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Refining of Solidification Structures of Type 430
Stainless Steel by Vibration Method

Yukiyoshi IToB, Tadaharu OKRAJIMA, and Kiyoshi TASHIRO

Synopsis:

Refining of the solidification structures of Type 430 stainless steel by the mechanical vibration and
the liquid surface vibration was tried. The structures of 15 kg test ingots were remarkable improved
by these vibration methods. Change of structure into the equiaxed one starts after the superheat of

liquid steel disappears.

The liquid surface vibration was applied to 6t ingots for practical use and its effect on structure
refining was confirmed. By the investigation of size of crystals and negative segregation in the equi-
axed zone, it was concluded that the structure refining was caused by the showering of the free crystals.

In the case of continuously cast slabs, the liquid surface vibration was effective only under low

superheat.

1. &

179% 7 warxs5 v LAl (SUS 430 88) o#EEE Lo
TedIIY, BEEMOMMEERBLAT#ETHY, 1€
ks BfE4 OREARA R TWA0D, FEE Y SUS
430 g OBEHBIE I O T—HOMEE B Z L,
Y g efbks X OERE ORI OV
& Lo, A oiRER L 5 @EMESHmbcowT
WD,

BEESEALEOCD O BEFE . L3, —BIEH
W, M= x ¥, BE=s X2 FIE SRR, 8
N BB R B A EET L EDNEERLES VT
»H5b.

AR T, 13 CDRCREBRBBOFRE =7 —~ V<
—THITTS & S BEEBIREEARA L., &5
Z, MR B 273 =y A OBREFERRAESY B
BAZ L= HEEE R O\ T R B = feo .

2. R B B/ &

300 kg EEW BRI CHE L SUS 430 §i% Fig.
1L Rt Xowre, FTHEE2AK7C 150kg ASHRECEA
L, BEARTHB—F Ol =7 —~v~—THITL
Jo. EEERSGMRIT Table 1 & &b ¢, Test No. 13—

i

HL DODRE LICEHEN 2 KEH i, i oHFR~
LIEEIAMERE Lic. Test No. 2~No. 5 Tii R 04
FERHRA Lic. 8880 IREZ R Uk 81 Table 2

Runner Stool base

Fig. 1. Experimental method of mechanical
vibration.

Table 1. Experimental condition of mechanical

vibration.
Superheat |{Teeming|Start of vibra- . .
’11\“Iest in mold time (tion (after Xié?ﬁ%i)

o °c) (s) |teeming end : s)
1 25 57 10 6.23
2 30 50 20 7.00
3 35 39 10 10.00
4 30 40 10 3.00
5 40 45 50 1 1.00

* gEFn 50 £ 10 AAKEEASICTRE Bl 54 £ 10 H 8 2 (Received Oct. 8, 1979)
*F 3R Bk (FR) S84k 77 (Muroran Works, Nippon Steel Corp., 12 Nakamachi Muroran 050)
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Table 2. Condition of mechanical vibration.

Test Ineot Amplitude of Number of
No. ngo vibration (p) | vibration (c/s)
With
vibration 570/730 8/9
4
Without
vibration 120/125 9
With
5 vibration 120/125 8/9
Unbalance motor

Vibration condition 18Hz-11mm
Contactor Silica 31mm §
Cooling air 0~401/min
Immersion depth 50~70mm
Ingot Size 210mm § X 620mm
Weight 150kg

Fig. 2. Experimental method of vibration by
liquid surface contactor.
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Table 3. Experimental condition of vibration by
liquid surface contactor for 150 kg

ingots.

Test Cooling air|Vibration | Superheat
No. |Contactor |7, iy ltime (min) | (°C)

1 20 2 16

2 20 6 15

3 | sus 20 13 35

4 rica 40 0.5 35

5 0 1 n.d.

6 0 2 n.d.

7 0 4 n.d.

8 0 4.25 25

| Castable 0 ! n.d

Chemical composition (%)

C Mni Si P S Cr
0.06 | 0.36 | 0.42 | 0.017 | 0.020| 16.30
/0.07 | /0.48 | /0.51 | /0.018 /0.025| /16.67

Photo. Experimental apparatus of vibration by

liquid surface contactor for 6t ingots.
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Table 4. Experimental condition of vibration by liquid surface contactor for 6t ingots.

Condition of vibration Teeming | Teeming Chemical composition (%)
Test No. . . time temperature
Frequency |Amplitude | Time : ° .
(iz) (mm) | (min) (min) (°G) C | Mn | Si P S Cr
A 18 11 19
1 3.50 1550 0.07 | 0.52 | 0.56 | 0.026] 0.009| 16.35
B — — —
2 18 11 10 3.25 1550 0.07 | 0.49 | 0.61 | 0.030} 0.006| 16.11
3 25 6 20 3.33 1 555 0.05 | 0.48 | 0.40 | 0.029] 0.008| 16.66
4 50 2 20 5.83 1573 0.06 | 0.48 | 0.53 | 0.029| 0.008| 16.43

Mold : Top 500mm X ! 172mm, Bottom 465mmX 1 100mm, Height 1 783mm

Photo. 2. Experimental apparatus of vibration by
liquid surface contactor for continuously
cast slabs,
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Photo. 3. Macrostructures of ingots cast on one
stool base.
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Test No.2 Test No.3

With vibration

Without vibration

Photo. 4. Macrostructures of ingots
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Test No.4

Test No.5

cast on the separate stool base.
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Casting condition
Slab size 2I0mm x I0I0Omm
Casting speed 0.5 m/min
Superheat 14—22 °C
Chemical composition of steel
C Si | Mn P S Cr [ TAI [o]
0.034/024 |0.34|0.029/0006 | 13.25 | 0.024 | 0.0097

Weight %

£

i

Wwithout vibration

wzzd 4B

With vibration
Vibrafion condition 25Hz—6mm
Cooling air 30NmMYh

o 2B

bz 1B

Fig. 3. Experimental condition of vibration by
liquid surface contactor for continuously
cast slabs and sampling positions.
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Fig. 4. Length of columnar zone of mechanically
vibrated 150 kg ingots.
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Fig. 5. Relation between vibration time and ratio

of equiaxed zone of 150 kg ingots vibrated
by liquid surface contactor. :
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Test No.?2
With vibration

Test No.7

Photo. 5. Macrostructures of 150 kg ingots vibrated
by liquid surface contactor.
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Photo. 6. Relation between temperature of liquid
steel in mold and solidification structure
of ingot.
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7. Macrostructures of 6t ingots.
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Fig. 6. Length of columnar zone of 6t ingots
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Fig. 7. Distributions of Cr, G and P in 6t ingots.
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Fig. 8. Number of equiaxed crystals and segrega-

tion ratio of

P in 6t ingots.
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Fig. 9. Relation between negative segregation
ratio of P and number of equiaxed
crystals.
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Fig. 1l. Sand mark index in 6t ingots.
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Photo. 8. Macrostructures of continuously cast slabs with vibration.
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Fig. 12. Ratio of equiaxed zone in continuously

cast slabs
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