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Long Term Efficiency and Stability of MX Precipitation Strengthening of High Chromium Steel

Takashi ON1zawa, Masanori ANDO, Takashi WAKAL Tai ASAYAMA and Shoichi KATO

Synopsis : Applicability of high Cr steels to a main structural material in fast breeder reactors (FBR) has been explored to enhance the economical com-

petitiveness of the FBR power plants. V and Nb are believed to improve the high temperature strength of high Cr steels by precipitating as

carbides and/or nitrides, namely MX fine particles, although the long-term effectiveness and stability of such a dispersion strengthening

mechanism has not fully been understood yet. A seties of trial melts controlling V and Nb contents are produced and aging tests are conduct-

ed to investigate the long-term stability of the MX strengthening mechanism. VX dispersion strengthening in high Cr steels bearing with V
has been found to be stable even after aging for 12000 h at 600°C, which is equivalent to the expected FBR operation condition, 700000 h at
550°C, because the aspect ratio and chemical compositions of VX particles do not change much with aging. MX strengthening with Nb, and

with both Nb and V, on the other hand, seems to be unstable, because the number density of MX particles decreases with aging. Z-phase is

found to be stable and fine as other MX particles, suggesting that it may contribute to the dispersion strengthening as well as MX in the FBR

conditions.
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Table 1. Chemical compositions of the materials.

(mass%)
Steel C Si Mn P Cr Mo N \% Nb
VNO3 0.108 0.003 0.68 0.002 10.16 1.18 0.049 0.051
VN22 0.105 <0.002 0.69 0.002 10.10 1.21 0.047 0.12 0.032
VN30 0.108 <0.002 0.69 0.002 10.16 1.20 0.049 0.18
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Fig. 1. TEM-EDX analysis results of VX in VN30.

Table 2. The analysis results of the precipitates.

VNO3 VN22 VN30
Nb (mass%) | 0.05 0.03 0.00
V (mass%) 0.00 0.12 0.18
As-temper O O i O
M:23Cs Aged for 6000 h @] @] @)
Aged for 12000 h @] @] @]
As-temper @] O O
Cr2X Aged for 6000 h O O O
Aged for 12000 h O O O
7 As-fcr;lp(;l' @] O X
NbX Aged for 6000 h @] O X
Aged for 12000 h @) A X
As-temper X O O
VX Aged for 6000 h X O O
Aged for 12000 h X @] O
As-temper X X X
Laves phase | Aged for 6000 h X X X
Aged for 12000 h A AN AN
As-temper x X b
Z phase Aged for 6000 h @] O X
Aged for 12000 h @] O X

O : frequently observed A : observed X:not observed

§ % TEM-EDX AR AR T, &k, FibficonTis,
[Hy AR IZMA T 2ZBREBI T 2NIZONWTES
Mra 2 Lizn, ALFBICH Y 4 Mok 2 0 ER 5
NAED» 572, VXOLFMIE, 2 AN Tt 65~80
mass% V & 20~25mass% Cr CHE STk, Kzt d
LRI R & AT R 6k,

Fig. 212, VX DFHEIE & i OB %R 47T, VX
&, 12000 h BERDT% & IR AE D 50~60 nm & 2 A & 7
BEIZHMM TS, ARBIFEINTIRIHy R, 7 285%
BEUT ZADNTROY A MW Ao
Rohzin,

Table 312, KRB 53RKD 72 VXOMHIEIE 2R T,
Table 3 X D EFEHIC K 5 VX DT B OZE(LIZ/hEnZ &
Wb, £ie, NIAOBERER? S, VXOWIEE
EMHH A M BENIFEEAE KWL NE B,

VN3OS IZF5 1) 2 ZH O I, R O &N T

21

100
- - VN30(T3:VX)
£ MX.Z phase VNO3(O:NbX, <>:Z-phase)
a 80 ‘ - Open:Prior ¥ grain boundaries
S i1d: Insi :
E &XZ VN30 Soild:Inside grains
8 60 G =3
o S | 1
e “‘gi |
o
S 40 — RN
5 )'-\ ‘
® NbX: VNO3 .
E 2 :
= 1
2 i
g ]
£ o0 =

As-temper 10000 100000

Aging time (h)

Fig. 2. Mean diameter changes with aging at 600°C of
MX and Z-phase in VNO3 and VN30.

Table 3. The number densities of VX in VN30 before and
after aging at 600°C for 12000 h.
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Fig. 3. TEM-EDX analysis results of NbX and Z-phase in VNO3.
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Extracted residue analysis results of VNO3, VN22 and VN30, (a) Cr, (b) Fe, (c) Mo, (d) Nb, (e) V.
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Fig. 5. (a) Electron diffraction pattern and (b) transmis-
sion electron micrographs of extraction replicas
taken from the NbCrN after aging at 600°C for
12000 h.
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Fig. 6. TEM-EDX analysis results of MX and Z-phase in VN22.
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Fig. 7. Mean diameter changes with aging at 600°C of
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Fig. 8. TEM-EDX analysis results of Cr2X in VN03, VN22 and VN30, (a) before and (b) after aging at 600°C for 12000 h.
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My Cals DWW T, fLEfip, FWERE, fiftED 0T
NnLV, NbmRMOEEL2ZTT, thiog s v 2HH{OR
H=10L R AEE TH - 72,

4. HHRIEEEOREEA M OKRE

T OB R IZ & 5w 2 asiEom Rk, f
HPNZ L B8O Y IEDRIRIZE 5T, LEWRIA
W45 Z EICEELD, Lanwmhld, XA TEREIK
% Orowan )b 1 & —33 % & S h T3 337,

