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Interface Reaction between C/C composite and Tungsten Silicide 

Osamu YAMAMOTO, Kazuyuki SUGANO and Tadashi SASAMOTO 
Department of Applied Chemistry, Kanagawa Institute of Technology, 

1030 Shimo-ogino, Atsugi,243-0292 Japan. 
Fax: 81-462-42-8760, e-mail: yamamoto@chem.kanagaw&-it.ac.jp 

The C/C composite produced by laying up carbon fibers was used as a starting material. After cutting the 
composites in either parallel or perpendicular direction to the carbon fibers, the surface of these samples 
obtained were reacted with WSi2 at 14so·c in high-purity argon gas. From XRD measurements, the four 
phases of graphite, WSi 2, WC and a -SiC were detected on the surface of samples after heating, irrespective 
of the direction to fibers on C!C composite, and the a -SiC decreased gradually along the depth from surface 
of the samples, whereas no concentration gradient of WC was observed. In the results of EDX 
measurements, it was found that the interface reaction between C/C composites and WSiz occurred in the 
matrix portion of the samples. No reaction between fibers and WSiz was observed, that is, there is no 
formation of carbides on carbon fibers in C/C composites. 
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l.INTRODUCTION 
Plasma facing components for fusion 

reactors require excellent erosion properties on the 
surface against high heat loading from the plasma 
and high resistance to radiation damage by 
neutrons with high energy. Carbon fiber/carbon 
composites (C/C composite) with high thermal 
conductivity have been extensively used as plasma 
facing materials in nuclear fusion device [1 ]. 
High thermal conductivity and low atomic number 
are required for facing materials [2]. However, 
after radiation with the high energy neutrons 
generated by fusion reaction, the thermal 
conductivity of materials is lower than that before 
radiation. And also, the erosion by high heat 
loading is observed in the materials and results in 
quite low thermal conductivity at high temperature 
[3). Therefore, it is necessary to develop carbon 
materials that have higher thermal conductivity at 
high temperature and more stable properties to 
radiation damage for the use in future fusion 
reactors. 

Carbon 

Carbon materials 

Small-graphite crucible 

In order to improve these problems in 
carbon materials described above, it has been 
proposed to add metallic powders with high 
thermal conductivity into carbon materials, such as 
copper, silver and titanium, etc [ 4 -6]. However, 
the disadvantage of carbon containing their metals 
is that the sputtering rates of metal are big her than 
that of carbon materials, that is, it resulted in 
radiation damage by high -energy neutrons. In 
order to solve disadvantage, the use of alloys in 
which the sputtering rates are sma11 is proposed, 
such as WSiz and MoSiz, etc [7]. 

As the first step of the research in the 
present work for preparing the C/C composites 
coated with WSiz, the interface reaction between 
C!C composites and WSiz was carried out at 
14so·c, and the formation of carbide near the 
interface of the c;c composites after heating was 
examined. 
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Fig. 1 The shape of carbon materials and the schematic diagram of apparatus used in this study. 
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2.EXPERIMENTAL 
The shape of the carbon materials used in 

the present study and even a set of the material and 
the pressed WSiz powder in a graphite crucible 
were illustrated in Fig. 1. The carbon materials 
used were the carbon fiber/carbon composites 
(CX-2002U; Toyo Tanso, Co. Ltd, Japan) with a 
size of c/J lOmm X 20mm. These materials cut 
parallel (P A) and perpendicular (PE) direction to 
fibers, and two c;c samples were produced. The 
surfaces of the samples were washed in ethanol 
with ultrasonic agitation for Smin in order to 
remove impurities from its surface. An A}z03 
block of 200g was put on the sample in order to 
obtain a good contact between C/C sample and 
WSi2• The crucible containing this set was 
heated at 1450 ·c in high purity argon gas 
(purity:99.9999%) for 1, 3 and 6h. 

In order to know the concentration gradient 
of SiC along the thickness of the samples, the 
surface of the samples after heating was polished 
by diamond paste and then the surfaces polished 
were measured by X-ray diffraction measurement 
(XRD). An energy-dispersive X-ray analysis 
(EDX) was carried out to examine the 
concentration of either tungsten or silicon along 
the depth of the samples. 

