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Effect of Heat Treatment on Microstructure and Mechanical Properties of the Nickel

Base Superalloy GTD111DS

YHE ! ARG, wye’ Ay

Sung Ho Yang', Moon Young Kim"®, Sang Yeol Park’ and Sang Hun Kim'
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Rey Words: GTD1MDRS (Directional Solidification, ¢
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2L, Mechanical Properties
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AEA Gl g AT hdstA FEE 3
% HIP(Hot Isostatic Pressing) # 2|9} 344
Al g 4771 T2 FAEHL J2, HIP X
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& BAoZA, Aule AAVtSAE T dA
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of H7E &3 HIP Agade oid FAHA
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2. NEE S AIE Y
2.1 AgHE
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(Directional Solidification) A Ao]t}. 2 F o xd
(Airfoil)el]  AME HE O 17,208 A7 AMgH
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T dAg 34 F e wAzE A%y
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# AH 5AE #FIYPY AEe e

ASTM E8 o 7Ad) we} 24 geje Ade A
Zato] ARSI} Figure 1 & E#o]=9] ool ¥
Q(aifoihol ] AHT PR FH4E weiFy
Ak

—=

1

Fig. 1 Shape of specimen

2.2 AlEYY

HIP Al L2olE@A HAsln gs
XXX™ AH|E o]&3to 1,175T, 1,204, 1,250°C
9o 2EZANA 15ksi o ¢tHoz FaEght

B3 HIP A & &4 A5 vz 84
9 Be ¢35te] 1,204C/2h, 1,121°CR2h & 843C
/4h 2 748 3 DA X E Abar Ipsen Vacuum
Furnace & °©]-&3to] AU Y=} o] F Z
7+l 34 Fol LAse mAZRAY ANILS
=437] 93, HITACHI FE-SEM(S-4300) 3u|Z
o]-g3t] UERE, AAFLY FEEL BE3
Rk =S V1AH EHE By Y QdgA
3 $=H.9 Al g (Stress-rupture Test)E A A] 31
7IAH Ao HztE #AseiTh

3. d¥ET

3.1 GTD111DS 9 O|M| ==

SHIA & AAY v & FAHez A
& FAE VA BEEHY ow, I7|E 04 m
ol EYL A RIS dtu gk zEv Y
A7l 23gFolA #EAEHE= 2 X(Secondary) y° &
BAEA e Ae2 Hol A F(Aging) A S
A gEA] ke Aot E3 Zzbe) g o] &
A3A TEE FErt ol M2 92" )
#EHI =

Figure 32 17,208 A17t B¢t 248 Egoj=9
v zE Aot v 9 A7l 1.28 molH, 2

Z}H(Secondary) ¥y < & TEAFXA Ygth L EZE
AzA AL o] A2 9250 A" 2%
< Holm o, olgdA SHIIF F2H u

goz ZAA I3 @ T¥Rafting) ZF o] #FH
Ak o]#3 BT Y(Rafting) A T2 87
ojzdel THAAN TEFIFY. HZH(Rafting)
259} 9 4gS Lol ¥ Edol=g W
A vetvn 34717 Avrte 943 79

A #EHA GEdh’

Fig. 2 Microstructure of new material

Fig. 3 Microstructure of 17,208 hour operated material

Figure 4 © 17,208 A|7F B¢t 7h2E{Hlo] 35
of $HE Edol= dojEd 1,121C2hr 9}
843C/r o AAE FIYFE F vAMzHot}
Yo A7 1.0-2.0 m AtololH, BYE FZ 3§
B EE AT BES 3t Utk 52 BYe
A717F 0.1 A X2 2 A(Secondary) y & T3
Hu, 2 Fo] Ax 52 Fel9 1 XK(Primary) ¥
o] MZ dAZHo Add ¥ E¥e] vevm
At

o lo

Fig. 4 Microstructure of 1,121°C/2hr and 843°C/hr
treated on 17,208 hour operated material
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Fig. 5 Microstructure of 1,175°C hipped on 17,208 hour
operated material

Fig. 6 Microstructure of 1,204°C hipped on 17,208 hour
operated material

Fig. 7 Microstructure of 1,175 °C HIP with following

heat treatment(1,204°C/2h, 1,121°C/2h  and
843°C/4h) on 17,208 hour operated material

Figure 5 © 17,208 A7+ AL-&
A HIP & AAE Aotk o] AL Figure 3
T BN &5 ANES BAT )
%5}7} 0101»10:4 y A71% 0.8~ 13 mAle] =

H &A= 1,175C

JIN' 2

A %E}EP.

