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Creep Rupture Properties of a Ni-Cr-W Superallioy in Air Environment
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Creep rupture properties in air enviromment were investigated at 00, 1000
and 1050°C using bar, plate and seamless tube materials of a Ni-Cr-W
superalloy developed for use at service temperatures around 1000°C . Long-term
creep rupture strength was estimated applying the time-temperature parameter
method to creep rupture data. The results obtained were as follows:

(1) Master rupture curves with opfimized parameters for this Ni-Cr-W superalloy
were obtained applying Larson-Miller parameter method and Orr-Sherby-Dorn
parameter method. Larson-Miller parameter method is better than Orr-Sherby-Dorn
parameter method in respect of curve fitting to the present creep-rupture data.
{(2) Abnormal creep where creep rates decreased in a tertiary creep stage was
observed in creep curves at 1000°C with rupture times above 10000h. This
phenomencn was caused by the suppression of crack propagation due to oxide
formed at crack tips. Correction for abnormal creep was carried out.

(3) The creep rupture strength for a 1X 10°h life at 1000°C was predicted for
each material using master rupture curves with optimized parameters. As a
result, it was shown that the creep rupture strength of the bar material with
grain sizes above ASTM No.2 and of the plate material is above 9.8 MPa for a 1
X 10%h life at 1000°C, which was the target on creep rupture strength of this
progranm.

(4) Creep rupture strength increases with increasing grain diameter and heat

treatment temperature.

Keywords: Ni-Cr-W Alloy, Creep, Time-temperature Parameter, Larson-Miller
Parameter Orr-Sherby-Dorn Parameter, Normal Creep, Abnormal Creep,
Grain Size, Oxide, HTGR
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D ST LR MR US D % 2R ¥ 7 (Fig 10(b) DF), Fig.10(2) THRAHIE U 7o BRI d
11620h, Fig.10(b) Ti34840h & 75 5, TTPEMICE VLTI, BE 7 ) —TOFMIELTD
i -tcBh . COEIHHMEET - LH/EII DT, B LR LG

TTPIFTlt. D L 5 7iLlamson-Millers €5 A — # B {FOrr-Sherby-Dom/¥5 A — %
U,

Larson-Miller:

LMP=T(C+og tp), (1)

Omr-Sherby-Dom: ‘

OSDP=log t5-Q/19.1425T, @)

ST BT, TIMHRE, CRUQ/ IS A — S EHTH S, Wil - R
BT A — 5 DEAEERERTR 04, 5/ 0 O HOERSHRE AL TR
D &S IFHT B

(0 )=by+bqlog( 7 )+by(log(a )2+ - + - +by(log())¥, (3)
ZIT. by byby, ¢ v, by REREETH D, (1)~@HD/T L — 7 EHRY
BIEAEEIE . RE DI EEAETEERT (log tg) DERHERRZE(SEE) ZH/MNIT 5 £ 2 IRl
b s,

SEE=\Z(Yi- $)2/(ng - np-k- 1), @)
COT. Y EHEEEEOEEE, TS O FANE, ng 2T — 5 &

_Gi
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O n, BTTPO/S 4 — 5 FHOH. KIERE)ORETH 5. KEROHEIE, B

KRS OVAMAS BT R ESSIc BT 28ES [SBRMBO 7 J — TRl T
— & MDA ] [1TOFEICLORE LT,

ZOHETHE. RE)O®REKIL., SRE TOFHEEIT, FRREOS%HE LT,
B AEED TS, Table NITTPEITOFREROBE XY . LMP-1RTULMP-2{L,
zhan, Lason-Millers €35 2 — 7 A o EZOIRAKT2ZRAE R LTINS, Ni-
Cr-WZ B E-44 TlL. Lason-Miller/¥ 5 A — & B {ROrr-Sherby-Dorm/ X35 A — 7 % F
WA, IREUL2IRE TTREMENE Shic, Table 9i213. SEE & FRRFE D#IR.
1000°C, 107D 7)) — FHBIGH OFTEEA R T, FRETHE(Table 9TI3O
FITR LT, )TH D SEEDMEDVNE DR H TEHD IO ERHEL S,
Orr-Shcrb;‘,r-Dom/\c’ﬁ A& H AT, Lason-Miller/ X5 £ — & % Hi by
HOFn, SEEQMI/NE {\ &z, Om-Sherby-Doms 5 4 —F & FU2RATH,
1000°C, 10D 7 ) — THMCAENFTEULWGERH -1, COLIUA
&, Ni-C-WRBMEAE S0 7 U — THE 7 — #1213, Lason-Mille/ 35 A — 7 %
AN HDS TIEHHEN LN Edbid, BAIEDH RUBAMICH LTI, £2E7
=PI T B IEAIT - 2B A Il DT ORR bR U, Table 9(7{d, FHREL
SEEAEM S LT ZMEHIATT 3 Larson-Millers 35 X — &2 K 5 ol 74 Bl
BT Fil L7-1000°C, WOFERO 7 ) — 7RG OHBEMEICTRE L TR UG

