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The Microstructural Change during High Temperature Aging in a
25%Cr-20%Ni Austenitic Steel Containing 0.41% Nitrogen

Synopsis:

Makoto KIKUCHI, Takashki SEKITA,

Saburo WAKXITA, and Ryohei TANAKA

The microstructural change in a 25% Cr— 20%, Ni- 0.41% N steel during aging at 700°, 800° and 900°C
for up to 10 000 hr was investigated through optical microscopy and measurements of lattice parameters

of both austenitic matrix and precipitated nitrides.

A dichromium nitride, Cr;N, precipitated both as a cellular precipitation and as a precipitation on grain
boundaries. When nitrogen content in the austenitic matrix reached at certain lower concentration due

to the precipitation of Cr,N after long aging, 7 phase (a nitride with the structure of f~manganese type)
began to precipitate. The rate of decrease in the lattice parameter of the austenitic matrix of the steel
in the present investigation was an order of magnitude faster at earlier stages of aging (e.g. up to 100 hr
at 800°C) than that of a 259, Cr- 28%, Ni- 2%, Mo— 0.31% N steel where only a precipitation on grain
boundaries was observed. This implies that the rate of nitrogen precipitation from the austenitic matrix
is enhanced by the cellular precipitation. The lattice parameters, a and ¢, of precipitated Cr,N decreased
with time of aging. A correlation of the decrease in the lattice parameter of the austenitic matrix with

that in the lattice parameters of precipitated Cr,N was discussed.
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Table 1. Chemical composition of steels (wt%).

Steel ¢ | s | Mm cc 0 NI | Mo N
41N © 0005 | 030 | 1.6 | 2470 | 2037 0.01 0.410
31N2Mo ! 0009 | 0.3¢ ' 1.45 |  24.49 } 27.84 | 2.1 0.311
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—FRIZR Z 5 D EFEE LCEfA %k, Nelson-
Riley B9%t% v 7c Cohen O FE:D i X D HFER%
koiz. HBTEBOBERERXA — A7 F 4 MK
LTk +£0.0002A LIFTaHh5.

F—RF 4 MHECOWTIE, ERLRFERD
ECREREZEL 22°C OfE% kD, ZOEEZLITT
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RN TIE, 2.2hr TRA BT O E2E, —ERR R
RIGEMTHISET LT W5, Ok R RIS ik (d)
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L@t R L Tl <, FERMIic HiTH 232D
B, BEELREHCHET 5 L2tk e LTIRETOBE
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Photo. 1. Optical micrographs of steel 41 N-.after aging for indicated time at 700°, 800°
and 900°C. Minor constituent phases identified by X-ray diffraction analysis of
extracted residues are given in each micrograph.
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0.41% ZFEx&t 25%Cr-20%Ni # — R 57 F 4 +EO FHEMHEIITHE 5> ML 985

(¢) 100 hr

(d)

2200 hr
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Photo. 2. Optical micrographs of the 309% cold rolled specimen of steel 41N after aging for
indicated time at 800°C. Minor constituent phases identified by X-ray diffraction
analysis of extracted residues are given in each micrograph.

Table 2. Precipitated phases identified by X-ray diffraction analysis of extracted
residues from the aged specimens of steel 41N.

Treatment Aging Aging time (hr)
prior to temperature '
aging (°C) 4.8 48 100 220 480 1000 2200 4800 10000
. 700 — — Cr,N — Cr,N  Cr,N Cr,N+=x — —
Solution 800 — —~ €euN  —  CoN  CrN CrN CnN  Cr,N
900 —_ — Cer — Cer Ger _— —_— —
 Cold rolled 800 Cr,N Cr,N - Cr,N Cr,N —  GCrpN+7 7+4+Cr,N z+4Cr,N
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IOTRERTR2IER % Table 2 wxR3. BEIB{L
AETix 700°C, 2200hr RpEhOBE DL, WMELE
S Tia 800°C, 2 200hr RgghLids T, AFHMEE LT
CroN DE» s BB 5N 5. AP Tk 277
hEH TR, TN DOFE oW iR CrN OB TH
27

T HAE Cr.N OB FESDSHENT v, YO k35 iTg
b ahricownTly, 3-4 TERTS.

