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Rejuvenation Technologies for Hot Gas Path Components made of Nickel Based
Superalloys
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Abstract

Hot gas path components, which are made of nickel based superalloys, are subject to periodic replacement
due to degradation of thermomechanical properties that might bring catastrophic failure during normal
operation of gas turbine units. In order to rejuvenate the metallurgical condition of the serviced components,
heat treating techniques such as solution annealing and aging heat treatments have widely been employed.
However, the effectiveness of those typical heat treatments is not apparent enough in terms of quantitative
grounds. On the other hand the demand of the rejuvenation heat treatment and hot isostatic pressing (HIP)
have constantly been raised by the end users. Therefore it is necessary to verify how the typical heat treating
techniques affect to the aged and degraded material. As the result of experimental work in this study, GTD-
111 and GTD-222 Ni-based superalloys were collected and analyzed quantitatively through microscopic
observation, microhardness evaluation and creep test.
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Table 1. Application examples of typical materials for hot gas components
Shim %) OB OZom A=A < 3 = B
H 11 o670 EH—LLTEO E'—t;'g 70],-7]_7,_ —,—_8_ o
GTD-111DS | Stage 1/2/3 Bucket GE7TFFAFA+ X &7)31Y 60.4Ni-14Cr-9.5Co-1.5Mo-3.8W-4.9Ti-3Al
Row 1(2.3) Blade WHABBGE) = s . .
Inconel 738 Shroud Segment GETFAFAL M Z7)k3lE 61Ni-16.0Cr-8.5C0-1.7Mo-2.6W-1.7Ta-3.4Al1-3.4Ti
Udimet 500 J =733 48Ni-19Cr-19Co-4.0Mo-3.0Ti-3.0Al
Udimet 520 | ROW 2/3 Blade GEWHABB | 4E23% | 50N 19Cr-12C0-6.0Mo-1.0W-3.0Ti-2.0A1
GTD-222 Stage 2, 3 Nozzle GE7EAFFA 713y 51Ni-22.5Cr-19Co0-2.3Ti-2W-1.2A1-0.8Nb
Nimonic 263 | Stage 2 Nozzle GE7TE A Z7)3)s 51Ni-20Cr-20C0-5.9Mo-2.1Ti-0.5Al
Combustion Liner GEMS56/7
Hastelloy -X | Combustor Basket WIDF 873} 48Ni-22Cr-18A1-1.5C0-9.0Mo-3Ti-1.3Al
Heat Shield Segment WHABB
Inner Liner GTIVIN
Inconel 617 Hot Gas Casing WSOIDSE 873} 54Ni-22Cr-12.5C0-9.0Mo-1.0A1-0.3Ti-0.07C
Conbustor Transition
Inconel X-750 | Spring Seal GEWH A%7+8k8 | 73.5Ni-15.5Cr-1.0Nb-0.7A1-2.5Ti-7.0Fe-0.2Si
Inconel 939 Vanes, Blades GEABB,WH X Z7)k3lE 48.2Ni-22.5Cr-19Co-3.7Ti-2.0W-1.9A1
FhsEule] 20 A% Wk oheh BE Az
of gk A4S e W7 A9HnE A _ _
_ 3. Alsizdnt gl p&k
AGANARE Ao Age we Fod ok k== =
g & 5 Utk B =FolAE oA JEst
Q= 7] 232 A 3 3.1 3 A=
Ql M ‘4%7] YT J—ZH 4= ZH@XOH]O” - Q. H B3I O zly]xo] © o] = 4 ><4
FHE 2939 F EA% dAeel o gan  HET TEE AR Sl sl 1
o] EJO M ad= =2 o o= AAA dsts AdshA @ ol A= 3l
9 54 2N, 53 LAFI el 5 A
: - G PE £9S Aotte okt Hv, e 2
Fo] vhek Amel o wAwers gystmg 0 TEE TS AT Aa7h AN, HE 2
= T - = = = A~ =z O
AT Table 1 & =9 YAy 233 A4z gto] gl & A=A 33 ‘I‘Eg‘ﬂ?:'i _[L}—‘—_:'ﬂ
Fer Mo 1w gas Aolu), U A A E] Ao A o] ke oste] o] %9 %]
25 AAAA vt
ANAA dste] o 1 5ol AAT| A5ty
2 Al H = AWA Fhers Aol £ PAE S
F . 53 | A9 2o AANE §
Fo hAEN AR A FHEE EE & WEhe FAY A dalHe] AFEe 3ol AV
HAeme Aren /\}&042 9 oz =o A Ho] meo] B9V FoA FEd Aol
welste] AR, AATES AAH g $HS WA Heh o= d Y Ak Fol
2pol7b Qth WA B E=RoAlE oxHsHe A AbAEF A2 o] X (tertiary creep) 0.2 o] Zldo] 7hE:
g_@ Z3A A} m-@ nrowuy AHS & ¥, AAHAWHAAE AolZ FFF(creep
Hsle] AAYE Fgste] YAH WS voidyZt FEEY AR AL Ax gk
B8}, 1£¢u§% deretr] fste] Aoz Aol AbYy HaHa vk Bk ofuE ¥
NEL st Sqwsiaes waadc. Aged A& (verage), (AU BIE NE FE& oy
4w 2 9 RAUES Table2 o 2l o 2e 2 A AEge] AgHel g U
APES AstA 7= A4S fdeth webs A4
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(b)
Fig. 1 Optical micrography of GTD-111 equiaxed
material: (a) as serviced for 98,000hrs (b) as solution
heat treated at 1121C/2hrs
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Fig. 2 SEM micrography of GTD-111 equiaxed material:
(a) as serviced for 98,000hrs (b) as solution heat treated
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Fig. 3 Creep test results of GTD-111 equiaxed blade
(Specimen condition: 1.GTD-1-1 taken from airfoil
before heat treatment, 2. GTD-1-2 taken from airfoil
after solution & age heat treated, 3. GTD-1-R taken
from shank root after solution & age heat treated, 4.
GTD-R-1 taken from shank root before heat treatment
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(@)

(c) (d)
Fig 5. Comparison of microstructures of GTD-222
specimens between before and after conventional
solution annealing H.T (Operational history: 49,993
EOH)) (a) (c) Before conventional solution annealing
H.T (b)(d) After conventional solution annealing H.T +
aging H.T
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