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Appearance of “A” Segregation in Forging Ingots and Influencing

Factors

Hitohisa YAMADA, Takashi SAKURAI and Tomoo TAKENOUCHI

Synopsis :

Since “A” segregation in forging ingots has adverse effects on the quality of products, it is important to
determine quantitatively the number, the size, and the extent of segregation of “A” segregation in ingots.
For this purpose eleven commercial ingots of different sizes and steel grades were examined. The results
show that “A” segregation spots distribute in a region surrounded by two coaxial circles and that the peak

of the number of spots is around the center of the region, in the cross section of ingots.

The increase in

the number from the outer circle toward the peak is determined by the size of the dendrite, and the de-
crease from the peak toward the inner circle is determined by the decrease in liquid fraction at the ingot
center while it is solidifying. The size of the spots tends to increase with increasing the size of ingot and

is proved to be dependent of the coarseness of the dendrites.
regation is found to differ among elements and also with steel grades.

Finally the enrichment of solute in “A” seg-
It is proved that the enrichment is

determined by the patition ratio of each alloying element and by the coarseness of dendritic structure.
Key words : macro-segregation ; segregated streak ; ingot making ; low-alloy steel ; dendrite arm spacing ;

inverse-V segregation.
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Table 1. Chemical composition of investigated ingots.
Chemical composition (wt%)
Ingot (t) Material
C Si Mn P S : Ni Cr Mo A%
9 Cr-Mo 0.88 0.60 0.39 0.012 0.0008 0.19 2.86 0.21
10 Cr-Mo 0.89 1.00 0.33 0.018 0.010 0.16 2.9 0.38
25 Carbon steel 0.30 0.32 0.66 0.009 0.017 0.13 0.10 0.06
35 Mn-Ni-Mo 0.19 0.30 1.35 0.007 0.008 0.76 0.06 0.49
90(A) Cr-Mo 0.29 0.25 0.70 0.010 0.012 0.29 1.16 0.35
90(B) Cr-Mo 0.28 0.06 0.67 0.010 0.007 0.20 1.06 0.35
120 Carbon steel 0.33 0.31 0.76 0.008 0.007 0.28 0.24 0.10
180( A) Ni-Cr-Mo-V 0.25 0.05 0.26 . 0.007 0.012 3.66 1.69 0.44 0.12
180(B) Ni-Cr-Mo-V 0.26 0.05 0.26 0.005 0.010 3.98 1.79 0.45 0.12
250 Cr-Mo-V 0.27 0.24 0.75 0.003 0.002 0.18 1.17 1.22 0.28
400 Mn-Ni-Mo 0.22 0.26 1.41 0.007 0.007 0.76 0.11 0.52
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Fig. 1. Position of “A” segregation spots and
specimens for chemical analysis.
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Fig. 2. Distribution of “A” segregation spots in
the transverse section of two 90t ingots.
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Fig. 3. Relation between the density of “A” seg-
regation appearance and ingot radius.
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Fig. 4. Density of “A” segregation appearance as
a function of fractional distance from starting posi-
tion.
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Fig. 5. Relation between diameter of “A” seg-
regation spot and radius of ingot.
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Fig. 6. Change in silicon, chromium and molybde-
num contents in radial direction (off the segregation
spot).
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Fig. 7. Change in silicon, chromium and molybde-
num contents in radial direction (on the segregation
spot).
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the liquid.
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Table 2. Chemical composition of specimens.
Chemical composition (wt%)
Material
C Si Mn P S Ni Cr Mo \Y%
Cr-Mo 0.27 0.05 0.65 0.005 0.005 0.20 1.01 0.35
Mn-Ni-Mo 0.18 0.25 1.21 0.009 0.006 0.76 0.13 0.48
Cr-Mo-V 0.25 0.29 0.66 0.004 0.003 0.20 1.17 1.15 0.25
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