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ABSTRACT:	

The	tribological	 interaction	between	a	cemented	carbide	drawing	die	and	a	steel	wire	under	lubricated	wire	drawing	
conditions	 has	 been	 characterized	 using	 3D	 optical	 surface	 profilometry,	 scanning	 electron	microscopy	 and	 energy	
dispersive	X-ray	spectroscopy.	The	results	show	that	wear	of	the	cemented	carbides	mainly	is	located	to	three	different	
wear	zones,	i)	at	the	entrance	of	the	reduction	zone,	ii)	at	the	exit	of	the	reduction	zone/	entrance	of	the	bearing	zone	
and	iii)	at	the	exit	of	the	bearing	zone.	In	the	first	wear	zone,	wear	of	the	cemented	carbide	occurs	on	a	WC	grain	size	
level	and	is	controlled	by	plastic	deformation,	cracking	and	fragmentation	of	individual	WC	grains.	In	the	second	wear	
zone,	wear	of	the	cemented	carbide	is	controlled	by	chipping	of	small	WC/Co	composite	fragments	resulting	in	craters,	
~	10µm	in	diameter.	
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INTRODUCTION	
Cemented	 carbide	 is	 today	 the	 most	 commonly	 used	 tool	
material	 in	 steel	 wire	 drawing	 applications.	 Its	 success	 is	
mainly	due	to	its	unique	microstructure	which	can	be	tailored	
so	 that	 a	 desired	 combination	 of	 mechanical	 properties	
(hardness,	toughness,	etc.)	can	be	achieved.	In	the	steel	wire	
drawing	process,	wear	of	the	cemented	carbide	dies	(or	nibs)	
has	a	strong	 impact	not	only	on	the	productivity	but	also	on	
the	 surface	 quality	 of	 the	 drawn	 steel	 wire.	 Consequently,	
understanding	the	underlying	wear	mechanisms	of	cemented	
carbide	 is	 of	 utmost	 importance	 in	 order	 to	 increase	 the	
robustness	of	the	wire	drawing	process	and	the	productivity	
[1-3].	In	this	study,	a	number	of	worn	cemented	carbide	nibs	
have	 been	 characterized	 in	 order	 to	 evaluate	 the	 surface	
degradation	 and	 wear	 mechanisms	 of	 cemented	 carbide	 in	
steel	wire	drawing	applications.	The	worn	surfaces	and	sub-
surfaces	were	analyzed	on	a	sub-micrometer	scale	using	high	
resolution	 SEM	 and	 EDS	 analysis.	 The	 results	 are	 discussed	
focusing	 on	 the	 influence	 of	 microstructure	 on	 the	 micro-
scale	deformation	and	wear.	 

MATERIALS	AND	METHODS	
The	 wire	 drawing	 nibs	 (Paramount	 TR4,	 φ	 4.240	 mm)	
characterized	in	the	present	study	were	supplied	by	Hjulsbro	
Steel	AB.	The	wire	drawing	nibs	were	made	 from	cemented	
carbide	(Grade	H10F,	90wt%	WC,	10wt%	Co,	WC	mean	grain	
size	0.8	µm,	hardness	HV1=1675	kg/mm2)	while	the	wire	was	
made	from	0.8	wt%	C	low	alloyed	steel.	The	nibs	evaluated	in	
the	present	study	were	used	in	the	final	stage	in	the	drawing	
process,	 containing	 9	 stages.	 A	 calcium	 based	 soap	 powder	
was	used	as	a	solid	lubricant	in	the	wire	drawing	process.	In	
order	 to	 evaluate	 the	 gradual	 surface	degradation	 and	wear	
of	 the	 cemented	 carbide	 nibs	 a	 number	 of	 worn	 nibs,	

corresponding	to	50%,	75%	and	100%	of	the	expected	usable	
lifetime,	were	analyzed.	The	nibs	were	cut	into	halves	parallel	
to	 the	 wire	 drawing	 direction	 making	 it	 possible	 to	
characterize	 the	 critical	 drawing	 die	 surfaces,	 i.e.	 the	
entrance,	 reduction,	 bearing	 and	 exit	 zones,	 using	 FEG-SEM	
and	EDS.	Before	the	analysis,	all	samples	were	ultrasonically	
cleaned	in	order	to	remove	residues	of	the	lubricant	from	the	
worn	surfaces.	

