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Abstract In this work, the conventional transient liquid phase(TLP) bonding was modified. An attempt was
made of using a liquid phase sintered alloy, which will be a liquid phase coexisting with a solid phase at the bond-
ing temperature, as an interlayer for bonding metals. With an aim of revealing the fundamental features of this
modified TLP bonding, the kinetics concerned with the growth of solid particles and the isothermal solidification
process in Fe-1.16wt%B and Fe-4.5wt%P interlayers for the bonding pure iron, as well as the morphological

change of the solid particle, were investigated.

Keywords : Bonding, Transient Liquid phase Bonding, Liquid phase Sintered Insert Metal

LM 8

o) B A 3P (transient liquid phase bonding)
Zde] AP (solid state diffusion bonding)
3} B o)A (brazing)®] TS =3AF A3
2, ARiAel Z3d B, P Si ¥ ALY
°3‘-5J°ﬂ o] M F A H 22 Yife] 1%’“5‘

¥, H3remollM Tl e} AAfe] F2-E

AL o83 A elY HE Yol A
=7} ool AR BlE] A ZEE olE
»ak opjel A Ert dagiy, e Aol
A ERE 4 sl AR F47 3jkEe] AA
A kol BAle} 9] L ﬂi"’] A, 38,
7144 AAE 2 RS 39S 5 UE oA
9}‘4.”

Aol BT 7lde TighEe ATl

258

A2 F2 Nl 2o Al ol e
Nd-& o83t H3bol Jidse] HT 3 £
& FAeZ V|xgrs) S8dt &
b AgEe] ghom] A|Eqlzle] Efuldl(turbine
vane) 59 A|xo] $E£HI Y FHME
199019 o] F Ni7| Zidghge] Mol gl %
g geFgt d7Ee] w3E .

b Tt Ni7) 2 QEgEol oid, A7A8E =
3t et Ame] Heo|AAA I gt A7+ &
7 gkom, dx) AMET Qle AMEES AlgEhe
NiZ|8|A A%<l Ni-B, Ni-Cr-B, Ni-PA7} F7-E
o] 31 gle] Eaje] FAje] *J%I a5 249 A&
735 BAlell A3k AHMH-E 47] AsiMe e
ol Al A T8, ﬂﬁi} dAlg)7} dgshct
B} Qld ojeigt a2olre] A AxEle
A9 dstele EAld ol sle], FTels DA IhY




RALAAIANE o83 Holdabxdhol A3 dF 259

ol Aol 7Fs’t ARIA 7pte] 8 ATEAlZ o
T3 gle}40

od5at whe} o] UnbHel Hold A ol A2
AEEE AT EdA 428 Aoz EA3)
. ARt vk A3ReEolA st dade] opd
YA T o] FEI= Y AUITEE AN
b, H7M el BAjel 2 52-8TEAS
2o Bk opz), A EAE e A4S Ha
318 o Qle], TS IHANAN 8= A7RS
A1 = Qg Aolg AAZE o] dFEHe
oletd AlSWe] AR T3 S 2%
AT olio] A AlzF E3 wEHs
L b N R

o[gfgl AMlE THE E dT-lME &5 Fedl
EA@HNE ez, A At
el $E3hs Fe-P ¥ Fe-BAl AALAARIANE Al
43l HIe A =3l ojde] F2-ga 9]
Kineticse} A3 TARRIALe] A%<l disle] =
ALstsd et

2. AEYY

EAEE Q7FER £3(99.98%)8 AM-EIe]L
o, ARIZ ARE AAAAA A2 s FEY
%7} 44 umgl carbonyl H¥(99.9%)7 44 um |8}
2] ferro-boron(Fe : bal., B:184wt%)¥2 9l Fe,P
(99.5% )yt 22 HEg2=elN oF 70%2] A HI)E
£& Zt=% Fe-1.16Wt%B, Fe-4.5wt%P2] Ao 2

7kz} ERjksle] ARl

TEe] E32 7 2o 9= dayes &
g F ez Ee] Wi, kel disl 0.7wi%
o} Zn 2H[o}IANE AHUlste] 12417 B9t ball
milling &}s{ct. Y3 E3RE 98] 2uldHA 28
balld ARg3I3lem ko] Fafol o) 1/50) H=
= 3o

o]FA FRR FEE 7o) 9mme] AHET)
F943 F 2ton/em?) 422 60 sec St 7IjYE}
o st

WFLZAAIA AZE A 22 FHMYRE
ARl H, 7k E9i7)6A zgEgon wiA
350°Coll A 1800s Eat FRI3le] Zn ZEjolRARL
burn-out A%l ¥, Fe-BAY] 7%= 1250°C, Fe-PA|
o] A% 1200°C7HA] 20°C/min®] &2 42471
o2, AL TolA 3600 sec EF FAIBET =4
A A274E dB3iYh a9 12 AL AR
£2] oM 22]L BedFT 910w, Fe-1.16wt%B 2
Fe-4.5wt%P 4ZAE 27 62%9) 67%2] 4F 3
385 7 2L Q)

=8 IR AF EE A% BRS¢
8, Fe-BAl9} Fe-PA Z7te] Hirewolr S50
7 AEEE 24 &, Aelx A H32AQ Fe-
3.17wt%B, Fe-7.75wt%P bulkE oM g3t 24
AINE Az Y8 BUe) Y% Baks Apgs)
of Azslgct. o) FulE Ruhg 258 Erhe)
UL Fe-B, Fe-P 2 Alol} tiated 4244 A
Zo} FUg U, TUT =M LA o

(@

(b)

Fig. 1. Microstructure of the liquid phase sintetred alloys which are used for interlayer material (sintering time: 3600 s). (a)
Fe-1.16wt%B sintered at 1250°C, (b) Fe-4.5wt%P sintered at 1200°C.
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Fig. 2. Microstructure of the interlayer during TLP bonding of pure iron. The interlayer alloys and the bonding tem-
peratures are (a, b, ¢) Fe-1.16wt%B, 1250°C and (d, e, f) Fe-4.5wt%P, 1200°C.
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Fig. 3. Relationship between the travel distance of the bond interface and the bonding time. The interlayer alloys are (a) Fe-

1.16wt%B, (b) Fe-4.5wt% P.
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Fig. 4. (a) Schematic illustration of solid particles regularly arrayed in such a way that the cubic unit (o + B) is repeated
throughout the interlayer. (b) Stepwise movement of the bond interface along the region A of (a)
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Fig. 5. Relationship between mean size of the solid particles in the interlayer and bonding time. The interlayer alloys are (a)
Fe-1.16wt%B, (b) Fe-4.5wt% P.
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Fig. 6. Growth of the solid particles in the interlayer where pure iron particles are allowed to coexist with the liquids of
equilibrium composition, which are (a, b) Fe-3.2wt %B at 1250°C and (c, d) Fe-7.8wt%P at 1200°C, (a, c) 600s, (b, d) 3600s.
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Fig. 8. Microstructure and line profiles of elements in bonded interlayer after homogenizing treatment. (a) bonded at
1250°C for 7200 s and then, (b) heat-treated at 1000°C for 5400 s, insert metal is Fe-1.16wt%B.
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Fig. 9. Microstructure and line profiles of elements in bonded interlayer after homogenizing treatment. (a) bonded at
1200°C for 10800 s and then, (b) heat-treated at 1000°C for 1440 s, insert metal is Fe-1.16wt%B.
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