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Evolution of Microstructure and Mechanical Characteristics in Rejuvenation of a Hot
Gas Pass Component of a Gas Turbine by Heat Treatment and HIP

Sung Yong Chang' and Ki-Yong Oh>*

!Power Generation Laboratory, Korea Electric Power Research Institute (KEPRI), Daejeon 34056, Republic of Korea
ISchool of Energy System Engineering, Chung-Ang University, Seoul 06974, Republic of Korea

Abstract: The evolution of microstructure and mechanical characteristics during the rejuvenation of a hot
gas pass component of a gas turbine was investigated with an actual service-exposed bucket in a power plant.
Heat treatment and hot isostatic pressing processes were conducted to rejuvenate a hot gas pass component
of a F class gas turbine which had been operated for 101.15% of its expected lifetime. In the three step heat
treatment, the specimens were exposed to 1210 °C, 1120 °C, and 845 °C for periods of 2 h, 2 h, and 24 h,
respectively, with rapid cooling. Then, the specimens were exposed to conditions of 1200 °C and 100 MPa for
4 h to enhance their integrity. Analysis of the microstructure determined that after heat treatment the
average size of y' decreased around 60 pm, while the area fraction of y' increased around 20% compared to
before heat treatment. With respect to mechanical characteristics, the samples’ stress-rupture time, yield
strength, and ultimate strength improved with heat treatment and hot isostatic pressing, while hardness did
not show any meaningful variation. These phenomenological results suggest that heat treatment and hot
isostatic pressing play a critical role in the rejuvenation of a hot gas pass component, and can provide an
operating and maintenance strategy to enhance the economic feasibility of a combined cycle power plant.
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Fig. 1. Specimen sampling; (a) part A and (b) part B
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Fig. 2. SEM images of part A @ ((a), (b) and (c)) and part B @
((d),(e) and (¥)); (a) and (d) are x2000 magnification; (b) and (e) are
%5000 magnification; (c) and (f) are x8000 magnification



Fig. 3 Images from a laser microscope (a) w/o HT and (b) w/ HT;
post processed images for analysis of MC carbide (c) w/o HT and
(d) w/HT

Al Pz AR ‘:"]3}11 SFUTE.

ad 32 IA-E] A5 mHxF wo] AzS 9t
o|x dn7dE o]gsted 578 ¢ metal+carbide’d (¢35 MC
carbide® )|t 28 3 (a) ¥ (o) GAlg A, 29
39l (b) 2 (de g8 Fo MC carbide =4 ARl
ot A 3HS TS N7l F=59 A5 vAlxF
o MC carbide?} &AJshH, d3b7} Z‘@HE]”" e 24
g 93 2xdgd wel MC — MuCy B MC —
MCZ Wolatd [22], ¥ W Mok We &do] e
= M7t H o] AAYY [23]. & MC carbide 732l
Ho|E B3l vjAxzZe] g3} ¢ ZH’%”JEE A 7Fssitt
B Ao AE MC carbide’dS MC, My;Co, MC 52
2 sk Rote GAE 9IS #F bssie] MC

carbide 7+ Jo] Wzl that AL B4S FAsHA
eotth. sANE, SEM3 TEMS #-83te] 4 ARE- B0

=9 93 A/T MC, MyCe MCE E3ete=
carbide’d Ws}ol| thek A2 H|wEA S
°ﬂ gk 7+ o] WslE 74 /e ZoE AlsHEE
T Aol dislixe 2ol tigk £4S T3 oFolt
Fx1g] o] MC carbide’dell gk #lold &nld &
28 F3 A3 712 FolM B2 Aol Fd l
dxe] A 7EEE LREL] nARAe dsle] o
2 thEe] MC carbideZ} AZ% Zlo] SzEX] 9t Oﬂz]a]
Z mHzFA = MC carbide’} thF 7HAEAch 28
ZA] BEHHIE o]&3sle] MC carbide 82 At

E6

03‘9 EL

nA %
b gxle] A 534817 um’F o, g £ 161,338
um’2, E*2]E E3led MC carbide’} 70% 7HAadt A2

(O8]

L271% a7
a S -
@ Il 1° specimen
08l Il 2" specimen
[ 3" specimen
T I Average
3 06
o
N
‘®
s 0.4
o
£
> 0.2
0.0

w/o HT w/ HT w/ HT+ HIP

1* specimen
nd .

