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SiC is a candidate for nuclear applications at elevated temperatures but has not been fully studied under
typical light-water reactor operating conditions, such as moderate temperatures and high pressures. Cou-
pons of high-purity chemical vapor deposited SiC were exposed to deoxygenated, pressurized water at
573 K and 10 MPa for up to 5400 h. Ceramographic examination of the exposed SiC surfaces revealed both
embryonic and large, d > 300 lm, pits on the surface after initial exposure for 4000 h. The pits were char-
acterized using scanning electron microscopy for structure and chemistry analysis. Pit densities were also
determined by standard counting methods. The chemical analysis revealed that the pits are associated
with the formation of silica and subsequent loss of Si, which is expected due to several suggested reac-
tions between SiC and water. Subsequent exposure under nominally identical water chemistry conditions
for an additional 1400 h removed the pits and the samples exhibited general corrosion with measurable
loss of Si from the surface.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

Beta-silicon carbide, b-SiC, is a material of great interest for
many nuclear applications because it is strong, temperature resis-
tant, corrosion resistant, low-activation, and radiation damage
resistant relative to metals and other ceramics [1–5]. Its properties
suggest an optimal use temperature of about 1373 K in a high-pur-
ity helium or dry gas environment, such as for high-temperature
gas-cooled reactor concepts. The 1373 K-use temperature is sug-
gested by the minimum in the swelling curve for b-SiC [6,7]. The
need for dry inert environment is suggested by the sensitivity of
silicon-containing ceramics to oxygen and water vapor corrosion
[8–13]. b-SiC, which is cubic, compares favorably to graphite for
these applications due to its much-improved radiation damage
resistance, greater oxidation resistance, and much higher mechan-
ical strength. Ceramic composites can be engineered for increased
fracture toughness to overcome the brittle fracture behavior of
monolithic SiC [14,15].

Although the interest in b-SiC is not restricted to high-temper-
ature, gas-cooled reactors operating at elevated temperatures, the
limitations of SiC need to be understood in the context of other nu-
clear applications so that new and innovative concepts can be
safely and thoughtfully brought to the design stage [1,2]. In this
context, b-SiC has two shortcomings that require greater attention
so that proper use of this important material can be realized. One
ll rights reserved.
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of the main shortcomings of b-SiC for uses other than as stated
above are the temperature-dependent swelling that increases as
the use temperature decreases below the temperature where point
defect recombination occurs [7]. The other shortcoming is the
rather unfortunate lack of corrosion resistance of SiC in water
and water vapor due to the formation of stable silicon hydroxides,
even at low temperatures [8–13]. The swelling data is rather com-
plete for b-SiC in the temperature range of 300–1730 K [6,7]. But,
corrosion data of high-purity b-SiC in water is somewhat lacking
for temperatures in the vicinity of 573 K, the operating tempera-
tures of many water-cooled reactors [16–19].

Corrosion of SiC hinges on the corrosion resistance and environ-
mental stability of the main condensed corrosion product, SiO2.
The degradation of silicon-containing ceramics in water vapor,
both static and flowing, has been extensively studied and appears
to be well understood, and unfortunate [8–13]. The formation of
volatile silicon hydroxides that are non-protective is at the root
of this corrosion. Similarly, the degradation of SiO2, usually in the
form of silica glass, has been well studied for the cases of stress-
corrosion of glasses and optical fibers [20–25]. Again, silicon
hydroxides are involved but also the interdiffusion of water into
silica and the enhanced reaction rates due to strain are major is-
sues in the stress corrosion and degradation of silica glass. The cor-
rosion resistance of SiC in water, since silica films are involved, is
expected to be reliant on similar chemistry issues. This research
fills in a bit of a gap in the available data for b-SiC corrosion in
water at 573 K by exposure of high-purity materials in water con-
ditions suitable for a pressurized water reactor.
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Table 1
Chemistry of the deoxygenated water used in these tests

