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Abstract; Nano-infiltration and transient eutectic (NITE) process is a new method for fabricating
silicon carbide fiber reinforced silicon carbide based (SiC;/SiC) composites, which has the advantages
of short production cycle, simple process and low production cost. The material made by NITE
process is with compact matrix, low porosity, and free of residual silicon, therefore, it is suitable for
high temperature and long service environments at 1400°'C and above. At present, Japan, the United
States and other countries have carried out in-depth research on this technology based on the mature
third-generation silicon carbide fiber, and applied the composites in fields such as nuclear energy
industrial heat exchangers and aero-engine combustor liners. In this paper, the basic concepts, the
manufacturing process, the mechanical properties of SiC;/SiC composites and component verification
and prospects of NITE process were reviewed, in order to provide the reference to a certain degree for
the domestic development of this process.
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Table 1 Properties of SiC;/SiC composites fabricated by NITE process
Shanghai
Parameter Kyoto OAK Muroran institute of
ceramics
Fiber type Tyranno™-SA 3rd Tyranno™-SA 3 Cef-NITE™ Tyranno-SA
Fiber form Long fiber Woven — Woven Shot fiber Woven
Fiber volume fraction/ % 230 50 35-40 40 45 45 30
Density/(g + cm™ %) 2.94-3. 06 2.81-3. 11 2.73-2.96 ~3.0 3.05 2.76-2.94 2.85-2.93
Porosity/ % 1.1-2.1 0.6-6.2 3.7-13.9 5.0 5 — —
Elastic modulus/GPa 289-311 277-354 59-117 300 - - 275.2-286.1
Proportional limit/MPa — - 142-365 ~180 142 - —
Tensile strength/MPa 350-380 322-358 160-238 400 344 — 335. 3-369. 6
Flexural strength/MPa 517-690 375-860 152-497 — — 96-135 —
Fracture strain/ % 0.145-0. 286 0.127-0. 176 — ~0.3 — — —
Thermal conductivity/ 32-19 21-15 _
14-21 20-35 — — —
(Wem'+«K™1) (20-1000) C (20-1000) C

ZRIA . Abe S I NITE B T 2R 3 F AT
KK SIC R4 T SiC/SiC & 44k 35 % Ho
SGARIEAT T,

FT O AT R AR B BT Y 2 T B e T
2V UR S e TSRO A 1 S R T
In 2 AR IS [ 508 % 5 GE A R]" T ZO, T
e S E R HOK B 22 1 e 1 5 AR NITE T
Y HEAS BRI i A K RONHE B A AR . B oh, A
WY 4E AR BE 48 J5 1 SIiC/SIC &2 4 MR J5 b 2T
TEHAT TG Gl e N, G X G bk AT
T4 L AL B (8 ARk A N A R A B R R
T LR A2 » DA E — 25 0 R ) 1A 3 3 % LB B
BEa » 11 R AT 2 B % T R A L A B R FE

4 ERBIEBARTTRRE

A% RE Tl 5038, 8 5 TR S o A% SR AR g A A
SRR B AR A T T R A R S TR IR
[Fi) B 5203 A Sy B BV A JB L A 7 AR T e o
38 R AR A IS I 355 36 o DA I o 435 P A el A 8 9 i A
PERE B M SR TR 2 R SIC/SiC
S A P DR LA S 1) B AR A A% B Tl 15 4 S5 4
B H i T PIP, MI T2 1 45 1 ik Ak ik B4y
I AL 2= T i Ll A 5 S R B R AR MR 2% 5 C VT
A 0SSR AL B 3R 8 e o " R T 45 ) (1 A
SRS 2EVERE . KSR EE SR R WL NITE T2 6l %
M52 A B RE AT D) 0 A F A% RE Tl S8R, Idris

G R R E AR R AR AL B L NITE T2
il £ 19 SiC,/SIC 5 G A RHY H 4t 5 1 S S v e
WEL 5 FHIET NITE T L H & T AR 2%
4 4 Noborio 81 EF 3 w8 Wi A S I % & il 45 T &
ARSI AE LiPb-He S 645 & 4b 647 T
M s Satori A5 il £ T 2 2 4 MR #OH, BT 5%
TASTRIFL4S ¥ %o #4452 2R 14 52 ) ; Kishimoto 451 4
& T2 AMEIMIRES . ZBLAE 0~1000 CYu B . & A
PR L A Z 0 B, HE S W 2] g
EREEH TR,

