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Refining of High Purity Ni-base Superalloy Using Calcia Refractory

Synopsis:

Toru DEGAWA and Tohei QTOTANI

Technical review and experimental study have been conducted on melting process for Ni-base superalloy

using calcia refractory.

Experiments were carried out first on denitrogenation for liquid iron, and secondly on reaction between
calcia crucible wall and molten Ni containing Hf. Major experiments were carried out on producing
Ni-base model alloy, and remelting of IN738 and MarM 247.

These experimental results have revealed that Ni-base superalloy thus made has very low oxygen and ni-
trogen content below 10 ppm and superior cleanliness, and that calcia refractory has an excellent stability

for melting and refining.

Key words: Ni-base superalloy; deoxidation; desulphrization; removal of nitrogen; non-metallic inclusion;

calcia refractory.
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Table 1. Chemical composition of Ni-base superalloy (wt%).

C Ta Mo Cr Co W Ni S Al Ti Hf B Zr
IN738HC 1 0.17 1.9 1.75 15.5 8.6 2.65 Bal. 0.003 3.35 3.49 — 0.012 0.09 Fe:0.17
IN738LC 0.09 1.7 1.65 15.9 8.42 2.64 Bal. 0.004 3.40 3.66 — 0.011 0.03 Fe:0.11
MarM247 0.13 3.15 0.61 8.13 1.01 10.5 Bal. 0.003 5.41 1.02 1.30 0.016 0.05 Mg :0.03
Fe:0.01
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Table 2. Chemical composition of crucible mate-
rial (wt%).

Crucible Al,O3 MgO Cal Si0, FeoO3 B203

Al O3 Bal. <0.01 <0.01 0.78 0.10 0.04
MgO <0.01 Bal. 0.54 0.54 0.06 0.09
Ca0 0.01 0.34 Bal. 0.03 0.01 <0.01
ZrOy 0.17 0.14 3.51 0.46 — 0.14
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Fig. 1. Denitrogenation simultaneously occurred
with deoxidation, desulphurization by adding Al to
molten iron in CaO crucible.
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Fig. 2 Relation between nitrogen and oxygen, sul-

phur after adding Al to molten iron in CaO
crucible.
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Fig. 3. Effect of remelting temperature and cruci-
ble materials on denitrogenation of IN738L.C.
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2EDOENDH VEEED Ca0 B2 F0H RV RIE
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BUZIAN DT BDIEOHEFERTH 5.
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Fig. 4. Change in [O], [N] and [S] concentrations of
Ni base model alloy during VIM in CaO and MgO

crucible.
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Fig. 5. Relation between [N] and [O] + [S] during
remelting of IN738C.
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Table 3. Chemical composition of IN738LC

remelted in various crucibles.

Crucible 0 N S Ca Remarks
Ca0 0.0009 0.0022 0.0002  0.0009

MgO 0.0014 - 0.0024 0.0027 <0.0001 (VAC)*
AlLO3 0.0020 0.0023 0.0027 <0.0001 _

Ca0 0.0009 0.0016 0.0005  0.0012 | Ni-Ca**(VAC)
Ca0 0.0006 0.0017 0.0002 0.0014 | Ni-Ca**(Ar)
MgO 0.0006 ©0.0027 0.0009  0.0051 | Ni-Ca**(Ar)

* 1550°C 10 min hold in 10™4 torr
** Ni-10% Ca alloy add at 1450°C (Ca : 0.5 wt%)
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Fig. 6. Results of X-ray analyses of Ca0, Al,03, MgO and ZrO; crucible walls after remelting

of MarM247.

Table 4. Chemical composition of remelted MarM
© 247 (wt%).

Crucible 0o* N* s* Hf Si Zr Ca
MgO 6 10 9 1.42 0.029 0.06 <0.0001
AlL;0; 6 9 6 1.33 0.031 0.06 <0.0001
Zr0, 6 9 6 098 0.043 0.56 —
Ca0 <5 <5 3 1.39 0.019 0.06 <0.001

* ppm, Melting condition : 20 min hold in 5X 10™* torr at 1 550°C
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Fig. 7. Effect of crucible material on deoxidation
behaviour of molten nickel after adding Hif.
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(3 min after adding Hf)

% CaOcrucible
® MgOcrueible
A AlOscrucible

Number of Inclusion ( 0.04mmZ )

FTAL
\\ \ .—A\‘\
ARV b ut-s remmsriitirs W
0~10 2030 4050 6070 8090
1020 3040 5060 70-80

Inclusion size (pm)

Fig. 8. Distribution of inclusions in molten Ni
after adding Hf in various crucibles.
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