Chemistry data Value

pH 4.6
O2 <10 appb
F� <0.08 appm
Cl� <0.1 appm
NO2

� <0.1 appm
NO3

� <0.2 appm
PO4

�3 <0.3 appm
SO4

�2 <0.4 appm
CrO4

�2 <0.4 appm
Si <0.004 appm

Fig. 1. Optical micrographs taken in diffuse light showing (a) as-polished surface,
(b) SiC#5 2200 h exposure, (c) SiC#5 with additional 1400 h re-exposure for total of
3600 h exposure, (d) SiC#3 4000 h exposure, and (e) SiC#3 additional 1400 h
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2. Experimental

Coupons of ultra high-purity chemical vapor deposited (CVD) b-
SiC,1 >99.9995% SiC, were prepared from plate stock by machining
and polishing to better than 1 lm diamond finish (one surface).
Samples were thoroughly cleaned in ethanol, dried, and weighed
to the nearest 0.0001 g. High-pressure autoclaves were prepared
with water chemistries according to Table 1 so that the SiC samples
could be immersed in the water at 573 K and 10 MPa pressure. In
particular, purging with high-purity argon, deoxygenated high-pur-
ity water having oxygen levels less than 10 ppb O2, nominally
18 megohm cm, and a hydrogen overpressure of 140 kPa was ap-
plied to match current trends in dissolved oxygen control in nuclear
power plants [26]. The deoxygenated water was pumped through
the autoclave at a low flow rate in a once-through mode. Typical
composition of the water is given in Table 1. Water chemistry was
determined using an ion chromatograph and an inductively coupled
argon plasma-optical emission spectrometer. Samples were exposed
for 2000 and 4000 h, examined using optical and electron microcopy,
exposed for an additional 1400 h each and examined a second time
in the same manner. After exposures the coupons were weighed and
examined in an optical microscope and in a scanning electron micro-
scope (SEM) equipped with energy dispersive spectroscopy (EDS)
and operated at 25 kV in secondary and backscatter imaging modes.
Surface roughness of the exposed and control samples was measured
using a Dektak stylus profilometer with a 12.5 lm radius stylus and
using a 2000 lm scan length to find average arithmetic average sur-
face roughness, but only after the final exposure.

3. Results

Measured weight changes for the b-SiC coupons were zero
within uncertainty after 5400 h of exposure. Longer exposure
times or smaller samples would be required to obtain any kinetic
information using weight change data, but other techniques, such
as IR spectroscopy, which were not used in this study, may be able
to provide information related to reaction kinetics for future stud-
ies. However, surface microstructural changes were observed after
2200 and 4000 h using optical microscopy and surface pitting and
inhomogeneous chemical changes were observed in the SEM that
provide information that suggests the form of chemical attack that
is occurring. The additional 1400 h exposure removed the pits but
overall surface degradation and roughening was noted with loss of
Si relative to the control sample measured using semi-quantitative
EDS techniques.

3.1. Optical microscopy

Reflected light microscopy with diffuse lighting was used to im-
age the surfaces of the highly polished coupons. Fig. 1 shows low
re-exposure for total of 5400 h exposure. The pits are observed as bright circular
regions in these photos.

1 Rohm & Haas Company Advanced Materials, Woburn, MA 01801.
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magnification (�10�) optical photographs of the b-SiC coupon sur-
faces as polished, SiC#5 with 2200 h and 3600 h exposure times,
and SiC#3 with 4000 h and 5400 h exposure times, respectively.
No pits are observed on the as-polished surface while several pits
are seen in both of the exposed coupons after their initial expo-
sures of 2200 h and 4000 h, with the 4000 h coupon, SiC#3, show-
ing the largest pits. A pit density was estimated from these photos
by direct counting on the polished surfaces to be 1.5 � 106 m�2 for
both samples exposed to the 573 K pressurized water for 2200 h
and 4000 h, respectively. Several of the larger pits and some other
surface features from SiC#5 2200 h exposure specimen are shown
in optical micrographs in Fig. 2. After an additional 1400 h expo-
sure the pits were no longer visible on the surface of either
SiC#5 3600 h or SiC#3 5400 h exposed sample as shown in
Fig. 1(c) and 1(e). The surface appears dull as compared to the
as-polished control sample but the pits that were easily observed
in the early exposures are absent.

