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Influence of Lamellar Structure on Creep Property of Cellular
Precipitating Ni-Based Alloy “DSA®760” with High Hardness and

High Corrosion Resistance
Yoshihiko KOYANAGI, Hiroyuki TAKABAYASHI and Hiroyuki YASUDA

Synopsis

DSA"760 (Ni-38Cr-3.841, mass% ) with high hardness and high corrosion resistance has found various applications, such as in
automotive parts, exhaust valves for marine engines, medical parts, and dies for hot forging. In order to clarify the possibility for
further applications at high temperature, it is necessary to understand its creep behavior. However, there has not been enough
investigation of the thermal stability of the microstructure of Ni-Cr and Ni-Cr-Al system alloys. So, the authors examined the
creep property of DSA760. Creep tests were performed at 600, 700 and 800 °C. The creep property of DSA760 was similar to
that of Alloy601, which is solid solution strengthened alloy, rather than that of Alloy80A, which is precipitation strengthened
alloy. The activation energy and the stress component of DSA760 for creep were close to pure-Ni or Ni-Cr binary alloys, even
though the y" phase precipitates in the y phase of lamellar structure. Creep deformation predominantly generated in the y phase,
which collapsed the lamellar structure during the creep tests. Thus, it was clarified that the creep property of DSA760 is strongly
influenced by the thermal stability of lamellar structures.
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Table 1. Chemical composition of DSA760 in mass%.
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Fig. 1. Calculated phase diagram of Ni-xCr-3.8Al by
Thermo-Calc software.
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Fig. 2. Calculated mole fraction ratio of each phase in
DSA760 by Thermo-Calc software.
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(a) Solution treated

(b) Fully lamellar structure

Fig. 3. Microstructures of (a) y single phase by solution
treatment at 1180 °C for 1h followed by water
cooling and (b) fully lamellar structure by aging
treatment at 700 °C for 16 h followed by air

cooling.

(a) Lamellar structure (b) Extracted y’ phase

Fig. 4. SEM images of (a) lamellar structure and (b) y’
phase extracted by electrolytic extraction method
after aging treatment at 700 °C for 16 h followed

by air cooling .
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Fig. 5. An lllustration of lamellar structure in DSA760.
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Fig. 6. Tensile properties of DSA760 after aging treatment and comparison to conventional Ni-based alloys, which are

Alloy601 and Alloy80A.

Table 2. Results of creep test.

Test temp. Stress Rupture time | Rupture elongation | Minimum creep rate | Hardness after creep test
[°C] [MPa] [h] [%] [%/h] [HV 0.3]
600 100 (>1145)* (0.7)* 4.0x 10" 615
200 514.0 7.3 8.5x10° 608
50 (>1145)* (4.1)* 22x10° 472
700 100 194.9 14.8 3.7x10% 519
200 13.6 6.0 2.7x10" 575
800 100 9.0 17.5 8.5x 10" 501
* 1 not rupture
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Fig. 7. Arrhenius plot of minimum

creep rate obtained by the
creep tests at 600, 700 and
800 °C loaded for 100 and
200 MPa.

Fig. 8. Relationship between stress

and minimum creep rate
obtained by creep tests at
600 and 700 °C loaded for
50, 100 and 200 MPa.

Fig. 9. Creep property of DSA760

after aging treatment and

Q

comparison to conventional
Ni-based alloys, which are
Alloy601 and Alloy80A.

Table 3. Activation energy and stress exponent for creep of DSA760 and Ni-Cr alloys.

Compositio % ,
Alloy ' mposition (mass%) . Test temp. n Qc Qu Ref.
Ni Cr Al Ti [°C] value [kd/mol] [kd/mol]
DSA760 Bal. 38 3.8 - 600~800 3.5~4.4 244~299 - -
Pure-Ni >99.95 - - - 600~1150 5.0 276 285 18), 19)
Ni-20Cr Bal. 22.0 - - 600~1150 4.6 289 287 18), 19)
Ni-30Cr Bal. 32.3 - - 600~1150 4.6 308 295 18), 19)
NIMONIC80A | Bal. 20 1.7 2.5 750 7.4 410 - 20)
Qy; : Activation energy of self-diffusion in Ni
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(a) Cross section of fracture surface

(b) Fractured area

Fig. 10. SEM images of longitudinal cross section in the vicinity of (a) the fracture surface and (b) a part of fractured

area after the creep rupture. Creep test was performed at 973 K loaded for 100 MPa. (Rupture time: 194.9 h,

Rupture elongation: 14.8 %)
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(a) Before creep test
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lamellar structure

/

(b) After creep test

Fig. 11. STEM images of microstructures of (a) before and (b) after creep test. Creep test was performed at 700 °C
loaded for 200 MPa. (Rupture time: 13.6 h, Rupture elongation: 6.0 %)
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(a) SE image

