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Influence of C, B, and N on Creep-Rupture Strength and Structural
Changes in Creep of 18 Cr-10 Ni Stainless Steel

Takayuki SHINODA, Ryohei TANAKA, Tomoyuki IsHII,

Tohru MIMINO, and Kazuhisa KiNosHITA

Synopsis

The influence of carbon, boron, and nitrogen on the creep-rupture strength and the structural changes, es-
pecially the morphological changes of carbides precipitated during creep of 18 Cr—10 Ni austenitic steel have
been studied, and the relationships between the strength and the structures in the steel have been discussed.

Following results were obtained.

1) The addition of carbon up to 0329, increases the 10 hr rupture strength of the steel at temperature
of 600°C, but at 650°C and 700°C, the strength reaches the maximum at the carbon content of 0-23%,. The
reason is that, by the coalescence of carbides precipitated, the solid solution strengthening of carbon and the
dispersion strengthening of carbides decrease with rising temperature.

2) The addition of boron up to 0-009%, maintains the high creep-rupture strength, especially at high tem-
peratures and for long time. Boron prevents the carbide precipitation on grain boundaries or the precipita-
tion of the grain boundary reaction type and makes carbides precipitated within grains fine and uniform.

3) The addition of nitrogen up to 0-15% to the steel increases the 10% hr creep-rupture strength at 600°C,
where the steel is effectively strengthened by finely dispersed precipitates, but nitrogen is not effective on the
long time creep-rupture strength at 800°C, where the coalecence of the carbide is accelerated on grain bound-
aries and within grains.

(Received Feb. 16, 1970)
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Table 1. Chemical composition and austenite grain size number of steels (wt%).

! N .
Steel C si Mn | Cr | Ni B JIS austenite
w Sol. N |Insol. N|Total N 8
coz | 002 | 057 | 1-33 | 1873 11°0¢] — — |o0320| 0-001 2
Cl2 | 012 | 058 | 1-33 | 1856 | 11-09| — — | 0-033¢| 0-001 3
C17 | 017 | 055 | 1-33 | 1856 | 11-09| — — | o0-0338| 0-001 3
C23 | 023 | 055 ! 1-32 | 1856 11-09| — — o035 | 0-001 5
C32 | 032 | 058 | 1-31 | 1856 | 11-15| — — |o-0380 | 0-001 7
C10B4 | o010 | 058 | 1-21 | 18:23| 992 _— — | o-0206| 0-004 3
CI10B9 | 010 | 053 | 1-24 | 17-98| 9-92| — — |o0-0322| 0-009 6
C17B3 | 017 | 055 | 1-22 | 17-85| 10°04| — — | 0-0328| 0-003 4
C17B9 | 017 | 056 | 1-22 | 17-85| 9-98| — — 10-0332| 0-009 6
NO16 | 0-12 , 051 | 145 | 16°50 | 9-80 | 0-0159 | 0-0005 | 0-0164 | 3
N115 | 012 | 0-60 4 1-40 ! 18:11 | 962 | 0-1152 | 0-0002 | 0-1154 | — 4
NI48 | 0112 | 061 | 138  17:56 | 957 | 0°1483 [ 0-0001 | 0-1484 4
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Fig. 1. Creep rupture curves of 18-10 austenitic steels containing various amounts of carbon.
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Fig. 2. Creep rupture curves of 18-10 austenitic steels containing various amounts of carbon.
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Fig. 4. The relationship between rupture elongation and rupture life of 18-10 austenitic steels

containing various amounts of carbon.
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Photo. 1. Electronmicrostructures of creep-ruptured specimens of the steel C 17, (extraction replica).
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Fig. 5. Creep rupture curves of 18-10 austenitic steels containing various amounts of carbon
and boron.
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Fig. 7. The relationship between rupture elongation and rupture life of 18-10 austenitic steels

containing various amounts of carbon and boron.
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(a) 600°C, o=28kg/mm?, 214-5hr (b) 650°C, o=22kg/mm?, 99-5hr
. (¢) 700°C, o=15kg/mm?, 73'5hr (d) 700°C, ¢=13kg/mm?, 312 hr

Photo. 3. Electronmicrostructures of creep-ruptured specimens of the steel CI0B9, (extraction replica) .

(a) 650°C, ¢=25kg/mm2, 48-]1 hr (b) 630°C, ¢=22kg/mm?2, 175'4hr
(c) 700°C, ¢=17kg/mm?, 511 hr (d) 700°C, o=10kg/mm?, 2267-5hr
Photo. 4. Electronmicrostructures of creep-ruptured specimens of the steel C17B9, (extraction replica).
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Fig. 9. Creep rupture curves of 18-10 austenitic steels containing various amounts of nitrogen.
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(a) 700°C, o=10kg/mm?2, 137-5hr
(c) 800°C, ¢= 6kg/mm?, 171'1 hr

(b) 700°C, ¢=8'5kg/mm2, 525 hr
(d) 800°C, o=5kg/mm2, 4895 hr

Photo. 5. Electronmicrostructures of creep-ruptured specimens of the steel NO16, (extraction replica).
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Fig. 11. The relationship between 102 hr strength
and nitrogen contents of 18-10 austenitic
steels.
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(c) 700°C, ¢=14kg/mm?, 167 4hr

Photo.”6. Electronmicrostructures of creep-ruptured
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B &
(a) 600°C, ¢ =26kg/mm?, 785 hrs

(b) 600°C, ¢=20kg/mm?, 979 hr
(d) 700°C, ¢=9kg/mm?, 1715hr
(e),(f) 800°C, ¢=10kg/mm?, 25°5hr (g) 800°C, ¢=4"5kg/mm?, 8135 hr

specimens of the steel N148, (extraction replica).
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