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Dissolution Phenomenon of the Base Metal during TLP Bonding Using the Modified
Base Metal Powder and Ni Base Filler Metal Powder
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Abstract

The dissolution phenomenon of the solid phase powder and base metal by liquid phase insert metal
during Transient Liquid Phase bonding using the mixed powder composed of the modified GTD111(base
metal) powder and the GNi3 (Ni-14Cr-9.5C0-3.5A1-2.5B) powder was investigated. In case of the mixed
powder contains modified GTD111 powder 50wt%, all of the powder was melted by liquid phase at
1423K. At the temperature between solidus and liquidus of GNi3, liquid phase penetrated into the
boundary of the modified GTD111 powder and solid particle separated from powder was melted easily
because area of reaction was increased. With increasing mixing ratio of the modified GTDI111, it needed
the higher temperature to melt all of the modified GTDI111 powder. During Transient Liquid Phase
bonding using the mixed powder composed of the modified GTD111 50wt% and GNi3 50wt% as insert
metal, width of the bonded interlayer was increased with increasing bonding temperature by reaction of the
base metal and liquid phase in insert metal. Dissolution of the base metal and modified powder by liquid
phase progressed all together and after all of the powder was melted nearly, the dissolution of the base
metal occurred quickly.
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o= (Wide gap) TLPRZI that 47 Ze 2%
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2. AEAME H A

2Ae 7t2EE Wzleg AMRET e Nzl &
g3 239 GTD111E 150 x 300mmE ke
IAZ AAE ARSI ARlESE BEAET
GTD111& 33 ¥ (modified GTD111, o|F%
B MGTDE #H¥3H# Nirl Bgeold a4
GNi3 #4g TFsrd ARz, 3ol wet
MCNXXZ =993l XX& MOTD 829 A7
(%)& Jehdt}. d& S MGTD % 60wt%<t
GNi3 % 40wt%s 33 4dE45L MGN6OL
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Table 1 Chemical composition of base metal and
insert brazing powder

alloy Element (wt%)
symbol | Cr | C | B |Co| Al | Ti |Mo|Ta| W | Ni

GTD
11

GNI-3

14101(001195|32|49|15]28 38 |Bd.

4| - |250(96|356| - | - | - | - |Bd.

EFELS Yo 4Ry TR E A =rRe ¥
of WHAIZl & =7 UFe] E9rl9 25E CA¥
ANE B3 ESFsiAA 3T F=28 F3 13.3
mPa® FFES7] FoM 7HEsith MELE 9
20KZ 3P3len F Al Ar 7k2E B3 FHINA
3 A Al B 10KE WEe.

A& A¥e GTD111 I¥ekeudES 300um
AREE o83l AW £ WFoE E
(slit) & o] ZolE 2mm= D53 3GAL] A

& o] g3ld? gt wiltel £ BETe
£ UFo] F2381 B2 719 A9 npzkA 9] dhH e
2 718t A3 13.3mPad] AFESY] Sl
B 20K9 &£=2 7183 3 B9 10Ky §=2 ¥
351t

23 #ZE A £ wE(CuCl2 12g+HCI
10ml+alcohol 10ml)&do 22 Alzjon, nldz
Z) #F 9 JEEA e OM, SEM, EPMAE 33t}

AlE 7E=I_',1_|. al jpxk

w
i

3.1 YAHIQIZHO| oF MGTD 2o 83

Ni7l 2#old AdaE< GNidst A EAEZ
(MGTD)d] E3Ego] 2= 7185 e AN
o] A3 AQlE&d] 9% MGTD &2 £8d4E
Tiotsly] 9Jdted, B2 ERHe E2EE W3
A ANRE Azxstn @R 2T e WSS AL
3] Hgith

A Byoly 2xE AFs] $13ld, GNi3 A
& B §HES AAIFEAV|(DSC)E S
B3t} Fig. 1€ GNi3 %€ 1673KZ 71839 =
3 ¥, 10K/minZ Y73t A y424dS Jehd
Aolt}, o] AIERE, GNi3el §4He 1403KY A
< ¢ F Ut

