
 

A R C H I V E S  
o f  

F O U N D R Y  E N G I N E E R I N G  
 
 
 

Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 

ISSN (1897-3310)
Volume 15 

Issue 3/2015 
 

11 – 16 
 

2/3 

 

A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 5 ,  I s s u e  3 / 2 0 1 5 ,  1 1 - 1 6  11

 
Wettability and Surface Free Energy  

of Ti(C,N) Coatings on Nickel-based Casting 
Prosthetic Alloys  

 
K. Banaszek a, L. Klimek b, * 

a Medical University of Lodz, Department of General Dentistry, Chair of Restorative Dentistry, Pomorska 251, Łódź, Poland 
b Mediacal University of Lodz, Department of Dental Technology, Chair of Restorative Dentistry,  

Pomorska 251, Łódź, Poland 
*Corresponding author. E-mail address: leszek.klimek@umed.lodz.pl 

 
Received 29.04.2015; accepted in revised form 29.05.2015 

 
 

Abstract 
 
The production process of prosthetic restorations runs in two stages. In the first stage, the prosthetic foundation is produced of metal 
alloys. In the second stage, a facing material is applied on the produced element. In both stages, the wettability is significantly important, 
as well as the free surface energy relating to it. The quality of the obtained cast depends on the surface phenomena occurring between the 
metal alloy and the material of which the casting mould is made. The performed examinations also point to a relation between the ceramics 
joint and the base, depending on the wetting angle.  
The aim of the presented paper was to examine influence of the composition of a Ti(C,N)-type coating on bases made of the Ni-Cr 
prosthetic alloy on the wettability and the surface free energy. 
The test material were disks made of the Ni-Cr alloy with the diameter of 8 mm. The disks were divided into five groups, which were 
covered with Ti(C,N) coatings, with different amounts of C and N in the layer. In order to determine the surface free energy ( ), the 
wetting angle was measured. Two measure liquids were applied: distilled water and diiodomethane.  
The obtained results of the measurements of the water-wetting angles suggest that together with the increase of the ratio of nitrogen to 
carbon in the Ti(C,N) coating, the surface hydrophobicity increases as well. In all the samples, one can see a large difference between the 
energy values of the polar and the apolar components. The high values of the polar components and the low values of the apolar ones make 
it possible to conclude that these surfaces exhibit a greater affinity to the polar groups than to the apolar ones.  
On the basis of the analysis of the surface free energy, one can state that covering the alloy with Ti(C,N)-type coatings should not decrease 
the adhesion of the ceramics to the alloy, whereas TiC coatings should lead to the latter’s improvement. Due to their hydrophilicity, TiC 
coatings should decrease the adhesion of bacteria to the surface and hinder the formation of a bacterial biofilm. 
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1. Intrduction 
 
The laboratorial process of producing prosthetic restorations 

in the form of crowns and bridges runs in two stages. In the first 

stage, the foundation is produced of precious and non-precious 
metals, as well as zirconium oxide. In the following stage,  
a facing material is applied on the produced structure, such as 
porcelain, acrylate or a composite. Both in the first and the second 
stage, the wettability and the related surface free energy are of 



12 

sign
meta
the 
betw
mou
depe
visc
mate
and 
a me
its c
is d
wett

imp
mos
off t
dura
surf
so a
used
diffe
and 
deve
appl
laye
cont
note
and 
biol
exhi
Wha
meta
orth
a p
exam
the c

and 
forc

nificant importa
al alloys, is co
obtained cast 

ween the metal
uld is made [1]
ends on the allo

cosity of the al
erial [1]. In the

fills the irr
echanical pinni

complete burn-o
determined by
tability and the 
The strength 
ortance for the 

st frequently ob
the metal base. 
ability. That is 
face treatments 
as to improve th
d treatments bel
erent reagents, 
firing in vacuu