FEMLZS K sh ALK , 6 2 X HE T bU B sk R 45 77 oK
P AN DRI 482 13 R P8 T8 A S A A A2 1 b e L RB R SR
T il 1 BE G S K R A MR, B, Ak
NITE T2 7Efi 25 & 2 BLAT 8 0 BF 7 £ 0 3% 3, (L 5%
B AR R U [ R S 5 5 JF J8 T A 9286 NITE T2 il
BB E HT E 4 20~ 1350 C ]GE Sz 100 4§ 2R
Jei > VERE TC W H AL 4 T, R NITE 1.2
FER A3 A 3 AL 4 3ek A sty 35 4 LA 1 43 AT 0 Y R P i
Se. BLAh, it NITE T2 il #% i Pk g SiC 27 4 |
Z AL AR BT NITE TR SiC,/SiC &2 44k
HEREH RS R T H 252 1 AR

R4 NITE T2l # SiC/SiC & & Mk # 14 2
B T — 2 B L FH LAk L B R AT £ 00 4 1 45 # T
ARATHEE o 7 B, AR DU (g Al A S8 TR A 1y 2. o,
BRI (2 7] 3 3ok 35 HP 125 ) 4 5 4 T 4 0 U 3 5k
“PHIEEFR R T.2 7 (pseudo-hot isostatic pressing, P-
HIP) #47 il & i% T208K 52 G b R BUR BH JZ 214 58
L Hp L R R R A VR A 15 32 FE 7 A J5i . LS BRAE TE



ERVE G R

NITE L2l # SiCi/SiC & & B R TF 7 it J 37

B AR A B 3 B o SRT G e 3 ab B R 45 o
B TR T 52 % 0 R A T L % 52 2 TR TG 45 4 1 A 28
K SHLIRHE M R 55 (R EPRHE RE P BE S 7 AR SR RE L1
W25 A AS 7= A= 5 405 AT 02 B R NITE L 24775 fif o 1
Mz —

5 HRiE

H AT SiC £F 4 1 9 ik 1k ik 54K &2 & b1 BHFE 1% g
P e zs AR S G I e T — o AR EE N L (LB
BRI K 5 % AR Lok it =5 & S AL X A
i s UL S M B W oK AN T T L il A SIC/SIC B A
MR T2 e A & . NITE T2 A4E A —Fp il &
SiCy/SiC & A M B AR B 25 87 120, 3 A ik A ik 2
PRI 27 T o bl A B L o A R 0 e A R R B
T ERB T R . H R E SN T AR E R
5 =40 SIC A4 CJF & 7 K NITE L2058, If
FI T2 L2 45 09 526 b RE P i T 4% g ol 4
B OIFEAL S KA ML R TR AWM. B
Hi . [ 4b TF 72 BF 6 A7 K B T fE fE 1500 ~ 1650C,
100MPa F f#) SiC;/SiC & & # %}, NITE T. % T 5 &
Wil Z AR B . 5 ESME . B N 7E NITE T.Z
7 TH O BIF 58 A A R Y 22 5 (R BE 5 B A8 = AR SIC
£ 2 SRR 1 S8 L [ N R I R AR 3% U 1 #E 5 )
& DLUEE B R GRE 2 00 20 A 4 TH R 52 0y FR %
REVR SR — AR5 i i 25 &k 3 1L 45 403k 1) R e 24
fil

& % Lk

1] X%, etk ek, 5. ESME kST SiC/SiC &4 4k
AR mE I B T 2F R LT ). Aokt TR, 2018, 46(11): 1-
12.
LIU H, YANG ] H, ZHOU Y R, et al. Progress in coupon tests
of SiC/SiC ceramic matrix composites used for aero engines[ ] ].
Journal of Materials Engineering, 2018, 46(11):1-12,

[2] XG4 o 3 8. 1 SR 2T 2 36 0 P 5 B 2 5 A RHROUL g 27 F
FEHEREL ] AR, 2018, 33(7) . 711-720.
LIUH T. YANG L W, HAN S. Research progress on micro-
mechanical property of continuous fiber-reinforced ceramic matrix
composites[ J]. Journal of Inorganic Materials, 2018, 33 (7):
711-720

[3] fEfl, e, 25k, 88k & W& L2 G bR BT 98 2F R
(00 izl we B A . 201544 F) 2) = 1-6.
JIAO J. YANG ] H, LI B W. Progress in ceramic matrix
composites fabricated by melt infiltration process [J]. Aeron-
autical Manufacturing Technology, 2015(Suppl 2): 1-6.