GEN A9S ZAZ, MGTD 22 50wt%< GNi3
50wt%<] MGN50 &S L4Fry Tyhde ¢
o] 20K/min®] +&5=E AYE% §3<2U 1403K
o] 5K 149l Huex g 71¥9% ¥ ¥lE 10K/min
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Fig. 1 DSC analysis cooling curve of GNI-3 bulk

Fig. 2 Microstructures of MGNBH0 specimens solidified

to cooling speed of 10K/min at 1413K(a),
1418K(b), and 1423K(c), respectively
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9] £x3 YZAA AHE ARdn, duzezy
B uheAAAS zAbel BT Fig. 28 MGN50S
1413K, 1418K € 1423Ke %2 7}d3le] e
AlAY G927 AKeltt, @ 1403KelA AZF A
< GNi37} ¢43] &85A ol 23 #F AlHoE
TE T SUTh 1413Ke AL A3 g 2=
Tl ey, 1418Ke AL "RE Fx3H
(dendrite) & olx, FZ FFo BAIZ A FGol|A
gk dde 2 Hof gler, 1423KeME A ggo]
233 Aoz T Ut

A7l Gz B FAH 23 FEE )
dezolr doleS vt & 1423KeA =
Y AHEE(GNI3) ol A& 149 2AET MGTD
7t ¢H8] G3lE Atk Ae ovigit

BEAEEe] E3uo) mE LS PolRr] A3t
o, EAEE 60wt% 7T0wt%E £33+ MGN60FH
MGN70°] disld H7lE =5 ®SAA AlRS
Az ¥ gEzze #AY 2348 44 Fig. 3%
Fig. 4] Jehidct. MGN60S 7%, 1423KlA &
WEE e 2R o] glovt, e AR A
Foute] AP 2AOZ ol Qlu, 1428K9] A
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Fig. 3 Microstructures of MGNGO specimens solidified
to cooling speed of 10K/min at 1423K(a),
1428K(b), and 1433K(c), respectively
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Fig. 4 l\/ﬁcroétructu;es of MGN'YO—_specimens solidified
to cooling speed of 10K/min at 1433K(a),
1443K(b), and 1448K(c), respectively

< E3=zAol9, 1433K9 RL
2oz 7459 girh. I MGN709 A
do] FAYH 2L o|F= 2=7) 1448K
4 et

Fig. 5 MGTDEZS 77 50wt%, 60wt%t
T0wt% 2 3 GNi3 £93 Eg3 MGN5O0,
MGN60 ¥ MGN70 EgEdE &3] &84171 ¥
2 AEE DSCE A3 Jz434E vehd Aotk
oA 2RE ARIFEe R AL MGN5S0, MGN60
2 MGN70 &322 §4& 47 1417K, 1426K
2 1441KYE ¢ o} Fig. 6& MGTD £¢ 3
ol wE FAHE FAPY 2AE HE 2k, F
MGTD £%o] 44 454, GNi3eh whgslo] &4
3 gaise 2xe 3 §HE vlad Aot
oA ZRE W} AFUFE, GNi3el ) ZAjEwo]
HA3] LalEE 2xE E@H nE zZtzt daxe

[

off

18

o
rlo

3

o

o X,

12 of oX

uS

Journal of KWJS, Vol. 25, No. 3, June, 2007



A 249 BALT NI AES SRS AT Hol B84 3% Al 29 sHY 67

(a) Cooling
(10K/min)

Heat (cal)

(b)

Heat(cal)

(c)

v
1358 1441
s -
H .
I I 1 I I
1200 1250 1300 1350 1400 1450 1500

Temperature (K)

Fig. 5 DSC analysis cooling curve of MGN50(a),
MGNG60(b) and MGN70(c) bulk, respec-
tively
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Fig. 6 Full dissolution temperature of MGTD powder
and melting point of bulk with mixing
ratio of MGTD powder
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Fig. 7 Optical microstructures of specimen quenched
by Ar gas with various heating tem-
peratures

L5981 1423K7HRA 71g8tn, 24 Ar 7k22 F9A)
A 24z} Al HE Az, 7 A|HY] dHRA 02 HE
HREEAAE ARSI BSkth 1 AHE Fig. 7o et
drk, & 1323K ©3t2 71gsled Alz2% A|HLS GNi3
7 A9 &€HA Yol AT TE F71 I
o 719 L% 1363KE AAR 3l o] ojate] L&
Me MGTD EAEZol dd ¥4 FI& fA%
A Faslo], o] o]ide] 2xdME HE A Ba"
A3 A2o] Y AR AARE Aoz FAH
= Aog vt}