(b) Ni concentration

(c) Cr concentration

(d) Al concentration

Fig. 12. STEM-EDX analysis after creep test. (Creep test condition : 700 °C/200 MPa, Rupture time :13.6 h, Rupture

elongation : 6.0 %)

Lamellar
structure

Fig. 13. Bright image of STEM analysis after the creep test. (Test condition: 700 °C /200 MPa, rupture time: 13.6 h,

rupture elongation: 6.0 %)

WT T A TR ZETENN 2 ) — TR R T b
DD, T AT HEERDSHIE L 7282 IC AT T 572
B, T A TR L LT I y KD 5 Id T A
FaAuZBRPEIRL, R FRENIFHETLEER
OB, T A THEEDRIE L 725 Ty AHASHLRAL
LT bz 5829, EERMICy LR 2iHoTw5
EEZONDID, KREED 7 ) — TETLHERE LA Ni
R Ni-Cr 68 P BEB 2 RTEEZEROND.

DEXY, REGD ) — THEIZ T 2 TR O L E
WARELSEEL, 72 TMBBERIIENRZZ ) — T4
MWARTIREMEEH 225, Wy RIARRL T AT a0 =%
Rip & TT A THAMAHIES 5 L FFBCEEEMNIZ S ) —
TEEKHETL, 70— THEIELIRTT S, &E
EFHETHHESIEIENDLOD, FIIER 7 —TRED
BFFIZH L CRREDR VDI, 5 X T HEkHER O v 4
WELRWERT b0 E2 005,



78 BB o027 2019 4F

5. #& B

BRGNS & A REFATH T A Tk R 55
i FE S5 AT Ni 25442 DSA760 1I22 W\, 7)) — 7
B LTI A THMBORELRAE LR LT oM

E R =

(1) AE41E 600 T F TIREEAFAONIFEEE L) BViRE
ZARTH, 700 CEMBR D L BBICHREIZET L
EVAERILRIA S TH D Alloy60l & AR 5.

(2) REEZ YHIET 200, 7)) — THEE
Y AT AT RIS 4T hH B AlloyS8OA L D
522450 Alloy601 & ARRETH 5.

(3) REED ) — TETLHER LA NI Ni-Cré 4 & B
7oEE R R L, Alloy8OA & I H 7% A 5B a Ry, 2
L, AT EAE ) —TERL RV,
T A T KA A L 72380 LRl oo, ARy AR
BLO yHEPERL, WSRO v 7 ) — TER
FHI D EEZOND.

(4) REED ) —THEZ, T4 FHBTEEIRE L
WELTBY, oo A Mo sREEEPEE
L b, T A THBOEIREEEITIRE O RENK
&, BILTORHEZZET 256, FHEREDR
FEASIEHICEE L 2 5.

(C #)

1) R.Kossowsky: Metall. Trans., 1(1970), 1623.

2) W.Gust, T.Ngun-Tat and B. Prodel: Mater. Sci. Eng.,
39(1979), 15.

3) I. Manna, S. K. Padi and W. Gust: International
Materials Reviews, 46(2001), 53.

4) D. B. Williams and E. P. Butler: International Metals
Reviews, 3(1981), 153.

5) S. Komatsu, M. Nakahashi, I. Watanabe and
K. Shimotori: J. Japan Inst. Metals, 40(1976), 1208.

6) WAL, SOLEZ: EAAL, 47(1976), 88.

7) ANFERER, KEPHEE], LG, AL AR
§i, 47(1976), 253.

8) ML —=, WA, FEEA: HASEYRE
36(1972), 676.

9) M. Takeyama, H. Hashimoto, A. Suzuki, T.Matsuo
and T. Matsumoto: Advanced Materials and Processes
For Gas Turbines, (2002) .

10) M. Kawase, H. Emoto, M. Kikuchi: Phase
Transformation 87, (1987), 254.

11) FEH%AL, #E7K¥H, H. K. D. H. Bhadeshia: F55
#id, 77(2006), 133.

12) @SR Z, REHSOR, HREWM: M, 75

(2004), 97.
13) HEHEEA, HAkEd, REIES: BXEH, 79
(2008), 177.

14) HEHSAC: BAELM, 83(2012), 69.

15) /MIItEEZ, KIG1S, Wk, KIGTo : BN,
87(2016), 65.

16) C. T. Sims, N. S. Stoloff and W. C. Hagel:
SUPERALLOYSII (1987), 588.

17) /MIEE, Wk EZ, ZHLT: BREM, 89

(2018), 65.

18) MMk =, ZHEE—, Rt HAREES4SE 28
(1964), 254.

19) MBI =, HE—, &It DAREEFSE 28
(1964), 188.

20) D. Sidey and B. Wilshire: Met. Sci.J., 3(1969), 56.
21) J.Weertman: J. Appl. Phys., 28(1957), 362.

[ ) /
NI Bk S FRLAT



