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Study on Bonding Characteristics of High Speed Steel to Tungsten

Carbide Hard metal Dissimilar Joint

Chung-woo Lee

Department of Material Science and Engineering. Graduate School

Pukyong National University

Abstract

The joining of hard metal to high speed steel is usually carried out
by brazing or diffusion bonding. Even the cost of consumables is low
in brazing, brazed joints usually don't have sufficient strength
compared to the diffusion bonded joints in the high temperature, and
there is high risk of porosities. This study was carried out to compare
diffusion bonding with brazing to obtain proper joining method using
permalloy and AWSI009 as insert metals. Both AWS1009 and
permalloy were used in the brazing whereas permalloy was used only
in diffusion bonding.

It was shown that diffusion bonding was proper for joining of hard
metal to high speed steel. The bend strength increased with an
increase of insert metal thickness, bonding time and degree of

bonding surface roughness.



1 A&

Ho
No

o
oo

bl AbgE 3 vk 2@y

[

& 247

&

Ho
_

O
oo

i

] A=7} A 23

o

o},

0%

7} A 1

=

‘OP o] 7{
=]
=

F &

=

=

F9b b AR Alel o] mf

[}

ar

%] of
1A slms el 7}

)

s
zl

b oA

A 2] 7
T7}F

g

i

|

7 o}
] A

o

)

)7t

ks

A
[¢]

7t

o] A<

YA
¢}

Al
i

YA
[

ﬁo

WC-CoAl =

T

Foz 331 FA| <l shank

o
o
&

o

Mo

ol

op7b ul &y}

o= B

2~
T

A5, gmel web 1 ol e

JJo

o
Ho
M

-
N

KO

7t A E AN

ili wl

a7Fel A A oko] wE

Tl
Lx

A
e}

aF



bzt H

=1z]
R

HA 7Hdko]l o+

445

Z Qkol] A

z

AT EA A

A oS fg

E

FTA=R

}

upep A ol A

B
!

o

wr
ol
TR

<

.A
o

Z]
B

re

3
A H

gt ofell webA Lo

A

=

—_
fIte)

pro

K

—
1o

B

=
[

0
K
i
—_

-



o £3%

o o)

=
=

1-22 =24%
(hardmetalle, hard metals, cemented carbides) ©] & F7| &
IVa, Va,Via

I
3t

gy

A

——
o

O
_&O
ol

Al

o

o

ol

—t—
o

o] Fl

HHERU AT

=

EE

i

;oﬂ

171 v &l o

5

A

ok

b

vAO

o A\AH el 7t

afat

A WC-Cor

K

il

Mo
Mo

-
NE

=2
=

3

Ul A 0 2 cermets©| 2 12

o]
=

}

L.

ofel] o

LN

gtol ofef 2

5



Table .1 Properties of hard metals

carbide

TiC ZC HfC vC NbC TaC CriC; | MoxC wC
property
molecular 59.9 103.2 | 190.6 | 63.0 104.9 | 192.9 180.1 {203.9| 1959
carbon content{(%) | 20.5 11.64 | 6.30 19.06 | 1145 6.23 1334 | 5.89 6.13
NaCl | NaCl | NaCl | NaCl | NaCl | NaCl | orthorho |hexag
crystal structure . hexagonal
type type type type type type mbic onal
a=3.0
a =2.82
. . 4.669~ 4461~ | 4455~ 02 2=2.900
lattice parameter(A)| 4.32 4.64 4.16 b =5.53
4.689 4.469 | 4.456 ¢=4.7| ¢=2.83]
c=11.47
42
. . 3,200~ | 3,200~ 3,500~ 1,750~
melting point( C) 3,890 | 2.800 3.800 2,500 2,900
3,250 | 3.250 2,800 1,900
. 6.44~ 15.5~
theoretical| 4.938 12.7 5.81 8.20 14.53 - 92
6.51 15.7
density
4.90~ 8.2~8.
6.9 12.6 5.36 7.76 14.49 6.68 15.6
493 9
B 7] g 180~
70~75 109 150 74 30 - 97.5 53
(u Q-cm) 200
EHEE
. 0.041 | 0.049 - - 0.034 - - - -
{calicm sec C)
; 3.000~ 2.400~
o) = H = 2.600 2.900 | 2,100 1,800 1.300 1,800 1,780
3,200 2470
L4 0 22,60
EHA] &(kg/mmy) | 32.100 | 26,000 | 29,000 | 27,300 | 34,600 | 29,000 - o 72,000
2} 3} A g 1.100~ | 1.100~ | 1.100~ | 800~ | 1,000~ | 1,000~ | 1,100~ | 500~ 500~
-5 (T0) 1.200 | 1.200 | 1,200 900 1,100 | 1.100 1.200 800 800
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(a)diffusionl(b)diffusion
bonding without]bonding with (c) TLP (d) brazing
insert metal insert metal

