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Fig.1 TEM images of S280 ultrahigh strength steel showing M[111] and Cr,C[111] in specimen after aging at 540 C: (a, b) TEM images,

(c) computational simulation patterns, and (d) filtering image
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B2 R NN S280 7E 540 °C R ALAS D Ak M{1LTIHUI AT CraC[42 1] B 9 TEM Y
Fig.2 TEM image of S280 ultrahigh strength steel showing M[111] and Cr,C [451] in specimen after aging at 540 ‘C: (a) HRTEM

image, (b) computational simulation patterns, and (c) filtering image
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Table 1 Orientation relationship and transformation matrix of crystal direction between martensite and Cr,C

a b c d
aToym/ (T2T)slw/[11]s  aToym/ (T2 Tys[IIW/[11]s (10 T) m// (120) s[111Im/[4Z1]s (10 T)w/(120) s [111Iw/[421]s
-0.159 0.206 0.531 0.545 0.180  -0.146 0.539 0.210 0.123 0.042 0.372 0.458
0.481 -0.075 0.173 -0.095 0.461 0.213 0.151 -0.105 -0.482 -0.442  -0.186 0.192
0.161 0.603 -0.186 0.225 -0.217  0.571 -0.188 0.594 -0.188 0.334  -0.449 0.334

Y0 — AL, LISt a AT o AR RE RS,
Y R ) ¢ R ARSI MR 1 b RIK 1 d
(R BEAS AT IXAE IR AL, TR AN, X R 1)
B ) G R 11 .

gELaran, & 19 a Al e KR I E R 5C R AT .
R, 181 ATEL 2 TRl e I T SR 2 0T
0 T 8 0040 B A2 A 9% %5 1 0% HE 7 ) o N A
IPIAHE M G &R, TIIXANE I KR S I M 5
Cr,C [AIARAEM AR 22 I G R e AR EIRRILT
Cr,C X MUBT AR, JFl I NS 77 100 2 M1 1 1 AR
2 WIARIER GRS AR R I R 43 AT 7
%, MGE H CrC 55 AR MR S 422 B G &R .

ME b hEH, CrC KSR, (HiE 1d 7Ll
B HZK SR HVFZ 1) CrC BRI, AL
TS B, ATRUACH CrC ¥R [112]77 M A&
B, &I KAOR.

2.1.2 A4 & B KA M[011]

I o T WAl B, AL
WV L FCAK MIOTT] A ), AEZ 540 C I R0 I oM 41
2, FFERILT 2 Fibir thAH, i 3 B, Sbse—
Tl A 1 R 2 bR SE I CroCy 5 — b oAy 8 1 5 4
o LSRG FeoMol'.

M AR 3b H, Cr,C A 2 N, 43508 [513]
H[513]. Cr,C[513]5 5 [KAR M IR K &R A -

OTYM/ (112)enes [0111M/[513]cne

CrC[513] 55 IGHAE M BIHL E RN

OT) M/ (112) crier [011TM//[513] erpe

71 3b 1, FeoMo HAT 1 ANELH, E5 5 KA M
I IA) K 2R H -

OT)M/7(013) Fesmor [011T0//[331] Feamo

X 2 AR RAXFERE 3b 2 m LUK, (HAS H AT 3 il
B, A KRR

A10)m// (12 1) cryer [T/ 1T erye

(110)// (12 T) cryer [T 1]m/[111]cryc

(T2 T)m// (00 D)gestor [111T0//[100]5e,m0

P 3¢ b Fe,Mo G715 . B 3d ATLLE Y, BT
AHESAE T A/, REROREHEBR R EAT H, RANZ524 )L
YR ENLHAGK . FIRLE S BT AT AR bR 2 I
o AT AR 4N, EEUHT AR FeoMo, A
Cr,C, A Fe;Mo Al Cr,C #7742 T RS BE 55, W& 3e.
B 3d ot DU AR AR B LSS AH & CroC, MBS AH 2
Fe, Moo
2.1.3 AN & B KA M[113]

(A ) FH vy 0 35 559 PR S8 B 3 P B
NG TR U 5 AR M 113177 1), W% 540 C I 2404
AL, Wil 4 Fros. Sbsef 2 BT, 2
WA Cr,C #l Fe;Moo Horpt Cr,C A 2 ANELA], 4050k
[315]F1[315]- CrC[31515 T KAk M IHLI KRN

ATO) M/ (2T1) crer [113Im/[315]crc
Cr,C[315] 5 Bk MR KRN



%14

PR AR S280 B Y e i L AN AN B B H AR (T 5T <119 -

ATO)m/ (21 1) crer [1131m/[315] cryc
Fe;Mo A 2 ANHLU), 43 51l 4 [322]F1[322] - Fe;Mo[322]
HE AR M R KRN

ATO)M/ (212) Fesmor  [1131m//[322]Fepmo
FeMo[322] 5 5 Ak M IFTHL IR C R N

110)m// (2 E) Fe;Mor [ 1131w/ [322] Fe>sMo

IR G R LA SR IE AN |

(01 T)m/ (12 1) cryes [TTw/[ 11 ]eryc

Ao M/ (12T)cres [111]m/[111]erye

(T12) /(00 D)pepnor  [1T1]M//[100]repp0

(T12) w/(00 Dgesvor [1T1]m/[100]kepnto

&l 4c W LA H, CroC F Fe;Mo 2 FAHHAS & SR T
H, HAEGUKRGOKE, T LA P 2R G ) s AR

FIRBESRERY, AR CrC 5 M RS RS E R
RZRIEAN b, W Ik ) FH S 38 52 S PR R = o I S
TR UEE R IAE NS T7 18 2 B G4 MIOT1]F1 M[113]
by WA ZNR CRN CrC, RN IERIA I —
Tl v e FEE A i T 540 A FeaMo . S280 44 540 °C
I 2 i 0 S ik 31 1930 MPa, 5 300M I AerMet100 5
JEAH Y o AN SR A AH 32 24 Cr,C il FeoMo, HETIA N
Cr,C IR AL AR ZEK T FeoMo AL SR
2.2 600 CHIASMULAL

