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static ASTM dynamic (SHPB, drop weight tower, Charpy tester)
3/4 -point
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material
density
(g/cm3)

average size purity, %

SiC 3.216 800 nm >99

TaC 13.9 1000 nm >99

MWCNTs 2.1
Do<20 nm,
Di: 4 nm,

L: 1-12 μm
>99 wt

B4C 2.51 45-55 nm >99
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Stage 1:

 𝑄 = 133℃/𝑚𝑖𝑛, 9min

𝑇 = 1200℃

Hold 3min

𝑃 = 30 𝑀𝑃𝑎

Stage 2:

𝑃 = 90𝑀𝑃𝑎

𝑇 = 1800 ℃

Hold 10 𝑚𝑖𝑛



Department of Mechanical Engineering and Materials Science 8

CNTs/TaC /SiC Powder 
Mixtures

Sintering

CNTs/TaC /SiC Material
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𝑯𝑽 =
𝑭

𝑨
≈
𝟏. 𝟖𝟓𝟒𝑭

𝒅𝟐

𝑲𝑰𝑪 = 𝟎. 𝟎𝟏𝟔
𝑬

𝑯𝑽

𝑭

𝒄𝟑/𝟐
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𝑭(𝒕) = 𝑨𝒃𝑬(𝜺𝒊 𝒕 + 𝜺𝒓 𝒕 )

 𝜺𝒔(𝒕) ≈
−𝟐𝒄

𝑳𝒔
𝜺𝒓(𝒕)

𝑬𝑨(𝐭) =
𝑨𝒃𝒄

𝑬
 
𝟎

𝒕

(𝝈𝒊
𝟐 𝒕 − 𝝈𝒓

𝟐 𝒕 − 𝝈𝒕
𝟐 𝒕 ) 𝒅𝒕
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𝑲𝑰𝑪 = 𝒇 𝒂/𝑾 [
𝑷𝒎𝒂𝒙𝑺𝒐𝟏𝟎

−𝟔

𝑩𝑾𝟑/𝟐
][

𝟑(𝒂/𝑾)𝟏/𝟐

𝟐(𝟏 − 𝒂/𝑾)𝟑/𝟐
]

𝒇 𝒂/𝑾 =
𝟏. 𝟗𝟗 − (𝒂/𝑾)(𝟏 − 𝒂/𝑾)[𝟐. 𝟏𝟓 − 𝟑. 𝟗𝟑 𝒂/𝑾 + 𝟐. 𝟕(𝒂/𝑾)𝟐]

𝟏 + 𝟐(𝒂/𝑾)
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Strain Rate (1/s)
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 𝜺 ↑, 𝑷𝒎𝒂𝒙 ↑
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Impact Energy
(EI, mJ)

Vickers
Hardness
(HV, GPa)

Strain
Rate

(  𝜺, 1/s)

Max Energy
Absorbed
(ΔUA, mJ)

Max Loading
Force

(Pmax, N)

Fracture
Toughness

(KIC, Mpa m1/2)

Static 24.55±1.32 / / / 3.88±0.28

dynamic

445 / 51.0 49.2 85.4 4.71±0.17

790 / 69.8 63.5 97.7 5.45±0.14

1235 / 90.4 86.1 149.8 8.36±0.09
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a. fiber pull out

b. interficial debonding

c. crack bridging

d. crack deflection

Toughening Mechanisms.docx
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