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Application of 9Cr-2Mo Steel for Fast Breeder
Reactor Steam Generators

Teruo Yuxrrosur, Kunihiko Yosuikawa, Katsuyuki Toxmasa,
Yoshiaki Suipa, and Yoji InaBa

Synopsis:

9Cr-2Mo steel developed for boiler tubes was considered to be applicable to LMFBR steam generators.
Therefore, we investigated the basic characteristics which will be required when this steel is applied to

LMFBR steam generators.

The results obtained are as follows.

(1) Allowable stresses of 9Cr-2Mo steel on the base of ASME Case 1592 are reduced to be much
higher at R.7. to 650°C than those of 2-1/4Cr-1Mo steel. High temperature fatigue properties are
nearly equal with commercial 2-1/4Cr-1Mo and Type 304 stcel, when the creep-fatigue interaction is

considered.

(2) 9Cr-2Mo stcel is more insensitive to the weld cracking than stabilized high Cr steels.
(3) This steel has almost the same carbon activity as Type 316 steel and the resistance to decar-

burization in sodium.
rosion resistance than 2-1/4Cr~1Mo steel.

The stress corrosion test in NaOH solution showed no cracking and better cor-

In conclusion 9Cr-2Mo steel is considered to be a promising material for LMFBR steam generators.
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Table 1. Chemical composition of 9Cr-2Mo steels, HOCM9M (wt2).

Steel G Si Mn P S Cr Mo Melt
A-1 0.07 0.31 0.51 0.017 0.019 9.04 2.00 100kg HF
A-2 0.07 0.31 0.53 0.011 0.007 9.10 2.02 2t HF
A-3 0.06 0.22 0.49 0.020 0.007 8.88 1.95 2t HF
A-4 0.06 0.24 0.55 0.013 0.010 8.87 1.98 2t HF
A-5 0.04 0.29 0.56 0.021 0.016 8.80 2.06 25t EF
A-6 0.08 0.31 0.48 0.020 0.014 9.07 1.88 25t EF
A-T7 0.05 0.44 0.50 0.026 0.002 9.02 2.08 50t EF
Specification | =0.08 =0.50 0.30/0.70 | =<0.030 =0.030 8.0/10.0 | 1.8/2.2
Table 2. Mechanical properties of 9Cr-2Mo steel.
Steel Size of product Yield strength Tensile strength Elongation Charpy impact value
(mm) (kg/mm?) (kg/mm?) (%) (kg-m/cm? : 20°C)
A-1 10t plate 40.8 62.2 30 29.6
A-2 48.64 x5.5¢ 42.9 } 64.2 47 27.5
A-3 60.0¢9 x8.0t 37.8 60.3 34 34.0
A4 6t plate 49.0 [ 65.0 29 26.3
57.15¢ x5.08¢ 45.8 62.1 41 —
467.4¢ X761t 47.4 62.8 28 7.5
A T-Piece 48.6 66.0 28 6.4
(495 ¢ x 91t and 107t) ) : )
A-6 544 x5t 42.1 62.9 44 22.3
A-7 549 X5t 41.9 64.2 43 14.7
Specification =30 =52 =25 —
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Fig. 1. Changes of Charpy impact values during
long time ageing for 9Cr-2Mo steel.
(10 10X 2mmV specimen, test at 20°C)

Photo. 1. Optical microstructure of 9Cr-2Mo
steel tube (A-7).
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Fig. 2. Results of short time tensile test at
high temperature and minimum expected
strength for 9Cr-2Mo steel.
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Fig. 3. Rupture stress-time curves for 9Cr-2Mo
steel.
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Fig. 4. Comparison of creep curves for 9Cr-2Mo
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Fig. 5. Relationship between time to 19, creep
strain and time to onset of tertiary creep.

