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The Effect of the Microstructure and Heat Treatments
k on the Ductility of 50%Cr-Ni Castings

Susumu ISOBE, Teruhiko Son, and Sheichi Fukul

Synopsis:

A 5027Cr-Ni cast alloy has excellent corrosion resistance at high temperatures, but thicker cast-
ings show poorer ductility at room temperature. To find out the cause of this degradation the com-
plex microstructure in castings with various thickness were analyzed qualitatively and quantitatively.
And solution treatments to improve the ductility of castings and preconditionings to prevent them
from being brittle in service conditions were respectively tried. Results are as follows:

(1) The solidification of this alloy begins at lower temperatures than the eutectic line for Cr-Ni
binary system and ends around 1295°C. The mean cooling rates, v, depend upon the casting thick-
ness, d : v oc d-1-79,

(2) The eutectic reaction in this alloy is retarded extremely by “halo effect.” Dominant phases
in cast structures are primary a, (Cr-rich solid solution), which contains Widmanstitten-type 7, (Ni-
rich solid solution), and 7;, in which grain boundary reaction (GBR) advances during cooling down.
In thicker castings with lower cooling rates, larger portion of 7, is occupied by the colony of cellular
GBR precipitates, a-+7.

(3) The GBR colony acts as the site of initiation and propagation of cracks, so thicker castings
with more colonies are less ductile.

(4) Solution treatments at higher temperatures make a in GBR (a+7) discontinuous and/or
dispersed and improve the ductility of castings. But the application of this method to big ones is
impractical.

(3) The GBR progresses in service at high temperatures and impairs severely the ductility of
castings. Preconditionings of the microstructure to leave discontinuous and separate a are effective to
suppress fresh GBR and then to keep castings ductile.
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1070 #& & W w65 4 (1979) w75
Table 1. Chemical compositions of 509Cr-Ni cast alloy, wt%,.
C Si\MnPls Cu!Ni Cr Fe[Ti\Al N
48.0
ASTM A560 |<<0.10 |<1.00 [<0.30 |<0.02 |<0.02 Bal. |—52.0 |<1.00 |<0.50 |<0.25 [<0.30
Castings 0.068 0.37‘ 0.123 0.005l 0.007<0.02 | Bal. 50.67 0.59‘ 0.12‘ 0.025 0.025
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Fig. 1. The schema of molds and the setup to
measure cooling curves of castings (Unit:

mm),

Table 2. Details of prepared molds.

Thickness, mm
Mold Backup
5 (10|20 |40 {80
Silica Ol0O|0|0 | @®
Shell
Steel Balls OIAIALALA
Sand —_ — | == | A|—
Notes
Exceptional Sampling
Mark Experiment Location
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Center
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Photo. 1. Precipitates in castings.
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Table 3. Interlamllar spacings (S) in lamellar

colonies.
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— e —
NS

=4

(%), 10° mo?

o Directionally Sclidified 51Cr-Ni
© Conventionally Cast 44Cr- Ni

T T

©
\I

L 2 L ) L L
600 650 700 750 800 850
Aging Temperature ,*C

Interlamellar Spacing (S),10°'mm
©
T
/o
»
w

20

Fig. 9. Interlamellar spacings of GBR in
Cr-Ni alloys. [Kossowsky10) |

600 (3/5)

Casting thickness: 2) 10mm, b) 20mm, c¢) 40mm, d) 80mm

Mold : Shell (Steel balls)

Photo. 2. The microstructure at the center of castings.
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Photo. 3. The microstructure adjacent to cracks in tensile test specimens
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a) As cast,
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Photo. 4. The effect of solution treatments on the microstructure,
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Fig. 13. Lattice parameters of two phases in
castings after solution treatments.
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Fig. 14. Ni contents of two phases and the amout
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