[4] IDRIS M I, YAMAZAKI S, YOSHIDA K, et al. Defects anni-

hilation behavior of neutron-irradiated SiC ceramics densified by

[5]

[7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

liquid-phase-assisted method after post-irradiation annealing[]].
Nuclear Materials and Energy, 2016, 9: 199-206.

FE PR R GV 2. SIC/SIC B A bR 15 IR IR R
PR REWEFE LT ] LM R 2R, 2017, 32(11) ¢ 1133-1140.
WANG H D, ZHOU H J. DONG S M. et al. Corrosion behavior
of SiC;/SiC composites in high temperature {luoride salt
environment[ J]. Journal of Inorganic Materials, 2017, 32(11) .
1133-1140.

KIHZERERFHE, %, SIC/SIC W ERE AMETISHEARS
PEREBF ST RELT ], FHENTAR . 2008, 22(3): 55-59.

ZHU D, LI M F, GAO M X, et al. Research development of
fabrication techniques and properties of SiC;/SiC ceramic matrix
composite[ ] |. Materials Review, 2008, 22(3): 55-59.

KATOH Y, KOHYAMA A, NOZAWA T, et al. SiC/SiC comp-
osites through transient eutectic-phase route for fusion
applications[ J]. Journal of Nuclear Materials, 2004, 329/333:
587-591.

HIROHATA Y. JINUSHI T. YAMAUCHI Y, et al. Gas perm-
eability of SiC/SiC composites as fusion reactor material [ ] ].
Fusion Engineering and Design, 2002, 61/62: 699-704.

KATOH Y, DONG S M, KOHYAMA A. Thermo-mechanical
properties and microstructure of silicon carbide composites
fabricated by nano-infiltrated transient eutectoid process [ ] ].
Fusion Engineering and Design, 2002, 61/62. 723-731.
KOHYAMA A. The present status of SiC/SiC R & D for
nuclear application in Japan [ J ]. IOP Conference Series:
Materials Science and Engineering, 2011, 18. 162002.
KISHIMOTO H. ABE T, PARK J S. et al. SiC/SiC and W/
SiC/SiC composite heater by NITE-method for IFMIF and
fission reactor irradiation rigs [ J]. IOP Conference Series:
Materials Science and Engineering, 2011, 18: 162018.

BB JEHT 5, A 4 L. SIC/SIC B A BRI £ 5 M R 9T 3
RLI]. MRS, 2013, 27(1D); 66-70.

ZHAO S, ZHOU X G, YU J S. Research and development in
fabrication and properties of SiC/SiC composites[ J|. Materials
Review, 2013, 27(1): 66-70.

PARK J S, JUNG H C, OOI Y, et al. Fabrication of enviro-
nmentally resistant NITE-SiC/SiC composites [ J]. IOP Conf-
erence Series: Materials Science and Engineering, 2011, 18:
202012,

PARK J, KOHYAMA A, HINOKI T, et al. Efforts on large
scale production of NITE-SiC/SiC composites[ J]. Journal of
Nuclear Materials, 2007, 367/370. 719-724.

DONG S, KATOH Y. KOHYAMA A. Processing optimization
and mechanical evaluation of hot pressed 2D Tyranno-SA/SiC
composites[ J]. Journal of the European Ceramic Society, 2003,
23(8): 1223-1231.

DONG S, KATOH Y, KOHYAMA A. Preparation of SiC/SiC
composites by hot pressing, using Tyranno-SA fiber as reinforc-
ement[J]. Journal of the American Ceramic Society, 2003, 86
(1) 26-32.

PARK J S, KATOH Y, KOHYAMA A, et al. Tailoring the

microstructure of hot-pressed SiC by heat treatment[]J]. Journal



38 MR TR 2019 4 8 H
of Nuclear Materials, 2004, 329/333: 558-561. [30] PARK ]S, KIM J, NAKAZATO N, et al. Oxidation resistance

(18] AW T RA VLA . Hil & L X AERRSS SiIC/SIC &2 of NITE-SiC/SiC composites with/without CVD-SiC environ-
R4 ) 5 P g EHIIHJ[J].E*}H‘a‘ﬂ%fﬁ,ZOOS,ZOM);883*888. mental barrier coating[J]. Ceramics International, 2018, 44
DONG S M. DING Y S, JIANG D S, et al. Effects of (14) . 17319-17325.
preparation conditions on the microstructure and properties of [31] TERRANI K A, ANG C, SNEAD L L, et al. Irradiation
hot pressed SiC/SiC composites [ ] ]. Journal of Inorganic stability and thermo-mechanical properties of NITE-SiC
Materials, 2005, 20(4) . 883-888. irradiated to 10dpa[J]. Journal of Nuclear Materials, 2018,

[19] TEAEERYLEER.F. R EX Ci/SIC E G M B4 I 499 242-247.

