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Abstract: The service performance and operation life of thermal barrier coatings are closely related to the
phase composition and structure of the bond coat alloy, which is directly determined by its composition. In
this work, the effects of the basic elements Co and Al and the modified element Zr on the precipitation
behavior of equilibrium phases are analyzed by Thermo-Calc software. Then, the influence of Zr content on
phase composition and Zr-rich phase distribution of NiCoCrAlY bond coat alloy is investigated using an X-
ray diffractometer and a field emission scanning electron microscope. Thermodynamic calculation results
show that the 6-CoCr phase begins to precipitate in the alloy with 10% (mass fraction, the same below)
Co, and the maximum precipitation amount (mole fraction) of 6-CoCr phase increases from 0.055 to 0.229
when the Co content increases from 10% to 16%, and it exists in the high-temperature service range of
coatings with Co content exceeding 14%. When the Al content is 8%-10%, the y-Ni phase precipitates
from the liquid before the B-NiAl phase, which is opposite in the alloys containing 12%-16%Al.
Moreover, with the increase of Al content from 8% to 16%, the solidification interval significantly
enlarges from 75 °C to 171 °‘C, and the B-NiAl content continuously increases. When the Zr content
increases from 0.15% to 1.0%, the liquidus temperature obviously decreases from 1264 °C to 1136 °C, and
the solidification temperature range enlarges from 151 °C to 275 °C. In addition, the non-equilibrium phase
composition at room temperature of the bond coat alloy designed based on thermodynamic calculation is
composed of B-NiAl and y'-Ni;Al matrix phases, and a small amount of «-Cr precipitate on the matrix.
Meanwhile, Ni;Y is distributed surrounding y'-Ni;Al phase. For the alloy containing 0.5% and 1.0%Zr,
the precipitation position of H_1.21 phase is different. This Zr-rich phase mainly precipitates at the interface
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of B-NiAl/y'-Ni,Al for the former, while it also precipitates on the 3-NiAl matrix phase for the latter.

Key words: bond coating ; Zr modification ; thermodynamics ; phase composition ; solidification property
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Fig.1 Equilibrium thermodynamic calculation results of Ni-xCo-17Cr-14A1-0.5Y bond coating alloy with different Co contents
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R1 CoZEXI Ni-xCo-17Cr-14A1-0.5Y FLE R & & & FE AT H 1T 8 M3 00
Tablel Effect of Co content on precipitation behavior of each equilibrium phase of Ni-2Co-17Cr-14A1-0.5Y bond coating alloy

Mass fraction of Co/% — T,/°C Ts/C AT/C /e T,(y-Ni)/C
B-NiAl  y-Ni Y-NiAl  o-Cr 6-CoCr  NisY
8 1401 1291 110 1401 1307 921 1051 — 1291 901
10 1408 1294 114 1408 1311 900 1033 886 1294 886
12 1415 1296 119 1415 1314 886 1012 908 1296 883
14 1422 1298 124 1422 1318 876 989 953 1298 871
16 1429 1299 130 1429 1321 864 561 974 1299 856

Note: T} -liquidus temperature; Tg-solidus temperature ; AT-solidification temperature range; Tp-precipitation temperature ; Ty -disappearance tem-

perature
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Fig.2 Effect of Co content on precipitation amount of each equilibrium phase of Ni-xCo-17Cr-14A1-0.5Y bond coating alloys
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Fig.3 Equilibrium thermodynamic calculation results of Ni-12Co-17Cr-xAl-0.5Y bond coating alloy with different Al contents
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Table 2 Effect of Al content on precipitation behavior of each equilibrium phase of Ni-12Co-17Cr-2Al1-0.5Y bond coating alloy

Mass fraction T,/C T,/C
T,/C Ty/C  AT/C - - — . - -
of Al/% B-NiAl  y-Ni Y-Ni;Al  o-Cr 6-CoCr Ni;Y B-NiAl  y-Ni a-Cr
8 1379 1304 75 1261 1379 1047 883 852 1312 965 753 402

10 1346 1299 47 1328 1346 989 902 890 1299 792 886 —
12 1362 1297 65 1362 1325 915 897 886 1297 — 885 —
14 1415 1296 119 1415 1314 886 1012 908 1296 — 883 —
16 1466 1295 171 1466 1298 808 1297 964 1295 — 954 —
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Fig.7  Equilibrium phase composition and element composition in each phase of Ni-12Co-17Cr-14A1-0.5Y-0.5Zr bond coating alloy

(a)relationship between phase composition and temperature ; (b)-(h)relationship between element composition in

B-NiAl,y-Ni,y"-Ni;Al, a-Cr,6-CoCr and H_1.21 phases and temperature, respectively;

(1)relationship between solid solution amount of Zr in each phase and temperature
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Fig.9 FESEM-EDS analysis of room-temperature microstructure for Ni-12Co-17Cr-14Al1-0.5Y-0Zr bond coating alloy

(a), (b)FESEM low magnification microscopic morphology and EDS element distribution maps ;

(c)-(e)FESEM high magnification microscopic morphology ; (f)-(h)EDS energy spectra of points A-C
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Fig.10 FESEM-EDS analysis of room-temperature microstructure for Ni-12Co-17Cr-14A1-0.5Y-0.5Zr bond coating alloy
(a)FESEM low magnification microscopic morphology and EDS element distribution maps ; (b)-(d)FESEM high
magnification microscopic morphology ; (e)-(h)EDS energy spectra of points A-D
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