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Wettability and interfacial reaction

in SiC/Ni plus Ti system
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Wettability and interfacial reactions in both SiC ceramic/pure Ni system and SiC ceramic/Ni
plus Ti system were studied. The contact angle was determined by high temperature
photography. The microstructure and composition of the interfacial region were analyzed.
Under the applied experimental conditions, the contact angle of SiC/pure Ni system at
1350◦C in vacuum is about 86◦. The contact angle slightly decreases with the prolonging of
time of the test at 1350◦C. The interfacial reactions take place during the test. The reactions
facilitate the wetting. The wettability of the system is improved by adding active element
titanium into the metallic phase. The contact angle decreases with the increasing of content
of the additive within the tested range. Moreover, this effect becomes more remarkable
with the prolonging of reaction time at high temperatures. This can be explained by the fact
that titanium accumulates at the wetting interface and facilitates the interfacial reactions,
resulting in an increase of the driving force of wetting. C© 2002 Kluwer Academic Publishers

1. Introduction
The wettability of ceramics by liquid metals is a key
factor in many fields of high temperature materials sci-
ence, especially in metal-matrix composites processing
[1] and in metal-ceramic or ceramic-ceramic joining by
brazing alloys [2]. In both cases good wettability is gen-
erally desired, as it results in large work of adhesion [3]
and consequently high interface bonding strength at the
metal/ceramic interfaces.

Ni-based superalloys are widely used to manufac-
ture the parts of aeronautical turbine serving at elevated
temperatures. The working temperature of these mate-
rials can reach 950◦C (type GH128) or higher. But it
is still not high enough for the next new turbines. In
order to further increase the working temperature and
decrease the weight of the turbines, new high tempera-
ture structural materials are being expected and investi-
gated. Among them, SiC ceramic and SiC matrix com-
posite are promising ones due to their good mechanical
strength and resistance to oxidation at elevated tem-
peratures. However, in most cases the application of
ceramic materials normally depends on the joining of
ceramics to metallic structures [4]. Hence, it is essential
to study the wettability of SiC by liquid metals.

The wettability of SiC by liquid pure Ni was re-
ported in Ref. [5], in which reaction bonded SiC and
hot pressed SiC were used. As indicated in this refer-
ence, the contact angle of the system is about between
65◦ and 75◦ at 1773 K in a vacuum, also the contact an-
gle is affected by the kind of SiC used and remarkably
affected by the dissolution reaction of Si and C into
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the liquid metal and carbide formation reaction at the
interface between liquid metal and SiC [5]. In Ref. [6],
the contact angle of β-SiC/Ni system at 1770 K in a
purified argon atmosphere is reported to be 74◦ [6].

In order to contribute to the joining of SiC ceramic
to Ni-based superalloy, it is needed to explore the ways
to decrease the contact angle of SiC/Ni system. For this
purpose, recrystallized SiC was employed in this study.
Besides, taking into account that vigorous carbide for-
mation reaction takes place between titanium and SiC
[7–10], titanium was chosen as an additive to improve
the wettability of the system. The effect of titanium
additive on the wettability of the system has been in-
vestigated in this paper.

2. Experimental procedures
The commercial recrystallized SiC ceramic with the
purity of >99 wt% was used as the starting ceramic
material. The SiC ceramic was cut into cylindrical thin
pieces with the Size φ10 mm × 2 mm. The top surface
for testing was polished. Then, the SiC pieces were
washed in alcohol with an ultrasonic bath for 20 min-
utes. After drying, the cleaned pieces were stored in a
desiccator. Ni powder with the purity of 99.7 wt% and
Ti powder with the purity of 99.2 wt% were used as the
metallic materials. Their particle size is −200 mesh.

