59

SERES FLER LRV RS I R

R - AT - AL A AT o)R

et AAA gy
#9 AYATY 7SR AA A7

o bt

>

A Study on Hot Ductility Behavior of Ni-based Superalloys
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Abstract

Plasma transferred arc welding (PTAW) has been taken into consideration for repairing Ni-based superalloy
components used gas turbine blades. Various cracks has been generally reported to be found in the base metal heat
affected zone(HAZ) along grain boundary. Thus, hot cracking susceptibility of Ni-based superalloys was evaluated
according to heat treatments. Hot ductility test was conducted on specimens with solution treated at 1120C for 2
hours and aging treated at 845°C for 24hours after solution treatment. The results of the hot ductility test appeared
that solution treated specimens were the highest ductility recovery rate among three conditions. The loss of ductility at
high temperature in Ni-based superalloy was mainly controlled by the degree of grain boundary wetting due to
constitutional liquation of MC carbide precipitates. Meanwhile, the highest ductility recovery rate in solution-treated
alloys seems to be lack of M23C6, which can be dissolved during heating and then result in the local enrichment of
Cr in the vicinity of the grain boundary.

* Corresponding author : bluecome@ihanyang.ac.kr (Received December 29, 2003)
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Fig. 1 (a) Features of the damaged turbine blade
(b) Features of cracks observed in the IN7
38LC PTA weld HAZ
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22 AEM(Thermal analysis)

DSC(Differential Scanning Calorimetry) #24-2
e dsts sk n2dge] 712 ARE
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D2AM A (Hot ductility tests)
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3 A HCZ  10mmx150mmx90mmA7|E AR
84 ] = Strength Temperature) ¥ 7}g4A] 23 =oA NDT
Table 1 Chemical composition of tested Ni-based superalloy, wt-%
Ni Cr Co Ti Al A Mo Ta Nb C 7r B
IN738LC | bal. 16 8.5 3.4 3.4 2.6 1.7 1.7 0.9 0.11 0.05 | 0.01
GTD111 bal. 14 9.5 4.9 3.0 3.8 1.5 2.8 - 0.1 - 0.01
Table 2 Heat treatments employed in this study
Solution treatment Aging treatment
Heat treatment Solution treatment +
1120Cfor 2hr + Ai i
conditions for Zhr r cooling 845Cfor 24hr + Air cooling
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Table 3 Conditions for hot ductility tests

645C/s
50C/s
Peak temperature for on—cooling tests : NDT
Stroke rate : 50mm/s

Sample free span(Jaw separation):15mm

Heating rate :

Cooling rate :

Atomsphere gas @ Ar

Thermocuple : Chromel - Alumel

Holding time at peak temperature
Holding time at test temperature :

! Not permitted
Not permitted

(@4e] 00] Hl&= £%=:Nil-Ductility Temperature)
7R Fldsigtt WA EA ARsusEis ex
A4 50mm/s2 AYAR F BESEES 2.
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M(Ti,Nb,Ta)C
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Fig. 2 The OLM and SEM microstructure of as-
cast IN738LC (a) and GTD111 (b)
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Fig. 3 Microstructure of grain boundary in IN73
8LC according to heat treatment
(a) As—cast (b)Solution treatment (c)Aging
treatment
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3.2 LEM(Thermal analysis)
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Fig. 4 DSC heating curve of IN738LC (a) and
GTD111 (b)

3.3 NST(Nil-strength temparature) test

axjgle] 2 NSTES Table 59 £ W32 B
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Table 4 The microstructure changes during heat treatments

As—cast

Solution treatment

Aging treatment

v, v’ 7v/7r  eutectic,

Locally dissolved (7, v,

y. v r” v/r eutectic,

M(Ti,Ta)C, 1
7 Tilm&Mo23Cs carbide layer

IN738LC M(Ti,Nb,Ta)C, y/7r  eutectic, M(Ti,Nb,Ta)C, | M(Ti,Nb,Ta)C,
rfilm/MzsCs carbide layer 7 film) 7 film/M23Cs carbide layer
CTD1LL v. v’ r/7r eutectic, Locally dissolved (7, 7, v, v v” r/r eutectic,

v/ 7 eutectic, M(Ti,Ta)C,
y film)

M(Ti,Ta)C, n
7 film/M23Cs carbide layer
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Fig. 5 DSC cooling curve of IN738LC (a) and
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Fig. 6 GTD111 exposed to a peak temperature of
NST (1294C). (a) NST peak (no fracture)
(b) Broken at 1000C on-cooling from NST

