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Mechanical Properties on High Cr-Mo Steels at Elevated Temperature. (II)
Creep Properties of High Cr-Mo Steel forgings{(250~280mmt)

M. Aoki* , S.Kato*
E. Yoshida* , Y, Wada*®

Abstract

This stady was performed in order to confirm the influence of sampling method
on Creep properties of 9Cr-Mo steel forgings which are promising as candidate
materials for steam generator of large scale fast breeder reactor. This results are
to be reflected on fundation of materials strength standard. Test materials are
four kinds of 9Cr-Mo steel forgings(thickness:250~280mmt) such as Mod. 9Cr-IMo(F4,
F8 heats), 9Cr-1Mo-Nb-V(G3 heat), 9Cr-2Mo(H6 heat)steels.

Results obtained are summarized as follows.

(1) In order to evaluation of fundamental material properties, creep-rupture data
on three kinds of 9Cr-Mo steel forgings such as Mod. 9Cr-1Mo, 9Cr-2Mo and 9Cr-1Mo
-Nb-V steels was obtained up to ld,OOO hours,

(2) The Mod. 9Cr-1Mo steel exhibited most excellent creep-rupture strength and the
9Cr-2Mo steel was the worst among the three.

(3} The effect of the sampling location of specimens on creep strength was not
significant for Mod. 9Cr-1Mo steel. But for 9Cr-IMo-Nb-V steel and 9Cr-2Mo steel,
longer creep rupture time was observed with spcimens taken from just below the
center of the surface with direction of L, and shorter creep rupture time was
observed for those taken from t/2 thickness at the center with direction of Z.

{4} Creep strength of 9Cr-2Mo steel was lower than that of Mod. 9Cr-1Mo(F4, F8) and
9Cr-1Mo-Nb-V steel. But rupture elongation and reduction of area of 9Cr-2Mo steel
was greater than hat of other three materials, irrespective of the sampling

location of specimens.

% Materials Development section, Systems and Components Division,
O-arai Engineering Center,
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Table. 1 Summary of manufacturing specification of Mod. 9Cr-IMo steel forging(F4),

® H " =

L BEEER501S REHETHRECHT2BEZORNEREEY
16 A AR A ZERN BE—EBESICEREDLLHEIE, (B
2 JIS G 32181977 TEHEEAEST A &G&MEMNE) (D

. BFEl . BIFTHRBR. L7 RS 7BEE (ESR) S0HS
& | 2 @& s, EEL A TBIUERERET S, (BELREIDLD
3. HLE X AN 1040Cx6hr W.Q ’
BERL 70Cx6hr A.C

L AEZEST (opm)

c|si|Mn|P|s |Ni|] cr | Mo
e A X 100 X 1000 - X 100
L—Fa | 8/12]20/50 [30/60 | =20 =10 =40]800/950 |85/105
5xv2 |8/12]20/50 |30/60 | =20 | =10 | <40 |800/950 |85/105

Vv Nb | Al N
1000 | X100 X 1000
L— Fa | 18/25 6/10 | =40 | 30/70
Fxz v | 18/25 6/10 | =40 | 30/70

BALE| K &2

2. BREE
5l & H® OBR
DR OBE | IBRE | U 8D
=42 =60 =15 | =40
L Eo~a¥:-J1S8 G 0321
2. ®WRAF :JIS G 0321
3. BliR#ABR :J1S Z 2244
4. HBRAR :JIS Z 2242
REBRU |5 HIRER :J1S Z 2244
REAE | 6 BEHEGHER  AEAETES 015 2EE64 JEKE
7. FEEBAEW:JTIS G 0555
8. WENE :JI1S G 0551 (EgfbE:)
9. BERBFEEIR  BEEERES ) 15 2EEE

10 ~tE#®#E JI1S B 0405
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Table. 2 Summarv of manufacturing specification of Mod.9Cr-iMo steel forging(F8).

