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a b s t r a c t

SiC coating and SiC/glassy carbon composite coating were prepared on IG-110 nuclear graphite (Toyo
Tanso Co., Ltd., Japan) to strengthen its inertness to molten fluoride salt used in molten salt reactor
(MSR). Two kinds of modified graphite were obtained and correspondingly named as IG-110-1 and IG-
110-2, which referred to modified IG-110 with a single SiC coating and a SiC/glassy carbon composite
coating, respectively. Both structure and property of modified graphite were carefully researched and
contrasted with virgin IG-110. Results indicated that modified graphite presented better comprehensive
properties such as more compact structure and higher resistance to molten salt infiltration. With the
protection of coatings, the infiltration amounts of fluoride salt into modified graphite were much less
than that into virgin IG-110 at the same circumstance. Especially, the infiltration amount of fluoride salt
into IG-110-2 under 5 atm was merely 0.26 wt%, which was much less than that into virgin IG-110 under
1.5 atm (13.5 wt%) and the critical index proposed for nuclear graphite used in MSR (0.5 wt%). The SiC/
glassy carbon composite coating gave rise to highest resistance to molten salt infiltration into IG-110-2,
and thus demonstrated it could be a promising protective coating for nuclear graphite used in MSR.
© 2019 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

As one of the most promising candidate energy sources, nuclear
energy will be of tremendous use in economic society under the
background of gradual exhaustion of fossil fuels. Similarly, as the
only liquid fuel reactor of Generation IV nuclear reactors families
[1], molten salt reactor (MSR) will play a significant role in the
exploitation of nuclear energy. As both fuel salt and coolant, molten
fluoride salt circulates in MSR for its desirable properties [2e5]. As
both moderator and reflector materials for MSR, graphite un-
dergoes destruction from neutron irradiation plus fuel salt [6,7].
Once fuel salt infiltrating into nuclear graphite, the service life of
nuclear graphite and even the whole reactor would be drastically
reduced by local hot spots forming in the inner of nuclear graphite.
Specifically, under the effects of hot spots, the damage rate of non-

replaceable nuclear graphite components in reactor would be
increased by a factor of two over that under normal conditions [7].
And thus, it is essential to enhance resistance to molten salt infil-
tration into nuclear graphite. Numerous studies conducted by re-
searchers in Oak Ridge National Laboratory (ORNL) demonstrated
the important roles of open pore diameter and infiltrating pressure
in the infiltration process of fuel salt [7,8]. Nuclear graphite can
exclude fuel salt from its inner on the condition that its open pores
are small enough (less than 1 mm) [7,9]. As one kind of commercial
nuclear graphite produced by Toyo Tanso Co., Ltd., Japan, IG-110 is
one candidate nuclear graphite for the developing MSR in china. It
is a pity that IG-110 has no sufficient resistance to molten salt
infiltration for its big open pore diameter according to our previous
researches [10e12]. Therefore, it is essential to enhance its resis-
tance to molten salt infiltration by reducing its open pore diameter
or sealing its open pores. Several kinds of coating materials have
been applied to enhance its resistance to molten salt infiltration
[10,11,13e15]. However, most of these coating materials are ob-
tained via chemical vapor deposition method (CVD), and lots of
time and huge costs are indispensable for this preparation method.
In addition, these coating materials only seal the open pores on the
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surface without filling them. Once these coating materials cracking
and even peeling off from graphite matrix, molten salt could still
infiltrate into nuclear graphite rapidly. And thus, there is an urgent
need to develop a technology to fill the open pores of nuclear
graphite rather than merely seal them.

