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Effect of Solute Elements on Dislocation Substructures Developed during

High Temperature Creep in High Chromium High Nickel Steel

Yoshihiro KoNDO, Tohru INAZUMI, Masao TAKEYAMA,
Takashi MATSUO and Ryohei TANAKA

Synopsis :

The effect of nine solute elements on the dislocation substructures developed during high temperature
creep in a 25Cr-35Ni austenitic steel was investigated by TEM at steady state stage at 900 and 1 000°C,
and was discussed in terms of the frictional stress obtained in the previous works.

Unlike usual understanding, subgrain size does not seem to be an important substructural parameter
which determines the creep resistance. The increase in dislocation density with increasing in solute
content was correlated well with the increase in the frictional stress, irrespectively of the kinds of solute
elements. The temperature dependence of the dislocation density became larger with the addition of solute
elements, and the temperature and stress dependences of the dislocation density were the same as the
temperature and stress dependences of the frictional stress. The relationship between the logarithm of
dislocation density and that of normalized frictional stress can be represented by a single straight line,
irrespectively of temperatures and the kinds and amounts of solute elements.

The results conclusively demonstrate that the increase in the frictional stress yielding the increase in
creep resistance due to the addition of solute elements corresponds directly to the increase in the
dislocation densities.

Key words : dislocation substructure ; creep ; frictional stress ; subgrain ; dislocation density ; solid solution
strengthening.
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Table 1. Chemical composition of steels studied (wt% ).
Solute element Solute content
Steel o C Si Mn Cr Ni
Group Element wt% at%
25Cr-35Ni — — 0.006 0.55 1.04 25.40 34.93 — —
3Cr c 0.011 0.49 0.89 27.96 35.06 2.96* 3.31*
6Cr r 0.008 0.62 1.12 31.03 35.69 6.03* 6.40%
—_—
1Mo Vi 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 3.17 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 1.72
2V A" 0.004 0.48 0.99 25.38 34.78 1.02 1.11
2Nb \% Nb 0.002 0.49 1.06 25.24 34.66 1.01 0.60
2Ta Ta 0.002 0.50 1.01 24.60 34.79 1.16 0.36
2Ti Ti 0.005 0.51 1.05 24.78 34.79 1.23 1.42
2Zr N Zr 0.002 0.47 1.05 25.24 34.77 0.07 0.043
2Hf Hf 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 25wt%.
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Table 2. Heat treatment of steels studied.

Steel Heat treatment
25Cr-35Ni B 1100°CX3h—W. Q.
3Cr 1150°CX1h— W. Q.
6Cr 1150°CX1h—W. Q.
1Mo 1150°CX1h—W. Q.
2Mo 1150°CX1h—W. Q.
1w . 1150°CX1h—W. Q.
2w 1200°CX1h 1150°CX1h - W. Q.
— 85% Cold rolling —~
2V 1220°CX1h—~W. Q.
2Nb 1150°CX1h—W. Q.
2Ta 1150°CX1h—W. Q.
2Ti 1170°CX1h—W. Q.
2Zr 1220°CX1h—W. Q.
2Hf 1250°CX1h—W. Q.
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Fig. 1. A creep testing specimen prepared for
TEM observation.
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Fig. 2. Creep rate-time curves at 1000°C-3.0
kgf/mm? of 25Cr-35Ni, 6Cr, 2Mo, 2W, 2Ta and
2Hf.

Photo. 1. Transmission electron micrograph of
25Cr-35Ni crept up to steady state creep stage at
1000°C-3.0 kgf/mm?.
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Photo. 2. Transmission electron micrograph of

6Cr crept up to steady state creep stage at
1000°C-3.0 kgf/mm?.

Photo. 3. Transmission electron micrograph of
2Mo crept up to steady state creep stage at
1000°C-3.0 kgf/mm?.
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Photo. 4. Transmission electron micrograph of
2W crept up to steady state creep stage at
1000°C-3.0 kgf/mm?.