®m H ! ="
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1. {b254F (ppmd
C Si Mn P S N i Cr Mo
A .
m 7 X100 x 1000 %100
L— ¥ | 8/12 | 20/50 | 30/50 =20 | <10 | <40 | 800/900 | 85/105
Frw& | 8/121]20/50 :30/50 =20 | =10 | =40 | 800/900 | 85/105

v | Nb 'Al| N
AR woo# X 100 X 1000
L— s |18/25 | 6/10 | =40 | 30/70
F=xv2 |18/25 | 6/10 | 40 30/70

2. BmpE
5l & R B
VLI ABRE [#,0 8,O
=42 =60 =15 | =40
L. &0~&r:JI1S G 0321
2. BB :J1S G 0821
3. BIEHAEB :JI1S Z 2241
4. HEFEER O JI1S Z 2242
AEBEU |5 BWIHEER :JIS Z 2244
REFE | 6 BEKEERAR  BEASTHESII I S2EH6L EEE
. FE&BAEW:J 1S G 0555
8. FEEAMLEE :J 1S G 0551 (BRMbiE)
0. HMARBEEFRR: BEEERES 015 2EFIE
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Table. 3

Summary of manufacturing specification of 9Cr-2Mo steel forging(H8).

"o H

! =

T A

HWEHERL 0 15 (REARFHRBCHTIBEFOBIMEREED
AER) E-EARCELLIHEE, (B
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mE BRETERE. =L 7 b oS 7BERE (ESR) S0RsE
BiE i, BERRMTBLURTERET S, (BEEHE 3D
BALE FEX AN 950Cx12hr A.C

HmEEL 70Cxl12hr A.C

B AR

LZES 4 (ppm)

C ! Si | Mn |P|sS [Ni| Cr
X 100 X 1000 X 10

i R

L—Fi| =8 =50 |30/70 | =30 | =30, — 80/100
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Table. 4 Summary of manufacturing specification of 9Cr-iMo-Nb-V steel forging(G3).
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Table. 5 Manufacturing Process of Mod9Cr-1Mo(F4)Steel Forging.
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Table, 8 Manufacturing Process of Mod9Cr-1Mo(F8)Steel Forging.
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Table. 7 Manufacturing Process of 9Cr-2Mo(H6)Steel Forging.
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Table. 8 Manufacturing Process of 9Cr-1Mo-Nb-V(G3)Steel Forging.
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Table 1-9 Chemical Composition of 9Cr-Mo Steel Forgings,