Gb
Ty =
A
A =125l —dg
o 1
-
\/Ns
— rd}
di=—-"
8 d,
ZZ7T

[N/m?]
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B LB 5 MX TR O BRI ENYE - BRMEORET

CN=H = ANT L [m]
DK REEER R [um)
D BTS2 D ORTFE
DR ERE [um]

EX& D, NoHEMBEMM TH B VNOIH D NbXIZ & B
Orowan & 1 7,13, BIERERY» 5/ 72 d,, 6}3’ XD=AN
MT24MPa (d,=0.035 um, d?=1.4x107>um, N;=1.0
i,/ um?), BERYHET 21 MPa (4,=0.044 um, d’=2.4x107
um, Ne=08{,/ um?) &RKZ D, KEHIEOET O
BELC S, 2, ZHEHOHHNZEE S NoX Bt & O WA
KB28DTHD, NoXDWP % E 7256 L2z, MXIZ
FERTHIRALEHE AR, RERTOBRER FTO—HEH
ABNTNED, F—FF A4 VRATF VL Z2#TIE, ik
HFThH5BEDOWE®DL, ZHOMHBMGE 2 ) — T
KT ORMES T, HFHFBESOMM L ZHEE,
MX FERR AT IV EILIcF S T2 L MEEH D, 2FD,
12000 h EERIRN IR & 2 ZAHIE VX ERAREEO KE X T
BHolZ b, REFHZEMNTIEMX ERRICHT LR
HETHEELZONS, Ko T, KD Orowanhis /) 7,
ZNbXIZZMHAMA TRHES 5 L&, 35MPa (d,=0.052 um,
d?=3.4x107 um, Ng=2.110/ um?) %D, ZAIhM &
W UCHINS 5., 20, NoHEMARMIZ L5 NbX B &
Uz & B4R LIE, FBR (BRI & 15k U 72 sk &
25k, FBRT 5V P RG R THR TH 5 LifEET
x5,

V, No AR TH 5 VN2FIZHBWTE , MXDHR
SE B 7255 ZHB/HTHT 52, VNO3 FREEIC 12000 h BE
DEEMXFIRRICHBI T > 72 Z &2 5, stz S
THLEZONS, k5T, Orowanlbf1% MX & ZHHDA
AFCRE T AL, AN TISMPa (4,=0.049 um, d2=
2.6X107° um, Ng=0.4{f um?), WEh#FT36MPa (d,=
0.041 um, d2=2.5x1073um, Ng=2218/ um?>) &%,
BESHIC L DIINT 5, £-T, vV, Nb#EARMIZK 5 MX
BEUOZHEIZE B3R, FBRT 5V F Ha k£ T
A ThH2EMETES, 612, VN2l TIECr,Xx Dl
KA 23/ & <, 12000 h B D 2 & MX R AR I f 0 T
H otz ZHEOHUIZES T BEDORD BHEHIEh 2 2 D
D, Cr,XDOH H3E(L & FBRIBIETIIRIFF AR TH 51
BEMEY D 5,

—77, VN3OS TiZ, FRERhiCfES ZHlHOMHIELS | VX
OHHERIZEMIZE S ik, VXIZ X % Orowan e 11,
% AN T 41 MPa (d,=0.056 um, d2=3.61X107° um,
Ng=2.9{8/ um?) , BEEHH T 39MPa (4,=0.059 um, d’=
4.55x107 um, N=2.618, um?) &% 5., EHHitE T,
VXD Orowan B JIIZIE L A EB{L BN L2 5, KIF
FFATRVXIZ K 2RI S h T s &%
AbN%, koT, VEMIRNIC & 5 VXD L &
FBR7 7V Mtk CHMTH D LHEE TR 2,

[N/ tm?]

N Z -
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ik, bioMafid, FBROEFIGMF & 85 L 22 MRS T
DREAERICED S D TH 08, WAL TORRhEAERIC
£B560T, WX SEEIHE, 7 ) — TiBE TR

M2 BE S B EEZ 5,
5 8

V, NbiRIIE A U728 Crif o U Tl & 5
L, BRI fE S MX & b & U 723 i o 21L& 5%
AZFE, FBR BRI & 85 U 72 MRS IS B0 B4
AR ORI R ENE - ARMEIS DV TRET & 1T - 724
R, DTFOMHRER,

(1) @ouesLvLTrHA MlZHEOTE, NbCrNAY
DZHAPI TS Z & AR L 72,

(2) NbARMUZSFEOATZHBIMB LZZ &
5, ZHOFHIZIEND A RELSFL L THD, NoiRE
FIMA D ZEI2K 0 ZHEOTH 2 IHIT & 22 H 5
Z ey,

(3) VHMAMLUZECrid ¢ik, 600°Cx12000h D K
BT ZRONHIZEEL |, VX OS5 HTHIREIZ RS
ZFLIER s, BRE X7z {b2m o F J OBV &
X2 RTH B2, VIR & 2@,
FBR7' 7 ¥ F OFGERME THEMTH 2RSS %,

(4) NoHEMEMEBS L OV, No#EARIMIZH T,
600°CX 12000 h DIFANIZ F5 12T MX D ZHHN D —EBER 23
HHoNdE00, ZHOMAIZHERE XY, MXIE
A EFAET 5 2 L DR S Nz, ZOREER» S, Nb
BUMAIN I KOV, NbEARMIIC & 28 %k &, FBR
T3V I OFEGEKRMETHEMTH B LHEETE S,

Bb0IZ, KREED S AT, £ RkE3ZHH%HE
WoHEBEEKA ST BHIEAKL S GBI —KIZ
WL E T,
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