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Abstract

Titanium nitride and related overlayers produced by arc ion plating (AIP) are applied
as commercial coatings in world-wide scale since the middle of 80s. Due to the achieve-
ments of low temperature deposition (LTD), they begin now to be used as wear and
corrosion-resistant coatings for machine parts, besides applications on cemented carbide
and high speed steel cutting tools. On the other side, TiN can be now applied success-
fully to brass, Al-alloy, ZnAl alloy articles as decorative coating through LTD. Various
nitrides, carbonitrides, borides and other refractory compounds, such as (Ti, AN,
TiCN, CrN, are used as the coatings for special heavy-duty working conditions instead
of TiN since 90s. More and more multilayer coatings are applied now substituting single
layer ones. Duplex processes are under development.

Key words : Titanium nitride, arc ion plating, low temperature deposition, refractory compound, prote-

ctive coating

1. INTRODUCTION tuting all other types of ion plating. Then, a se~
ries of new coating materials emerge in cata-
During the last decade, TiN overlayer pre- log of commercial hard coatings. They are ni-
pared by ion plating has been applied success- trides, carbonitrides, borides and other refrac-
fully as a wear-resistant coating in industrial tory compounds. To meet the requirements of
metal working practice and as the decorative application in different areas, the coating
coating for metallic products resulting in for- structure designing, coating process and equip-
mation of a new industry of ion plated protec- ment are innovated and improved evidently.
tive coating in all over the world. Since then, This paper gives a review on the latest progre-
great progresses have been attained. Arc ion sses in titanium nitride and related protective
plating (AIP) becomes now the sole commer- coatings deposited by ATP.

cial process of hard coating production substi-
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2. NEW COATING MATERIALS

TiN was the only material for commercial
hard coating in 80s. It was shown already in
80s'"? that the performance of TiN coating
could be evidently improved by alloying it with
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Fig. 1 Oxidation resistant temperature of coatings

other nitrides, carbides or borides, or substitut-
ing titanium in TiN partially or entirely with
other metals. For example, addition of aluminu-
m into TiN up to Ti: Al ratio of 50 : 50 leads
to complex nitride (Ti, AN (50 : 50) formation
and increase of oxidation-resistant temperature
from 5507 for TiN to 700°C for (Ti, ADN (50
: 50) Fig. 1* resulting in a twofold or more im-
provement of drilling performance of (Ti, ADN
(50 : 50) in comparison with that of TiN coat-
ing Fig. 2* ', Although the hardness of (Ti,
ADN remains at the same level of TiN* '® and
its rolling contact fatigue life is even slightly
lower than that of TiN'® it can be used, never-
theless, at significantly higher cutting speed
than that of TiN'*"¥, Factors influencing oxida-
tion behavior of (Ti,Al)N, are up to now in the
central point of (Ti, A)N based high tempera-
ture resistant coating research and development
L1719 Contrary to the early results, it has been
shown Fig. 3'” that the best oxidation-resista-
nce of (Ti, A)N is attained in range of (Ti:

Al =1(0.75 1 0.25) ((0.5 : 0.5). Addition of sili-
con to (Ti, AI)N increases its oxidation-resista-
nce, while addition of zirconium to (Ti, AN
hinders the growth of a dense protective alumi-
na layer and lower the oxidation-resistance'®.

(Ti, ADN has been deposited by dc reactive

T FLANK WEAR

s
~
~

=]
“
2
Z
AN
g
iz
Z
AN

[

0 50 8 100 130138150165 180 200 220 240 260 280
Number of Drilled Holes

Fig. 2 Cutting performance of TiN and (Ti,Al)N
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Fig. 3 Dependence of oxidation resistance on Ti Al
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magnetron sputtering ®, rf reactive magnetron
sputtering**®, AIP*!"® electron beam ion plat-
ing?® and ion beam assisted deposition®. Proc-

2 underlayer®, microstructure,

ess parameters
phase composition and properties® =2 of (Ti,
ADN were studied.

A ddition of carbon into TiN leads to Ti(C, N)
formation the phase composition of which is de-
termined by its chemical composition according
to the phase diagram of Ti-TiC-TiN system Fig.
4% When the titanium level is lower than 58
at.%, 6-TiCN with NaCl structure is formed.
When the titanium is above this level, the phases
possibly formed are eTi, eTi:N and 6,-Ti,.—: N
with dissolved carbon in them, and 8 -TiCgs-05
with dissolved titanium in it. A smooth transi-
tion from one component to another without
creation of hardness maximum or minimum is
obtained in the hardness curves of the coating
with T, at 580C and 630°C, while the curve
with T.=480C gives a maximum in the medi-
um carbon content range. (Fig. 5)”

