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Metallurgical Study of Microconstituents
in Transient Liquid Phase Bonded Joints of Ni Base Superalloy
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* Research Institute, Hyundai MOBIS Co., Yongin 449-910, Korea

Abstract

The metallurgical study of microconstituents in transient liquid phase bonded joints of Ni-base single
crystal superalloys, CMSX-2 and CMSX-4 was investigated employing MBF-80 insert metal. TLP
bonding of specimens was carried out at 1.373~1,523K for 0--19.6ks in vacuum. Three types of
microconstituents needle-like constituent, dot-like constituent and abnormal shape constituent were
formed in the bonded interlayer during TLP bonding operation. All these microconstituents were
identified as boride Microconstituents contain a large percentage of Cr in the early stage of bonding. As
increasing the holding time, the amount of Cr was decreased and the amount of W, Co and Re were
increased. From the analysis results of electron diffraction pattern by TEM. composition of elements in
microconstituents were turned into MB--M-B~>M.B type with the increased in holding time. It can be
explained by the fact that the relative amount of boron in microconstituents was decreased when the
holding time was increased.
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Table 1 Chemical compositions of materials used
{mass%)

Materials Ni B Cr Co Mo W Ti Al Ta Re Hf

Base [CMSX-2| Bal. ~ 8.0 46 06 8.0 1.0 56 60 - -

Insert]
! —80 = _ _ _ _ _ _ _ _
motal MBE 80} Bal. 3715.6

metallomsk-4| Bal. - 65 90 0.6 6.0 1.0 56 65 3.0 0.1
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Table 2 Results of identification of microconstituents
in bonded interlayer for CMSX-2 joints

T f Error(%)
ygeo No.| Substance |[MxBy Crystal -
constituent system a 0
CrB(9) Orthorhombic| 1.5 4.0
Cr,WB; Orthorhombic| 3.3 3.5
Cr,WB, MB Orthorhombic| 2.8 3.6
CrsW,B- Orthorhombic| 3.8 | 3.3
Cr,WBs ! Orthorhombic| 2.51 3.6
1 CrsWBi, Orthorhombic| 1.9 3.9
W.B Tetragonal |2.93.9

Al ’ '47 . . .
Needle-like Cr.B-2 M:B |Orthorhombic| 2.811.1
constituent Cr,WB: Tetragonal | 3.4|1.9
CrisWs.By | MaBs Tetragonal 3.3(120
W.B (Tetr'agonal 12.6/0.9
CrwB Tetragonal | 2.0 0.9
. CryWB. | MiB | Tetragonal | 3.7!1.1
- Cr,W.B, Tetragonal { 2.9 1.1
CrsW,Bs ‘ Tetragonal | 2.4]0.9

i !l Cr»W..B, \MBBK Tetragonal
[ [ CrWB. Orthorhombic{ 2.4 | 4.0
Cr.WB; | MB |Orthorhombic| 3.4 [ 4.0
Cr,WB, | Orthorhombic | 4.0 | 4.0
Tetragonal | 2.8 | 1.8
Dot-like 1 Tetragonal | 3.8 (1.7
constituent Tetragonal | 4.0 1.7
Cr:B, Tetragonal | 3.8 1.6
CrB2 | MiB: | Tetragonal | 2.9 1.1
L Cr:sW,.B; Tetragonal | 1.572.2

4.0 | 0.0
3.1125

CrisW,.B, Tetragonal

WB(8) | MB | Tetragonal

‘. W.B Tetragonal [ 3412

CrwB Tetragonal | 2.7 | 1.2

Cr:WB, Tetragonal | 1.0]2.5

CryW.B; | MuB | Tetragonal | 3.2 1.2

Constituent| 4 CrsW,B; Tetragonal | 2.9 1.2
in bonded CrsW.Bs Tetragonal | 3.6 1.2
interlayer Cr,WB; Tetragonal | 3.9]1.2
Cr:B, Tetragonal | 2.0 1.2

Cr.B.2 M:B: | Tetragonal | 1.8 1.2

J Cri .W,.B; J | Tetragonal | 2.8 1 3.9

L 24{ Cri:W, BB-%MﬁB% Tetragonal 2.5J£).4
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Table 3 Results of identification of microconstituents o | }‘7’"‘4’“)]"2//""1"""’8‘)}
in bonded interlayer for CMSX-4 joints oo Needle like constivuent j
T f _ “ryvstal XError(%) )
yp.eo No.| Substance |MxBy Crystal | 2o o))
constituent i system d| ¢
CrB-2 Orthorhombic| 2.3 | 1.1 §
WB MB | Orthorhombic 3.0139 é 8 L Dot-like constituent ]
Cr.WB, Orthorhombic| 1.8 1.4 S 4L
Cr.WB, Tetragonal | 1.4 1.2 £ af
1! W.B, . Tetragonal | 2.8|05 °  2F
M.B . 2 [ | I L [
Cr:W,B; Tetragonal | 1.810.1 =]
CoWRB Orthorhombic| 1.01 2.1 2 sl Constituent in bonded interlaver
Dot-like Cr W..B. | MiB, | Tetragonal | 1.210.9 o
stitue [~ . 4r
constituent CoW.B. | M:B. [Orthorhombic| 0.7 | 1.5 b
CrWB, Orthorhombic| 2.3| 1.6 of ;
CoWB | M:B |Orthorhombici 0.9 | 1.4 B MB ] MB
CroWh. Tetragonal | 1.311.9 Type of microconstituents
2T - ﬂ Fig. 8 Frequency of micoconstituents type
Cr..W,.B, | M:B, ‘ragona 3.210.5 ey s s
- : | Tetragonal | 3.2 0.5] for CMSX-2 joint
/,Bi- M.B; xag
W,.B:-2 2 Hexagonal | 2.9 1.8 P
CrB; MB. | Hexagonal | 2.4|2.5 10 T T T
CI';\/VB. Orthorhombic | 2.9 | 2.7 | Dot-like constituent
CrWB, \ MB Orthorhombic | 2.8 | 2.2
Cr,WB. | Orthorhombic | 3.2 1.3 "
Cr.WBy, Orthorhombic | 2.6 | 1.2 g
! CrWB Tetragonal | 0.4 0.8 2
fwl
\ CrW.B. | M:B | Tetragonal [ 1.011.4 g
Constituent CoWB Orthorhombic | 1.9 | 1.4 E Constituent in bonded interlayer
| , I i 3 L i
in bonded | CrisW.uB, | M:By | Tetragonal | 1.5 |12 g 8
. £
interlayer CrB, Orthorhombic| 2.1 0.8 £
, MB, z
WB, Hexagonal | 2.8|1.4|
| CtB®) |\ Orthorhombic | 2.5 | 0.7
CoWB Orthorhombic | 3.6 [ 1.3
5 CroW,.B. Tetragonal | 1.0 1.8
Cr;B, M:B: | Tetragonal | 1.6|2.6 MB | M B M.B,| M.B
Cr:By-2 - Tetragonal | 3.510.8 Type of microconstituents
’ - Fig. 9 Frequency of micoconstituents type
CoW,.B M.B: ic| 2. 5 . \ L
’ o ] Orthorhombic| 2.1 | 0.6 for CMSX-4 joint
2 % MBE, M:B,¥ ¥ M.B39 3%7/9 X470l . M:BE % M:B:39 3F#9 B3Eo] A9
EAEAG. @A, CMSX-4 H#He Al MF ,o,ur, 1 FME M,BEQ ¥Ao| 2EHOZ ol
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