SiC coating is one critical protective material of carbon or
graphitic materials used in nuclear reactors for its good resistance
to corrosion, similar coefficient of thermal expansion (CTE) of car-
bon or graphitic materials and excellent nuclear related properties
[11,16e21]. Specifically, SiC coating fabricated via CVD was used as
protective material of nuclear graphite to inhibit the infiltrating of
molten salt [11]. With the protection of CVD-SiC coating, the infil-
tration amount of fluoride salt into IG-110 under 5 atm sharply
decreased from 14.8 wt% to 1.2 wt% [11]. However, 1.2 wt% was still
more than twice as much as the index proposed for MSR (0.5 wt%)
[22], which indicated that additional approaches were needed to
further enhance resistance to molten salt infiltration into IG-110.
Compared with CVD, chemical vapor reaction method (CVR) has
more advantages to prepare complete SiC coating for complex
shaped components [23,24]. And the bonding strength between
CVR-SiC coating and graphite matrix is usually much stronger than
that between CVD-SiC coating and graphite matrix [19]. Further-
more, the CVR-SiC coating has been utilized to strengthen the
oxidation resistance, surface strength and ablation property of
carbon materials such as graphite pebbles [19,25]. However, to our
knowledge, there is few researches on the effects of CVR-SiC
coating on nuclear graphite used in MSR and is thus highly
desired. In addition, the quality of CVR-SiC coating largely depends
on the original surface condition of the nuclear graphite substrate
in terms of defects [26]. Generally, there are many defects including
pinholes and even cracks in CVR-SiC coating, and these defects will
greatly shorten the protective effect of coating for molten salt can
attack and infiltrate into the graphite matrix through these defects.
Therefore, additional remedies are desired to remedy these defects.
Glassy carbon derived from phenolic resins contains many closed
pores, and these closed pores are impermeable to gas molecules
and molten fluoride salt [15,27]. Thus, densification of nuclear
graphite by impregnation and then carbonization of phenolic resin
is an important method to decrease its porosity and open pore
diameter [28]. However, once the resin infiltration is too much,
graphite matrix might distort or crack during the subsequent heat
treatment process for the huge tensile stress resulted from the
carbonization shrinkage of resin [29]. Therefore, phenolic resin
infiltration amount should be restricted to appropriate value. Based
on the discussion above, coating nuclear graphite by CVR-SiC
coating and then impregnation/carbonization of phenolic resin
might be an effective approach to protect nuclear graphite from fuel
salt.

Two kinds of coating materials, a single CVR-SiC coating and a
CVR-SiC/glassy carbon composite coating, were prepared on IG-110
to improve its inertness to fuel salt herein. Specifically, the com-
posite coating was made of CVR-SiC pre-coating and followed by a
glassy carbon deposit layer derived from phenolic resin. After-
wards, both structure and property of these two kinds of modified
graphite were carefully researched and contrasted with virgin IG-
110.

2. Experiment section

2.1. Raw materials

IG-110 graphite, manufactured from petroleum coke (average
grain size of 20 mm) and pitch by isostatic pressing method, was
used as pristine graphite herein. Silicon powder (average grain size
of 50 mm and purity of 99.9%) was used as silicon source and it was

supplied by Beijing New Material Technical Co., Ltd., China.
Phenolic resin was selected as glassy carbon precursor and it was
supplied by one domestic supplier (Tianjin resins plant). The main
properties of phenolic resin were presented in our previous work
[28]. Absolute ethanol was supplied by Tianjin Tianli Chemical
Reagent Co., Ltd., China.

2.2. Sample preparation

The modification processes were carried out on IG-110 that its
properties had been presented elsewhere [30e32]. IG-110 was
machined into specific shapes and sizes as listed in Table 1. After
being successively cleaned in absolute ethanol and dried for 24 h at
100 �C, these machined IG-110 samples were divided into three
equal parts (A, B and C). Part Awas control samples directly used in
next experiments. Part B was applied to obtain CVR-SiC coating
coated graphite, which was named as IG-110-1. Silicon powder of
high purity (~99.9%) was used as the source of silicon vapor and the
chemical vapor reaction occurred in a vacuum sintering furnace.
Putting silicon powder at the bottom of a lidded graphite crucible
and graphite samples (Part B) on a graphite stent above the silicon
powders with 5 cm height difference. After the graphite crucible
containing silicon powder and graphite samples was put in a sin-
tering furnace, evacuating the furnace to vacuum and then quickly
heating to 1800 �C to make silicon vapor react with carbon atoms
on the surface of graphite samples for 3 h. The resulting graphite
samples were of grey-green surfaces, which demonstrated CVR-SiC
coating had been formed on graphite matrix successfully. These
graphite samples were IG-110-1 to be used in subsequent experi-
ments. As to samples in part C, they were pre-coated with CVR-SiC
coating as the same processes mentioned above and then re-coated
with a glassy carbon deposit layer by impregnation/carbonization
of phenolic resin. The impregnation/carbonization processes were
performed as depicted in our previous work [28]. These carbonized
graphite samples were IG-110-2 to be used in subsequent
experiments.