elopment of su
lying various 
ers containing s
taining gold, th
e the Ti(C,N)-t

tribological p
ogical ones [1
ibited any nega
at is more, the
al surfaces cov

hodontic and pro
proper hygiene
minations show
ceramics to the 
The performed
the base, depen

ce exhibited by 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

A

ance. The first 
nnected with a
depends on th
l alloy and the
]. The flow of 
oy force-in pres
lloy, as well a
e second produ
regularities of 
ing of the facin
out. The filling 
y such factors

ceramics visco
of the meta
users of this ty

bserved damage
This affects bo
why a lot of f
which would m

the quality of th
long: abrasive b
laser etching, t
um or argon at

urface engineeri
kinds of inter

silicon, applied
he so-called ‘G
type layers cha
properties, as 
10]. The resea
ative reactions 

e layers reduce 
vered with the
osthetic elemen

e is problemat
wed that they ca
 metal bases [2

d tests point to 
nding on the we
a given liquid i

R C H I V E S  o

production stag
a casting proces
he surface phen
e material of w
the liquid met

ssure, the surfac
as the wettabil
ction stage, por

f the surface,
g layer in the m
degree of all th

s as the surf
osity.  
l-ceramics joi

ype of prostheti
e is the facing 
oth the prosthes
focus is being m
modify the surfa
he joint. To the
blasting, etchin
the use of low-
tmosphere. Rec
ing, there have
rlayers [2-9]. T
d with sol-gel m
Goldbonder™’. 
aracterizing in 
well as – mo

arch performed
of the human
the adhesion o

em, which is i
nts for which th
tic [12, 13]. 
an also improv
, 3]. 
a relation of th

etting angle [14
is represented b

o f  F O U N D R

ge, in the case 
ss. The quality 
nomena occurri
which the casti
al into the mou
ce tension and t
lity of the mou
rcelain flows in
 which favou

metal surface af
he surface cavin
face tension, t

nt has the k
c elements, as t
ceramics poppi
sis’s esthetics a
made on applyi
face in such a w
e most frequen
g of the base w
-melting ceram
cently, due to t
e been attempts
They are usua

methods, or lay
One should a
good mechani

ost importantly
d so far has n
n body cells [1
of bacteria to t
important for t
he maintenance
The prelimina

ve the adhesion 

he ceramics’ jo
4-16]. The wetti
by its tendency 

Fi

R Y  E N G I N

of 
y of 
ing 
ing 
uld 
the 
uld 
nto 
urs  
fter 
ngs 
the 

key 
the 
ing 
and 
ing 

way 
ntly 
with 
mics 

the 
s at 
ally 
yers 
also 
cal 

y – 
not 
1]. 
the 
the 

e of 
ary 

n of 

oint 
ing 
for 

spread
given 
measu
solid b
betwe
base. 
partic
the su
surfac
smalle
wettin
for w
hydro
case o
treated
energi
predic
surfac
qualit
impor
their d

 
 

2. R
 

Th
compo
and an

 
 

3. M
 

Th
diame
the al
use of
1.  

 

 
ig. 1. Test samp

E E R I N G  V

ding on the sur
liquid to spread

uring the angle
body. It is dete

een the tangent
If the liquid p
les of the solid 

urface. In the ca
ce is low. The 
er the contact 
ng with the ang
water as the 
ophilic, and in t
of ceramics firi
d as a result o
ies of the appli
ct the behavio
ces after differ
ty of its joint 
rtance for the f
durability.  