— 157 —



880 B L M

565 4 (1979) %73

“
:3, l
E 15 l Smt(10°hrs) | |
ER L
NG \
R
é) 10 1 ; ......
$ AY
@ - -ZkCr-IMo \
) —=9Cr-2Mo
e Type 304
—=—Type 316
—~-~Alioy 800H i
oLt o 1 1 A U

300 400 SO0 600 700 800
Temperature (°C)
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Table 3. Low cycle fatigue test conditions

Strain wave form Temperature (°C)| &, (1/sec) g (1/sec) Kind of test Test steel
450 10-3 10-3 PP
* - _ 9Cr-2Mo
ten, 0 o PP | 2/,Cr-1Mo (Amn)
2 .- 1/4Cr—
. 550 10-5~10-4 9% 10-3 cp 21/4Cr-1Mo (N.T.)
L//t 2x10-3 10-5~10-4 PC
“&r
8x10-3 8x10-3 PP
10-4 10-4 cc
600 10-5~10-4 | B8x10-3 cp | 9Cr2Mo
8x10-s3 10-5~10-4 PC

*  Axial strain controlled fully reversed triangular wave form.
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Fig. 7. The results of the low cycle fatigue tests
at elevated temperature.
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Table 4. Test results of 9Cr-2Mo steel welded
joint (750°Cx0.5h S.R.).

Tensile strength at R.T.| 65.0kg/mm?

Tensile strength at 600°C | 33.4 kg/mm?

180° O.K. (bending
radious =thickness X 2)

Bend test for welded
butt joint

Weld metal : max. Hy=

Hardness in weld zone 250, HAZ : max. H, =249
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Fig. 10. Effect of Nb content on weld metal
total crack length for 9Cr-2Mo base
steels in Trans-Varestraint Test.
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MEL. D-1 Tk Nb i cuniznsy, e
& 1.3% YT ciEihgRgeed, fnEsEsr2.0% T
i 1.7mm RELTW5. chiextLT V, Nb 250
LTu sy 9Cr-2Mo §f (A-8) TirElhiiad RBEL
T, ChboEREhEEE, ~SvAabvs vk
B33 b B R oORERH#EL v, 1300~1500°C
CRTHEEETHREREEZDNRS.

Bl ko X 5 9Cr-2Mo i3 gk Bl kb,
VAL vA VRBRESERENLREAE LT BT, B
WD ER SR 5 SEEFASRAERE T B v
T, BOWBLLEE L CENRBEMEIIBLEEX
5.

2.5 Na RRBBITHHGE

R vk Na i\ T 9Cr-2Mo §i% S H 3
DEET A —ATFFA AT VU AR X O 21/,Cr-
IMo & BETAHEEIEZONDLDOTHA DEAY
HE L CORERITABREIT O,

SE&3 SUS316 filled 50.8¢ x 2t x 90mmh I HiIc

Table 5. Chemical composition of test materials for weldability tests (wt%).

