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Abstract

Effect of alloy elements on joinability of insert metal for liquid phase diffusion bonding of heat
resistant alloys was investigated in this study. Also, optimum chemical composition of insert metal was
explained using interpolation method. The insert metals utilized was commercial Ni-base amorphous
foils and newly developed Ni-base filler metals with B, Si and Cr in this study. Melting point and
critical interlayer width{(CIW) decreased with increasing additional amount of B, Si and Cr. melting
point lowering element of the insert metal. Optimized chemical composition of insert metal could be
estimated by interpolation method. The optimum amount of B, Si, Cr addition into the insert metal
were found to be about 3%, 4% and 3%, respectively. The measured characteristic values, melting
point, microhardness in the bonded interlayer and CIW of the insert metals were the almost identical

to ones of the calculated results by interpolation method.
(Received June 14, 2000)
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Table 2 Nominal chemical compositions of newly
manufactured insert metal (mass%)

Mark B Si Cr Ni
AM 1 2.0 4.0 3.0 Bal.
AM 2 2.0 4.0 6.0 Bal.
AM 3 2.0 6.0 3.0 Bal.
AM 4 2.0 6.0 6.0 Bal.
AM 5 4.0 2.0 3.0 Bal.
AM 6 4.0 2.0 6.0 Bal.
AM 7 4.0 4.0 3.0 Bal.
AM 8 4.0 4.0 6.0 Bal.
AM 9 4.0 6.0 3.0 Bal.
AM 10 4.0 6.0 6.0 Bal.
AM 11 6.0 2.0 3.0 Bal.
AM 12 6.0 2.0 6.0 Bal.
AM 13 6.0 4.0 3.0 Bal.
AM 14 6.0 4.0 6.0 Bal.
% 98%°l%¢ Ni, Si, Cr €8%, Ni-B¥#&

(B:15mass%) < ArEH715NA arcgafisted HE
oz AZF F 8mme X50umtE 7}EEA AR
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Fig. 1 Dimension of insert metal used for bonding
of CIW specimen

Table 1 Chemical compositions of materials used (mass%)

Materials C Si Mn | Ni Cr | Mo ' Nb B P Fe
Base metal | KHR35CW | 0.45| 1.78| 0.4 | 35.0| 26.7| 0.42]| 0.64] 1.26| - - | Bal.
MBF-20 - 4.5 - Bal.| 7.0 - - - 3.2 - 3.0
MBF-30 - 4.5 - Bal. - - - - 3.2 - -
Insert metal| MBF-50 - 7.5 - Bal. | 19.0} - - - 1.5 - -
MBF-60 - - - Bal. - - - - - 11.0| -
MBF-80 - - - Bal. | 15.0| - - - 4.0 - -
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Fig. 3 SEM microstructures of bonded interlayer
using various insert metals
(a) MBF-20, 1313Kx600s (b) MBF-30,
1313Kx600s (c) MBF-50, 1423Kx600s (d)
MBF-60, 1253Kx600s (e) MBF-80, 1448K
X 600s

Journal of KWS, Vol. 18, No. 5, October, 2000



A LS QM EFS Btz HA sl #E AT

RE Fed Adte atx| aA ¥z A4Ed &®
g AMNEZE FHE 7hed & WA ] HalA
¥ MBF-803% #o} 343948 B 3 /T A
7bet7dl e B3 Esitta dgdEh

o] 2ol Al 2 HE, B mAje] Ak iee <l
HNEFE A7MdAzA HEEe WIS FEA
7171 Y8l Cr, §4A}L L2 B 2 Sis st
o, AIMEFE slstzd e At A HES
712 sk

32 AIMEZ S| BBEAS| Y

3.2.1 A= A8

Ni-Cr-B-SiAl dMEZ&o 2 st o HF
ZUol dAdske gl tsliA ZARFETH dEA
22 Fig.de £ AdFAA A JANEFEF
AM1(Ni-2%B-4%8Si-3%Cr)& 1423Kolx A&
HERe 22 94 H3E: 44439 EDXEMARE
HEAoz vehd Aoloh, AW 3L AEE
Z9o] Aoz AAsa i, EDXEXEH o] A
Aol FRTARYAEE Cre s ¢ F . o5 A4
4& MBF-509 35U A4 Cr.(C,B):
EDXEX AN 9} A FARGE A2 2RE M-CsA 9
A3 Arelgta Azte e}

Fig. 4 Morphology of microconstituents in the
bonded interlayer and its EDX spectrum

