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Critical conditions for the Formation of “A” Segregation in Forging Ingots

Hitohisa YAMADA, Takashi SAKURAI and Tomoo TAKENOUCHI

‘Synopsis :

Quality of forging products is greatly affected by macrosegregations such as “A” segregation which tends

to appear in large ingots.

From the points of quality control and assurance, therefore, it is important to
establish a method to predict formation of “A” segregation in ingots.

For this purpose, twelve commerical

ingots of different sizes and steel grades are investigated. Further experiments are carried out, by pro-

ducing “A” segregation in small ingots, to study the effects of alloying elements.
critical location of the formation of “A” segregation differs with grades of steel.
mined not only by the liquid density difference but also by the coarseness of dendrites.

The results show that the
The location is deter-
In the case of low-

alloy steels, secondary dendrite arm spacings have to be as big as 560 micron meters for the formation of

the segregation.
by the radius of ingot regardless of grades of steel.

Meanwhile the vanishing location of the segregation in the center of ingots is determined

Key words : macro-segregation ; segregated streak ; ingot making ; low-alloy steel ; dendrite arm spacing ;

A-segregation ; inverse-V segregation.

1. # a8

RERME 2 IR A KBBEROME IR, V
R REVREITBLUZRSIEIF I B2 EICKS,
WRAPHBOAHER CHE SRS -0, BAmEom L
B, WHORERLBOL LR IEETH
5.

LiLIhbo=raEiion, VIEFTZSEEOIIK
LB LEGOBRLICLOTHEERSE b OOVD ik
VIRITICEI L TSRS KENL S 5 & R BERYIC B4 5
B, LEzho2T, ZORKBEDHETL L & HIRITOFRE
TAHERPCEREE Z2BHcECcE T, BRONE
BRARHBIC L O THROTHRATH 5.

ZFD1o N T HE VIR O 4 B KR
BLT, BMELOMESLRENRTELY™D, Larl, v
IS SR TV ARWES SV, Bl EH VIR
DEFIZIZBLBERAOEEES, 7 FI74 MEENE
ByHLEZONLHIOTE wFhORTFHIXEN %
D, HAVIGHEVREFTOBEICEDX ) IZEGLTw
B00%EEHLMCERTVR,

FITAMIETIE, KESLWAROELRLERBE

FEB % UIMTRA L, S I L oM VIR AR EIR % 1
LT HELEDI, BEOLABETELZRML ER
NRIGASRICE VIRIT 2 B & ¥, BSTERDORITBEMER
KBXIZTHELYRAELL. 7, AEKERI SR
BEZIBHRLTWARFIZOWTHRE L /2.

2. £ B F &k

2-1 EHAMBROAE

BIEFRRNICREET HH VIRITOEBRIKR L HS 2
B0, 9t A5 400t $TO 12 ROMBIZOWT
FEEIT2 7.

PRI DILFE 5 % Table 1 2R ¥ 2%, SO
SFR i REM, Mn-Ni-Mo #, Ni-Cr-Mo-V §, B &
U Cr-Mo S0 S ¥ THAH. %72, Ni-Cr-Mo-V $id
& Si #1725, Cr-Mo 8 T35 C & Si #f &£ 1% C & Si
MAEETATEY, KSiHTiE CItksrEZEER,
ZFoMiE Si HHVvix Al THIEE L /- EH ® R A X
FLETHEXICIDSGEEL .

MBI AR O R S HEPRE, 5V IHH TR
X 0 # 300 mm AAEMAEFF ISR L, BEO 1/2
$7-12 1/4 BEOHRIC VW HAERERL:. 72,

BBFN 57 4E 10 B AL HBHEASICTRE B 62 4 12 A 28 HZ{} (Received Dec. 28, 1987)
*  (BR) A AT WAFZEHT (Muroran Research Center, The Japan Steel Works Ltd., 4 Chatsumachi Muroran 051)
*2  (#k) B ARBUEPTEMPIZAT T (Muroran Research Center, The Japan Steel Works Ltd.)



98 & & #®  HEU5HE (1989) F1F

- Table 1. Chemical composition of investigated ingots.
Chemical composition (wt%)
Ingot (t) Material
C Si Mn P S Ni Cr Mo \"%
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 2.90 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
75 Ni-Mo-V 0.31 0.35 0.55 0.018 0.019 3.12 0.09 0.42 0.07
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
Table 2. Chemical composition of experimental ingots.
Chemical composition (wt%)
Material
C Si Mn P S Ni Cr Mo \Y% Ti
0.19 0.21 1.45 0.003 0.011 0.79 0.15 0.50
0.20 0.18 1.42 0.003 0.009 0.73 0.12 0.51
Mn-Ni-Mo 0.21 0.05 1.50 0.003 0.009 0.75 0.07 0.52
0.31 0.05 1.39 0.004 0.014 0.76 0.08 0.51
0.18 0.04 1.31 0.003 0.012 0.78 0.14 0.52
M 0.23 0.14 0.27 0.006 0.008 3.20 1.57 0.50 0.14
Ni-Cr-Mo-V 0.26 0.05 0.33 0.006 0.009 3.20 1.63 0.46 0.11
0.70 0.48 0.62 0.017 0.014 0.10 0.14 0.04
0.61 0.01 0.62 0.008 0.009 0.01 0.03 0.01
0.67 0.50 0.60 0.010 0.012 1.01 0.10 0.05
High carbon steel 0.66 0.50 0.53 0.010 0.011 0.11 1.03 0.04
0.70 0.56 0.64 0.010 0.013 0.11 0.08 1.09
0.66 0.50 0.59 0.010 0.012 0.10 0.08 0.04 0.47
0.63 0.59 0.63 0.009 0.011 0.11 0.09 0.04 0.65
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Fig. 1. The starting position of “A” segregation
zone as a function of the temperature difference
between solidus and liquidus.
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Fig. 2. The ending position of “A” segregation
zone as a function of ingot radius.
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Fig. 4. The starting position of “A” segregation
zone as a function of the density difference in the
liquid.
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