Fig.11(a)~(i)i- Larson-Miller/ 5 A — & & L Vo v R & —BRMF AR 2. 1000°C 10
FEMO 7 U — FHEMEAOTEE S £ iR, Fgll@EUG, BULEART
Bitxid 2RETH Y. BEERMEIFARA LMD, 10000C, 107RMD 7 Y -7
B, Fh a4 IMPaf 5 SMPak 12 %, Figl1(o)id. BB CIIH§ SR
THh. BBOREEIEIRR EN S, Figll([d)~Oid, BLEDICH T DHERTH
. Fig11@031&kz. Fig 112k A T, 1000C, 10FERHO 7 U —7F
B O FEMER., Figlle@D2RFA AR NGO AREILEELD | BB
OFHET DI LT B, FigllDEBUHEDORE 7 |~ TEFILLICHERTH D
SEEnREdS i1k, 1000C, 10FE/MO 7 ) — WG H O FHIE12.2 MPalk
1%, Figll (@~ RUEHICHTT 2R ERT, Figlih)IRHBORE 7 V)
—FEBIELERTH O RdEFEi gLk, 1000C, 10RO Y — 7
MR LG FHIMEIZ10.1 MPa 72 %, B#AIC LTk, B DRmaisRIZ2RA LA D,
Fig 112k Lo & H iz, 1000°C, 10RO 7 ) — ZEMIC O FRMERS IMPaT
Hboe

Fig.12(a)~(d){Z Orr-Sherby-Dom/ ¥ 5 4 — & & Fl Vo= 2 7 — T HIERD L 29D
FlA RS, BYLFAICK L Tid, Om-Sherby-Domy S5 A — & & U foigE . Table 912
Fltc kD, 2REDEAENRHETH S, LrLEss, JOREEREHERIE.
1000°C., 10/ ET 5 2 S TEED - 72 (Fig.12(b), Figl2(c)RINd}E, F

i'ri
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o) — ST BEIERTT - 1 BEDIC 32 TH 5, Fig 1213 LK,
Fig 122K X DR TH D, COHED, Lason-Miller $5 A —F 2 FIHE &
FREIC. 2REE B iAs, 1000C, 05RO 7 ) — TS O FRME A&
IAEETE B,

Ni-Cr-WH 2L S0 7 1) — FHEWERC %3 % Lason-Millers $5 £ — & & Hi»
Fo B AR BT A EH R U E N FLTEHE L721000°C, 10 BRI 7 1) —
PRSI D FHME S Table 1010774, & 2T BMLIEDR R URH O 7 ) — THET
SHOFEMER. MEEDTF— 75 HOTER LIETH 5, BAMBCKUD, #HiH
. SOEED S — TR IS AR EETH 59.8MPa%k Ll Tl 5,
Fio. 7 - THEEEEICRIZTEAEOREII DL TIR, BOERENACDLES
(10, EERBESKE T BIH, 7Y —THETRERE 5, M. 7
Y — PR E I B EE L D PREN. REMEN . R BT 2 RERR
MO E L FICRT . BEDR U X 3 REEIRIHRORIL. MERDT
—Z A FNRTH B, |
BT A:

T(14.695981+log t3)=24902.625+1688.1131log( ¢ ) - 2302.9322(log( & )2 (5)

BALHLB:
T(15.365570+log t,)=26040.421+1594.6411log( o ) - 2363.2368(log( ¢ ))2 (6)

I C:
T(14.446976+log tp)=30834.373 - 5871.6773log( v ) ()

AT D:
T(17.105267+logtg )=35444.498 - 6714.9684log( 7 ) (8)

AR A4
T(14.845122+l0g t;)=30552.693 - 5266.0248log( 7 ) (9)