Ti(C, N) is deposited by dc reactive magne-

at.-nitrogen

Fig. 4 Phase diagram of Ti-TiC-TiN system
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Fig. 5 Dependence of microhardness of Ti(C,N)
coatings on methane partial pressure

tron sputtering”*3¥ hollow cathode discharge
ion plating (HCDIP)® and AIP*~*". Knotek et
al® has noted that chemically more stable car-
bon source gas, such as methane, permit unpro-
blematic control of the process, but often fail to
achieve adequate stoichiometric saturation of

the hard material phases, resulting in unsatis-
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factory coating performance. In contrast, the
highly reactive acetylene produces extremely
hard TiC films and extremely wear-resistant Ti
(C, N} coatings. However, greater process con-
trol effort should be made in order to ensure re-
producibility of the manufacture stability and
product quality. In contrast with CH, and C.H,,
ethan is. sufficiently reactive to obtain good TiC
and Ti(C, N) quality and has at the same time
good process stability. Ti(C,N) coatings have
been proved especially suitable for low cutting
speed stresses. Their advantages over TiN and
(Ti, AN stem from their superior friction be-
havior in contact with steel and high thermal

conductivity®®

. To these advantages may be
added a soft chip flow, which relieves the coat-
ing edge, prevents cutting edge deformation on
high speed steels and reduces the risk of cutting
edge chipping. on carbides®®.

To improve the' wear-and corrosion-resista-
nce, Ti-A1-C-N has been studied®”. It is a com-
bination of high thermal stability of (TiADN
with low friction coefficient and high hardness
of Ti(C, N). It was shown that the formed met-
astable phase (Ti, Al) (C, N) has a phase stabil-
ity superior to (Ti, AD)N. Its Al loss temperatu-
res is higher than that of (Ti,AD)N. It has a sec-
ondary hardness maximum at 1200 (C which is
caused by recrystallization effects and the Al
loss.

Chromium nitride is one of the most promis-
ing alternative hard coating materials to TiN. It
can be deposited by HCDIP* *’ magnetron sput-
tering *?, reactive ion plating** * and AIP**7,
Depending on stoichiometry, single-phase film
of bee Cr, hex B-Cr.N, fce CrN as well as mixed
phase layers of Cr/B8-Cr-N or (B8-CrN/CrN

could be obtained'®. Early results already
shown" that extremely high deposition rate can
be achieved in system Cr-N with easier control-
ling in comparison with TiN. Chromium nitride
exhibits very high toughness. The bias causes a
transformation to a nearly amorphous, very
dense coating with a smooth surface. Chromium
nitride has very good wear- and corrosion-resi-
stance, especially in case of fretting wear. Its
oxidation-resistant temperature is as high as
700°C*. To increase thermal stability as well as
corrosion- and wear-resistance, the effects of
addition Ti** ", B and Ta’® were studied.

(Ti, ADN, Ti(C, N) and CrN are commercial-

54)

ized since the beginning of 90s°”. They have
now around half volume of the total PVD hard
coating market. The typical applications of CrN
are wear-resistant coating for piston ring of in-

% coating for friction

ternal combustion engines
reduction and saving lubricant amount and cor-
rosion-resistant coatings®¥. Among the new
hard coating systems other than TiN, (Ti, ADN,
Ti(C, N) and CrN, one of the most attractive
new systems with great potential is Ti-B-~N.
TiB. and TiB.-based coatings attract now great
interest because of their superhigh hardness of
6700HvV™ °”, good corrosion-resistance and high
electrical conductivity®”. However, other compo-

sitions of Ti-B-N system are also studied®® .

3. MULTILAYERS

In the early 70s, Koehler suggested a model
of strong solid with multilayer structure of two
components with widely different elastic consta-
nts®™. The idea was based on retarding the gen-

eration and motion of dislocation in thin-lay-
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ered metallic materials. Koehler’s model togeth-
er with Esaki and Tsu’s theory and experiments
on semiconductor superlattices set up the begin-
ning of nanostructured materials and nano sci-
ence and technology. Science then, great efforts
have been made to reveal the multilayer struc-
ture induced mechanical enhancement of
strength, hardness and toughness and the basic
results are as follows™ ™. Multilayer structure
is characterized by it chemical composition mod-
ulation wavelength A. It was shown that hard-
ness H of multilayer increases with decreasing
A in range of A ~m according to Hall-Petch
equation Fig. 6. When correlating the enha-
ncement with grain size refining with decreas-
ing A {(grain refining effect) in the same film
system Fig. 7, it is obvious that the hardness en-
hancement of multilayer films in range of A~
(m stems from Hall-Petch effect. On the other
side, in range of A ~10-100nm, a peak in curve

H(A) was observed Fig. 8™, the mechanism of
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which remains not clear up to now. Besides, mu-
ltilayered structure promotes toughening™ , cor-
rosion-" and cracking-resistance™of the coat-
ing.

