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Fig.1 Wetting macrograph of NiAl intermetallic compound on

carbide substrates
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Fig.2 SEM images (a, b, ¢) and XRD patterns (d, e, f) of different carbide coatings by CVD: (a, d) SiC, (b, e) TiC, and (c, f) ZrC
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Fig.3 Wetting macrographs of NiAl intermetallic compound on different carbide substrates: (a) TiC, (b) SiC, and (c) ZrC
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Fig.4 Wetting macrographs of wafer compacted by Ti and NiAl powders on carbide substrates: (a) 100%NiAl, (b) 95%NiAl+5%Ti,
(c) 90%NiAI+10%Ti, (d) 85%NiAl+15%Ti, and (e) 80%NiAl+20%Ti
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Fig.5 Cross-sectional micrograph (a) and XRD patterns (b) of
NiAl-modified C/C composites

6 4 NiAl 0t C/C &4 M4 KL TH ) SEM B J s
AT XCNREEEE, 1 XN NIALBIER, 11X N
CIC Hefhk, 11 X o [ AH I 70 R £F 4R IR B, €A
PR R R B K E R, HLARSORL I IR 21 4 43 A 43 8U%
WERA RN L. Aeikss & XRD 700, B
AHEH AL Ni 2R, JRFLezir 101, $EWTA NiAL K
BFRI R Tiv C4k, A C. Ti AR TiC #.
NiAl V535 JZ 8 E 0.8~0.9 mm, 5t IR K B 4 1)
MARECE, {2 NiAl 5 LLBE S| CIC FER AN L.

3 SRS

3.1 NIAI-C A R FEEMETEMN
W T E T 1800 °C (2073 K)HF NiAI-C
1K 22 N AT REAEAE MDA ) B Fa s M . NIAL 5 C Al gk



- 1000 * Wiy & IR AEL S TR i 45 %
HDUF SN y = e(a+bx+cx2) _ e(4.71619+5.86089><10'4 x—1.64539x10~8 x?) (5)
13C+12NiAl = 4Ni,C + 3Al,C, D y= e(a+bx+cx2) _ e(5.11267+8.37805x104‘ x—4.4803x107°x%) (6)

C. NiAl. Ni BL K Al Cs HIFB 73 #4584 WAk 1o %
Bl HEAT LA, FEH 5T 1800 “C R &40 i F 75 AR W 1 el
6. BT NisC m# o=, HikaE ()M
B, JE S e B NI A C =B RA KRB, L
SRAF NigC 1) 7 4 i B £h R 1) B G
C+3Ni=Ni,C (2)
&5 C. Niv NiAlL AlC; KIA K (3)~(6):
y =y, + Ae™* = —16.74325+14.10334" 70 % (3
y =Y, + Ae®* = 8431218+ 79.13579e* 5V X (4)

6 NiAl 21t C/IC &R SEM K H
Fig.6  Vertical section SEM image of NiAl-modified C/C

composites
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Table 1 Partial thermodynamics data of C, Ni, NiAl, Al,C3

(kJ mol™)
T/IK Gc Gni Gnial Galses
298 -1.71 -8.91 -134.54 -218.17
400 —2.45 -12.37 -140.78 —230.79
500 - -16.50
600 -4.79 -21.23 -156.42 —265.68
700 - —26.53
800 -8.25 -32.27 -175.47 -311.37
1000 -12.70 —44.90 -197.17 —365.67
1100 -15.26
1200 -18.01 -58.85 -221.12 -427.17
1400 -24.09 -73.97 —247.02 -494.90
1600 -30.83 -90.12 —274.67 -568.16
1800 -38.18 -107.94 -303.93 —646.40
1912 - - -320.96
2000 —46.06 -127.96 -337.56
2100 - - —-356.75

2200 - 148.84

1800 ‘CHf, C. Ni. NiAl Al Al,C, [ A 1 H B
fitA: G(C)=-50.03 kJ/mol, G(Ni)= -135.34 kd/mol,
G(NiAl)= —350.88 kJ/mol, G(Al,Cs)=-778.14 ki/mol.
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Fig.7 Schematic diagram of the wetting process of NiAl and Ti

on carbide substrate
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Effect of Active Element on Interface Wettability and Microstructure of NiAl-Modified
C/C Composites Prepared by Infiltration

Fang Huachan, Yu Guangjun, Xiao Peng, Xiong Xiang
(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Wetting behavior of carbon, TiC, SiC or ZrC by molten NiAl intermetallic compound at 1800 <C was investigated by the sessile
drop technique under vacuum. Active element and addition quantity were optimized by spreading and infiltrating experiments in the
NiAl-modified C/C composite. NiAl-modified C/C composites were prepared by the vacuum molten infiltration. The microstructures and
infiltration mechanism were analyzed by X-ray diffraction (XRD) and scanning electronic microscopy (SEM). The results show that NiAl
has lower wettability on carbon or SiC, while has higher wettability on TiC or ZrC. It is indicated that adding Ti can improve the
wettability between C/C composites and NiAl intermetallic. NiAl with about 15%Ti (mass fraction) possesses good wettability on the
surface of C/C composites. The depth of NiAl permeable layer on C/C composite is about 0.8~0.9 mm. The molten NiAl intermetallic
compound containing titanium infiltrates into the C/C composites preform, and TiC phase forms in the NiAl-modified C/C composites. Ti
addition can improve the molten NiAl infiltration into the C/C composites preform, which is attributed to the better chemical and physical
adsorption characteristics of NiAl on the composites brought about by TiC. The liquid NiAl infiltrates into the preform under the capillary
pressure.

Key words: C/C composite; infiltration; NiAl intermetallic compound; Ti; wettability
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	3.1  NiAl-C体系热力学稳定性评价
	通过热力学计算分析1800 ℃(2073 K)时NiAl-C体系内可能存在的物相的热稳定性。NiAl与C可能发生以下反应：