-
T(15.344085+log t;)=26842.901+179.9930310g( ¢ ) - 1808.5222(log( o))? (10)
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Table 3 Creep rupture data of a Ni-Cr-W alloy with heat treatment A

Temperature Stress Time to rupture ei‘:}%ﬁiﬁ Redl';tel;m of
(C) (MPa) (h) ) o
63.7 498.8 77.7 59.1
900 53.9 1536.0 70.8 54.8
44.1 4087.4 36.2 30.2
392 6264.2 29.6 27.6
34.3 413.6 51.5 38.0
29.4 967.2 40.7 32.8
1000 245 1906.1 313 253
19.6 2978.5 28.1 18.3
24.5 302.5 29 33
1050 19.6 719.7 29 31
14.7 1922.0 68 35

Table 4 Creep rupture data of a Ni-Cr-W alloy with heat treatment B

Temperature Stress Time to rupture | Rupture clongation |Reduction of area
(C) (MPa) (h) (%) (%)
63.7 493.7 96.1 72.0
900 53.9 1368.8 70.4 54.8
44,1 5024.5 46.6 38.8
39.2 6864.0 36.1 30.6
34.3 462.9 54.4 39.9
29.4 885.8 41.3 32.2
1000 245 1958.3 36.9 32.6
19.6 3375.0 29.6 27.8
24.5 351.4 36 34
1050 19.6 624.3 31 31
14.7 2327.0 81 38

— 1 2 —
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Table 5 Creep rupture data of a Ni-Cr-W alloy with heat treatment C

Temperature Stress Time to rupture eﬁ)lllg:]tgn Rcdii};)n of

64.5 562.8 63.0 54.8

900 54.7 1404.2 53.5 442
44.4 3816.2 352 29.9
39.2 6865.8 35.2 25.5
34.5 449.5 49.5 35.1
29.7 997.3 40.9 31.7

1000 24.9 2808.8 39.1 25.1
19.6 7166.2 43.3 30.0
24.5 520.6 51 41

1050 19.6 1169.0 27 23
14.7 4069.2 45 75

Table 6 Creep rupture data of a Ni-Cr-W alloy with heat treatment D

Temperature Stress Time to rupture | Rupture elongation |Reduction of area
(C) (MPa) oy (%) (%)
64.3 652.6 33.9 67.4
900 54.6 2091.8 48.0 45.2
44.4 4415.8 23.1 29.2
39.2 6995.8 25.0 22.2
345 299.9 42.0 42.6
29.9 730.7 32.4 26.3
1000 24.8 2454.8 235 204
19.6 20595.6 30.9 14.0
245 549.2 44 29
1050 19.6 1150.2 26 30
14.7 5732.0 23 19

_‘13*
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Table 7 Creep rupture data of plates of a Ni-Cr-W alloy

Temperature Stress Time to rupture eﬁ‘fg’;ggn Rcdt;cr::;)n of
(°C) (MPa) . (h) (%) _ (%)
63.7 1036.8 48.8 42.5
900 53.9 3220.6 48.6 42.2
44.1 7164.8 - -
39.2 11718.0 34.5 26.8
343 553.2 41.0 35.1
294 1316.8 34.1 31.7
1000 24.5 2333.8 25.8 25.1
19.6 9160.4 924 38.4
24.5 585.5 56 37
1050 19.6 1326.0 37 22
14.7 4469.8 39.8 16.7

Table 8 Creep rupture data of tubes of a Ni-Cr-W alloy

Temperature Stress Time to rupture clI;iFg)t;tign Rcdiis;n of
() (MPa) (h) o s
63.7 600.4 67.5 55.5
900 539 1540.0 53.1 39.6
44.1 4685.9 341 28.4
39.2 6573.6 - -
34.3 402.5 34.7 29.9
294 840.8 33.4 26.1
1000 24.5 1861.8 283 20.9
19.6 2971.1 19.1 15.1
24.5 263.9 27 24
1050 19.6 7273 18 21
14.7 1833.4 37.6 7.4
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Table 9 Summary of TTP(Time-Temperature Parameter) analysis