3.2. Scanning electron microscopy of pits

Imaging and chemical analysis of the pits, exposed but un-
pitted surfaces, and control surfaces were performed to determine
pit structure and composition, general surface compositional
effects, and overall morphological changes. The EDS X-ray data
clearly indicate a general loss of Si from the surface after exposure
Fig. 2. Optical micrographs of SiC#5 2200 h exposure using reflected light showing
(a) four larger pits near the sample edge together with an undulating corrosion
front and (b) the middle of the three pits shown in (a). The higher magnification
photo shows that the large pits involve hundreds of smaller corrosion pits.
and after the initial exposure this data indicates a high degree of
inhomogeneity in the surface composition that gives way at longer
times to a more uniform surface corrosion and loss of Si.

The large pits observed in the 2200 h and 4000 h exposure
times are apparently a region of active corrosion comprised of
thousands of smaller corrosion pits, which are not resolved in opti-
cal microscopy. The structure of the pits can be characterized as a
fractal-like arrangement many of active corrosion centers with
composition variations showing typically lower Si:C ratios com-
pared with the as-polished material. Fig. 3 shows the fractal-like
structure of a large pit on the SiC#3 4000 h exposed sample with
the image taken using secondary electron mode. The darker
regions correspond to C-rich regions or regions where Si was dis-
solved (see below). Although the pit itself is about 400 lm in diam-
eter, the smallest features surrounding the pit are nearly circular
submicron regions. The underlying grain structure of the b-SiC is
visible and it is apparent that the smallest features are associated
with grain boundaries or are aligned with the underlying texture
of the grains as shown in Fig. 3(e) and (f).

Energy dispersive spectroscopy (EDS) was used to perform com-
positional profiles of several smaller pits via direct X-ray mapping.
In addition, several point spectra were obtained in various regions
associated with the pits. In all cases, the pit is a region of reduced
Si:C ratio suggesting either C deposition or, more likely, Si dissolu-
tion. The average Si:C atomic ratio determined from the as-pol-
ished control sample using EDS was 49.4:50.3 with a small
amount of oxygen in some locations. The average ratio on the ex-
posed surface of the 2200 h and 4000 h samples was 48.5:51.4
and 39.3:57.8, respectively. The point spectra taken for several
pits and the average surface data are shown in Table 2 for the ex-
posed and control samples. Fig. 4 shows a typical X-ray map of one
of the smaller pits that correlates the pit morphology and contrast
in the SEM with compositional information. The dark contrast re-
gion is associated with Si depletion, C enrichment, and presence
of O. Fig. 5 is a plot of the average Si content as a function of loca-
tion on the surface and as a function of exposure time showing the
dramatic loss of Si on the surface and in the pit interiors due to dis-
solution for the 2200 h and 4000 h exposure samples with the pits.
The carbon data is not shown from Table 2 in this plot but it essen-
tially mirrors the Si loss with C increases relative to stoichiometric
SiC.

3.3. Scanning electron microscopy of un-pitted surfaces

Although samples exposed an additional 1400 h did not have
pits the surfaces were examined using some of the same tools in
order to observe critical differences due to the water exposure.
Fig. 6 shows typical surfaces of the control, 3600 h, and 5400 h ex-
posed samples, respectively. The surface of the specimen exposed
for 5400 h appears rough in comparison to the unexposed sample
and the visible grain structure in Fig. 6(a) and (b) appears distorted
in (c). Surface compositional information was obtained using EDS
as before and this is shown in Fig. 7, including that average surface
data obtained from all the samples. The data clearly indicate a loss
of Si from the surface with increasing exposure time. Sample #3
shows a reversal in the trend after 5400 h compared to 4000 h
due to the second exposure during which time the pits vanished
from the surface.

