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Wear Behaviors of  Ceramics TIN, TIC and TICN 
with Arc Ion Plating 

Seong-Mo Oh*, Bong-Goo Rhee 
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344-2 Shinyong-Dong, lksan- Cit),, Chonbuk 570- 749, Korea 
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In order to determine the wear properties of AlP(Arc Ion Plating) deposition, wear process 

was evaluated by using a Falex test machine. Also, in order to determine the effects of coating 

material on the wear process, TiC, TiN, and TiCN coatings of thickness about 5/zm--6 ¢zm 

coated by Arc ion plating deposition method were tested. The wear property was determined 

under a dry sliding condition as a function of the applied load, sliding distance, sliding velocity 

and temperature. The results show that when wear of the coating-layer occurred, specific wear 

amount increased with the wear rate. At initial state, the wear rate rapidly increased, but it 

gradually reduced as the velocity increased. Also, when raising the temperature, the wear rate 

increased in the order of TiCN, TiN and TiC due to the frictional heat. 
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1. Introduction 

Along with the development in the industry, the 

mechanical components used in various industries 

require stronger materials to endure severer envi- 

ronments. As the overall mechanical industry ra- 

pidly develops and the variety of machines be- 

come more specialized and precise, the working 

conditions require higher speeds and heavier 

loads. Thus, solutions to tolerate the surface 

conditions of all composition of the machine are 

necessary. Therefore, many researches have been 

conducted to improve the characteristics of the 

metal surface (Song and Ahn, 1990: Ensinger 

and Schr6er, 1998). 

Coating, a kind of surface treatment, was often 
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used to protect the substrate beneath the coating 

from outside dangers at the beginning. However, 

recently it has taken an important role as an 

integral part of the machine with many charac- 

teristics that are required by forming the coating 

film as well as the original purpose of protecting 

the substrate. 

Coatings include CVD(Chemical Vapour De- 

position) and PVD(Physical Vapour Deposi- 

tion). CVD includes MCVD(Modified Chemic- 

al Vapour Deposit ion)(Cho and Choi, 1994: 

Hocking, 1989) and Plasma Spraying, which are 

high heating sources and suitable for spraying of 

ceramic materials with high melting point. Plas- 

ma spraying is applied to production of aircraft 

related components. 

PVD can be usually divided into Vacuum De- 

position, Sputtering and Ion Plating. One of 

Ion Plating methods, AlP(Arc Ion Plating) 

(Vyskocil and Musil, 1990: Tai and Koh, 1990; 

Peterson and Winer, 1980) is widely used in 

coating of wear resistant mechanical components 

(Honlmberg and Matthews. 1994 ; Hailing, 1983 ; 
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Lee and Kim, 1994). AlP of a film grown from 

the vapour phase with a beam of energetic ions 

is a coating technique which has been studied 

for a number of years and is presently being 

developed for industrial applications (Smidt, 

1990; Hirvonen, 1991: Hubler, 1994; Cuomo 

and Rossanagel, 1989). Particularly compound 

films, such as metal oxides for optical purposes 

and nitrides and carbides for wear protection, 

look promising, owing to their special features, 

such as low microporosity and high hardness 

and adhesion (Cuomo et al., 1989). This tech- 

nique can be used to deposit oxides, nitrides, and 

carbides of titanium (Barth and Ensinger, 1990; 

Schroer and Ensinger, 1996). Also, Titanium has 

many excellent features such as high strength 

to-weight ratio, good high-temperature proper- 

ties, and excellent corrosion resistance and bio- 

compatibility (Garside, 1991 ; Ruck et al., 1995, 

Sioshansi and Oliver, 1985, Dearnaley, 1978; 

Oliver, 1984). 

Unfortunately, despite of such superior wear 

resistance of ceramics, the study of ceramic fric- 

tion and wear shows big variations in the co- 

efficient of friction and wear rate depending on 

surface type and experimental conditions (Lee 

and Son, 1996 ; Hisakado, 1992). Also, as most of 

the studies have been carried out in specific fields 

only, there were few extensive studies on the wear 

of ceramic materials (Anderson, 1992; Rhee, 

1995 : Hailing, 1983). 

