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Heterogeneous Recovery and Precipitation of Z Phase during Long Term Creep Deformation of Modified 9Cr—1Mo Steel

Kenta Suzukl, Shinji KUMAL, Hideaki KUSHIMA, Kazuhiro KIMURA and Fujio ABE

Synopsis : Degradation of 9Cr—1Mo—V-Nb steel during long term creep deformation is caused by a preferential recovery at the vicinity of prior austen-

ite grain boundary (PAGB). Changes in microstructure, especially on precipitates have been investigated in order to understand a mechanism

of such heterogeneous recovery. Heterogeneous recovery has been quantitatively demonstrated by the distribution of subgrain size. Three

types of the precipitates, M,,C,, V(C, N) and Nb(C, N), have been found in the as tempered condition. Precipitation of Laves phase and Z

phase have been found in the creep ruptured specimen. Laves phase is found in all the creep ruptured specimen. On the other hand, Z phase is

found in the specimens creep ruptured after more than 10000 h. Complex nitride phase of Z phase is rich in Cr, Nb and V of the form Cr(Nb,

V)N. Precipitation of Z phase takes place in the long term region and coarsening rate of it is much faster than that of MX, such as V(C,N)

and Nb(C,N). It has been concluded that a precipitation of Z phase in the long term region is one of the reason of preferential recovery at the

vicinity of PAGB in 9Cr—1Mo—V-Nb steel.
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Table 1. Chemical composition (mass%) and heat treat-
ment of the steel studied.

C Si Mn P S Ni C Mo Cu V Nb Al N
0.09 029 035 0009 0002 028 870 050 0.032 022 0072 0001 0.044
1323K / 10min.— Air cooling + 1038K/30min.— Air cooling

Fig. 1. Bright field TEM image of a modified 9Cr—1Mo
steel in the as received condition.
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Fig. 2. Bright field TEM images and those line drawings on the specimens creep ruptured after 12858.6h and 34141.0h at

873K—120 MPa and 873K—100 MPa, respectively.
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Fig. 3. Distributions of subgrain sizes in the specimens
creep ruptured after 971.2h, 12858.6h and
34141.0h at 873K-160 MPa, 873K-120 MPa and
873K-100 MPa, respectively.
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Fig. 4. Changes in chemical compositions of the elec-
trolytically extracted residue with increase in time
to rupture at 873, 923 and 973K.
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Fig. 5. Changes in chemical compositions of the carbides
873K.
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Fig. 7. Chemical compositions of the precipitates in the specimen creep ruptured after 34141.0 h at 873K~100 MPa.

55



. 554

$% LA Tetsu-to-Hagané Vol. 86 (2000) No. 8

DHETEDL, £72, ThThOr L —THTIE, ¥R
DIFEDEXE/mHTH AV, Crad SRITEOLHEMEIZR
¥, My, ThdeELIONDE, £72, B ICr-1Mo#id
TIENbB &KV MXBURE LA T 5 539, Fig.
6DNNBERP»ONbZFERETHIMXEVETERET S
MX D 2FEHDO MX AR BT 5 Z & hbr b,
—77, 34141.0h T Y — 7 BT L 7= 873K—100 MPa B [¥r
MEFig. VTiE, 3RO R L 3 sSFEEICHET
x5, KRMEAMERR, B—2 L — TN TOLEHERDIL
50X 3MD TR XV, REHMTERD 6 h7zM,C b
LUNbH B0 I VEFEERE L2 2EEDO MXBIURZ (LY
DEF3FEHEDOITHAMIZMA | Fe & Mo %% 81253 LavestH
ECr, NbB LU VESRIZECHESTEHOH ALY
bhd, HBIC-IMoSHICBET A2 hE COELL DR
TY, FSFEHOFHERITHY T MO FHEICE T
ZHERIEVWERDLNS, LEM5T, Cr, NbB XUV E
ZRIZEULFESFEHOMITKRMOETSH 5,

873K—100 MPa i Wi M4 THIS X 7= ST D MO
EDX A HfER2 S, ZhZh OO %K
Fig. 8127, KREMAMTECr2 2 BIZELRILMTH 3
M, Ce ENb & 503V EFRE L 72 28O MX AR ZE1L
MNGEETS, L»L, 8BKD 2 ) — T Tid Fe &
MoDEZ BBt &M TH % LavestH B L, X512, Cr,
NbELKUOVEZRIZELESEHORNOHOH MG R
WEEh7, ok, SBE{LAMD Laves I35 &
) = THM T LSRR 6B, Cr, NbB LUV E
ZERIZELHESTFHOARMDEIL, 10000h LL_EDRErEREE

100

80 [

60 [ i B
B : %1% :

F cid TR

Content / mass%

EBR7ZIEN0
Q

20 [

Laves

MoaC V(C.N unknown
206 e Mo) (C.N)

Nb(C,N) Dhase

Fig. 8. Average chemical compositions of the five precipi-
tates in the specimen creep ruptured after 34141.0
h at 873K-100 MPa.
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Fig. 9. Bright field TEM image and energy filtered images on Cr, V and N on the precipitates in the specimen creep ruptured after

34141.0h at 873K-100 MPa. ?: unknown phase.
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MX and Z phase with increase in time to rupture
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Fig. 14. Distributions of Z phase and MX in the specimens creep ruptured after 12858.6h at 873K—-120 MPa (a) and after

34141.0h at 873K-100 MPa (b).
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PAGB: prior austenite grain boundary.

