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Synopsis :

Hot workability of austenitic stainless steels, which have problems of cracking when they
are hot rolled, is studied. Sulfur has a great effect on hot workability and decreases
ductility of steels at around 1050°C during cooling from the slab reheating temperature.
For steels containing little delta-ferrite, the ductility increases again as the temperature
decreases. For steels containing delta-ferrite, however, ductility does not increase again.
Then, the temperature range of reduced ductility for these steels expands widely towards
lower temperatures. The effects of S and delta-ferrite on hot workability are discussed.
Hot workability of these steels are improved remarkably by eliminating the effect of S.
Problems of cracking during hot working can be solved completely by reducing S content

to below about 10 ppm and/or with the addition of Ca or REM.
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Hot Workability of Austenitic Stainless Steels

Containing Delta Ferrite

Tatsuo Kawasaki, lsao Takada, Hiroshi Ohisubo, Shigeharu Suzuki
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Synopsis:

Hot warkability of austenitic stainless steels, which have problems of crack-
ing when they are hot rolled, is studied. Sulfur has a great effect on hot worka-
bility and decreases ductility of steels at around 1 050°C during cooling from the
slab reheating temperature. For steels containing little della-ferrite, the duc-
Far steels containing delta-
Then,

range of reduced ductility for these sleels expands widely towards lower tem-

tility increases again as the temperature decreases.
ferrite, however, ductility does not increase again. the temperature
peratures.

The effects of 3 and delta-ferrite on hot workability are discussed.

Hot workahility of these steels are improved remarkably by eliminating the

‘effect of S, Problems of cracking during hot working can be solved completely

by reducing S content to below about 10 ppm andfor with the addition of Ca or

REM.
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Fig. 1 Heat pattern of Gleeble tensile test
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Table 1 Chemical Compositions of Specimens (wt %)
C S Mn P s Cr Ni Mo Al Nb Ca REM N o
0.069 0.42 0.74 0.024 0.0020 17.43 7.38 0.11 0.92 - — — 0.0% 0.0007 24.0
50 kg ingot | 0.073 0.41 0.74 0.022 0.0028 17.53 7.46 0.11 0.9 — — — 0.029 ©.0022 25.3
0.076 0.41 0.74 0.024 0.0007 17.86 7.02 0.11 1.09 — 0.0030 — 0.028 0.0015 29.1
17-7PH

| 0.078 0.48 0.70 0.024 0.0011 16.79 7.20 0.03 1.06 — — — 0.016 0.0016 25.8
(:iggfﬁiﬁfﬂ 0.061 0.53 0.72 0.029 0.0015 17.18 7.16 0.10 0.8 — — — 0.074 0.0019 21.0
0.078 0.44 0.70 0.025 0.0110 16.77 7.15 0.10 1.11 — — — 0.024 0.0008 26.0
0.032 0.50 1.80 0.025 0.0012 23.15 12.96 0.10 0.020 1.08 — — 0.025 0.0050 14.5
0.023 0.45 2.03 0.025 0.0010 24.04 13.05 0.10 0.046 1.06 0.0038 — 0.027 0.0053 17.2
PEE@%EB 50kgingol | 0.025 0.46 2.02 0.010 0.0011 24.23 13.06 0.09 0.040 1.08 0.0024  — 0.025 0.0051 17.8
0.024 0.44 2.04 0.024 0.0008 23.96 13.04 0.10 0.040 1.05 0.0024 — 0.033 0.0066 16.3
0.023 0.56 2.04 0.025 0.0017 23.23 12.09 0.10 ©.060 1.15 — — 0.029 0.0079 17.5
KWEB _ 0.013 0.12 1.56 0.016 ©.0008 21.11 9.49 — 0.043 — — — 0.0z — 15.9

