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The Microstructure During High Temperature Aging of 25%Cr-28% Ni
Austenitic Steels Containing Both Molybdenum and Nitrogen

— Consideration of Metallographic Factors Contributing to the Increase
of Creep Rupture Strength — '

Saburo WAKRITA, Makoto KixucHI, and Ryokei Tanaka

Synopsis:

Two austenitic steels, designated as steel 22N (25%Cr-289,Ni-195,Mo0-0.011245C-0.229,N) and steel
3IN (25%Cr-289,Ni-29,Mo0-0.0099,C-0.319,N), were used to study the microstructural changes during
aging in the temperature range from 700° to 950°C for up to 5500 hr. Optical micrographs as well
as back scattered electron micrographs were taken. X-ray diffraction phase identification was made
in potentiostatically extracted residues. Lattice parameters of both austenitic matrix and precipitated
nitrides were measured.

In steel 22N, precipitated phases are mainly ¢ phase. No precipitation of Cr,N takes place above
700°C. In steel 31N, Cr,N and = phase (a nitride with the structure of B manganese type) precipitate
on grain and twin boundaries. Volume fracion of = phase in the extracted residues increases with
time of aging. Each precipitate can be identified either as = phase or as Cr,N in both back scattered
electron micrographs and potentiostatically controlled etched optical micrographs. The chemical formula
of 7 phase is derived from the composition of metallic elements to be (Cr, Mo) 12(Fe, Ni)gN,_y, where
» represents a deviation of nitrogen concentration from the stoichiometric composition. The lattice
parameters of both Cr,N and z phase decrease with time of aging., The lattice parameter of the
austenitic matrix decreases also with time of aging. The lattice parameter decrease of steel 31N still
continues at 800°C even after a few thousand hours aging. This implies that the precipitation of super-
saturated nitrogen in this steel does not complete even after longer than 1 000 hr.

The high creep-rupture strength of this type of austenitic steels alloyed with nitrogen was chiefly
ascribed to a so called solid solution strengthening on the basis of the above metallographic observations.
The strengthening effect of Cr,N precipitation on grain boundaries was also discussed.
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Table 1. Chemical composition of steels (wt95).
Steel c Si Mn | Cr Ni Mo N Fe
22N 0.011 0.31 1.38 26.28 27.81 1.21 0.221 Bal.
31N 0.009 0.34 1.45 24 .49 27.84 2.11 0.311 Bal.
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(e) 700°C-2000 hr () 700°C-5 500 br

(h) 800°C-5 500 hr

(g) 800°C-2000 hr

31N steel solution treated at 1 200°C and aged

Photo. 1.

Optical micrographs of steels 22N and 31N after aging for indicated time at 700°

and 800°C. Minor constituent phases identified by X-ray diffraction analysis of
extracted residues are given in each micrograph.
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Fig. 1. Time-temperature-precipitation diagram

of steel 22N. Volume fractions of =
{(M,3Cs) and ¢ phases in extracted resi-
dues are roughly estimated and shown in
the figure.
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Photo. 2. X-ray powder diffraction photographs for residues extracted (a) from steel 22N aged
for 3000hr at 800°C and (b) for steel 31N aged for 2000hr at 800°C. Reflections due
to (a) ¢ phase and (b) =z phase and Cr,N are indicated above and/or below each

photograph.
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- Time-temperature-precipitation diagram
of steel 3IN. Volume fractions of Cr,N
and = phase in extracted residues are
roughly estimated and shown in the figure.
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Photo. 3. Mlcrostructurc of steel 31N aged for 2000hr at 850°C.
electrolytic etching in a saturated oxalic acid aqueous solution.

R
(a) Optical micrograph.
(b) Optical micrograph.

Ordinafy ‘

Selective etching by means of a potentiostatic technique at a voltage of 1000 mV in the

same solution employed in (a).
scattered electron topographic image.

(c) Backscattered electron composition image.
In (b), (¢) and (d), = phase and Cr,N are well

(d) Back-

distinguished. Gray and black precipitates in (c) are 7 phase and Cr,N, respectively.
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jﬁ;ﬁ@?ﬁzﬂi%«a&l}*ﬁzﬁ—é & AT, 25.8%
Cr-28.895Ni-3.99,M0-0.06%,N #+ — 27 F 4 +HDH
ﬁLdH#%®%mf®XﬁﬁF%mﬁtb,ﬁm%m

OXHEE LB, Do Lo,
@ﬁgéﬁﬁ?ﬂ¢@ﬁﬁ®ﬁﬂﬁbwkﬁﬁbh.C
DX I LTCELNERSY Table 2 IR T.

7 MO FARML T S L FMITIE TeMX,"® &K
xXh5. ZZTXRRFESHB VIERFEEZRLL, TEX
LEMmhoEWEE, MITBfT OB VvEIETTEE KD
. BEREETELEREETEL L H - MR
EErE T 5 s Mo, TrESEETLEL, MH
EERBEEITEAR LT LS. LaL, 3INGIC

Table 2. Chemical composition (wt%) of two types
of nitrides precipitated in the 259,Cr-289%;
Ni-294Mo-0.319,N steel aged for 2 000hr

at 850°C.
Nitride Cr Mo Fe Ni
m-phase 50 10 15 20
Cr,N 60 2 10 10

W LA e 2 TR CEBEBIRAETHEREINT
W5, 2T, AR TOLEDLHAEBEORIHSIIREE

LMD oMW EITETH S Cr, Mo 53,
M@ﬁbéﬁ:@ﬁ%ﬁm~i&ﬁﬁﬂ®ﬁﬁ%m%w
Wik TtETHD Fe, NipAHDTWBHLEEFEILLRS. —
gy ik Cr+Mo & Fe+Ni OFEFHMS 12/8 »bHTh
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Photo. 4. Backscattered electron micrographs revealing z phase as gray precipitates in (a) and

Cr,N as black ones in (b).