Figure 6 < 17,208 AIZF AL&-E AAZE 1204TC
oA HIP A& *‘*1% &401@ olAe REL
hﬂ]—;q]_q ﬁﬂEH 31 e
~1.0 mm Aol = éﬂ?i‘ﬂr. EE?}, 2 Z}(Secondary)

< A9 BEAHA gyt

Figure 7 & 1,175C¢] HIP HEF T& 37
(1,204°C/2h, 1,121°C/2h 9} 843T/4h)E A& 1] A)
FZAolth, vy & A A e vz
Ao, A7 04~05 m otk 2 XKSecondary)
Y & AEA e 1 A(Primary) ¥ &) Aol

AE #EE £ 9l L,175T
g Py A
38 17,208 A|7F AFR
9 B FH 4 =

™, 2 Xk(Secondary) y = Z
PN
%

AU

e W
o
2
g
=4

30 Ty 1l

R

Fig. 8 Microstructure of 1,204 °C HIP with following

heat treatment(1,204°C/2h, 1,121°C/2h and
843°C/4h) on 17,208 hour operated material

Fig. 9 Microstructure of heat treatment (1,204 °C/2h,
1,121°C/2h and 843T/4h) on 17,208 hour
operated material

1,204C HIP ¥ FEIAHE HAFH
Figure 8 7 22 A#HE LU} Figure 6 3 ¥
ooy 9] B2 dHA Y-S fAE I slew,
A7]F 03~0.5 mol™, 1,204CE HIP A5 27
Ht} oA AL & 4 9} ZX}(Secondary) ¥
o] YubAl =299 1 XKPrimary) ¥ & Afele] #F
dgd Ao dEE.

Figure 9 ¥ HIP A §lo] &% SAHHUE 53
39S we wAMEAE HoFa oty 9

o

A=
Hoko olubo)ln], H7]= 0.4~0.6 ¢m ©]Th HIP A
AE FAT wz=Ad v&] v 9o A2V} 0.1~
02mAE 2 AL & F U
32 71HF ANE

3.2.1 QIFAE
GIDI111DS 9] 17,208 A7+ A& AFE o) &
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g HIP A2, HIP A 2% ¥4 A8 oo ut
A7} W3lE SHIMADZU Ale] AG-25TG
£ A& AL SR ARE A S, We 2 oW
FE g wFL HAAFY FU=E 39
. 02mm/min 8 QFEEE AN D, AJH F
AR FAE 3mm o)1 X3 AT (Gage Length)s
20mm ©]™, A A Aol 38mm ]t} Table 1 & A%
Al & (Tensile Test) 2H-E BoF 1 Q).

iu)

RO

Table 1 Tensile test

. Tensile Strength(MPa)
Condition
RT 760°C
1175 CHIP + Post Heat treatment 1,139 1,014
1204 CHIP + Post Heat treatment 1,118 1,098
Post Heat treatment 1,105 1,092
@ o
Pl : (/
L ) g ow
Py i
Fl LI
T T L N

1,175 C HIP+1,204°C/2h + 1,121°C/2h + 843 C/4h;
(a) Room temperature (b) 760 C

0

© (d

IO EN
17/ L

o
o (X3 o1 o7 £y B B

be a1 a2 iz £ 2% engrasting Sirie
Eryineseing Shan

1,204 C HIP+1,204°C/2h + 1,121°C/2h + 843 °C/4h;
(c) Room temperature (d) 760°C

e) ®

;

s
£ [ 32 35 W 35 e W ) s e 35

‘Enginsafing Sen Enginnaring St

1,204°C/2h + 1,121°C/2h + 843 °C/4h;
(e) Room temperature (f) 760°C
Fig. 10 Ultimate tensile strength after HIP and Heat
treatment on 17,208 hour operated material

