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Cr Co Mo W Al Ti Ta C B Ni
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Fig.1 Schematic diagrams of the microstructure sampling regions on
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Fig.2 Micrographs of different regions of the serviced blade under as-polished condition: (a—d) tip; (e—h) central region; (i—1) root; (m) tenon

(overall microstructure)
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Table 2 Area fraction of microporosity and pores in different

regions of the serviced blade (%)

. Leading Suction Pressure Trailing
Region . )
edge side side edge
Tip 0.17 0.20 0.08 0.23
Central region 0.27 0.11 0.10 0.32
Root 0.28 0.20 0.07 0.21
Tenon 0.17
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Fig.3 SEM images of pores in serviced blade tip (a—c) and central region (d—f)
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Table 3 Area fraction of MC carbides in different regions of the

serviced blade (%)
. Leading Suction Pressure Trailing
Region . .
edge side side edge
Tip 0.67 0.75 0.55 0.25
Central region 0.23 0.26 1.00 0.27
Root 0.17 0.36 0.85 0.09
Tenon 1.00
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Fig.4 Morphologies of carbides in different regions of the serviced blade: (a—d) tip; (e—h) central region; (i—1) root; (m) tenon (overall
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Fig.5 SEM image and EDS analysis of decomposed MC carbide products at trailing edge of the serviced blade tip
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Table 4 EDS analysis at trailing edge of the serviced blade tip in Fig.5a (wt%)

Point C Al Ti Cr Co Ni Ta w
1 4.61 1.43 3.68 42.81 4.16 31.85 1.86 6.30
2 3.73 2.32 10.75 2.61 5.45 59.51 12.97 2.35
3 8.60 - 29.76 0.86 - 3.97 56.32 -
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Fig.6 Solidification phase diagram (a) and partial region magnification (b) of GTD111 DS superalloy simulated by JMatPro
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Fig.7 Grain boundary microstructures at different regions of the serviced blade: (a) tenon and (b—c) tip; (d) EDS spectrum of carbides at tip in

Fig.7¢c
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Fig.8 Morphologies of y’ precipitates at different regions in serviced blade: (a—d) tip; (e—h) central region; (i—1) root; (m) tenon (overall
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Fig.11 Microstructures of blade after rejuvenation heat treatment: (a—c) tip; (d—f) tenon
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Fig.12 SEM image (a) and EDS element mappings (b—h) of carbides at trailing edge of blade tip after rejuvenation heat treatment
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Table 5 Composition of precipitated phases at blade tip after

rejuvenation heat treatment in Fig.12a (wt%)

Point Al Ti Cr Co Ni Ta W  Phase

1 - 23.19 331 197 11.53 4547 6.68 MC

2 378 811 517 597 5785 3.08 1.66 Y

3 375 854 3.06 540 60.99 249 127 y
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Fig. 13 Comparison of area fraction of microporosity, volume fraction of carbides (a) and size of y’ precipitates (b) at blade tip and tenon before

and after the rejuvenation heat treatment
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Study on Degradation Mechanisms and Rejuvenation Processes for Microstructure

and Properties of Gas Turbine Blades

Sun Haohua', Zhang Jianting'?, Cui Jinyan'?, Xiao Lei', Guo Jianzheng'?
(1. Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, China)
(2. State Key Lay Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Degradation behavior of the microstructure and mechanical properties of a long time serviced GTD111 DS superalloy turbine blade was
investigated. Rejuvenation heat treatment was subsequently applied using a treatment of hot isostatic pressing (HIP) followed by solution and
double-aging treatments. The results demonstrate that during service, pore density increases significantly from blade tip to root; MC carbides
decompose into M,,C, carbides and # phase; secondary y" precipitates undergo severe spheroidization and rafting, accompanied by the dissolution
of tertiary ' precipitates. The overall microstructural degradation pattern along the blade longitudinal axis follows the order: tip>central region>
root>tenon. Along the transverse axis, it follows the order: trailing edge>leading edge>suction side>pressure side. The microstructure degradation
directly leads to a progressive reduction in ultimate tensile strength at 25 and 980 °C and stress rupture life at 980 °C/220 MPa from the tenon to
the blade tip. After rejuvenation heat treatment, the microstructure and mechanical properties are markedly improved. Area fraction of
microporosity at the blade tip is reduced, MC carbides are partially restored, and the sizes of secondary and tertiary )" precipitates decrease to
approximately 0.5 pm and 59 nm, respectively. Ultimate tensile strength of the blade tip increases from 810 MPa to 1122 MPa at room
temperature and from 388 MPa to 468 MPa at 980 °C; the stress rupture life (980 °C/220 MPa) is prolonged from 1.95 h to 11.31 h. After
rejuvenation, all mechanical properties at the blade tip exceed those of the tenon region.

Key words: gas turbine; Ni-based superalloy; service-induced damage; rejuvenation heat treatment; GTD111 DS

Corresponding author: Zhang Jianting, Ph. D., Shenzhen Wedge Central South Research Institute Co., Ltd, Shenzhen 518000, P. R. China, E-mail:
416204357@qq.com