Heat | Thick- | Stress Chemical Composition (Prodact Analysis wt2)
Materials ness | Relief
No. (mm) Treatment C i Mn P 5 Cu Ni Cr Mo Nb i Al N
725°C X 8. dhr
Mod. 9Cr-IMo F4 250 0.10 0.25 0.37 0.008 | 0.003 — 0.08 9.10 0.93 0.09 0.22 0.002 | 0,043
F.C
T740°C X 8. dhr
Mod. 9Cr-IMo F8 280 0.094{ 0.23 0.37 0.015 | 0.001 - 0.18 8.82 0,97 0.066 | 0.20 0.004 | 0.048
F.C
T715°C % 8, dhr
9Cr-2Mo H& 250 0. 06 0.03 0.05 0.012 | 0.002 —_ 0.36 8. 47 1. 97 0.016 | 0.01 |<0.001: 0.039
F.€C
T10°C x 8. 4hr -
9Cr-1Mo-Nb-V | G3 250 0. 09 0. 11 0. 68 0.009 0.602( 0.03 0.18 8.19 0.9 0.048 | 0.18 0.012 | 0.010
B.C
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Table 1-10 Mechanical Properties of 9Cr-Mo Steel Forgings,
Heat Tensile Test Impact
Materials No Position A :With Out SR B : With Qut SR A B
) Y.§ T.§ E. L R.A Y.S T.S E.L R A vE 0°C
0/4 50.0 67.0 25.0 74.0 51.0 69. 0 23.0 4.0
L|1/4 48,0 66, 0 24. 0 75.0 51.0 68. 0 24,0 74,0 23,2 21,2
1/2 48,0 66.0 24.0 74.0 50.0 68.0 24,0 T74.0
Mod. 9Cr-1Mo | P4 1/4 | 48.0 | 66.0 | 25.0 | 74.0 | 50.0 | 68.0 | 25.0 | 73.0
Z11/2 48,0 67.0 25,0 72,0 50.0 68. 0 24.0 71.0 21. 4 17.2
3/4 48,0 66. 0 24,0 73.0 49.0 68.0 25.0 72.0 '
0/4 44,0 63.5 32.0 74. 0 43.5 63. 0 34.0 74.0
L|1/4 45,9 64, 5 32,0 74.0 44. 4 64. 2 30.0 74.0 18.5 19. 7
1/2 45.1 65.0 32.0 71.0 44.6 63. 9 32.0 72.0
Mod. 9Cr-1Mo | F8 /8 | 45.9 | 64.2 | 30.0 | 69.0 | 43.8 | 63.9 | 30.0 | 72.0
Z|1/2 45,2 64,5 30.0 66. 0 42.9 63.3 32.0 72.0 14. 6 16. 2
3/4 45.0 63.7 32.0 67.0 43.4 63.5 32.0 74.0
0/4 40, 0 58. 6 29.7 76. 4 39,3 58, 1 31,4 75. 0
L|1/4 39,9 58, 8 31.1 76, 4 39,5 58.2 30.7 5.1 15. 6 16. 8
9Cr-2Mo H6 1/2 39.8 58.6 29. 9 76. 4 39.2 57.9 30.3 77.1
1/4 39.2 58. 0 28. 3 75. 0 39. 1 57.5 28. 6 73.5
Z | 1/2 39.4 58. 3 29,1 74, 2 30,1 57.6 28.1 73.5 4.7 4.5
3/4 39.8 58.0 29. 3 75.0 39.0 57.2 31.7 73.5
0/4 57.1 67.8 24, 5 70. 0 56. 1 67.2 24,4 72.0
L|1/4 57.4 68.0 23,3 64,0 56. 2 67.1 25.8 69.0 8.6 15.1
1/2 55. 7 66. 1 23.0 60.7 54. 4 65. 1 25.0 64.0
9Cr-1Mo-Nb-V ) G3 1/4 | 56.8 | 66.3 | 21.0 | 61.5 | 54.7 | 65.3 | 24.3 | 64.0
Z11/2 55,3 65,2 21.5 50,0 53.8 64. 5 26.5 71.0 4.3 4.1
3/4 55.7 65, 8 21.1 61.0 54,2 64, 9 24,7 71.0
Y.§5 : 0.2% Proof Stress (ks/mm?®)
T.5 : Tensile Strength(ke/mn?)
Symbol BE.L. : Elongation (%)

R.A : Reduction of Area (%)

vBo°C: Average of Absorbed Bnergy at 0°C (kg - m)
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Table, 11 Creep Test Results of Mod.9Cr-iMo (F4) Steel Forging.
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Table. 12

Creep Test Results of Mod. 9Cr-1Mo (F8) Steel Forging,

A B R FE K it E B OB | HEREE S T W U RS TREBRROT | RERE D | BB E % 7 B | EEI-THE %ﬁlﬁg;%’
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Table. 13

Creep Test Results of 9Cr-2Mo (HB) Steel Forging.
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Table.14 Creep Test Results of 9Cr-1Mo-Nb-V (G3) Steel Forging.
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Fig. 1 Creep Rupture Test Spebimen for 9Cr-Mo Steel Forgings
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PNC TN9410 91--099
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Fig. 2 Sampling Method of Creep test Specimens of 9Cr-Mo Steel forgings
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Fig. 4 Relation Between Fracture Elongation and Time to Rupture

of Mod. 9Cr-IMo(F4) Steel Forging.
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Fig. 6 Steady Creep Rate of Mod. 9Cr-1Mo(F4) Steel Forging.
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Fig. 7 Relation Between Steady Creep Rate and Time to Rupture of Mod. 9Cr-1Mo(F4) Steel Forging.
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Fig.26 Relation Between Reduction of Area and Time to Rupture of 9Cr-1Mo-Nb-V(G3) Steel rging.
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Fig. 27 Steady Creep Rate of 9Cr-1Mo-Nb-V(G3) Steel Forging.
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Fig,30 Relation Between Time to Tertiary Creep and Time to Rupture of 9Cr-1Mo-Nb-V(G3) Steel Forging.
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Fig. 31 Creep Rupture Properties of Various Sampling Method of 9Cr-Mo Steel Forgings,