7 18l A-Mn BEER F4 535 0 ELWThH
53179, 3INZMo T 2WTik, @ 7 #7ik Cr.N O
WD HEERST LRI T 5 2 &, 800°C &%)
TXOHTHEEERE b HEL, HEAE 100hr BEEH AR
PHITHT S 2 LI EERHL 2T LY. 3IN2Mo D
BRRmimEhie Mo 28 7 MO I FRICH 2 &
DBEZ DI, FRTHIRT XS5, = HOHHIC
i Mo FINISLELKE TR V. KHE 3-3 TRNHEF
BhiTfES & — A7 F 4 P REOHETFEHZEL & = AOH
HEEREOTTHBE, F—RFF 4 bERHOKTFE
BHBHHET Lt Tihbbd —2FF4 Miaho
EHERIBEBTHET LB, cHEOESIBEES T &
bbb, ek, WHELERKE O 800°C KL DIFHE I,
Cr,N O » 12 LA EET Lictk, 278 0 BViBiRid
MiZRThrbrlSiHTs. i, =HOWESKEE
&, A—27F4 MHEOKRTERDIFCRE,»TIEH
HHWATH. AEBRTE, BEELERO 800°C %)
Ti¥ 10000hr T3 x MDOHF HIZEED S otz hs,
LEROHEE» L LI EREREIT S & AL
T BHDEELLNS. T00°CHEhTIE, 800°C IH%h
THLNB X 5 o FAIT LT 5 R \VIGRIARIEEE
»HhT, EELEREITYS 2 200hr FEHT m FHOT A
ErEBLRDOND. x FHOHTHElEROF — X7
A FREOHTERL, $HikT S Fig. 225 T5 L,
800°C Tit 3.5946A <TH B LT 700°C Thx
3.5972A THoT 0.0026A kx\v. zoz ki, 700
CTRA—~ATF A MHERORERIRE 800°C XY
HEVIKET z OB IEE 5 T L2 ERT 5.

3.3 #—ZXF7+1 FBIBOBFEHETIL

Fig. 1 700° 35 X (8 800°C, 1000hr ¥ ToOEShiz
5 A—AFF 4 MIHO BTEREILE, ®EY O
3IN2Mo §FOFERL L bR L. 2. TEBRLAEXS
AL CIARBONI: XUCHBBREY X 5%, 5
i, MFEROAIEREYmEESEc), FRY OF
R T5 L, 4INFGOHBFERI DO PTELL
TxY, 2EL LTERBEIPFLLEHEINTNS T
& Bbinb.

I T T 1 T L 1 1 T 1 4 I
i 700°C |
36050 |- -
- 31N2Mo s
- .
36000 \l\ =
g - — = IOIN --
& 36050 | -
k I i
36000 - ]
- \._-
35950 |~ 7
[T N VAN S SN U R N W |

o 2 & 6 & 10 x10°
Aging time (hr)

Fig. 1. Change in the lattice parameter of the
austenitic matrix of steels 41N and 31N2Mo
with time of aging up to 1000 hr at 700°
and 800°C.

41N $5CiX 1000hr E5HE COA — 25 > 4 MDD
B EHO BT CoN Ot S B0 Rk X
U Cr iBEDCETIRXSDDTHS. THITHLT,
3IN2Mo AP FEROEIE CrN B XU 7 FOHF
Hic X 5 fE0%ESE, Cr 5L Mo BEDEKRTICL S
LDTH B, WThOHED, HFEBWSDOKERS
RACEZRIEERTIR X2Tw5. 10 000hr F3h % T
CrN #7 B 2 THEZE( L A3EFT T 5 BB Lt 800
°C BBhDIF T B WT D, #hic Fig. 2 TRT IO
1 000hr BZhTIEWEZ CrN O DT T LTWinw.
Zhid CrN Off BRI LA SR ST, b
R R LRI 57, BRORE DRV Cr X2 OiRE
DBEESR A TE—{L X5 OIET T ERE» 572D
T HI10mW,

Fig. 1 © 41N g4 3iN2Mo §FoERE L2 KT
L, 700° Xt 800°C WTNhOBEEII WD 41N
SO FEROFSIE 3IN2Mo #HoFn X P ELLHE
V. ZOfFEEE 800°C, 100hr ¥ CORSITRIEL
. ZOHE, BTERORSEEZRYETH L, 41N
FOFELY 3IN2Mo @ozh Xy LHBEDRE V.
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Fig. 2. Change in the lattice parameter of the
austenitic matrix of steel 41N with time
of aging at 700°, 800° and 900°C.
Lattice parameter changes of 309 cold
rolled specimens aged at 800°C are also
included.