The content of Ti additive in the tested metallic ma-
terials is 1 wt%, 3 wt%, 5 wt%, 7 wt%, 9 wt% and
13 wt% respectively. (“1 wt%” means that the metal-
lic material is composed of 99 wt% Ni + 1 wt% Ti.)
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The powders were mixed in anhydrous alcohol for
20 minutes. After drying, the mixtures were cold com-
pacted to form cylindrical thin compacts in the size
φ10 mm × 1 mm, which were then cut into small pieces
of about φ2 mm × 1 mm. The small piece of com-
pact was put on the polished surface of the SiC ce-
ramic sample. Then the combination was loaded into
the horizontal alumina tube of the “Instrument to De-
termine the Interface Properties at High Temperature
in Vacuum”. When the vacuum reached 2 × 10−2 Pa,
the specimen was heated up to the melting point of the
metallic material. Then, keeping the temperature, the
time was recorded, the shape of the metallic drop was
observed from the screen, and a photograph was taken
every minute. After 6 minutes the specimen was cooled
down. The contact angles were measured from the pho-
tographs [6]. The microstructure and composition of the
specimen were analyzed by Scanning Electron Micro-
scope (SEM) and Energy Dispersive X-ray Microanal-
ysis System (EDX).

The same experiment was carried out with SiC/pure
Ni system.

3. Results and discussions
3.1. Wettability in SiC/pure Ni system
In SiC/pure Ni system, it was observed that the liquid
Ni drop formed at 1350◦C, which is 103◦C lower than
the melting point of pure Ni. This could be attributed
to the fact that significant amount of Si and C dissolved
in Ni during heating the sample [5], resulting in the
decreasing of the melting point of the metallic material
according to the phase diagrams of the binary alloys
[11]. The contact angle of the system was determined
to be about 86◦. The time dependence of the contact
angle in the system at 1350◦C in a vacuum is presented
in Fig. 1. This figure indicates that the contact angle
slightly decreases with the prolonging of time.

The microstructure of the SiC/pure Ni system tested
at 1350◦C in a vacuum for 5 minutes is shown in Fig. 2.
One can see that an obvious reaction area exists in the
interfacial region. The areas A and B as marked in Fig. 2
were observed by SEM at large magnification, of which
the microstructures are shown in Figs 3 and 4 respec-
tively. Although both Figs 3 and 4 show the black alter-

Figure 1 Time dependence of the contact angle in SiC/pure Ni system
at 1350◦C in vacuum.

Figure 2 Microstructure of the interfacial region of SiC/pure Ni system
tested at 1350◦C in vacuum for 5 min.

Figure 3 Microstructure of area A as marked in Fig. 2.

Figure 4 Microstructure of area B as marked in Fig. 2.

nating with white structures, the black and white phases
in Fig. 3 are thicker than that in Fig. 4.

The compositions of the white phase denoted by “a”
and the black phase denoted by “b” as marked in Figs 3
and 4 were analyzed by EDX. The results are listed in
Tables I and II. The atomic ratio of Ni and Si (denoted
by Ni : Si) for the various phases was calculated, and
the values are also listed in the tables. The Ni : Si for
the white phase in Fig. 3 (see Table I, a) is very close

TABLE I Spot analysis results (at%) by EDX at the positions indicated
in Fig. 3

Element a b

Ni 67.66 8.82
Si 32.34 4.78
C – 86.4
Ni : Si 2.09 1.85
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T ABL E I I Spot analysis results (at%) by EDX at the positions
indicated in Fig. 4

Element a b

Ni 71.21 5.98
Si 28.79 1.92
C – 92.1
Ni : Si 2.47 3.11

to 2, implying that this phase is mainly composed of
Ni2Si. The Ni : Si for the black phase in Fig. 3 (see
Table I, b) is also close to 2. Meanwhile, taking into
notice the high carbon content of this phase, it is implied
that this phase is composed of a mixture of graphite as a
major component and Ni2Si as a minor component. This
result is in accordance with that reported in References
[12] and [13]. The Ni : Si for the white phase in Fig. 4
(see Table II, a) is close to 2.5, implying the presence
of Ni5Si2 as the main component. The Ni : Si for the
black phase in Fig. 4 (see Table II, b) is close to 3,
implying that this phase is composed of Ni3Si as a minor
component and also graphite as a major component.
This is in accordance with Reference [14].