In this work, we investigated the efficacy of 

three coatings, TiN, TiC and TiCN, by measuring 

the specific wear rate with respect to the load, 

temperature and sliding velocity. 

2. Experiment 

2.1 E x p e r i m e n t a l  d e v i c e s  

For the experiment, a Falex test machine was 

used after specimen surface preparation to study 

the wear characteristics as a function of load. 

speed, temperature and time changes. Figure 1 

shows a schematic diagram of the test machine 

and Fig. 2 describes the enlarged V-blocks and 

journal  arrangement. 

Testing part consisted of the V-blocks and the 

~ :  - _ ~ : ~ 7 : . ~ ~  

. . . . .  

,,..mza~_t~ ..... .':.-.~ ~:',;. ~~ '.: 
J[~,LIBJ~AL ,3{1 ~'Ui ~ '~P, QLE O~tJk;I- 

Fig. 1 Schematic diagram of test machine 

Fig. 2 

I ~R,,\F[; [ .OCK IN ( ,  

] ' IN , [ 
, ,  I~ ! 

I / I  ' , ) ? /  

' ,  , [ , /  '!1 

',,,, ~__, ):...I._ Si",, 

V -  H . ( ) C K 5 ,  

Exploded view of V-block and journal 
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journal. The journal is in contact with two V- 

blocks under the applied load. Standard test 

cylinder type of the journal is 6.35 mm in outer 

diameter, thermal treated AISI 3135 steel with 

31.75 mm in length and 87-91 in hardness. For 

the two V-blocks, thermal treated AISI 4130 of 

20-40 in hardness was used. The angle of the V- 

blocks layers was 96----- 1 °. Coating was done only 

on the V-block. Journal can slide and rotate 

between the two blocks. Table 1 shows the physi- 

cal and chemical properties of the journal and the 

V-blocks. 

The load action part was made of a ratchet 

wheel system. The load could be delivered to the 

V-blocks through a lever arm spring gauge. 

2.2  C r e a t i o n  o f  so l id  l u b r i c a t  f i lm 

For ceramic coating, an arc ion plating equip- 

ment was used. Coating was made in the follow- 

ing order. The chemically cleaned tools were 
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inserted in the furnace.  The  t empera tu re  was in- 

creased to the desired t empera tu re  (°C) by us ing 

a p re l imina ry  hea t ing  source. Also,  the c h a m b e r  

was evacuated us ing a v a c u u m  pump.  T h e n  ion 

cleaning,  t i t an ium coat ing  and  the ma in  coa t ing  

were performed.  

In the ion c lean ing  process, the t i t an ium target  

was tr iggered to generate  t i t an ium ions and  a 

negat ive  voltage of  a b o u t  500V or more  was ap- 

plied to the subst ra te  under  a h igh vacuum of  

5 X 10 -s Torr .  T h r o u g h  this process, Ti ions be- 

came accelerated and  col l ided with the subst ra te  

to remove the foreign mater ia ls  and the ox ida t ion  

layer. The  voltage was lowered to less than  400V 

for Ti middle  layer coat ing  and  Ti ions were 

coated on  the surface of  the substrate.  At  this 

stage, the th ickness  of  the t i t an ium middle  layer 

was adjus ted to 0.1-0.3 ¢zm. Th i s  process was 

performed to improve  the adherence  between the 

coa t ing  layer and the substrate.  Then ,  by lower ing  

the negat ive vol tage (V) and inser t ing  a reactive 

gas (CH, N) of  given a m o u n t  at the ma in  coa t ing  

stage, the desired c o m p o u n d  with h igh  ha rdness  

could be formed on the surface of  the substrate .  