for creep rupture data of a Ni-Cr-W alloy

LMP-1 LMP-2 OSDP-1 OSDP-2 |Comment
Heat Stress(MPa)* 8.52 4.07 8.45 -
treatment |SEE 0.097 0.064 0.121 0.065
A F test O O O O
Heat Stress(MPa)* 9.13 5.48 9.05 -
treatment |SEE 0.103 0.071 0.129 0.074
B F test O O O O
Heat Stress(MPa)* {  10.83 10.19 10.77 9.23
treatment |SEE 0.057 0.054 0.083 0.060
C F test O O O
Heat Stress(MPa)* 12.99 13.48 12.92 13.03
treatment |SEE 0.171 0.173 0.168 0.180
D F test O O
Heat Stress(MPa)* 12.23 13.99 12.51 13.65 |correction
treatment |SEE 0.128 0.109 0.115 0.112  |for abnormal
D F test O O creep
Stress(MPa)* 11.15 11.06 11.10 -10.30
Plate SEE 0.061 0.065 0.071 0.065
F test O O
Stress(MPa)* 10.09 10.05 10.07 - 9.14 correction
Plate SEE 0.073 0.078 0.073 0.069 |for abnormal
F test O O creep
Stress(MPa)* 8.57 5.93 8.51 -
Tube SEE 0.082 0.060 0.105 0.060
F test O O O O

= Stress for a 1x10° h life at 1000°C

— 15i




JAERI—Research 96—1052

Table 10 Results of Larson-Miller parameter fit for

creep rupture times of a Ni-Cr-W alloy

p . Stress for
Degree Cf;;?;nz SEE alx 107 hlife at
1000°C (MPa)

Heat

treatment 2 14.695981 0.064 4.1

A

Heat

treatment 2 15.365570 0.071 3.5

B

Heat

treatment 1 14.446976 0.057 10.8

C

Heat

treatment 1 17.105267 0.128 12.2

D

Plate 1 14.845122 0.073 10.1
Tube 2 15.344085 0.060 5.9
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Fig. 1 Stress versus time to rupture in air for a Ni-Cr-W alloy with heat treatment A to D.
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Fig. 2 Rupture elongation versus time to rupture in air for a Ni-Cr-W alloy with heat treatment
AtoD.
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Fig. 3 Reduction of area versus time to rupture in air for a Ni-Cr-W alloy with heat treatment

Ato D.
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Fig. 4(a) Creep curve at 900°C under 39.2MPa in air for a Ni-Cr-W alloy with heat treatment A.
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Fig. 4(b) Creep curve at 900°C under 39.2MPa in air for a Ni-Cr-W alloy with heat treatment B.
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Fig. 4(c) Creep curve at 900°C under 39.2MPa in air for a Ni-Cr-W alloy with heat treatment C.
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Fig. 4(d) Creep curve at 900°C under 39.2MPa in air for a Ni-Cr-W alloy with heat treatment D.
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Fig. 4(e) Creep curve at 1000°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment A.
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Fig. 4(f) Creep curve at 1000°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment B.
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Fig. 4(g) Creep curve at 1000°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment C.
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Fig. 4(h) Creep curve at 1000°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment D.
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4(i) Creep curve at 1050°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment A.
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Fig. 4(j) Creep curve at 1050°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment B.
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4(k) Creep curve at 1050°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment C.
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. 4(l) Creep curve at 1050°C under 19.6MPa in air for a Ni-Cr-W alloy with heat treatment D.
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Fig. 5 Stress versus time to rupture in air for a Ni-Cr-W alloy sampled from plates.
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Fig. 6 Stress versus time to rupture in air for a Ni-Cr-W alloy sampled from tubes.
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Fig. 7 Rupture elongation versus time to rupture in air for a Ni-Cr-W alloy sampled from

plates and tubes.
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Fig. 8 Reduction of area versus time to rupture in air for a Ni-Cr-W alloy sampled from
plates and tubes.
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Fig. 9(a) Creep curve at 900°C under 39.2MPa in air for a Ni-Cr-W alloy sampled from plates.
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Fig. 9(b) Creep curve at 900°C under 39.2MPa in air for a Ni-Cr-W alloy sampled from tubes.
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Fig. 9(c) Creep curve at 1000°C under 19.6MPa in air for a Ni-Cr-W alloy sampled from plates.