Steel C Si Mn P S Ni Cr Mo A\ w Nb
A-8 0.06 0.24 0.50 0.014 0.006 — 8.79 2.21 — — —
B-1 0.04 0.29 0.92 0.004 0.009 0.99 8.53 2.00 0.03 — —
B-2 0.04 0.25 0.90 0.006 0.008 0.99 8.32 1.92 0.03 — 0.32
B-3 0.04 0.28 0.91 0.007 0.007 0.99 8.36 1.97 0.03 — 0.64
B-4 0.04 0.35 0.98 0.008 0.008 0.97 8.31 1.98 0.03 — 1.04
G-1 0.13 0.32 1.08 0.011 0.009 — 8.99 2.11 0.27 — 0.42
D-1 0.19 0.27 0.56 0.011 0.010 0.54 | 11.45 0.99 0.28 0.51 —
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#7 100cc  Na Z# A L, 650°C, 500h =333 %% i+
Na CoORRREBITEBH 2R L. - o4 &M
DRBRF OEEEERIR L. Thbb#E, + No. 1T
11 9Cr-2Mo §fj3s L O° 9Cr-1Mo SORERFZiEA L
7oo Ky b No. 2 TRz h b 2B Mz & H1221/,Cr-
IMo $DRBRF 2 KRR &L LCHAL, #., + No. 3
T, No. I @ 2 fifEofllic Na hoBELHEED »
y X—E LT Ti ARVSEEA L., £y + No. 4 ¢
BEHES Cr REL7 =51 M, T 7 b b 9Cr-
2Mo-V-Nb (C-1) 3 X0 12Cr-1Mo-W-V (D-1) #%
9Cr-2Mo §f (A-4, A-5) L HESLCRER Ui Ay b
No. 4 tiz & biw 21/,Cr-1Mo 4 (E-1) %7 Cr 7 =
4 MVRERAERERC/ES L5 ARTEY, Shickt
LT#y b No. 2 ¢, 2¢/,Cr-1Mo 8 © EEED
9Cr Fficst 351247 0.2 TH B, 7ok 9Cr-1Mo
(F-1) o1b22ps i 0.11C, 0.63Si, 0.45Mn, 0.026P,
0.0058, 8.72Cr, 0.96% Mo TH%. RERAIZA, b
No. 1~3 i1, 3tx 20W x40mml, 4., } No. 4 Tt
4tx 20W x70mml o d DR {FH L, #320 D= 2§ —
— = CERME X R 7.

Bk Na pRERBR 0%, RBRAOEEE(E X 0%
B HOWE & CRAMOBUFEHE L. #, + No.
I, 2, 4 i@kt 9Cr-2Mo, 9Cr-1Mo $§ix, 9Cr-
2Mo-V-Nb 15 X O8 12Cr-1Mo-W-V §ff + @#gic £ K
REOOBMHTEBbI Tk h BRI E 72> T 7o,
RACW I XEBITIZ X b NaMO, LEEEhiz. M i3
BEHL CreE2DNS. Lo LBMbic X 2 BN
EBHEHVREL L, W OKFLEMEBLC X v B
BEERD bhishofz. Ry b No. 3 B Lest
BRAIKECTERBXREE L TR, BEWITAED bR
TEERALZR L.

BT OB, BEi: Fig. 11 % L% Fig. 12 o5
T L0 CRBRGM B L O iR X o 2k 5. 9Cr-
2Mo #ix, #y» b No. 1 @R\ Tk CEZLIZRD b
NIghofeh’, Fy b No. 2 CEMRL, #, + No.
3 TUBiIR L7z, 9Cr-2Mo $f & 9Cr-1Mo Rzt
Ay + No. 1, 2, 3 CIXBAREREIZZRD bR DT,
LU Fig. 12 imRT X514, + No. 4 i3 9Cr-
2Mo-V-Nb, 12Cr-1Mo-W-V iz $5\+C 9Cr-2Mo 4
DEE XV BEELBRENED bhte. it CRET
KD Nb, V, W, Cr NBEEP{REI I EEL bh .
%7z, 9Cr-2Mo $RoR B OREE1Z, Fig. 11 L Fig. 12
ZHEThiTbns X 51, #y + No. 4 & No. 2 CR
DTS, ZhiX, #y b No.4 it No. 2 s L
21/,Cr-1Mo §f > REEEN K TH B 1D L 2 bh

0.10 Pot No. Coexijst
1 —-0—- 318
2 —o— 316,2-}:Cr-‘|Mo
-~ r 3 ae- 316, T
E ot _e e |
£ B
8 oos} -
c
2
5 ] Content before test
o
!
- 'l'
{
/
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1
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Distance from surface(mm)

Fig. 11. Carbon content v.s. distance profile of
9Cr-2Mo steel immersed in pot No. 1,
2 and 3 for 500h at 650°C.

= 06~ 9Cr-2Mo (A-5) r 9Cr-2Mo-V-Nb(C-1) [~ 120r-1Mo-W-V (D-1)
< L AMaSXIGmgrem’ | AMa19xiG mgrend | aM=3116° mgfen?
£
S
§ o4t L -
c t R L
§
£ 5
8oz k—%\%\ Fx\
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Distance from surface (mm)

Fig. 12. Carbon content v.s. distance profile of
high chromium ferritic steels immersed
in pot. No. 4 for 400 at 650°C, showing
larger carbon uptake (4M) for stabilized
steels.