41N gHix 3IN2Mo $H X W MR RIRE FH. O
Fod AIN FHOHTHRE2S 3IN2Mo fHD £ X D&V
tEzLNBphLREW. UL, 41INHE 31N2Mo
$HE T, B Ni kXU Mo RENRRL 572D,
FHEMN BEEOBRMERYIARRIRE 0.419% T34
% 0.319 FEAEEER V. [ElohiE, #liEd
Cr.N i+ 5EBEEELS &, 4IN HHOEMAMER
#kTsXoeskrs 0.23% THDH. —FH, —HKKC
Ni b ffiE 2 s 219, Mo 3l g 50T,
NG DHBAZET D & SIN2ZMofRD ;& fafufEid0.24
% ERFBIL OB, Tiobb, BfafED S, bE X
g, 41N e 3INZ2Mo §idIZ LAERUTH S &
ABH. ZOfd, b ULITHEENR CThhE, THE
EhiztAELEbLEWEDETFRINDLW. REBRD
X5 EEhE T, AR L7o X 5, Lot
BROPHIC XD THES N D SO TR, bic Cr
DB X 2T HEENRTWAHW., LD T, EED
PEECC KT % Mo O B8 e X T BB Wt L CREE
EEE R LTWDH LIELLREY. ThbDT &
b, HTHGEE A& 2R ET 50, Mo minic
L0 THT IMIRIC ERDE LD THH EV RS,

MER D T, 3IN2Mo $HTIIR R BUGHINT Hivk 32
HENT, HHERANR ORI 5. FRRSRHTH

/UL, —VRICIE CN BSEZ2BIcif 50T, MRR

GRS B ¢4 —AFF+ 4 FBHEOBRREERA
BIETTS4dDEEZLNS. EES 1 THRALKLD

T/ 2. — WOREMEIET % 100hr R ¥ TORR)T
WFERO SRS BLBRIOTWS. EoFEm» b
Mo MO EERSHRIE, FRISHNT HZ HE4 5 C
EHBHENVED. Mo it ks CrNOBERESDS
Wit Cr OFEEE~OFE R EDEALNRDH, Th
5 V3R R FUGRIT HA IS SRR LTSV h o
ThHdEEDbNS.

ER(CEE B i) L 7o & X O HEE DR IR %
F.% =iz, Fig. 2 i 700°, 800° i3 Xer 900°C ik
VBRI RE 5 HF B R 2 R Rl & St & o TR
L7-. 700°C, 2200hr 33J (% 900°C, 1000hr @%his
hA—2AFF A4 FEEPLOEZROWHITT T LT
AN

700°C B30T, 1REMSMENERD T 22hr 1)
FCRHRLIMEOLTH S L LD, B
HFERDRE 800°C 2k LTV, 220hr BFEHIL
#%TUx Photo. 1 (b) WEBH LN X 51T B RIGHT
WA Z D, WHE»h BETTS. L, &
L L THF R ERENS 800°C Tl T5 &3 L L
. 900°C Eghic itk 5 1 F A, —REYRZ
L Ti3d 555, 1000hr % T 800°CDFH&iF LA E—
HLTWD. Zhizi LT, 220HEABELLNS.
—%, 900°CHEEEhTIIA —AFF 4 FENLDOEE
B O U BRI BUS BT HasE s Laie 2 5
WD THDEWI HDTHE. BUE, ezl
D ZE{Lh s < & % 900°C TR EEE DB MFIEH 800
CCTt LThls D /NS I Bb 7z, 800° & 900°C &
FHAD EPEEE 900°C D HNE L T b HSHT HEHED I
700° & 800°CizkiFHIFERELEREMBECRVEW
SHEATH LY. INSOPROVTRALERMITH D
DOPIHEED & 2 AFETIESVH, HEOYRBER
n#HoT 800° & 900°C Epzhiiigx I LA LR LD
DL LicEHEIND.