Fig. 82 1353K(Fig. 7 (c))olA 0% EAE 9
deo] B¢ SEM 233 EPMA #423& Jehdrt
oJFACZRE BT o g0z AZFE o] EA)
&, o] 42 B Ti9 =t w3 1 dgow B
of, 1353KellA Hdele Aoz Aztgn} olzgh
FFo2RE Hu2E=E JIEEE B I YIS
(GNi3)Z MGTD ZAlEwo] ukesln, E3] YA &
< FALG ZAA bt Bdo] AT HFoe A

289



68

2
o
ol
o3
o
Ho

Fig. 8 SEM structures and EPMA element mapping
in area denoted as O in Fig. 7(c)
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Fig. 9 Change of the joint width with bonding
temperatures

Fig. 10 Change of microstructures of bonded zone
near bonded interface with bonding temperature

Flg 11 SEM structures of area denoted as Ala),
B(b) and C(c) in Fig. 10, respectively

S HEsl #asked ®Bglth Fig. 102 Fig, 99
Oz FAg 999 B3dv|3 xZo|x, Fig. 11&
Fig. 109 (02 A8 49 42 &gt SEM A
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B, BE 24 234, A4EH 3HRAE),
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Fig. 9914 1443K °©]3e &x2 71g3le Hg
AL BAe] whgFol 43 Friste Aol Sl
Aol uj¢ Fisted oft7x]zt faid d9UA
Ei3it). Fig. 12 1443K AE A4 2o 3
a7z 23 (a)# SEM 225 JERd 3lelt. (b))}
(o) 4z ¥ B+ 99 A9 954 vEhiE
B 999 SEMZZelx, (d), (e) 2 (D& Z4Z 24
9] C49% (b)) DIY % ()9 Ed9S &=z
gk zAo|ty, X3 Fig. 139 Fig. 14+ #%
Fig. 129 (b)¢ (c) 23& EPMAZ AE¥EN3 2
Folt}, ¥HA Hole REeE e Al Ti, Nid &
7} BAED 3, v Cr von], a9 yAR
o ol mHElE AHEE 2 AL ¢ F Ut
H o]FA Hol 49 dA] Al Ti, Ni9l 5%
7 BAEG ¥ Cr& vorn, yv FF4e

cg A

+

2,

R ol

e

_12‘_',

=
3

p

2

Ir
r [
olo
ol

=N
(i

p

2

’

2 745 gt Y-y 38730l EA
ke A2 HIEEZoA o] FEo] delUSE 9
ujgict, wetAd A9 B2 BAIE HEF-9] 40| A
B2 BF HI2ToME 949l Ao AlgHY,
AL AN AlEEe 2 =AZl 3= WE
3 Rez et

ool ANZHE HF Al AdFEH 3 L84
29 S ojulx] BA Tz g oL T3 B
gk AA AEFe] WAR(A)AAN 27 HIEFE WA
(A)E AT 5 SAHAJQL)E o] HFLHE
(Wyp) S 735} Fig. 158 A¥LLd wa =2
o] BHFENES Uehdol, 1433KolMRE 247 &
d=e o] FAM ke AL & + e o
5 A o2 2o} 1433Ke 2E7AE &
=R k& MGTDEZo] ®o] EAdtn, wad o
F AIESd o7 2] &8)71 Al Adgol =

=
olo
ol

i

REEER- A H25% H3%, 20074 6A

Base metal

Fig. 12 Optical microstructure of bonded interface
of joint made at 1443K(a), SEM structure
of area denoted as A(b), B(c), C(d), D(e) and
E(f) in (a), respectively
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e HEY 23 o5 22 F3E A
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Fig. 13 EPMA element mapping in area denoted
as A in Fig. 12(a)

Fig. 14 EPMA element mapping in area denoted
as B in Fig. 12(a)
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Fig. 15 Effect of the bonding temperature on mean
dissolution width of the base metal
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