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ABSTRACT:	

In	 the	present	work,	 the	potential	of	using	 thin	hard	CVD	and	PVD	coatings	 in	order	 to	 improve	 the	performance	of	
cemented	carbide	steel	wire	drawing	nibs	 is	evaluated.	Coating	materials	 include	some	state-of-the-art	CVD	and	PVD	

coatings	and	pre-	and	post-coating	treatments	were	used	to	 improve	the	surface	topography	of	the	coated	functional	
surfaces.	 The	 tribological	 performance	 of	 the	 coatings	 has	 been	 evaluated	 by	 sliding	 wear	 tests	 and	 wire	 drawing	

experiments	 under	well	 controlled	 conditions.	 Post-test	 characterization	 of	 the	 coated	 nibs	 using	 3D	 optical	 surface	

profilometry,	scanning	electron	microscopy	and	energy	dispersive	X-ray	spectroscopy	illustrates	the	pros	and	cons	of	

the	 two	 deposition	 techniques	 but	 also	 that	 the	 coatings	 have	 a	 potential	 to	 improve	 the	 performance	 of	 cemented	

carbide	nibs	in	steel	wire	drawing	applications.	
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INTRODUCTION	
Today,	 thin	 hard	 coatings	 of	 carbides,	 nitrides	 and	 oxides	

deposited	 by	 CVD	 and	 PVD	 techniques,	 showing	 excellent	

tribological	properties,	 are	widely	used	 in	various	 industrial	

applications.	 For	 example,	 about	 90%	 of	 all	 turning	 inserts	

and	 about	 70%	of	 all	milling	 inserts	 are	 today	 coated	 using	

these	 techniques	 in	 order	 to	 tailor	 the	 properties	 of	 the	

cutting	 tool	 for	 the	 respective	 metal	 cutting	 application	 in	

order	 to	 increase	 the	 chip	 removal	 rate	 and	 tool	 life.	 In	

contrast,	 very	 little	work	has	been	performed	 in	 the	 field	of	
wire	drawing	and	the	possibility	to	improve	the	performance	

of	 the	wire	drawing	nibs	 through	the	usage	of	CVD	and	PVD	

coatings.	This	is	somewhat	surprising,	knowing	that	drawing	

dies	 and	 nibs	 made	 from	 cemented	 carbide	 are	 by	 far	 the	

most	common	tool	in	the	wire	drawing	industry.	For	example,	

billions	 of	 kilometers	 of	 steel	 wire	 are	 annually	 drawn	

through	cemented	carbide	nibs.	

In	a	conventional	wire	drawing	process	the	cross-section	

of	the	wire	is	reduced	to	the	final	dimension	by	drawing	the	

wire	 through	 a	 series	 of	 drawing	 nibs	 made	 of	 cemented	

carbide	 or	 poly	 crystalline	 diamond.	 In	 the	 wire	 drawing	

process,	 a	 thin	 lubricant	 film,	being	active	between	 the	wire	

and	 the	 nib,	 is	 essential	 in	 order	 to	 minimize	 the	 drawing	

force	(and	the	friction),	reduce	the	wear	and	produce	a	wire	

with	 high	 surface	 quality.	 However,	 under	 starving	

lubrication	conditions,	resulting	in	a	more	severe	tribological	

contact,	wear	of	the	nib	may	occur	and	consequently	a	higher	

risk	of	damage	to	the	wire	through	scratching,	micro	welding	

to	 the	nib	 followed	by	 galling,	 etc.	 The	 fact	 that	 the	wear	of	

cemented	 carbide	wire	drawing	nibs	 initiates	 and	 to	 a	 large	

extent	occurs	on	a	scale	of	individual	WC	grains,	i.e	on	a	sub-

µm	 to	 µm	 scale,	 rather	 on	 a	 more	 macroscopic,	 composite	

scale,	indicates	a	high	potential	for	increased	nib	life		through	

the	deposition	of	a	CVD	or	a	PVD	coating,	The	present	study	

sets	out	 to	 evaluate	 the	potential	 of	 thin	hard	CVD	and	PVD	

coatings	 in	 steel	 wire	 drawing	 applications	 by	 performing	

laboratory	 tribotests	 and	 wire	 drawing	 experiments	 under	

well	controlled	conditions.	

