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8 OE ol ARSI N T NiAL S8R & Y5 C/C SEMEREIERIZM, AR IN Ti 763 AT 3%
KRl NiAL 5 C/C HAFRIERRIEGEME . DUREE C/C EAMELNIRK, RIS % C/C-NiAl Z 54
B R X S ZATE (XRD) I B BE(SEM)W APRHEAT 08T . 45 RGN S N Ti Ry & B2 50 4 15%IH,
C/C EAFREE NIAL 428 M SO A, B TiC Bk 5 NiAL SATE O/C EARPEI N BRI, 15
NiAl JE R EM 1.35 glem® 55 2.47 glem®, TFALERM 27% NFFE] 15.1%, W PATEF4EHEAT TR 1 A5 G
T RIE NIAL 1) C/C BAMEHREZ 30.7%. 80 Ti A C/C EaMENS NIAL PR F RN E Ti 5 C
ST R TIC B3 T NiALTE C/C A BRIk A 27 W B RO R B R«
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Influence of adding Ti on molten NiAl intermetallic
infiltration into C/C composites

YU Guang-jun, XIAO Peng, FANG Hua-chan

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The influence of adding titanium on the wettability of molten NiAl intermetallic on the surface of C/C
composites was investigated by spreading experiment. It is indicated that adding Ti can improve the wettability between
C/C composites and NiAl intermetallic. Using the low-density C/C composite perform the C/C-NiAl composites were
prepared by the vacuum molten infiltration. The composites were analyzed by X-ray diffraction(XRD) and scanning
electronic microscope(SEM). The results show that NiAl with about 15%Ti (mass fraction) possesses good wettability on
the surface of C/C composites. The TiC particles and NiAl melt present network distribution in C/C composites internal.
The density increases from 1.35 g/ecm’ to 2.47 g/cm® while the porosity decreases from 27% to 15.1% after the infiltration
of NiAl. On the other hand, the Rockwell hardness of C/C-NiAl composites increases by 30.7% in the direction parallel
to fiber fabric plane compared with that of C/C composites. The improvement of adding Ti for molten NiAl infiltration
into the C/C composites results from the improvement of the chemical and physical adsorption characteristics of NiAl
alloy on the composites, which is caused by TiC from reaction of Ti and C.
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RE, AH AR TR A 2 S U A ) V2 A I
U BRI, C/C BAMEHERBRE 370 CH% LR
Tl B B, SEOL AR SRR, AR HE PR
HlT C/C BEMEHE SR EM AT TN . HAT,
C/C BAMEHNY SRR BT 2 2 R SiC %56
BRSNS JR . PR SR 2B Fhig ),
R 2/ B R I K 2R B0 AN DR IE DA R 2 2 44
WEERHE, SEOREEE SR PR mAdR3) .
Fe LI I PR S5 IR BE T 2 D TR 37k e
PREET R, PRI, B Al e R BA HME LAY At
C/IC BAMEHOPUEA IS, D200 SE 0 AT
SO o BRI LA S T A7) 3 A 4 A iR
Vs, &t Cu, FIH Cu RGHEES
AR IR RV N B AT, RT AR 2 b 4
ARG PuRenitkRe . A EoRER, K2
RSB T 25 ¢/C Z AR rism, #
e AT A R H SRR H B A s i AR 1l
#% T C/IC-Cu EHAkL, Ha gk o % Ti LscEs
il Cu 5 C/IC EAMEEERME, 8 e F v A4
JSIE TiO, Al CuyO CRAAH, $ 5 T AR BLe ek i o
2B Ccu. Si 3t C/)C BWAEERIR T
C/C-SiC-CusSi EE KL, 71 700 “CAAL 10 min I 5T
FEHVRENN 0.049%, 700~1 000 CHALI 1k
HIiE, 7£ 1000~1 300 CHEALI T kB T1E,
KRBT R 4.26%.

HAET, JZMNH T Rl F-G i
A AEHE NiAL 48 A& 20 2 2 A AR w4 s
(1 638 “C)FIFAG I ZE— i 4 A2 BE(500 C), 7 800~
1 100 CH BA BB EN 480%). FEiliE NiAl
S AL S AT B m, A1 20~1 100 'C 24 70~80
W/m-K), BER R S BRI B 22 5 | kS ) 308 g
FEARGE RERE T RERE 2 R IK 2R 250 G