W mIT]. ML R . 2008, 23(6): 1151-1154., [32] HINO T, HAYASHISHITA E, KOHYAMA A, et al. Helium
DING Y S, DONG S M, GAO L, et al. Effect of sintering gas permeability of SiC/SiC composite after heat cycles[ ] ].
temperature on microstructure and properties of C;/SiC Journal of Nuclear Materials, 2007, 367/370: 736-741.
composites[ J ]. Journal of Inorganic Materials, 2008, 23(6): [33] HINO T,HAYASHISHITA E,YAMAUCHI Y,et al. Helium
1151-1154. gas permeability of SiC/SiC composite used for in-vessel

[20] SHIMODA K, HINOKI T, KATOH Y. et al. Development of components of nuclear fusion reactor[ J]. Fusion Engineering
the tailored SiC/SiC composites by the combined fabrication and Design, 2005, 73(1) . 51-56.
process of ICVI and NITE methods[]J]. Journal of Nuclear [34] JFH =k K a3, &, PURBIR)Z WA 4 R Lt R &
Materials, 2009, 384(2): 103-108. FORHAE T 25T 0], OB TR 200003) : 39-41.

[21] NAKAZATO N,KISHIMOTO H.SHIMODA K.et al. Effects ZHOU X G, ZHANG C R, HE X B, et al. A study on the hot
of preform densification on near-net shaping of NITE-SiC/SiC press of pyrolysised carbon coated carbon fiber reinforced silicon
composites[ J]. 1OP Conference Series; Materials Science and carbide composite[ J]. Journal of Materials Engineering, 2000
Engineering, 2011, 18: 202011. (3): 39-41.

[22] SHIMODA K, KOHYAMA A, HINOKI T. High mechanical (351 ok ATk, ok K B, &, UERE4S Ci/SIC & &M kY f1 2%
performance SiC/SiC composites by NITE process with tailoring PERELT]. mEEREh ’?i’ﬂ} 1999, 27(5) . 611-617.
of appropriate fabrication temperature to fiber volume fraction ZHANG X M, HE X B, ZHANG C R, et al. Mechanical
[J]. Composites Science and Technology, 2009, 69(10): 1623- properties of hot-pressed carbon fiber reinforced silicon carbide
1628. composites[J]. Journal of The Chinese Ceramic Society, 1999,

[23] SHIMODA K, PARK J S, HINOKI T, et al. Microstructural 27(5): 611-617.
optimization of high-temperature SiC/SiC composites by NITE [36] e, sk H, e, &, MER 4 Hl 45 Co/SIC My g 3k &2
process[J]. Journal of Nuclear Materials, 2009, 386/388. 634- AMBEELT]. FHM B T2, 1998(6) : 35-37.

638. CAO Y B, ZHANG C R, ZHOU X G, et al. The study of C;/

[24] SHIMODA K, PARK J, HINOKI T, et al. Influence of pyrol- SiC ceramic matrix composites fabricated by hot pressing
ytic carbon interface thickness on microstructure and mechanical sintering method[J]. Aerospace Materials & Technology, 1998
properties of SiC/SiC composites by NITE process [ J J. (6): 35-37.

Composites Science and Technology, 2008, 68(1): 98-105. [37] A, sk K i, JR 3 5% . 55, 20 B T AL - 45 4% ik &1 4k 13 4)

[25] KOHYAMA A, PARK J, JUNG H. Advanced SiC fibers and BRALRESZ 43 M RH S A A LT 0. s R i, 1999, 19(3)
SiC/SiC composites toward industrialization [ J ]. Journal of 43-50.

Nuclear Materials, 2011, 417(1/3): 340-343. HE X B, ZHANG C R, ZHOU X G, et al. Microstructure of

[26] KOHYAMA A, KOHNO Y, KISHIMOTO H, et al. Indust- the C;/SiC composites by precursor conversion-hot pressing
rialization of advanced SiC/SiC composites and SiC based sintering[ ] ]. Journal of Aeronautical Materials, 1999, 19(3):
composites; intensive activities at muroran institute of 43-50.
technology under OASIS[J]. IOP Conference Series: Materials [38] JAME. EHE.HNT. % kibeE R HE MR begs)].
Science and Engineering, 2011, 18: 202002, P 22 4R . 1999(1) : 41-48.

