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3.5  LOW ACTIVATION JOINING OF SiC/SiC COMPOSITES FOR FUSION APPLICATIONS: 
TAPE CASTING TiC+Si POWDERS ⎯ C. H. Henager, Jr., R. J. Kurtz, N. L. Canfield, Y. Shin, 
W. G. Luscher, J. T. Mansurov, T. J. Roosendaal, and B. A. Borlaug (Pacific Northwest National 
Laboratory1) 
 
 
OBJECTIVE 
 
This work discusses the latest developments in TiC + Si displacement reaction joining at PNNL 
based on new work to produce tape cast powders for improved SiC-joints. 
 
SUMMARY 
 
The use of SiC composites in fusion environments likely requires joining of plates using reactive 
joining or brazing. One promising reactive joining method uses solid-state displacement 
reactions between Si and TiC to produce Ti3SiC2 + SiC.  We continue to explore the processing 
envelope for this joint for the TITAN collaboration in order to produce optimal joints to undergo 
irradiation studies in HFIR.  One noted feature of the joints produced using tape-calendared 
powders of TiC+Si has been the large void regions that have been apparently unavoidable. 
Although the produced joints are very strong, these voids are undesirable.  In addition, the tapes 
that were made for this joining was produced about 20 years ago and was aging.  Therefore, we 
embarked on an effort to produce some new tape cast powders of TiC and Si that could replace 
our aging tape calendared materials. 
 
PROGRESS AND STATUS 
 
Introduction 
 
SiC is an excellent material for fusion reactor environments, including first wall plasma facing 
and breeder materials.  SiC is low-activation, temperature-resistant, and radiation damage 
tolerant compared to most materials.  In the form of woven or braided composites with high-
strength SiC fibers it has the requisite mechanical, thermal, and electrical properties to be a 
useful and versatile material system for fusion applications, especially since microstructural 
tailoring during processing allows control over the physical properties of interest [1-6].  However, 
it is difficult to mechanically join large sections of such materials using conventional fasteners so 
the analog of welding is being pursued for these ceramic materials [2, 4-15].  This paper reports 
on the current status of producing tape cast powders that can be used for strong SiC-joining 
materials while reducing the large voids observed from previous joints made with tape 
calendared powders. 
 
Experimental Procedures 
 
Tapes are cast using a prepared powder, binder, solvent, and plasticizer mixture that consists of 
a slurry preparation and tape casting operation using blended TiC+Si powders (all high purity 
and d<10 µm), ethanol and methyl ethyl ketone (MEK) as solvents, polyvinyl butyral resin (PVB) 
as binder, n-butyl benzyl phthalate (BBP) as a plasticizer, and EMPHOS PS-21A 
organophosphate ester as a dispersant.  The powder loading was optimized at about 55% by 
volume for the dry tape after casting and drying.  The initial TiC+Si powders were blended in a 
3:2 molar ratio.  The final tape thickness was varied  and  joints were made from tapes that were  

                                                        
1 Battelle Memorial Institute under Contract DE-AC06-76RLO 1830 operates PNNL for the U.S. Department of Energy. 
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43 µm, 90 µm, and 195-µm thick as starting green tape thicknesses. The tapes were smooth 
and easy to handle.  Small Hexoloy SiC bars were joined at 1698 K using 30 MPa of pressure 
for 2 h during joint formation.  The joined bars were then sectioned for optical microscopy and 
quantitative metallographic analysis of SiC-phase content in the joint. 
 
RESULTS 
 
Figure 1 shows optical micrographs of the joints made from tapes with three starting tape 
thicknesses of 43, 90, and 195-µm.  After processing, the joints have average thicknesses of 22, 
47, and 92-µm, respectively.  Table 1 shows the data for the three tapes with thickness and SiC-
phase content for each tape.  Characteristically, SiC preferentially nucleates at the Hexoloy/joint 
interface and complicates the quantitative metallography since the joint SiC-phase is attached to 
the Hexoloy SiC-phase and it is difficult to determine the actual interface location. 
 
The optical images and quantitative data match quite well with the images and data from the 
previous joints made with the older tape calendared materials.  In fact, these joints appear to be 
superior in that the large void regions in the older joints are not observed in the new tape cast 
joints.  This may be due to trapped air in the older tape calendared joining materials since mass 
loss data from the new tapes matched the data from the older tapes but the new tapes are 
much thinner.  Even though the tapes are thinner, though, the new joints are not thinner 
indicating that we reduced the total amount of binder and plasticizer (and perhaps trapped air) 
but did not reduce the total amount of powders per unit area in the new tapes. 
 
Future work will have to be performed to further characterize the tapes using SEM and TEM, 
while new CVD SiC miniature torsion joints will also be fabricated to start unirradiated strength 
testing and preparing for HFIR irradiation testing later. 
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Figure 1. Optical micrographs with 20-µm dimension markers for the three thicknesses of new 
tape cast joints described above.  Shown in (a) is the 190-µm thick tape joint, (b) is the 90-µm 
thick tape joint, and in (c) is the 43-µm thick tape joint.  Thinner joints are preferred and the joint 
from the 43-µm thick tape compares favorably with thin joints from the tape calendared 
materials used for all the PNNL joints previously. 
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Table 1:  New Tape Cast Joint Dimensions and SiC-phase Content 

Tape Designation 
Tape Thickness 

(µm) 
Joint Thickness 

(µm) 
SiC-phase Area 

Fraction (%) 
3TiC+2Si-5 (43) 43 22 31 
3TiC+2Si-5 (90) 90 47 32 
3TiC+2Si-5 (195) 195 92 33 
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