212 % &

G677, 14 a4/l d=%/a 26a0,/7 A 43

& 56 £ (1970) #% 2%

F oV FHIBRIT 17 5 0 VIRTT O & R R o v T

V053 6

R H &

—kER ﬁ ﬁ***

A

On the Mechanism of Formation of the Inverted V Segregates

in Killed Steel Ingots

Synopsis:

Kiichi NARITA and Masayuki TANIGUTI

The mechanism of formation of the “inverted V’* segregation in killed steel ingots was investigated by
means of the autoradiographic technique. The results obtained can be summarized as follows:

1) Aninverted V segregation occurs in the transitional solidification zone, when liquid enriched with
solute in the interdendritic region which commonly forms microsegregation begins to move upwards owing
to the gravitational force. Then it grows gradually to a larger segregation.

2) The inverted V segregation occurs in the transitional solidification zone, but grows mainly in the
boundary region between the transitional zone and the liquid bulk.

3) The solute concentration inside the interted V segregation diminishes gradually as it grows larger,
but this concentration appear again at the final stage of the solidification.

4) The process of the growth of the inverted V segregation is rather the confluence and spread of the li-
quid which is already enriched with the solute than the enrichment or accumulation of the solute at the so—

called solidification front or interface.

5) Thus the inverted V segregation is not formed as a result of the solute enrichment at the solidifica-
tion front, but rather the solute is ¢jected and enriched at the solidification front through the formation of

the inverted V segregation.

(Received Aug. 6, 1969)
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Table 1. Characteristic data of the carbon steel ingots tested.

Ingot Steel- Pouring | Pouring | Pouring Chemical composition (%)
making temp. time
No * furnace condition | (°C) ( min) C Si | Mn| P S |Cul| As)| O N | Au
Basic Top
1 elctric arc |pouring in 1-520 15°3 0-47| 0°27| 0-62 0-05| 0-02| 0-11| 0-01/0-0070-008] —
furnace open air
Top
2 4 pouring in| 1-560 16°0 0-42 0-29| 0-58| 002 0-01| 0-15 0-01(0-003|0°- 006 —
vacuum
Acidic Top
3 open pouring in|  1-500 15-2 0-43| 0-26| 0-62 0-02| 0-02 0°07| 0-010-009/0-005 —
hearth open air
Basic Bottom ’
4 electric |pouring in 1520 13-2 0°46| 0-30 0-64] 002 0-01| 0-17| 0-01{0°003/0- 004 —
arc furnace | Ar gas
Basic high | Bottom l
5 frequency |pouring in 1-550 3-2 0-25| 0-24| 0-46] 0°01{ 0-01 0-03:0-005(0° 0050 007|0 004
furnace open air
Basic
6 open 4 1-530 7:0 0:36| 0-32/ 0-64| 0-01| 0-02 0'12 0-01j0-004{0-005/0° 004
hearth

* Weight of ingot : No 1~4 ; 20t, No 5; 3t, No 6 ; 4t
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Fig. 1. Radionuclides produced in a carbon steel

after irradiation by the thermal neutrons of
a reactor and their decay curves.
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a) Vertical section b) Transverse section

Photo. 2. Autoradiographs of 8 Cu showing solidi-
fication structure and micrcsegregation
in an inverted V segregate and the
surrounding region.
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Photo. 3. Sulphur print showing the distribution of the inverted
V segregates in the transverse section of a 20t carbon

steel ingot.
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Photo. 4. Comparison of growth direction of Photo. 5. Small segregates beneath the large
some Inverted V segregates in the 3t dendrite arms which can be considered
ingot with the macroscopic solidifica- as the infants of the:inverted V se-
tion interface revealed by Au addition. gregates. (4Cu)

2207 180" 2407

a) Sketch of the sulphur print b) Calculated solidification int-
showing inverted V segrega- erface at various times after
tes pouring

