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Effect of Phosphorus and Boron on Cryogenic Mechanical Properties
of a Sensitized 17 Cr-12.5Ni-2 Mo-0.05 Nb-0.2 N Steel

Synopsis :

Masao SHIMADA

This research was undertaken to clarify effect of phosphorus and boron on cryogenic mechanical

properties of a sensitized 17Cr-12.5Ni-2Mo-0.05Nb-0.2N steel.

The steel was sensitized at 923~

993 K for 270 ~ 720 ks and was investigated at low temperature, especially at 4 K. An addition of either

phosphorus or boron affected precipitation at grain boundaries during sensitization.
Boron suppressed the phosphorous effect.
however, did not show clear effect on tensile properties at 4 K of the sensitized steel.

creased the grain boundary precipitates.

Phosphorous in-
Both elements,
In a high phospho-

rus alloy, Fe,Mo other than CrNbN, M,3Cs, Cr,N and Nb (CN) precipitated and led to intergranular

fracture.
with an increase in phosphorous content.

Therefore a deterioration of fracture toughness at 4 K for sensitized steel became much evident
On the otherhand, boron addition prevented intergranular failure

and resulted in high fracture toughness for the sensitized one.
Segregated phosphorus atoms seem to promote nucleation of precipitation and weaken an interfacial
binding of precipitates, especially Fe;Mo. On this assumption, effect of phosphorus and boron addition

on mechanical properties at 4 K could be explained.

Key words : austenitic stainless steel; sensitization; niobium ; phosphorous ; nitrogen; boron; low
temperature ; tensile properties ; fracture toughness ; precipitation ; grain boundary ; intergranular fracture.
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Table 1. Chemical compositions of the steels tested (mass% ).

C Si Mn P S Ni Cr Mo N Nb B

A 0.008 0.12 1.29 <0.003 10.0057 12.40 17.05 2.03 0.210 0.053 —

B 0.009 0.11 1.27 0.008 0.0059 12.42 17.24 2.02 0.218 0.048 —

C 0.010 0.12 1.27 0.016 0.0041 12.42 17.16 2.01 0.203 0.047 -—

D 0.009 0.13 1.29 0.036 0.0052 12.44 17.31 2.1 0.199 0.049 —
E 0.008 0.14 1.26 0.007 0.0056 12.70 16.91 1.96 0.202 0.050 0.0028
F 0.009 0.12 1.28 0.007 0.0051 12.72 16.96 1.97 0.205 0.050 0.0041
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Photo. 1. Optical micrographs of as-solutioned
steels.
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Photo. 3.
aged at 973K for 720ks.
obtained from a circled Fe,Mo.

Cr,N and Fe,Mo extracted from D steel
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Fig. 1. Phosphorus dependence of yield strength
at 4 K for the steels as-solutioned and aged.
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Fig. 2. Boron dependence of yield strength at 4 K
for the steels as-solutioned and aged.
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Fig. 3. Aging temperature dependence of yield
strength at 4 K.
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Fig. 4. Phosphorus dependence of elongation at
4 K for the steels as-solutioned and aged.
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Fig. 5. Boron dependence of elongation at 4 K for
the steels as-solutioned and aged.

BRI S ARSI RRD EF 1 v VK
REEABLZOEESHEIML Tz, A SORFE
i 973K T 720 ks Bt ChHOIF 2R ONHD AT
HoHH, PELEDICZOEEHTEML Tz FFIS,
D # o 923K T 270 ks DEERM I L7 4 » 7V TH
%A% 973 K T 720 ks OBFRIH L (2T LW AR IE T
H o,
3-3 WIEHMHARER

BEALM L 973K To 270 ks B & O 720 ks BEsh4 o
4K CORREMMEE Kic ® P BKEE%, Fig 6 IR
¥, BEAEH I P EA470.01% 28R AL PREEL D
2 Kie B2 MK T T A AR SLNS. 270ks O
BT, P 2 &0 B~D SxB#HILH L 05 30 MPa

| |
o) 0.01 0.02 0.03 0.04

Phosphorus Content, %

Fig. 6. Phosphorus dependence of fracture tough-
ness at 4 K for the steels as-solutioned and aged.

T T T T T

N

a

[=)
I
i

- Solutioned

: N

4K Fracture Toughness, MPa/m

200/ 973KX 270ks .\: |
- 973K X 720ks
150__| 1 | | |
0 0.002 0.004
Boron Content, %
Fig. 7. Boron dependence of fracture toughness at

4 K for the steels as-solutioned and aged.
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Photo. 5.
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Fig. 8. Aging temperature dependence of fracture
toughness at 4 K.
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