50 kg ingot i
309 0.014 ©.12 1.50 0.0i5 0.0005 21.92 9.26 — 0.081 — —  0.03 0.023 — 18.2
0.062 0.85 1.50 0.023 0.0012 24,75 18.94 0.50 0.003¢ — — — 0.037 0.0060 —
50 ke ingot 0.062 0.80 1.64 0.023 0.0033 24.97 19.79 0.29 0.0020 — — — 0.02 0.0074 —

ngo

| OVEEMECY [ o5 0.84 1.63 0,024 0.0007 24.78 19.58 0.40 0.028  — 0.0042 — 0.041 0.0058 —
3105 | 0.060 0.85 1.65 0.025 ©.0007 24.68 19.56 0.40 0.024 — — — 0.087 0.0054 —
Commercial | 0060 0.77 1.56 0.024 0.0015 24.25 19.45 0.40 C.006 — — — 0.031 0.0051 —
CCslab | (.060 ©0.77 1.56 0.024 0.0015 24.25 19.45 .40 0.003 — — 0.030 0.031 0.005% —
! 0.012 0.51 1.05 0.027 0.0007 22,2  5.48 3.0 0.048 — — — 0.13 D —
Duplex | 50kg ingot | 0.015 0.52 1.06 0.025 0.0043 22.1 549 3.0 0.042 — — — 0.1 PR —
(0.012 0.76 1.52 0.008 0.0068 21.2  4.90 2.8 0.006 — - — 0.2 - =

% 9,0,=3.2(1.55i -Cr+6AI+0.5Nb) —2.5(30C +30N+0.5Mn+Ni) —24.7
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Fig. 2 Comparison between the results in hot rolling into strip
and the hotworkability obtained by tensile test
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Fig. 3 Effect of S on the hot workability of 17-7 PH stainless steels with as-cast and hot worked structures
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Fig. 4 Effect of S and Ca on the hot workability of KWB 30%
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Fig. 5 Lffect of S on the workability of duplex stainless steel
(22Cr-5Ni-3Mo)
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Fig. 8 Effect of S and addition of Ca or REM on the hot
workahility of type 3108 stainless steel
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Fig. 7 Effect of REM addition to ultra low S steel on the hot
workability of KWB 309 (22Cr-9Ni)
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Fig. 8 Effect of S and Ca on the hot workability of KWB
309 NB (23Cr-13Ni-1Nb)
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Fig. 9 Effect of heating temperature prior to Gleeble tensile
test on the hot workability of 17-7PH stainless steel
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Fig. 10 Relation between S content and critical temperature,
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L5 a0rERERE, zofnbd, Ca iy T 588
LS OMHAER T TR Z EMNBETH D,

Calm b o TUSHEELELO TR, S oMl —ERETE?
ADETEHE, BRI OOHHMET, SEETELLVLODER
EOAEELALO IV LET LI LD ARELEEL MnS o R
EoftHBkEE L ZEz o EMNTES, Fig 3 oFEMoRER
MBI GREYRST, SeRREHLTF e, P35 L Fig. 10

35% rolled

Soaked
1200°C=x10h

d-ferrite (95)
A 207
C:i4.4

»t .
t" 7 ,' : .1.“ ‘.‘Q “— .
'.'-‘4',",-‘ i S L
. _.’.3 'f?,n- ';Q_.‘_"-_ 1Y
= A § «. D
0.0 mm I
B:154
D: 149

Photo 2 Change in shape of delta-ferrite of 17-7PH stainless steel after thermal and mechanical treatment
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Fig. 11 Effect of thermal and mechanical treatment on the hot
workability of 17-7PH stainless steel
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{a) Elongated d-ferrite
{b) Fine-homogeneously dispersed d-ferrite

Phote 3 Microstructures of 17-7PH stainless steel with differ-
ent shapes of delta-ferrite at fractured position
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el »

Fig. 12 Temperature dependence of hot workability difference
in steels compared with S free or delta-ferrite free
steels {Hot workability difference is evaluated by the
difference of leg strain converted from reduction of
area)
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Fig. 13 Eifect of delta-ferrite content on the hot workability
of Fe-Cr-Ni alloys with columnar cast structure!?
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Fig. 14 Change in the amount of delta-ferrite of 17-7PH
stainless steel cooled from 1 250°C at a rate of —100
°C/min
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Fig. 156 Schematic representation of erack inttiation
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