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Stress Exponent of Steady State Creep Rate and Activation Energy
for Creep of Solid Solution Strengthened 25Cr-35Ni Steels

Yoshihiro KONDO, Takashi MATSUO and Ryohei TANAKA

Synopsis:

Based on the analysis of many creep data obtained previously from strain dip test to estimate the effective
stress of the solid solution”strengthened 25Cr—-35Ni steels, the increases of the stress exponent of the steady
state creep rate, n, and the activation energy for creep, Q., due to the addition of solute elements were dis-
cussed by using the following steady state creep rate equation, namely,

ésoc (ga—afp)mexp(— Q¥/RT),

where g is the friction stress, 7, the effective stress exponent of the steady state creep rate and 0% the ac-

tivation energy for creep at constant effective stress.

It was suggested that the values of n and Q. could be calculated by considering the applied stress and
temperature dependence of the friction stress, respectively.
It was found that the calculated values of » and Q. were in good agreement with those obtained from

the creep test.

Then, it was concluded that the change in n with addition of solute elements was mainly attributed to the
differences of the effect of various elements on the applied stress dependence of the friction stress and the
ratio of the friction stress to the applied stress, while most part of the increase of Q. was explicable by the

temperature dependence of the friction stress.
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Table 1. Chemical composition of steels studied. (wt%)

Solute element Solute content

Steel C Si Mn Cr Ni

Group Element wt% at%
25-35 — j— 0. 006 0.55 1.04 25, 40 34.93 —_ -
3Cr Cr 0.011 0. 49 0. 89 27.96 35. 06 2. 96* 3.31*
6Cr 0. 008 0, 62 1.12 31.03 35. 69 6. 03* 6. 40*
1Mo Via M 0,013 0, 50 0.98 25, 98 35.12 1.63 0,92
2Mo ° 0.009 0.51 0.99 26.23 35,27 317 1.86
1w w 0,001 0.45 0.88 24,00 33,77 3.04 0.94
2W 0.014 0.46 0. 80 22,38 35, 42 5,47 172
1Nb Nb 0. 002 0.53 1.07 25.12 34,83 0.63 0. 38
2Nb 0. 003 0. 49 1.06 25.24 34, 66 1.01 0. 60

| Va
1Ta Ta 0. 003 0, 48 1.15 24,33 35.15 0. 68 0.21
2Ta 0. 002 0,50 1.01 24.60 34.79 1.16 0. 36
1Ti Ti 0.001 0.53 1.08 24.95 35,52 0.001 [ 0,001
2Ti 0, 005 0,51 1.05 24,78 34.79 1.23 1,42
1Zr Va Zc 0, 003 0. 48 1.04 25,23 34,71 0.02 0.012
2Zr 0,002 0. 47 1.05 25,24 34,77 0.07 0.043
At —————— -

1Hf Hf 0. 002 0.49 1.00 25,01 34.79 0.07 0.022
2Hf 0. 002 0. 50 1.04 25.10 34,97 0.15 0.047

