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SUMMARY

I. Project Title

Development of the fabrication process of SiC composite by radiation beam

IT. Objective and Importance of the Project

Objective : Development of the fabrication process of SiC composite using

electron beam

Importance :

- GEN-1IV program was launched for development of the next generation
nuclear energy system in 2004 as an international work. In order to
operate the nuclear system at higher temperatures, core materials with
a good irradiation resistance at high temperatures must be developed.
SiC composite i1s one of candidates for high temperature structural
materials.

- Among several fabrication processes for SiC composite, the PIP process
includs the curing and pyrolysis process. During the PIP process, the
thermal oxidation curing method was generally applied. But this
process has some disadvantages; difficulty in the control of oxygen
contents and volatilization of many constituents. Therefore, degradation
of high temperature properties could be taken place. To overcome
these disadvantages and reduce the process time, a new method using
radiation beam has been proposed as one of the effective methods for
the fabrication of SiC composite.

— The beam technology using electron beam or gamma ray beam belongs
to the radiation technologies which is one of intensive national
research programs . This technology is applying to develop the various
kinds of new and improved materials. The development of the

fabrication process of ceramic composite using beam irradiation is



expected to be one of important beam applied technologies for the
development of new materials.

- Establishment of the development technologies of materials included
composites can be applied to the nuclear industry as well as the

various industries such as defense, space, energy industries, etc.

M. Scope and Contents of Project

- Development of the curing process using electron beam and characterization
of the converted products
. Literature review
. Design and manufacture of the test fixtures for electron beam irradiation
. Design and manufacture of the slurry impregnation apparatus
. Characterization of slurry prepared using polymer precursor like PCS
(Polycarbosilane)
. Development of the slurry impregnation process
. Development of the electron beam curing process for the conversion of
polymer precursor slurry
- Optimization of the fabrication process for SiC composite by electron beam
. Development of the optimum curing method
. Evaluation of the densification behaviors of SiC composite by the PIP

process

IV. Result of Project

- Design and manufacture of the impregnation and stacking apparatus for SiC
fabric
P Addition of the drawing and the photos of the manufactured apparatus
in the main text

- Design and manufacture of the specimen test fixtures for electron beam
irradiation.
P Addition of the photo of the manufactured fixture

- Analysis of the reaction behaviors of PCS with temperatures :



P A weight gain with an exothermic reaction around 200°C and a weight
loss from a decomposition of organic side group and a formation of S-C
bonds around 500°C were observed.

- Analysis of the reaction behaviors of PCS with heating rates :

P The yields were gradually decreased with increase of the heating rates.
The yields of 66772 wt%, were obtained. But, the yield was stiffly
decreased and a porous foam was formed at the heating rates of faster
than 60°C/h

- Analysis of oxidation curing effects of PCS

P The yield of SiC ceramics cured by the thermal oxidation process was
82%, which was more than those by the non curing process. But larger
oxygen contents was produced by the thermal oxidation curing process.

- Comparison of effects of the curing methods on the conversion of PCS

P The thermal oxidation and the electron beam curing methods resulted in
similar yields of PCS, about 82 %.

- Comparison of effects of the full dose of electron beam on the conversion
of PCS

P The conversion of PCS was performed using the electron beam curing
with the full doses of 10 MGy and 15 MGy. The yields were similar
irrespective of the full doses.

+ Characterization of SiC/PCS slurry with the compositions

P The viscosity of slurry increased with increasing the amounts of SiC
powders in SiC/PCS slurry. The amounts of slurries impregnated into the
preform were increased with increasing of the amounts of SiC powder.

- Yield and density variations with the compositions of SiC/PCS slurry

P The yields were more than 80% irrespective of the compositions of
SiC/PCS slurry. Especially, larger yields of 8790% were obtained above
the SiC/PCS ratio of 5.

- Comparison of yield and density of SiC composite with the curing methods

P The yields and densities of composites prepared by electron beam curing
were higher than those by thermal oxidation curing through all

compositions of slurries.



- Comparison of oxygen contents of SiC composite with the curing methods
P The oxygen contents of composites prepared by electron beam curing
were less than those by thermal oxidation curing.

- Characterization of composite with the full doses of beam energy
P The yields were more than 95% irrespective of full doses of electron
beam (2, 10, 15 MGy). The oxygen contents were less than 05 wt% at
the pyrolysis temperature of above 1500°C.

- Variations of yield and oxygen contents with the pyrolysis temperatures
P The yields of composite prepared by electron beam curing were more
than 90% irrespective of the pyrolysis temperatures (1300, 1400, 1500°C).
Using thermal oxidation curing, the yields were larger than 85%. The
oxygen contents were abruptly decreased at the pyrolysis temperatures of
above 1400°C. The oxygen contents were less than 1 wt % in both curing

processes.

