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ABSTRACT:	

In	the	present	study,	the	microstructural	response	of	some	commercial	cemented	carbide	grades	during	scratching	

has	 been	 analyzed	 and	 evaluated	 by	 a	 number	 of	 post-test	 characterization	 techniques.	 The	 influence	 of	 Co	 binder	

phase	content	and	WC	grain	size	on	the	deformation	and	degradation	on	a	WC	grain	size	scale	and	on	a	composite	scale	

are	evaluated.	The	results	clearly	illustrate	the	complexity	of	deformation,	degradation	and	wear	of	cemented	carbide	

and	 the	 dynamics	 of	 the	 diamond	 stylus	 /	 cemented	 carbide	 contact	 during	 the	 scratching	 event.	 For	 all	 cemented	

carbide	grades	the	microstructure	has	a	strong	impact	on	the	observed	degradation	mechanisms	and	the	resistance	to	

deformation	and	degradation	was	found	to	increase	with	decreasing	Co	content	and	decreasing	WC	grain	size.		
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INTRODUCTION	

Recently,	 a	 number	 of	 studies	 have	 been	 published	 on	 the	

scratch	testing	of	bulk	cemented	carbides,	see	e.g.	refs.	[1-5].	

These	 studies	 cover	 both	 single	 as	 well	 as	 multiple	 scratch	

test	 experiments	 using	 fine	 diamond	 styli,	 typically	

spherically	ended	with	a	radius	<	50	µm,	under	low	constant	

load	 conditions	 (L	 <	 1	 N),	 as	 well	 as	 larger	 diamond	 styli	

(typically	a	Rockwell	C	diamond	stylus	with	 radius	200	µm)	

under	 high	 constant	 load	 conditions	 (L	 >	 10	 N).	 Somewhat	

surprising	rather	few	studies	have	been	performed	using	the	

concept	of	progressive	load	scratch	testing.	This	technique,	in	

combination	 with	 detailed	 post-test	 characterization	 of	 the	

material	 response	within	 the	 scratched	 region	 and	 near	 the	

ridges	of	 the	scratch,	will	 give	 fast	and	valuable	 information	

regarding	 the	 evolution	 of	 surface	 degradation	 with	

increasing	 normal	 load	 (contact	 pressure).	 Also,	 very	 little	

attention	 has	 been	 paid	 to	 the	 generation	 of	wear	 particles,	

the	critical	normal	load	for	wear	particle	generation	and	their	

impact	on	the	observed	surface	failure	morphologies.	
In	the	present	study	progressive	 load	scratch	testing	has	

been	 used	 to	 increase	 the	 understanding	 of	 the	 mechanical	

and	 tribological	 response	 of	 cemented	 carbide	 under	 high	

contact	 pressure	 sliding	 	 conditions	 such	 as	 in	 steel	 wire	

drawing	 and	 rock	 drilling..	 Post-test	 characterization	 of	 the	

scratched	samples	were	performed	in	order	to	evaluated	the	

surface	failure	mechanisms	at	different	loading	conditions.		

MATERIALS	AND	METHODS	

The	WC-Co	cemented	carbide	grades	evaluated	in	the	present	

study	 were	 straight	 WC-Co	 grades	 with	 a	 Co	 binder	 phase	

content	ranging	from	1	to	10	wt%	and	a	WC	mean	grain	size	

ranging	 from	 0.8	 µm	 to	 2	 µm.	 	 The	 corresponding,	 micro-

hardness	values	were	found	to	cover	the	range	of	HV1:	1250	

–	2000	kg/mm2.	All	samples	were	carefully	polished	using	1	

µm	in	the	last	polishing	step	resulting	in	a	mirror-like	surface	

finish	of	Ra	<	50	nm.	The	careful	preparation	was	intended	to	

allow	 observation	 of	 even	 very	 small	 changes	 to	 the	

microstructure.	

Tribological	 testing	 was	 performed	 using	 a	 commercial	

scratch	tester,	CSM	Revetest®,	and	Rockwell	C	diamond	styli	

of	 two	 different	 radi,	 i.e.	 50	 µm	 and	 200	 µm,	 respectively.	

Progressive	 load	 scratch	 testing	 using	 a	 linearly	 increasing	

normal	 load	 in	 the	 range	 of	 0-20	 N	 (sharp	 diamond	 stylus)	

and	0-100	N	 (blunt	 diamond	 stylus)	was	performed	using	 a	

speed	of	10	mm/min	and	a	sliding	distance	of	20	mm.	During	

testing	 the	 friction	 force	 and	acoustic	 emission	 signals	were	

continuously	 recorded.	 After	 testing,	 attention	was	 given	 to	

collect	the	wear	fragments	formed	during	the	scratch	testing	

procedure	 on	 a	 carbon	 tape	 for	 post-test	 characterization.	