The experimental results indicate that diffusion and
chemical reactions take place in the wetting test, which
make the wetting interface changing from the ini-
tial SiC/Ni interface to the reaction products/Ni inter-
face, resulting in the improvement of wettability of the
system.

3.2. Wettability in SiC/Ni + Ti system
The contact angles of the SiC/Ni + Ti system with var-
ious titanium content at the melting temperatures of the
metallic materials are listed in Table III. The melting
temperatures are also presented in the table. This table
shows that the contact angle decreases gradually with
increasing titanium content within the tested range.

Fig. 5 shows the contact angle of SiC/Ni + 5 wt% Ti
system as a time function of the test at melting tem-
perature. It is seen that the contact angle decreases
remarkably with the prolonging of time, indicating
the improvement of wettability. As the work of adhe-
sion at the SiC/Ni + 5 wt% Ti interface is expressed
by W = σLV(1 + cos θ ), where σLV denotes the surface
tension of the liquid alloy, and θ is the contact angle [3],
the decrease of θ leads to the increase of W . Therefore,
the bonding strength at the interface will be improved
by the proper prolonging of time of the test at melting
temperature of the metallic material.

T ABL E I I I Contact angle for SiC/Ni + Ti system at melting tem-
perature in vacuum (The specimen was cooled down as soon as the
temperature reached the melting point)

Melting
Ti content (wt%) contact angle (◦) temperature (◦C)

1 76.6 1380
3 73.7 1442
5 71.5 1333
7 69.9 1290
9 65.2 1290
13 63.5 1340

Figure 5 Time dependence of the contact angle for SiC/Ni + 5wt% Ti
system at 1333◦C in vacuum.

The microstructure and element distribution at the in-
terfacial region of the SiC/Ni + 5 wt% Ti system tested
at melting temperature of the metallic material, 1333◦C,
(The specimen was cooled down as soon as the temper-
ature reached 1333◦C.), are presented in Fig. 6. It is
seen that the reaction area consists of two layers. The
first one, adjacent to SiC, is similar to the reaction area
of the SiC/pure Ni system as shown in Fig. 2. The areas
A and B in this layer, as marked in Fig. 6, were ana-
lyzed by SEM at large magnification and by EDX. Their
microstructures are presented in Figs 7 and 8 respec-
tively, also showing the black alternating with white
structures. The results of EDX analysis and the calcu-
lated Ni : Si for various phases are given in Tables IV
and V respectively.

As marked in Figs 7 and 8, “a” denotes the white
phase and “b” denotes the black phase. These tables
imply that in addition to the other nickel silicides as
mentioned above, more Ni3Si appears in the reaction
products, especially in area B. Moreover, the carbon
distribution line as shown in Fig. 6 indicates that the
carbon content in area B is higher than that in area A.

The second layer, being between the first layer and
the remaining metallic drop, is a Ti-rich structure as can

TABLE IV Spot analysis results (at%) by EDX at the positions indi-
cated in Fig. 7

Element a b

Ti – 0.01
Ni 68.27 15.71
Si 31.73 5.21
C – 79.07
Ni : Si 2.15 3.02

TABLE V Spot analysis results (at%) by EDX at the positions indi-
cated in Fig. 8

Element a b

Ti – 3.03
Ni 75.86 0.07
Si 24.14 0.72
C – 96.18
Ni : Si 3.14 –
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Figure 6 Microstructure and element distribution at the interfacial re-
gion of SiC/Ni + 5 wt% Ti system tested at 1333◦C in vacuum.