Table 2. Number ratio of Z phase to MX (Z/(Z+MX)) and
mean diameter of Z phase at the vicinity of prior
austenite grain boundary (PAGB) and within
grain in the specimens creep ruptured at 873K—
120 and 100 MPa.

120MPa 100MPa
t- =12,858.6h | tr = 34,141.0h
Number ratio of Z | Vicinity of PAGB 0.09 0.28
phase : Z{(Z+MX) Within grain — 0.08
Mean diameter Vicinity of PAGB 57nm 128nm
of Z phase Within grain — 59nm

7o 120 MPaBEWT M TIIRRERE TO R ZH AR &
KNTIEZHEED b 57z, £72, KAEEIZBT
5ZHOHHEEIZ009TH D, FHEFEZSTamTH -
Too —F, EHIZRERTY Y — 7B L 72 100 MPa Bk
MTid, KRESEZ T THESRANTE ZE BB X,

LU, ZHDO B ISR N 0.08 125 L TR FHERE I
028 &<, ZHOFEHER E KAND 59nm il bR TR R
WEIL 128nm E R 2fF K E WV, Ld-T, oY — THElT
RERI DI, KIFOEFEIZ S50 2 ZH O HUSHE 133
mu, FHERLPH2EFIIH AL TS, LT,
MXDEBEBRITE TCHEVELIUNb 2L BIZELZHD
Hritids K O KAL ISRV ZME B O MX 12§ 5 [dif A
Ao, ZTAPKNIZHRTIHA—Z 57+ 14 MRiREEs
TEREMIZELTOWB I LMWL E k57,

D Eo®R”» S, ZHOWHITRNIZ AR TIHA — 2 5
F A4 PRRESETEANIZEL, ZHORTE B X 0aE
HARMIZHEOMX DR EFIER I $-0, 2O
KRR TORY—HE 4R 2 5 HELABRDO -OT



brlfmEhsd, ZHABIEA - X7+ 4 PRRERETE
T 2 RAE LTid, HEBERBEDOAE SRR &8
LT ) —TRERBHKTH 5 AZ» 6 BRNRAL, K
R CHASIMTH 5 2O 25 X THREL
EZ2oN5H, FHIZOLWTESHRORIFETH S, UL
ki, EREIRIZE T AMBEHBILEFIEEI TRA
FFETOREY—BEE ZHEHOMH L FERICBE#E TSI &
5, REEMBIZE T S5MESBLENHIL, RIEEZ V-7
BELAAMEXEE3-010E, ZHOHEEARIAL, Z
Mo 2§52 ELNEETH 5,

4. B

WE OCr—1Mo 8D 7 V) — TR EREBR - & F v, KD
71 - BEEE 2 ) — TEBICHED, KRR TR & Bl
BEEMICECSRERAEMRHT LI L 2HME LT, BIRE
LT V44 MEORIEES 2 ERBICRITTS5 & &
i1z, 7V — THRREORMICHE S thittoE, &,
L2EER B KUY 4 ZEOEL 2 IS L, KRGS
TORY—NELOBEEEZBR LR, DTOMEEE
A

(1) [BX—2FF4 VKRR, 37y PR, 7uvy s
R, SABERBLIUSTZLA VAT &) —HDER
THEh-EROEBEY 754 VA XL LTERIL
L, ZORHEFHNRIER, KD - BB 2 ) — 7B
MTIEH T LA v H A4 XN 20D - BNGFEHET B L
6, ANY—EREOEFTETRTIENTE,

(2) 873, VB LIVIBKDWThDBETE 2 Y —
THEWTRFEI OO RIS AT 528, ) — T
ERH 1z Laves AT I § 3 873K TOMTHIBEO B MO EE
B EARE,

(3) EDXZHr TR 7=LEMAIZ & D it HOEE %
PAMEIC T A Z LN TE, KM TIEIM,C,, Nbb S
Wik vEERE L MXBUREO 3STEEO 2
o, 8BKTHZ Y — THEW L 723 XTOBE M1 T
Laves D # iy A FEFR T %, 10000h L _E D KEBFREE T2
) — T L 2R T Cr, NbBEUVOEAEEY T
b B ZHDOH BRI &z,

(4) 87K TD ) — FRERMFBOREIMIZFE S SO
T4 XEEFNZHER, MXIIH 34000 W BERT A4 T & 1F
ELAEHXKILET, MO TEETHEDIIRL T, M,C
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B 9Cr-1Mo SN FrER &7 1) — FERIZfE S5 Ry —0l{8 & ZHEOHTH

DOREKRILDEBIZ KX, /2, 7)) — TRERICHHT
% LavesfH& ZH OB ARILHEIIM,C, kD B EHITKE
<, 2V —7TREBEEROEMICEVEEIDEALT 5.
(5) ZHIEMXOERTERTHINbELUVEERIC
GH, BPICHARTIHA — 257+ 4 MRRERS TELMIC
Hribh§ 5L & ic, ZHEETIIMXAHKT 5 A2
Hohiz,

(6) M EDERE,»S, ZHOM B XU BELHEAL
&, [HA =274 PRFEFETORY—EIEZ{EE S
ZEELERD—DTH B LML 72,
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