Research o
he aim of the
osition of Ti(C
n apolar liquid 

Material a
he test material
eter and 10 mm
loy determined
f the SRS300 s

ples 

o l u m e  1 5 ,  

rface of a solid
d on the surface
e between the 
ermined by a di
t at the contact
particles are at
body, the liqui

ase of a weake
higher the tend
angle, up to 

gle equaling ze
measure liqui

the case of Θ >
ing on metal b
of the balance 
ed ceramic mat

our of the liqu
rent surface tre
with the base

further behaviou

objective 
e work was t

C,N)-type layers
as well as on th

and metho
l were disks ma

m high (Figure 
d by the X-ray f
spectrometer by

 I s s u e  3 / 2

d body [17]. Th
e can be describ
liquid and the

irect measurem
t point of two 
ttracted more 
id spreads more
er attraction, the
dency for surfa

the occurrenc
ero [17]. It is a
uid, Θ < 90°, 
> 90°, it is hydr
bases, the conta

between the s
aterials. Its know
uid ceramics 
eatments and t
. This has an 
ur of these sys

to examine in
rs on its wettab
he surface free e

ods  
ade of the Ni-Cr
1). The initial 
fluorescence an
y SIEMENS, is

0 1 5 ,  1 1 - 1 6

he ability of th
bed by means o
e surface of th

ment of the angl
phases and th

strongly by th
e extensively on
e wetting of th
ace wetting, th
ce of complet
assumed that, if
the surface i
rophobic. In th
act angle can b
surface and th
wledge can help
on the applied
thus predict th

unquestionabl
stems as well a

nfluence of th
bility by a pola
energy. 

r alloy, 8 mm in
composition o

nalysis, with th
s given in Tabl

6  

e 
of 
e 
e 
e 
e 
n 
e 
e 
e 
f, 
is 
e 
e 
e 
p 
d 
e 
e 

as 

e 
ar 

n 
of 
e 
e 



A R

The 
Ti(C
(Tab
[9]. 
 
Tab
Che

C
24
 

Tab
Che

 
In

sam
the u
Easy
diio
one 
surf
surf
valu
amo
of th
geom
surf
disp
the 
com
surf
 

 

 
whe

 - w
 -
 -
- 
- 
- 

C H I V E S  o f

 
disks were div

C,N) layers, wi
ble 2). The coat

le 1. 
emical composit

Cr Mo 
4.79 8.89 

le 2. 
emical composit

n order to deter
mples, a measure

use of the appa
yDrop. Two me
domethane. Th
of them had 

face energy (
face energy (
ue of , and a 
ount of 0.8 μl. T
he DSA15 pro
metry of a drop
face. For the 
persive ( ) and

Owens-Wend
mponents calcul
face free energy

 

ere: 
wetting angle [d
- surface tension
 surface free en
polar compone
dispersive com
polar compone

Layer 

S0 
S1 
S2 
S3 
S4 
S5 

f  F O U N D R

vided into five 
ith different am
ting was perfor

tion of the exam
Element con
Si Fe

1.57 1.3

tions of the exa

rmine the surfa
ement of the w
aratus by Krüss
easure liquids w

he liquids were
a low value o
), and a high v
), whereas the 
low value of 

The wetting an
gram, on the b

p of the measur
calculation o

d polar ( ) co
dt model was
lated in this w
y of the examine

  

deg], 
n of the measur
nergy of the exa
ent of the measu
mponent of the m
ent of the exam

El
C 
S

100
70
63
82
0 

Y  E N G I N E

groups, which 
mounts of C a
rmed by the ma

mined alloy 
ntent, % wt. 
e Co 
3 0.17 

amined layers 

ace free energy 
etting angle wa
s GmbH Germa
were applied: d
e selected in su
of the dispersiv
value of the po
other one – co
. The liquids 

gle was determ
basis of the me
re liquid placed
f the value o

omponents of th
s applied (eq

way were used 
ed layers (equat

 

 

re liquid [mJ/m2

amined materia
ure liquid [mJ/m
measure liquid 
ined surface [m

ement content, 

ample without 
0 
0 
3 
2 

E R I N G  V o

were coated w
ad N in the lay
agnetronic meth

Mn Ni
0.12 residu

( ) of the test
as performed w
any, model FM
distilled water a
uch a way so th
ve component 

olar component 
onversely – a hi
were dosed in t

mined with the u
easurement of t
d on the examin
of the particu
he tested sampl
quation 1). T

to determine t
tion 2). 

