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Formation and Composition of z-phase Nitride in a High Chromium-
high Nickel Austenitic Steel Containing 0.4 % Nitrogen

Makoto KIKUCHI, Takashi SEKITA, Saburo WAKITA, and Ryokei TANAKA

Synopsis :

The microstructural change in a 25% Cr-28%Ni-0.4%N austenitic stainless steel during aging at 800
°C for up to 10000 h was studied by means of optical microscopy and lattice parameter measurement.
A dichromium nitride, Cr,N, precipitated at an earlier stage of aging both as intergranular precipitation

and as cellular precipitation.

Further aging caused n phase (a nitride with the structure of f-manganese

type) precipitation, accompanied by redissolution of CrsN. A nitride transformation from Cr,N to 7
phase started at 100 h and completed after 10 000 h aging in solution specimens without prior cold defor-
mation. Cold rolling prior to aging accelerated the nitride reaction. A coarse dispersion of Cr,N pro—-
duced by aging at 900°C retarded considerably the nitride reaction at 800°C. The chemical composition
of the 7 phase formed after 10 000 h aging was determined to be Cr;3(Nip,sFeo 4Cro.1)sNy. The solubility
of nitrogen corresponding to Cr,N and 7 phase was 0.15 and 0.12; wt%, respectively, in this austenitic

steel at 800°C.
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Table 1. Chemical composition of steels (wt%).

Steel ol Si Mn Cr Ni Mo N Fe
40N 0.002 0.37 1.16 25.42  28.07 — 0.400 Bal.
41N 0.005 0.30  1.56 24.70  20.37 _ 0.410 Bal.
31N2Mo 0.009 0.34 1.4 24.49  27.84 2.11 0.311 Bal.
36N2Mo 0.005 0.28 1.48 25.60  25.97 2.06 0.358 Bal.
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Optical micrographs of steel 40N aged at 800°C. Minor constituent phases identified

by X-ray diffraction analysis or by selective etching (in parenthesis) are given in each micrograph.
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Photo. 2. Optical micrographs of the 30% cold rolled specimens of steel 40N aged at 800°C. Minor
constituent phases identified by X-ray diffraction analysis or by selective etching (in parentheses)

are given in each micrograph.
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Fig. 1. Change in the lattice parameter of the
austenitic matrix of the unrolled and 309, rolled
specimens of steel 40N with aging time at 800°C.
Minor constituent phases identified by X-ray
diffraction analysis or by selective etching are
presented.
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Fig. 2. Change in the lattice parameter of the
austenitic matrix of four types of steels with aging
time up to 100h at 800°C.
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Table 2. Chemical composition of = phase pre-
cipitated in the 30 9, rolled specimen of steel 40N
aged at 800°C for 10000 h,

ﬂ Cr Fe Ni N

k* (%) 58.2 14.8 18.5 —

G ** 0.984 1.063 1.070 —

¢ (wt%) | 57.3 15.7 19.8 5.4
™ | 0.63, 0.16, 0.19; 0.22,

* Relative intensity
**  Correction factor, G=G;G,Cp
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Table 3. Chemical formula for n phase.

25Cr-28Ni-0.40N
unrolled, 800°C for
10000 h

Cr;2(Nig.sFey.4Crq.1) N3 s

rolled, 800°C for
10000 h

Cirys (Nig.5Feg.4Cro.1) 8N4 4

25Cr-20Ni-0.41N
rolled, 800°C for
10000 h

Cr,, (Nig_¢Feg 5Cro.1)sNs.a

i (8) XceELhA Yi HRIEGREICER » ARTE
AT, YE., Y, YR IO YE 23+40RT%
FCEOELHE ok, &N MERE G=
G,GaGr Offi, = HMOBEIEE ¥ IV ThLhOLR
D Y* pffis Table 2 ik Lz, BT, 40N
SO ET(ESE 3 X O 4IN Sl 30% ARIEERE D
10000 h Fghatkihic B S h b o OB ZERD

SR bESRE CnN RNh N BFETHH, 0
Cr,N o7 GELRVHD L LT 7 HHFOERE
EAay 8) RTHELL.

XC, © Mz B-Mn Bzt CrDEEHIL P4,32
<Hy, SBETIT 12(d) XV 8(c) AT 2004
BEahy, EEEFI 40) OfLEYEDDE IO LR
T\ %118 Table 2 OERRE ORINL 98% TH Y,
1313 100% N, F =T, Fe-Cr-Ni-N PULR % #
%, &RBTLER Cr, Fe, Ni 0&Znbid* DL LT
Y* Offig i Liz. Table 2 o34, Yy 1% 0.22 T
HoT, 4() BN TRTERETEHD bR
HINB 4/20=0.20 I2FE% LV, 7 HOBERIR(ESE
BIE MpN; RSO THDH I ENHILbNS.

