International Journal of
REFRACTORY METALS
& HARD MATERIALS

Accepted Manuscript

Edge toughness of tungsten carbide based hardmetals

A.J. Gant, R. Morrell, A.S. Wronski

PII: S0263-4368(17)30842-9

DOI: https://doi.org/10.1016/j.ijrmhm.2017.12.020

Reference: RMHM 4618

To appear in: International Journal of Refractory Metals and Hard Materials

Received date: 9 November 2017
Revised date: 15 December 2017
Accepted date: 16 December 2017

Please cite this article as: A.J. Gant, R. Morrell, A.S. Wronski , Edge toughness of
tungsten carbide based hardmetals. The address for the corresponding author was captured
as affiliation for all authors. Please check if appropriate. Rmhm(2017), https://doi.org/
10.1016/.ijrmhm.2017.12.020

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.


https://doi.org/10.1016/j.ijrmhm.2017.12.020
https://doi.org/10.1016/j.ijrmhm.2017.12.020
https://doi.org/10.1016/j.ijrmhm.2017.12.020

Edge Toughness of Tungsten Carbide Based Hardmetals

AJ Gant*!, R Morrell?, AS Wronski®

*corresponding author

'Element Six, Fermi Avenue, Harwell, Oxfordshire OX11 0QR, UK
’National Physical Laboratory, Teddington, Middlesex TW11 OLW, UK
3University of Bradford, Bradford, West Yorkshire, BD7 1DP, UK

Keywords
Hardmetal, toughness, test method
Abstract

Edge flaking of WC-based hardmetals has been examined in detail. So-called "edge
toughness"; the load at which a flake will form under load vs. displacement from the
specimen edge has been correlated with more commonly used toughness parameters;
Palmaqvist toughness, plane strain fracture toughness (K,c) and critical strain energy
release rate (Gic). Kic and Gic showed better correlations than Palmqvist, though
coarser grained hardmetals, exhibiting rising R-curves, were consistently found to be
outliers. It is thought that this behaviour is consistent with far more pronounced crack
bridging in these materials in the edge fracture mode. Mechanical property data were
complimented by SEM microscopy to examine fracture behaviour in more detail.

Introduction

The work reported herein has been conducted for two principal reasons. Firstly, to
further the understanding of an alternative toughness parameter which can be applied
to brittle materials which has the potential to be easy to measure and does not require
the complex geometries and technical difficulties associated with more traditional
notched beam samples. Palmqvist toughness is commonly used measure of resistance
to crack propagation in brittle materials such as technical ceramics, cermets and
hardmetals. However, Palmqvist toughness is not universally applicable to tungsten
carbide hardmetals; in some materials discrete measurable cracks are not produced
from the corners of Vickers indentations. In some cases it is possible to ameliorate
this by increasing the force on the indenter, but at high loads chipping of the indenter
can and does occur. Also, due to scaling effects in hardness measurement, increasing
loads means the results are not universally applicable. The second driver for exploring
edge chipping further is quality assurance in the hardmetal industry. The transverse
rupture test (TRS) is well established as a benchmark mechanical property test, but
suffers from several drawbacks. Amongst the latter are a lack of discriminability and
also the need for large sample batches to be tested to give a set of results that can be
regarded as being representative of the whole population. Such large sample batches
are expensive to produce and despite such advances as automated bend testing
without the need for an operator, the overall cost is high. Edge chipping offers the
potential of providing populations of mechanical data which do not require the sample
volumes and degree of preparation which TRS entails.
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