 (1) 

 (2) 

2], 
l [mJ/m2), 
m2], 
[mJ/m2], 

mJ/m2], 

% wt. 
N 

layer 
0 
30 
37 
18 

100 

l u m e  1 5 ,  I

with 
yer 
hod 

ue 

ted 
with 
M40 
and 
hat 
of 

t of 
igh 
the 
use 
the 
ned 
ular 
les, 
The 
the 

- d
O

partic
assum
 
Table
Polar 
liquid

Liqu
Dist
Diio
 
 

4. 
 

Ex
the su
result
liquid
their b
 
Table
Wettin

Sam

S
S
S2
S
S4
S

 

 

F

s s u e  3 / 2 0

dispersive comp
n the basis of
ular compone

med, which are c

3. 
and dispersive 

ds 
uid 
illed water 

odomethane 

Test resu
xemplary imag
urface of selec
s of the measu

ds and the valu
basis are presen

4. 
ng angle and su

mple Wetting
Water Dii

0 83 
1 70.5 
2 91.5 
3 103.3
4 103.3
5 115.1

diiodome

Fig. 2. Exem
on

diiodome

Fig. 3. Exempla

1 5 ,  1 1 - 1 6  

onent of the ex
f the literature 
ents for wate
compiled in Tab

component val

, mJ/m2 
72.8 
50.8 

ults 
es of a drop of 

cted samples ar
urements of the
ues of the surfa
nted in Table 4. 

urface energy va
angle deg 

coiodomethane 

52.1 
45.8 
48 

47.1 
47.2 
47.2 

ethane 

 

mplary images o
the surfaces of

ethane 

 
ry images of th
surfaces of the

xamined surface
 data [18], the

er and diiodo
ble 3. 

lues for the app

, mJ/m2 
21.8 
48.5 

f the polar and 
are shown in F
e wetting angel
face free energ

alues of the exa
Polar 

omponent 
A

com
33.10 3.8
36.58 8.0
35.38 1.1
35.88 0.0
35.82 0.0
35.82 0.9

of the drops of t
f the samples S0

he drops of the u
e samples S1 

13

e [mJ/m2]. 
e values of th
omethane wer

lied measure 

, mJ/m2 
51 
2.3 

apolar liquid on
Fig. 2 – 7. Th
ls for the tested
y calculated on

amined samples
polar 

mponent
Energy
mJ/m2

82985 36.92
08916 44.67
15480 36.54
00007 35.88
00013 35.82
95674 36.78

water 

the used liquids
0 

water 

used liquids on 

3

e 
e 

n 
e 
d 
n 

s 
y
2

s  

the 



14 

 

 

 

 

 
 

diiodome

Fig. 4. Exemp
t

diiodom

Fig. 5. Exemp
t

diiodom

Fig. 6. Exemp
t

diiodom

Fig. 7. Exemp
t

A

ethane 

plary images of
the surfaces of 

methane 

plary images of
the surfaces of 

methane 

plary images of
the surfaces of 

methane 

plary images of
the surfaces of 

R C H I V E S  o

 
f the drops of th
the samples S2

 
f the drops of th
the samples S3

 
f the drops of th
the samples S4

 
f the drops of th
the samples S5

o f  F O U N D R

water 

he used liquids o
 

water 

he used liquids o
 

water 

he used liquids o
 

water 

he used liquids o
 

R Y  E N G I N

5. D
 

Th
angles
carbon
surfac
and S
borde
hydro
In the
one ca
for sa
sampl
values
S4 to 

In
that a
witho
(TiC) 
of all 
this co
all the
of the
of the
allow 
polar 

Th
compo
analys
of pro
the su
surfac
A hig
biofilm
of the
the m
treatm
bacter
furthe