EaesEmel, EERTFO LD 5 4(a) fE b B
T 12(d) EBCREERET L IR LeTV Cr BT
MEDDE LS. ZOZEEREBLTY OfELDL
7 HOERMKEAYEL & Table3 @ X 5127c% . 40N RO
7 H OB AR RE I L OB BEESREN Tho
BEBIZLALRALT, 4() OBEMER TNTER
TEDBhTWS., 12(d) fZER 3T Cr Tho b
Tk b, 8(c) frED 50% X Ni, 40% ix Fe, 1075 #
Cr TEDLhTCWAHE ElCigh. —F, 41N i
ORI 40N S F X b Ni @BEMNMEL, Fe BE
ME L feo T B . St 41N SO Ni BENME
W biERE LT A. ¥, cokEF a0 Ni
PEEMEL DT WAHI L E, BEEFEENRKDT
WAEZLBEWCEBELTWA LD EELZBRD.

* Mn 12T 3 B RfTo10h 7 iz 0.5wt% BERIhTH
BT XL

L= 2T, 40N 3 X O 41N g8 10000 h BEZhig o £
HoOmBRE, Tihobb, = HEFHETAEMEOERE
EixrnFh 0.12 L 0.16; wt% TH5H. —J,
ZORECE VT CpN L35 BHESREER, 3-4
TR B X 5w 40N gTiz 0.15 wt%, BRI Tl
~NE-k 5y 41N SRk 0.18 wt% ThH, = HHT
BEGER CN 23550 X /2T 5b.
SO LiEa N CN X RERELYTHEZ LT
IL<HE LTS,

40N g0 800°C EpahicfE > = HOBTERLLE
Fig. 3 @R3. BB 2T S FEERRNC D
WTd, 7 HOBTERIECAE T TRDE D0
Win4%. 41N o = He oW TOER PR LI
AEBEOHEMMAED bhd., OB TFEROZLEE, =
HhOEROBTIE I D THbENDHLDTHS. -
Mn O#FEHE Cr, Fe i X b R4 L, Ni N
IDERTHY. BABAGETECHLIERKCIOTH
BTERIN LD REL AW, chbDo & bLEH
T5 L, B S BT EHOMING » ko Nidks X
VEEREOHEIMC I HIDEHEIND. O &b
B15 & 4IN D r OB T EREL 40N oL L b
b Pnes bi ¥ L0k, Table3 Wi X 5KEERD
BENESWDTHS EEL RS, B S @O
BT ERLLoFERAL, Moy &4 35 3IN2Mo & L F
36N2Mo #f T, Mo %% ¥ /gy 40N 36 X UF 41N §i§D
A LIMT, BFERIRLTE9. cokd5/en i
DB DTS TERATIHRIGORME & HBIE L
TEHHBE BBRFT5UNENRHH.

3.4 m HOEH
B DT LA — AT 1 b OBRTERII

[ | 1
- a rolled 4IN

O unrolled
| o rollegt “ON

o

T

6.3400

TR W S S

6.3350 |- D/‘Tgﬁﬁj?r _

6.3300

Lattice parameter of = phase, A

T
|

| | |
10° 10° 10
Aging time, h

4

Fig. 3. Change in the lattice parameter of =
phase precipitated in the unrolled and 30 % rolled
specimens of steel 40N with aging time at 800°C.
The data for steel 41N are also included.
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P35, Ticbhs, BEFORBBEZBRENELTS.
[EZAEEE L 30% @EEERRH T F oW HEE L R
eH A, WTFhORCI VT L FEOBBREXRIEYN S
H—TFEEATF /A LD TaMNERLTLE B &
5 BEE R Y I Tk ~<7e. 40N $HI s\~ T § ke e
R RD bRB. Tihib, Fig. 1| hb34505 X

5, FHEDHTERM RS L F 3.59254 % CEF+
% EaHOLERBBEH RS X5, LvL, &8
DEBIHBRICREPORBEZRRRC I O2TCORED LA
BHDOTR/eL, = FHHRHEECETTS CroN BRF o
SECREC X OTRE R FIT 5.

TTI, 3.1 T LA X 5 BB RS X0 30%
AFEER £ % 800°C THSh3 5 &, Cr,N O #THHETF
DBHEHDRESHRELRVS5BIT « M ERL, = M
DEFEVAE CrpN FIFIIFEE - HE LT, F&
T, w DL Lig > 900°C CRBE I 2 471, CrpN
RF% 27 0 KA E &8 73R k% 800°C T X Hicks
L7, Tindobh, 30% ABEIER K4 900°C, 1000h
REh Lic. & DRI X > THEERYS L Cr,N
MR EAE SET 512, oL EShi HE
Photo. 3 (a) ZiR"3. CN DAk ZF XN hAEL
“DTWAZ Lk, Photo. 1 %X 082”3 Cr,N fF
DREZLHETS L XL 0B, = OFiREIALPL A fi
L7calkhe 800°C TR%h7 % &, CroN ST D) EE
Wz & A EEERS, Hx DRT Dk X X 23R RhRIe
HvkE s, DT % Photo. 3 (b)  1000h i
SHHERRVORT. BRI LTRSS Lo e & Bien,
2200h BEhE T 7 HOERIZIZ E A EED Hhvicy.