Fig. 2 o viT skl 800°C RyEhiciE > 4 — 27 +
4 FHHEOBRFERZLEIRLTHS. ThrEEL
SHEl 800°C EEho £ & LTAH 5. HEBibale
DFELH T, 3.1 TiR_7- X 5 ic 100hr % TTR ARG
BTHO 2 o 2 — VOREITELEL, TORIETERDO
HAEHET T X5 CBEINED, #—ZXF754 b
EHRDO¥ FERNT 100hr DLj% 2 200hr F Tanfc h KX/
WARRT. SHEERR 2R LASEE, BTER
W2 L EL ETL, 100hr F53hT AL ED
1000hr eI FEREE 5. HEKERTRT X
S I IR R O 220hr 5 1 000hr f55h, EE{LEL
$l> 2 200hr 75 10 000hr EEEHDOH FEE{#EIX 3.5946
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+0.0002A LiFLA Y —ETHS. ZhbORBHIC
FETHHHEMAIL CN OB TH S 55, ZOfEIx CrN
DEBIRTHG L{ETH D EEL DI EHRTES. X
¥, BEERETIE 2200br 56 10000hr BEEhIC A
U THRFERIIRO—EE X Y S SIEDS LT 5.
3.2 TYTIRABRAX ST, Thik nHOFHITEESH
FTERDORD THB. TnLDOT LpoHT, BEELER
#d 10000hr THENRET LD TlRLL, LR
YD & a ST LIk FERI E bBLT5h0L
FrEINS.

Cr:N LR 5 EHEX RS F—AFF4 MEHEO
BFERT ERO X S 3.5%46A CThHBH, fIED
BTEROBATIT 4ar=0.0075A 75, W%, &
HPOEEESE L wit » CrpN & LTI L &0
BFERD BABE don 2T, daT/day HSEIESE
ROBAR (Wt%) #5258, BF0OF—Z7F+4 M
TERIC RIETEBRE RO BT 5 it S5 ORHE
BRE2BAVWS L, 4ay=0.033A rnz0v, BHROBE
HFREEEER, ThbbPHEBERZRT 0.18wty &
7£%. BunGarpT L1913 0.0159%C ¢, Z#EEHK0.30
% EBTHIEHED Cr-Nit—27 74 FMAZHAWT
RSP O HMOFE» L E RO LHE BB Y T
TOERETREOTWS. BODEREGLIEETS L,
4IN gAY T+5% 239%Cr-20%Ni F+ — 25+ 4 | §F*
OEEERE 0.17% BEIKRS. il CrpN o
Cr-Ni 4 — 27+ 4 MEPOEBERT 5HESDFH
B XH L, COBRESOBBERRIT0.15% ThH 5.
b OE BEMIC X< —HLTWS &3 Wil
D TN OEFERABDHEES BRCRER S V2w,
BEDOLZATRETETO—FHE VL 5.

o5 CDWRIMI e LT bR+ 5 &, Fig. 2
KHHELND X STITHIECERTT . XEFTH A
5 LRI I I O T A D 7o D ITIBIE A b DK E D
D7z EAEREE, BTRRIRESh I IR < b oI 7
D, BT D REROFE X v SR <
Dl Hbrd. ERZFEGBRREIOT WAL
i, EKREE LA OMBBHE TP DD Z EBTE
oo Finbbh, 41N 94 309% WRSELEE 800°C TR
BHLict &, —2A5 34 FEB» LOLEOW HIZE
i, THESRE & SILETTS.

3-4 i Cr,N ORFEHZIL

—RIZETLEETERT BT HEORTFER S, 4K

* 4IN SO 25%Cr-2095Ni Td 333, CraN OFHicfEi 4 —
25 >4 FRO Cr PWEHBETT 3. COTESEBT 3 & HTEE
O BREBEOA AT A FOHEMIZBBL T 23%Cr-209%Ni i3,

1 r 11 l R T 1

800°C )

) 44600 7

g ]
E 5 :

£ 44550 0-3. ¢ =

= - O :unrolled E

L ® :30°% rolied .

44500 = PSSR R T N GO T N W RS S TR S SN U

2.7600 2.7650 2.7700

Lattice parameter, a (A)

Fig. 3. Lattice parameters ¢ and ¢ of Cr,N pre-
cipitated at 800°C in 309 cold’ rolled
and unrolled specimens of steel 41N,
Note that the axial ratios of precipitated
Cr;N are different from those of pure
dichromium nitride.
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Fig. 4. Change in the lattice parameters a and
¢ of Cr,N precipitated in 309 cold roll-
- ed and unrolled specimens of steel 41N

with time of aging at 800°C,
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Fig. 5. Correlation of the lattice parameters a
and ¢ of precipitated Cr,N with the lat-
tice parameter of the austenitic matrix
of 309, cold rolled and unrolled speci-
mens of steel 41N aged at 700°, 800°
and 900°C.
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