We
prosth
[26-28
can be

 
 

on 

on 

on 

on 

E E R I N G  V

Discussion
he obtained m
s suggest that, 
n ratio in the 
ce increases as 
5 have a strong
r and samples

ophilic character
e analysis of the
an state that the
ample S1 (pure
les, including 
s of the surface
36.92 mJ/m2 fo

n a closer analy
all the coatings
ut coating. As
has a higher v
the remaining o
omponent value
e samples, we c
e polar and the 
e polar compon
us to conclude
groups than to 
he aspect of 
osition and cha
sis of the facto
osthetic elemen
urface, as well a
ce free energy h
gh value of the
m formation [2
e surface in a w
majority of ba
ment which ren
ria’s ability to 
er development 
ettability also ha
hesis in the ora
8] suggest that
e obtained by in

o l u m e  1 5 ,  

n of result
measurement r

together with 
Ti(C,N) layer
well, where: th

g hydrophobic c
S0 and S1 a

r is exhibited by
e obtained resu
e highest values
e titanium carb
the sample w

e free energy (
or the sample w
sis of the polar 
s increase its v
s regards the a
alue than the in
ones, we can ob
e, in relation to 
can see a large 
apolar compon

nents and the l
that these surfa

apolar ones.  
wettability, su

arge should be t
rs favouring ba

nts [19]. The p
as its topograph
have an effect 
e free energy f
2]. It is though

water environme
acterial strains 
ders the surfac
colonize the p
and formation 
as a great impo

al cavity of the 
t an improveme
ncreasing the w

 I s s u e  3 / 2

ts  
results for the

the increase o
rs, the hydrop
he surfaces of 
character, samp
are hydrophilic
y sample S1. 

ults for the surf
s (44.67 mJ/m2

rbide TiC). All
without coating
(from 37.89 mJ

without coating)
component val

values in relati
apolar compon
nitial one, wher
bserve a signifi
 the sample wit
difference betw

nent energies. T
low values of 
faces have a stro

urface free en
taken into cons
acteria adhesion
physico-chemic
hy, hydrophobi
on the bacteria
favours bacteri
ht that a hydrop
ent favours the

[23]. And so
ces hydrophilic
prosthetic elem
of a bacterial b
ortance for the 
patient. The au

ent of the pros
wettability of the

 

0 1 5 ,  1 1 - 1 6

e water-wetting
of the nitrogen
hobicity of th
samples S3, S4

ple S2 lies at th
. The stronges

face free energy
2) were obtained
l the remaining
g, have simila
J/m2 for sampl
. 
lues, we can se
ion to the alloy
nent, sample S
reas, in the cas
cant decrease o
thout coating. In
ween the value
The high value
the apolar one
onger affinity to

nergy, chemica
sideration in th
n on the surfac
al properties o
city, charge and
al cells [20, 21]
ia adhesion and
phobic characte
 colonization o
o, by applying
, we reduce th

ment and thus 
biofilm [24, 25].

retaining of th
uthors of work
sthesis retention
e surface. 

6  

g 
n-
e 
4 
e 
st 

y, 
d 
g 

ar 
e 

e 
y 
1 
e 

of 
n 

es 
es 
es 
o 

al 
e 
e 

of 
d 
]. 
d 

er 
of 
g 
e 
a 
. 
e 

ks 
n 



A R C H I V E S  o f  F O U N D R Y  E N G I N E E R I N G  V o l u m e  1 5 ,  I s s u e  3 / 2 0 1 5 ,  1 1 - 1 6  15

6. Conclusion 
 

To sum up, on the basis of the performed analysis of the 
wettability of the sample surfaces, we can state that layers S2, S3, 
S4 and S5 do not, in fact, change the surface free energy of the 
alloy, whereas the TiC layer (sample S1) increases it significantly. 
Coating the alloy with Ti(C,N)-type layers should not reduce the 
ceramics adhesion to the alloy, whereas coating it with a TiC 
layer should lead to its improvement as well as a reduction of the 
possibility of bacterial colonization of the prosthetic elements 
covered with this coating. 
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