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Abstract

The transition of serrated grain boundary and its effect on liquation behavior in the simulated weld
heat-affected zone (HAZ) have been investigated in a wrought Ni-based superalloy Alloy 263. Recently,
the present authors have found that grain boundary serration occurs in the absence of adjacent coarse Y’
particles or My3Ce carbides when a specimen is direct-aged with a combination of slow cooling from
solution treatment temperature to aging temperature. The present study was initiated to determine the
interdependence of the serration and HAZ property with a consideration of this serration as a potential for
the use of a hot-cracking resistant microstructure. A crystallographic study indicated that the serration led
to a change in grain boundary character as special boundary with a lower interfacial energy as those
terminated by low-index {111} boundary planes. It was found that the serrated grain boundaries are highly
resistant to boron enrichment, and suppress effectively grain coarsening in HAZ. Furthermore, the serrated
grain boundaries showed a higher resistance to susceptibility of liquation cracking. These results was
discussed in terms of a significant decrease in interfacial energy of grain boundary by the serration.
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Table 1 The chemical composition of Alloy 263 investigated in the present study

Element

C

Cr

Ni

Mn

Si

Mo

Co

Al

Ti

Fe

Cu

wt%

0.06

20.4

Bal.

0.19

0.13

5.81

19.9

0.44

2.07

0.37

0.01

0.003
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Table 2 Hot ductility testing condition

Process parameter Value
Heating rate 111C/s
On-cooling peak temperature 1280TC
Hold time 0.5s
Cooling rate 19C/s
Stroke rate 25mm/s
Atmosphere Ar
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Fig. 1 Comparisons of GB morphology and GB carbide characteristics depending on the occurrence of GB

serration: (a),

(b) and (c) for the unserrated specimen,

(d),

(e) and (f) for the serrated specimen.

Note that each digit in (c¢) and (f) indicates the grain sharing coherency with each carbide formed at

the GB

K - TRAEEEE 314 B39, 20134F 61

201



34

ofol
e
Ho
o
Y
o
=
o
e
Ho

F2 095 ANF - PFA - 298

1pm

Fig. 2 A typical serrated GB showing the GB
plane normals

A

A4=(irrational plane index)E Z¥e random A
o] Wkt AX YA} ozt B o A
7} =& AXF HER FHITE ARE ER1EI
. AT, ARAURAIZE @Ee ‘special boundary &
11} W3 Zo] dAEET} & AAF HER 74
e o= weloa 93 AFYA] 7t AW
£-& gpecial boundary® & 4 U}, webA, 2
A Aol 549 P dHA" Ad
AUAE EFe Zo= dAvEa, o|2FE 19 2%

=3k AR "HA N Blste] AR A7 W3S

N g

= 8
X

0o

A= =
g e i=

33 ot ZHEA

of HE #HM g

HEo] ARjA WMol HArhH AY 64
oF 100~150TC A& W30 &4 Bkl 354 o
S5l o3 dsltds 23t 2 >
wetd, B Ao E UA serration =H wWE

2 94 HEE nano-SIMSE o|&3l] FHFgH o=
Hlwalaa}t stk Fig. 304 Ko wisd A3

Fig. 3 SEM micrographs and corresponding SIMS
boron images : (a), (b) for the unserrated
sample, and (c), (d) for the serrated sample

202

Al Hlate] 519 AR HAZE BE AN AAe] 5
s & ok AT o 150709 2B HAE t
o2 SIMS EE oA & A1, SIMS o]n]#] el
%% 10° count Bt} 2k 417 (intensity) & 2= 2
BEAE BE fAo] g dAR Zssls 4
%, unserrated A °F 14.6% YAZF HEed H
MR 92 WA serrated AlHENA oF 41.6%7F K
2ol AXEA] okt AR ddsil Eakabd, SIMS
ojmA] el HEL wslEle] XFE  Mas(CB)s =
A AY, dx AEHE #AEo erx, HA
(segregation)o]gb= go]EtiE= enrichment’} ©
et

e, 7 Al BT 83t A Afde 2B A
o BE HMo] #FHA| &yrh F, HELS =7}
S A EAA AY BT AFHAR HAst] Y
A eshEe] AYEH A Me3(CB)g), HAVIERE dol
A Et} S2AIEAA] AR HAR At HE
o FPEE(C)E ol Ze ATow mHEL

