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Table 1 Nominal chemical composition of ODS steel (/%)
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Fig.2 Dependence of grain size on milling time
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Fig.3 SEM images of SPS-ODS steels: (a) 900 ‘C and (b) 950 C
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Fig.5 HAADF image of the SPS-ODS steel

b CrK ¢

K] 6 Mn(Ti)Cr.04 ) EDS THi 145
Fig.6 EDS mapping of the Mn(Ti)Cr,04



%52

FRPHSE: JRHAR B TR BRI 2% (ANK &5 44 9Cr-ODS W B FL oML 4544 23 - 457 -

o

@3y )

0.281nm "/ -0.28Lnm

o

K7 Mn(Ti)Cr04 i 73 HEIE )1 K FFT
Fig.7 HRTEM image and FFT of Mn(Ti)Cr,04

K18 SPS-ODS M AL 4K i 7 HH R
Fig.8 HRTEM image: (A) nano clusters and (B) ferritic matrix

B 2 giit, 950 TR TS, 5 1) ODS M4,
Y-Ti-O #rh B LN 175102 AN m®, SE R4
J95.9nm. & Y-Ti-O #rtHAHSE B FEZHPIM, —Fpd
HREAMSEH, RF<4nm [ Y-Ti-O H#%. X Y-Ti-O
P % 2 AR Ak 2 0 & LU i R S AR, BF 9 R LA
1300 C A fE - Fr R v kase 1B, 2 ODS i+ &
BRI BRI 2 — o B 8 BT NNk A 5% w4 1 IR
s HEAARIEE, BT RS BN R 238 B S W
A, fETEM B N EEAA R EES, K 8 H A
THENFR. B9 N — MKt e a
(pyrochlore) 4544 Y, Ti, 07 W 73 &, il 023777 45
¥, a=1.009 nm, AH4LJ5 T 14 (040) &% (023), ¥ f
N 56.31S ik N[100]. Y,Ti,0; R~} Eb Y-Ti-O [
W& K, SN 4~15 nm. —MCRUEAE ODS X Y-Ti-O 44
KHBIFEL Y,Ti07, Y,TiOs, TiO,, Y,05 ZEHT HIAH R
PN, EEE R, FHEAE R, XA AT
5 FR SR I s R P T A 9K 20 I TR ORI X
PLAS SIS B AT 4L, AT s R B R BT S
PERE R iR . NCAH BT BB, B A
] 2 A U FBE S 0T AR oK T R AR BT RO L e, ik
i m R AR b S R P R, 7R iR R

(040)

0.252 nml| ()

K9 Y,Ti:O7 73 HHE K FFT
Fig.9 HRTEM image and FFT of Y,Ti,O;

SRR 5 RS BKH Y,Ti07 & Y,TiOs.
B, IR R 45 10 O 5 8 B 4 2 i A R
Y-Ti-O 44K A1 #% ODS Wt 7 4 1F .

3 & it

1) maig @M Y,05 $y 2 50 h WL & 41k, 76
950 “C il HL &5 25 1B 45 5 min 14 1) ODS 4M, S
KB FASE M 97.7%; 1050 CHe&s ™4 7 it e dl
%5 900 ChRe4: 3% BN 83%.

2) A BT e 4V 4% (R 9 K 5 44 9Cr-ODS 4K
ARG kL GE R R SF/N T 200 nm) AR SF ks Gl
HRSHE Lum A4 IRAMIR R 2 X0 547

3) ik A B T e 4h k) % (1) ODS AW A7 AE 3 il =
BT HAH: KRR BIR S A SR 1) Mn(CTi 04 4, R
9 4~15 nm 38 SR A 45K Y, Ti,07 AHFI R SF /T 4 nm
(1) Y-Ti-O Hl#%E. Mn(Cr)Ti,O, 3 E /AR 7E fiy 5t -
Y-Ti-O B Y, TiO7 FHAE df A FI i SRR ELA A

G

[1] Zinkel S J, Busby J T. Mater Today[J], 2009, 12(11): 12

[2] Lu Z, Faulkner R G, Riddle N et al. J Nucl Mater[J], 2009,
386-388: 445

[3] Ukai S, Ohtsuka S. Energy Mater[J], 2007, 2(1): 26

[4] LuCY, Lu Z, Liu C M. J Nucl Mater[J], 2013, 442: S148

[5] LU Zheng(E ##), Lu Chenyang(/5 /& FH), Zhang Shouhui(3k
SFHE) et al. Acta Metall Sin(4: )& 243)[J], 2012, 48(6): 649

[6] Evan K, Yenshan L, Marc A M et al. Scr Mater[J], 2010, 63(6):
577

[7] LGZheng (£ %), Liu Chunming (XJZ ) . Chin Patent(t} [
% Fl), ZL201010594163.9[P], 2012

[8] Krueger R. Micron[J], 1999, 30: 221

[9] Lu C Y, Lu Z, Xie R et al. J Nucl Mater[J], 2014, 455: 366

[10] Xie R, Lu Z, Lu C Y et al. J Nucl Mater[J], 2014, 455: 554

References



« 458 » WA SRS T2 5 45 45

[11] Schneibel J H, Liu C T, Miller M K et al. Scr Mater[J], 2009, [13] Brandes M C, Kovarik L, Miller M K et al. J Mater Sci[J],
61(8): 793 2012, 47(8): 3913

[12] Bhattacharyya D, Dickerson P, Maloy S A et al. Philos [14] Ribis J, Carlan Y D. Acta Mater[J], 2012, 60(1): 238
Mag[J], 2012, 92(16): 2089

Preparation of Nano-structured 9Cr-ODS Steel by Spark Plasma Sintering and Its
Microstructure Characterization

Lu Chenyang, LUZheng, Yu Liang, Liu Chunming
(Key Laboratory for Anisotropy and Texture of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)

Abstract: Ultra-fine grain 9Cr-oxide dispersion strengthened (ODS) steel was prepared by spark plasma sintering (SPS), instead of the
traditional hot isostatic pressing (HIP). The microstructure and density of the SPS-ODS steel with different sintering temperatures (900,
950, 1050 <C) were analyzed by SEM and Archimedes' Principle, respectively. The grain size and precipitates characterization of the
SPS-ODS steel were analyzed by HRTEM, STEM-HAADF and EDS. The results show that 950 <T is the optimal SPS temperature and the
relative density reaches up to 97.7%. The mixture of ultra-fine nano grains (<200 nm) and coarse grains (>1 um) is observed in SPS-ODS
steel. High-density nano-sized Y-Ti-O clusters and Y,Ti,O; phases are dispersed homogenously in the ODS steel. Large size spinel
structured Mn(Ti)Cr,O, precipitates (30~100 nm) are formed mainly at grain boundaries.
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