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Precipitation of Z-phase and Precipitation Sequence during Creep Deformation of Mod.9Cr-1Mo Steel

Kenta Suzuk1, Shinji KUMAL, Hideaki KUSHIMA, Kazuhiro KIMURA and Fujio ABE

Synopsis : Changes in type, size and number density of precipitates during creep exposure have been investigated in Mod.9Cr-1Mo steel, and precipita-
tion behaviour of Z-phase and its influence on another precipitates and creep strength has been discussed. Three type precipitates of My;C,
carbide, NbX and VX carbonitrides were detected in the as tempered condition. Precipitation of Laves phase was observed after short-term
creep exposure at 600°C and that of Z-phase was found in the long-term region after several thousands hours of creep exposure at both 600
and 650°C. Mean diameter of MX carbonitride was about 1/3 to 1/7 of that of M,,C, carbide, and those phases were roughly separated by
size. With precipitation and rapid coarsening of Z-phase, decrease in number density of fine MX carbonitride and disappearance of NbX was
observed. Penetration of nitrogen from atmosphere was not observed during creep deformation. A lot of fine MX carbonitride at the vicinity
of prior austenite grain boundary caused by coarse primary MX should promote precipitation of Z-phase. Composition of metallic elements
in NbX, VX and Z-phase was limited in small range and unchangeable independent of temperature and exposure time. Nucleation and rapid
coarsening of Z-phase after long-term creep exposure results in decrease in creep strength as a result of decrease in precipitation strengthen-
ing effect of fine MX carbonitride.

Key words : 9Cr—1Mo—V-Nb steel; ferritic creep resistant steel; precipitate; MX carbonitride; Z-phase; nitride; creep strength.
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Table 1. Chemical composition (mass%) of the steel stud-

led.

C Si Mn P S Ni_ | Cr
0.09 0.29 0.35 | 0.009 | 0.002 | 0.28 8.70
Mo Cu v Nb [ Al N Fe
090 | 0032 | 022 [ 0072 | 0001 | 0.044 | Bal

Table 2. Heat treatment condition of the steel studied.

Normalizing

1050°C X 600s / Air cooling

Tempering

765C X 1800s / Air cooling

Content / mass%

e e e e

T

27

0
l
|
{
{
I
|
\
\
\
\
\
i

|

I
Il

.,:!!IHM‘

il

At
Ry
ity

(]
M|
i
TR

NN y
NI
A
i
I I]..I]

'I|.H

iyl
Iiyly
R

VL, BEEHI D W T 100 REF A BIE L 22, HIEN R OBY
BRI 480um* TH D, W TTRE & i O fo/NEL TR
B 10nm TH - 72, 72, 600, 6503 & U 700°C D KK,
RMEEUT7T AT YEMKH T, REZHNZ 10,0000
(600°C), #J4000h (650°C) F5 & U93800h (700°C) & TD
7)) — THEMGRER R & B g 2 ) — R & B u
T, RE2ROEREHREEMMITE L L 312, EfML
PEDALARHB AT Z K O AP IcE Eh 2 BEREEK
W, BHEROREREREAHEIZ LDk /2,
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3.1 JU—7ERIHES RHMEEL

as-temer M B & 1U°650°C-80 MPa &7 ) — F B it 70 & 4 —
AU Y 7Y A EER L, TEM-EDX 73 1T > TR®
7fll %2 DI D E B ANEERE ZNZ N Fig. | BXO
Fig. 2 1Z7R¥ . as-temper #f (Fig. 1) Tid, il
M IS S B 3FESHIZETE 5, iz FhZFhcr g
ZRIZED M;CURIEY), Nb & k& § % Nb-rich MX %
S (Ltk, NbX & Ei¥2) BLUVEERET S
Vorich MXARE(EY (DB, VX SIZECT 5) D3FED ©
b, FRERDO L —THIZET DTS 2 F1Eh
Xy, —F, 5409.5h T U — THEM L 7= 650°C—80 MPa &
) — TS (Fig. 2) Tid, as-temper M Tl 65N /= 35
ORI Z, C, Nb LUV 28 RIZEUHEY
iR SNz, ZONNYO EDX AMERIL, $iKko»
WMELZZZHEOBRT LESHBL TR I ENG, ZH

Table 3. Creep ruptured specimens used for EDX analysis.