[N
o
>

A7IAM, Cn 71AUY] BEYA FE, ke &
&, Te AUes, B HEAxs JAAL] Aty
A5 YeRTE 9 oA F AJE Afele] Zpol= Kol
o, o] & AFUA AWux e} Z& HAHo] 9]

S ggeg ARdUAZE A4E gARTG B b
g AFPAE BE ALt ARz 9] wE

of WY AYYo| $43HE 4B & Ak,

34 W AL WE B8F LLsE A5
o Hetdo| o|xE st

S Aol diste] dael2 AR AYE B 87
QG 2N S s 1E AH0s) BY
Sl 5 AT 2% Amewst 1060C o)l S g

T 1180CHIA EAtelE Alde Ald 8L dT v
Alz24-S YeERATE Unserrated A2 HE=3E 24 Y
A7} serrated Al 118 AR HAET FElatA oA
syt wAstg e, Ao AFHAE wet A A%
How dsiyt o] LU g, g 2H
YAE Aslrl G o2 g om (Fig. 4(c)ollA
), AAe] Ay JdoE wElEo] ofHd] &

Journal of KWJS, Vol. 31, No. 3, June, 2013



yA7) 2desel e A4 7aot e w143 A <4

- A3l A gl vA= dF 35

Fig. 4 HAZ microstructures and SIMS boron
images in samples simulated at 1180T :
(a), (b) for the unserrated sample and
(c), (d) for the serrated sample

AstAt. 150~20070¢] 2HAE ez F AlH
o] Jdztd AFYA ®)E&S ALk A3 unserrated
AHE ok 94%, serrated AL ¢k T7%ES AR5

ATt
9zl é@a‘ﬁﬂOﬂ tete] SIMS £43 23 Fig.
4(b)st 4(d)ellX Hzo], g} o] F o= Hgo

ot @

73] Z}v’—?é}g & & St} g, AR EE A
PAZE BN FElEgiT)

AAl MZSCG golEe Al GAate]E Bt
&l HE solvus 291 935T ©]/3] %E"ﬂ/‘ilr:—
3R] &a, 71X ek Wkl ofs) x3] HFE 3
Boke A dsinkgo]l Y £ Qrh ey
Oweczarski? ol <8, NbCS 2] MpsCs B8hEL
ol ex ofefolA] ANl O3] AuE HHo] &
AP ez, &5 Bt £7 432 DA 7hsAol
slabsitka gtk ®e, 2 AFeNmE T OAlE BT
dstd 2FHANE Co, Cr, Mo, P, S 5 34 &
Ho] B gom 1 T dE Fig. 5ol UeERIS)
o} webA, olfd AFEFE Alloy 263 #=9 &
74EA] WA sk AR HA A3k-go] FUQle HES
AMow Atk & + JUrk(Fig. 6 F2).

g AGHAZE F71EA A5t Adde] gk of
fre 2ddo=m 2Adg YAl divlste] A=}
23] w7] wEolth(3.24 #=x). o2 <lsle] 3.3
Ao Aol BE HA Aol il 3]
7F aypH oz odalEh, w3 vl AFHA AR
oA A7t zlgElo] HFDFo] BPHT e,

A (wettability) o] A2 zol7t e &3E ¥3}3 ‘H?}

nlo e

REwpiss: - HAaBess M3146 H39%, 20134 6/

Thgm ) PR i EL

Fig. 5 TEM/EDS images for liquated straight GB
in unserrated sample simulated at 1180C

100

EE Liquated
71 B segregated—before simulation
Bl B segregated—after simulation

100~150 GBs examined
Simulated at T, 1180C

80

60

40

GB fraction (%)

20

serrated

Solutionized Unserrated

Solutionized and aged

Fig. 6 Correlation of boron enrichment at GB
with liquation behavior

Smith?Vell <& A|ot=
s} o] Uehd 4 9l

ARRA A4 BAAL ol

ng: 2’751 cost (2)

o71M, O= ZHAZ = (wetting angle), yot 23 H
A AHAURA], ye 27393 AR A|o|tt, T A
Ao pA-AA AvduUAL Edsing Ax A7}
T2 Z2Fste AL AFHA AFdUA ot} YA Al
Holl\#|7} ES45 x—*/x‘:]Z} = 7kt igo]l Al
A shdEtE AR HE7L AHeRER, 1
He e = EAlsH %T/} Fig. 4(c)).

