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Hot-hardness and Indentation Creep Characteristics of Pure Metals

Atsumasa OKADA, Yasuhisa YAMAMOTO and Renpei YODA

Synopsis :

In this study, eighteen kinds of polycrystalline pure metals were provided to investigate the hot-hardness
and the indentation creep characteristics at elevated temperatures.

The inflection temperatures where the hot-hardness started to decrease quickly with increasing tempera-
ture were observed in the range from 0.35 to 0.68 Tm (where Tm was melting point on the absolute scale),

and were calculated as 0.49 Tm on the average.

However, in some semi-conductor metals such as Si or Ge, the second inflection temperature appeared.

The slope of the plot of logHV-log# (¢ was indentation creep time in sec.) which was defined as “indenta-
tion creep rate” was the largest in Mo and the smallest in Si at 0.60 Tm. There was a tendency for the in-
dentation creep rate to increase linearly with increasing homologous temperature, and the slope of the line
was the largest in bee and it became smaller with fcc and cph systems.

On the other hand, in the case of semiconductors the indentation creep rate decreased with increasing

temperature up to the second inflection temperature.

The activation energies of pure metals calculated from the indentation creep were close to those for self-

diffusion.

Key words: pure iron; nonferrous metal ; semi-conductor metal ; hot-hardness ; indentation creep; mechani-

cal testing; activation energy.
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Table 1. Pure metals used.
Samples Crystal structure Purity (%) Melting point (°C) 200 T T T T
0~
Mo 99.8 2610 So—o Tt—e_,
Cr bee 99.2 1875 0 N ~=gs ~e-0.0.¢ Mo
Fe (fec>912°C) 99.7 1537 100 = 0 ~.—, 0
-~ -~ ~e,
Co (cph<417°C) 99.99 1495 - s Q‘g*k" ®e_Cr
Ni 99.97 1453 2 ol Ni* ~se. 0 ~ __l
Cu fec 99.9 1083 e = XN NG
Al 99.999 660 b o, 0 °
Pb 99.999 9 327 - L2N \ ‘\
" LR P Q\Co
Ti (bee>880°C) 99.5 1668 i Cu %o Fe\\ 1, o
Zn cph 99.5 420 e ° o oTi ~
Cd 99.999 9 327 s L ‘o
. ~ \\
Sb 99.999 9 631 o L e * -
Bi rh 99.99 271 T 10 N 8
N \
Sn bet 99.999 9 231 .\ \ °
(de<(13.2°C) 5 |~ N . —
Y \
In fet 99.999 156 ‘.\ o
Te h 99.99 450 ®
2 i ] | ]
Si 99.999 9 1410
2 de 9976999 937 0 200 400 600 ?00 1000
) Temperature (°C)
bee : Body-centered cubic cph : Cross-packed hexagonal
bet : Body-centered tetragonal rh : Rhombo hexagonal
fec : Face-centered cubic de : Diamond cubic Fig. 1. Hot-hardness of several higher tempera-

fct : Face-centered tetragonal h : Hexagonal

ture melting pure metals at elevated temperatures.
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ture melting pure metals at elevated temperatures.
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Fig. 3. Hot-hardness of semi-conductor metals at
elevated temperatures.
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Fig. 4. Hot-hardness of several pure metals vs.
homologous temperature.
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Fig. 5. Indentation hardness for several metals at various temperature vs. loading time.
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Fig. 6. Indentation creep rate for several orystal
systems of metals vs. homologous temperature.
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Table 2. Indentation creep rate at 0.60 Tm (HV/s).

Metal Rate Metal Rate
Mo 0.27 Sn; Te . 0.13
Ti 0.21 Ni, Cu, Sb 0.12
Fe . 0.20 Bi 0.09
Al 0.17 In 0.08
Cd 0.16 Co 0.07
Cr, Pb, Ge 0.15 Si 0.05
Zn 0.14

S, de FEELRO Si & Ge RMOEE L IZR%
9, Fig. 6e DXHIZHE2BMA T TIIEDOHE LA L
Tw5. Fig. 6 XD ZMAERED 0.60 Tm 25 HHE S
7)) T7THEEENEHEL GO TRD /L Z 5 Table 2
DBEEIESN. DEILINODOWE 7 ) — FEEEE
THWCEMEBOWE 7 ) — 7TEROEMIL 2 L
F— % Cross-cut {EiZ L kD, ZhFhosENH
CH#BoOEH b A v F—He &2 & 25, Fig.
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Table 3. “A” and “B’ value of samples.

Below iqflection Above ir}ﬂection
Samples Crgﬁtﬁmre point point
: A B(X10) A B(X10)
Mo 206.5 0.6247 562 1.604
Cr bee 160.4 0.7699 1052 2.608
Fe 94.8 0.578 6 10736 6.689
Co 399.6 2.410 414 2.793
Ni 104.7 1.003 444.6 2.660
Cu fee 78.6 2.479 310.6 4.457
Al 36.4 1.958 710 9.154
Pb 6.309 1.000 24.1 5.895
Ti . 149.0 1.430 34759 7.822
Zn cph 153.5 | 5.572 540 8.233
Cd 59.4 4.650 73.3 6.150
Sb 224.5 5.208 245.6 5.420
Bi rh 34.9 4.860 42.5 5.537
Sn bet 40.5 6.750 53.9 7.730 .
In | fet 4.82 | 5.250 18.7] 10.2
Te h 94.6 2.190 14 026 14.9
Si d 1631.7 1.503 1229 2.643
Ge ¢ 1028.0 1.782 683.4 2.787
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Fig. 9. “A” value of pure metals below inflection
point.
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