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Motivation

= Increased worldwide concerns around W and Co ore shortages

British Geological Survey

Risk list 2015—Current supply risk for chemical elements or element groups which are of economic value.

Element or element group Symbol
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antimany Sb
bismuth Bi
germanium Ge
vanadium Vv
WC gallium Ga
\ 3t|mtiui Sr
<fungsten W
maolybdenum Ma
ﬁl} Co
CO indiurm In
arsenic As

Relative supply
risk index

Chinz China

China China

China China

China

China China

China

China China

China China ___ ——
China China

DRC Eﬂ_)
China

China

(http://www.bgs.ac.uk)

National
Research
Foundation

science
& technology
"?..fé'f “'.L: Tecmnaey RF




Motivation oy

= Problematic Cobalt (Co) supply chain:

= i e e
38% From Geo-political

allenge
60% From

Cu Mining

Ni Mining

[Global Energy Metals Corp, 2016]
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Purpose

ﬂFhe purpose of this paper is study the effect of filler alloy\
thickness on the interlayer microstructural evolution of
WC-6wt%Co brazed joints.

= Exploring torch brazing at a common interface using a

@g—based filler alloy. )
- D
Filler alloy Torch Interfacial
thickness brazing microstructure
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Why brazin g?
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= Brazing: Heating of parent material to T = MPsieraioy and
apply a filler alloy.

= Filler alloy flows into joint by capillary action.

N T

= Verysimple v

= High joint strength v
= Good repeatability v
= Low cost v




How was 1t done?

= Oxyacetylene (Torch) brazing of WC-6wt%Co at a common
interface:

WC-Co specimens

Condition

CETO TS GLEN T = 10mm, @ = 20mm

Surface Finish lum

710 °C, under
atmospheric conditions
30 sec, followed by air

cooling

Brazing Temp

Holding Time

Oxyacetylene brazing process o
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MICI’O StI‘U.CtU.I‘e . WC-6wt%Co cemented carbides
= Angular WC grains cemented in a Co matrix

Spectrum 1
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Phase Analysis: L1V

= XRD pattern of as-received WC-6wt%Co cemented carbides

e Co (PDF :01-071-4238)
A WC (PDF :01-077-8462)
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MiCI’O StI‘U.CtU.I‘e . BrazeTec4900 filler alloy

= Phase analysis and chemical composition of filler alloy:

Richin Ag
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Phase Analysis:

= XRD patterns of as-received filler alloy

A Ag (PDF -01-071-4238)
CwzNiZn (PDF :01-077-8462)

@ Cuoo16Mno.szsMNio.oss (PDF [04-017-5224)
AgZn (PDF :00-029-1155
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Interlayer thickness: oum

Interlayer microstructure of joint brazed at 710°C for 30 sec.

Spectrum 3

a-Ag(s.s)
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Phase analysis: oum

= XRD pattern of joint brazed at 710°C for 30 sec with filler alloy of gum
in thickness.

A ® Co (PDF :01-071-4238)

A WC (PDF :01-077-8462)
Ag (PDF: 01-073-6976)

¥ Ag0.5Zn0.5 (PDF: 04-001-2912)
Cu0.7Zn0.3 (PDF: 04-006-2621)
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Inter-diffusion: oum

= EDS line scanning of joint brazed at 710°C for 30 sec with filler alloy of
oum in thickness
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Interlayer thickness: isum

= Interlayer microstructure of 18um joint brazed at 710°C for 30 sec.

Spectrum 3
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Phase analysis: isym

= XRD pattern of joint brazed at 710°C for 30 sec with filler alloy of
18um in thickness.
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Inter-diffusion: isum

= EDS line scanning of joint brazed at 710°C for 30 sec with filler alloy of
18um in thickness
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- Shear strength: R4

= Effect of filler alloy thickness (microstructure) on shear strength of
joints brazed at 710°C for 30 sec.

Shear strength (MPa)
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Strain rate = 0.5 mm/min

6wt.%Co

WC-Co Sample designation
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= Successful brazing of WC-6wt.%Co at a common interface was
achieved without cracks and voids.

= Formation of interfacial «-Cu(s.s) phases deteriorated with
increasing filler alloy thickness.

= Minimal inter-diffusion of elements, as a result of increased
diffusion path, led to formation of Ag-Cu-Zn eutectic phases.

= «-Cu(s.s) phases have a dispersion strengthening effect on the joint
strength.
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