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Table 1 Composition of three types of 15Cr-15Ni-Ti-xNb alloys («/%0)

Steel C Cr Ni Mo Mn Ti P Nb 0] N Fe
15Cr-15Ni-Ti-ONb 0.056 16.03 1520 2.20 151 040 0.007 0 0.0005  0.0056 Bal.
15Cr-15Ni-Ti-0.21Nb 0.056 15.96 1520 254 155 035 0.004 021 0.0005 0.0068 Bal.
15Cr-15Ni-Ti-0.46Nb 0.058 16.15 1520 2.56 15 036 0.005 046 0.0005 0.0070 Bal.
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Fig.2 OM microstructures of 15Cr-15Ni-Ti-xNb alloy after solution treatment at 1120 °C for 2 h: (a) x=0, (b) x=0.21, and (c) x=0.46
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Fig.1 Equilibrium phase fractions of precipitates of 15Cr-15Ni-Ti-xNb alloy calculated by Thermo-calc2016b: (a, b) x=0, (c, d) x=0.21, and

Kl 2 15Cr-15Ni-Ti-xNb & 4:7E 1120 ‘C[il¥% 2 h f5 (& AH4H L

100 pm



. 4082 » WA & EMES T

50 3%

(Ti,Mo)Cf

(ND THC~~,
/‘

K 3 15Cr-15Ni-Ti-xNb &4:7E 1120 C &

Mass Fraction/%

(NBTC

[8)]
o O

[777]15Cr-15Ni-Ti-ONb d
7 | |15Cr-15Ni-Ti-0.21Nb
L. |15Cr-15Ni-Ti-0.46Nb -

1o-é
0T

N W b
o O

Cr Mn Fe N| Nb Mo
Element

2 h J5 1) SEM I8 F 2 MC B4 EDS 4340

Fig.3 SEM images of 15Cr-15Ni-Ti-xNb alloy after solution treatment at 1120 ‘C for 2 h: (a) x=0, (b) x=0.21, (c) x=0.46;

and (d) SEM-EDS analysis of MC carbides
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Fig.4 TEM images and SAED patterns of 15Cr-15Ni-Ti-xNb alloy after solution treatment at 1120 °C for 2 h: (a) x=0, (b) x=0.21, and (c) x=0.46
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Fig.5 OM microstructures of the alloys after aging treatment at 850 °C for 1000 h: (a) 15Cr-15Ni-Ti-ONb, (b) 15Cr-15Ni-Ti-0.21Nb, and

(c) 15Cr-15Ni-Ti-0.46Nb
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Fig.6 SEM microstructures of the alloys after aging treatment at 850 ‘C for 1000 h: (a) 15Cr-15Ni-Ti-ONb, (b) 15Cr-15Ni-Ti-0.21Nb, and

(c) 15Cr-15Ni-Ti-0.46Nb
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Fig.7 TEM images and SAED patterns of the alloys after aging treatment at 850 “C for 1000 h: (a, d) 15Cr-15Ni-Ti-ONb, (b, €) 15Cr-15Ni-Ti-

0.21Nb, (c, f) 15Cr-15Ni-Ti-0.46Nb; EDS element mappings of Sigma phase and MC carbide in 15Cr-15Ni-Ti-ONb (g) and
15Cr-15Ni-Ti-0.46Nb (h) alloy after aging treatment at 850 ‘C for 1000 h
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Fig.8 Chemical composition of MC carbide close to Sigma phase (a), and Sigma phase close to MC carbide (b) in 15Cr-15Ni-Ti-xNb alloy after

aging treatment at 850 °C for 1000 h

F2 BRMAEFENP MC BUHFI Sigma HHATRIKEHEER
Table 2 Crystal structures of MC carbides and Sigma

phase in austenitic stainless steel

L Lattice constant/nm
Precipitation

Crystal systems

a b c
MoC Cubic crystal systems 0.427  0.427 0.427
TiC Cubic crystal systems 0.4327 0.4327 0.4327
NbC Cubic crystal systems 0.4470 0.4470 0.4470
Sigma Tetragonal system  0.9170 0.9170 0.4741

#3 AR MCEAME Sigma HHEIMEREITELE R
Table 3 Calculated results of disregistry between different

types of MC carbide and Sigma phase

Atomic spacing of MC Atomic spacing Lattice
MC - - U
carbide carbide/nm of Sigma/nm _dlsre_glstry
di=a=b=c do=c with Sigma/%
MoC 0.427 0.4741 11
TiC 0.4327 0.4741 9.6
NbC 0.4470 0.4741 6

2.4 Nb % 15Cr-15Ni-Ti-xNb B AR 5N AL 14 5
=OpA]

9 N 3 FRE 43 1) 15Cr-15Ni-Ti-xNb & 4 7£
1120 ‘C AL 2 h J5 1 = A1 650 CHifii iR, 78
FEIBLET, BEE Nb R0, & 4008 R B Je s
B, Mbthim RGN, & mbihiiRfE N 550 MPa.
3 P 4 B RE A 2 FE A LR FFAE 60% /2 47, Nb o 3 (1) 3
It AR R RN (B 9a). B 9b h 3 Fi & &1
650 CILE FRIhMitERe, v 0L Nb JoR Bt 3
TG 4 1) JeE T o B AN TR 5 FE R /N, (RS IR
HAE LG, e R 5 B AN b 5 FE 29 [ IK 70~150 MPa, 4E
i 2 M\ 60% T % 21| 45% 75 47 o