25 1 . , ;
Ni1-Cr-W 7
20r 1000°C, 19.6MPa « 7
SERE & -
£ i & 1
Z 10 P :
%! i e ©°
5t o°° -
&
5 G@@D@p
0 L : i . ] ) I s
0 1000 2000 3000 4000
Time (h)

Fig. 9(d) Creep curve at 1000°C under 19.6MPa in air for a Ni-Cr-W alloy sampled from tubes.
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Fig. 10(a) An example of creep curve corrected for abnormal creep. The creep test for a Ni-Cr-

5000

W alloy with heat treatment D was carried out at 1000°C under 19.6MPa in air.
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Fig. 10(b) An example of creep curve corrected for abnormal creep. The creep test for a Ni-Cr-

W alloy sampled from plates was carried out at 1000°C under 19.6MPa in air.
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Fig. 11(a} Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy

with heat treatment A. The LMP was approximated with a quadratic equation.
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Fig. 11(b) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy
with heat treatment B. The LMP was approximated with a quadratic equation.



JAERI—Research 96—052

200— T T T T
i Ni-Cr-W |
i | 1005 Heat C
| ;:5\ 50t
| =
= 20}
O _10.8MPa__
& 10? ! E
5t (1000°C, 10%h)

2 - | | ! [ | ! | I ]
18000 20000 22000 24000 26000 28000
LMP, T(log tg+14.446976)

Fig. 11(c) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy
with heat treatment C. The LMP was approximated with a simple equation.
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Fig. 11(d) Relationship between stress and Larson Miller parameter (LMP) for a Ni-Cr-W alloy

with heat treatment D. The LMP was approximated with a simple equation.
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Fig. 11(c) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy

with heat treatment D. The LMP was approximated with a quadratic equation.
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Fig. 11(f) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy
with heat treatment D. Creep rupture time above 10000h at 1000°C was corrected
for abnormal creep. The LMP was approximated with a simple equation.
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Fig. 11(g) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy

sampled from plates. The LMP was approximated with a simple equation.
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Fig. 11(h) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy
sampled from plates. Creep rupture time above 10000h at 1600°C was corrected for

abnormal creep. The LMP was approximated with a simple equation.
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Fig. 11(i) Relationship between stress and Larson-Miller parameter (LMP) for a Ni-Cr-W alloy

sampled from tubes. The ILMP was approximated with a quadratic equation.
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Fig. 12(a) Relationship between stress and Orr-Sherby-Dorn parameter (OSDP) for a Ni-Cr-W

alloy with heat treatment A. The LMP was approximated with a simple equation.
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Fig. 12(b) Relationship between stress and Orr-Sherby-Dorn parameter (OSDP) for a Ni-Cr-W

alloy with heat treatment A. The LMP was approximated with a quadratic equation.
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Fig. 12(c) Relationship between stress and Orr-Sherby-Dom parameter (OSDP) for a Ni-Cr-W
alloy with heat geatment D. Crecp rupture time above 10000h at 1000°C was
corrected for abnormal creep. The LMP was approximated with a simple equation.
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Fig. 12(d) Relationship between stress and Orr-Sherby-Dom parameter (OSDP) for a Ni-Cr-W
alloy with heat treatment D. Creep rupture time above 10000h at 1000°C was
corrected for abnormal creep.The LMP was approximated with a quadratic equation.
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(b)1000°C,19.6MPa.
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Photo. 7 Optical micrographs of creep-ruptured specimens; (a)with heat treatment B, 900°C,
39.2MPa, (b)with heat treatment C, 900°C,39.2MPa, (c) sampled from plates, 1000

°C,19.6MPa.
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Photo. 8 Microstructures of the creep-ruptured specimen with heat treatment C. Creep test was

carried out at 900°C under 39.2MPa.; (a)ruptured region, {b)near-surface region, (c)

central region.
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Photo. 9 Microstructures of the creep-ruptured specimen with heat treatment D. Creep test was

carried out at 900°C under 39.2MPa.; (a)ruptured region, (b)near-surface region, ()

central region.
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Photo. 10 Microstructures of the creep-ruptured specimen sampled from plates. Creep test was

carried out at 1000°C under 19.6MPa.; (a)ruptured region, (b)ncar-surface region, {c)
central region.
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Photo. 11 SEM microstsuctures of the creep-ruptured specimen with heat treatment C. Creep test

was carried out at 900°C under 39.2MPa.; (a)ruptured region, (b)near-surface region,

(c) central region.
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Photo. 12 SEM microstructures of the creep-ruptured specimen sampled from plates. Creep test
was carried out at 1000°C under 19.6MPa.; (a)ruptured region, (b)near-surface

region, (c) central region.



