=7 A 788 A, Al14d, A23, pp.25~30(2015.4) ISSN 1598~6721(Print)
Journal of the Korean Society of Manufacturing Process Engineers, Vol.14 No.2, pp.25~30(2015.4) ISSN 2288-0771(Online)

http://dx/doi.org/10.14775/ksmpe.2015.14.2.025

Z48 POD 2T MES 9I3H SHAFEERS HAaol| oe

ol * (=3 1) o *kk O**,#
Eltll"rl y ?ZII:'TT f g‘l‘ﬂ , I:—||I'7c(3l_l_
‘MUt Mot EAEs, TxMgistm J|AAAREst ()| 3y

Tensile Strength Properties of the Diffusion Bonding Copula
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ABSTRACT

This study involved the fabrication of precision machine tools using a polycrystalline diamond tip [sintered
PCD and cemented carbide (WC-Co) tip] and WC-Co shanks via diffusion bonding with a paste-type nickel
alloy filler metal. Diffusion bonding is a process whereby two materials are pressed together at high temperature
and high pressure for a sufficient period of time to allow significant atomic diffusion to occur. For smooth
progress, a filler metal of nickel alloy was used at the interface. Optical microscopy images were used to
observe the copula of the bonded layer. It was confirmed that cracks occurred near the junction in all cases.
The tensile strength of the bond was measured using a universal testing machine (UTM) with WC-Co
proportional test specimens.
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Fig. 1 Diffusion bonded micro PCD drill blank for
micro PCD drill fabrication

(a) Micro PCD tip

(b) Cemented carbide (WC-Co)
shank

Fig. 2 Workpieces used on diffusion bonding for
micro PCD drill blank fabrication
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(a) Melting of filler metal (b) Melting of base
between base metal metal

(c) Solidified (d) Homogeneous bond
heterogeneous bonding of structure

Fig. 3 Diffusion bonding process mechanism with
two base metals and filler metal
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60° 90° 120° Saw tooth

Fig. 4 Proportional specimen of various copula shapes

on the cemented carbide

Table 1 Chemical composition of the cemented
carbide and nickel filler metal (wt %)

W Co Ni Cr Si B Fe

Cemented 10
carbide
Filler

metal

83.0 70 45 28 3.0

Pressure

AUAlAtatals

| Ceramic Plate

| Ceramic Plate I \ Pressure /

Fig. 5 Schematic diagram of the experimental set-up
for diffusion bonding of various proportional
specimens
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Fig. 6 Equipment used to diffusion bonding process,
vacuum hot press fumace( ACE VACUUM
Co.)

Table 2 Diffusion bonding conditions and bonding
copula surface areas

Temperature  Pressure Time Vacuum

o -5
1170 C 2.2 MPa 4 hr 4x10” Torr Fig. 7 Optical microscope images of the bonded

copula for various bonding conditions : (A)
(A) 60° (B) 90° (C)120° (D) Sawtooth 60°, B)90 °, (C)120 °, (D) saw tooth
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Fig. 8 Stress-strain diagram of the tensile strength by

various bonding conditions

Table 3 Results of tensile strength test on the
diffusion bonded proportional specimen

Shapes Stress Strain
(A) 60° 338.0 N/mm’ 7 %
(B) 90° 354.5 N/mm? 6 %
(C) 120° 399.2 N/mm? 6 %
(D) Saw tooth 331.7 N/mm’ 4%
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Fig. 9 Optical microscope images of the tensile

fracture  surface for various  bonding
conditions (A-D) front surface, (a-d)
flank surface
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