611 Si, and
71.030 Y. These wavelengths showed a good linear response
etween concentration and intensity and were free from inter-
erences in the range of concentrations used in the present study.

. Results

.1. Corrosion behaviour of SSiC ceramic

Table 2 shows a summary of the corrosion current densi-
ies and corrosion potentials measured for all materials in the
ifferent corrosive environments. Fig. 2 shows typical polarisa-
ion scans of SSiC in HCl (Fig. 2a and c), NaOH (Fig. 2b) and
n HNO3 (Fig. 2d). The reproducibility of the potentiodynamic
ehaviour was good (Fig. 2a and b). In both acids (HCl, HNO3)
ifferent open circuit potentials were observed indicating the
nfluence of the acidic anion on the corrosion (Table 1, Fig. 2).
he corrosion potential and the corrosion current in HCl did not
hange with the gas used to purge the electrolyte, i.e. (CO2 or

2; Fig. 2c).
To evaluate the possible formation of passivating layers dur-

ng the potentiodynamic polarization of SSiC, a test specimen,
.e. the working electrode was held at a potential more positive

3
w
u
a

able 2
ummary of corrosion current densities and corrosion potentials at different conditio

aterials Condition (s) Corrosion potential (mV vs. SCE)

SiCa 1 M HCl ?

SiC 1 M HCl −124 (−124; −119; −130)b

1 M HNO3 +78 (+76; +81; +79)b

1 M HNO3 (60 min hold) +147
1 M HNO3 + 1 M HF +78
1 M NaOH +53
1 M NaOH (30 min hold) +73
1 M NaOH +50.81 (41.48; 54.48; 56.47)b

i 1 M HCl −380
1 M NaOH −846

PSSiC-1 1 M HCl −215 (−216; 215; −215)b

1 M HNO3 −87 (−145; −95; −21)b

1 M NaOH −260 (−292; −253; −236)b

PSSiC-2 1 M HCl −304 (−377; −312; −222)b

1 M HNO3 −32 (−185; −38; +128)b

1 M NaOH −421 (−544; −408; −310)b

a Data from Cook et al.2
b In parenthesis are the different measured values.
eramic Society 27 (2007) 2127–2135

alue than the corrosion potential (+500 mV versus SCE) in 1 M
NO3 for 30 min. This resulted in the shift of the open circuit
otential to positive potentials (Fig. 2d). This sample was then
mmersed in 1 M HF for 10 min (without applying potential)
ollowed immediately by potentiodynamic polarization in 1 M
NO3. The polarisation scan of this sample after immersion was
early identical with the one observed for the as-prepared sam-
les (Fig. 2d). This indicated that the oxide layer formed was
issolved by the HF, indicating the layer formed was SiO2·H2O
ecause HF dissolves SiO2.

The open circuit potential in 1 M NaOH was much more
ositive than that in HCl (Fig. 2b) and was similar to that in
NO3. The SEM image of the SSiC material before and after

orrosion is shown in Fig. 3. The images show that carbon (black
nclusions in the image) was not attacked, but that there was a
light increase in the porosity. The corrosion of the SSiC in the
ifferent media is described in detail in Ref.19

.2. Corrosion behaviour of LPS SiC ceramics

Typical polarisation scans of LPS SiC-1 and LPS SiC-2 mate-
ials in 1 M HNO3 and in 1 M NaOH are shown in Fig. 4. Similar
ehaviour was obtained in 1 M HCl (Table 2). The reproducibil-
ty of the open circuit potential, Ecorr, was not good. However,
he corrosion current densities, icorr, were reproducible. Sam-
les were re-polished between the different scans, so that for
very scan a fresh surface was used. The corresponding SEM
icrographs before and after corrosion are shown in Fig. 5.
Additional corrosion tests of LPS SiC-1 were performed by

mmersing a sample in 1 M HCl and holding at a potential more
ositive than the corrosion potential (+300 mV versus SCE) for

0 min. Another sample was immersed in 1 M HCl for 30 min
ithout applying a potential and the SEM micrographs were
sed to determine the effect of these treatments (Fig. 5). It
ppears that there were no significant differences after 30 min of

ns

Corrosion potential (mV vs. SHE) Current density, icorr (�A/cm2)

? 7

+115 46 (55; 50; 35)b

+319 58 (55; 55; 65)b

+38 0.04
+319 40
+294 33
+314 35
+291.81 33 (30; 30; 40)b

−139 1
−605 0.9

+26 2 (1.8; 1.8; 2)b

+154 6 (4; 4; 10)b

−19 1.8 (2; 1.5; 2)b

−63 0.07 (0.07; 0.08; 0.05)b

+206 0.09 (0.08; 0.075; 0.1)b

−180 0.06 (0.09; 0.045; 0.04)b
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densities in both cases were similar Table 2).