(Surface, Center, Direction L)

5

660——16 OTV6NL ONd



14 I T TITIT T TVTITl ! T T TTTT TTETT i T T TTITE TTEiTTT ! I T T 0T TT T TTT
- Sampling Method : [/2t,Center -
Direction L |
- Teuperature 1 §00°C ,550°C
. L =
d
- A O O N
& A O
] <o A -
— <&
g e <
£ 2+ ]
N
=
.=< - -
tn .
w1k i
€4 ] ' ’ 3
[ast
= i~ ]
o 1 .
oL -,
| | Materiel ]
= | OF Hod.9Cr-1No(F4) .500%C ] i
O: Hed.9Cr-~1¥0{F8) ,500°C
— | % 9Cr-2Ho(RS) ,500°%C ]
£\ 8Cr-[Ho-Nb-¥{G3),500 C
- | @: Mod.SCr-1Ma(F4} ,550°C B
| N R T O | { N I T O O I | | I I O I O O} | I W % O I A |
1 2 5 2 2 5 3o z S 4 - 2 5

TIME TO RUPTURE (hrn)

Fig. 32 <{reep Rupture Properties of Various Sampling Method of 9Cr-Mo Steel Forgings.
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Fig.33 Creep Rupture Properties of Various Sampling Method of 9Cr-Me Steel Forgings.
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Fig.34 Creep Rupture Properties of Various Sampling Method of 9Cr-Mo Steel Forgings.

(t/4Thickness, Center, Direction 2)

5

660——16 OTV6NL ONd



2

(kg/mm )

STRESS

50

40 =

30 |

20 -

1¢

Temperature : 500

. Surface,Center
: 1/4t  ,Center
: 1/2t  ,Center
1 1/2t  ,Center

& ¢ 4O O

Sampling Methdd Direction

L

Z
L
Z

>

7 f 500hr
’:i‘SOODhr

2

=
I

TCO

Fig, 35

Hed. 9Cr-1Mo
(F4)

Comparison of Creep Strength for Various 9Cr-Mo Steels at 500°C.

1
Med. 9Cr-1Ho 9Cr-2Ho 9Cr-1Ho-Nb-V
(F8) {H6) {63)

MATERIALS

660—16 OTV6NL INd



2

({kg/mm )

STRESS

50 T T i T
Temperature 550
50
30 |
Asﬁﬁaﬁﬁ‘hxﬁ‘h 500hr
20 — A\ \ /{
'L 5000hr
10 -
Sampling Method : 1/2t,Center
Direction '
0 1 I L - 1
Hed. 8Cr-1Ho Mod, 9Cr-1Mo 9Cr-2Mo 9Cr-1Ho-Nb-¥
(F4) (F8) {s) (1))
MATERIALS
Fig.36 Comparison of Creep Strength for Various 9Cr-Mo Steels at 550°C.

660——16 OTV6NL ONd



Sample :Surface,Center,L
B 9Cr-2Mo (HE) :tr=330hr Test Tenperature : 500¢

u Stress :28kg/mm?
30.0  Mod.9Cr-1Mo(F4) s tr=4020hr
:- Mod. 9Cr-1Mo(F8) : tr =6322hr
9 i 9Cr-1Ho-Nb-V{G3) :tr=630hr
= 20.0
—
4 -
o
fa .
m e
oo
uJ  —
w
Wy B
[ ]
10.0

0 1000 2000 3000 4000 5000 5000
TIME  (hr)