3.RESULTS AND DISCUSSION 
Figure 2 shows the changes of XRD patterns 

along the thickness of the P A sample heated at 
14so·c for 6h. The surface of sample gives the 
diffraction peaks corresponding to the four phases 
of WSi2, WC and a -SiC in addition to graphite. 
The diffraction lines of WSi2 are detected up to 
depth of O.llmm, which disappear at the depth of 
0.23mm. And also, no diffraction lines of WC 
are detected at the depth of O.llmm. However, 
with several repetitions of polishing along the 
thickness, the diffraction lines of SiC are detected 
at the depth of 0.23mm, of which the intensity 
decreases with the increase of the thickness of the 
sample. The XRD measurement described above 
was also carried out on the P A samples heated for 
1 and 3h. 

The phases detected along the thickness of 
PA sample are summarized in Table 1. The three 
phases of graphite, WSi2 and a -SiC are detected 
on the surface of the samples heated for 1,3 and 6h. 
On the sample heated for 6h, WC in addition to 
three phases described above is observed. The 
WC and the WSi 2 detected on the surface 
disappear along the depth from the surface of 
samples, but SiC exists within the PA samples, 
irrespective of the heating time. For the PE 
samples, i.e., the samples with perpendicular 
direction to fibers, XRD measurement was also 

carried out on the surface along the depth of 
samples, as shown in Table 2. In the case of PE 
samples, the detected phases are similar to that in 
the case of PA samples. From the XRD 
measurement, it is found that there is no different 
on forming carbides in the interface between c;c 
samples and WSiz, in spite of the direction to 
fibers in the samples. 
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Fig. 2 XRD patterns along the thickness of the 
PA sample heated at 14so·c for 6h. 

In order to examine the portion in the 
samples reacted with WSiz, i.e., either matrix or 
fibers in the samples; the surface of the PA sample 
heated at 14so·c for 6h was measured by EDX. 
In the results, it was found that Si and W existed in 
the matrix portion of the sample, whereas no 
existence of these elements was detected in the 
fiber portion. This result indicates that the 
reaction between carbon and WSi2 occurs in the 
matrix portion of C!C sample. The reason that no 
reaction between the fiber portion and WSiz was 
observed in C/C samples is not yet clear. 

Next, we examined the concentration of W 
and Si along the depth from the surface of C!C 
samples by the line analysis of EDX. Fig. 3 
shows the results of the PA sample (a) and the PE 
sample (b) heated at 14so•c for 6h. In the case 
of PA sample (see Fig. 3(a)), the overall 
concentration of Si, i.e., concentration of SiC, 
tends to decrease from the surface to ceuter of the 
sample even though there is scattering due to the 
presence of large carbon grains and pores. On 
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Table 1 The phases detected along the thickness of the P A samples heated at 1450 oc. 

Time (h) Depth (mm) Detected phase 

Surface GraEhite,WSi2, a ·SiC 

0.01·0.17 Graphite,WSb 

0.20 Graphite 

Surface 
Graphite,WSiz, a -SiC 

0.01·0.17 3 

0.20 Graphite, a ·SiC 

Surface Graphite, WSi2, a ·SiC, WC 

6 0.01·0.14 Graphite,WSb, a ·SiC 

0.23 Graphite, a ·SiC 

Table 2 The phases detected along the thickness of the PE samples heated at 1450°C. 

Time (h) 

3 

6 

Depth (mm) 

Surface 

0.01·0.15 

0.20 

Surface 
0.01·0.15 

0.20 

Surface 

0.01·0.08 

0.13·0.21 

the other hand, W does not exist within PA sample. 
These results suggest that the concentration of SiC 
along the thickness decrease gradually, that is, the 
concentration gradient of SiC is formed within C/C 
sample. The results in the line analysis of PE 
sample are comparable with those of PA sample 
(see Fig. 3(b)). However, a small amount of W is 
observed within PE sample. In the comparison in 
SiC-concentration within C/C sample between PE 
sample and PA sample, it is found that the 
concentration of SiC on PA sample is lower than 
that on PE sample. 
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Fig. 3 Line analysis for Si and W on the 
cross-section of the sample heated at 1450oC for 
6h: (a) P A sample, (b) PE sample. 

