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ABSTRACT

The degradation mechanisms are occurred in gas turbine nozzle imposed in the critical high stress and temperature. These
mechanisms could lead to reduce the service life and failure. Rejuvenation heat treatment could recover some microstructural
changes to the initial state and increase the service life. In this paper, the heat treatment influence on the microstructure of
the first-stage gas turbine nozzle made of IN738LC was studied after 33,000 hr of operation in a 160 MW gas turbine. The
microstructure was investigated by optical and scanning electron microscopes to show the changes of the precipitated phases
size, distribution morphology. Precipitated phases are y’ and carbides in grain boundaries or inside grains. The results show
the proper size and distribution of the y’ and carbides similar to the initial structure obtained by the combination of the full
solution heat treatment and the standard heat treatment compared. Furthermore, the tensile test was performed to evaluate
the performance of heat treated sample. The tensile results of full Solution heat treatment cycle confirm the microstructural
observation and show the higher tensile properties (8% in 0.2%YS, 12% in UTS & 100% in El) Related to the Standard heat
treated samples.
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G—Gage length 25.0 = 01
W—Width 6.0 = 0.1
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AR—Radius of fillet, min 6
[—Overall length, min . 100
A—Length of reduced section, min 32
B—Length of grip section, min 30

C—Width of grip section, approximate 10

sl o LmaS Lisles] plxil gl baiges olal g asss ¥ S
[\f],]a.:.:u

YOA-Y5A 1], S0 5 SHS oo e

Lo Jolee 8,515 caels ¥+ 4+ L IN738LC S5 asly

odd aidly y 59aS SlRe Ve S slais ) (S @
Lol ol alsl jo jin Slusgs 4

Baod (9 9 3lge Y

INVEALC S5 ady 50T a5 i 51 gl o, J3b g
oas ooy ylid (V) S j0 Joleo 0 515 el YY- v L
ol o ay (5318 g5 5V 225y, by (sl ankad l o
ol gshan 59, 2 S Bl g ) (Sl iy
o oS 5 el 03gy Tz 5 09,0 5 TS 99,5
el i 5 ool 00 00,91 (V) Jga y0 4l 5LIT
anks Jysbpl 4ol | Lapme (slos (S sladigai <
(B8] 3l ags el e cdalin (V) S5 0 4:3;31 Blao
sl lp wdg loe S 51 S sladiged ags a5
ol b pladiges 5l e jlaibiwl Iyl jo miS slo yioles]
3 S sladiges olul g asdi 00,5 eolatwl T S>S
Lyalceil ss oals oylas (F) Jss

Sladiges 3, 2B 9 A )l Slles S g5 50
&5 A 5l Slilos S b Jlesl 5 (b iS
GBSl by Yaars 45 ail o o bl JSew lon
Gilwsb g el anld o VN YT (o yes £ls olaad
)18 ool 850 IN738LC 5LIT pygus iz 5l Elo lakad
255 s

Jol e 50 A (Sl Slides S ploxl sl
3 Gl celo ¥ o a0 MY+ °C slos (o laasgal
p9d dl> 6 10 .50l 0,0 Y °C/MIN e ps b s g 00l
500l (§kw o AD-°C slos o Cel YT Do ) ladlgad
alin B Il oldeace IS 0l 0w 19 )0 s
53 g Jolal> o 0 a5 Sglds nl b ablo A JSms
L5 siludm jekaeds cels F oo 40 VVARC sloo
2 D 05 0)55 53 e 5 08 (SIS (r9m sl
By sles 5l plebl (sl oud plmil sla il als
I RV RURCHSUPIC TSUPSUC 2951 K¢ N POCION,
w005 oolital pg 5= IS5 J195 905

a5 U Ll 5 ame sles o GRS ialos]
baige 59, 2B 9 A Syl Slles oo Jlos!
g [10]ce,5 & jen ASTM E8/E8M o lailiul sillas
sl bl phaS Glalojl @l 6,85 5l plab!
() oo 50 of @mbs o8 ws 1S5 558 Ll 5l S5 0

el o0 @l

10. -Overlay Coating

11. -Inner Shroud

12. -Outer Shroud

13. -Thermal Barrier Coating
14. -Sub Size

http:metalleng.ir/



R o 31518 w95 Joins Jgl e, 3 basmo (slod (S olgh g U8 Loy 32 ()l Olos S 1056

IN738LC JSes 4yl 5L

Ni B zr Ti Al w Ta Fe Co Mo Cr € () 2losd pole
] C IRV LY N v YIY Y/¥ VY Al MO Vg N0l el IN738LC