Fig.37 Comparison of Creep Curve for Various 9Cr-Mo Steel Forgings at same Stress.
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Fig. 39 Relation Between Fracture Blongation and Time to Rupture of Various Sampling Method of 9Cr-Mo
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9Cr-1Mo Steel Forgings. (Surface, Center, Direction L)
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Fig.58 Relation Between Time to Tertiary Creep and Time to Rupture for Various Sampling Method of

9Cr-1Mo Steel Forgings. (t/2Thickness, Center, Direction L)
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Fig.59 Relation Between Time to Tertiary Creep and Time to Rupture for Various Sampling Method of

9Cr-1Mo Steel Forgings.(t/2Thidkness,Center,Direction Z)
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Fig.60 Relation Between Time to Tertiary Creep and Time to Rupture for Various Sampling Method of

9Cr-1Mo Steel Forgings. (t/4Thickness, Center, Direction )
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Fig.61 Comparison of Creep Curve for Various 9Cr-Mo Steel Forgings at same Stress.
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Fig.62 Comparison of Creep Curve for Various 9Cr-Mo Steel Forgings at Resemblance Rupture time.
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Photo. 1

Appearance of Mod. 9Cr-1Mo(F4)Steel Forging Creep Specimen after Creep Test in air.

(Surface-Direction L -Center and Quter at 500°C)
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Photo, 2

Appearance of Mod, 9Cr-1Mo(F4)Steel Forging Creep Specimen after

(t/4Thickness -Center-Direction L and C at 500, 550°C)

Creep Test in air.
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Photo. 3

Appearance of Mod, 9Cr-1Mo(P4)Steel Forging Creep Specimen after Creep Test in air,

(t/4Thickness “Center-Direction Z at 500°C)
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Photo. 4 Appearance of Mod. 9Cr-1Mo(F4)Steel Forging Creep Specimen after Creep Test in air,

. (t/2Thickness -Center-Direction L and 2 at 500, 550°C)
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Photo. 5

Appearance of Mod. 9Cr-1Mo(F4)Steel Forging Creep Specimen after Creep Test in air.

(t/2Thickness -Outer-Direction I and 7 at 500, 550°C)
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Photo. 6 Appearance of Mod. 9Cr-1Mo(F4)Steel Forging Creep Specimen after Creep Test in air.

(3t/4’[‘hickness‘ V—Center—DIr_ec_tion C at 500and£50°C)
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Photo. 7 Appearance of Mod. 9Cr-1Mo(F8)Steel Forging Creep Specimen after Creep Test in air,

(Surface, t/2Thickness-Direction L -Center at500°C)
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Photo. 8

Appearance of Mod. 8Cr-IMo(F8)Steel Forging Creep Specimen after Creep Test in air.

(t/2, t/AThickness -Center-Direction Z at 500, 550°C)
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Photo. @ Appearance of 9Cr-2Mo(H6)Steel Forging Creep Specimen after Creep Test in air.

(Surface, t/2Thickness -Center-Direction L at 500, 550°C)
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Photo;IO Appearance of 9Cr-1Mo{H8)Steel Porging Creep Specimen after Creep Test in air.

‘ (t/2, t/4Thickness -Center-Direction Z at 500, 550°C)
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Photo. 11

Appearance of 9Cr-2Mo{H86)Steel Forging Creep Specimen after Creep Test in air.

(t/2, 3t/4Thickness -Center-Direction C and Z at 500, 550°C)
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Photo. 12 Appearance of 9Cr-1Mo-Nb-V(G3) Steel Forging Creep Specimen after Creep Test in air.

(Surface, t/4Thickness -Center-Direction L and 7 at 550°C)
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Photo. 13 Appearance of 9Cr-1Mo-Nb-V(G3)Steel Forging Creep Specimen after Creep

Test in air. (t/2Thickness -Center-Direction L and Z at 500, 550°C)
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Photo. 14 Appearance of QCr-lMo—Nb—V(GB) Steel Forging Creep Specimen after Creep Test in air,

(3t/4Thickness -Center-Direction C at 500, 550°C)
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