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Effect of aging time on creep strength of Haynes 282 superalloy

Young Ju Kim

Department of materials Science & Engineering, The Graduate School

Pukyong National University

Abstract

There are presently various problems in coal-fired power plant. The
biggest problems are energy shortages and environmental pollution. The
main environment of the coal-fired power plant is up to now the
USC(Ultra-Super Critical) stage, which is operated at 600°C, and in which
used a austenite heat resistant steel as the main turbine material. Generally,
as the steam temperature of the high-pressure turbine rises and steam
pressure increases, the power generation efficiency of the coal-fired power
generation increases and the emission of environmental pollution decrease.
Therefore a lot of efforts to rise the steam temperature with the increase of
steam pressure. In the next generation coal-fired generation stage of
A-USC(Advanced-USC) the steam operating temperature is higher than 70
0C. The suitable material for that should be one of Ni-base superalloys. In
this study, a superalloy with the same composition as the commercial
wrought alloy 282 was casted. The cast alloy 282 was manufactured in 150
kg scale ingot and heat treated in the same of wrought alloy 282. The
mechanical property of the casted 282 alloy was compared with that of
commercial wrought 282 alloy. The cast alloy 282 had a lower ultimate
tensile strength, yeild strength and elongation than the wrought alloy. On

the other hand, creep rupture life of both alloys was not significantly



different. Furthermore, the aging time of cast alloy 282 were modified. The
creep property of the cast alloy 282 with various aging time was
investigated. test was carried out with which gave a change in aging time.
The creep test was carried out at the temperature of 750°C. The test results
showed that the creep rupture life became shorter with longer of aging time.
Microstructure of the crept alloys was investigated and test results was
analyzed. Creep rupture life was decreased with the increase of aging time

which resulted in the coarsening of Yy precipitation.
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Table 1 Effect of element in Ni-based superalloy[10]

Amount found in

Element ] Effect
Ni-base alloy (wt%)
Oxidation and hot corrosion
Cr 5-25 resistant, form carbide,
solution hardening
Form carbide, solution
Mo, W 10-12 ]
hardening
Al Ti 0-6 Precipitation hardening
C 0.02-0.10 Form carbide
Affects amount of
Co 0-20 P . !
precipitates, raises y solvus
Solution hardening, oxidation
Ta 0-12 )
resistance
Solution hardening,
Nb 0-4 o )
precipitation hardening
. Stabilizes austenite, form
Ni Bal

hardening precipitation
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2.2 Haynes 282
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Table 2 Rockwell Hardness Standard method [14]

Scale Hardness Total Test
. Indenter Range

Symbol Unit Force (kgf)
A HRA diamond 60 20~88
B HRB (1.5875-mm) ball 100 20~100
C HRC diamond 150 20~70
D HRD diamond 100 40~77
E HRE (3.175-mm) ball 100 70~100
F HRF (1.5875-mm) ball 60 60~100
G HRG (1.5875-mm) ball 150 30~94
H HRH (3.175-mm) ball 60 80~100
K HRK (3.175-mm) ball 150 40~100

1
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Agle] AHEE P 48 dxda FRAZS Fx 2T Tl
Zkzre] a5l A FAAH}E Table 3 o ZAISHATH A E ol
AFEE A8 ©E2 32 Haynes Internationalol A 73k, +%
e KPCMitol A 12 150kge] 53] o] ok,

Table 3 Chemical composition for wrought & casted Haynes
282 superalloy : (A) commercial wrought 282 alloy (B) casted
alloy 282

Cr Co Mo Al Ti Fe C S Mn Ni

A 20 10 85 15 21 15+« 006 <0.002 03« Bal

B 1998 1006 876 142 215 05 0.048 <0.002 0.087 Bal.
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el dAx8 272 Table 4 ¢F #Zo] AAstdt. &4 A= &
olslAl 1130°CelA 1AZFES 98 S AAs AadesS A8549
th gz T dAe 24 Alloy 1 o1, F2¥FY dAz 21
BEANTS tEA WA Alloy 1, Alloy 2, Alloy 3%7 9]t} Haynes
282 dES AWty om  olF AZEAYUE & G Az 5Ao] 7
T For gl AvH16l 19A AlZxe 1010Tol A 241 2F Al
A48 & FW BG4S AR 788TeA 8/12/48 Al7bEet AlaAe &

Table 4 Heat treatment of Haynes 282 superalloy

Heat Temperature/Time
Alloy #
Treatment 1step 2step
Alloy 1 788C /8hr
Aging Alloy 2 1010°C/ 2hr 788°C/12hr
Alloy 3 788°C/48hr
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Fig.3 Test specimen used this experiment in accordance with

ASTM standard (A) tensile test specimen (B) creep test

specimen
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Fig.4 Tensile test result of cast & wrought 282 alloy
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Fig.5 High temperature tensile strength of cast 282 alloy
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Fig.6 Rockwell hardness of cast 282 alloy at aging time 8hr,
12hr, 48hr
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Fig.7 Creep rupture life of cast & wrought 282 alloy
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Aging 8hr
Aging 12hr
Aging 48hr
B
Aging 8hr
Aging 12hr
Aging 48hr

Fig.8 Creep strain vs time curve of various aging time :
(A) 750TC/320MPa (B) 750C/340MPa
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Fig.9 Minimum creep rate of creep test
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750°C

Fig.10 Cast Haynes 282 various aging time of Stress vs
Rupture Time curve
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SR R S

500 pm

Fig. 11 Optical Microstructure of Haynes 282 cast & wrought
alloy : (A) commercial wrought 282 alloy (B) cast 282 alloy
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Fig. 12 As heat treated Cast Haynes282 superalloy
microstructure (aging time 8hr) : (A) grain boundary and
dendrite (B) interdendritic MC carbide & plate-like carbide

(C) grain boundary carbides
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Fig. 13 After creep test precipitation phase : (A) termal
exposure microstructure of interdendritic area and grain
boundary (B) after thermal exposure 474hr (C) after
thermal exposure 597hr
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Fig.14 SEM image of cast Haynes 282 alloy

Table 5 Chemical composition in wt% Grain boundary, MC,
Cr-carbide as obtained through EDS analyses

Chemical composition in wt%

Phase

Grain .
MC Cr-carbide
Boundary

C 7.34 7.97 7.63

Ti 1.79 1.74 2.58

Cr 42.99 20.49 41.06
Co 6.76 5.4 8.06

Ni 40.1 30.19 40.67
Mo 34.22
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Fig.15 EDS-mappin images of Haynes 282 Grain boundary
Cr-carbide
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Fig.16 EDS-mappin images of Haynes 282 grain boundary
Mo-carbide(aging 8hr condition)
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Fig.17 EDS-mapping image of cast 282 alloy fine precipitation
phase (aging 8hr condition)
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Fig.18 Y precipitaion phase of cast 282 alloy : (A) aging 8hr
(B) aging 12hr (C) aging 48hr
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Fig.19 Average y precipitation phase size of different aging
time
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