Recently, TiN has been used as spacing layer
of multilayer film with (Ti, ADN, Ti(C,N) and
CrN in order to enhance the wear-and corro-
sion resistance of the coating. For example, TiN

/CrN multilayer can give higher oxidation resi-
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stance that both single layers TiN and CrN™.
Following the successful CVD multilayer TiN/
ALO; (Ti, ADN/ALO; (ALOX) multilayer was
prepared for metal cutting operation. (Fig. 9) ™
Grain refining with decreasing A is caused
by stopping the growth of the former layer and
beginning the re-nucleation and growth of the
next layer. This process is favorable not only
for grain refining, but also for elimination of
pinhole detrimental to the corrosion resistance

of the coating.

~400 layers

-

Substrate

/—\_,_/

Fig. 9 Structure of (Ti,A)N/ALO; (ALOX 400)

z’f‘——_s" ——— [2’3 um TAIN/ALO,
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4. LOW TEMERATURE DEPOSITION (LTD)

The key point of extension of application area
of TiN-based coatings is deposition at lowered
substrate temperature T, guaranteeing a dense
microstructure and an enough high coating-to-
substrate adhesion. At present time, LTD can
be realized through modification of ion plating
process with reduced energy balancing, pulsed
bias and Hyper-Ion processes etc.”™ ™ Conventi-
onal ion plating process involve only stationary
process, in which the negative bias voltage U; is
maintained constant in range of -50— -300v
during the process and leads to an additional
heating of the substrate as well By using
pulsed bias voltage U, with low duty circle coef-

ficient 7, Fig. 10-12 suerimposed on a dc
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Fig. 10 Wiring diagram of a negative bias voltage
superimposed by negative dc pulsed bias
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Fig. 11 Typical voltage-time diagram of superim-
posed dc pulsed bias voltage

ground voltage U, low T, has been attained.
Duty circle coefficient 7. is the ratio of the
pulse duration 74 to the pulse period 7, 7, and
Up can be regulated independently during the
work. With LTD, commercial TiN-based protec-
tive and decorative coatings can be now applied
at low alloyed steels, Cu-alloys, Al-alloys, Mg-
alloys and even ZnAl alloys.
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5. DUPLEX PROCESSES

When applying ion plated TiN-based coatings
on low alloyed steel substrate, their application
will be limited by substrate hardness. Recently,
duplex processes consisting of a nitriding and a
succeeding ion plating with TiN or CrN coat-
ings, are studied in order to provide a mechani-
cal support for ion plated coatings™ ®*. The
first results are attractive. For example, duplex
treatment of metal (Al) injection molding dies
increase the lifetime of central plug and de-
crease of its consumption evidently Fig. 13%.
Duplex treatment of different substrates have
shown good result for low alloyed steel® ®.
Corrosion resistance of construction and hot
working steel improved obviously in comparison
with nitriding or PVD coating. However, for
cold working and stainless steels, duplex treat-
ment leads to a loss in corrosion resistance. The
effects of residual stresses variation during the
duplex treatment are also complex, not always

positive: Besides, the nitrided surface needs to be
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ground after nitriding and before ion plating®

is also a problem influencing the stability of
product quality. In-situ and continuous duplex
process was set up with higher production effici-

% 8  in comparison with the first works

ency
using a discontinous processes. Based on the
above-mentioned results, it is obviously that
additional study is still necessary in order to
have a reliable production process of duplex

treatrent.

6. APPLICATION

Due to the progresses of LTD, TiN and relat-
ed coatings can be applied now as wear- and
corrosion-resistant coatings for machine parts,
besides wear-resistant coatings for cemented
carbide and high speed steel cutting tools and
decorative coatings for stainless steel articles
For example, TiN is used as the erosion and salt
corrosion-resistant coating for compressor
blade of airplane engine® . It is also used as
high temperature sulphidation resistant coating
of the parts in coal gasification equipment®®.

Highly (111) oriented and nonstoichiometric
TiN coating have been developed as erosion-
protective coatings for turbomachinery®. Multi-
layered coatings exhibit their prevalence. TiN/
Ti, TiN/Ti(C, N), TiN/CrN and (Ti, ADN/ALO
s are now commercialized in world-wide scale®™.
Their performances can be demonstrated by
data of (Ti, ADN/ALO:(Fig. 14)™. TiN/C and
CrN are proved to be the bearing coatings with
high wear resistance at present time. It is
shown Ti(C, N) behaves well in cavitation pro-
tection, while TiB. is good for particle erosion-

resistant applications. For the further improve-

10.

11.

12.

ment, both of them could be multilayered with

TiN spacer.
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