Figure 7 Microstructure of area A as marked in Fig. 6.

be seen from the Ti distribution line in Fig. 6. Area C in
this layer, as marked in Fig. 6, was analyzed by SEM at
large magnification and by EDX. Its microstructure is
presented in Fig. 9. The grey crystals in the figure are
Ti-rich phase, which is composed of 98.31 at% Ti and
1.69 at% Ni.

Figure 8 Microstructure of area B as marked in Fig. 6.

Figure 9 Microstructure of the Ti-rich layer at area C as marked in Fig. 6.

Fig. 10 shows the microstructure and element distri-
bution at the interfacial region of the SiC/Ni + 5 wt%
Ti system, tested at 1333◦C in a vacuum for 5 minutes.
Being similar to that shown in Fig. 6, the reaction area
also consists of two layers: a black alternating with
white layer and a Ti-rich layer. The element distribu-
tion line reveals that the Ti-rich layer is thicker than that
in Fig. 6. But its composition does not change signifi-
cantly, as analyzed by EDX. These results indicate that
more titanium accumulates at the wetting interface with
the prolonging of time of the test at melting temperature
of the metallic material.

As reported, carbon is released as a result of inter-
facial reaction of SiC and Ti [10]. Also, it is a product
of the reaction of SiC and Ni [12–14]. Since titanium
is an active element, it has a strong affinity for carbon.
This might be the reason for the experimental result that
the carbon content of the area near the Ti-rich layer is
higher than that of the next area as shown by the carbon
distribution lines in Figs 6 and 10, as well as by the data
of carbon content in Tables IV and V.

The titanium added to Nickel reacts with SiC dur-
ing the experiment at high temperatures. Kurokawa and
Nagasaki reported the formation of only TiC and Ti5Si3
in reaction couples prepared using pressureless sintered
SiC and titanium at temperatures between 1173 and
1373 K [15]. Gottselig et al. reported that above 1473 K,
the primary product was Ti3SiC2 [16]. Meanwhile,
titanium will react with the graphite, one of the re-
action products of SiC and Nickel [12–14], to form
stable TiC. This may facilitate the reacting of SiC and
Nickel. These interfacial reactions lead to a change of
the wetting interface from the initial SiC/Ni + Ti inter-
face to the reaction products/Ni + Ti interface. Besides,
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Figure 10 Microstructure and element distribution at the interfacial re-
gion of SiC/Ni + 5 wt% Ti tested at 1333◦C in vacuum for 5 minutes.

adding titanium to nickel may change the surface ten-
sion of the liquid alloy σLV. These result in the decrease
of the contact angle as shown in Table III, which indi-
cates an increase of the driving force of wetting. This
can be an explanation of the fact that adding titanium
to nickel improves of wettability of the system. This
favorable effect becomes more remarkable with the in-
creasing of titanium content and with the prolonging of
time of the test at high temperatures, as more reaction
products form in these cases.

4. Conclusion
1. Under the experimental conditions of this study, the
contact angle of SiC ceramic/pure Ni system at 1350◦C
in a vacuum is about 86◦. The contact angle slightly
decreases with the prolonging of time of the test at

1350◦C. The chemical reactions take place during the
test, indicating that chemical wetting occurs in the sys-
tem. The reaction products include Ni2Si, Ni5Si2, Ni3Si
and graphite. These reactions facilitate the wetting.

2. Adding titanium to nickel improves the wettability
of the system. Within the range tested in this study, the
contact angle decreases with the increasing of titanium
content and remarkably decreases with the prolonging
of time of the test at melting temperature of the metallic
material. This can be explained by the fact that active
element titanium accumulates at the wetting interface
and facilitates the interfacial reactions, resulting in an
increase of the driving force of wetting.

3. Under the conditions as described in this paper,
appropriate prolonging of time of the test at melting
temperatures of the metallic materials will contribute to
increasing of the work of adhesion W and consequently
the bonding strength at the SiC/Ni + Ti interface.
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