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Abstract

The mixing ratio effect of the GTD-111(base metal) powder and the GNI-3 (Ni-14Cr-9.5C0-3.5A1-2.5B) powder on
TLP(Transient Liquid Phase) bonding phenomena and mechanism was investigated.

At the mixing ratio of the base metal powder under 50wt%, the base metal powders fully melted at the initial time
and a large amount of the base metal near the bonded interlayer was dissolved by liquid inter metal. Liquid insert
metal was eliminated by isothermal solidification which was controlled by the diffusion of B into the base metal. The
solid phases in the bonded interlayer grew epitaxially from the base metal near the bonded interlayer inward the insert
metal during the isothermal solidification. The number of grain boundaries formed at the bonded interlayer
corresponded with those of base metal. At the mixing ratio above 60wt%, the base metal powder melted only at the
surface of the powder and the amount of the base metal dissolution was also less at the initial time. Nuclear of solids
formed not only from the base metal near the bonded interlayer but also from the remained base metal powder in the
bonded interlayer. Finally, the polycrystal in the bonded interlayer was formed when the isothermal solidification
finished. When the isothermal solidification was finished, the contents of the elements in the boned interlayer were
approximately equal to those of the base metal. Cr-W borides and Cr-W-Ta-Ti borides formed in the base metal near
the bonded interlayer. And these borides decreased with the increasing of holding time.

* Corresponding author : chye@sermatech.com (Received November 7, 2005)

Key Words : Transient liquid phase bonding, Directionally solidified Ni base superalloy, GTD-111, Epitaxial growth,
Powder, Microstructure, Isothermal solidification

2 FE 12 IYTA7INM Agsng, a9z n
LA E ey -°ﬂ % vl FY PEAd Fol @gow
sesle 497 B, 9ie® 39 71 293 87

HZ 7hEE A REQ B (Bucket) S DF BA) Ao)N Bl Agslele 240 o
F3-al 82 A% Ni7) 2Uggdees F2 A2y guere Ty FFL LATE B4Ao] o 2 mu
gom, Fhde G.EAM ALd d¥FenTE  ohe Bd) £y%o gAY 98 BT} &
GTD-111 #2el 7b¢ ol Agsln i, vzl Ago] AR 24wr} ARz, B47jeais &

oo

(O i

REEREGRE 2348 H6%, 20054 128 595



100

dB5 - ol8T - Y - 20N - R E

|84 H} HoldAde (TLPB: Transient Liquid
Phase Bonding)ol 7} A#d F¥Hoz HZ=En
Jeh. ey, B dAelA Apgstmal dhe 4Ee
I Ni7zl 2ggEe Hol|dAg kgt #g A5
7Y o} cuy

Kangs<& GTD-111 35S W24 (Narrow gap)
oz TLPHER A%, o N7l 2lEdsdes 2
2, 2A9Y vlAzAo] Bekysly] wid, FE2xd
b 2o 8§ 4 9 AAEr) dage
2L Bastn Yo’

4, Ni7] 2EFae] tol=7(Wide gap) TLP
Aol i A7 2= i Job? 58 GTD-
111836 g d7e A9 gleh ZARLE Ade
& B3 E3si] Holdgghat Mo ALgE A4

AR & e Aoz Ardsit

£ A7oE GTD-111339) Sel=4(200m) 2
MR, ARTAT FAHAY AL 9HA
202 ool A U3 Nl ARESE ERE
HAFEE ASE AS, BARRY £ 3
Z0| 2 YR nHMzA wE AAdem =
Avste] 4G BYH 7178 AR A BHOZ 5

2 AtEME 3 Al

Table 1& ZAlg AAFEY 3324 S A A
ojt}y, AJHE ZlAEYl wAleR AgHT e N7l
29 F2EIFR OTD-1119 1%mm x 300mmE
AzE 92ME AT AdEEe 15mar]e]
GTD-1113} GNI-3 E3E¢E A&t E3h|d)
g 7)|ZE GNXXE AHslRen, XX& GTD-111
Bao] H7laS Jehdt) o2 Sof AWsid, GN402
OTD-111 40wt%ol GNI-3 60wt% S £33 o]
o AEE ERETL uRIHE A3l #HIE §)
R, HAsE A2A Bo| k=] it

Fig. 1& A8 THAEHY BAEE Jehdth

Table 1 Chemical compositions of base metal and
insert metal powder

Element (wt%)

Cr| Ta| B| Coj Al| Ti|Mo| Ta] W| Ni
Base metal
(GTD-111) 1472.8 9.513.014.91 1.5 2.8) 3.8| Bal
Insert metal _ I R
(GNI-3) 14 2.519.5|3.5 Bal
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Fig. 1 Schematic illustration of bonding specimen

U A7l AlEE 10mmE Ak, G <
3 A A4S WA Fsk AFFHEE 200
mel} Arkek ¥, olEoZ xga AFa] JF
AgHoz AT A3 & ZAE 23w
U-StEs 2Fa, 2A Alelde Az AUYsES
=xsle] A3t HEHEL 200me] ModS A}
&3] 7H4& R8I

Fig. 2 A% FAelES verd a”ojy. "L
GTD1119 HgAz 2= &8t 2%(1463K)
A AT F3Re A3AA R AldH S ARIE 5
13.3mPa9 AFEH7] Tl FELE 1463K7HA
2 10CZ 718 o, A & wzhe 24 3kt

nAzA #AZE 93 A2 Marble(CuCl2 12g+
HCl 10ml+alcohol 10ml) &Aoo 2 3i8tel3] slH o
o, AN 2 HEEME SEM, EPMAR 3t
ATE Ul A B HEE Tl $lelo, 3
AR 4 (EBSD : Electron Back-Scattered
Diffraction) & AH&3td 239y #AE 7380
EBSDE SEMoIA Aplah uztg o)fw, o=
AgEle 717A(Kikuchi) 3AEgE o2 AUl E
z3shs doltt?. 2gstux sk AP Tz
AL & F 24 fX6A Aozl EBSDE AHF
HZ i3ty tgshe 2%¥WS vl (Mapping) 3t
ANAHoz HAE 4 Utk EBSDOAN 2 A3
2L 23498 JehlAl 84 olg B =Ae A
99 AW 9A AFE FASIATH

4 Bonding temp
S1473f
~ 1463K
£1irsf
5 1173
= Coolir.g
q&s | in
a 873 vacuum
g
(7}
= 573 -

Holding time (ks)

Fig. 2 Transient liquid phase diffusion bonding
heating cycle
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Table 2 Solidus and liquidus of the mixed powder

FE ol

GN40 GN50 GN60 GN70
Solidus(K) | 1349.4 | 1359.5 | 1360.4 | 1361.2
Ligidus(K)| 1431.9 | 1442.0 | 1450.2 | 1458.3

Fig. 3 Change of microstructures with the increasing
of holding time at 1463K (GN50)
(a) 0.9ks (b) 36ks (¢) 72ks
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Fig. 4 SEM microstructures of the [J position on
the Fig. 3 (a)
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Fig. 5 Change of microstructures with the increasing
of holding time at 1463K (GN70)
(a) 0.9ks (b) 36ks (c) 72ks

Fig. 6 SEM microstructure of the [ position on
the Fig. 5 (a)
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Fig. 7 Change of eutectic width with the increasing
holding time at 1463K (GN50)
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