2" specimen
rd .

3" specimen

Average

30

20

y’ area fraction (%)

10

w/o HT

w/ HT w/ HT+ HIP

Fig. 4. (a) Mean size and (b) area fraction of y'

9 TAlEkATE EA
2 A, F % OHP T FH yel BRIl 082
pm, 0.205 pm, 0214 pmol™, F&2 7tz 30.25%,
50.32%, 49.28%°1}tt. GAEE Fat ye] He A7}
g A3} vlwate] 60 umE s, B8-S 20%
S #F JFsslith HIP 348 23 Yo A
NF AAE Folol A4 P R AES DAATIA,
yel st 7] 2 &2 ML vviek Ae AR Ths

dx2] A leading edge FHONA FZ3 AHTE 49
ik H *1 ) J"‘%Liﬂ L %%Ol trailing edge FHol|A]

= ﬁ% 1?4% wH = w} ‘3'»5— nﬂro}t‘rl *}Lﬂﬂi,
olg]at =1 og% FHYS rq1 leading edgeoﬂ/‘i o] WA



472 i gtF4 - A 58H8]A] A 579 A7E (201999 7€)

GTD1113 A #+A4S Zh= Ni7l 2374
IN738LCe] Z7] y =717} °F 02pum ¥
[24], A2 & mAIZRF A7 N7l 283374 27
719} FA Aol g #E vhsEH, AT S
slo] ofd3] vzl mARAS BAT 5 S-S A

ATt

3.27[A™ M "I}
B Aol 7A1A Sl 7Bl LeH3E AjAYo)

3 B4 5= Fo] 5E7] i), B Ajoaes

:
AYRT APEAS B Ee FUsa 2Y
=
=

St Alge dAE A, X F, 42 & HIP
S sk AHo| thske] 982°C, 186.16 MPa %71
oA Fasldom, 871°C, 31026 MPa %71S 3t H
ALl Airfoil FollA AHAT 7 U= AFHA T Ak
w2 Gxjg]l A-Fol tigk Advt F=3snt (2 5).
a8 5 (ay= 871°C, 310.26 MPa XA & $3.-1}
17+8 =AIEEE Al W Ade Aah fAkRE Ae
o] A ow FPEE 5 7Fssit. AR
9 &3 A leading edgedll X A gk
A7t 7P 2k e B sissitt w
leading edge ¥R2=7t &7] wjZo] d3irb 4lgh
el Bt B e A ) S R e e A= I A
b AT
2 A i FJA o] 144.0 h, 9x8] T H
7+ 326.6 h2 GA-ES Ealo] 8 ghgtk x]7ko)
AT GTDI111 T}
8 -gA ko] 140871 oL

Ta=

N
r\l

= Iz ¢
2 ooE
BNCTENN
oo E]I o

il

ol 3N >,
X
e

012 O o

1)

A

oL, r
=
S,
oy
ol\
N
=2
ol
F{F
Y
o
rJ
by
ik
B
%9

o ot

> 8
B
e
_)ii_ll
A
b
N
B>
BN
)
1o

Ao T

-

I3 5 (by= 982 °C, 186.16 MPa oM =43
Attt @Ae A Bt A
& FHAZHE 246 h, GAH L
§ 3t FJEARS 41.0 helith.

s
o

@ 350 “
1" specimen
300 2" specimen
3" specimen
250 Average
£ 200}
(]
E 150}
'—
100 |
50 -
0
w/o HT w/ HT w/ HT+ HIP
(b) 50
Il 1° specimen
40! I 2" specimen
[ 3" specimen
I Average
30+
<
o
E 20}
=
10 |

w/o HT

w/ HT

w/ HT+ HIP
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