«: Solute content of Cr is indicated as Cr content which exceeds 25 wt%.
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Fig. 1. The applied stress dependence of the
friction stress obtained for 25Cr-35Ni, 6Cr,
2Mo and 2W steels at 900°C.
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Fig. 2. The steady state creep rate as a function
of the effective stress for all of the steels creep
tested at 900 and 1000°C.
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Table 2. Comparison between n value obtained from applied stress-steady state creep rate
CUrves, Nmeas.), and that calculated from the applied stress dependence term of the friction
stress in Eq. (8), 7n(ai..), of the steels studied.
900°C 1000°C
Steel A
_, _[1—(des/da)] log(¢,/¢5) [1~(doy/da,)] log(¢,/¢,)
"(ule.)—"nm "(mau.)‘w 'l(calm“"cm— ﬂ(mu_)=-m5‘7—;—5——
25-35 3.9 5.5 4.7 4.3
3Cr 4.4 5.4 — 5.1
6Cr 5.5 5.4 5.2 5.1
1Mo 5.1 4.6 5.0 4.2
2Mo 6.6 6.1 4.9 5.1
W 4.6 4.7 4.4 5.0
2w 6.2 5.6 5.7 4.3
INb 5.9 5.8 4.9 4.5
2Nb 7.0 6.5 5.0 5.2
1Ta 6.6 5.7 5.3 4.3
2Ta 6.6 6.1 3.4 4.3
1Ti 4.6 5.2 4.0 5.0
2Ti 5.3 5.7 3.5 5.3
- 12Zr 9.7 9.4 5.0 6.3
2Zr 8.5 9.3 5.5 4.5
1Hf 8.3 8.1 5.1 6.2
2Hf 5.9 6.3 4.4 5.4
PRI T B C Loas LT, TR S S hics
ol JELT, F— ARG TR ME 3 S iR
N{meas.)=Nfcaic.] (¢) %3’33? E) Z & %f Eﬁ 1:373’71 Lflao) ~32)-
WiLsHIRE 513 Nimonic 80 AP 45 X ¥ Nimonic
o o 105'® % F\T Q. %Dt & = A, Nimonic 80 A T
g o 1z 110 kcal/mol, Nimonic 105 -=3 123 kcal/mol & /¢
£ 51— o "
& o HowKL, EH2V-TEERXHEYIE N T EETD
&, B (2)XcESh, Q¥ offiix Nimonic 80 A
71} 73 kcal /mol, Nimonic 105 ‘¢t 74 kcal /mol 1= ¥
| | TRAL, 2 hbo Qf offid v BHEOEEETR
% 5 0 THB Ni 0HDIEKD Ek =5 v — Qa (B 70

ricats=ny/1- () 1/11- &)

Fig. 3. Relationship between measured and
calculated n value by using Eq. (8) for all of
the steels.
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Table 3. Elastic modulus, E(7), at 871 and 982°C
and the temperature dependence term of elastic
modulus in Eq. (10), Kg, of various superal-

loys.
TElastic modulus, E 7, RT* dEr
Alloy (kg/mmt) 1Kz =~ 4= S0
871°C| 982°C| Ref. (keal/mol)
X108 X 104

Alloy 713C 1.59' | 1.50 | 43,44 4.4
Alloy 713LC 1.52 | 1.38 [ 43,45 7.5
B-1900 1.67 | 1.57 |43 4.6
IN-100 1.65 | 1.54 | 43,46 5.7
IN-162 1.53| 1.43 |43 5.4
IN-738 1.54| 1.43 | 43,47 6.2
MAR-M?200 1.64 | 1.48 |43 . 8.5
MAR-M200(DS) 0.92| 0.81 |43 10.6
MAR-M246 1.59 | 1.52 |43 3.3
HASTELLOY alloy X 1.40] 1.30 [ 48 5.9
INCONEL alloy 600 1.60 | 1.48 {48 6.7
INCONEL alloy 601 1.44| 1.29 | 48 8.8
INCONEL alloy 617 1.53 ] 1.42 |48 6.2
INCONEL alloy 718 1.42] 1.22 |48 12.2
INCONEL alloy X750 1.55] 1.41 |48 8.1
INCONEL alloy MA753 | 1.64| 1.45 |49 10.0
NIMONIG alloy 75 1.59| 1.44 |48 7.9
NIMONIC alloy 8t 1.41| 1.29 | 48 7.2
NIMONIQC alloy 90 1.61| 1.46 |48 7.8
NIMONIC alloy 105 1.58| 1.41 |48 9.6
NIMONIGC alloy 115 1.67] 1.56 | 48 5.6
NIMONIC alloy 263 1.61] 1.48 |48 6.6
NIMONIC alloy 942 1.41] 1.24 |48 10.0
NIMONIG alloy PE16 1.40| 1.26 | 48 8.2
NIMONIG alloy PK33 | 1.65| 1.45 |48 10.3
TD Nickel 1.03| 0.93 |48 8.8
UDIMET 500 1.64| 1.48 |48 8.8
UDIMET 700 1.70{ 1.55 |48 7.4
WASPALOY 1.61( 1.48 |48 6.6
INCOLOY 800 1.41| 1.31]48 5.0
INCOLOY 801 1.47 1.38 | 48 5.2
INCOLOY 807 1.30| 1.21}48 5.9

Table 4. Elastic modulus, E¢7), at 900 and 1 000
°C and the temperature dependence term of elas-
tic modulus in Eq. (10), Kz, of SUS 304 and
Ni-20Cr alloy.