JAMEFE stz s FHse o HAEsl A

el
oz HgEe] AL Hrindez o Hy
Z 25 d&FH 02 WgAA, Fig. bl vehd A4
o] M43t %+ FFF E(Critical Interlayer
Width, ©|3 CIW=Z £7])& 7FA 2 H7}tste Wi ol
g A 1 At} od|lE %, E.Lugscheidere 2HIQI
gl 2a7ko| A A CIWE 483, CIWel

RBEHEEEE $18% HB55, 20004 10A

33dE BAEA dn

LR
7 E ¥353 EAL 7HAE o

AEANGE ANEFELS AL
CIWE o] &3ld] 433 APAE 7IXe IMESS
o] dojAE AL Budn Y. Fig.6& CIWSH
& APHE MBF-80S AMg3ted Mg 2ot}
aPF9 AR BAIE Ao] AR Aol BY-
Bty HgFe Fo] FL dFoMe YA dol &
A ekskt}, 71 B Ao gloiM T JIMEF 49
xS FH3Y 0§ CIWE U YA
AR =0 2 A HrVea ).

Liquid phase

Liquid insert metal Microconstituents

CIW

0.8mm
0.8mm

A

3 <
rl <

Y

7.0mm 7.0mm

Fig. 5 Schematic illustration of CIW

Fig. 6 SEM microstructure of wedge type bonded
interlayer

3.2.2 4, 29 Ax ¥ CIwe] ®¥3l

£ AN AT Lo IMNEFTES NS
o o] Wi & HEsty] 9 Hrtaio volHzZ
ALg87] Y3ted B, Si % Cre 73S taksiA ©
A7 ANEFE disid €4, JFEF JEEY
A% 2 CIWA vAle 2 949 Hrige] 42 =
A3t Fig.79 (a)~(fole Si € Cre A7IFe
dGsA sla, BY H7Eere ohesiA wiEalzl o
9 4, AEZF 4= 3 CIWY WsE vehd A
ojth. ¥4 % CIWE EF B H7}e| F7tol whe}
Aastant. £3, BEo| 4%9 Tz vlud
9 4L SighrEe] 2&4s gasdln, CIWE Si
4 Cr#o] B&4E gadte 2% vehldo. A
39 A= slojM e BY Avigd w2 I A
ke Holxl skt Fig.89 (a)~()&= B 2 Cre
Aol A A slx, Sio AT chokad

633



94

A B F

o
o2

Mo

Si:2%. Cr:3% — Sii4% Cr:d% Si:6%. Cr:3%
gé 1360 ° 4 1360 45 1360
23 1320F 53 1320 ] 23 1320
Ed5 r g% 1280 ] g% 1280
s 1280 ° 38 = °
5 1240} X , X Eig0p £ 1240 'y
S 260 —+—+—+—t+—— ] T 260 [t T 260
25 2a0f * 25 240 . 25 240 *
28 o20f . £8 o220 . £8 oo0f .
“% 200f ® 4 B 200 ] "% 200F .
= 4 P 1 - ! * ! ' 1 !
180 ¢ + ' 180 [+ 180 4t
— 40} ~  40f = 40
[ ]
E 301 VS 30 E 30
E 20f = : = 20r s =
o 101 < 101 S 1wofF ]
0 N N [ T . ot . . X 3
3 4 5 6 7 1 2 3 4 5 6 71 3 4 5 6 7
B content(mass%) B content(mass%) B content(mass%)
(a) Si:2%, Cr:3% (b) Si : 4%, Cr: 3% (c) 8i: 6%, Cr:3%
Si:2%. Cr'6% _Si4%, Crié% Si:6%. Cr:3%
2 1360 LZ 1360 ] W2 1360
B83 13207 23 1320 £3 1320
% 1280 £5 1200} ] 5% [
Sa d ° S2 5g 1280 .
E 1240 . 5 1200 L, £ 1240 ®
- 260 T T ~ 260 1 1t ] *;3 260 T T
g 240} o 1 g 240 1 0= 210} L
g8 2207 ] SE 220 1 28 o0} 1
£ ] 2
“% 20f ¢ . “F 200f e—e—0 4 “% w0p ¢ 1
180 + ‘ 180 H—t—+—t++—+—+————+ 180 + }
g 40 r b < 40 b — 400 1
E 301 . E 30r E o " ]
= B = = 207 5 20 TR
S 10k S 10r S 10 E
U S \ . b [} ) Ly b oL Lo . b
3 4 5 6 7 12 3 4 5 6 7 1 2 3 4 5
B content(mass%) B content{mass%) B content(mass%)
(d) Si:2%. Cr: 6% (e) Si: 4%, Cr: 6% (f) 8i: 6%, Cr:6%

Fig. 7 Effect of boron content on the liquidus temperature, hardness of bonded interlayer and CIW
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