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Abstract: Silicon carbide fiber reinforced silicon carbide (SiCy/SiC) composites have become the preferred candidate
for structural applications in advanced nuclear energy systems, because of their low neutron toxicity, neutron
irradiation tolerance and high-temperature oxidation resistance. In recent years, both academia and industry either
domestic or abroad have carried out a lot of researches on SiCy/SiC composites for nuclear application, and numerous
important achievements have been made. This paper summarized and analysed some critical directions of SiCy/SiC

composites for nuclear applications, including nuclear-grade SiC fibers, fiber/matrix interfaces, composite processing,
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modeling and simulation, corrosion behavior and surface protection, joining technology, as well as radiation

damage. The key issues and potential solutions of SiC¢/SiC composites for nuclear applications have been

pointed out in account to the requirements, anticipating to be beneficial to promoting further researches and final

applications.
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Tablel Key propertiesof the third-generation
SiC fibersfor nuclear application®?¥

Hi-Nicalon Type S Tyranno SA

Fiber diameter/um 12 10
Tow number 800 800
Linear density/(g'km™) 195 170
Bulk density/(g:cm™) 2.85 3.10
Tensile strength/GPa 3.1 2.4
Tensile modulus/GPa 380 380

Si content/(%, in mass) 69 67

C content/(%, in mass) 31 31

O content/(%, in mass) 0.8 <1
C/Si 1.05 1.08
Thermal 94 65

conductivity/(W-m " K™

Bl 1 SR SiC £F4E 3858 CVI SiC Z & MR 74w iR
J& ) SEM & Fr 1)

Fig. 1 SEM images of CVI SiC composites reinforced with
different SiC fibers after neutron irradiation!”’

(a) Hi-Nicalon Type S fiber; (b) Tyranno SA3 fiber
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11 36 5 7 A
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W B B TR LT 4, R L R AR
S BRI SIC 21 4 IE 1 B 10 52 g L e A
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1 SR BE AT BE 2 0 AR IR S B S AR A R AR UK
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2T 2ff vh Ui B ) R R B K oA SR AR R
DR Ik 4 L (1 5 g th BB e ). 3 HL, Tyranno SA3
AN F AR EM T Hi-Nicalon Type S 4
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(b) Trradiated at319 °C to 92 dpa

() Non-irradiated SiC matrix

SiC fiber Debonding

N
N \
Interphase

2 pym

K2 DL PyC NFHEHM SiCy/SIC & ARl 747 I Al (a) Al
B R (b)) S TR0 4 A )

Fig. 2 Interfacial microstructures of SiC¢/SiC composites with
PyC as a interphase before (a) and after (b) neutron irradiation™™

‘ Performance
requirements

Dimensional stability

Processing

requirements

No reaction with SiC

under irradiation fiber during deposition
Crack deflection at Chemical stability
interface during matrix deposition

Enable fiber pull-out | “ Thin coating

Chemical compatibility
with SiC and reactor

environments

B3 PR T A R MR BE Y SiCySiC R &R+ 7
T AR F) 1 A R T 2 3R

Fig. 3 Performance and processing requirements for develop-
ment of the interphase between fiber and matrix in SiC¢/SiC
composites for use in high-dose radiation environments!”’
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31 EWERRRMEE
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SERIAT R B FH R
32 WhESMHEEE

FHAEE T PIP SR FH [ 745 5 VA e R AR 3R 47 24 A
777%, CVI VELE mil NN FREREOT RS
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FE WA TZ RGN SiCySIC A 78 8 A il
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Fig. 6 Cladding tube forming technology
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In-plane damage factors of the braided tube yarn, braided tube matrix, and laminated tube in the