Photo. 5. Transmission electron micrographs of
2Nb (a) and 2Ta (b) crept up to steady state creep
stage at 1000°C-3.0 kgf/mm?2.
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Photo. 6. Transmission electron micrographs of
2Ti (a), 2Zr (b) and 2Hf (¢) crept up to steady
state creep stage at 1000°C-3.0 kgf/mm?2.
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Photo. 7. Transmission electron micrographs of
2W crept up to steady state creep stage at
1000°C-1.5kgf/mm? (a) and at 900°C-3.0
kgf/mm? (b).
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Fig. 3. Effect of solute content of Cr, Mo and W
on the dislocation densities and the frictional
stress at 900 and 1000°C-3.0 kgf/mm?.
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Fig. 4. Effect of solute content of Cr, Mo and W
on the normalized dislocation densities and the
normalized frictional stress at 900 and 1000°C-3.0
kgf/mm?2.
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Fig. 5. Applied stress dependence of the disloca-
tion densities at 900 and 1000°C in 25Cr-35Ni,
3Cr, 2Mo and 2W.
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Fig. 6. Effect of solute content of Cr, Mo and W,
on the normalized dislocation densities and the
normalized frictional stress at 1000°C-1.5 and

3.0 kgf/mm?.
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Fig. 7. Relationship between the dislocation
den-sities and normalized frictional stress for all
of the specimens crept at 900 and 1 000°C.

THRERFE D ARICHEE TR L. BAEEREICH
I TEVA, FORIKFEEIC-~, BRTEREOHM
12 X BEEMBEOBMAL ) KE Vv, ZhidFERICHE
TR LB O R OCBEBETREERFEE L <H
LT,

INHDZ EMND, A DOEBITERINC X DEAE
FEOBMB U Z DR, IoHKFEE b BEgIEH
OREIMB % DREE, IR L —FAICHEIT 5 &
Eiohhb.

4-4 BERBECEIIGHABEOHMMEERESHEDOR
=

1000°C, &5/ 1.5~3.0 kgf/mm? KO 900°C, &
#ii7 3.0~5.0 kgf/mm? I B+ % 25 Cr-35Ni, Cr,
Mo U8 W iK% 502 2V, 2Nb, 2Ta, 2Ti, 2
Zr RO 2HE (2V, 2Nb, 2Ta, 2Ti, 2Zr KU 2Hf
oW TIRAMEIE 1000°C Tid 3.0 kgf/mm? K U
900°C Tit 5.0 kgf/mm? D &) DBEAIHEHEE & BB
LOREY Fig. 7 R, J0BA, EECHEENY
B2 TR L. WThoOBEICBV TS, &
T L SN L OBREEBTROME R £ OB
B0ZL B bT, WEH 1 O—KOEMTITIFERT
%, Ld o T, BMETROFEIMC L ZEBEORE
Mz b 726 LABEEL ORI, EMFEEORMmE —
FMICHBETALDEEREINS.

5. #& E )

AWfgecit, BVATEEZ FRFREMNIC, T -EER
2 - CRWEBEBEHOEERBTOESEh EEE 2 ) - TEEL

DB ERT IR 1, ARFECRISE L2 & SO FIFE R T O%

FoU—TEEEX IO L, SRIOAEWENEREEL T, ht
BHENEDENPGRELILLDOTHS.

— 116 —



BCrENHoBRY ) — 7B THEE S M AEMN T AR RIETTRETEDONE 253

DFPFPITEIM L 72 25 Cr-35 Ni $8i22o\vT, 900 K O°
1000°C, 5 /7 1.5~5.0 kgf/mm? ® 7 1) — 7 B % 1T\,
EEI7)—THICBWTHB*ATI I KGT L LI
LB ELL, Cr, Mo RO"W 2L -8oH
WidFic oW CEBEHBS 1TV, WAL T EME O E 5
THFE, ABRRER ISR ERET L. 3512,
TCIEE L -BE o oBRETTER, WERIRE RS
DK & OBE SR LT, BEEILH & AR B EERL
TEHMRE T A -7 -2 BETL, UToMamitM7.

