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Abstract SKDI11 (ASTM D2) tool steel is a versatile high-carbon, high-chromium, air-hardening tool steel that is charac-
terized by a relatively high attainable hardness and numerous, large, chromium rich alloy carbide in the microstructure.
SKDI1 tool steel provides an effective combination of wear resistance and toughness, tool performance, price, and a
wide variety of product forms. The CNTs was good additives to improve the mechanical properties of metal. In this
study, 1, 3 vol% CNTs was dispersed in SKD11 matrix by mechanical alloying. The SKD11+ CNT hybrid nanocomposites
were investigated by FE-SEM, particle size distribution, hardness and wear resistance. The CNT was well dispersed in
the SKD11 matrix and the mechanical properties of the composite were improved by CNTs addition. It shows good fea-
sibility as cold work die tool.
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Table 1. Properties of SKD11 powder

Chemical properties Screen analysis

Element Contents Particle size Contents
(Mass%) (um) (Mass%)
Fe Bal. +30 6.4
C 1.57 30~20 12.6
Si 0.36 20~10 33.1
Mn 0.42 10~99 47.9
P 0.014
S 0.01 D50 (9~11) 104
Ni 0.09
Cr 11.98
Mo 1.01 Tap density 448
Cu 0.02 (g/em’) ’
A% 0.34
o 2.20
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Fig. 1. Schematic Diagram of SKD11 CNT nanocomposite fabrication process.
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Table 2. Spark plasma sintering conditions of SKD11+CNT nano-
composite

Inner dia.(mm) 30

Sintering -
mold Hight(mm) 120
Out dia.(mm) 65
load weight(g) 200
P KN 21.2

res.

Sintering MPa 30
condition Sinter temp.(°C) 950
Time Elevation 14
(min) Duration 10
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Fig. 2. TEM photograph of SKD11+Carbon nanocomposite. (a) SKD11 raw material, (b) CNT 0 vol.%, (c) CNT 1 vol.%, (d)

CNT 3 vol.%
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Table 3. Carbon analysis of SKD11 carbon nanocomposite

Vol% CNT contents Theoretical carbon Measured carbon
0

(Wt.%) (Wt.%) (Wt.%)

Raw 0 1.57 1.59
0 0 1.92 2.06
1 0.17 2.14 2.14
3 0.51 248 246
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Fig. 4. SEM Photograph of consolidated SKD11 3 vol% CNT nanocomposite. (a) fracture surface, (b) polished fracture surface
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Table 4. Relative density analysis of SKD11+Carbon nanocom-
posite

Sintering density

Vol% (g/em’) Relative density
Raw 7.61 98.8%

0 7.63 99.1%

1 7.66 99.5%

3 7.62 99.0%
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Fig. 5. Rockwell hardness result of SKD11 carbon nano-
composite.
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Fig. 6. Wear test of SKD11 carbon nanocomposite. (a) raw material, (b) CNT 0 vol.%, (c) CNT 1 vol.%, (d) CNT 3 vol.%
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