FIH NiAl & @ b S PRI E . Pk,
R IR DL SR I T AGE MR, XY
Z AL C/IC EEMEBITEAAMSYE, 1 O/C EEMELR
HRERPPUELRE S, JRRT IR R AH ST
FMARNIRIE . 4T NiAl [l C/C A PRNRERE %,
UL TV I G 2% G P R R B,
TiC BEH NiALVEWRPEARH 4, R A3 AE TiC
FAk B33 NiAL A3 2L Ha G RIFNE S
MR, DR, ASCHE & R SR G St et B A
WL Ti TR NiAL F1 C/C HARHREZ a3 v
BEMRZ . Sl ARAE Ti s, R E A sl
715, F NiAL SRS N3 % 4 1.35 g/lem’ () C/C I8
e il 258 C/C-NiAL Z A 0K, JEn SL4l g R4 2

PEREREATHIE ST

1 SR

1.1 SKIGJE#Y

K HUAZR NN 2 w5 2B 721 12KPAN % T700 fik4F
YA SR S D PRI (35 BE L 0 0.55 g/em?), LLTAFA
BRI, SRR, BT PR CVI B,
JURRISFTA] A 120~300 h, AR EE R 900~1 100 °C, il
1395 1.35 g/em’ 1) C/C ZALIAA  FREF 751K C/C
HAEMEIEIE 16 mmX 16 mmX 5 mm LR MR
FE, JFHIRPACETEE, S PaS Ve R T . RIS
2145 1) NiSOAISONIAD G @ IRk 5128 1 350 °C
B BAMBIBK S h 5, WFEE. L5553 150 pm i)
NiAl ¥y K. Ti Byl 99%LL &, KiEh 50 um 42
Hio

1.2 SKIGiHiE

K HFSBRIAE C/C Ak T4 2 1) S8 7 i e %
22 NiAl BB O/C ARG H e 2
I INAS ] NiAL A Ti Jiit b EARN 12 mm, JEE
4 2 mm [ & (Rl 7724 500~700 MPa, = i) 7
C/C IAAZK I, AEE RS N THE S 1800 “C O 1 h,
R i FTORG &5 A1 0 LA 1 . NGAL HF0 Ti
() & B3 504 100:04 95:5. 90:10. 85:15 Fi1 80:20.

FRI B SE B0 3RAF 0G% NiAL 15 C/C AR kY
I Ti Bk, SRAHES SIS C/C-NiAl Z 544
Bl HBIRE A 1 800 °C, fRIRIAN 1 he KW
Archimedes HiZKiEME C/C-NiAl E SR FLR
MIEERE; ) HR-150A ZY 3 xCAE L v DA R 7% [K
fifi B£(HRB); H] Canon Power Shot G12 FREAHMLiC 3% 5
il B NIALL Ti # s i B r C/C A b R 1) 2 WL
T3 H RIGAKU-3014 2 X S £RAT Ao Bt kL
YiA; I NOVATM Nano SEM230 #4144 H 4500 4211
I3 RTIA BRI RO A5 AL FIARL DX A 27 B 5«

2 HR5UHHE

2.1 A0 Ti X NiAl £ C/C E&##) LR A2

T S SN Ti SR NiAl &4
C/C Wk EfEiett, 2RI TE 1. 5 FAF Ti &
T NIAL W AR H 5 7 7E C/C WA L0 7 T
W 1 FR. BHERRESER A FnT . RSN Ti G ER
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Table 1 Results of spreading experiment

Sample w(Ti)/% Result of spreading
a 0 Furling into ball cap shape, no bonding
b 5 Furling into ball cap shape, a little spreading and bonding
c 10 Spreading obviously, melt infiltration occurred
d 15 Spreading wholly, melt infiltration occurred
e 20 Spreading partly, bonding

Bl 1 AFEILGE] Ti. NIALR A s I Fo e s e C/C B A ) W 3
Fig. 1 Macromorphologies of wafer compacted by Ti and NiAl powder melting and solidification spreading on C/C perform:

(a) 100%NiAL; (b) 95%NiAl+5%Ti; (¢) 90%NiAl+10%Ti; (d) 85%NiAl+15%Ti; (e) 80%NiAl+20%Ti

1 NiAl BioK 5 C/C HUARRENRIER 2, WA AT
PRGNS E NG (W 1(a)). WINDE Ti B, NiAl
P C/C Yefhms AR 45 (LK 1(b)), NiAl 5 C/C (1)
WPESGEA S Y Ti T EIAE] 10%~15%, NiAl
5 C/IC TR EE LS, NiAL BB A B C/C ek
o PR RN R S (L 1) MI(d)). 4 Ti
I E] 20%, JERE R AR Z (L 1(e)). T Ti
U5 C B, M T EER R, X C/IC KA R
P, BRI, Ti & B NVAEHIE 10%~15% K55 H A .