MATERIALS	AND	METHODS	
The	 cemented	 carbide	 flats	 and	 wire	 drawing	 nibs	
(Paramount	TR4	with	hole	diameters	ranging	from	0.405	mm	

to	5.650	mm)	evaluated	 in	 the	present	 study	were	 all	made	

from	a	straight	WC-Co	grade	composed	of	10	wt%	Co	and	1	

µm	WC	grains.	

The	 CVD	 and	 PVD	 coatings,	 see	 Table	 1,	were	 deposited	

using	 commercial	 CVD	 and	 PVD	 depositions	 systems.	 The	

PVD	 coatings	 were	 deposited	 using	 a	 two-fold,	 planetary,	

rotation	 system.	 Before	 coating	 deposition,	 the	 functional	

surfaces	were	polished	to	Ra	<	0.02	µm.	

	

Table 1. CVD and PVD coatings evaluated. 

Coating Designation Coating material 
CVD Bernex™ 29 Ti(C,N), Al2O3  
PVD Ionbond™ 90 Ti(C,N) 
PVD Ionbond™ 25 + 47 AlCrN + DLC 
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The	 as-deposited	 flats	 and	 nibs	 were	 characterized	 by	

high	 resolution	 scanning	 electron	 microscopy	 (FEG-SEM;	

Zeiss	 Ultra	 55)	 equipped	 with	 an	 energy	 dispersive	 X-ray	

spectroscopy	 system	 (EDS;	 Oxford	 Instruments	 Inca).	 The	

tribological	performance	of	the	coatings	was	evaluated	using	

sliding	wear	tests	and	wire	drawing	experiments	under	well	

controlled	conditions	using	a	SiCr-alloyed	steel	(Oteva	70)	as	

counter-	 /	 wire	 material.	 The	 sliding	 wear	 tests	 were	 run	

under	dry	conditions	while	 the	wire	drawing	tests	were	run	

under	 lubricated	 conditions	 using	 a	 calcium	 soap	 powder	

(Traxit	 TR40)	 as	 solid	 lubricant.	 Post-test	 characterization	

was	 performed	 using	 3D	 optical	 surface	 profilometry,	 SEM	

and	 EDS.	 Metallographic	 cross-sections	 were	 prepared	 by	

conventional	cutting,	grinding	and	polishing	techniques.	

RESULTS	AND	DISCUSSION	
All	 coatings	 deposited	 on	 the	 flat	 samples	 show	 a	 dense	

microstructure	 a	 uniform	 thickness	 and	 a	 morphology	

characterized	by	the	presence	of	surface	irregularities	which	

significantly	 increase	 the	 surface	 topography.	 For	 the	 CVD	

coating,	 the	 surface	 irregularities	mainly	 originate	 from	 the	

coating	crystal	structure	with	a	large	number	of	sharp	facets.	

Besides,	larger	nodular	particles,	up	to	20	µm	in	diameter,	are	

also	 found	 on	 the	 surface.	 For	 the	 PVD	 coating,	 the	 surface	

irregularities	mainly	originate	from	a	relatively	large	number	

of	 droplets	 (micro	 particles)	 in	 the	 size	 range	 0.2	 –	 1.0	 µm	

and	a	lower	number	of	larger	particles,	size	>	1.0	µm.	Besides,	

shallow	craters	 in	the	range	0.2	–	1.0	µm	were	observed.	All	

these	 features	 make	 the	 as-deposited	 coated	 surface	

significantly	 rougher	 as	 compared	 with	 the	 polished	

substrate	surface.	The	CVD	coated	samples	display	a	network	

of	 thermal	 cracks,	 the	 result	 of	 a	 mismatch	 in	 thermal	

expansion	 between	 the	 coating	 material	 and	 the	 substrate	

material.	