It was found tha t  h igh  t empera tu re  was more  

advan tageous  unless it caused t r ans fo rma t ion  or 

sof tening of the substrate.  This  is because the 

h igher  the tempera ture ,  the movemen t  o f  the 

chemical  species tha t  par t ic ipa te  in the react ion 

on the surface of  the subs t ra te  become easier 

du r ing  coat ing.  In addi t ion ,  h igh t empera tu re  

makes  a more  dense structure.  

in this  study, the t empera tu re  in the furnace 

was kept  between 500-700°C to cons ider  the 

sof tening t empera tu re  of  the AISI  3135 steel 

substrate.  W h e n  tile subs t ra te  is fixed in the fur- 

nace  or if it jus t  rotates,  there may be some 

difference in film the th ickness  depend ing  on the 

loca t ion  of  the substrate.  Therefore ,  the subs t ra te  

was made  to revolve and rotate  at the same t ime 

to prevent  such a problem.  

3. Method of Experiment 

3.1 T e s t  on t h i c k n e s s  and s u r f a c e  of  c o a t i n g  

f i lm 

To find out  the th ickness  of  the coa t ing  film 

and  its surface status, we used a me ta l log raph ic  

microscope.  Also,  to measure  the th ickness  of  the 

coa t ing  film, tapes were a t tached on  some par t  

of  the surface be lbre  coa t ing  and  removed to 

measure  the th ickness  of  the coa t ing  film using a 

SEM (Scann ing  Elect ron Microscope) .  

Tab le  2 shows the mic ros t ruc tu ra l  and  mec- 

hanica l  proper t ies  o f  var ious  mater ials .  

3.2 H a r d n e s s  t e s t  

As th in  coa t ing  film was affected by the 

subst ra te  depend ing  on  the load,  the ha rdness  was 

measured  more  than  10 t imes with a relat ively 

smal l  load,  us ing a vickers mic roha rdness  tester 

and  the average value  was ob ta ined .  

3.3 W e a r  tes t  

Figure  3 shows the overal l  process of  TiC,  

TiN,  and  T i C N  coat ing  on  the mater ia l  surfaces. 

Table 1 Physical and chemical properties of journal  
and V block 

~ m s  Journal V-block 
Properties \ 

Surt:ace Rough ( 1.3 X 10 - 7 ~  ( 1.3 X 10 -7 
hess 2.5× 10-7 m) --2.5 × 10-7 m) 

Hardness 87~91 [HB] 20~24[HRc] 

Chemical 
Composit ion 

(wt%) 

C : 0.15 
Mn : 0.50 
S : 0.04 
P : 0.035 
Si : 0.20 
Cr : 0.35 

C : 0.30 
Mn : 0.45 
S : 0.08--0.13 
P ~ 0.04 
Si : 0.20 
Cr : 0.80 

Table 2 Microstructural and mechanical properties 
of TiC, TiN and TiCN 

Properties 

Melting point, °C 

Density, g/m m" 

Hardness Hv, kgf/mm 2 

Chemical stability 

Frictioc coefficient with 
steel (dry condition) 

Reactive Gas 

Thermal expansion 
coefficient (lO-S/°C) 

TiC 

3160 

4.90 

3200 

poor 

0.76 

CH4 

7.61 

TiN 

2950 

5.2 

2500 

good 

0.65 

H2 

9.35 

TiC, N 

3300 

5.78 

4000 

very good 

0.55 

CH4, N2 

9.82 
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Fig. 3 Overall process for TiC, TiN, TiCN coating 

Before coating the ceramic lubrication film on 

the substrate, the surface was cleaned using a non- 

polar  solvent that does not create any film. After 

that, pretreatment was performed on the surface 

to improve the adherence between the film and 

the substrate. Pretreatment included pol ishing 

with 0.5 ~m alumina  particles, because the fric- 

tion and wear can be affected by inconstant sur- 

face roughness. Also, sand blasting treatment was 

applied selectively so that the roughness becomes 

about  0.6-0.9 ,urn after treatment. The Falex fric- 

tion and wear tester was used for friction and 

wear tests of  the ceramic lubricat ion coat ing 

films. 

The torque and load gauges were set to 0 and 

the load was changed by a ratchet wheel to 1112, 

2223, 3334, 4445, 5556 EN]. The loads and pres- 

sures were measured by the gauges. All  the ex- 

perimental  condi t ions  and terms are presented in 

Table  3. 

