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Continuous Casting of Sulfur Type Free-Machining Stainless

Steel Blooms

Toshio KisHIDA, Susumu SHINAGWA, Hisao ISHIZUKA,

Masatoshi Ozawa, and Shizunori HAvaxawa

Synopsis:

Free-machining stainless steel containing sulfur has been continuously cast in square shape of 165 mm X
165 mm and its surface grade and hot-workability as well as mechanical property have been tested under

various casting conditions.
The results are summarized as follows;

(1) The increase in sulfur content in the range 0-014 to 0-32 wt%, decreased the surface quality.
The number of transverse cracks on the surface depended on the property of mold powders used. The mold
powders with slow melting property and low viscosity after melting decreased remarkably the number of

the surface cracks.

(2) The number of the longitudinal cracks was related to the carbon content and to the secondary

cooling rate.

When the carbon content was more than 0-09 wt%, and the secondary cooling rate was 0-8

1/kg, internal cracks have been observed in the as-cast blooms.
(3) Surface smoothing by mechanical polishers was very effective for the improvement of the hot—

workability of the cast blooms.

A deep oscillation mark behaved as a notch upon hot rolling. A succssful

hot-rolling was practiced, only when the ratio of manganese content to sulfur content was more than 9-0

and the oxygen content was less than 130 ppm.

(4) The bars hot-rolled from the blooms continuously cast showed same mechanical properties as the

conventional ones.

Because the forging ratio of the continuous—cast bars is smaller than that of the conven—

tional ones, the non-metallic inclusionsare not elongated and thus, the former has shown the better

machinability.

(Received Feb. 18, 1974)
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Table 1. Continuous-casting conditions of

experimental heat.

Bloom size 165% 165 mm

Casting temperature 1 460~1 480°C

Casting speed 1'0~1-4m/ min

Water flow of mold 1400 ! / min

Water flow of secondary
cooling

0:6~0'81 / ke
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Fig. 1. Flowsheet of experimental heat.
Table 2. Example of chemical composition of experimental heat.
Chemical composition (%)

Steel @ Si Mn P Cu Ni Cr S. Al [Olppm
303M 0-08 0-50 1-80 | 0-034 | 0-170 0-10 8-55 17-20 0-003 115
303 A 0-75 0-67 | 1-65 | 0:037 | 0-321 0-13 9-30 17-38 0-003 68
304 0-07 0-48 1-45 | 0-032 | 0-014 0-12 8-15 18-20 0-004 92
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a) Transverse section

Photo. 1.

a) Transverse section

b) Longitudinal section

Macrostructure of bloom as cast of SUS 303 (S :0-3019).

b) Longitudinal section

Photo, 2. Sulfur print of as-cast bloom of 0'39% S-free machining Ni stainless steel.
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Table 3. Segregation of elements at 0°7//kg water flow of secondary cooling (As-cast bloom).

C | Si [Mn | P S | Cul| Ni | Cr |S.Al|Oppm 165
Ladle 0-075| 0-67) 1-65 0-037| 0-321] 0-13| 9-30| 17-38| 0-003| 68 o
10 BN T N

As—cast 1 | 0076/ 0-70| 1-68] 0-035 0-327| 0-13| 9-32| 17-25/ 0-003| 55 T S

2 10-077] 0-71] 1-69 0-035| 0-327| 0-13 9-30| 17-25/ 0-003| 56 12% 3] o

3 10075 0°70 1-69| 0-034/ 0-326| 0-13| 9-30 17-20| 0-003| 52 EPN

4 [ 0-073] 0:70/ 1-70| 0-034| 0-331] 0-13 9-30| 17-25/ 0-003| 51 S8

5 | 0-074] 0-70 1-70! 0-034| 0-329| 0-13| 9-28| 17-25/ 0-004] 49 6 6

6 | 0-074| 0-71/ 1-69 0034 0-328/ 0-13] 9-30 17-25/ 0-003| 59 7 iv

7 | 0075 0°69] 1-70 0-034) 0324/ 0-13] 9-25 17-20, 0-003| 54 8 I

8 | 0-075| 0-70| 1-70 0-034 0-330] 0-13] 9-30 17-25/ 0-004| 61 N 2 A

9 | 0075 0-70| 1-67, 0-034 0-331| 0-14{ 9-30, 17-20| 0-004| 57

10 0075 0-70| 1-67 0-034| 0-310] 0-13 9-32 17-25| 0-003| 53

1L {0071 070, 1-69 0°034| 0°301 0-13] 9-30} 17-25 0-003 52

12 | 0-077; 0-71 1:69 0-034| 0-299 0-13) 9-30, 17-20/ 0-003| 52

13 1 0-075| 0-70] 1:71} 0-035/ 0-307, 0-13| 9-30| 17-25/ 0-003| 60

14 | 0-077, 0-71 1-71} 0-034/ 0-303 0-13/ 9-32| 17-25/ 0-003| 54

15 | 0-074 0-70, 1-68 0-034| 0-312| 0-13| 9-30| 17-20| 0-003| 57

16 | 0-074 0-70, 1-70/ 0-034/ 0-312] 0-13| 9-30| 1720, 0:003| 56

17 | 0-072 0-69 1-70{ 0-033{ 0-314] 0-13| 9-32/ 17-25/ 0-003| 65

18 | 0-072 0-70| 1-71| 0-035/ 0:301 O 13| 9-30| 17-25/ 0:003| 64

19 | 0-073, 0-70, 1-70| 0-034{ 0-295 0-13| 8-25| 17 25/ 0:003| 68
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Fig. 2. Distribution of non-metallic inclusion in
as—-cast bloom.
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b) Longitudinal crack

d) Longitudinal and oscillation crack

Photo. 3. Examples of surface defects of grinded bloom (SUS 303).