2.3. Molten salt infiltration experiment

Molten salt infiltration experiment on these graphite samples
was conducted in a customized high-pressure equipment as re-
ported in our previous works to evaluate their resistance to molten
salt infiltration [31,32]. For safety reasons, we still chose a ternary
eutectic salt (46.5mol% LiF-11.5mol% NaF-42mol% KF) to instead of
fuel salt used in MSR [33]. Melting point and density of the ternary
eutectic salt were also presented in our previous works [31,32].
Before the infiltration experiment, graphite samples including vir-
gin IG-110 and modified IG-110 (IG-110-1 and IG-110-2) were
successively cleaned in absolute ethanol and dried for 24 h at
100 �C. Weighing the initial weight of each graphite samples, and
then infiltrating them with molten ternary eutectic salt under
different infiltration pressure (1,1.5, 3, 5 atm) as the same processes
depicted in our previous works [31,32]. After infiltration, weighing
each infiltrated graphite samples to get corresponding infiltration
amount of fluoride salt.

Table 1
Shapes and sizes of machined IG-110 samples.

Shapes Sizes

Bar 3 � 4 � 36 mm3

Round plate Ø10 � H2 mm
Column Ø10 � H20 mm, Ø6 � H25 mm

Note: Ø and H refer to diameter and height of sample, respectively.
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2.4. Sample characterization

The densities of graphite samples were calculated from weight
and geometry. The crystal structures of virgin IG-110, CVR-SiC
coating on IG-110-1 and SiC/glassy carbon composite coating on IG-
110-2 were characterized by X-ray diffraction (XRD, Bruker D8
Advance, l¼ 0.15406 nm) and Raman spectroscopy (HORIBA Jobin-
Yvon, LabRam HR800, l ¼ 514 nm), respectively. The microstruc-
ture images of graphite samples (including SiC coating and SiC/
glassy carbon composite coating) and fluoride salt distribution
were obtained on Scanning Electron Microscopy (SEM, JSM-7001F).
The specific heat capacity (Cp, cm2/s2$K) and thermal diffusivity (a,
cm2/s) of graphite samples with dimensions of Ø10 � H2 mmwere
measured by a laser-flash diffusivity instrument (Nano Flash
Apparatus, LFA 447/2-2, NETZSCH). Thermal conductivity (k, W/
m$K) of graphite samples was calculated referring to this equation:
k ¼ a,Cp,r ð1Þ, where r was the corresponding sample density
[34]. The CTEs of graphite samples with dimensions of Ø6 � H25
mm were characterized by a dilatometer (Netzsch DIL 402 PC,
NETZSCH). The mercury intrusion curve, open porosity and pore
diameter distribution of graphite samples were obtained by an
automatic mercury porosimeter (AutoPore IV 9500). The bending
strength of graphite samples with dimensions of 3 � 4 � 36 mm3

was evaluated by the three-point bending method referring to
ASTM C1341 [35] and the compressive strength of graphite samples
with dimensions of Ø10 � H20 mm was tested referring to ASTM
C695-91 [36].

3. Results and discussion

3.1. Structure and thermo-physical properties of IG-110, IG-110-1
and IG-110-2

The XRD spectra in Fig. 1a showed that the diffraction peaks of
IG-110, IG-110-1 and IG-110-2 surfaces were quite different. Spe-
cifically, Fig. 1a showed that surfaces of IG-110 and modified IG-110
(both IG110-1 and IG-110-2) were apparent graphite-2H and b-SiC

phase, respectively. The main diffraction peaks of these graphite
samples were narrow and strong, which indicated their crystal
structures were quite perfect. Raman spectrum is an effective
method to determine the crystal structural perfection degree for
carbon/graphitic materials [37e40]. The D peak and G peak
respectively appear at about 1350 cm�1 and 1580 cm�1, which
correspond to disordered structure and ordered structure in car-
bon/graphitic materials. The intensity ratio (ID/IG) is usually used to
depict the structural perfection degree. The Raman spectra in
Fig. 1b showed that the scattering peak of IG-110, IG-110-1 and IG-
110-2 surfaces were also quite different. The ID/IG of IG-110 was
about 0.15 (quite small), which also implied its good crystallinity
and this result was consistent with the result of XRD. Notably, no
longer similar to the result of XRD spectra, the Raman spectra of
modified IG-110 (IG-110-1 and IG-110-2) surfaces were quite
different from each other. The XRD spectra of these two kinds of
modified IG-110 surfaces were both typical diffraction pattern of b-
SiC phase, while the Raman spectra respectively corresponded to b-
SiC phase and glassy carbon phase. Specifically, there was no any
peak related to b-SiC phase in the Raman spectrum of IG-110-2
surface. There were two reasons for this difference. On the one
hand, Raman spectrum is more sensitive to glassy carbon phase
than b-SiC phase. On the other hand, glassy carbon layer was
outside SiC coating in the composite coating, and thus it was easier
to be detected than SiC coating by Raman spectrum. Above all, the
results of XRD and Raman spectra demonstrated that SiC coating
and SiC/glassy carbon composite coating were formed on IG-110.

