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Effect of Secondary Cooling on Microstructures in a Rapidly Solidified High Cr Stainless Steel Strip

Masao Yukumoro and Hirvoshi YAMANE

Synopsis : The rapid solidification process, which omits the hot rolling stage, was employed for the production of a thin strip made
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of materials which typically have poor workability. The process required the solidified strip to be cooled carefully so
that embrittlement or recrystalization did not occur : 30Cr-14Ni stainless steel, solidified to a thin strip by a twin roll
caster, was subjected to another cooling (secondary cooling) before coiling. The transition of strip temperatures during
the cooling was estimated both by measurement and by calculation. From the experimentally observed relationship
between the heat treatment and embrittlement, the optimum condition for the secondary cooling was obtained.
Experiments showed that the strip became embrittled when it was subjected to 930 K for 5 min. Therefore the cast
strip was passed through the secondary cooling zone of water jets. The coiling temperature was kept below 700 K and
no embrittlement was observed. As a result, a strip was delivered as an overlay welding material on a semi-commercial
basis.
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Fig. 1. Schematic drawing of twin roll caster.

Table 1. Specification of twin roll caster.

Heat size 3000kg

Casting rate 2-10kg/s

Casting speed 1-7m/s (60-420m/min)

Roll diameter 550-800mm

Roll width 500mm

Strip thickness 0.2-0.8mm

Strip width 250-500mm

Coil weight 500kg

Cast materials High Cr stainless steels
(for overlay welding hoop)

Table 2. Chemical composition of samples. (mass%)

C
0.04

Si
0.65

Mn
1.45

Ni
14.0

Cr
30.0

P
0.03

S
0.015

N
0.05
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Fig. 2. Appearance of 500mm wide cast strip.
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Fig. 3. Strip of 30Cr-14Ni alloy for over-lay weld-
ing (after edge-trimming and descaling).
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Fig. 4. Surface quality of 30Cr-14Ni stainless steel
after descaling : (a) surface defects ; (b) strip
thickness variation.
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Fig. 5. Influence of casting speed on strip thickness.
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Fig. 7. Optical photographs showing the microstructure in the cross-section of the strip.
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Fig. 8. Relationship between the heat treatment and
embrittlement.
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Fig. 9. Schematic diagram of TTT curves for ¢
phase precipitating in high Cr stainless steel.
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Fig. 10. Changes of strip surface temperature dur-
ing the secondary cooling.
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Fig. 11. X-ray diffraction patterns of the strip: (a)
with no secondary cooling ; (b) with secon-
dary cooling.
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Fig. 12. Transmission electron micrographs of the
strip: (a) with no secondary cooling; (b)
with secondary cooling.

Arbit. intensity

0 2 4 6 8
Binding energy(keV)

(@)

Arbit. intensity

ECr A 7 ¥ v A B OB RIE T RGO R

ATV AROBEHEHTHES NS ol LFEL L T3
b, B Do P BFHD AR, CriBEDP S CIcD K
Wi HER L 2 0EE (a) TR R R oAHVTH LT v
HThstELLNG,
36 BEMEERBRER

Fig. 3\I/RLICiEHE7—"af v 2 ) » PN T2 T75mm
gL L, Y NABREEYIT- 12, Fig 14250 FiE#HZ O
Wi B E /R T SN EMIE75mm, EFRI1250A, &
JE25V, & b #EE15cm/sTXL v 2 b v R 7 2 EHFEIC L
YT L 7c, EBRDOER, IBUAAFEY 7Y%, Crigfbr =
0.55% & G FRIEIR koo, i, BUAARL RE
BHEEBOWNEMIZIBUAAITILETI~10% »TEL Tk b,
CrEgfbm 2 L i3 BaFER OBILY £ OB & 5 CriRnic
$BBHEE LT %RETIIHEL v,

4. &R

Ma =X 2X—D RIFHOMEZXAC» T 5H
BC, M LA 7 — 7" M SUS309 (30Cr14Ni) 2 7 > v A §i
DEFEEBR LT, UTOERELEN,

(1)30Cr14Nitt i3 SsestiB 930K TH5 B D IR¥F C ot %
L, Mfb2 e s 5,

(2)RY v b IF—X BRBHNIC LN, =4
Y EERT00KL T TEFOR LB S oz, 2

Fig. 14. Cross section of the bead.

Binding energy(keV)
(b)

Fig. 13. EDX patterns of (a) ¢ phase and (b) «-phase.

35

915 1N



M OI6 &> 2RVol 82(1996)Nal |

DD " REGHET O L7k L OBEEEENIZ0.6~0.8
kW/m2/K L #FE s iz,

(3) kG 2 L I2BAOE R OB BB S
SR A HGEEVIZ3~20X10°K/s T H b, AEEEHvIX
250(MPa/9.8), HRE12400um 7% TiHEEME £ L T3S
FromBEE o1,

1)
2)

3)

4)

X B

EBfE— WHENA, xR, RE¥xE, BHFEZ  HELS
g A, 6(1993), 1140.

FNOIR, ARE—, WA B, EENISFL D BRSSO, 67
(1993), 34.

K.Shibuya, F.Kogiku, M.Yukumoto, S,Miyake, M.Ozawa and
T.Kan: Proc. 6th Int. Conf. on Rapidly Quenched Metals,
Vol.2 (1987), 25.
WSS, =%

B, fTARIEHE, %F W, NRETH DMEL

5)
6)

7)
8)
9)

10)
1

12)
13)
14)
15)
16)
17)
18)

7+ 2,2 (1989), 1299.

TAIEHE, LIRS R, DREZT8 (R L e R, 6(1993), 256.
S.Miyake, H.Yamane, M.Yukumoto and M.Ozawa : ISI] Int.,
31 (1991), 689. ’

MaRS, PHRIEE, AiFFEA, BE = SEIES gL,
71 (1985), A253.
wEEE—, E %, Jol
£ L 8M, 71 (1985), A241.
IR RS, ITAIEH, =%
7'a -t 2,2 (1989), 355.
ITA IR, ILARGE, Ty B ML 7o+ 2, 6(1993), 1142.
RS, ITALEH, =% FH, MRETHE  MHEL e X,
4 (1991), 51.

e, WEEERE, LD gk LM, 60 (1974), 1094.

B OFBE, =iRE—  #& L8, 81 (1995), 58.

R.Blower and G.J.Cox : JISI, 55 (1970), 769.

J.Barcik : Metall. Trans., A, 14A (1983), 635.

B A S BRE H IR AE, S oMmBe A, (1978), 206.
SAAREE, HNT & BEERE, (1978), 225.

JEEiskh & a2, MAGLAYE.

A, BREKEE, PEmEER, KB !

H, NRZ=THE, B % MR