Table 4. Effect of physical properties of mould lubrication powder on surface defect index
of as-cast blooms and crack index of hot rolled billets.

\_\\Ms ) Continuously cast bloom Ingot
\\\\ Powder No A B C D
\
. Fusion temp.(°C) 1 050 1070 1100 1000
Physical properties
of lubrication Fusion speed Low Medium Medium Fast
powder ) —
Viscosity (poise
(at 1 200°C) I 9 12 5
Depth of oscillation mark (mm) , 0-9 09 0-8 15
?:::t:i():e defect index of as-cast bloom ’ 0-9~5-5 6-0~15 13,96 1-0~15
303M 12 — 24 - _
. 3-3
Crack index of hot
rolled billets* (%) 303A 24 — 32 85
(304) 2-8 — — — (2-8)
* No surface grinding
27 A MI—HOERR LR, B E- v FERA 55
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(2) »=Z2HRBEOETR XY REERORET L2Fv. BEIDOZA FDY 52 MIELEL 88
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c¢) Corner cracks at oscillation marks on 90m/m square
hot rolled billet

SR

d) Longitudinal crack on 80m/m square hot
rolled billet

Photo. 4. Examples of surface defects on hot rolled billet and bar, caused by bloom as
cast surface defects.

a) Crust obtained on meniscus

b) Sulphide inclusions in crust

(% 400)

¢) Alumina inclusions in crust

(x400)

Photo. 5. Microstructure of crust obtained on meniscus in continuous casting of 0-1859,

S-free machining Ni stainless steel.
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Table 5. Effect of physical properties of mould lubrication powder on crust forming tendency.

Powder No : A ‘ B C | D’ ‘n’ D
Fusion temp.(°C) 1050 “ 1070 1100 | 000 | 1000
Fusion speed Slow ' Medium Medium Slow Fast

Zero 77% 549 429, f‘ 559% i 309
Grade of crust| 1y in 18% . 15% 0% 18% 209
Thick 5% 319 589% 27% 509
Table 6. Chemical analysis of crust obtained on meniscus.
C si Mn P S Cu Ni | o | Mo |S Al |Ins Al
Crust o-11 | 070 | 154 ]0'038 0:310 | 013 | 916 | 17-20 | 019 i 0-020 | 0-052
Ladle 008 | 067 | 165 '0-037 0321 | 013 | 930 l17'58 0-18 | 0-003 ‘0-004
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Fig. 3. Effect of casting-speed on surface defects.

£ 70fF -

= sol « Continuously cast bloom

- o Conventional ingot

£ 50} -

S 40| . i

2 ™\ Conventional ingot , a0

C 30} \O -4 30

) 3 N . Continuously cast

g 20 O {\D, . bloom 120

© jofF b E.‘\ 10
—-L&!-@?-ldﬂ:l-aﬁu—o—'—:a—muh—iu-»u—la—J

[Mn/S] ratio

Fig. 4. Effect of [Mn/S] ratic on corner crack
index of hot-rolled billets.

NEWOMWERT LI WD EBFHTHED EEbNT

w5,
EEE TV — A EmHERAS X WA T L BNEAR T
KELBHNORET S ENBEHLNTED, ZOE
RzFET 5720 Fig. 4 12 Mn/S (i EEROLIh
WAEDRGZRE TR L. TOBREH TNV — AR Mn/S

— 320 —



REIA F v v RO BHEEEICOWT

1059

a) Internal cracks, caused by Rhombmduy

b) Internal cracks,

caused by Depression at corner

Photo. 6. Examples of internal cracks, caused by shape defect.
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Photo. 7. Microstructure of crack of bloom as cast of SUS 303 (<400).
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Table 7. Mechanical properties of hot rolled-bar.
Yield stress Tensile stress Elongation Reduction area Hardness
(kg/ mm?) ( kg/ mm?) (%) (%) (Hg)
Continuous cast 285 648 516 55-1 159
material
Conventional ingot >21-1 >52-7 >35 >50 ~
—~ 100
£ r
E 801 Continuous cast material (Hg 156)
£ —
= 60 —_—
§ 50+
B & 40t Ingot material T — —
2 3o}
5
o 20 \ | L ! 1 L 1 L L { §
2 5 10 20 30 50 70 100 300
Tool lite T (min)
Fig. 7. Tool life curves of continuous cast material and ingot material (Type SUS 303A).
251 183
Continuous cast 60
E: —— material Ez |
Ingot material —
loof 4100
-
> i
& 50 4150
= -
8 i
lr — _]_L_\
[ . [ o

10 20 30 40 5060 10 20 30 40 50 60 70 8

Length of inclysions (&)

0 100110 120 o |

23 4 56 0!

Width of inclusions ()

2 3 45 67

Fig. 8. Distribution of length and width of inclusions (60 mm dia. hot-rolled bar).

Table 8. Surface roughness of continuous cast

material (Type SUS3034A).

Cutting speed (m/ min)
\ 20 60 100
Feed
Continuous cast . . .
0-042 material 15-0 76 90
(mm/rev) Ingot material 12:2 | 120 | 11'5
Continuous cast . . .
012 material 17:0 | 13-0 90
(mm/rev) Ingot material 150 10-2-{ .6-3.

TN — s EEMFALRBOSHREFE L. £H 1'Smm
DEEFHIF AT X B8R E I i ool & —
a3 —F —EROWEIF AN k5 X CEFAOMBFM L &
FIRFIC LR RE U7, SEeBMIix g2 Slho %

Table 9. Size of inclusions of hot-rolled bars(60P).

Length | Width | Length/| Forging
(p) () Width | ratio
Continuous . . . .
cast material 18-9 2:2 86 86
-Ingot material 22-2 1-9 11-7 14-4
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