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Microstructure and Deformation Behavior of Nitrogen Bearing Austenitic Steels Evaluated by Neutron Scattering Analyses

Keita IKEDA, Yo TOMOTA, Jun-ichi SuzUKl1, Atsushi MORIAI and Takashi KAMIYAMA

Synopsis : Small angle neutron scattering (SANS) and in sifu neutron diffraction during tension test were performed for three austenitic stainless steels

with different concentrations of nitrogen. The existence of nano-sized cluster composed of nitrogen and alloy element atoms is suggested by

SANS. The cluster seems to make dislocation line planar and hinder cross slip. Because of such a characteristic dislocation motion, the stress

relaxation at the grain boundaries becomes difficult leading to enlarge the intergranular stress in nitrogen bearing steels. The in situ neutron

diffraction reveals clearly that the intergranular stress increases with increasing of nitrogen concentration.

Key words : nitrogen addition; austenitic steels; neutron diffraction; small angle neutron scattering; nano-cluster; intergranular stress.
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Table 1. Chemical Compositions of materials used (mass%).

c Si Mn P S Ni Cr Al [0) N
N1 0048 033 080 0024 0001 198 251 0.005 0.0105 0.023
N2 0.048 032 080 0024 00009 19.9 251 0007 00084 0.194
N3 0.048 0.1 084 0024 0001 20.1 250 0.008 0.0057 0.325
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Fig. 1. Schematic illustration of neutron diffraction experi-
ments: (a) small angle neutron scattering (SANS-J)
and (b) in situ diffraction during tension test
(RESA and SIRIUS).

(JAERDD H 7/ N BUELIEE (SANS-D A PRI L 72, MR
#0.65nm, BUELAKE £ 0.05°0 5 9° & L, *He R E i
2m, 10m & L7z, F -5k SANS-J Ol v fe & o+
DgAr =L EJEST 372912, MgF, S hrrE
LY ZEHONT, g 27 —=AMB5X10742 5 1.70m ™ DJLE
HMTa7 7 A%, 22 Tqld{dmrsin20)21/A (1 :
1120.65nm, 20 : HUELF) ThH D, WHR &k DM - H
BEOKE X TIE6umiZF0.001 nm ™', 60nmi3#J0.1nm ™" i
SO I

% 72, JAERI O o 757 Ie F1ENE BT E B (RESA) 5 &
U, ST AL X — NG FEAAE(KEK) D & 7 R RE R ARl
& (SIRIUS) & FI T, BIERZETE Hh O [hk)iS Sb R BED I
JIIRRE (R 11) % N7z, RESAIZMAIE 7 BU(AD) & D
THREZ —E IR - 72 IRBETHIIRAERHE & 90° [Mldn L T,
(111)& (200)D Axial J5 [l & Transverse Sial 2 HlE T3 Z &
DR LU 7z, SIRIUS % W 72 TRIT I I(TOF) i T,

35

Fig. 2. SEM micrograph of a solutioned specimen in N3

steel.
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Fig. 3. Changes in nominal stress—strain curves by nitro-

gen addition.
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Fig. 4. Relationship between scattering intensity and g
value obtained by SANS for N1 and N3.
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Fig. 5. Diffraction profiles obtained by the AD method for
N1 steel: (a) axial and (b) transverse direction.
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Fig. 6. (111) diffraction profiles at various applied stresses
for N1: (a) axial and (b) transverse direction.
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Fig. 7. Changes in (111) and (200) lattice plane strain dur-
ing tensile deformation: (a) N1, (b) N2 and (c) N3.
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Fig. 8. Diffraction profiles obtained by TOF method for
N1 steel: (a) axial and (b) transverse direction.
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Fig. 11. Schematic illustration to explain the difference in
dislocation substructures, loading to the difference
in intergranular stress between high N and low N
austenitic steels.
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