Figure 4 shows a wear model.  Specific wear 

rate can be obtained with the fol lowing equation.  

W s = V / N S  

where V denotes the wear volume. N and S denote 

the normal  loads and the sliding distance, respec- 

tively. The test was performed 5-10 times under 

different conditions.  

Table 3 Test condition of the experiment 

Item Test Condition 

Sliding Speed (m/sec) 2.7 

Applied load (KN) I 

Environment Dry 

Test Interval (min) 5-10 

Temperatur Range (°C) 50-200 

Fig. 4 
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The wear rate was obtained by calculat ing the 

average value after mul t ip lying the number  of  

cogs of  ratchet wheel corresponding to the wear 

of  0.0254 mm by the wear scar area. Specific wear 

rate was calculated by dividing the wear rate by 

the load on the wear surface and the sliding 

distance. 

4. Results  and Discuss ion 

4.1 Characteristics of coating layer 
The surface of  the coat ing layer reflects its 

crystallinity, crystal structure and structure of  

roughness, which are very important  factors in 

ceramic coating. The thickness value of  the coat- 

ing film was 5 -6 / lm .  The measureents were done 

using a SEM and a roughness tester, which in- 

dicated comparat ively  uniform results. As shown 

in Fig. 5, T iC coat ing film showed higher surface 
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, : a  m h' :~_': 

Fig. 5 SEM micrographs tbr determination of coating film (a : TiC b ; TiN c : TiCN) 

Table 4 Surface roughness and Hardness of Non 

-Coated Journal and Coated V-block 

Specimen Non-  TiC TiN TiCN 

Coated 
Journal 

surface 0.19 0.084 0.062 0.041 

roughness, Ra (ttm) 

Hardness, Hv 200 2900 2300 3400 
(Pa/mm 2) 

roughness  value than TiN or T iCN coat ing films. 

Table  4 shows the test result obta ined by a 

por table  roughness  tester. Hardness  test results 

also appear  in Table  4. The hardness  was ob- 

tained by average the value after measur ing the 

hardness  of  the TiN coat ing film under  10g of  

load over 10 times. TiCN coat ing film showed 

higher hardness  than TiC or TiN coating. Also,  

TiC had higher hardness  than TiN and its crystal 

structure was more  minute  while the roughness  

was higher  than TiN. 

4.2 W e a r  c h a r a c t e r i s t i c s  as  a funct ion  of  

load 

Figure 6 shows the var iat ion of  wear rate as a 

function of  load. In this figure, the wear rate is a 

result of  measur ing the wear width up to the 0.5 

,urn unit. As shown,  the wear rate increases as the 

load increases regardless of  the coat ing films. 

Under  any load condi t ion ,  TiCN coat ing showed 

rather less wear rate compared  to TiC or TiN 

coatings.  The reason is mainly due to the order  of  

hardness  ; T iCN > T i C  > T I N .  It can be stated that 

harder  coating cause less wear rate. In addi t ion,  

there was little increase in the wear rate as the 

load increased. When  the load was increased from 

1 0  - 6  . . . . . . . . . .  

.-+-T~c ' i 
- + Y,N I 

~- 10- 7 ' - * -  r,cN, j - *  

Fig. 6 

0 1 . 1 2 . 2  3 . 3  4 . ' 4  5 . 5  
L ond I KN 

The variation of specific wear rate as a func- 

tion of applied load 
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Fig. 7 The variation of specific wear rate as a func- 

tion of applied sliding velocity 

I l I2N to 5556N in l l I2N increments,  the wear 

rate was not increased significantly. 

