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Cobalt-free Nickel-base Superalloys
Yutaka Koizumi, Michio YAMAZAKI, and Hiroshi HARADA

Synopsis :

Cobalt-free nickel-base cast superalloys hava been developed. Cobalt is considered to be a be-
neficial element to strengthen the alloys but should be eliminated in alloys to be used for direct
cycle helium turbine driven by helium gas from HTGR (high temp. gas reactor). The elimination
of cobalt is required to avoid the formation of radioactive #Co from the debris or scales of the alloys.
Cobalt-free alloys are also desirable from another viewpoint, i. e. recently the shortage of the element
has become a serious problem in industry.

Cobalt-free Mar-M200 type alloys modified by the "additions of 0.15-0.2wt% B and 1-1.5wt%
Hf were found to have a creep rupture strength superior or comparable to that of the original Mar-
M200 alloy bearing cobalt. The ductility in tensile test at 800°C, as cast or after prolonged heat-
ing at 900°C (the tensile test was done without removing the surface layer affected by the heating),
was also improved by the additions of 0.15-0.2% B and 1-1.5% Hf,

The morphology of grain boundaries became intricated by the additions of 0.15-0.2% B and
1-1.5% Hf, to such a degree that one can hardly distinguish grain boundaries by microscopes.

The change in the grain boundary morphology was considered, as suggested previously by one of
the authors (M.Y.), to be the reason for the improvements in the creep rupture strength and tensile

ductility.
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Table 1. Composition of alloys (nominal, wt.%).

Alloy B Hf Co
Mar-M200 0.015 0 10
TM- 3 0.015 0 0
TM- 6 0.2 0 0
TM- 7 0.015 1.5 0
TM-11 0.2 1.5 0
TM-14 0.15 1.5 0
TM-15 0.2 1.0 0

-
. Others : 0.15C-9Cr-12.5W-1Nb-2Ti-5A1-0.05Zr-bal. Ni
(Common to all the alloys)
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Fig. 1. Creep curves at 1000°C and 12kg/mm?.
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Table 2. Resulis of creep rupture test.

4 Alloy T o R. Life ém E N.H
Mar-M200 1 000 12 206. 1 4.63%10-2 1.4 1
TM- 3 % ” 169.6 5.02x10-3 1.9 3
TM- 6 ” ” 244.1 4.45%10-3 3.0 2
T™™- 7 % % 401.5 2.33x 104 1.9 3
TM-11 ” % 357.1 5.32x10-3 4.7 3
X 1T M-14 % Z 585.8 1.42x10-3 4.0 1
N TM-15 % 7 470.4 3.23x10-3 3.7 2
Alloy T o R. Life ém E N. H
Mar-M200 900 25 443.9 2.35%10~3 2.2 1
TM- 3 ” 25 291.9 4.51x10-3 2.1 4
TM- 6 ” 25 165.3 7.44%10-3 2.3 2
TM- 7 ” 25 363.4 5.78x10-3 2.1 3
TM-11 ” 25 327.5 6.47x 10-3 4.2 3
TM-14 ” 25 410.1 4.08x10-3 4.3 2
TM-15 7 25 306.0 6.60x 10-3 4.3 1
Alloy T g R. Life ém E N.H
Mar-M200 800 35 3916.3 2.98x10-4 1.1 1
TM- 3 ” ” 1610.9 3.26 % 10-4 1.3 1
TM- 6 ” 7 647.2 2.37x 104 0.6 1
TM- 7 ” 40 457.3 6.36x 10-4 0.8 1
TM-11 % 35 437.6 1.17%10-3 0.8 1
TM-14 ” 7 2571.8 7.41x10-4 2.1 1
TM-15 Z % 369.7 6.33x10-+ 1.1 1

T : Test temperature(°C), o : Stress (kg/mm?), R.Life: Rupture Life(h), €, : Minimum creep rate(%/h),
E : Creep rupture elongation(%), NH : Number of heats.

Photo. 1. Two types of intergranular cracking observed after creep rupture test at 1000°C
and 12kg/ mm2. Etched electlytically in 20% phosphoric acid aqueous solution,
and observed in SEM. (a) Cracking along interfaces between carbide and grain
boundary gamma prime (observed in alloys Mar-M200, TM-6, and TM-7);
Type A cracking. (b) Cracking along interfaces between grain boundary gamma
prime and gamma matrix (observed in cobalt-free alloy TM-3) ; Type B cracking.

%70, 2LELBREORIEERTOLTH 50, Bl Photo. 1 ¢, 1000°C, 12kg/mm? T2 ) — SRkt
fICix Mar-M200 &6 X D 0T % 2 L0y ORBERED L CEEBE CEHROLRY B LE
%. HThsd. LIeNREhTHB2(aNd, MRy o
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Photo. 2. Structures of grain boundary areas, after heatﬁng fdf 200hm ”a

000°C, etched by

the glyceregia reagent and observed in SEM. Arrows indicate grain boundaries.

(a) Mar-M200; the interface betw:

een grain boundary 7' and matrix y is irregular,

and this leads to cracking of Type A (shown in Photo. 1-a). (b) Alloy TM-3
(cobalt-free Mar-M200) ; the interface between grain boundary gamma prime and
matrix gamma is rather smooth, and this leads to cracking of Type B (shown in

Photo. 1-b).
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Photo. 3. SEM microstructures showing the effects of 0.29; B and/or 1.59;, Hf additions on

the appearance of grain boundaries after heating for 200h at 1 000°C.
TM-3, (b) alloy TM-6, (c) alloy TM-7, and (d) alloy TM-11.

(a) Alloy
Additions of

0.29% B and 1.5% Hf (alloy TM-11) make grain boundaries almost undistingui-

shable.
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Fig. 2. Effects of heating time at 900°C, with a
stress of 6kg/mme? or without stress (only
for 3000h), on tensile properties at 800°C.
Effects of surface removal (0.5mm by
grinding) after heating are shown for alloys
TM-7 and TM-15 specimens.
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Fig. 3. EPMA Iine scanning (qualitative) in the surface layer of alloy TM-7 specimen
heated for 600h at 900°C and 6kg/mm?, and the microstructure along the scanned
line. The specimen was cut oblique to the surface to make the surface layer appear

extended.
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