3.4. Surface roughness

Following the final exposure testing and after examination of
the SEM surface micrographs of SiC Sample #3 surface roughness
measurements were performed using a stylus profilometer
equipped with a 12.5 lm radius stylus and automated software
for computing average arithmetic roughness, Ra. These data are



Fig. 3. SEM images of large pit on SiC#3 4000 h exposure showing complex fractal-like pit morphology in (a)–(d). The smallest features surrounding the large pit are
submicron and appear to be associated with the underlying microstructural features (d)–(f). The small pits are aligned within individual grains in (f).

Table 2
Si, C, O compositions of pits, pit edges, and exposed surfaces from EDS data

Specimen Pit or surface description Location Si (at.%) C (at.%) O (at.%)

As Polished Polished surface Surface without pit 49.2 ± 0.4 50.6 ± 0.5 0.0
SiC-2200 h exposure Oxidized surface Surface without pit 48.5 ± 1.0 51.4 ± 1.2 0.0
SiC-4000 h exposure Oxidized surface Surface without pit 39.3 ± 6.0 57.8 ± 1.5 2.8 ± 2.5
SiC-2200 h exposure Pit interior, black region Interiors of several pits 43.6 ± 9.1 53.6 ± 3.9 2.8 ± 2.5
SiC-4000 h exposure Pit interior, black region Interiors of several pits 33.1 ± 3.7 65.8 ± 3.5 1.2 ± 1.0
SiC-2200 h exposure Pit transition region Edges of several pits 46.9 ± 2.4 52.4 ± 1.9 0.7 ± 0.5
SiC-4000 h exposure Pit transition region Edges of several pits 44.0 ± 3.2 55.6 ± 3.5 0.4 ± 0.2
SiC-3600 h exposure Oxidized surface Surface in typical region 48.8 ± 1.6 51.0 ± 1.6 0.2 ± 0.2
SiC-5400 h exposure Oxidized surface Surface in typical region 45.9 ± 3.9 53.7 ± 3.8 0.4 ± 0.2
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Fig. 4. SEM image and X-ray map images of a pit on the 2000 h exposed sample. The image in (a) can be directly correlated with the associated element maps shown in
(b)–(d). The carbon map is shown in (b), the oxygen map in (c) and the silicon map in (d). The pit is enriched in C and O relative to the matrix and depleted in Si.
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shown in Fig. 8 for the as-polished and exposed samples using six
runs per sample and a scan length of 2000 lm. The scans were per-
formed in both the longitudinal and transverse orientations rela-
tive to the specimen axes to minimize systematic errors. The
results for the average of the six roughness scans for each sample
is shown in Fig. 8 and the data indicate a gradual roughening of
the surface with increase exposure.
4. Discussion

Hirayama et al. exposed a-SiC to oxygenated and de-oxygen-
ated water at 563 K and documented mass loss and surface corro-
sion after 3–200 h exposures in static conditions [17]. Surface
etching of grain boundaries and pores was observed along with
either linear mass loss under slightly acidic pH or parabolic mass
loss under slightly basic pH conditions. Mass loss was greatest
for oxygenated water compared to de-oxygenated water condi-
tions and the inability of a-SiC to form SiO2 under these conditions
was discussed and rationalized by the formation of soluble silicon
hydroxides. The research of Tomozawa and Doremus on the chem-
istry of silica in water is relevant here in identifying water–silica
reactions [20–25].

Kim et al. exposed CVD b-SiC to static distilled water at 633 K
for up to 240 h and observed parabolic mass loss and preferential
surface corrosion along CVD columnar grain boundaries [16,19].
Mass loss was higher for SiC containing free Si compared to higher
purity CVD SiC and it was hypothesized that similar surface disso-
lution of silicon via soluble hydroxides was occurring as for Hiray-
ama et al. [17]. A similar study using reaction-bonded SiC (RBSC)
found much higher corrosion rates for RBSC compared to CVD
SiC at 633 K [19].

