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Microstructure and Wear Characteristics of TiC-SKD11 Composite
Fabricated by Liquid Pressing Infiltration Process

Seungchan Cho*, liguk Jo*, Sang-Kwan Lee*, Sang-Bok Lee*"

ABSTRACT: Titanium carbide (TiC) reinforced SKD11 matrix composites were successfully fabricated by a novel
liquid pressing infiltration process. Microstructure, mechanical properties, and wear characteristics of the fabricated
60 vol% TiC-SKD11 composite are analyzed. The composite exhibits superior mechanical properties, such as hardness
and compressive strength with 24% lower density as compared with SKD11. Improved wear resistance of the TiC-
SKD11 composite originates from uniformly reinforced TiC having strong interfacial bonding strength between TiC/
SKD11 interface.
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Fig. 1. SEM image of TiC preform

Fig. 2. Photograph of liquid pressing infiltration (LPI) equip-
ment and schematic of the process
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SE MAG: 5000 x HV. 200 kV WD 10.0 mm

Fig. 3. SEM images of TiC particulate reinforced SKD11 composite
fabricated by LPI process
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Table 1. Density and compressive yield strength of SKD11 and
TiC/SKD11 composite

Properties SKD11 TiC/SKD11
Density (g/cm?) 7.87 6.03
Compressive yield strength
(MPa) 444 2,311
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Fig. 5. OM image and 3D surface image of (a) SKD11 and (b) TiC-SKD11 composite
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Fig. 6. (a) Friction coefficient, and (b) wear depth of SKD11 and TiC/SKD11 composite
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Fig. 7. SEM images of worn surface of (a, b) SKD11, and (c, d) TiC-SKD11 composite

o
Kl
1:)
1o
ol
H1
i
E
it
o,
L
o
-
2]
o
A
?.:
s
=
i
r

= 2o wd zﬂ TiC- SKD11 Ezﬂxﬁg4 1:!}
£ BX5F A3, Fig. 7c W o] TiC7} SKD11 7]
By al o] Fe 4F8l5-0] 79

BAEHA = A & # o] ¢5tofl 4] TiC-SKD11
A & 2F SKD11¢] lﬁéls":} de At 2, A A
£9] TIC7} 243+ 24 TiC7} TiO,2 AFsl=| a1 o 2|
ek AFekSS Ao A Feol AbolE A A|RthaL H il
vk UEH5,14]. o] 2|t S WAle B4 wizol] vk
FHO| A &) Feo] 41a}7) A =L W2 vpE A5 e
W Ao ek ELL, Fig. 7do] vpELIET SEM o]u]|%]
ofl Al Y TiC Y&} mheto] TE| et o] 23t TiCe] B7)
3= TiCQ} SKD11 7| R|8FZo0] £4=8F A H =S 71X
Al e= YERd-

47 AYERE S8 sHE ©
TiC-SKD11 E-3a = o] 7 I
W AT 14 HL= fxua TiCol| o]t $- z‘ﬂ 7141
4 9 Wiikst 54 7S 2 SKDI1L thH] -
A& 7= Aoz Aot uehA 7H%¥ﬂ 74% NIEARH
TiC-SKD11 5t 29] 4 4dE, 57 5% 5 48
o] 7sd ALz o dHrh

o
Ol
i

4.2 E

Ao ML ST 39S olgato] nA4E
9] Tlcﬂz}ﬂ LS54 BEAME TiC-SKD11 E3A| 7 E 7

w5t 871018k TiC-SKD11 BE34)=9] Z<, SKD11
thu] oF 24% Zegol WA S5%k 7| A2 SH 2 A=
A, 5200 PEHFEAE FHE AL AL AT 4
QGITF. 3V, Mo®] 2Hh 2 SRl EW G50 o3}
of St AS 7HA = R 2HE TIC YA A = A,
olof o]&}e] WAS} EA T ot 3FA R itk B W TiC
Q=] WA w}i]= TiC/SKD117F A4S A Aoz 9l
3 E3A 0 LM o] o]2 oA v 73t TiC AR
A steto] Qofit 202 SEHEIck webA] AL HF TIC-
SKDI1 B3t|20] 49 neps 24 9 F744) Sof
2§ 7hsAo] ki TaEc

0

b

7|

B ATE WA, A AR AN BEOR S4
Sh W4 87144k (14-CM-MP-04)2] 4] 91052 4

Hglom, oo gA=H

REFERENCES

1. Moon, J.-S,, Jung, S.-S., Lee, D.-Y,, Jeong, Y.-K., Kang, M.C,,
Park, C.-D., and Youn, K.-T., “Powder Sintering Characteristics
of Carbon Nanotubes Reinforced SKD11 Tool Steel Sintered by
Spark Plasma Sintering”, Journal of Korean Powder Metallurgy
Institute, Vol. 22, No. 3, 2015, pp. 157-162.