4.3 W e a r  c h a r a c t e r i s t i c s  as  a funct ion  of  

veloci ty  

Figure 7 shows the changes  of  specific wear rate 

as a function of  velocity. As shown in the figure, 

TiN showed less wear rate than TiC. Also. T iCN 
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had  less wear  rate t han  T iN in any velocity. All  of  10 -6 

the three  coat ings  showed  h igh  wear  rate at the 

ini t ial  area, but  the specific wear  rate was reduced ~.. 10-7i 

as the velocity increased.  We th ink  that  it was ~ 
c 

due  to the f r ic t ional  heat  caused by increased ~ 10-e 

velocity. The  f r ic t ional  heat  could  be t ransfered 

to the surfaces o f  T iC,  T iN,  and  T i C N .  Th i s  may ~ 

cause  the oxidized steel and  film to form, pre- :~ 10 .9 

vent ing  the wear of  TiC,  T iN,  and  T iCN.  

In add i t ion ,  the difference in the wear rate was 

reduced as the velocity increased.  

4.4 W e a r  charac ter i s t i c s  as a funct ion of  

t emperature  

Figure  8 shows  the specific wear  rate as the 

t empera tu re  of  the coated  l ub r i ca t i on  film chan-  

ges. Wea r  reduced most  s ignif icart ly in T i C N  and  

T iN  fol lowed by TiC.  At  the in i t ia l  stage, the 

wear  rate was slow, but  rap id ly  increased from 

150°C. The  outer  cover  o f  each film had  gradua l ly  

been removed and  the outs ide  of  each film was 

released as it passed the r u n n i n g - i n  effect at the 

early stage. 

Besides, the contac t  surface was affected signi- 

f icqutly by the increased t empera tu re  with the 

f r ic t ional  heat  genera ted  at the s l id ing contac t  

as the t empera tu re  was increased by the external  

heat. Also,  as the t empera tu re  of  the contac t  sur- 

face was increased,  the ox ida t ion  of  the ceramic 

film was accelerated,  and  thus the lubr i ca t ion  film 

was destroyed.  The  difference in the wear  rates 

be tween each subs t ra te  was increased by a s imi lar  

amount .  

4.5 W e a r  charac ter i s t i c s  with  d i f ferent  as a 

funct ion  of  s l iding d is tance  

Figure  9 shows the changes  of  specific wear  

rate in respect to the s l id ing distance.  The  specific 

wear  rate increased sharp ly  unt i l  the dis tance  

reached 3240 m. The  specific wear  rate, however ,  

increased slowly after 3240 m. As a result,  the 

wear  rate increased with s l id ing  distance,  but  the 

increas ing rate not  p r o m i n e n t  after some point .  

Th i s  is because  the wear  size becomes larger  as 

wear  progresses,  and  the effective stress experi-  

enced by the subs t ra te  is reduced even t h o u g h  the 

load is constant .  

Fig. 8 
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The variation of specific wear rate as a func- 

tion of sliding distance 

There  are some differences in the wear rates 

a m o n g  TiC,  T iN and  T i C N  with respect to the 

s l iding distance.  The  reason is tha t  T iC is easy to 

form cracks. Also  once there is a crack, T iC  

which has h igh  roughness  can be peeled off more  

easily t han  TiN and  T iCN.  

5.  C o n c l u s i o n  

We studied the wear proper t ies  of  TiC,  TiN 

and  T i C N  coat ings  on the V-b lock .  The  coa t ing  

was done  by using the arc ion plate process, wear  

tests were conduc ted  using a Falex tester with 

respect to load,  velocity and  temperature .  

The  test results are as lb l lows : 

(1) As for the surface roughness ,  T iC  is the 

roushest .  T i C N  has  the highest  ha rdness  fol lowed 

by T iC  and  TiN.  

(2) Wea r  rate is increased with load, in the 
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order of comes TiC, TiN, and TiCN but the rate 

of increase is constant. 

(3) At the initial stage, the wear rate rapidly 

increased, but it is gradually reduced with in- 

creased velocity. It becomes stable in the order of 

TiC, TiN and TiCN. 

(4) With increasing temperature, wear is 

increased in the order of TiCN, TiN and TiC by 

the frictional heat. At first, the wear rate was 

slow, but was rapidly increased alter 150°C .The 

contact surface is affected by the temperature. 

(5) Wear rate is increased with sliding dis- 

tance, but the rate of increase is not prominent 

after some point. 
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