- presentation paper : 9,
technical report (KAERI/TR-2851/2004) : 1,
published paper : 1
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Table 1. Advantages and Disadvantages of C¢/C, C¢/SiC and SiCy/SiC

Composites.
Advantage disadvantage
SiC¢/SiC Composites
- Higher cost than C¢/C Composites
- Good oxidation resistance - Many have boron coated interface
- Stronger than Cy/C Composites - Free silicon (not desired)
- Greater radiation damage resistance + Lack of manufacturing/infrastructure
than C¢/C Composites + Qualification—different weaves require
- Less change-out, lasts longer a new qualification
- ASME specification issue
C#/SiC composites
- Higher thermal conductivity than - Possible radiation damage
SiCy/SiC Composites - Qualification—different weaves require
- Higher strength a new qualification
- Higher moderation power - ASME specification issue
C¢/C composites
- Good material for accident situation - Poor oxidation resistance
- Flaking is less likely than SiCy/SiC - More radiation damage/shrinkage than
Composite SiCi/SiC Composites
- Eliminates metal from the core - Qualification—different weaves require
- Good residual properties a new qualification
(e.g., strength) « ASME specification issue
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Table 2. Toughening mechanisms of ceramic matrix fiber composite.

Mechanism Basic requirements
Load transfer, E¢r > En, preferably by a factor > 2
matrix to fibers
Prestressing of fibers iy > i, to generate
and matrix compressive stress in matrix
Crack-Impeding second phase Fracture toughness of fibers

greater than local matrix
Crack deflection or multiplication Weak interface to provide
attractive alternate crack paths
Fiber pullout Optimum interfacial shear strength
to permit loading of fibers and
long pull-out lengths
Microcracking Appropriate property mismatch
especially thermal expansion

between matrix and fiber.
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Fig. 1. Typical stress-strain curve for fiber-reinforced composite.
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Fig. 2. Schematics of crack propagation.
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Fig. 3. Block diagram of the fabrication of SiC fibers by oxidation curing and

electron beam curing.
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Fig. 4. IR spectra of PCS and cured PCS fibers.
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1. PCS 54 2 &7+ A% W3t

ro

SiC BggA AlzE Y3t w82 A4 =2 Nippon CarbonAbe]l 7] a1&-x}
PCS (NIPUSI™) Type AZ Abgstgith NIPUSI™ Type A PCSE
polydimethylsilaneg A AE917], 500°Col A G A glste] A Z3FActr LA
ow FFAtel A AlFe NIPUSI type A2l 532 Table 33 a1, FT-IR ¥4
A3+ Fig. 63 2t}

MeE - E1(0 ke
Folydimethylsilane - (g —  — - [Si-CHy, - Puolycarbozilane

I M i
Me - I

Table 3. Characteristics of Polycarbosilane, NIPUSI™ type A.

Density (g/cm”) 1.1

Appearance Clear yellow blocks
Melting point (°C) 232

Mean molecular weight 1290

Chemical composition .
50 Si, 40 C, 05 O, 0.7 N
(general lot) wt.%

Na, K, Ca (°]%) <2,

Impurity (general lot) m
PUTLy 18 bb Mg, Al Fe, Ni, Cr, Cu, Zn (o] <1

. . Hexane, Xylane, Toluene,
Solvent with good solubility

Tetra-hydrofuran

_30_



12 L
Si1-0-5i

(Si-Q-C)
a5
- O-H CH-H Si-H Si-CH, | Si-CH,-5i

R

B Ry
L

17

Transmittance (%)

1 | 1 1 1 1 1 1
4000  agp0 300 ZEO0D 2400 2000 1600 1200 BOD

Wave Number
Fig. 6. FT-IR spectra of Polycarbosilane, NIPUSI'" type A
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1H1P 1:1:0
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1H1P50S 1:1:05
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A& 39 (coating)dted A+ Akl 714 &4 Alolo] F3FZ(interphase or
interlayer)= @171 Aol olgd 59 A EdEs s ©
Zx(pyrolytic carbon, PyC)¢} # 3} H E(boron nitride, BN)e] A& a1 o,
Z o= SiC/CE multilayerel] #3F A% o] Fojx]al v} Preform Al Z& Al
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g FWA, SiC T2 5o & F7Ige] «¢#A A, Si: Co 7t
112 #Ho] Slojx z29Fe 2AS sgFedez Aosr] A& MTS
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Fig. 7. Hot—forging system for stacking of slurry infiltrated fabrics.
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(a) (b)

(c)

Fig. 8. Electron beam irradiation facility ; (a) electron beam accelerator,

(b) irradiation room and (c) specimen holder.
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