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On the Formation of String Ghost in Killed Steel Ingot

Synopsis:

Iwao HAGIWARA and Tadayoshi TAKAHASHI

The first section of this paper deals with the three dimensional observation on the macrostructure of

string ghosts in steel ingot.

The characteristic features of string ghost were examined by applying

knowledge gained from previous studies upon the gravity segregation of Al-Cu alloy. The following con—

clusions were obtained:

1) The string ghost was observed to be formed in the transitional solidification zone, at which stage

some amounts of dendritic crystals grow.

The dendritic crystals in steel ingot were found to be plate-like.

2) The solute enriched liquid located at a relatively large spacing of dendrite arms was considered
possibly to move upward due to the gravitational force and to remelt dendritic crystals in process of flow.
Therefore, the ghost with stringlike configuration was formed in the transitional solidification zone.

3) Direction of the flow of enriched liquid through the dendrite arms was considered to be inclined to—
wards the center of the ingot because of smaller resistance to its movement.

In the second section attempts are made to reproduce the stringlike segregation line by model experi-

ments of Al-Cu alloy.

Consequently, it was found that the stringlike segregation line could be formed artificially or naturally in
the transitional solidification zone of Al-Cu alloy, and thus the above—mentioned conclusions were verified.

(Received 3 June 1966)
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Fig. 1. Schematic diagram of macrostructure.

Shaded portions are ghosts.
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Photo. 1. Macrostructure of string ghost, etched
with Oberhoffer’s reagent.

LIZTRANY »& T =R hOEHGETE DR/ E
H%, (a)BABAOV 2 BIRMDO D LIk S, (b)
WP L THL D ITE - 7o MR IR D (RAT S 7 D A
D2 EICHESYECTERTSE. T—X L ORLLLED
KEOBIEIC W TIREBE Tl 5.

B & PR &3 — K OB & TR & 1T D [EUHFE O i
AT B RENERS B IS oW T <2 BEEEE R X <4
LNTWBHBDOTHDN, TOROLOWEIZOWTIEE
FUEMEI L EBMIC IR E A SIS T VAW
DT, BHLIFX X Al-Cu 54 %FvT (1) 20

— 99 .



30 % & M0

¥ 53 £ (1967) £1 &

a) Columnar zone

b) Branched columnar zone

c) Equiaxed zone

Photo. 2. Cubic observation of dendritic crystals in killed steel ingot. %3 (4/7)
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1 : Furnace 2: Adiabatic cap 3 : Graphite crucible 4 : Artificial
cavity 5 : Thermocouples 6 : Pasty zone (S) 7: Liquid zone (L)
8: Cooling pipe 9 : Nozzle-stopper 10 : Temperature controlled
molten alloy Il : Solute enriched liquid

Fig. 2. Schematic apparatus used for the experi-
ments shown in Photos 3 and 4.
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a) Quenched at. T=0 b) Quenched at T=10min

Photo. 3  The behaviour of the solute enriched liquid which_naturally
filled up the artificial cavity in pasty zone. xX1-2 (2/3)
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Quartz tube was inserted at t=0 and was drawn up at t=40
min; afterwards Al-Cu 10% molten alloy was injcéted at ¢=95
sec. and quenched at 7=10min.

Photo. 4. Remelting of the prev10usly formed den-

dritic crystals due to the flowing down of

- Al-Cu 1025 molten alloy which was in-
jected into. the artificial’cavity in pasty
zone. X1°2 (5/7)
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(@) ) (b)

Quartz tube was inserted at t=0 and was drawn up at t=25min
a).Al-Cu 10% molten alloy was injected at r=>5 sec. then quenched
b) Al-Cu 10% molten alloy was injected at r=>5 sec. quenched at ¢=10min

Photo. 5. Flowing direction of the Al-Cu 109 molten alloy which
was injected into the artificial cavity in pasty zone co-
existing with the liquid zone. x1:2 (2/3)
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Photo. 6. Macrostructure of cross-section(l/2 high)
in Photo 5-b X1:6 (5/7)
Dark gray spots in-pasty zone are string-
like segregation line.

(€57 il 4 aae . ; .
Photo. 7. String-like segregation lines in the bottom’
part of Photo 5-b. x5 (7/10)
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3 e RBNETEE
a) t=25min. ¢=0min. Quenched.,
b) t=25min. r=60min. Quenched.
c) t=10min. Quenched.
d) t= 6min. Quenched.

Photo. 8. The behaviour of segregation line in cooling process (t)

and in keeping time (7). X1-2 (2/3)

700°C

— T

650C [t

645°% (Liquid side)

\ 635%C (Solid side) \
30 min 25min
AY

A

t: Time of cooling process
¢ : Keeping time in state of the co-existence of liquid zone
and pasty zone

Fig. 3. Schematic diagram of experimental proce-
dure for forming the co-existence of liquid
zone and pasty zone, .
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Hot Strip Mill Work Roll Temperature during Rolling.

Eisuke NuvaMa, Katsumi TAxam1, Takeomi OKUMOTO

Ryutaro MoRr1, Mikio Hacuisu and Toshiaki TANAKA

Synopsis:

Temperature of a bottom working roll of the first stand of a hot strip finishing mill during rolling was
measured by means of thermocouples embedded in the surface layer of the roll. Instantaneous temperature
change was detected and led to the recorder through slip rings. Maximum temperature rise
measured was about 100 degrees C at about 1 mm from surface. Characteristics of periodical change in

temperature in various zones in the roll were examined.

perature depended solely on the angle of rotation.

In the zone I, 0 to 0.5 mm from surface, tem—

In the zone II, 0.5 to 5 mm from surface, temperature

depended both on angle of rotation and on the number of rotations during one rolling. In the zone I1J, 5 to
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