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Effect of Ni and B on the Hot Workability of High Mo Austenitic
Stainless Steels

Sadahiro YAMAMOTO and Yasuo KOBAYASHI

Synopsis :

Effects of Ni content and B addition on the hot workability of austenitic stainless steels containing 4.5
~6.2%Mo for sea water applications have been investigated by hot tensile tests and physical analyses of
fractured surfaces. Optimum Ni contents were 22% for 25Cr-4.5Mo steel and 17% for 20Cr-6.2Mo steel
respectively, since 3 ~4% & ferrite remaining in the solidification structure was effective to improve the
ductility at temperatures between 1000°C and 1150°C. The addition of 0.002~0.004% B was also effec-
tive in the improvement of hot workability of the steels containing 0 ferrite less than 4%. It was clarified
by Auger Electron Spectrometer and Ion Micro Analyser that the hot workability was greatly affected by
the degree of S segregation at grain boundaries, which could be decreased by the existence of small amount
of 0 ferrite and the segregation of B at grain boundaries.

Key words : austenitic stainless steel ; hot workability ; segregation; Ni content; B addition; Auger Electron

" Spectrometer; Ion Micro Analyser.
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Table 1. Chemical composition of the alloys (mass% ).

Alloy C Si Mn P S Cr Ni Mo Cu B N
1 0.01 0.26 1.54 0.001 0.001 24.7 19.5 4.5 — — 0.21
2 0.01 0.25 1.47 0.001 0.001 24.5 21.9 4.5 - — 0.20
3 0.01 0.25 1.48 0.001 0.001 24.6 24.3 4.5 — — 0.20
4 0.01 0.25 1.51 0.001 0.001 25.0 21.9 4.5 — 0.0022 0.21
5 0.01 0.26 0.72 0.001 0.001 20.3 154 6.3 0.7 —_ 0.19
6 0.01 0.25 0.70 0.001 0.001 20.3 17.4 6.2 0.7 — 0.20
7 0.01 0.25 0.69 0.001 0.001 19.9 19.4 6.2 0.7 — 0.19
8 0.01 0.24 0.70 0.001 0.001 19.8 23.2 6.3 0.7 — 0.20
9 0.01 0.24 0.69 0.001 0.001 19.9 19.3 6.2 0.7 0.0017 0.19
10 0.01 0.24 0.70 0.001 0.001 19.8 19.4 6.2 0.7 0.0039 0.20
11 0.01 0.26 0.71 . 0.001 0.001 20.2 19.4 6.3 0.7 0.0053 0.20
12 0.01 0.25 0.72 0.001 0.001 20.2 15.4 6.4 0.7 0.0039 0.21
13 0.01 0.25 0.69 0.001 0.001 20.2 17.4 6.3 0.7 0.0061 0.21
14 0.01 0.25 1.54 0.001 0.001 19.8 24.6 4.5 1.5 — 0.18
15 0.01 0.24 1.54 0.006 0.001 19.6 24.6 4.5 1.5 — 0.18

16 0.01 0.26 1.53 0.012 0.001 20.0 25.1 4.6 1.5 — 0.19
17 0.01 0.25 1.54 0.001 0.001 19.9 24.7 4.5 1.5 0.0019 0.20
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(a)~(c) Microstructures
(d)~(f) Fractured surfaces at 1 100°C

(a)(d) 19.5%Ni
Photo. 1.
in 25Cr-4.5Mo alloys.
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Fig. 3. Effect of Ni content on the hot ductility of
20Cr-6.2Mo alloys.

A fEAY, F 72 23.2%Ni Tid 1150°C Kl D im A
I B A B, AL 17.4%Ni T
VN ORISR BT M RIS 2B I A
LTwh. 2F D#BMIEOED S D RKE Ni £id
Cr @B L& L, 25Cr-4.5Mo % Tt 22%,
20Cr-6.2Mo &2 T3, 17% ThrELEZ LN A,
Fe-Cr-Ni O Z X R IKEKIZB W T Cr+ Ni &2°F
40% DU % E 2724, Cr 20, Ni 204
ARV BRETREDS ¥ BB S 6+ 7y B S 512 0 5E
~NEEALT B, Katayama 5103 20 XD L EEEE &

— 107 —



1612 B L WM % 78 4F (1992) 105

(%)
™
a
Q
»
o
g

Ni +30C +0.5Mn

Nieq.

20 25 30 35
Creq.=Cr +Mo+1.5Si (%)
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Fig. 5. Effect of B content on the hot ductility of
20Cr-19.4Ni-6.2Mo alloys.

Creq., Nieq. £ DR IZ2>WVWT Fig. 4 IZRT <o 7%
BRELTWS, OIS EIMET L 72 25Cr-4.5Mo
%, 20Cr-6.2Mo ROBA % HTIXHTAHBE, WT
hoRb yEET S Type A »S W& vy B&FT 6295
¥ 2% Type AE & 6 IZ#) & 6 BET vy 2 BT 5
Type FE b 725 T 5. 1100°C LT ORERICH
W TR D EAR b A 5 72 25Cr-24.3Ni-4.5Mo 4,
20Cr-23.2Ni-6.2Mo i3 3tiZ Type A iICB L T\ 5.
CORE, BERERSTHL ¥y ORKEFREICS, P
FORMMA AT L, BEMIEFIETLALELLN
. Thizxt L, Type AE, Type FE T3 &E O K&
BREET y ICHAAHY ORBEEIK & v S MAK%
HFHES A0, RE~NOAEYORTPERI NS, B
L, yH& o HOBRBMERIKTZICERNT 5 EHEEDE
WIZE D oy REISHERT L - 0NERD Eo &
7254 FOFREIHRBMIELZETESES.

-~ T T T T

& 20Cr-6.2Mo

P 4 i A

2 |250HOA0):—.—:—:—-:(o)==——-=—"—=(o<>)\ B

o Upper limit T

¢ 1200l ' ®

2 o @ 15.4Ni(d0=96%) °

g IISOFAA 17.4Ni(d= 40%) |

£ o & 19.4Ni (3= 23%)

> 1100k * -

= A

§ \\\.\ Lower limit

3 1050} \\, .

:5, O — P4 \0\\‘

I L n L 1
10005 000z 0004 0006

B content (%)
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(a) 15.4%Ni-B free
(e} 15.4%Ni-0.004%B

Photo. 2. Change of the fracture surface of the 20Cr-6.2Mo alloy with B addition.
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(a) Intergranular boundary obtained by hot tensile test
(b) Intergranular boundary obtained in Auger apparatus
(¢) Intergranular boundary obtained in Auger apparatus

Fig. 7. Auger spectra of the fracture surface in 20Cr-25Ni-4.5Mo alloy.
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Fig. 8. Effect of P content on the hot ductility of
20Cr-25Ni-4.5Mo alloys.
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Fig. 9. Auger spectra of the fracture surface in
20Cr-25Ni-4.5Mo-0.002B alloy.
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(a) BO; image 1250°C WQ
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(d) Microstructure 1250°C WQ

Photo. 3.

BO, ion images and related microstructure of the 20Cr-25Ni-4.5Mo-0.0019B alloy.
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