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Table 1 Chemical composition of H13 steel (w/%)

Fe C Si, V Mo Mn P, S
Bal. 0.32~0.45 0.82~1.20 4.75~5.50 1.10~1.75 0.20~0.50 <0.03
R 2 Inconel 718 SRS ENLFERY
Table 2 Chemical composition of Inconel 718 alloy (/%)

Fe Ni Cr Nb Mo Ti Al
Bal. 50~55 17~21 4.75~5.5 2.8~3.3 0.65~1.15 0.2~0.8
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Table 3 Parameters of plasma melting deposition manufacturing

Gun-to-sample distance

Current/ Voltage/ Scanning quder Working gas Shielding gas Ove_rlap Smgle'lz.iyer (distance from bottom of
Sample speed/  feeding rate/ flux/ flux/ ratio/ deposition
A A% .l - 2 2 N . nozzle to upper surface of
mm-min g'min L-h L-h % height/mm
substrate)/ mm
1# 90 35 90 3.5 80 200 30~45 3 10
2# 95 38 90 3.5 80 200 30~45 3 10
3# 100 40 90 4 80 200 30~45 3 10
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Fig.1 XRD patterns of different composite samples: (a) 1#, (b) 2#, and (c) 3#
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Fig.2 SEM images showing the typical microstructures of different composites: (a) BSD micrograph of 1#, (b) BSD micrograph of 2#,

(c) BSD micrograph of 3#, and (d) local magnified SEM micrograph of the rectangular region in Fig.2b
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Fig.3 EDS spectra of the corresponding regions in Fig.2d: (a) region D and (b) region E

————
i
| —ATEE o

I
g
l
i

4 XERE 2d AN JGE I EDS T 9 45 R
Fig.4 EDS mapping showing the different elements distribution in the area of Fig.2d

Mo JG%) B, Ze s X B2k ke Bl B
10 um’B4, E S0 SR A0 HLI 2d BOK A5 B0k
6000 fir, REI &5 SR SZ AR AR B AR SLAH 5% s 1
I b ok AR e, SR IE SR 27 /D i Niy Fes Cr
SEOLERYHUEN TIC H, BRI E ARRDI T /> NI
Fe. Cr ZI0 5.

3HAFE LAY AL U B 2¢ B, w0, KR
SR 1~4 wm PR PRI €A A /N RIURE SR SR AT LR K A Uk
P, T BB R (U RORE A A I B U 5 3 18] 2b
BT IR IR (0 52 A AL - EDS 238, 18 2¢ F C
AbJCE R K Ti68.5-C22.5-Ni5.2-Crl.6-Fel.4-Nb0.5-
Mo0.4 (at%), Zi# XRD 43 Hr & Rl 4. 70 A 7E K
A K B BORCR AL 200 TiC 5 AH . L5 2#
WAL A U B, Bl A K K H 1 Inconel 718 %
BREDHOMN 50%FH8E] 36%, TiC KB N
2% N3] 45%. T PEMAR T Ti JCE I A sk

=

37.5%, HEARE Ti Mitk, Nb 5 C WA slmie
AT A AR E L (LK 4), HEE AR Nb Fl
Mo I KRG, H Mo 5 C isgf i /M Ti, M
I3 B A R 0 A R R /D, AE i A 2 rp i 5%
A

H R BT En, 3 MR G AR B4 2R t
TiC 5 AH . p"-(NisNb) LR S AH A p-(Ni, Fe) [l %5 4
FEARG Ao BT AR R TR Ok SR A B T R A
SEME AL B A TIC BT BN . {15
RS, BAR 3HRFET TiC 8855 0 AR R 2 B ik
45%, HAHALZURISIBCE, IR B IR SO AL IR
S

ER TSRS, EEETHRERERT,
Inconel 718+ Ti %) & Ni {1 857 S8 R IIE IS, TR
&1 Ti. C. Ni. Fe. Cr. Mo. Nb JLHEM &L,
K 4 141, KI0EE C N IE BB A oK 3



%54 IR e s 23 T Ak YURY TiC 3558 Inconel 718 JEJ5AY A4 A 44 b AR AN £ R e ek i 138 vk *1501 +
F 4 BB DZREE
Table 4 Thermodynamic data of carbides (AG/kJ-mol™)
Carbide reaction 1000 K 1200 K 1400 K 1600 K 1800 K 2000 K 2100 K
Ti+C= TiC -173.03 -170.72 -167.84 -164.95 -162.06 -158.43 -156.06
2Nb+C=Nb,C -181.90 -179.62 -177.38 -175.19 -173.00
Nb+C=NbC -137.09 -136.96 -136.89 -136.81 -136.82
7/3Cr+C=1/3Cr;Cs -43.80 -48.88 -53.88
23/6Cr+C=1/6Cr»;C¢ -74.85 -77.31 -79.56 -81.04 -82.73
3/2Cr+C=1/2Cr;C, -9.75 -11.63 -13.52 -15.15
2Mo+C=Mo,C -49.94 -51.04 -51.85
Mo+C=MoC -13.43
/J\ @i‘{j{ﬂi] NbZC>T1C>NbC>Cr23C6>M02C>Cr7C3 35
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Fig.5 Wear rate of composites as a function of test loads
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Fig.8 SEM images showing the worn surface morphologies of Inconel 718 and different composites: (a) Inconel 718, (b) 1#, (c) 2#,

and (d) 3#
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Microstructure and High Temperature Wear Resistance of TiC/Inconel 718 Composites
In-situ Synthesized by Plasma Melting Deposition Technique

Shi Chenxiao ', Liu Yuanfu ', Li Yong ?, Sun Guangbao ', Zhang Zheng ', Feng Zhicheng '
(1. Beijing Jiaotong University, Beijing 100044, China)
(2. Tibet University, Lhasa 850000, China)

Abstract: In order to modify the high temperature wear resistance of Inconel 718 superalloy, TiC reinforced Inconel 718 superalloy based
composites were in-situ synthesized by co-axial powder feeding plasma melting deposition technique. Microstructure and in-situ synthesis
process of the composites was analyzed. The effect of volume fraction of the TiC reinforcing phase on microhardness and high temperature
dry sliding wear properties of composites was discussed. The high temperature wear mechanism of the composites was also studied.
Results show that the microstructure of composites is refined and dense. Microhardness values are remarkably influenced by the volume
fraction of the TiC primary phase. The higher the volume fraction of the TiC primary phase, the higher the microhardness values of the
composites. The composites exhibit excellent wear resistance under high temperature dry sliding wear test conditions.
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