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OBJECTIVE 
 
The objective of this work is investigation of the neutron irradiation effects on the dimensional change of 
silicon carbide composites reinforced with advanced silicon carbide fibers. 
 
SUMMARY 
 
The dimensional change and elastic modulus of advanced silicon carbide (SiC) fibers reinforced silicon 
carbide matrix (SiC/SiC) composites included in the HFIR-18J irradiation experiment were measured and 
the data collected in the past five years were summarized.  The excellent dimensional stability of the 
advanced SiC/SiC composites was confirmed after neutron irradiation to 7.0 × 1025 n/m2.  The stability is 
superior to composites reinforced with the earlier generation SiC fibers.  The swelling of the advanced 
composites was measured to be ~0.7% for a dose of ~7.0 × 1025 n/m2 at 800°C (nominal).  This 
corresponds to the swelling behavior of chemically vapor deposited (CVD) SiC. 
 
PROGRESS AND STATUS 
 
Introduction 
 
Silicon carbide (SiC) -based ceramics and composites are considered for applications in various 
components in fusion systems, due primarily to their superior irradiation performance and thermo-physical, 
-chemical, and -mechanical properties [1, 2].  Swelling behavior during irradiation is one of the important 
issues to be considered.  Recently, swelling behavior and microstructural development in monolithic SiC, 
the main constituent of SiC/SiC composites, have been thoroughly studied after systematic ion and 
neutron irradiation to high dose and very high temperature [3-8].  In contrast, data on the swelling 
behavior of advanced SiC/SiC composites are quite limited [9]. There is some data available on one of the 
composites, but it was reinforced with older generation fibers [10-12].  The main objective of this study is 
to investigate the neutron irradiation effects on dimensional changes in advanced SiC/SiC composites. 
 
Experimental Procedure 
 
Two types of materials were used in this study.  One is monolithic SiC, used to generate statistical data in 
a flexural strength evaluation with specimen dimensions 1×1×24 or 1×1×25 mm.  The specimens are 
made by chemically vapor deposition (CVD) or nano-infiltration and transient eutectic-phase (NITE) 
process.  The other is SiC/SiC composites reinforced with advanced SiC fibers for flexural or tensile 
property evaluation with specimen dimensions 2×4×25, 2×4×50, 3×1.5×40 or 2×4×40 mm.  The 
composites were processed by chemically vapor infiltration (CVI) or NITE method and reinforced with 
Tyranno-SA 3rd or Hi-Nicalon Type-S fibers.  Neutron irradiation was conducted at Japan Material Testing 
Reactor (JMTR), JOYO and High Flux Isotope Reactor (HFIR).  The specimens were irradiated to 1.0× 
1025 n/m2 (~1 dpa, E > 0.1 MeV; hereafter 1.0 × 1025 n/m2 =1 dpa is assumed) at ~1000°C (nominal) for 
JMTR campaign, to 12 dpa at ~750°C (nominal) for JOYO CMIR-6 campaign, and to 7 dpa at 800 and 
1300°C (nominal) for HFIR-18J.  Information on materials characterization and neutron irradiation 
conditions is listed in Tables 1-3, along with the property change results.  Further details about material 
characterization, irradiation condition, and mechanical properties before and after irradiation are given 
elsewhere for JMTR 00M-95U [13-15], and the HFIR-18J [16] campaign.  After neutron irradiation, the 
length of the specimens was measured by a conventional caliper.  Volumetric swelling was determined 
using the following equation ΔV/V = (Lirrad./Lunirrad.)3-1, where ΔV/V, Lirrad., and Lunirrad. are volumetric swelling, 
length of the specimen before irradiation, and length after irradiation, respectively.  This equation was 
chosen in order to avoid low accuracy in measuring width and thickness, and hence it assumes that the 
swelling of the advanced SiC/SiC composites is isotropic.  In parallel, dynamic elastic modulus was 
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determined at room temperature using the impulse excitation of vibration method per ASTM Standard 
C1259-01. 
 
Results and Discussion 
 
Monolithic SiC 
 
The results of dimensional change and elastic modulus for monolithic CVD and NITE-SiC are listed in 
Table 1.  Figure 1 shows the dependence of volumetric swelling on irradiation temperature.  The 
swelling results for CVD-SiC are consistent with the values reported in the literature, as shown in Fig. 1.  
The swelling of monolithic NITE-SiC is almost the same or slightly higher than CVD-SiC.  Elastic modulus 
of both CVD- and NITE-SiC was decreased slightly by neutron irradiation to 7dpa at 800 and 1300°C.   
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Fig. 1:  Temperature dependence of volumetric swelling of monolithic CVD and NITE SiC.  The data are 
from the reports by Blackstone et al. [17], Snead et al. [11, 18], Price [19, 20], Hollenberg et al. [10], Snead 

et al. [3, 4] , and Katoh et al. [21]. 
 
 
SiC/SiC Composites 
 
Individual results for advanced SiC/SiC composites are listed in Table 1.  Average results for each 
condition are also listed in Table 2.  Figures 1, 2 show the volumetric swelling of advanced SiC/SiC 
composites dependence on dose and irradiation temperature.  This confirms the excellent dimensional 
stability of the advanced SiC/SiC composites during neutron irradiation, compared to the composites 
reinforced with older generation SiC fibers.  For CVI-SiC/SiC composites, 0.2-0.5% swelling after neutron 
irradiation 1 dpa at 1000°C for JMTR 00M-95U, and ~0.7% swelling after 7 dpa at 800 and 1300°C for 
HFIR-18J were measured, as shown in Fig. 1.  There was no significant difference in swelling detected 
arising from the difference of fibers used or interphase structure.  The swelling of the advanced SiC/SiC 
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composites irradiated to 7dpa at 800°C (~0.7%) is almost the same as reported by Newsome et al. [9].  
The advanced SiC/SiC composites showed similar swelling values as β-SiC after irradiation, as shown in 
Figs. 2 and 3.  This is primarily because both fibers and matrix of advanced SiC/SiC composites are 
composed of highly crystalline β-SiC.  In the intermediate temperature regime, β-SiC swells due to point 
defect clustering, and the swelling is saturated at a few dpa.  This saturation swelling in SiC is significant 
at irradiation temperatures below ~1000ºC with the volume expansion negatively correlated with 
temperature (~1.4% at 300ºC, ~0.7% at 800ºC, ~0.3% at 1000°C), as shown in Fig. 1.   
 
A slight decrease (~4%) of elastic modulus was measured in the composites reinforced with Tyranno-SA 
3rd fiber, while ~13% decrease was obtained in the Hi-Nicalon Type-S composites. 
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Fig. 2:  Dose dependence of swelling of neutron irradiated advanced SiC/SiC composites.  The data 
have been shifted slightly on the Fluence axis for clarity.  For comparison, the values in ref. [9] were also 

plotted.   
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Fig. 3:  Temperature dependence of swelling of advanced SiC/SiC composites.  The data have been 

shifted slightly on the Irradiation temperature axis for clarity.  For comparison, the values in ref. [9] were 
also plotted.  The legend symbols are the same as used in Fig. 1. 
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