4

E3

Enginoeciy Swess, WP
] # i
Engineering 3irses, MP:

0

HIP A L F& A we AFFEe

Adore 2z 27 Zolrt TAEA Fdoh
e, QA& HIP HEYE AA 2dAA F
Y FL2 495 48 F Uk
3.2.2 23 -I}Ek(Stress-rupture)

$4-3¢ A (Stress-rupture Test)= R & B A2
5ton ¥ AIY7E o] &3t HAFATH AR
AAFAAAY 2L 3719 A& AHEEAT AlHEE
17,208 AIZHES 748 Eol=dA AFHE Al
HE o]&3td FAHAF FH-gd A Y(Stress-
rupture Test)ol| A stk A|Zko] oW A WA &
AAFsESA T

17,208 AlZE &< HE Edeol=ddA AAH
NS Table 2 9 22 A2 FAHHE AAG
% 9.3k Al (Stress-rupture TeshE A A3} T}
Figure 4 ¢} Figure 7 9} A & & 9l&%o] 4Ag =4
o] Wigle] mE mAzxAY ¥E AU F F
th. Figure 4 A= y° 7F 2 FHE UL
o Figure 7 XS v & 42 dUA =
%S 3t gtk Table 3 oA EAF = WE
2 .9} th(Stress-rupture) &} FEA|7HS v wF A3}
GIA BFY vy o] AAHE EAY A
982, 27 ksi 9 & -3} th(Stress-rupture)?] =AY
W ALl 2u) FH7kE zpol7t ST

Table 2 Heat treatment condition

No Heat treatment Remarks
1,121°C/2hr + 843 C/4hr C
2 1,204 °C/2hr + 1,121 C/2hr + 843 °C/4hr S
3 1,220C/2hr + 1,121 C/2hr + 843 C/4hr R

Table 3 The result of stress rupture

LMP
Stress | Temp | Rupture | Strain
(ksi) (C) Hour (%) (T X(log(er)
+20)
R-1 27 982 53.97 27 49,114.66
R-2 27 982 59.70 23 49,213.70
R-3 27 982 83.15 24 49,538.88
R4 | 63.8 816 58.20 16 44,637.46
$-1 27 982 78.63 23 49,484.06
S-2 27 982 92.67 25 49,645.28
S-3 27 982 99.82 21 49,718.23
S-4 27 982 108.97 20 49,804.28
C-1 27 982 44 13 48,905.54
C-2 27 982 51.65 12 49,062.85
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Fig. 11 LMP graph for stress rupture
4. D&

ARG A diste HIP Mzl ek T4 EA7 9
|2 At B Wi zAT VAR B
AEQe) adHodY. 2, AAPoE A%
e gs A BE 9§ AET A= Op
of o1& JiAlA X vt 8@ ¥ 4 A
o e, Ul Gz AE HIP & %71 e
1204 T ZHNAE v & 717 & ¢ B
A &+ 0‘215}

F& dAY 2PAAM 2 DARE FAE Table 2
o] ¢ 27qME 9 *ﬂi}w Ao #AF )
e, s 2AME vy o B I3 B
< {3 Jehve 2E g3 & 4+ g §
#.0btt Al ¥ (Stress-rupture Test)E F3F F719 ‘ﬁ
Al 271 9rre dAske B 43 59 23
o B AolE 27 T £ U s 219 4
212l & AAsk A]HL EPRI ¢ GIDIIIDS 9 AE
o] F¥.ud Al (Stress-rupture Test) A 74P Al
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A AL AR 2 e FE HeS =F
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dRHe Y vy A A4 ADeEA HI
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g 3] dEdh Zﬂ’ﬁWOﬂf\% z7] o= A
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o] Qo] wu st} webs, g Ee] W)
A gL vAA B3 AR AR

3) ARl Tk EXE F7e] wsle] mE
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718 RYS AEH b 2o W A
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