The	scratches	were	characterized	using	a	FEG-SEM	equipped	

with	 an	 EDS	 system	 and	 AES	 was	 used	 to	 analyse	 the	

presence	of	any	tribofilm	in	the	scratch	wear	track.	3D	optical	

surface	profilometry	was	used	to	measure	 the	scratch	width	

and	scratch	depth	of	the	scratches.	

RESULTS	AND	DISCUSSION	

The	microstructural	 degradation	 during	 progressive	 scratch	

testing	 follows	 four	 different	 steps,	 i.e.	 with	 increasing	

scratching	load	the	cemented	carbide	displays;	

i)	 an	 initial	 mild	 plastic	 deformation	 of	 the	 composite	

associated	 with	 extrusion	 of	 the	 Co	 binder	 to	 the	 surface	

resulting	in	a	thin	Co	film	in	the	scratch	track.	

ii)	 plastic	 deformation	 of	 the	 composite	 associated	 with	

plastic	deformation	of	the	individual	WC	grains,	see	Fig.	1a	

iii)	 cracking	 and	 fragmentation	 of	 individual	 WC	 grains	

associated	 with	 chipping	 of	 fine	 WC	 fragments	 at	 the	 side	

ridges,	see	Figs.	1b	and	1d.	

iv)	 formation	of	a	mechanically	mixed	 tribo	 layer	mainly	

build-up	of	very	 fine	WC	 fragments	 in	 the	scratch	 track	(the	
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original	microstructure	can	not	be	resolved),	see	Fig.	1c.	The	

formation	of	the	tribo	layer	is	due	to	the	generation	of	larger	

composite	 wear	 fragments,	 see	 Fig.	 1e,	 in	 front	 of	 the	

scratching	 stylus	 which	 partly	 are	 entrapped	 under	 the	

scratching	 stylus	 and	 pressed	 into	 the	 cemented	 carbide	

during	the	scratching	event.	

For	a	given	diamond	stylus	geometry	the	“critical	normal	

load”	values	associated	with	the	above	degradation	steps	will	

increase	with	 increasing	 radius.	 Also,	 the	 cemented	 carbide	

microstructure	 has	 a	 strong	 impact	 on	 the	 observed	

degradation	 mechanisms.	 For	 the	 cemented	 carbide	 grades	

evaluated	 in	 the	 present	 study	 the	 degradation	 resistance	

was	 found	 to	 increase	 with	 decreasing	 Co	 content	 and	

decreasing	WC	grain	size.		

It	 should	 be	 noted	 that	 the	 degradation	 steps	 i)-iii)	 are	

similar	 to	 the	 microstructural	 degradation	 of	 cemented	

carbides	 found	 in	 e.g.	 wire	 drawing	 and	 rock	 drilling	

applications.		Consequently,	scratch	testing	may	contribute	to	

understanding	 the	 degradation	 of	 cemented	 carbides	 in	

different	industrial	applications.	

CONCLUSIONS	

• Cemented	 carbide	 scratched	 with	 a	 rigid	 diamond	

stylus	shows	a	gradual	microstructural	degradation	

ranging	from	sub-µm	level	at	low	loads	to	composite	

level	(affecting	a	large	number	of	WC-grains)	at	high	

normal	loads.	

• Wear	fragments	generated	during	scratching	at	high	

normal	 loads	 contribute	 to	 the	 formation	 of	 a	

mechanically	mixed	tribo	layer	within	the	scratch.	

• The	cemented	carbide	microstructure,	i.e.	Co	binder	

phase	content	and	mean	WC	grain	size,	has	a	strong	

impact	 on	 the	 observed	 degradation	 mechanisms	

and	 for	 the	 cemented	 grades	 evaluated	 the	

degradation	 resistance	was	 found	 to	 increase	with	

decreasing	Co	content	and	decreasing	WC	grain	size.	
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Figure	1.	a-c)	Evolution	of	microstructural	degradation	of	cemented	carbide	(6	wt%	Co,	2	µm	WC)	during	scratching	using	a	50	µm	radius	

Rockwell	C	diamond	stylus.	d-e)	Resulting	wear	fragments.	Scratching	direction	from	left	to	right.	a)	Normal	load	1.0	N,	b	and	d)	normal	load	

5.0	N,	c	and	e)	normal	load	10.0	N.	

	

	

No	wear	debris!	