Temperature Stress Yl\:g]ri:(: Tempoemture Sr,ress I%lir[;‘t(\)lf‘z
T) (MPa) b © (MPa) (h)
200 40.4 110 248.5
160 971.2 100 727.8
600 110 3,141.7 650 80 5,409.5
120 12,8586 |70 | 13,0085
100 34,141.0 50 11,425.2

Fig. 1. Results of EDX analysis on the precipitates of the steel in the as tempered condition. Each vertical bar corresponds to re-
sult of EDX analysis on individual precipitate.
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Fig. 2. Results of EDX analysis on the precipitates of the specimen creep ruptured after 5409.5 h at 650°C—80 MPa. Each vertical
bar corresponds to result of EDX analysis on individual precipitate.
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Fig. 5. Changes in mean diameter of the precipitates with
increase in creep exposure time at 600 and 650°C.
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Fig. 6. Secondary electron images of (a) steel in the as
tempered condition and the specimen creep rup-
tured at 650°C after (b) 248.5h, (¢) 5409.5h and
(d)41,425.2h.
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Fig. 7. Normal probability plots of diameter of MX car-
bonitride and M,;C, carbide in the as tempered

condition.
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Fig. 8. Distributions of diameter of MX carbonitride and
M,;C, carbide in the as tempered condition.

MOGEEHBRZVThEDTHITHDS, TDH,
47nm LT Ol 2 M iid . % O k5 2 MX K 2L
THHERRTIENTES, ZITLYTTIE, 2D
WD ¥ 4 X3RS k& HEY 4 X LIS,
650°C 7 ) — THEWIHA I DT, MXIRELD & M,,C,
FALID H A Z 5370 % fHT L 724558, as-temper #4 & [l
MO BEZEIZGEHEERmARD N, T T,
MX RS & My, CRIED 4 4 X 73l D0 T Fig. 8
LA OB AT, 2MEEONT IO 4 X TR
5558 4 XEKRD =, BohHEEYA X500 —7
BEMRRE R 2 U CHEFR L T, Fig. 9 12789, as-temper £41C
BT 3 2MEOM MO 55 EEY A X3 4TomTH % A,
2 ) — FHIEEB ORI D B 4 ERRL L A
5000 h Ll L R 2 ) — T T3 £ OfE X 90~100
nm BB DO —FMl AR . MXRELY & M, C RO
W, ZREFNDH A Z5A0 & Fig. 9DER» S, 7THEY
4 XL F O Wl M o (A5 81 A A KD | Fig. 10 1SR,

73

I 9CT-TMo D & 1) — TS Z O Bi it & i &AL

. 650°C

N
o
o

Dividing size /nm

SOP

0 & il - sl ool
as 102 10° 10*
tempered

10°
Time to rupture /h

Fig. 9. Changes in dividing size between MX carbonitride
and M,,C carbide with increase in creep exposure
time at 650°C.
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Fig. 10. Fraction of the particles smaller than the dividing
size between M X carbonitride and M,;C, carbide.
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Fig. 11. Change in number density of the fine precipitate
with increase in creep exposure time at 650°C.
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Fig. 12. Changes in nitrogen concentration in steel during
creep exposure in the air and Ar atmosphere.
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Fig. 13. Results of EDX analysis on Z-phase in the specimens creep ruptured at 600 and 650°C. Each vertical bar corresponds to

result of EDX analysis on individual precipitate.

697 EEE



B2 698

§% & 48  Tetsu-lo-Hagané Vol. 89 (2003) No. 6

Nb / mass% 60 Cr/ mass%

Nb o 10 20 30 40 5 60 70
V / mass%
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tion and specimens creep ruptured at 600 and
650°C.
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