[27] HAYASAKAA D, PARK J, KISHIMOTO H, et al. Gas leak ZHOU S Q. TANG S Q, SHAO H N. et al. Sintering on SiC
tightness of SiC/SiC composites at elevated temperature[ ] ]. and its composite material[ J]. Journal of Ceramics, 1999 (1)
Fusion Science and Technology, 2016, 109/111: 1498-1501. 41-48.

[28] IDRISA M I, KONISHIB H, IMAIB M, et al. Neutron irrad- [39] T EA . f. W 4, 4. #5845 61 4 & b1 SiC/SIC & & b
iation swelling of SiC and SiC;/SiC for advanced nuclear [Cl/ 2004 4EM BRI 5 TR H 3 R ie e, db . @ 4k
applications[J]. Energy Procedia, 2015, 71: 328-336. WF5E ¢4, 2004 887-891.

[29] NOZAWA T, OZAWA K, ASAKURA Y, et al. Evaluation of DING Y S, FENG Z, CAO W, et al. Fabrication of short chop

damage accumulation behavior and strength anisotropy of NITE

SiC/SiC  composites by acoustic emission, digital image

correlation and electrical resistivity monitoring[ J]. Journal of

Nuclear Materials, 2014, 455(1/3): 549-553.

[40]

SiC/SiC composites by hot-pressing[ C]// 2004 Material Science
and Engineering. Beijing: Chinese Materials Research Society,
2004 . 887-891.

HINO T, HAYASHISHITA E, YAMADAA T,et al. Progress



ERVE G R

NITE LZ il SiC/SiC & & b #i TF 5 0k e 39

[41]

[42]

[43]

[44]

[45]

[46]

of plasma surface interaction study on low activation materials
[J]. Fusion Engineering and Design, 2006, 81(1/7): 181-186.

KONISHIA H, IDRIS M I, IMAI M, et al. Neutron irradiation
effects of oxide sintering additives for SiC;/SiC composites[]].
Energy Procedia, 2015, 71: 306-312.

PARISHA C M, TERRANI K A, KIM Y, et al. Microstru-
cture and hydrothermal corrosion behavior of NITE-SiC with
various sintering additives in LWR coolant environments [ ] ].
Journal of the European Ceramic Society, 2017, 37 1261-1279.
KOYANAGI T, KONDO S, HINOKI T. The influence of
sintering additives on the irradiation resistance of NITE SiC[]].
Journal of Nuclear Materials, 2011, 417(1/3) . 435-439.

ABE T, KISHIMOTO H. NAKAZATO N, et al. SiC/SiC
composite heater for IFMIF[J]. Fusion Engineering and Design,
2012, 87(7/8): 1258-1260.

TR, WAL B R AR L A TR AR R R A B AR he4h SIC K
BRSO BERRER 2. 1998, 12(6): 754-761.

DONG S M, CHEN Z M, TAN S H, et al. Strengthening and
toughening mechanism of post-hot isostatic pressing of liquid
phase sintered SiC[J]. Journal of The Chinese Ceramic Society,
1998, 12(6) . 754-761.

KATOH Y, SNEAD L L, JR. HENAGER C H, et al. Current

status and recent research achievements in SiC/SiC composites

[47]

[48]

[49]

[J]. Journal of Nuclear Materials, 2014, 455(1/3): 387-397.
NOBORIO K, YAMAMOTO Y, TAKEUCHI Y, et al. Develo-
pment of high temperature SiC/SiC composite intermediate heat
exchanger He and LiPb[C]// 23rd IEEE/NPSS Symposium on
Fusion Engineering, San Diego: IEEE, 2009.
SATORI K, KISHIMOTO H, PARK J S, et al. Thermal
insulator of porous SiC/SiC composites for fusion blanket system
[J]. TOP Conference Series: Materials Science and Engineering,
2011, 18: 162019.

PARK Y, HINOKI T, KOHYAMA A. Development of multi-
functional NITE-porous SiC for ceramic insulators[ ]J]. Journal
of Nuclear Materials, 2009, 386/388: 1014-1017.
NOZAWA T, HINOKI T, HASEGAWA A, et al. Recent
advances and issues in development of silicon carbide composites

for fusion applications[ J]. Journal of Nuclear Materials, 2009,

386/388: 622-627.

KRB HI:2019-01-15; 1847 B #§:2019-04-10

BIRAEE EA976—) B B G L B T5 . W R SR A bR
T B R ML LA T 81 {546 5 2046 (100095) , E-mail . 18601192125
@163. com

(A4 )