Elastic mod: E
Alloy gty Kg--2E . Lo
900°C 1000°C | Ref. (kcal/mol)
SUS 304 1.20x 104| 1.05% 10¢] 50 12.0
Ni-20Cr 1.18 1.10 51 6.3
Ni-20Cr-5W 1.23 1.15 51 6.0
Ni-20Cr-10W 1.32 1.24 51 5.6
Ni-20Cr-15W 1.41 1.31 51 6.6
Ni-20Cr-20W 1.51 1.39 51 7.4
Ni-20Cr 1.31 1.23 52 5.7
Ni-20Cr-5Mo 1.40 1.36 52 2.6
Ni-20Cr-10Mo | 1.60 1.52 52 4.6

KEREEDTERINS. £ T, ZOXD Kpizo
W, FTREERMNL S, ok, #HRASO 900 3 L
1000°C i} 2R oV i, eiitic X 3SUS
304 ¥ L ORI IeHBA S D BEERE HHEE L 7.

Table 3 1 fFEH 7 Ni Hifzhad s (—3F Fe X4
&34 © 871 kXt 982°C TORHLREID~® L
£ DREKRFE (Kp) OFFEEX/RT. %< o Ni Hifit
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2 TD =, r ADELLIEV2 ) — 7D Efb=5 1
F— (# 110 kcal/mol'®) L Ni o A SHh#k O iFEM L=
F ¥ — (# 70 kcal /mol19)39)~a0)) L A x feztit Kp
(#7 9kcal/mol) DATIEFHB/ T IZ LEabrsd.

Table 4 i SUS 3045 35} (¢ Ni-20Cr B&4&0
900 % X Or 1000°C CoORMMRES® L rhbr bR
DI RBORERGEE (Ke) OFFEMEART. WA
FREOBEERFMEICL D Qe ORI 7= 2 72 4 10
kcal/mol BECTH v, X bHig, Ni-20Cr-W 54 TizW
DEBED 20% ¥ THEMLTE Keldiz A EELL
evs, LEDZ &b, BEBLEOMEER LOEBED
EHCID 7Y - T OFERb= I A F—HEAL T B D
ik, MEREOBREREELI DS, L AEEEIOR
EEREE Ky, OoXNCEATSLEEL LR,

T, ke Fig. 4 @R+ X5, ARIGH—ET
DESD 900 35 X 1000°C k1) 5 of OEALER
kHT, BRICHOBREKGEEXTEL, BABTEOR
vt 5 B LA T~

Fig. 5 i Q. B X vk D o BEIEHOBERK
FH (Kp) 5XU0 (Qc—Ky) © Va gmsk, Cr, Mo
BIOWOREBEI X 28bERd. Ky 3EBFR & &
LW+ 52, FOFL O BFIE Q DERTERE
T HENE I LT WS, ¥4 Q. & Kf &
DEIMEL [>T, # 60kcal/mol L 7ch, = ofFik
TTRME L QF DEP2NIZIFZE L.

Fig. 6 iz, NVa 5X0 Va RTEROBKE
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900 1000
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Fig. 4. The temperature dependence of the fric-
tion stress obtained for 25Cr-35Ni, 6Cr, 2Mo,
2W, 2Nb, 2Ta, 2Ti, 2Zr and 2Hf steels at 3.0
kgf/mma2.
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Fig. 5. Effect of solute elements, Cr, Mo and W,
on the activation energy for creep, Q. and the
temperature dependence term of the friction stress
in Eq. (10), Ky.
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Fig. 6. Effect of solute elements, Nb, Ta, Ti, Zr
and Hf, on the activation energy for creep, Q.
and the temperature dependence term of the fric-
tion stress in Eq. (10), K.
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the steels.
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2) Q. & QF LoBRRICIIBMEERE, Eq), BX
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