Elemental line traces obtained from electron microprobe

scanned along the lines in these micrographs are shown in Fig. 3.
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3-3 BBHCLLRSBRBIUCHTHBORTERTIL

FE TINS5 — X7 74 MR X TR
HAEOHAZELO R T H 5 FEFELT 2T <
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Fig. | oz T, BR B o M3 XU ¢ 4828
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DEF, Mo kXU Cr O E I B TFEHZIL
TRBEHTESLVWEEDORTHD L \a X 5. 800°C #:
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Fig. 3. Electron microprobe line scans for N-K, and Mo-L, radiations in (a) and (c) and
for Cr-K,, Fe-K, and Ni-K, radiations in (b) and (d). Line scans in (a), (b)
and (c), (d) are taken along the line across = phase and Cr,N drecipitate shown in
Photo."4 (a) and (b), respectively.
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Fig. 4. Change in the lattice parameter of the austenitic matrix of steels 22N and
31N with time of aging (a) at 700°C and (b) at 800°C.
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Fig. 5. Change in the lattice parameters of Cr,N,
with the close packed hexagonal arrange-
ment of chromium, precipitated in steel 31
N with temperature and time of aging.
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Photo. 5. Backscattered electron micrograph of steel
3IN aged for 2000hr at 850°C. Gray and
black precipitates on grain boundaries are
= phase and Cr;N, respectively. Note that
two types of precipitates are not intermixed
on the grain boundaries.
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Photo. 6. Vickers impressions with the load of 5g (a) on z phase precipitated in steel 31N
aged for 2 000hr at 850°C and (b) on ¢ phase precipitated in steel 22N aged for

3 000hr at 800°C.
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(1) 0.2294N, 19,Mo % %¥e 22N $HTIE Cr,N (T
Friied, sk sdhicfiR LT3 5. ZDiEh,
700°C TiE MBI T 5.

(2) 0.319,N, 29%Mo %% 31N §§Tix Cr,N &
XU B0 2 EHEOE LR B LI R LT 5.
o fRix 800°C, #RmshEEfd] (5500hr) LA DEFHT
B o NSF aWAG Lol rall

(3) SINgTH2EHEOELLMD > L, £3 CnN
DV m FEAHTH L, BREhRER & & BT = MDA E A
Hhnd 5.

(4) CrN & zig& &M CREBIT 5 70 0ITidoR
EBERES LU EPMA € X 5 RS EFHEESFIHT
5.

(5) SBINS-H TS CrpN ik Mo kgL A&
EgEE Y, Cr o—akA Fe X8 Ni TEMaEh T
W5,

(6) SBINScHH+ 2 p-Mn % b > FHOHM
Bk kL (Cr,Mo) . (Fe, Ni)gN,—y Kb SIS,
2T, yREEOHIBHKA SO THERDLT.

(7) = AEOFREXL Cr,N X P o tBX Didnis
Dk <, XL Hv 600 BEL#EEIND.

(8) 22N BIXUSINSHOA—RFTF4 FDHFE
MAEE L, Bt S>d — 25774 FRMEPOBBRSE
ZiEEZ{bA#E L. (1) 22Ngg<cii 700°C, ¥+
hr VR THBEPO BRERREITTIEALEKTL
7ovs. (i) SINgED CroN B XU 7 MO HICHES &
EHiBREOETEEZIER CEL, 700°C 3 XU 800°C
TET hr FEshi b BRMOBEES A — 27+ 4 M
RICEBIFT 5.

(9) EEARFELW CrMoN, OFEITRD LR
moofz. Lieds2T, FEMED D 3 TELMIT X DI
HAR(LORTREMIT B E S hoie.

(10) AE@BCERRHRMLI-ELED Y ) — THEEHE
Eom, FHCERORBERLCISHDTSY,
BEYE(LHOEBIRL M T 5 &, ZTOMME
I& U - BliEsa{ s B b o> THIGFE N D 2 & 95,

COWMOFHTHS. F/o, CN OWREHHIZXS
2 ) — THEETEE O BT O Cr 3 X OERIRE
KT X 2 EERILOBDE EED L#EE I hic.

BT HABD ML IC BATR L7z EPMA i X 5HRIZ HEE
FEOTFHERS I VANSEROCHFECXI DD D
THY, MROTHNCEHOEEELET. T/
HEHBREFROFEE AT OTTFIVE LicWiE/II T
HREFFOTFEMB RICE#M 7= LT, RE o LS
2 DWT TN 7o 22 7 B AR R4 T (BR) ) 1 s BGE PR
ORFRENICHILBE LT £3. 7ods, FUIFEDO—HRI
MEAN 47 EEREMIRBMMSC I Ot 2MRELE
.
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