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Table1 Chemical composition of 028 alloy (w/%)

C Si Mn Cr Ni Mo Cu Fe

0.01 025 098 26.72 3197 339 1.04 Bal
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Fig.1 Microstructure of 028 alloy after solution treatment at
1190 C for 2 h: (a) grain size and (b) microstructure

after solution treatment
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Fig.2 Morphology of precipitation phase of 028 alloy after aging
at different temperatures for 5 h: (a) 700 ‘C, (b) 750 C,
(c) 800 C, (d) 850 C, (e) 900 °C, and (f) 950 C
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Fig.3 Morphology of precipitation phase of 028 alloy after aging
for different time at 900 ‘C: (a)1 h, (b) 3 h, (¢) 5 h, (d) 8 h,

and (e) 12 h
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Fig.4 Hardness of 028 alloy after aging at different temperatures
and for different time: (a) different aging temperature for

2 h and (b) different aging time at 900 ‘C
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Fig.5 Relationship between precipitation amount of 028 alloy
equilibrium phases and temperatures (a) and its partial

magnification (b)
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Table 2 Type and composition of the 028 alloy equilibrium
Phase (900 C) (w/%)
Phase C Cr Fe Mo Ni Si
y Trace 2148 37.85 1.03 39.03 0.60
M23Ce  5.17 70.51 3.42 18.57 2.33 —

o — 4574 29.84 11.97 1231 0.14
o-Cr  Trace  77.81  19.06 1.58 1.45 0.10
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Fig.6 SEM morphologies (a, b) and EDS spectra (c, d) of
intragranular and grain boundary precipitates of the
specimen aged at 900 ‘C for 8 h: (a, ¢) grain boundary

precipitates and (b, d) intragranular precipitates
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Fig.7 XRD patterns of 028 alloy for different aging time
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Table 3 Values of n and B of 028 alloy at different

temperatu res
Temperature/'C n InB B
850 0.7685  -10.9151  1.8181x10°
900 0.7597  -10.5043  2.7419x10°
950 0.6903 -9.5654 7.0113x10°
Average value 0.7395  -10.3283  3.2695%10°
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Fig. 10 Phase transformation kinetics curves of 028 alloy at

different temperatures
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Table 4 Value of n in the dynamic equation of X=1—exp (-Bt")

Mechanism of transition Values of n
Grew up by the small size of new phase,
3/2
the rate of zero
The new phase grew up considerable size 1~3/2
Needle, flake new phase has limited 1
length, smaller than two phase spacing
Long cylinder upset 1
A lot of flake thickening of new phase 1/2
Precipitation in dislocation About 1/2
= dr _ D oC (6)
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Table 5 Relation between the length of spiculate ¢ phase

and the square root of the aging time t
Length of needle ¢

. Length of .
_Agmg (t/s)"? the needle phase ratio to the
time, t/s square root of the
phase/um o
aging time t
3600 60 — —
10800 103.92 2.32 0.022324
18000 134.16 5.14 0.038311
28800 169.71 6.96 0.041012
43200 207.85 9.86 0.047439
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Fig.12 Curves of acicular o phase length and the square root of

aging time t
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Aging Precipitation Law and Transformation Kinetics of Nickel Base Alloy 028

Meng Fanguo, Dong Jianxin, Zhang Maicang, Yao Zhihao
(University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The evolution law of precipitated phase in 028 alloy was studied at different aging temperatures and for different aging time by
scanning electron microscope, X-ray diffraction and hardness test. The chemical compositions, structure and hardness of the precipitated
phase was analyzed, and the transformation kinetics and the growth of precipitated phase was analyzed as well. The results show that with
the aging temperature increasing and the extension of time, the amount and size of precipitated phase of 028 alloy increase, and the
hardness rises. Precipitate phase in grain boundaries and intragranular is mainly o phase containing Cr, Mo, Fe and Ni elements. The
transformation kinetics equation of 028 alloy at different temperatures was deduced using Avrami equation, the kinetics curve was drawn
and one-dimensional growing up situation of precipitated phase was calculated, and finally the one-dimensional growth equation was
obtained.

Key words: 028 alloy; aging; precipitated phase; phase transformation kinetics; growing up
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