SEMMAG: 10.00 ke Det BSE
SEM HY: 15.00 kv WD 9.354 rmm 2 pm
Date(midh): 010416 Vac: Hvac

VEGANTESCAMN
-

RMRoy

O, Celes YY e b st Jgl cisoy 5 Jslugn, 0 S
Aoy 8 0V gl g adgl slacige ol Jolas

31y 0s3 adsl JLsle (> 15 09,8 Cwed jo 5L a8
40 5 adsl V' 5B S (s35ls8y90 5 @ig cojlil Ll
G s a4 asg b bl g6 cpl ol 005 Lo
Wibse b 5 les Ll 5l as 53U 5l caod oyl
Sl b aslie )3 5 039 (oamb (50l (O -°C L)
Ol ol b oo e Loy g5 J36 Jgeme o it
dmlie 5 b))l Cux gz Olpred Wlgioo S,
Sisle 4 Cad oal gl Slles sbadiges jlisle
55 )5 5 aaked

4l 5l sty S9rSYl CoSg Ko L gl
5 S Jael 5 3 bl 5o gl s, U3 s
5958590 Dy pugal Gl sl 0 0051 (8) S 4o
adol v S ol &S gy Lulpd po 36 LS lar,
Geize 9 VY M o3l bawgie b JS8 (S8 5 2
SV M bgie ojluil b (69,5 gl v 5B Shgw, a8,
Lo Ll SV a0 amd o Lt 1) wil oo
Job 4 (S cwlosls &) Gumgpw Ll il o a8 sasal
gl a5 ool oboul 1 Jol s, J3U als; e 0 Ve um
G azg b pizmen ol oad sologylas (7)) JSo jo )
Loy pae slojls wigfaa akd (il Lows 0,55 ee
e ot samlice il o arulysl

b hgnl b 5l 659 ©9Sg Ko i be 5l
YYe e LIN738LC 5LI1 jyom iz 5l Josis Jol 0,

http:metalleng.ir/

VEGAN TESCAN

HMRC"

b il 098 4l LS lan ) 5l 6188 9Ss Son ppai B JS
Q)S)K el YYe e e was‘ gﬁ.‘[é)

SEM MAG:10.00 ke Det BSE
SEM HU- 1500 K WO 8746 mm 2 pm
Date(midid: 010416  Vac: Hivac

Sl pladiges sSlen, slaew) sln
w5 agd gl pll Gl aS sleaised alecdl
Vo) asledl pes b idsy 5 (Siosliin 5l Ladiged
Jsloe bawg (leantis iUl by, g 0ud Sile o950
Ak Ve PSS sl 05 e V ¢ (g5l SIS
HO 2l oo 00 sl dilo sl 5l o gl Shaie O
st odnlive gl 55 CuSo, p,5 Ve g HO o Lo O
kol $39l9 590 ol oolirul laels; e )3 (pgm) slasle
Dl wizpen 5 laan)lS 5 v 56 OLS s 4l
sl Jloel 5l an g 3 Lalyd 5o JiU s bsbo,
5 S SloogSuySes Sl eslitul b (Sl Slilee
Srsad Sl Bl 4 Jaie Vi, G55
W3S B s 3550 5 550l

A 9955 a5l g S s San JiSl g
e o 3l i S G Jesites Jol sy 36
Jolee 0,515 celis YY+ o+ L IN738LC S5 asby 5L
o3Il lawgie paad cpl jo .ol ool co)gi ) Jo 0
g +IF UM dga> 0 4 gl g adel VB &l
s o i peal pl el sl (6,865l < /Y um
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16. .Scanning Electron Microscope (SEM)
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None
EOH

Partial Solution Treatment

+ Precipitate Aging 845°C/24/Air Cool

Full Solution Treatment +
Partial Solution Treatment

+ Precipitate Aging Air Cool
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[Tensile Properties [12 Air Cool

Heat Treatment Cycle
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