From the results of XRD and EDX 
measurements described above, it is supposed that 
the concentration gradient of SiC on C/C sample is 
formed after occurring the dissociation of WSh in 
the interface between carbon and WSh. On the 
C!C composites with high porosity, a concentration 
gradient of SiC was easily formed by reacting with 
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silicon at 1450oC [8]. These results suggest that 
it is highly possible for the open pores on the 
surface of C/C composites to participate in the 
formation of SiC-gradient. On the C/C 
composite used in this study, many pores with the 
size below 50 )liD exist on its surface. Yamamoto 
et al. [9] carried out the preparation of SiC within 
the pores in carbon materials and reported that SiC 
was formed due to the reaction with SiO gas 
generated by the reduction of Si02 within pores. 
In this study, it is anticipated that a small amount 
of 0 2 is enclosed in the open pores, because the 
contact between C/C samples and WSh were 
carried out in air. Therefore, the formation of a 
SiC-gradient in C/C composite can be assumed; 
the oxygen enclosed in the open pores initially 
oxidizes silicon in WSi 2, and SiO gas is generated. 
SiO gas thus generated is diffused into the C/C 
sample through within open pores of matrix. The 
SiO gas reacts with carbon on the wall of pores 
and results in SiC on the surface of pores. The W 
obtained by the dissociation of WSi2 seems to 
remain near the interface between C/C sample and 
WSiz, and it results in WC by reacting with the 
carbon of the matrix portion in C/C composite. 
The reason that the concentration of SiC on P A 
sample is lower than that on PE sampl e is 
supposed to be due to the different in the amount 
of matrix portion. 

4.CONCLUSION 
The C/C composites consisting of parallel 

and perpendicular direction to carbon fibers were 
reacted with WSiz at 1450oC in an argon gas. 
The interface reaction between c;c composites 
and WSi2 was examined. In the case of the 
composite heated for 6h, the four phases of 
graphite, WSi 2, a -SiC and WC were detected on 
its interface, but no formation of WC was observed 
in the case of composites heated for 1 and 3h, 
irrespective of the direction to fibers in c;c 
composites. The formation of these carbides 
occurred at the matrix portion in C/C composites. 
The concentration gradient of SiC was formed 
along the depth from the surface to center of c;c 
composite. The concentration of SiC in the 
composite with parallel direction to fibers is lower 
than that with perpendicular direction to fibers. 

REFERENCE 
[1] K.loki, K.Namiki, S.Tsujimura, M.Toyoda, 
M.Seki and H.Takatsu, Fusion Eng .. Design, 15 
(1991) 31. 
[2] T. P. Burchell and T.Oku, "Atomic and 
Plasma-Material Interaction Data for Fusion" , 
(Supplement to the J. Nucl. Fusion), Vol.S, IAEA, 
Vienna,(1994) p.77. 
[3] B. M. Ma, "Nuclear Reactor Materials and 
Application" ,(Van Norstrand Reinhold Co.),(1983) 
p.347. 
[4] T.Oku, TANSO, 1991 [No.150] (1991) 338. 
[5] T.Oku, T.Hiraoka, T.Sogabe and K.Kuroda, 
TANSO, 1995 [No.170] (1995) 280. 
[6] T.Oku, A.Kurumada, T.Sogabe, T.Oku, 
T.Hirraoka and K.Kuroda, J. Nucl. Mater., 257 
(1998) 59. 
[7] O.Yamamoto, K.Sugano, N.Ohta, T.Sogabe and 
T.Sasamoto, TANSO, 1999 [No.190] 246. 
[8] O.Yamamoto, T.Ssamoto and M.Inagaki, 
Carbon, 33 (1995) 359. 
[9] O.Yamamoto, Y.Dote, T.Sasamoto and 
M.Inagaki, TANSO, 1999 [No.190] (1999) 282. 

(Received December 7, 2000; Accepted January 31, 2001) 