(12947C)

34 D2AMHS(Hot ductility behavior)

~ 14| solution treatment
3
§ 12 By ‘.‘. as-cast
3 10 N I
S
3 d
= 8} s
.8
T 61
1
B 4]
o
2+
0

900 1000 1100 1200 1300

Temperature(T)

(a)

14 as—cast

solution treatment

sl \ K3

61
. -
41

aging treatment

Reduction of area (%)

2|

900 1000 1100 1200 1300

Temperature (T)
(b)

Fig. 7 On-heating hot ductility behavior of
IN738LC(a) and GTD111(b)
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Table 5 Results of nil-strength temperature(NST) test

el 7P v d4E B
WA nedddede 71EAe 239 NDT (Table

As—cast Solution treatment Aging treatment
IN738LC 1289T 1286°C 12907C
GTD111 1294°C 1283C 1297C
Table 6 Results of nil-ductility temperature(NDT)
As-cast Solution treatment Aging treatment
IN738LC 1160T 1178 1165
GTD111 1175C 1183T 1179C
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Fig. 8 On-cooling hot ductility behavior of IN738LC
(a) and GTD111(b)
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Fig. 9 Typical OEM microstructure just adjacent to the fracture surface(a~c) and SEM fractograph
(d~f) of the samples tested on-heating, as-cast GTD111

162

(b)1100C

(e)1100T

w2 Aol =AU, AEANE A9 Bee
AAAQ 2w oA 7Hg e A4S B

35 mehH

3 o|hz=2el et

748 A19] A% (On-heating behavior)

Fig. 9% 71gAlol A8€ AH9] gdd 2 gdd
A9 rARAS FAEAENE 2 FE50EeR
#23 Azo|tt. 1000TAA AFE Agie viehde
APAQ ARAAE Holn glom(Fig. 9(d)), 9%
o] A7l F&sIA Yokl 1100TalM 43d A9
o] e ARYUA ] FEZoT JAE g S|
3 HPAHA UATGHE Holm Uth(Fig. 9(e)).
Fig. 9()& 1150CelA stdd AlAY rA2AE Y
el it} o] LxoAe 1EAl A4 A9 09
7Va s s AISHE AT o] :‘%_%
Yol 28-g ufj, AGPFo| AEF| we} v
oz FFEHLE HE 27| nAxF o] thh Aol
AT, 1A shdme] Wshe Al FxElRd 2
el AL FAREAT

Fig. 100] ¥.ol3= wie} Zo] A AAHASL Cr-
richEoA FA=UAT, Fhe] dRlo] He A%
A 8L 2HHAE o dAHRTSE ¢ 5 AN
th o3 YATEL Fig. 10(d)el AAF o=
(open)® TEES HY O gugs ¢ F UL,
4 & 2 WEke ?“01 795
d 4 ok FEEE 1 o EA k=
= Fig. 119 AAE d9HE& Eﬁ’i & 4 Sl

fo

==

-{ﬂ fr oﬁL rE

f
b4

fr

Q

et}

__1

=
r

;
4 oy b
o N o o

¢)1150C

(f)1150C

Journal of KWS, Vol. 22, No. 2, April, 2004



YAy 2deae] 1299754 A AT

65

(c)

Fig. 10 Typical microstructure near the fracture
surface. (a) in as-cast IN738LC tested
1100TC (b) in as-cast GTD111 tested at
1150C (c¢) in as-cast IN738LC tested
1000C (d) in as-cast INT38LC tested
1100C

Results of EDS
A : M(TLNb,T#)C carbide

B 1 Matrix

Depricy

Fig. 11 Typical SEM fractography and EDS of the
solution heat-treated IN738LC tested on-
heating at 1125T
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Fig. 12 Line fractions of precipitates on grain
boundary according to heat treatment.
(a) IN738LC (b) GTD111
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Fig. 13 Typical OEM microstructure just adjacent to the fracture surface(a~c) and SEM fractograph
(d~1) of the samples tested on—cooling from the NDT of 11757, as-cast GTD111

(2) {b)

Fig. 14 Comparison of intergranular liquid formed at the grain boundary in GTD111 during on-cooling.
(a) tested 900C on—cooling from the NDT of 1175C, as-cast

(a) (b)
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Fig. 15 EDS on the widened grain boundary of the samples tested on-cooling. (a)as-cast IN738LC
(b)as-cast GTD111
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