The	inner	functional	surfaces	of	the	CVD	coated	nibs	show	

a	 uniform	 coating	 thickness	 and	 a	 microstructure	 and	

morphology	in	common	with	the	CVD	coated	flat	samples.	In	

contrast,	 the	 line-of-sight	 nature	 of	 the	 PVD	 process	 has	 a	

strong	 impact	 on	 the	 PVD	 coated	 nibs	 and	 the	 inner	

functional	 surfaces	 display	 a	 significantly	 reduced	 coating	

thickness,	 see	 Fig.	 1.	 For	 the	 nibs	 with	 the	 smaller	 hole	

dimensions,	the	coating	thickness	was	found	to	decrease	and	

the	 microstructure	 was	 found	 to	 be	 less	 dense	 with	

increasing	 distance	 from	 the	 openings.	 Besides,	 the	 coating	
inside	the	the	nib	was	found	to	display	a	pronounced	texture	

of	 deposited	 droplets,	 see	 Fig.	 1.	 All	 these	 features	 are	 a	

consequence	of	the	line	of	sight	nature	of	the	PVD	processes	

used.	

The	 sliding	 wear	 tests	 and	 wire	 drawing	 experiments	

show	that	the	intrinsic	micro-topography	of	the	as-deposited	

coatings	 has	 a	 strong	 impact	 on	 the	 material	 transfer	

tendency	and	the	friction	coefficient	in	contact	with	the	steel	

counter	material.	However,	post-polishing	of	the	as-deposited	

coatings	 significantly	 reduces	 the	 counter	 material	 pick-up	

tendency	 and	 improves	 the	 tribological	 performance	 of	 the	

coatings	 by	 e.g.	 reducing	 the	 friction	 coefficient	 and	 the	

drawing	 force.	 The	 results	 obtained	 demonstrate	 the	

performance	 potential	 of	 thin	 hard	 coatings	 on	 steel	 wire	

drawing	nibs.	However,	coating	uniformity	and	coating	post-

treatment	 remain	 as	 issues	 to	 be	 resolved	 before	 the	 full	

potential	 of	 CVD	 and	 PVD	 coatings	 in	 steel	 wire	 drawing	

applications	can	be	realized.	

CONCLUSIONS	
• The	 inner	 functional	 surfaces	 of	 CVD	 coated	 nibs	

show	 a	 uniform	 coating	 thickness	 and	 a	 dense	

coating	microstructure.	

• The	 line-of-sight	 nature	 of	 the	 PVD	 process	 has	 a	
strong	 impact	 on	 PVD	 coated	 nibs	with	 small	 hole	

dimensions,	i.e.	the	inner	functional	surfaces	display	

a	 significantly	 reduced	coating	 thickness	and	a	 less	

dense	microstructure.	

• Sliding	 wear	 tests	 and	 wire	 drawing	 experiments	
illustrate	 the	 importance	 of	 coating	 post-treatment	

in	 order	 to	 reduce	 the	 tribological	 interaction	

between	 the	 coated	 surface	 and	 the	 counter	

material.	

• CVD	 and	 PVD	 coatings	 show	 potential	 to	 improve	
the	performance	 of	 cemented	 carbide	 in	 steel	wire	

drawing	applications	
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a)	 b)	 c)	 d)	
Figure	1.	PVD	coating	characteristics	illustrating	the	“line	of	sight	nature”	of	a	PVD	process	during	the	coating	deposition	of	a	wire	drawing	nib	(a).	b)	
SEM	micrograph	illustrating	the	reduced	coating	thickness	of	inner	functional	surfaces.	c)	and	d)	SEM	micrographs	illustrating	the	influence	of	ion	
bombardment	angle	on	the	coating	surface	morphology	and	texture	of	deposited	droplets.	

Ion	bombardment	90°	 Ion	bombardment	45°	
Ion	bombardment	