The main properties of IG-110, IG-110-1 and IG-110-2 were lis-
ted in Table 2. Compared with virgin IG-110, the density and
compressive strength of these two kinds of modified graphite were
higher. It is well known that the mechanical properties of graphite
highly depend on its microstructure. Some big pores existed in IG-
110 and IG-110-1, however, only much smaller pores existed in IG-
110-2 (see Fig. 2). Furthermore, porosity and median pore diameter
of IG-110-2 were merely 5.85% and 120 nm, respectively, which
were much lower than 14.61% and 350 nm for IG-110-1, not to
mention 18.15% and 2.06 mm for virgin IG-110 (see Table 2). Above

Fig. 1. XRD (a) and corresponding Raman (b) spectra of IG-110, IG-110-1 and IG-110-2 surfaces.

Z. He et al. / Nuclear Engineering and Technology 51 (2019) 1390e13971392



all, IG-110-2 was of the most compact structure, which resulted
from the filling effect of phenolic resin-derived carbon. The most
compact structure of IG-110-2, as mentioned above, led to its
highest thermal conductivity and highest mechanical properties
among all graphite samples. Note that IG-110-1 was of lower
bending strength but higher compressive strength than virgin IG-
110. This interesting phenomenon might result from the effect of
SiC coating that was ceramic material with intrinsic high
compression resistance but low bending resistance.

Fracture surface images of virgin IG-110 (a), IG-110-1 (b) and IG-
110-2 (c) were shown in Fig. 2. As SiC phase commonly just for-
mation on the surface of graphite matrix rather than inner during
the CVR process, the SEM images in Fig. 2a and bwere quite similar.
As mentioned above, the highest thermal conductivity and highest
mechanical properties of IG-110-2 were both derived from its most
compact structure among all graphite samples (see Fig. 2aec).
Fig. 2a and b presented that large graphite flakes and several mi-
crons sized pores were contained in IG-110 and IG-110-1. However,
Fig. 2c showed that much smaller and few pores existed in IG-110-
2, comparedwith two other kinds of graphite. Due to filling effect of
glassy carbon derived from phenolic resin, IG-110-2 was of most
compact inner structure, highest mechanical strength and highest
apparent density (1.85 g/cm3) among all graphite samples (see
Table 2).

Cross-section and surface images of SiC coating (a, c) and SiC/

glassy carbon composite coating (b, d) were shown in Fig. 3. No
peeling off or separation of these two kinds of coatings from
graphite matrix (see Fig. 3a and b), which implied the adhesion
between coatings and graphitematrixwas strong. Furthermore, the
thickness of composite coating was about 50 mm and obviously
thicker than about 40 mm for single SiC coating. Fig. 3c indicated
thatmany inter-bonded SiC crystalline grainsmade up the resulting
SiC coating with some micro-sized pores. Fig. 3d indicated that a
dense glassy carbon layer nearly totally covered the previous SiC
coating and formed the resulting composite coating with a quite
dense microstructure. It seemed that such dense composite coating
could enhance the resistance to molten salt infiltration into IG-110-
2 effectively.

