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Temperature Dependence of the Solid Solution Strengthening Effect of Group
IVb, Vb and VIb Elements on the High Temperature Creep Behaviors

of Carbon Free 25Cr-35Ni Steels

Yoshihiro KONDO, Takashi MATSUO, and Ryohei TANAKA

Synopsis :

Steady state creep rates and friction stresses were measured at 900°C with a series of carbon free
25Cr-35Ni steels, and the extent of the solid solution strengthening with the addition of the groups IVb,
Vb and VIb elements to the steel was discussed in terms of effective stress (=applied stress minus
friction stress). In comparison of these results with those obtained in previous data at 1000°C, tem-
perature dependences of solid solution strengthening and friction stress were analyzed.

The steady state creep rate of the steel decreased remarkably with the increase in Mo, W, Nb, Ta,
Zr and Hf contents, but slightly decreased with the addition of Cr, V and Ti. A linear relation was
found to exist at 900°C between both logarithms of the steady state creep rates and the effective
stresses of all the steels independent of the kinds and the amounts of solute elements, and to be parallel
with that at 1000°C. These results conclusively demonstrated that the increase in the extent of the
solid solution strengthening at 900°C due to the addition of solute elements was mainly attributed to
the increase in the friction stress as well as in the case at 1000°C.

The more effective the solid solution strengthening was obtained, the larger the activation energy
for creep at the constant applied stress became. However, the activation energies estimated at the
constant cffective stress were 60+ 5 kecal/mol in all the steels studied, being independent of the kinds
and the amounts of solute elements. Moreover, temperature dependence of the friction stress was
observed, and then, it was pointed out that temperature dependence of the solution strengthening was

due to that of the friction stress.
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Table 1. Chemical composition and heat treatment of steels studied (wt%).

Solute element

Solute content

Steel —_—_— C Si Mn Cr Ni Heat treaiment
Group Element wt% at%

25-35 — — 0.006 0.55 1.04 25.40 34.93 — — 1170°C % lh—W.Q.
3Cr Cr 0.011 0.49 0.89 27.96 35.06 2.96* 3.31% 1150°C X 1Th—-»W.Q.
6Cr 0.008 0.62 1.12 31.03 35.69 6.03* 6.40% 1150°C x 1h—-W.Q.
iMo VI Mo 0.013 050 0.98 75.98 35.12 1.63 0.92 1200°CX Th—>W.Q,
2Mo 0.009 0.51 0.95 26.23 35.27 3.17 1.86 1200°C X 1h—>W.Q.
1w w 0.001 0.45 0.88 24.00 33.77 3.04 0.94 1150°C X 1h—»W.Q).
2W 0.014 0.46 0.80 22.38 35.42 5.47 1.72 1 150°C X 1h—W.Q).
1V v 0.002 0.49 1.00 25.21 34.64 0.81 0.88 1170°C x 1h—-W.QQ.
2V 0.004 0.48 0.99 25.38 34.78 1.02 1.11 1220°C X 1h—»W.Q.
INb Nb 0.002 0.53 1.07 25.12 34.83 0.63 0.38 1150°C x 1h—W.Q.
2Nb v 0.003 0.49 1.06 25.24 34.66 1.01 0.60 1150°C X 1h—W.Q.
1'Ta Ta 0.003 0.48 1.15 24.33 35.15 0.68 0.21 1150°C X Th—W.Q.
2Ta 0.002 0.50 1.01 24.60 34.79 1.16 0.36 1150°C X 1h—»W.Q).
ITi Ti 0.001 0.53 1.08 24.95 35.52 0.001 0.001 1 150°C X 1h—-W.Q.
2Ti 0.005 0.51 1.05 24.78 34.79 1.23 1.42 1 150°C X th—>W.Q.
1Zr 1A Zr 0.003 0.48 1.04 25.23 34.71 0.02 0.012 1 200°C X 1Th—»W.Q.

_2%Zr 0.002 0.47 1.05 25.24 34.77 0.07 T 0.043 1'200°C X Th—»W.Q).
TTOIHf Hf 0.002 0.49 1.00 25.01 34.79 0.07 0.022 1 250°C X Ih—W.Q.
2Hf 0.002 0.50 1.04 25.10 34.97 0.15 0.047 1 250°C x Th—-W.Q.

*  Solute content of Cr is indicated as Cr content which exceeds 25wt%.