A comparison of the microstructures of the SSiC mate-
rials before and after corrosion revealed that the corrosion
attack was not homogeneous but mostly took place at the inter-

Table 3
Concentration of dissolved silicon after holding at +500 mV prior to polarisation
scan
ig. 2. Polarisation scans of SSiC in different solutions. (a) 1 M HCl, (b) 1 M N

corr and Ecorr) and (d) sample was held at +500 mV for 0, 30 min in 1 M HNO3

mmersion and immersion plus holding at +300 mV in 1 M HCl.
n both cases, the dissolution of the grain boundary regions was
uch more pronounced than the dissolution of the SiC grains.
his is in agreement with the observed concentration of Al, Y
nd Si in the solution after the polarisation scan (Fig. 6).

The polarisation scans of LPS SiC-1 in NaOH are shown in
ig. 4c. The reproducibility of the Ecorr of both the LPS SiC
aterials in NaOH was not good. The average corrosion current

ensities and average corrosion potentials are shown in Table 2.
he surfaces were not as severely damaged as in the acidic envi-

onments (Fig. 5).

. Discussion

The polarisation plots of the investigated SSiC- and LPS SiC-
aterials are similar, but there is a systematic shift of the open

ircuit potential to more negative values for the LPS SiC mate-
ials in comparison to the SSiC material (Table 2). This implies
hat the tendency to corrode was higher for the LPS SiC than
he SSiC materials because the lower the Ecorr, the earlier the
aterial will start corroding in a particular environment and vice

ersa. However, the rate of corrosion is determined by the cor-
osion current density.8 The corrosion current densities of the

SiC materials were more than 10 times higher than the values
bserved for the LPS SSiC materials. This implies that the SSiC
aterials corroded faster than the LPS SiC materials. Material
PS SiC 2 had a corrosion current density that was an order of

S

3
3

, (c) 1 M HCl when de-aerated with N2 and CO2 gas (approximately the same
wed by 10 min immersion in 1 M HF before performing a full scan.

agnitude lower than for the LPS-SiC 1 material under the same
onditions. These conclusions are valid despite the large scatter
n the Ecorr values of the LPS SiC materials. With these differ-
nces in mind, we will discuss first the electrochemical reactions
f the SiC grains. The corrosion current density of SSiC in HNO3
trongly reduced with time and the open circuit potential shifted
o values that are more positive. By adding HF to the HNO3
cid or by treatment of the samples with HF after a polarisation
can, this drop of the corrosion current could be avoided. Also
n NaOH such drop of corrosion has not been observed.19 These
esults confirm the proposal by Cook et al. about the formation
f a passivating SiO2 surface layer. The formation of a protect-
ng SiO2 layer on the surface is also proved by the much lower
i-concentration in the solution observed after corrosion in HCl

n comparison to the corrosion in NaOH (Table 3) (the current
ample Si concentration (ppm)

0 min hold prior scanning in 1 M HNO3 0.37
0 min hold prior scanning in 1 M NaOH 20.9
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ig. 3. SEM (secondary) micrograph of SSiC. (a) Before corrosion and (b) after
ull polarisation scan in 1 M HNO3. Sample was held at +500 mV for 60 min.

aces. The micrographs as well as the XRD results and Raman
easurements6 indicated that carbon inclusions in the sample
ere not attacked. Furthermore, the standard potentials indi-

ated that the oxidation of carbon could take place only at much
igher applied voltage in comparison to the SiC corrosion (Eqs.
2)–(9)). These observations indicate that the dissolution of the
iC can be described by Eqs. (3) and (7), reproduced here

SiC(s) + 2H2O(l) → SiO2(s) + C + 4H+(aq) + 4e−

E0 = −1.07 V

nd

SiC(s) + 6OH−(aq) → SiO3
2−(aq) + C + 3H2O(l) + 4e−

E0 = −1.87 V

This is in agreement with the very low influence of CO2
Fig. 2d) or CO3

2−6,19 in the solution on the current density and
pen circuit potential.

The corrosion current densities of the SSiC materials
bserved here in acids are higher than those observed by Cook
t al. In 1 M HCl in our experiments, values of 46 �A/cm2 were
bserved, whereas Cook et al. observed values of 7 �A/cm2.
ur experiments with different holding times indicated that the

urrent density could slow down by several orders of magnitude

see Fig. 2a), so the differences are probably connected with
ifferences in the oxide layer thickness due to different holding
imes (preparation methods). Despite the lower stability of SiC
n NaOH in comparison to acids, the initial corrosion current

c
m
r
O

ig. 4. Polarisation scans of the LPSSiC materials in different environments.
a) LPSSiC-1 in 1 M HNO3, (b) LPSSiC-2 in 1 M HNO3 and (c) LPSSiC-1 in
M NaOH.

ensities measured for both conditions were similar. The differ-
nt long term stabilities arise from the fast formation of SiO2
ayers in HCl and HNO3 resulting in a strong reduction of the
orrosion current density in acids.