=

203



o . = [ = o >
36 S - AEg WA - 87T - A5 - AU - A5 - 298
50 (a) ) (b)
~ 4l Simulated HAZ Flat GB Serrated GB
g .
s 40F »
Q 35 i : L) >/\<
8
< 30 f
= o5} ® :Unserrated ® (c) Faster (d) Slower
2 B serrated ] Motion Motion
5 20 e .
,E 15} R
ot L L
5 10 -
N5 e -
< 0 D,=127m(U) L >
T OF p=100m(s i
5L
10

1120 1140 1160 1180 1200 1220 1240 1260
Peak temperature (T,)

Fig. 7 Comparison of grain coarsening in HAZ
between unserrated and serrated samples

Fig. 7& A& GArlolF ez e HAZ 2%
d 23} A%S vwg a1golt},

38 ARPAZF HAZ 2FE 2UsE g38es
AA S eldd &= g} dutro g FE4aAje] A%
A B2 &= 2FH F &5 1H2A917] 9
I ol sttt @de] 5o i 237 dAE=

QA o] F=(mobility) 9+ Al olES 93 753
ozt oln, A o]BL g FEH(AG)S
TES 2re 4Alel o8 A =Rk 71918, 4
G = 2yVi/r 2o] FolHt} 7M. y= dAle A
A=A, 1= QAo FERolth A7 A oshd,
g AFEAE AUz 7} e Bak olzl &
weko] A aj Fejo|mE 3 £ weko 7 o] Fsle

ols
[
e

=2
o

;

R

Tl ANE dA wiel & Aom <SdEn
=, Fig. 8(b)ol Bl 34 AAA 45 7R
g AIUE A7he FEU0] Aol 27] o] FstH
T 7EE2 58 FE oy, ofkde AauESS
Mg olglge] witfelmz, HAHow AHUAF
¢ & Wgor olFshs 7EEe "old Aot A
ot 9A ole=E nedt, dAEETt B2 A
A WER 7H9E IF AFHEA aFA &L
open 722 TAHE AAE AHYHARY o]F=rt 2
Al o Aoleh, Al ole=2 dARE TtEA=E

Fig. 8 Comparison of GB migration rate : (a), (b)
for the flat GB with more open structure
and (c¢), (d) for serrated GB constituting
close-packed planes

o §44 &£=7F dux, o|2 3] A HAL HA
o5& =yt = Aot}

1L W E A FFH R Hrlshs gRky
Ql HHHQI Gleeble 1124 Ald< Faatsitt & 4
g neudel tigh A 834 FAlolF B9 <
T &5 S8 A & FEsttel 9EH, o]
AL 1 Aoz FJrigd e /e dA=
gt Table 39 2% #'0< At 84S
dHFslels T8 e v 2k J7KEA dA
Bt A graske g, o] W Aol AleAlE Al
259l NDT(nil ductility temperature), Z=7} A
3 glojA7] AFE= &x9 NST(nil strength

temperature), ®7F8 § W@7he] g upz} A/do]
] FEEE 2 we] 225 DRT(ductility
recovery temperature), 57F8A] Aol AF gle
2= 7K1 ZDTR(zero ductility temperature range),
w7 WA Aol IR He 2= 3K
LTR(liquation temperature range). <I71x, &7}
Al Yepks ZDTR# W4A] Yehde LTR 490l
Ae & A4l zerool7] Wz, o FrA A
dghtde] WAty st wEd, ZDTR
LTR @90l F&55 8342 ot & & =

2Uth. Table 3¢ EXo], A serration =l <

T
e o

N

Table 3 Comparison of Gleeble hot ductility test results between unserrated and serrated samplesm)

Sample NDT(T) NST(C) DRT(C) Tp(T) ZDTR(C) LTR(TC) TL(TC)
Unserrated 1255 1311 1250 1280 105 61 1360
Serrated 1270 1304 1255 1280 90 49 1360
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