7 ) — FEEORERFECIIEMEE LR LA LTS
LiswZ & mE LT3,

lbEo X s, BEEIES, 50k h & B
T 5 THEAMKNRERC X 0 BT 50 BT OWTL,
W E AR e R R S hTuinu.,

% 2T, AR TILRRIEE %A T oERRE X
p 100°C {£< L7 900°C TOEY 7 V — 7 HEE R OBE
i e kg3 Cr, Mo, W, V, Nb, Ta, Ti, Zr &
O Hf 0hR xR, 900°C Itk T, FETHRC X
L b DBENBEERICTI OB IO THATE 208
R R B L L bz, 1000°C ToOEED L
EAR L R OB F DR R OB 4, WO T h
LAED X S nHBAERTFICL S ONEEET S,

2. #tHBRUREAE

BEESMC IR TRV 17 i ing, V %0.88
Ror 1.1l at% o 2 KEETEHEIINLUI-88T & b 8 L.
Table 11 L5080 O b5 LR O BB (L 2L & % 7R
7.

7y — MR RO 7 v — FEERNEL 900°C, G
F3 2.0~5.0kgf/mm? OHEEETITV, 7V — THERK
BRI O BIZE b BT & R OF B TITo7.

3. RBBRRUEER

31 EEIV-TEE
EH 7Y — THE LT & OBRE 6Cr, 2Mo R *
2WEiz 2Tt Fig. 1(a) &, 2V, 2Nb RKO' 2Ta

t V EmEE 1000°C C2 Y —FRET 5 &, FREIERR TOREE
L<s BRBBHNELS BB EF— 23 KR53 E5 2L ey, miEY
TIRLOY ) —ZXRBEWTEEE L. UL, 900°C CrEHEBL
PRl B ESR LTV A 10, APIFE T & O 20T
bERITONR.

6Cr

2Mo)|

2W

Steady state creep rate (H')

1074 L i 1.1 1 L1 1 L1 1
20 30 4050607020 30 4050607020 30 40 506070

Applied stress (kgfimm?)

Fig. 1. Steady state creep rate-applied stress curves
of 25Cr-35N1 and the other steels. ((a) 6Cr, 2Mo,
2W, (b) 2V, 2Nb, 2Ta, (c) 2Ti, 2Zr, 2Hf)
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Fig. 2. Effect of solid solution elements, Cr, Mo and
W, on the steady state creep rate of 25Cr-35Ni1 steel
at 900°C under an applied stress of 5.0 kgf/mm?,
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Fig. 3. Effect of solid solution elements, V, Nb,
Ta, Ti, Zr and Hf, on the steady state creep rate
of 25Cr-35Ni steel at 900°C under an applied
stress of 5.0 kgf/mm?2.
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Fig. 4. Effect of solid solution elements, Cr, Mo and
W, on the friction stress of 25Cr-35Ni steel at 900°C
under an applied stress of 5.0 kgf/mma2.
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Fig. 5. Effect of solid solution elements, V, Nb, Ta,
Ti, Zr and Hf, on the friction stress of 25Cr-35Ni
steel at 900°C under an applied stress of 5.0 kgf/mmz2.
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Table 2. Results of detection by TEM of precipitates for the steels interrupted at steady state
creep stage at 900°C in the range from 3.0 to 5.0 kgf/mm?.
Stress (kgf/mm?) 3Cr - 2Mo 2w 2V 2Nb 2Ta 2Ti 2Zr 2Hf
5.0 - = L T o = T - o
' (2.5) (1.75) (10.0) (1.0) (5.0) (5.0) (3.5) (3.5) (3.0)
. — A . . - -
4.0 8.2) (2.5) €10.5)

— A
3.0 (23.0) (80.0) (230)

: Precipitates were not observed.

A : Small amounts of precipitates were observed at the grain boundaries.
O

: Small amounts of precipitates were observed within the grains.

e : Not investigated.
( ) : Testing time, h
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b) 2Ta d) 2HFf
Photo. 1. Transmission electron microstructures of 2Nb, 2Ta, 2Zr and 2Hf steels interrupted at
steady state creep stage at 900°C under an applied stress of 5.0 kgf/mm?2.
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Fig. 6. Relation between steady state creep rate

and effective stress for all of the steels creep tested
at 900°C.
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Fig. 8. Temperature dependence of solid solution

strengthening obtained by the addition of V, Nb,
Ta, Ti, Zr and Hf.
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Fig. 9. Effect of solid solution elemeﬁts, Cr, Mo
and W, on the activation energy for creep.
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Fig. 10. Effect of solid solution eleménts, Nb, Ta,
Ti, Zr and Hf, on the activation energy for creep.
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Fig. 11. Temperature dependencé. of the friction
stress .obtained for 25Cr-35Ni, 6Cr, 2Mo, 2W,
2Nb, 2Ta, 2Ti, 2Zr and 2Hf steels.
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Fig. 12. Arrhenius plot of steady state creep rate.
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Fig. 13. Relation between the increase in activation
energy for creep and the temperature dependence of
friction stress due to the addition of solute elements.
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