As mentioned before, the corrosion current density of the LPS
iC materials was much lower than for the SSiC materials and
as also different for the two LPS SiC materials investigated.
he dissolution of the grain boundary regions in the LPS SiC
aterials could not contribute directly to the corrosion current

ince the said dissolution did not involve an exchange of elec-
rons having been a simple hydrolysis reaction. The reduced
orrosion current correlated neither with the resistivities of the

aterials nor with the volume content of the SiC in the mate-

ial. It is possible that the doping of the SiC grains by Al and
changed the electrochemical reactions by which the grains
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c LPSS
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ig. 5. SEM (secondary) micrographs of LPSSiC-1(a, c, e, f and g) and LPSSi
orrosion, (c and d) LPSSiC-1 and LPSSiC-2 after full scan in 1 M HNO3, (e)
mmersion (without applying potential) for 30 min and (g) LPSSiC-1 after full p
issolve. Or that the presence of Y3+ and Al3+ ions changed the
ormation characteristics of any passivating surface layer.

The non-reproducibility of the Ecorr of the LPS SiC materials
bserved here could have been caused by the chemical com-

p
a
o
i

b and d) before and after corrosion. (a and b) LPSSiC-1 and LPSSiC-2 before
iC-1 after immersion in 1 M HCl. at +300 mV for 30 min, (f) LPSSiC-1 after

sation scan in 1 M NaOH.
osition not being homogeneous throughout the test specimens
s has been observed for stainless steels.8 It has already been
bserved that Al, O and Y can dissolve in SiC grains influenc-
ng strongly the electrical behaviour of LPS SiC materials.13–15
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6. Andrews, A., Electrochemical corrosion measurement of sintered silicon
ig. 6. Comparison of dissolved ion concentration of Si, Al and Y after full
olarisation scans in (a) 1 M HCl and (b) 1 M NaOH.

he oxide additives seemed to affect also the current densities
t higher applied potentials. For example comparing the current
ensity at high potentials, for instance at +200 mV in 1 M HCl,
he current density decreased by an order of magnitude (from
00 �A/cm2 for SSiC to about 10 �A/cm2 for LPS SiC materi-
ls) (Table 2).

The grain boundary regions of the LPS SiC materials were
ttacked in acids and bases much faster than the SiC-grains
ndependent of the application of a potential (Fig. 5). The SEM
gures (Fig. 5) showed that the dissolution of the grain bound-
ry phase was not homogenous. This was caused by the different
rystalline grain boundary phases (Table 1). Fig. 5 also showed
hat the dissolution in acidic and basic environment was slightly
ifferent. This observation was confirmed by ICP-OES analysis
f the solutions after the corrosion tests (Fig. 6) which analysis
ndicated that compared to Si and Al, the yttrium concentration
or both the LPS SiC materials were much lower in NaOH than
n HCl. The much lower concentration of Y than Si and Al in
aOH could be associated with the formation of Y(OH)3 which
recipitates on the surface, inhibiting further dissolution of the

rain boundary regions. Hence the less intense attack of the grain
oundary phase observed in NaOH than in the acidic environ-
ents. The Al concentration was high in both NaOH and HCl
eramic Society 27 (2007) 2127–2135

ecause aluminium dissolves in strong alkaline environments
orming [Al(OH6)]3− or AlO2

− ions. The silicon ion concen-
ration in NaOH was higher than in HCl (Fig. 6), confirming
he overall assumption1–3,6 that in HCl a protective SiO2 layer
s formed on the SiC surface. Both LPS SiC materials showed
imilar amounts of dissolved Al ions in each of the electrolytes
ven though they had different amounts of alumina.

. Conclusion

The corrosion of SSiC and LPS SiC ceramics has been inves-
igated using electrochemical techniques in conjunction with

icrostructural examinations.
The corrosion of SSiC investigated here could be described by

lectrochemical methods. The electrochemical corrosion reac-
ion of SiC was established to be the formation of C and SiO2
rotective layers in HCl and HNO3 and carbon and soluble sili-
ate ions in NaOH environment. The SiO2 layer formed in HCl
nd HNO3 caused a strong reduction of the corrosion current
ensities and a shift of the open circuit potential to more pos-
tive values. The carbon inclusions in SSiC did not dissolve in
oth acidic and alkaline environments under the test conditions
sed in this study.

The investigation of the LPS SiC materials, which contain
ttria aluminium oxide grain boundary phase, indicates that the
orrosion of these materials cannot be described fully by elec-
rochemical methods because of the preferential dissolution of
he grain boundary, which is a simple hydrolysis reaction that
oes not cause a corrosion current. The electrochemical corro-
ion in the LPS SiC materials was due to the dissolution of SiC.
he corrosion current densities of the LPS SiC materials were
ore than an order of magnitude lower than those observed for
SiC. The reason for this behaviour is not completely clear and
eeds further investigation.
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