RESULTS	AND	DISCUSSION	
The	 wire	 drawing	 nibs	 show	 preferential	 wear	 at	 the	
entrance	of	the	reduction	zone	(i.e.	where	the	wire	first	gets	
in	 contact	 with	 the	 die),	 the	 exit	 of	 the	 reduction	 zone/	
entrance	 of	 the	 bearing	 zone	 and	 at	 the	 exit	 of	 the	 bearing	
zone,	 see	 Fig.	 1.	 In	 the	 SEM	 the	 exit	 of	 the	 reduction	 zone	
displays	 a	 dark	 band	 which	 corresponds	 to	 adhered	 wire	
material.	The	bearing	is	generally	smoothly	worn	but	shows	a	
number	of	shallow	grooves	in	the	wire	drawing	direction.	At	
a	 higher	 magnification	 it	 is	 revealed	 that	 the	 wear	 of	 the	
cemented	carbide	occurs	on	a	microscopic	level,	i.e.	on	a	level	
corresponding	to	the	size	of	the	WC-grains.	The	relatively	low	
hardness	of	the	Co	binder	phase	causes	preferential	removal	
of	Co	during	sliding	against	the	steel	wire.	The	removal	of	the	
Co	 binder	 phase	 will	 result	 in	 pits	 between	 adjacent	 WC	
grains	 which	 reduce	 the	 strength	 of	 the	 cemented	 carbide	
surface	and	make	the	WC	grains	in	the	surface	able	to	slightly	
glide	or	tilt.	As	a	result,	the	roughness	of	the	original	polished	
surface	will	increase	which	reduces	the	effect	of	the	lubricant	
and	results	in	a	more	severe	tribological	interaction	between	
the	 mating	 surfaces.	 As	 a	 result,	 individual	 WC	 grains	 will	
undergo	plastic	deformation,	cracking	and	fragmentation,	see	
Fig.	2a.	However,	the	fact	that	pits	free	from	Co	are	commonly	
filled	by	small	fragments	of	oxide	and	lubricant	residues	may	
reduce	the	wear	rate	of	the	cemented	carbide	to	some	extent.	
It	 should	 be	 noted	 that	 the	 shallow	 grooves	 in	 the	 bearing	
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surface	 are	 not	 the	 result	 of	 abrasion	 but	 rather	 localized	
plastic	deformation	of	the	cemented	carbide	which	increases	
the	 fragmentation	 and	 removal	 of	 WC	 grains	 within	 the	
groove.	The	exit	of	the	bearing	zone	shows	a	large	number	of	
small	 craters,	 ~	 10µm	 in	 diameter,	 see	 Fig.	 2b.	 The	 surface	
morphology	 within	 these	 craters	 indicates	 that	 they	 are	
formed	 due	 to	 chipping	 of	 small	 fragments	 consisting	 of	
several	WC-grains,	i.e.	wear	occurs	on	a	fine	composite	scale.	

CONCLUSIONS	
• Wear	of	 the	cemented	carbide	nibs	evaluated	show	

three	different	wear	zones,	 i)	at	the	entrance	of	the	
reduction	 zone,	 ii)	 the	 exit	 of	 the	 reduction	 zone/	
entrance	 of	 the	 bearing	 zone	 and	 iii)	 at	 the	 exit	 of	
the	bearing	zone.	

• In	 the	 first	 and	 second	 wear	 zones,	 wear	 of	 the	
cemented	 carbide	 is	 controlled	 by	 plastic	
deformation,	 cracking	 and	 fragmentation	 of	
individual	WC	grains.	

• In	 the	 third	 wear	 zone,	 wear	 of	 the	 cemented	
carbide	 is	 controlled	 by	 chipping	 of	 small	 WC/Co	

composite	fragments	resulting	in	craters,	~	10µm	in	
diameter.	
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a) b)	

Figure	1.	Wear	characteristics	of	the	functional	surfaces	inside	the	nib,	a)	Exit	of	reduction	zone	(left)	and	entrance	of	bearing	zone	(right)	showing	a	
transition	zone	(dark)	with	adhered	wire	material.	Note	the	shallow	grooves	(at	the	arrows)	in	the	bearing	surface.	b)	Exit	of	bearing	zone	showing	a	
large	number	of	small	craters,	~	10µm	in	diameter.	Total	bearing	lenth	is	1.20	mm.	Wire	drawing	direction	from	left	to	right.	
	

	 	 	
a) b)	

Figure	2.	SEM	micrographs	showing	the	degradation	of	the	cemented	carbide	at	the	entrance	of	the	bearing	zone	(a)	and	at	the	exit	of	the	bearing	
zone	(b).	
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