The changes of thermal conductivity of virgin IG-110, IG-110-1
and IG-110-2 with temperature were shown in Fig. 4a. Thermal
resistance effect, existed at the interfaces between outside SiC
coating and inner graphite matrix of IG-110-1, was detrimental to
the conduction of heat. As to IG-110-2, glassy carbon particles
derived from phenolic resin filled in the inner cracks and pores of
both SiC coating and graphite matrix, which could dramatically
reduce its median pore diameter and open porosity. And thus,
resulting to increase of density and densification of structure,
which were conducive to strengthen the capability of heat transfer.
Therefore, IG-110-2 was of highest thermal conductivity (126 W/
m$K at 298 K), which was higher than 116 and 111 W/m$K for IG-
110 and IG-110-1, respectively. Thermal conductivity of IG-110-2
decreased to 69 W/m$K gradually, which was still higher than
that of IG-110 and IG-110-1 (64 and 60W/m$K, respectively), as the
temperature increased to 1073 K. The phenomenon, thermal con-
ductivities of these three kinds of graphite decreased with the in-
crease of temperature, might be ascribed to the increase of phonon-
phonon interaction that resulted in phonon scattering and reducing
the mean free path of phonon motion [41]. The thermal expansion
curves of these three kinds of graphite were shown in Fig. 4b. The
CTEs between 298 and 573 K of these two kinds of modified
graphite (4.7 and 5.0 ppm/K for IG-110-1 and IG-110-2, respec-
tively) were both higher than 4.5 ppm/K for IG-110. The two-phase

Table 2
Properties of IG-110, IG-110-1 and IG-110-2.

Properties IG-110 IG-110-1 IG-110-2

Apparent density (g/cm3) 1.77 1.82 1.85
Flexure strength (MPa) 39 36 43
Compressive strength (MPa) 78 92 98
Thermal conductivity (298 K,W/m$K) 116 111 126
CTE (298e573 K,10�6/K) 4.5 4.7 5.0
Median pore diameter (volume, mm) 2.06 0.35 0.12
Total porosity (%) 18.15 14.61 5.85

Fig. 2. Fracture surface images of IG-110 (a), IG-110-1 (b) and IG-110-2 (c).
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interfaces between outside SiC coating and inner graphite matrix of
IG-110-1 might be responsible for the higher CTE of IG-110-1 than
virgin IG-110. And the densification effect of glassy carbon derived
from phenolic resin might be responsible for the higher CTE of IG-
110-2 than IG-110-1.

3.2. Mercury and molten salt infiltration experiments

Curves of pore diameter distribution as well as mercury injec-
tion amount versus pressure for these three kinds of graphite were
shown in Fig. 5a and b, respectively. Huge differences in median
pore diameter, porosity as well as density existed among these
three kinds of graphite, even though IG-110-1 and IG-110-2 were
both modified from IG-110. Specifically, the median pore diameters
of these two kinds of modified graphite (0.35 and 0.12 mm for IG-

110-1 and IG-110-2, respectively) were both much smaller than
2.06 mm for IG-110. Furthermore, both density and total porosity of
these two kinds of modified graphite (1.82 g/cm3 and 14.61% for IG-
110-1, and 1.85 g/cm3 and 5.85% for IG-110-2, respectively) were
quite different from 1.77 g/cm3 and 18.15% for virgin IG-110. These
results indicated that the modification processes especially the
second modification process (CVR-SiC/glassy carbon composite)
were efficient means of reducing porosity and pore size for nuclear
graphite. As mentioned above, MSR studies indicated that nuclear
graphite with open pores less than 1 mm could inhibit fuel salt from
infiltrating into its inner effectively [7,9]. Median pore diameter of
IG-110 was much larger than 1 mm, which indicated IG-110 had no
sufficient resistance to molten salt infiltration [7,22]. Molten salt
infiltration amount of these three kinds of graphite were shown in
Fig. 5c. At first only little salt (~0.91 wt%) could infiltrate into IG-110

Fig. 3. Cross-section and surface images of SiC coating (a, c) and SiC/glassy carbon composite coating (b, d).

Fig. 4. Thermal conductivity (a) and representative thermal expansion (b) curves of IG-110, IG-110-1 and IG-110-2.
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under 1 atm, however, muchmoremolten salt (13.5 wt%) infiltrated
into IG-110 sharply under 1.5 atm. And then the molten salt infil-
tration amount tended to saturation under 3 atm (14.8 wt%). Note
that only a small amount of salt (0.26 wt%) could infiltrate into IG-
110-2 even under 5 atm, which was much lower than the critical
index for MSR (0.5 wt%) [10,22] and demonstrated IG-110-2 was of
sufficient resistance to molten salt infiltration. Compared with IG-
110-2 and the critical index for MSR, the relatively huge molten
salt infiltration amount (3.22 wt% for 5 atm) of IG-110-1 might
result from the following aspect. There might be some defects
including pinholes and even cracks in CVR-SiC coating, and molten
salt could contact and even infiltrate into graphitematrix of IG-110-
1 through these defects. Fig. 5b showed that three stages were
contained in the incremental mercury intrusion process. Only small
quantity of mercury could infiltrate into IG-110 during the first
pressurization stage (from 0 to 5.01� 105 Pa), however, muchmore
mercury infiltrated into IG-110 sharply during the second pres-
surization stage (from 5.01 � 105 to1.97 � 107 Pa). And then the
mercury infiltration amount continued to increase during the third
pressurization stage (from 1.97 � 107 Pa to the maximum testing
pressure of automatic mercury porosimeter namely 2.07 � 108 Pa),
and this process might be ascribed to the increase of accessible
voids derived from the breakdown of closed pores [42]. Similarly,
there were also three stages contained in the incremental mercury
intrusion process of these two kinds of modified graphite (IG-110-1
and IG-110-2). The difference was that higher infiltration pressures
were needed to make mercury infiltrate into IG-110-1 and IG-110-2
sharply, which might be ascribed to the higher interfacial capillary
force derived from their smaller pores. Herein the infiltration
pressure should exceed 2.87� 106 Pa and 5.49� 106 Pa for IG-110-1