2. Qi, Q, Liu, Y, and Huang, Z., “Promising Metal Matrix Com-
posites (TiC/Ni-Cr) for Intermediate-temperature Solid Oxide



214

Seungchan Cho, llguk Jo, Sang-Kwan Lee, Sang-Bok Lee

Fuel Cell (SOFC) Interconnect Applications”, Scripta Mate-
rialia, Vol. 109, 2015, pp. 56-60.

. Oh, N.R,, Lee, S.K., Hwang, K.C,, and Hong, H.U., “Charac-
terization of Microstructure and Tensile Fracture Behavior in a
Novel Infiltrated TiC-steel Composite,” Scripta Materialia, Vol.
112, 2016, pp. 123-127.

. Oh, N.-R,, Lee, S.-K., Cho S.-C,, Jo, I.-G., Hwang, K.-C., Kim,
D.-H., Cho, Y.-T., Sur, D.-W,, and Hong, H.U,, “Temperature
Dependency of the Tensile Characteristics and Transition of
Fracture Behaviors in a Novel Infiltrated TiC-SKD11 Compos-
ites’, Korean Journal of Metals and Materials, Vol. 55, No. 3,
2017, pp. 156-164.

. Cho, S., Jo, I, Kim, H., Kwon, H.-T,, Lee, S.-K,, and Lee, S.-B,,
“Effect of TiC Addition on Surface Oxidation Behavior of
SKD11 Tool Steel Composites’, Applied Surface Science, Vol.
415, 2017, pp. 155-160.

. Jam, A., Nikzad, L., and Razavi, M., “TiC-based Cermet Pre-
pared by High-energy Ball-milling and Reactive Spark Plasma
Sintering’, Ceramics International, Vol. 43, No. 2, 2017, pp.
2448-2455.

. Lee, Y.-H., Huynh, X.-K,, and Kim, J.S., “Spark Plasma Sinter-
ing of Fe-TiC Composite Powders’, Journal of Korean Powder
Metallurgy Institute, Vol. 21, No. 5, 2014, pp. 382-388.

10.

11.

12.

13.

14.

. Wang, Z.,, Lin, T, He, X., Shao, H., Zheng, J., and Qu, X,

“Microstructure and Properties of TiC-high Manganese Steel
Cermet Prepared by Different Sintering Processes”, Journal of
Alloys and Compounds, Vol. 650, No. 25, 2015, pp. 918-924.

. Kim, Y.-I,, An, G.S,, Lee, W, Jang, ].M., Park, B.-G,, Jung, Y.-G,,

Choi, S.-C., and Ko, S.-H., “In-situ fabrication of TiC-Fe3Al
cermet’, Ceramics International, Vol. 43, No. 8, 2017, pp. 5907-
5913.

Wang, Z., Lin, T., He, X., Shao, H., Zheng, J., and Qu, X,
“Microstructure and Properties of TiC-high Manganese Steel
Cermet Prepared by Different Sintering Processes”, Journal of
Alloys and Compounds, Vol. 650, No. 25, 2015, pp. 918-924.
Kwon, H., Jung, S.-A., Suh, C.-Y,, Roh, K.-M.,, and Kim, W,
“Mechanical Properties of (Ti,V)C-Ni Composite Prepared
Using Ultrafine Solid-solution (Ti,V)C Phase”, Ceramic Inter-
national, Vol. 40 , 2014, pp. 12579-12583.

Jung, J., and Kang, S., “Sintered (Ti,W)C Carbides’, Scripta
Materialia, Vol. 56, 2007, pp. 561-564.

Park, S.H., and Kang, S.H., “Toughened Ultrafine (Ti, W)(CN)-
Ni Cermets’, Scripta Materialia, Vol. 52, 2005, pp. 129-133.
Wu, Q.L., Zhang, J.Q., and Sun, Y.S., “Oxidation Behaviour of
TiC Particle-reinforced 304 Stainless Steel”, Corrosion Science,
Vol. 52, 2010, pp. 1003-1010.