2.2 1A NiAl EHRRY4ELR A
2.2.1 XRD 7#r

W RS, TRAEH Y Ti & &4 15%NiAl
i iy BRI UR, Wik Ti &8k 15%
(1) NIAVTi AR AT B S50 il % C/C-NiAL 451+
Ko 2 Fron iy C/C-NiAl 545 RER [T FIAEL T 1) XRD
i, K 2(a)fTnE Il XRD TR, 15 NiAl 5
MRLR T =2 Cv NiAL AR AR B TiC 4hp. A
i NiAl 2B AN C/C BARNE, Xf
C/C-NiAl 5 EHE S I HEA T UL . NIAL (1A A7
B BB, TiC WA JLF- 3 A8 4E, 1T BAE B NiAl
C&B A C/C HARNELE 2(b)).
222 PB4

JHE— i NiAl CB AN C/C FEARPNH, XF

C/C-NiAl A MR S (A T EA T i e 2 A . 1
3 By il C/C SEARPELRT C/C-NiAL 526 AR b
BRI PEAE SEM 5. XL 3(a)fi(b) KL C/C B4
RN EBAEE R BRILE 3(a)), 1 C/C-NiAl &
FARE PR FLBR AR &= 1 B ) T T I 7R (L] 3(b))-

Kl 4@@)BTnh C/C-NiAl & 75 MREE T 1 = 6%
SEM 4. th &l 4(a)n] 51, FIOAHIATE T fREF 4 1R B,
5 I EAH PR IS B K EORDIR )T . IS8 A (A R0
WLUT A AT o A AR B0, e 25 -4 ) o A1 4%
s AR AR A R PR R €0 JUR A 9 e T4 43 A1 R ASUR A
Ko 0 A EATFI K LB 4(a) T IX 38 A4 F1 B)EAT RE
WEANTEIL, A AL NI R OGR4, P
(R BE R BT 101, AW NiAL(ALIE] 4(b)), K
FOURE A B T AT C TG 2, PRI IR LI 11 (A,
Kl 4(c)), &5 XRD 15381 E A i C AT SN AR B
() TiC AH .

&l 5 Bis i3 NiAl JEAPEHT) C. Tiv Ni il ALY
LA A . BRETHEN TR S C, IBRLTHEIL T 4R
Ti VT, 454K 2(b)f) XRD B HT A1 4(b)RE
TN, UEA Ti BEEAEGREF4ERN C/C SR I ik
TiC; BRI 4E H AR R UBURIAL, Ti Il C 5 &
F v, U BRI R TIC, RIS H Ti
55 C/C FER N ER B OV AR B TiC. XS Ti
HC 3 2URIBRA,  ALIGRT Ni i SUmTtr,  H AL
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B2 C/C-NiAl ZEFEHE XRD %
Fig. 2 XRD patterns of surface(a) and cross-section(b) of NiAl-infiltrated C/C composites

B3 C/C EAFER C/C-NIAl A MEHNE T SEM £
Fig. 3 Cross-section SEM images of C/C composites(a) and NiAl-infiltrated C/C composites(b)

(b) Element w/% x/%
Al Al 3149 5121
Ni,  Ni 6851 48.79

O Ni
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© Vo HlementwDe % gy CCNIAIS A DRI SEM (% 2
Ti 77.96 47.00 4(a) T AT A4 FUKE X B 1) EDS fgi
i

Fig. 4 Cross-section SEM image of NiAl-

infiltrated C/C composites(a) and EDS analysis
Tli of white area A(b) and gray particle B(c) in
x ’ ; Fig. 4(a)
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WG 1 N W [i) 0 [ AES , 0 I 1 28 I K S i N A HEM NIALAI TiC [ St AR 2, WA I B %
() NiAl 245 [FIIHE & IR Ti [ RN 23 1E 415 Ni 6 Fi7n A3 NiAl J5#hk C. Tiv Ni AT AL
AL S, BT A3 065 . Ni AT AL R4y, ] LA M . B 6 w40, Ti FEATAERRK L YR

e )

5 C/C-NiAl ZEMEFPICER Co Tiv Ni AlAL 5704
Fig. 5 Line scanning image of C, Ti, Ni and Al in NiAl-infiltrated C/C composites

rae £

6 C/C-NiAl E&aMEIcER C. Ti
Ni Rl AL f T4 A1

Fig. 6 Element distribution images of
NiAl-infiltrated C/C composites: (a) SEM
image; (b) C; (c) Ti; (d) Ni; (e) Al




523 5 12

T, A BN Ti X C/C HEMENS NIAL £ W40 A4 (K52 1) 3321

C/C FAARTR A F JE A TiC Uk, 7ERREF4ER TiC B
Wi JE L Jp A Ni AT AL JoER, Ni AL A ) LF—
#F, HE Ti MamBE bR, (2 C TEMAmE
Ti A A N, ATRERE C o BRI RIS DL & AR
AN C TC A A B TR TIC 5 NiAL S
W, S EDA, B HR RS HBETS.