hoop direction (a)® and safety factor of shear stress of the winding tube and laminated tube (b) ¥
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1319 SiCySIC B & PHRFER AT 1 8 U 58 B ft =y vl 15
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BJE KSR TR EBE Peter 25MIL TisSIC,
TG MR ZAE 1300 °C, 50 MPa #5714 Bh
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LB TI58 E 9(18.3+5.8) MPa. i [H it g A 2140151153
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Ti, FE3Ed AL R MIRE N 1500 C, 2L T TiC/
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J&T 5 SiC MK REGEIL N ALSIC, B ZEM KL
RAF R SiC R . SR, ALSIC4«(CTE=
6.2x10° K5 SiC(CTE=4.4x10"° K "Wk FEAE—
SEFRE MK RED, 76 sl RIS, 5 RAEM
[ EN
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A, ERE R T AR R S TR SR R
— Fofr 7 7R (R T AU TG 45 B R RTO agR
FUH JEAL [ 3R 15 RE;Si,Co(RE #7050 EAH,
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Table2 Comparison of related properties of several typical MAX phases®1¢3

Material Vickers hardness/  Flexural strength/ Fracture tou%lzmess/ Thermal cqtlldugtivity/ Electricalécondufltivity/

GPa MPa (MPa'm™™) (Wm K™) (x10°,S'm™)
Ti;SiC, 10.4 881(//c-axis) 14.1(//c-axis) 32.4 0.49(//c-axis)
Ti;AlC, 9.1 1261(//c-axis) 13.1(//c-axis) 14.6(//c-axis) 1.01(//c-axis)
Ti,AIC 7.9 735(//c-axis) 8.5(//c-axis) 27 2.5
NbyAIC, 7.0 789( L c-axis) 9.3(L c-axis) 21.1 0.81

B 13 NI R B2 SiC/Yb/SIC R A R 45 75 Bt (BSE) 7
Fig. 13 Low and high magnification back-scattered electron (BSE) images of the SiC/Yb/SiC

joints joined at different temperatures
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(a, ) 1200 C; (b, g) 1400 C; (c, h) 1500 C; (d,i) 1700 C; (e, j) 1500 C (dwell time of 15 min)

4G B M R S LT Rk B, R A
RSB 058 ARG E MRS B4 SiC 2z [\ [ A
(1 #4 0 fk % Tic DA % 2 MR Jb G 2K e 45 QB il i, Ay
SiC/SIC &AM RMZ AR 70 5 1) iy 26 3% 4529 5 1)
R T — Pl IR A e L%

B0 Sz B R Hh B (BE JEAY 1 mm)SiCy/SiC £
FE SR, KRR EKRIE LSRR,
DL /& SiCySiC A0 76 B 5 v 28 7% 422 1) S s B FH 75
Ko Ak, ST SICYSIC A58 1 i 8 1% 1 45 H
Mif il DU, AR IR, B R
Sy 1) v/ B ) i S AR IR AR 1 R E A3 2
X BRI T TRERORW T LA R SEBR - =07
E, JF R TREHAR R FHBIF 78 W [ 0K

7 ERIGG

fEhRBERERGEmEE T TRBEMAT,

SiCySIC B & MBI HaE I 45105 S Foxt 7 2 P R (1) 5%
e AR O R E 8. — MR, ftEm T
0.1 MeV (10 0] LUIs e 3 1H: flf 48 S S0k 7 2
FEIERI A A B, & A ik R, 3£
LA [ A 58 [ XA FEALAG T i 1) 2R v - i T S B
SEREH, E 300~1400 CIEX, fhit 2w
5 =AX SIC ZF4ELL K CVIER £ 1) SiC FE Ak o
mAR IR E M M2, PyC FEIHIAHE 5 2 HE R
S, i A A T R SR I W e — I K — R
L I RE, 7E 1~3 dpa 772 X (8] 5L i, 554
SR SEE N ST R 8 ) R E PR AR, T B R 2 R A
SR RARTT . Rk, Rk TR AT, &
BN 1 PyC [f 5 i #H 44 = 4 LLEAT: SiCy/SiC 7EA% H
WE T K IR 7 K

B RRZAREGERI MAX MR DAL E 24
S o TR T S IR (S 1S L 11 R 2
WAL AR S AR AR B SRS . 35



834 T AL A R R

¥37%

FE] JBR 48 ¥ T2~ B ¥ Tallman 250110128 5o b - g A5 43
Hr & B MAX A (40 TizSiCy TisAlC,. TirAIC Z5)7E
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H SRR T M R AR 5 TR AT S b K%
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