Fig. 2 Schematic of diffusion bonding, transient liquid phase

bonding (TLP) and brazing.
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Fig. 4. Schematic of mechanism of void disappearance.
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Table. 2 Chemical composition of high speed steel

Alloy Composition ( wt% )
C Si Mn P S Cr V Mo W
SKH51 08~ | <0.4 | <04 | <0.03 | <0.03 | 3.8~ | 1.6~ | 45~ | 5.5~
0.9 4.5 2.2 55 6.67
Table. 3 Chemical composition of hard metal
Alloy Composition ( wt% )
WC Co
G6 84 16
Table. 4 Chemical composition of insert metal
Alloy Composition, wt %
Fe Ni Co | Cr Si B w p s c
AWS1009 - Bal - 15.2 - 4.0 - - - -
BCo-1 1.0 16~ Bal | 18~ | 7.5~ | 0.7~ | 3.5~ | 0.02 | 0.02 | 0.35~
18 22 8.5 0.9 4.5 0.45
Permalloy | 50~ 40~50 - - - - - - <0.08
60
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Vacuum:10-° Torr

Fig. 5 Schematic illustration of brazing

1190 C, 10 min

850 C
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Fig. 6 Conditions of brazing
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Fig. 7 Schematic illustration of diffusion bonding
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Fig. 8 Conditions of diffusion bonding
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Fig. 9 Bend strength of high speed tool steel

with different insert metal

|

A: AWS 1009
B: AWS 1009-Premalioy(30 u m)-AWS 1009
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Fig. 10 Bend strength by used insert metal
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A AWS 1009
B: AWS 1009-Permalloy (10 pm }-AWS 1009
600 - . AWS 1009-Permalloy (30 pm )-AWS 1009
D: AWS 1009-Permmalloy (S0 pm }-AWS 1009
™ 500 | | E: AWS 1009-Permalloy (100 pm )-AWS 1009
E F: AWS 1009-Pernmlloy (200 pm )-AWS 1009
e’
= 400
~a
)
=
<P]
= 300
7 /]
2
@ 200
==
100
A B C D E F
Insert metal

Fig. 11 Bending strength of high speed tool steel to hard metal

dissimilar joint (sandwich structure)
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Fig. 12 The effect of surface condition for bend strength
(with diamond grain size number)
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(a) Microstructure of high speed tool steel to hard metal
dissimilar joint brazed by BCo-1

(b) Microstructure of high speed tool steel to hard metal
dissimilar joint brazed after Ni-plating

Fig. 17 Microstructure of bonds with high speed tool steel to

hard metal by BCo-1, Ni-plating as insert metal
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Fig. 19 EPMA point analyses of Ni-plating
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Fracture surface Fracture SEM image

# 80 (50
um)-WC

# 270(50
um)-WC

# 600
(50
um )=
SKH51

Fig. 21 Macrofractographs and SEM image of fractured surface

bonded under the different surface condition.
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Fig. 22 Macrofractographs and SEM image of fracture surface
bonded by the different thickness of insert metal
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25 Results of XRD analysis of the bobded interface.

..49_



AWS 1009 Arlaz A3

o3t o, AWS 10092} permalloy

Fol 7ol

As) A =3

H

1

=1}
=

= BCo-1
o)
-,

1

k<)
1=}

b7

AWS 1009, :uME 7

bl

—_L
=

mr

o
4

=
10

T
olo

B
i

wex Fxel HBeold A

= 91 A

F A e] Aol

[}

A

R

o=
=

A7t F7}
el 9l o™, permalloy®] F7|7F 100

j o
-T-

CEE

=

[e)

AWS 10092} permalloy 2]
o]

permalloy 9]

(o)
=

1T -

| U

HL
o]
o

=

k<)

kS
o)