TR RDALE S I U 73Uk O B S £ 5 B — 2 5 o
4 +ORFERE{Y Fig. 4 wird. Mgt Fig. 1
DFERDHHELTORLTHS. =7, HiES0NE BT
SEHL 3.5930A FCETF L5, Z OB FHEFO

- ¢
[P j SR
IR Sl ket 10 e
{a) as preaged (b) 1000 h

Photo. 3. Optical micrographs of steel 40N. (a)
Preaged at 900°C for 1000h after 309, cold
rolling. (b) Aged at 800°C for | 000h after pre-

aging,.

L T T T T
L 800°%C O  unrolled |
°fssoo%— O 30%rolled |
) A preaged |
s Oo (900°C 1000h)
2 - O _
- - 9o o ]
535950__ a O O —
@ O .
b4 B -1
o ! 6‘&&—&-3—9— ]
£ 35900/~ DOg |
T ]
Ly—L L 1 ] 1
i 0 w10 0t
Aging time, h
Fig. 4. Change in the lattice parameter of the

austenitic matrix of steel 40N preaged at 900°C
for 1000h followed by aging at 800°C.

FlEERT 3-3-1 CHR LICHEEHVA & 0.20%
Eieh. ZOffiik 40N gioo 900°C ki 3 Cr,N D [E
BETHS. BBEFED X LICEL 800°C TR 5 &
BHE VIR 5 BRI SRR X Fild, Fig. 4
R LS RO BFERL WERBATB. Thiex
J& LTCrN ot kg k3%, Fig. 4 tRoh5 X
S51H100h DB BHOBRTERIIEAL—F Lk
5. t0LEOBTERT 3.5915A BECHY, =i
BB LI & DT ER 3.5905A X o ook ..
W oEL 800°C kit s Cr,N oERE & B3
EXNTE, FOfEIL 0.15wtY Thsb.

T HOERP HEFOERBEOZIC I O2THRD LA
BEDTHY, ON B WCRBHA —AT F4 IO
BT EHD 3.5925A BEECETT5 LB o M
EHTHLDTH D bIE, MR LciEcrig
10h W) T n# HOLERABD bR TIVZ Eicin b,
L22¥, 2200h RshLTd =« O, KEILE &
ALRD BRI, ZOoBEIz HOBERORE S %
FTHDOTHAD. FIRHFHAEI X 2T CeN Aini b %
EILHRREE & Io DT B 7odic, 800°C ByEhic 35\~ T
BT TIRELE LTS CoN BFoERE XS TRES
DBFREROWEHIET T3, oKL oTEE
DBEFEAET T % /b, BEHHETT5 L& o
BRI ETETHREL LS. e, 40N HoBas
HFBLT Cr,N OFEEEL s DX &12.0.02 wt
BEOLINE Lk icdd, BPoEEN CroN
ELTHEBERS FTHH LT LE 5 & n HoBAERIT
ELLHEELLD, ZD/d CrN » S i~DE bl
RINIE LB THI L RBDTHAD.
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2224 0.3~0.4% REHRM Ui Cr-iF Ni 4 — A
5o b ESHO SR 5 AR Y b T
Lot EHME LT, EFEY 0.40% wminLic 25%Cr-
28%Ni s+ —AF F+4 b+ 800°C, 10000h & TDORL)
HRE AT ETH D CrN L oL cE R LTHE
L, kDX > KkiEREE.

(1) FHMEE CnN IOz HThHD. R
mpuNﬁﬁmL,%%ﬁébmﬁﬁ?b&nﬁﬂim
BE L, W L CnN 2 EER LELiiRT
5. Tihobb, ZO#Th 36N2Mo #f & Rk /s Cr,N
2o H~DOEHBULIHERT 5.

(2) Mo & ¥\ AMOF—AT 1 RN
DEEOHTHEEIX, Mo %N Ll X v Bheniiic
FU T LSV 2k, Mo ZERI L\ 8l Cidhl
RE R HESRE 51D ThHS.

(3) 10000h Wbk E D © HOMB L ERE
HESY SHTCHRE Lic. 0 #HI1x Crp(NigsFeg.,
Cro1)sNy ThH D, DEEEIEFEEREBCI.

(4) FMOBEOEBELRDTSE (LML o H
ThDH. = MLV CLN &4 5EROBERE L,
800°C ¥\ T, FhFEh 0.125 %XV 0.15wtZ T
o, rmMCHTLIEBERbLTMCDI.

(5) RBIEEZHEI X 0T, & b L CnN D
DYrEx Tk &, ILEFHHEEDTH 800°0C s
3 CrN i b B~ ERIEEE LS BT 5.
Shil, tHAOMERSERETHDC LicHLOK 7
IO CeN et A BEOEWEI T LA EEL BT
S I OTHETES.

AR F LHBRH DT, RBLERFEE &
R, HAER, BB ; MERFETHMEE
ST ERTEARYAEEE ARFIHOEKOL
Ha B L uE LTR#GcLET.
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