1) 25Cr-35Ni KU Cr I 4 & U052 2Nb, 2 Ta
FUO2TiiconwTik, EEZ7 ) —7HBIcBWwWTY 7/
LA YOREDPBEI NI, Mo BT W RN % S
K2 2Zr RO 2HE I22W T, ¥ 7139 %) —o
Bz ACBEsS N 72, BEEINY
TV Y RENLDOHFMENRKE L G RV L2,
ChE CEREP L EENICHET AHMBRT EE XS
NTELF T A4, ThS5DHMIZBWTIX
FELHEBRF Iz LERL .

2) BT LAV ERRLEZLDIZOWTIEY 7Ny
YY) — DO R BRI LT, 25Cr-35 Ni O#afi#%
LT AL, CriffM#AR O 2 Ti &3 REL VA,
Mo M OF W /48, 2Nb, 2Ta, 2Zr KU 2Hf D &
21, BEHEMEBROKE ZLELXSERML 25HEC,
SRR IEE IS WEE R L. ‘

3) WThoOMIIBWTHAMIL O - Tz
g mL, 72, R—AFIEHDD & TOEME
FEIX 1000°C 12H~< 900°C TX &L, EEmibED
KELTEORMIL, £/, EABERIFELVDLDIF LN
HDECREOERIE BALIIRE 2D, THIZEE
HOBENMIE S BB OIS L IREREEO R &
LB LTWwA,

4) BRMOENTE % EEICH CEET A L, 900 &
F1000°C &b, MATEOHERVZOEBEDS
LEMDLY, GRE1O—RKOEHRTITITEHETES. L

72075 T, BETLRDOEMIC L HEBROMME b 7:
O L-BEEIS I O, S EE OB & —&Hag A8
Byzsdborimshs.

X R

1) ElEEE MR # fHEkz, BPEF: &L #H, 67
(1981), p. 987

2) EHEEL, AR F, HPRT: gk, 68 (1982), p. 690

3) AHEERE, MR, HPRY: gL, 71 (1985), p. 1002

4 ) R W. Evans and B. WILSHIRE: Creep of Metals and
Alloys (1985), p. 122 [ The Inst. of Metals]

5) A. ORLOVA and J. CADEK: Mater. Sci. Eng., 77 (1986), p. 1

6 ) W. BLUM and E. WECKERT: Mater. Sci. Eng., 86 (1987),
p. 145

7 ) L. J. Cuppy: Metall. Trans., 1 (1970), p. 395

8 ) P. B. HirscH, A. Howig, R. B. NICHOLSON, D. W. PASHLEY
and M. J WHELAN: Electoron Microscopy of Thin
Crystals (1969), p. 415 [ Butter worths, London]

9) S. TAKEUCHI and A. S. ARGON: J. Mater. Sci., 11 (1976),
p. 1542

10) O. D. SHERBY, R. H. KLUNDT and A. K. MILLER: Metall.
Trans., 8A (1977), p. 843

11) C. M. YounG and O. D. SHERBY: J. Iron Steel Inst., 211
(1973), p. 640

12) S. L. RoBiNsoN and O. D. SHERBY: Acta Metall., 17
(1969), p. 109

13) W. BLum: Stat. Sol., 45 (1971), p. 561

14) M. A. Morris and J. L. MARTIN: Acta Metall., 32 (1984),
p. 1609

15) rilfEsk, =i i, W2 #F Fih &', BPE¥
kL4, 72 (1986), p. 1359

16) M. Takeyama, T. MaTsuo, M. KikucHl and R. TANAKA:
TMS Technical Paper, F86-10 (1986)

17) FHEE, LR, R 2, ik ' 5k 123 BHFE
ik, 28 (1987), p. 221

18) FHFE, FHFA, R F P & Fik 123 TRk
4, 29 (1988), p. 275

19) A. OrLOVA, Z. ToBOLOVA and J. CADEK: Phil. Mag., 25
(1972), p. 865

20) A. ORLOVA, Z. ToBoLOVA and J. CADEK: Phil. Mag., 26
(1972), p. 1263

21) O. D. SHERBY and P. M. BURKE: Progress in Materials
Sci., 13 (1968), p. 326

22) R. H. KLunDT, Y. MONMA and O. D. SHERBY: Third
Quarterly Report, April 1, 1975-June 30, 1975, USER-
DA, Contract AT (04-3)-326-PA 1 38 Stanford
University, Stanford, Calif.

— 117 —