110 g 3 B AN [] B 43 1 B8 A AN 85 4N 7 850 C It
X 1000 h JEHI= AT 650 CHifiikft. 15Cr-15Ni-
Ti-ONb & 4 = IR F A0 (14 Ji8 JIR 568 52 A0 B 58 B 43 50l S
214 #1528.5 MPa, ifi 15Cr-15Ni-Ti-0.46Nb & 4> 5 i
P A 0 Je P i B R Be b o Ol 224.5 AT 559 MPa, i
K5 5] /& 59%M1 52.5%. A WLEEE Nb fim, &
G %) 2 U AT TR IR 5 P AR T e A B I, T A e
RIA T 5 3 A& & E I = iR P i  REA T,
3 it RUAS A 4 0 R AR 5 FE AR /N o T AR
A 3 Fh& 4 1E 650 CHHNT, & &M ERIEE. 1
P8 FE A 2 JLF- AR, AR /N, X UL EIX 3
G I JE R R PURLoR AR X Nb (18 n Jf
AR, S5HEEGH 650 ChifhPEREMLL, MG 3
TG RO IE . AR L IR RS, Pihr om A2 B
H N, FFIEN 50~70 MPa. & LRTiR, HREEEE
S ERe A T, 3 Fl & 4 7E 850 “C B &% 1000 h 5,
U1 650 CHhifi Itk Re AR AR g, IR AR IR ME T %
R o 2% f5 4 3 R A SR BONT 1 () Sigma A, R X &
& (1) B AT P B RSCRE IAS  5

Kl 11 A 15Cr-15Ni-Ti-ONb. 15Cr-15Ni-Ti-0.21Nb
A1 15Cr-15Ni-Ti-0.46Nb & 4:7F 850 ‘CHI %% 1000 h j5
(1) & iR A 650 CHi il I ESE . MWEHFTLLEH, B
RUGH) 3 Fhdr e, ZiRB R WT 0 _E#R 7 A1 A K )
&, FRAAEEREAS LN, BamAis. A
BEE Nb 38, FLIEA Bk, #1585 A 58 g /s
M4, il 11b, 11c Frox. K 11d~11f 5 3 Fh &<
2505 ) 650 C R ISR, 3 Fh A & 1 miR b
Wy 1R R IR 5 AR, R T, BYE
Bk. AT, 3 RPATREIZE 850 CHYRL 1000 h J5, 7E=
15 F0 650 C hrfd i &R A #)PEWT 2 .
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Fig.9 Room temperature (a) and 650 C (b) tensile properties of 15Cr-15Ni-Ti-xNb alloy after solution treatment at 1120 °C for 2 h
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Fig.10 Room temperature (a) and 650 “C (b) tensile properties of 15Cr-15Ni-Ti-xNb alloy after aging treatment at 850 ‘C for 1000 h
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Fig.11 SEM morphologies of room temperature (a~c) and 650 C (d~f) tensile fracture surfaces of 15Cr-15Ni-Ti-ONb (a, d),
15Cr-15Ni-Ti-0.21Nb (b, €), and 15Cr-15Ni-Ti-0.46Nb alloy (c, f) after aging treatment at 850 ‘C for 1000 h
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Fig.12 SEM-BE images of longitudinal section near room temperature (a~c) and 650 ‘C (d~f) tensile fracture surfaces of 15Cr-15Ni-Ti-ONb (a, d),
15Cr-15Ni-Ti-0.21Nb (b, €), and 15Cr-15Ni-Ti-0.46Nb (c, f) alloy after aging treatment at 850 ‘C for 1000 h
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Effect of Niobium Content on the Microstructure and Tensile Properties of 15Cr-15Ni
Titanium-Modified Austenitic Stainless Steel Used as Core Components in Liquid
Metal-Cooled Fast Reactors (LMFR)

Qiao Yufei!, Chen Sihan?, Ren Yuanyuan®, Liang Tian?, Liu Chunming®, Ma Yingche?, Liu Kui 2
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)
(3. China Institute of Atomic Energy, Beijing 102413, China)

Abstract: This study investigated the precipitated phases and tensile properties of titanium-stabilized 15Cr-15Ni austenitic stainless steel
with different niobium contents (Owt%, 0.2wt%, 0.46wt%). The types, morphology and distribution of precipitated phases after solution
treatment and aging treatment were characterized by OM, SEM, and TEM. Results show that Ti and Mo are partly replaced by Nb in
(Ti,M0)C phase to form a Nb-rich (Nb,Ti)C phase in 0.21wt% Nb and 0.46wt% Nb alloys. What’s more, the increase of Nb content refines
austenite matrix structure after solution treatment. The main phases in the alloy after aging at 850 “C for 1000 h are Sigma and MC carbides.
The increase of Nb content not only promotes the enrichment of Nb and Mo in Sigma phase, but also makes the phase become finer and
more dispersed. The mechanical results of the alloy with Nb in the range of Owt%, 0.2wt%, 0.46wt% show that Nb content has little effect
on the tensile properties of the alloy at room temperature and 650 C. In aged samples, Sigma phases are promoted by the increasing
content of Nb, but these precipitated phases do not show obvious effect on the tensile properties.
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