S280 £NTE 540 ‘CHIELASET, M1 HAH LG40 /IN, 8 H
T X SHEREAC I R . BN B T, AT A&

50 nm

H-EMK K. S280 4NAE 600 55 540 C I By H A
ARANAR o W) FH A 305 S HL B MG B iy ) XS e e i A
XT 600 C I s B AT HAHEAT B AR A 3

R IE S BT, W% 600 °C I R I oM 41
ZLEE K, RILELAT H A4 Feo,Mo A1 Cr,C, 5 540 C
IS, i 5 Bis. B 5a g AN HL 7R I K
P MIOT1]77 7] IR X L AT S AEFE . ZhR7E, FeoMo
5Ok M BE R RN .

(0T M/ (20 Dpeomor [011]M//[122] Fesmto
Cr,C 55 AR M IELR KRN

OTD) M/ (112) cryer [011Tm/[513]cre
HA 0 2 Rk Kk

(112)M//(001)pepptor [T T1]m//[100]re,mo

AT10)m// (12T ) cryer [1T1IW/[11 ] erye

HIE S /LU H, 600 CH AT Fe;Mo Al Cr,C
WORLATY SR LA AT /N, A5 5 TR AR B 5k ohT t o
2.3 BEEDHN

Bl 6 AP 7 4351 ok 600 “C i 25 7% 3 AR FTAT H A 1)
REWE I, R 2 e &) B 042 s . i3 2 m] B
Ei, M Cr. Mo & B IR S L.
X BTl TR N ROS R AT, BRAGE T E Cr
A Mo TFIRAEAL B b Aw 2, BEAT L AR I AN A b 5
Ko HrH#H i Cry Mo & AW 39 0o i i 77 5 0%
TS AT HAH I S S W E S CrC A AR N, B

50 nm

B3 ol g ARAB AN S280 78 540 CIN AL T IS 48 MO 117HL 7]
Fig.3 TEM images of S280 ultrahigh strength steel showing M[011] in specimen after aging at 540 ‘C: (a) morphology, (b) SAED

pattern, (c) dark field image 1, (d) dark field image 2, and (e) computational simulation patterns
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Fig.4 TEM image of S280 ultrahigh strength steel showing M[113] in specimen after aging at 540 °C: (a) morphology, (b) SEAD pattern,

(c) dark field image 1, (d) dark field image 2, and (e) computational simulation patterns
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Fig.5 TEM images of S280 ultrahigh strength steel showing MJ[011] in specimen after aging at 600 ‘C: (a) SEAD pattern,

(b) computational simulation patterns, (c) bright field image, and (d) dark field image
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Fig.6 EDS spectrum of S280 ultrahigh strength steel after 7 600 ‘CHFRAHT H A 1 RE I K

aging at 600 C Fig.7 EDS spectrum of precipitates after aging at 600 C
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Table 2 Chemical compositions of S280 ultrahigh strength
steel and precipitates after aging at 600 ‘C (w/%)

Element Fe Cr Mo Co Ni

Basement 72.24 12.66 2.79 9.46 2.85
Precipitates  49.63 22.66 15.03 9.64 3.04
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New Phase Precipitated from the New Type of Ultrahigh Strength Stainless Steel S280

Zhong Jinyan', Zhang Yeqin®, Han Yafang®
(1. Beihang University, Beijing 100191, China)
(2. Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: By heat treatment process experiments and mechanical tests, the appropriate heat treatment process of S280 steel (heating to
1080 C, holding for 1 h, and quenching in oil, cooling to -73 “C, holding for 2 h, and warming in air to room temperature and then heating
to 540 C, holding for 4 h, and cooling in air) was found in this research. After the appropriate heat treatment process, S280 steel can get
good comprehensive performance, with the strength of 1900 MPa, and K;c of 90 MPa-m'?. The microstructures of new ultrahigh strength
stainless steel S280 after thermal ageing at 540 C and 600 ‘C was investigated by optical microscopy, transmission electron microscopy
(TEM) and high resolution electron microscopy (HREM). The results show that the S280 steel aged at 540 °C has desirable
microstructures, which is fine lath martensite matrix with high density dislocation and finely dispersed precipitate strengthening phase, and
film-like reversed austenite precipitated from the boundary of martensite. The strengthening phases of the steel include Fe;Mo!", FesC and
Cr,C. There is no related report about that Cr,C precipitated from ultrahigh strength steel as a strengthening phase. And the
crystallographic orientation relationship between Cr,C and matrix was measured: ({1 T()) m// (T2T) cner [111]M//[111]cr,c. The steel aged at
600 C have the same precipitated phases Cr,C and Fe:Mo. and they are relatively bigger than that of sample aged at 540 C. The
strengthening phases of S280 steel have high contents of Cr and Co analyzed by energy spectrum analysis (EDS).

Key words: New ultrahigh strength stainless steel S280, microstructure, precipitates, Cr,C
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