S
F

73

ki3

e A

i3

‘ZTI

—_
o

1717}

=

77} 100 p

j o
-

%419

1

=

A
Aol 7 EW A

A -

o w

o] BFAysta]l H3
m ©]%4o] H

ol
=

)

=77}

1A <)

Ao} A
237k C 71 1200 MPa

A5ol=
_50_



e
Y

LOLN

=
op
Y

i

ol
T0
o
N

el

™

o

;O*

T
ol

<

»A
o

<)

Ton
Mo
o))
A

S

1400 MPa

&

o<
0%
A
ol
TV
ol
NZ
WM

H
ﬂo
)
il
o

B
file)
)
[
B

~

H

1190 CToll A 2F 10

(W3C03C) O]

_51_.



FaEd

1. Bk & HAESEEEHR,5(1966).9
2. 1SO 857, Definition of Welding Process.
3. G. M. Fasching, Weichloten Lote und FluBmittel, Feinwerktech.
73-12(1969), pp.519
4. D.S.Hoppins : W.J.,53-4(1974), 299s
5. W.HKig etc : W.J, 47(1968), 444s
6. Ak, TE, F, KO mEEES R0 Y, BASEBERE
¥R, 9~10(1970), pp553-665
7. A.D.Smigelskas and E.O.Kirkendall, Trans. Met.Soc. AIME.171:130(1947)
8. H.Ashassi-Sorkhabi, S.H. Rafizadeh : 'Effect of coating time and
heat treatment on structure and corrosion characteristics of electroless
Ni-P alloy deposits, Surface and Coatings Technology 176(2004)
pp318-326
 REEER  FIMSEEE, LE HN 477 47
10. W R HE ¥ . BFEE&S - TAMORBIES FERE%3
5(1985)51*7,pp106
11. E.A.Almond, A.M.Cottenden and M.G.Gee : Met.Sci.,17(1983),p153
MILTE G SRmE, SR F . MBRBEREGEeE TN
iit,(1798),237

_52_.



i
o}

!

]

3
=]

1=

it

0_]2

12

=1
=

2
L 7=

kel

-
L

L=<)

)

et

5]

o B

o
=z
.

OFo} =
16 AA .
A)
=2
SRS

°©

3HA]
FUth

=

4

3

=
=

—

~ i

;O.ﬂ

fut el

©

T
pod

ol

g

©

A FAM BN

1-

=

T
=

7

[e]

e

[}

o

=2 RISTS #1712
o

1A Aob7bed

ERNE
Q

A3l

I

[ EN

BTl S R el

=}
™

d uf

A7 AAEUT £ oald v LA

3

_ZL
xAO

}-

iolo
oo

N

3

& A

=

5}
=

ey
i

o] Hi

]

<
j=!

AAY 3

-

ol Al =

1

D
psl

ERE

]

shulol A [ fE A5

ks

a5 o}
vl 2}

)

T j u
= 49 BF

=
=

T

2 o

=
=

ol
SR

(o2}
=

o
T

bl

o] 501712 uhehe] of

—_—

1o

et

7] e

sl
2

Z Muf, 2

o]

=

=2

] 2

5=
i

o

1
g}

k<l

9} =HA gAY

1

G
o

10

g a

o

)

<H
bl

o
pir
Al

o
il

k3,

fite)
=i

o

A o

L
N

1.

Ug 2

1
H

.

Uoyel A A

—_

A

b
ol

ok
A

Gere unte ¥z wEoA @3 A
— 53 —

X
N

|

S
pus



	표지
	목차
	Abstract
	1. 서론
	1.1 실험배경 및 목적
	1.2 초경합금의 정의
	1.3 브레이징의 특징
	1.4 확산접합의 특징

	2. 실험방법
	2.1 실험재료
	2.2 브레이징 접합조건
	2.3 확산접합 조건
	2.4 미시조직 관찰과 경도 측정
	2.5 굽힘 시험 및 파면 관찰

	3. 실험결과 및 고찰
	3.1 굽힘 시험 결과
	3.2 접합부 삽입금속의 경도측정 결과
	3.3 접합부의 미시조직 관찰 및 파면 관찰 결과
	3.4 고속도 공구강의 경도 값
	3.5 접합부의 XRD 분석 결과

	4. 결론
	참고문헌