Barringer et al. [18] exposed high-purity CVD b-SiC, from the
same source as for this work, to de-oxygenated flowing water at



Fig. 5. Plot of average Si composition in at.% as a function of time and location on
the surface of the CVD SiC after 2200 h and 4000 h exposures. The average Si co-
ntent on the surface decreases relative to C but for the pit interiors the Si decrease is
greater. The data points have been shifted slightly along the x-axis (time) for clarity.

Fig. 6. SEM micrographs of typical surface regions for (a) as-polished, (b) 3600 h
exposure and (c) 5400 h exposure specimens. The grain structure that is visible in
(a) and (b) is distorted in (c) and the surface appears more distorted in (c).
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773 K and observed approximately linear mass loss that was
slower than that reported by Kim et al. under static conditions at
633 K. They attributed this reduced corrosion rate compared to
Kim et al. to the careful control of oxygen to the part per billion le-
vel, which was hypothesized to reduce corrosion rates. They also
observed preferential grain boundary attack of the SiC surface
and an overall loss of Si at the surface as measured using Auger
electron spectroscopy (AES). Again, loss of Si was attributed to for-
mation of soluble silicon hydroxides. SEM of the surface revealed
clear grain boundary attack in the 773 K flowing water.

In contrast to the foregoing, the formation of pits on b-SiC is a
new observation during corrosion in deoxygenated water at
573 K keeping in mind that the current study considered exposure
times about a factor of 10 longer than any of the previous studies.
As discussed below, there are several explanations that can ac-
count for their formation on the surface but the majority of the
theory and knowledge of corrosion of SiC in water supports a more
general and uniform dissolution of SiC by removal of Si in the form
of water-soluble hydroxides. The appearance of the pits in this
study, while quite interesting, would seem to be a transient phe-
nomenon and the SiC–water system moves toward a more uniform
equilibrium state as shown by the data following the re-exposure
of the pitted samples, which shows the pits disappearing with
increasing corrosion.

The observation of pitting corrosion in SiC materials for high-
temperature corrosion processes, T > 1273 K, has been documented
for molten salts [27,28] but no literature exists, to the best of our
knowledge, for pit formation in pure water at 573 K [16–19]. How-
ever, there are reaction mechanisms that could account for the for-
mation of pits in b-SiC at any temperature [17,29]. Pits are formed
due to inhomogeneous corrosion processes either associated with
impurities or inclusions, grain boundaries with chemical segrega-
tions, or specific electrochemical conditions where a localized cor-
rosion cell is formed. Although the purity of the b-SiC used in this
study is quite high, impurities cannot be ruled out as the source of
the observed pitting except that no specific impurity is associated
with the observations made here. Rather, the explanation of the pit
formation is better described by local galvanic cell formation due
to hydrolysis reactions involving dissolution of silica and formation
of carbon. However, the observations in Fig. 3 demonstrate the
importance of grain boundaries or crystallography on the initial
corrosion events.
Several groups have studied hydrothermal corrosion of carbide
and nitride ceramics [8,17,29] and the following reactions between
SiC and water have been shown to be thermodynamically possible

SiCþ 2H2O! SiO2 þ CH4; ð1aÞ

SiCþ 4H2O! SiO2 þ CO2 þ 4H2; ð1bÞ

SiCþ 3H2O! SiO2 þ COþ 3H2; ð1cÞ

SiCþ 4H2O! SiðOHÞ4 þ CH4: ð1dÞ

These reactions all act to form silica on the surface of the SiC except
for 1(d) that forms silicon hydroxide. Although these are important



Fig. 7. Total surface concentration of Si in at.% measured using quantitative EDS
methods in the SEM for all samples. Open circles indicate first exposure testing
results and closed circles are second exposure testing. The arrows indicate how
each sample shifted in surface composition after repeated exposures.