5.
THhODRERI VRO Z Edvonotz. Na thofd
T5HE, 90 kA —AF 51 b AF v LA (SUS
316) LiziFM%ED CIEB*ETHEEL Shby, &
REOHEC LV BRTS. Lo, Natho CiEER
mCr 7= 51 MlERRIEIBEEL T, R
&1t 9Cr-2Mo i3 Z2E1L8, X7k, X Cr Bog
WHIX D A BRE Lz v ThebbBEDOFNCERMN
=,
2:6 FILHYBBRICEBIZIEE

EEBIER RS R EBT R\ TUE, Na flokkops
FIUIKEA~D Na DY) — 27 DB, 7Ah ) BEEET
LZENELZBLRB, 2T 9Cr-2Mo SO 7 4 Y
BB B RAEH LR L.

BT, 9Cr-2Mo 8 (A-5) & L#RsM & L »21/,Cr-
IMo & (E-1, Be/c % 1), 9Cr-2Mo-Nb-V & (C-1) %
X 12Cr-1Mo-W-V ¢§ (D-1) TH 5. REnL, 2tx
IOWx 75mml v v 71 - U v FERE K (5mm #E)
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Table 6. Results of corrosion test in NaOH solution.

Corrosion rate (x 10-3 mm/day)
Steel Crack NaOH, 300°C Boiling 309, NaOH
% | %% | 10% | 30% — 0.2595 PbO
A-5 9Cr-2Mo None 0.2 0.3 0.1 0.4 2.9 0.3
E-1 21/,Cr-1Mo None 3.3 6.6 2.1 6.6 6.5 1.2
C-1 9Cr-2Mo-V-Nb None 0.2 0.2 0.2 0.2 2.7 0.4
D-1 12Cr-1Mo-W-V None 0.2 0.2 0.2 0.6 5.0 0.4

%7 A9 ) e 300h BE Lcs, BAEER LV
EDESENRZELYRS Lz, 747 YV BRI L
7z 300°C > NaOH ¥, 35X Oyl 30%NaOH ¥
%I LU FRIZ 0.25% @ PbO Z ¥R LR TH S -
SREALEEL S Table. 6 7R Lic. IGEASIUT VT
NOMETLIAE LT, BREE X 9Cr-2Mo i
Lo Cr 28fEL, 12ISHARE CRIFRITaELR
L, 300°C 7 v ¥ WA ds\ T 2/,Cr-1Mo gD
/10 T\ L /20 DEFERE CTH 27 10%NaOH oD
ECHEAEENCOET LTV HDREBERDOR N~
2 x4 FPOMERIShTCWAZ R IDbDEEDLIS.
Yol 30%NaOH ¥sygwhcix 9Cr-2Mo iz 2¢/,Cr-
IMo DK /. 7oL Vs ORAEE TH O,

3. # 2

S E RS RS L UTER S h A Mo
CRG 5T o8, BEEFEE T 18-8 RAT v U AH
35 T 0% 21/,Cr-1Mo $lA E & e LT & e KiE g, R
FAF S LTI E LA LES E LT, (AEK
FUTILESEE Super Phenix ¢ Alloy 800 B {E -3
%%, Alloy 800 EBEER, =R RFOLDIFR
HELTE Cr 7251 H% Brat f chy, EMI2
(9Cr-2Mo-V-Nb) 2BEE—FEH L ShTw5. XE
IS\ T CFR s\ T4 ORI BT S
bt ER L 9Cr-1Mo xR HRAT 5. KETIHEHCHE
EEC EAYRWCE Cr $ik BEFTHY, 9Cr-
1Mo-V-Nb-W ZH A R RRE & 7e> T\ 5. HE
s\ T 12Cr-1Mo $iE % 0mE Cr SR MTH
5.