and IG-110-2, respectively. The resulting mercury infiltration
amount into virgin IG-110 (0.1041 ml/g) was much higher than that
of these two kinds of modified graphite (0.0810 ml/g and
0.0309 ml/g for IG-110-1 and IG-110-2, respectively). The smallest
pore diameter and lowest porosity of IG-110-2 resulted to its least
mercury infiltration amount (see Fig. 5a and Table 2).

The fracture surface images of graphite samples that infiltrated
with molten salt under different pressures were shown in Fig. 6. As
mentioned above, much molten salt (13.5 wt%) infiltrated into IG-
110 under 1.5 atm. The true densities of graphite matrix and
molten salt were respectively about 2.2 g/cm3 and 2.05 g/cm3 at
650 �C [33]. Thus, molten salt infiltration amount for IG-110
(13.5 wt%) under 1.5 atm could be easily converted into fluoride
salt volume occupation (14.3 v%). Considering the porosity of virgin
IG-110 is about 18%, it could be concluded that the main pores in
graphite matrix had been filled with salt. This conclusion was
confirmed by Fig. 6a. Fig. 6b vividly depicted that fluoride salt filled
in the inner of IG-110-1 was much less than IG-110, which was
consistent with the smaller infiltration amount of IG-110-1 (2.93 wt
%). Notably, more molten salt (3.22 wt%) infiltrated into IG-110-1
under 5 atm. This infiltration amount was still much higher than
the critical index proposed for MSR (0.5 wt%) and obviously
inconsistent with its median pore diameter (0.35 mm) according to
the previous studies [32,43]. The specific reason for relatively huge
infiltration amount of IG-110-1 was probably be intrinsic defects in
SiC coating as discussed above. Note that only some salt (0.26 wt%)
could infiltrate into IG-110-2 even under 5 atm. It was easy to find
from Fig. 6c that little fluoride salt filled in IG-110-2 even at 5 atm,
which demonstrated IG-110-2 was of sufficient resistance to
molten salt infiltration.

Fig. 5. Pore diameter distribution (a), mercury injection amount with the increase of pressure (b) and molten salt infiltration amount (c) of IG-110, IG-110-1 and IG-110-2.
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4. Conclusion

A single CVR-SiC coating and a SiC/glassy carbon composite
coating were prepared on IG-110 to get modified graphite for better
inertness to fuel salt used in MSR. Specifically, the composite
coating consisted of a CVR-SiC pre-coating and followed by a glassy
carbon deposit layer derived from phenolic resin. Compared with
IG-110, these two kinds of modified graphite presented some better
properties such as lower porosity, smaller average pore diameter
and higher resistance to molten salt infiltration. Particularly, IG-
110-2 also exhibited higher mechanical strength and higher heat
conduction performance than IG-110. Much molten salt could
infiltrate into IG-110 and IG-110-1 (13.5 wt% and 2.93 wt% for IG-
110 under 1.5 atm and IG-110-1 under 3 atm, respectively). While
some salt (0.26 wt%) could infiltrate into IG-110-2 even under
5 atm, was much less than the critical index for MSR (0.5 wt%)
[10,22]. Porosity and median pore diameter of IG-110-2 were about
5.85% and 0.12 mm, respectively, which made it exclude molten salt
from its inner effectively. Thus, we believed that the SiC/glassy
carbon composite coating could be a promising protective coating
for nuclear graphite used in MSR.
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