Fig. 2. Comparison of the growth direction of the
segregates in the No 2 test ingot with the
calculated solidification interface.
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Surtace &——— 1Omm

b) Autoradiograph (*'Cu)

Photo. 6. Inverted V segregates which are in-
clined to the outside and have clear
inside outlines.
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Photo. 7. Autoradiographs showing solidification
structure in the inverted V segregates
and the surrounding regions in the
20 t test ingots. (5*Cu)
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Photo. 8. Inverted V segregates surrounded by
the equiaxed granular structure.
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Photo. 9. An inverted V segregate showing fine
internal structure in the 3t test ingot.
(19Au)
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Fig. 3. Distribution of Cu obtained by the micro-
photometric traces of autoradiographs in
the transverse section of some inverted
V segregates and their surrounding re-
gions. (No 4 test ingot)
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Photo. 10. Transverse section of some inverted
V segregates which are accompanied
with the faintly zones
stretching towards the center of the

ingot. (5¢Cu)

segregated

(15)  — 5 VRN NERDMEH I DIRE S % E 1
CHhBEE, TOERICb > TIRIE—EDIBELRL,
LT b o ffE id & Shviz s (Photo. 1, 7).

(16) FEVEITOIRCERTOREIITID2THED
EbbEwhs, REVHEVIEITE D Il A Hiprh

— 74 —
Q



b

AP RIS VRITOLERBER IOV T 219

Wi DDIE D AR RIRE D E\EA SH B (Photo. 1) .
(7)) ERXEIWEVEITCE, LdElidThiies
LU THE 2 D/ X3 VR A S8R AR O ER L 7l

BAKICHIEL TREL TWHDRLLNDH, D

A4 L THRE L 7o/ W EAR O VART 2 1E 5 H3

L DA EVHE VRN XD biR{LE,SE (Photo. 12).
(18) 73 VIRH ELHOEMD T & v mHTic b3k

WA IREE2SE <, F OWARR 75 SRR 58 D IREE A3 V

WM N OEERE L REEOLORS S (Fig. 9.
(19) #HFVIEHF AT Mn, Cu, Au & REERICC,

P, S/ & OEEROE D ERED /N 20—k TT

F X OTRHITE S BT ERTL T % (Table

2).

(200 LU (O) o FEERLD, HV

[ ORETEL L AARIT 273 (Table 2).
21y S ErOREBIXORETILEMETZKT S

i%f@é%,%@ﬁﬁ%ﬁ%%%@@iot<ﬂa

. TSkl bic (Mn, Fe) S &L T5 VIF

Center &——m— 20 mm
—_

Photo. 11. Autoradiographs showing that solute
concentration in the small segregates
is higher than that in the large ones.
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Fig. 4. Distribution of Cu in an inverted V
s=gregate and the surrounding region.
Transverse section.

20mm
—_

Photo. 12. Some inverted V segregates which have small branches
with higher solute concentration. (8Cu)
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Table 2. Analytical results of C, O and S in
the segregated zone and the surroun-
ding region (%).

Specimen

(No 1 test ingot) C o S
A |Segregated zone* 0-47., 0°0042 | 0-024
Surrounding region 0-45 | 00039 | 0-016
B [Segregated zone* 0-52 | 0°0030 | 0-031
Surrounding region 046 | 0-0044 | 0-018
C Segregated zone* 0:55 | 0-0028 | 0-032
Surrounding region 0°46 | 0-0041 0-018

D [Segregated zone* — 0-0031 —

Surrounding region — 0-0041 —

E |Segregated zone* — 0°0023 —

Surrounding region — 0-0044 —

F Segregated zone* — 0-0041) —

Surrounding region — 0-0046 | —

* Segregated zone contains the inverted V segregate and partially
its surrounding region.
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Photo. 13. Comparison of the autoradiographs of Cu and of 56Mn.
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Photo. 14. A very large segregate in the vertical

section of the 4t carbon steel ingot.
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15. Solidification structure and microsegregation in the columnar zone of the No 4 ingot.
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