ERREIF LR ST AN L LTER SR BT
W, SeE 1w — THRAMR OB EEE ¥ 7k G
BoEe o TaTARBRC T AERTH D, BK
R LTy, 21/,Cr-1Mo-Nb o X 5 10 C ZEILTEIR
BT 5 HELE Cr @AM A—AT 74 P AT
v UAMD X 5 CIEROE VMR &R 2 505

2 M 21/,Cr-1Mo-Nb i35 IREE 2ME W SIS &
5. B Na Hv 7ok s b o dh
T BAY, Shiexf LTk, Alloy 800 o X 5im Ni
WA RBT 2 HELEGEMcR T Cr B @Yt v
SOVCERETHHERDD. B2 Na ) -7 LL57T
o ) YERH R & e B G R EI e T 5 I
ThbH. DD 188 ZAF v v AIIEL D
n, Alloy 800 154 bt 2T, 7= 74 PRMES
FE L. H3CERBRENBNC LTHS. RERE
REEEIITE ORER L TE 3D BYLTI ORE
ER LT EMERD, 7)) —FEESERMCBTS
B Lok b BRI IR R LT TE S,
F 9 BEHRE RRE X5 SR BET L TRELD
5. coffrBERsh s EEAEELE LT KURE,
KIEG A, wastage IR HIED, SRECHTHE
Br, G, T KET A cBEETLHE A&
ER, EE, A VEFDHD.

ChbOERAETHEE LT, & Cr §HEE7 =
sS4 MARELEYEELLRS. LI ETOR
HIEOEERAERRAYE R TS LEERCREFTHE T
CRMELBETH D, = DE LK Nb ORINIE £
L 7ew. Rk LT, {& C-9Cr-2Mo §fix, KCT
Nb #4748 Lis\ e bEEENRIFch D, 9%0r Ol
B CIEEAME B Lic &, CRELTREZERLE
WD BRDL LIz v, KEEE, WERLELREFTS
5. 2%Mo DL-HERBELE . Lnb A4 7ELL
C D EIRIC I B (E G B D % D 5 CREEHEF
EEHRAERE L LTHEBCEETHS.

7% 513 21/,Cr-1Mo  $lic B\~ TREDBER D
LB P LA BSC L D RREAFTEH
ERBBRBHELTLAD, e URMBE R L UREY
D Fic 9Cr-2Mo % 3 2 RERT OIRER
D, BB 9Cr-2Mo $, ERE A EBLE
» 21/,Cr-1Mo RO &1 X v REBITOLI RS
HyTe BRI RE L B2 DL s,
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4.

A4 7HE LTI SR, 9Cr-2Mo #Hi3, &k
JEPARKBERERME E LCL BT TH S L E 2
bhicDT, TOBBCELTERIhLEELORS
EARFECOWTERR L, kofRE2E .

(1) 9Cr-2Mo #Hizo\T, ASME Case 1592 1=
bEDSKHBNNZEH LEER, £REFERCHED
2t/sCr-1IMo §ff . »  RIBC &\ ARG IMELE S,

(2) 7V —~7 LB OEBYELER LicBEY
FEXB A O 21/,Cr-1Mo $fds Lot SUS304 o 7+h &
HEBLED DTV EREEI NI,

(3) BERRENRZMZ SRS RS X
ARV AP UVA YRR X D BRE LR, huxid
¥, WkD Nb, V, W %y5in Ui Cr SR
MM R U C RGeS B 0 R S hoie.

(4) Na PREBITEHRF L, Azt —2A5 741
FAF v UASRERIZRA%D C EFEEYE LRERS Cr
RS A U TR K LIt T & AV DT,

(3) TAR)BERPCRDERENZREST, B
FHE R 21/,Cr-1Mo I LB L, L &,

INRHOFERL Y 9Cr-2Mo i3S ENIEIR R S 54
BERMBOBENBME VB EELS.
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