Fig. 8. Average arithmetic surface roughness (Ra) data obtained on exposed sam-
ples using a stylus profilometer and an average of six scans per sample.
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reactions for protection of SiC in aggressive environments, the fur-
ther corrosion of SiC depends sensitively on the protectiveness of
the outer silica layer. In water, unfortunately, this layer is not pro-
tective even at 573 K and 10 MPa. Tomozawa and co-workers have
shown in detail how silica reacts with and intermixes with water
under these conditions [20–24], building on the work of Doremus
[25]. Water readily bonds with silica, diffuses into silica, and causes
structural changes that act to reduce its protectiveness. Far worse
than this, however, is the dissolution of silica into water, or at high-
er temperatures into water vapor, via the formation of soluble or
volatile silicon hydroxides.

The dissolution of the surface silica allows further reactions be-
tween water and SiC to occur without the limiting steps of diffu-
sion. The following dissolution reactions can occur depending on
the oxygen activity and pH in the water

SiO2 þH2O! H2SiO�3 þHþ ! SiO2�
3 þ 2Hþ ð2Þ
If SiC reacts with water to form Si(OH)4 via reaction (1d), which is
an appropriate reaction for SiC in de-oxygenated water, then disso-
lution of the hydroxide can occur as

SiðOHÞ4 ! H3SiO�4 þHþ ! H2SiO2�
4 þ 2Hþ: ð3Þ

In this case, no protective silica layer forms and the rate of dissolu-
tion depends on the pH of the water. Even in neutral pH water these
reactions occur and lead to non-protective corrosion of SiC, albeit
with sluggish kinetics that are most likely linear in time.

The data obtained in this exposure did not permit highly accu-
rate weight gain measurements since large monolithic blocks of b-
SiC were exposed, which provides the least possible surface area
for exposures in contrast to those that used SiC powders. In addi-
tion, no IR or Raman data were obtained to explore surface chem-
istry changes after long-term exposures. However, the smooth
polished surfaces allowed us to image surface morphology changes
after the exposures and observe the formation of the pits. Reac-
tions (2) and (3) both suggest that localized corrosion cells are pos-
sible based on simple hydrolysis reactions and requisite charge
transfer. In this case, the pits result from a local increase in silica
dissolution rates leading to increased loss of silicon from the SiC
and the loss of carbon either via CO, CO2, or CH4. Alternatively,
the deposition of carbon as has been observed in the hydrothermal
corrosion of Tyranno SiC fibers [29] via

CO2 þ CH4 ! 2Cþ 2H2O: ð4Þ

This reaction, if it occurred, would deposit a thin film of carbon on
the SiC surface. Although this experiment did not include any de-
tailed surface analysis, the data obtained here are consistent with
either a loss of silica and/or deposition of carbon.

The EDS data obtained in Fig. 4 are typical of all the large pits
that were imaged in this study. This data, which shows enhanced
carbon and oxygen with decreased silicon, is more consistent with
the formation of silica on the surface plus a gradual loss of silica
through hydrolysis. Otherwise, the enhanced oxygen signal cannot
be accounted for and the enhanced carbon only makes sense in this
case due to a local loss of silicon. This suggests that the operative
reactions are Eqs. (1a), (1b), (1c) and not Eq. (1d) so that SiO2 is
produced but is then lost due to hydrolysis reaction such as Eq. (2).

The complex structure of the pits is quite remarkable and de-
serves some comment. Jacobsen and Smialek observed pit or cavity
formation at elevated temperatures on the surface of SiC that was
accounted for by the formation of gas bubbles [27]. The formation
of the small pits on the surface in this study, such as those shown
in Fig. 3(d) and that are submicron in size, could be due to the for-
mation of volatile carbon species, such as CO, CO2, or CH4 that act
to disrupt the surface silica layer. In the high-pressure water of this
study, this silica layer is saturated with water and would be easily
disrupted by gaseous reaction products. Locally, the CO and CO2

would increase the acidity and accelerate the corrosion process,
perhaps resulting in the formation of the local pits due to the
agglomeration of the small pits into larger electrochemical cells
on the surface. The preferential formation of bubbles or localized
corrosion along grain boundaries or aligned within grains as shown
in Fig. 3(f) is due to higher dissolution rates at boundaries or along
certain preferred crystallographic orientations.

