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Observation of Ni—-C and Ni-C-Mg Alloys Solidified Ultra-rapidly and Carbon Phases in the Alloys

Kyoko WasAL, Satoshi OisH1, Nobuya SHINOZAKI and Hidenori ERA

Synopsis : Liquid Ni-C and Ni-C-Mg alloys (12.5 at% C) were solidified ultra-rapidly using twin rollers at various cooling speeds. A number of spher-

oidal graphite (S.G.) with a diameter of a few micron meters were observed by TEM in both of the alloys. At each center of S.G. in Ni-C

alloy, a small different phase was recognized, in which some of the calcium, silicon, aluminum, potassium, magnesium and oxygen were de-

tected. The result shows that S.G. in Ni—C alloy could be formed through heterogeneous nucleation on a nucleus formed from the impurities

of graphite reagent. In contrast, S.G. in Ni-C-Mg alloy did not contain such kind of nucleus, having shown more roundish shape than that in

Ni—C alloy. Supersaturated carbon in nickel has a tendency to crystallize at the surface of bulk nickel, which was recognized through carbon
films precipitated on surface of all the samples. Accordingly, the S.G. in Ni-C-Mg alloy could be formed through nucleation at the interface
between magnesium bubble and nickel, and growing up to the center. X-ray diffraction of both alloys proved two types of nickel containing

1.2-1.3% C and 7.5-8.5% C, respectively. In case of Ni—C alloy solidified at a rather slow cooling speed, Ni,C in addition to the two nickel

phases was confirmed. For the samples solidified at a most rapid cooling speed, only one type of nickel containing 1% C was shown. The

electron diffraction of carbon film on nickel surface showed that basal plane of graphite preferentially covered the nickel.

Key words: spheroidal graphite; nodular graphite; ultra-rapid solidification; nickel; magnesium; carbon; graphite.
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A:Pressure gauge, H:Alumina reaction tube,

B:Sample dropping device,  I:LaCrO3 Heater,

C:Sample, J :Alumina refractory,
D:O-ring, K:Shutter,
E:Alumina Crucible, L:Roller,
F:Thermocouple sheath, M:Motor,
G:Cooling Device, N:Spring

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. (a), (b) Bright field images of spheroidal graphite
observed in Ni—C sample solidified ultra-rapidly
using pre-heated twin rollers (Method 1).

Fig. 3. (a), (b) Bright field images of spheroidal graphite
observed in Ni-C sample solidified ultra-rapidly
using twin rollers over which a shutter had been set
before solidifying operation in order to protect the
rollers from heat of the furnace (Method 2).
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Fig. 4. (a), (b), (c), (d) Bright field images of spheroidal
graphite observed in Ni—C sample solidified ultra-
rapidly using twin rollers and dry ice placed at the
outer bottom of the roller-containing box; the shut-
ter had been set over the rollers before solidifying
operation (Method 3). (c), (d); magnified images of
the center part of the spheroidal graphite shown in
(b), which were observed from different direction.

Fig. 5. (a), (b), (c¢), (d) Bright field images of spheroidal
graphite observed in Ni-C-Mg sample solidified
ultra-rapidly using Method 2. (c); magnified image
of the center part of the spheroidal graphite ob-
served in (b). (d); spheroidal graphite with a crack.
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. (a), (b), (c) Bright field images of spheroidal
graphite observed in Ni-C—Mg sample solidified
ultra-rapidly using Method 3. (c); magnified image
of the center part of the spheroidal graphite ob-
served in (b).
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Fig. 7. (a) Bright field image of spheroidal graphite ob-
served in Ni-C-Mg sample solidified ultra-rapidly
using Method 3. (b), (c), (d); diffraction patterns
observed at b, ¢, d positions shown in (a).
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Fig. 8. (a), (b), (c), (d) Diffraction patterns of nuclei ob-
served at each center of spheroidal graphite in the
samples formed by various Methods and assigned
as follows; (a) 3CaO-AlL,O; (Method 1), (b); y-
ALO; (Method 2), (c); CaO-ALO; (Method 3),
(d); (Method 2). (c); diffraction pattern of the part
of nucleus designated by an arrow ¢ in Fig. 4(d).
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Fig. 9. Illustration of formation mechanism for spheroidal
graphite.
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Fig. 10. EPMA images of carbon film near the bent corner
of a Ni-C sample solidified ultra-rapidly using
Method 2. (a); SEM image of carbon film exfoli-
ating from the Ni—C bulk sample. (b), (c); X-ray
images of Ni and C respectively.
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(a) Typical diffraction pattern of graphite formed
on the surface of Ni-C and Ni-C-Mg alloys so-
lidified ultra-rapidly with various methods. (b)
Raman spectra of graphite formed on the surface
of Ni-C alloy solidified ultra-rapidly using
Method 2.

Fig. 11.
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Fig. 12. X-ray diffraction pattern of Ni—C alloy sample so-
lidified ultra-rapidly using Method 1.
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Fig. 13. Split of X-ray diffraction peak of (311) and (222)
in Ni~C alloys solidified ultra-rapidly using twin
rollers with various methods. (A); Metod 1, (B);
Method 2, (C); Method 3.
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Fig. 14. Split of X-ray diffraction peak of (311) and (222)
in Ni-C-Mg alloys solidified ultra-rapidly using
twin rollers with various methods. (A); Method 2,
(B); Method 3.
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