2.3 HIRtaE

% 2 frFkh C/C-NiAl EAE MK C/C BE Ak
SRR Le . tHER 2 AT4, C/C BAMERPFATER
YA TH T 1 PP YIREE S 30.6HRB, 2 NiAl 544
BRI RE 8 40HRB, #2751 1 30.7%, X2 il i
TiC 1 NiAl [Fi3 Al C/C-NiAl & A AHR g 15 51
Fhtm. C/C BEMEIRIMZMIRE Y, HA
B K% NiAL 378 (W& 4(a)), S B0 O IS AR o

% 3 FiAl oA C/IC-NiAl E6MEE c/C 24
PR B B TF AL . 3R 3 WAL, 428 A NiAl J&,
RFE R R 1.35 g/em’ 35 2.47 g/em’, T FFFLE N
M 27% FB&EF] 15.1%.15 NiAl J7 ) C/C AR HAT K
R, NH T iRgs e B —e . A
T NiAl KAESEAEAR C/C A PRI P A B,
SRR ITFFLARMR B R R, dfT g — 2D BRI
MRHPTFFLE IS N — WS O

Fz 2 C/C-NiAl EEMEHS C/C EEMEH S Rl &
Table 2 Rockwell hardness of NiAl-infiltrated C/C

composites and C/C composites

Sample Rockwell hardness, HRB

C/C 35 34 29 28 27 30.6
C/C-NiAl 44 36 39 41 40 40

%3 C/C-NiAl ZEHEHS C/C EA MR FERITF L%
Table 3 Density and porosity of NiAl-infiltrated C/C

composites and C/C composites

Sample Density/(g-cm ) Porosity/%
C/C 1.35 27.0
C/C-NiAl 2.47 15.1

24 BENEYR

AR AR TR Ak, B A SR B PR 28O
WA S A AR S T 431 X VAR 23 BOAE 0 KT A
I FIEVER D7, A REAEAAR Sy 1 e [ 5 S T 2R 2%
%, SEROWIN AR . P BERIAL S B 24 1T DLk 33
TR PO, AR AT S R S 2 i S

k77, BRARIENES, BRI Ti 5 C MRV EGEE
Wk, LOAEIHE S NiAL I H I

HHIE 3(@) %1, C/C FARN A R EALR, W
S5 NiAL MEHIZHZA (LKL 3(b) KL NiAl 545>
ALERR AT R LI AFLRR . =i R, MRk NiAl
& B W 1 AL A FLEBR B 4045 J1iB N CIC Nl
NiAl 5 C/C [PREWEPEZE, ARITHE, Brblaidism
Ti SCEM R E. W 4@ TLE 1, il T Ti
SIS AR S N AR R TIC, B e AE BT 4t
Fl B — 2 TiC, FIH TiC 5 NiAl B UFHEEEE, K
NIiAL B EE C/C EAMBHIFLER T o X 368 v] LA
T C RAERN, PRAACEI, BRI
BE, MM PRI NiAL & 4 Sk 7, 32 50 NiAl
B4 C/IC HIBIERET -

R, A ] 1) TiC 0kr LU v B 21 4 5 A1 11 TiC
WL KARZ , IX AT g2 T TiC fhkii KRS Ti &
FHOG, MR B ) Ti & & s TIREF RN &0 Ti & &,
JT A3 TIC KRR . 55— 7 T Ti % 5 C
SN, WO Ik 5 1) Tk nT e 5 30 TiC Fokr PR T
KK, Rifies S8 C/C FAART AL A i) TiC 15
Wi, AFT NIAl S4arms.

3 Zig

1) I Ti 7] LSS NiAl Y5 C/C BRIk,
Ti A 15%0, NiAl 545 C/C EaM A i
FEREE AR -

2) Ti 5 C M A AT TiC AT 47 NiAl & S0
(BB

3) & NiAl 5 PRI AT R YEF AT TR P 2
M 30.6HRB #7151 40HRB, % 5 M\ 1.35 g/em’ $215
F) 2.47 g/em®, FFALERM 27% F ] 15.1%.
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