The use of fractals and the mathematics of fractals in analysis of
pit growth is widely used and accepted [30–33]. In general, pitting
can be treated as a stochastic process in terms of initial formation
of localized areas of defected protective films; that is that pits form
randomly on the surface. However, once a pit nucleates then local
changes due to the corrosion process dictate the resulting pit
growth rate and growth process. The pits observed here certainly
have the visual appearance of self-similarity that has been ob-
served in other materials [31]. A Monte Carlo model of pitting in
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aluminum alloys suggests that the pit growth observed here can be
characterized as stable pit growth or smooth radial pit growth out-
ward from an initial pit embryo [32]. The pits observed here appear
to have grown from the cooperative agglomeration of many thou-
sands of smaller radial pits such that a general smooth radial pit re-
sults. The fractal nature of the pit is then related to the cooperative
growth of the smaller pits and their eventual merger into larger
and larger corroded regions.

It is then hypothesized to be the case that the pits are a tran-
sient phenomenon and give way to a more uniform surface corro-
sion as evidenced by their disappearance following the additional
1400 h re-exposure to identical deoxygenated water at 573 K.
However, it may be that some slight chemistry change occurred
in the water chemistry so that the absolute stability of the pits can-
not be completely ruled out. The end result of the water exposure
is perhaps best understood in the data shown in Fig. 7 showing the
gradual loss of Si due to hydrolysis reactions such as those dis-
cussed in Eqs. (1) and (2) above. More study would be needed to
determine the absolute rate kinetics of this loss and the exact
determination of the mass loss was not made here, although it is
small. The results observed here are consistent with reduced corro-
sion rates in water with low oxygen concentrations compared with
studies in water without oxygen control as also observed by others
[16–19].

However, the use of SiC-based materials in water-cooled reac-
tors appears to have some concerns associated with the corrosion
mechanisms discussed here. The swelling at 573 K is significant
and the localized corrosion problem is more than worrisome.
SiC-based nuclear fuel pellets as suggested by Ref. [2] do not ap-
pear to be sound and technically feasible based on these results.
This is especially significant since the small fuel pellets have only
a thin SiC coating that acts as a primary fuel-cladding layer. That
layer cannot be compromised by pitting or grain boundary corro-
sion and remain a successful cladding layer, nor can it be compro-
mised by Si dissolution in water. SiC fuel rods based on SiC tubes
with thicker walls likely would have enough thickness to survive
adequate exposure lifetimes unless localized corrosion dominated
compared to uniform corrosion. Significant Si loss from the surface
in this study is documented in only hundreds or thousands of
hours compared to the several years a SiC fuel rod or pellet would
be expected to survive in a reactor.

5. Conclusions

The use of b-SiC materials in water-cooled reactors is brought
into question by the corrosion results presented here that docu-
ments for the first time pitting of SiC exposed to pure water at
573 K. Small pits form within 2000 h of exposure to 573 K deoxy-
genated water and coalesce into much larger pits by 4000 h. The
nature and structure of the pits, together with their chemistry,
demonstrates that Si dissolution in the form of water-soluble sili-
con hydroxides is occurring. The Si dissolution becomes inhomoge-
neous and sets up localized galvanic reactions that readily form
large surface pits. In the pits Si is depleted and C is enhanced rela-
tive to the average surface compositions. Gradually the pits give
way to a more uniform surface corrosion of the SiC with depletion
of Si on the order of a few atomic percent measured in slightly over
5000 h exposure times. This is in qualitative agreement with the
findings of others studying the exposure of b-SiC to high-tempera-
ture, high-pressure water, even with oxygen concentrations in the
parts per billion levels.
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