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The effects of porosity (about 27%), of roughness (Ra = 0.17–0.20 µm versus Ra =
0.02–0.03 µm) and of pre-oxidation (air, 1250◦C, 30 min) on wettability and contact
interaction of AlN with commercial brazing alloys of Ag-Cu-Ti composition were studied.
Wettability was determined by the sessile drop method. The interface interaction was
identified by SEM and microprobe analysis. Experimental data for porous, pre-oxidized and
rough samples are compared with data for dense samples polished to Ra = 0.02–0.03 µm
not subjected to pre-oxidation. The results show that for these systems surface roughness
does not influence the contact angle value significantly. Pre-oxidation of the AlN, however,
tends to reduce wettability as a result of the replacement of braze/AlN interaction by
braze/surface aluminium oxide interaction. Contact angles for porous samples are higher
by about 20–30˚ than for dense samples. C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Oxidation, porosity and roughness are typical surface
conditions that apply to non-oxide ceramics involved
in industrial manufacturing processes. The influence of
these conditions on the contact angle and interaction
for high temperature wetting alloy/solid systems, such
as ceramic/Ti-containing alloy systems, has not been
studied very much experimentally.

Compared with non-oxidized TiC, pre-oxidation en-
hanced wetting of TiC by Me-Al (Me:Au, Ag, Cu, Sn)
alloys [1]. According to [2], contact angles of Sn and
Ni on oxidized α-SiC are governed up to 1600 K by the
presence of a SiO2 film on the surface. The actual inter-
face SiC/Me is developed only when fragmentation of
the SiO2 takes place at temperatures above 1600 K. The
SiC/Me interface thus develops in course of time during
such isothermal exposure, as for the system oxidized
SiC/Cu-Si [3]. Only one work is known to the authors
which reports on contact angles of Ag-Cu-Ti alloys in
contact with a pre-oxidized ceramic: pre-oxidation of
SiC leads to an increase in contact angles [4].

Previous experimental results indicate that porosity
in AlN tends to decrease its wettability by liquid al-
loys for both wetting (AlN/Sn-Al [5]) and non-wetting
(AlN/Cu [6]) cases. This holds true as well for the
ZrO2/Mn system [7].

A study [8], performed for the systems quartz/Cu,
Sn and Sn-Ti indicated a rise in contact angle with in-
creasing roughness for both wetting and non-wetting.
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Investigation [9] showed that the TiN/Al system is not
as sensitive to roughness as the TiN/AlSi11 system, be-
cause of formation of a rough interfacial layer between
TiN and Al. According to ref. [10] an increase in rough-
ness is accompanied by an insignificantly higher value
of contact angle and a significantly longer time to reach
its final value for the Al/AlN system.

The present purpose is to explore the effect of pre-
oxidation, porosity and roughness on the contact an-
gle and interface interactions between AlN and two
commercially available active Ag-Cu-Ti brazing alloys
(CB4 and CB5).

2. Experimental procedure
The sessile drop method was used for the contact an-
gle measurements. The vacuum furnace employed has
been described elsewhere [4]. Fully dense AlN, made
by liquid phase sintering with up to 3–5 wt% YAlO3as
a sintering aid, was supplied by the Saint Gobain Com-
pany. Porous samples (porosity ∼27%, pore diameter
1–6 µm) was obtained by sintering in nitrogen with-
out sintering aids. Two brazing alloys, CB4(70·5Ag-
26·5Cu-3Ti: wt%) and CB5(64Ag-34·2Cu-1·8Ti: wt%)
were supplied by the BrazeTec GmbH as wire 3 mm in
diameter which was cut into cylinders of height about
3 mm and mass about 0.2 g.

Experiments were performed under a vacuum better
than 1 × 10−3 Pa. Temperature was raised at 3 K/min up
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to 810◦C and at 4 K/min above 810◦C. The time when
the furnace reached 810, 900 or 950◦C was designated
as zero time for contact angle measurements. Contact
angle and the base diameter of the drop were measured
as a function of time.

Dense substrates for experiments were fully polished
to Ra = 0.02–0.03 µm or partially polished to Ra =
0.17–0.20 µm. Pre-oxidation was performed in air at
1250◦C for 30 min on fully polished samples. Porous
samples were also fully polished.

Some samples were subsequently cross-sectioned
and prepared for SEM. A JEOL JXA-880R microprobe
was used for the dense samples and a JEOL 6400 SEM
equipped with EDS for the porous samples.

3. Results
Fig. 1a and b show the effect of porosity on contact an-
gle θ versus time curves at different temperatures. Con-
tact melting and spreading was observed while drops
were in their melting range 780–810◦C. Both alloys wet
dense AlN effectively, but CB4, with higher Ti content,
wets AlN better.

The porous AlN is wetted less effectively, θ being
higher by about 20–30˚, although the form of time de-
pendencies and the time to reach the final θ are very
similar to those for dense AlN.

Figure 1 Time and temperature dependencies for the contact angles of
CB4 (a) and CB5 (b) melts on fully polished dense AlN (closed points)
and porous AlN (open points).

Figure 2 Time and temperature dependencies of contact angles for (a)
CB4 and (b) CB5 melts on AlN of roughness Ra = 0.17–0.20 µm (open
points) in comparison with fully polished samples (Ra = 0.02–0.04 µm)
(closed points).

Fig. 2a and b show that the systems under study are
not very sensitive to change of roughness levels with
the final θ values and the times to reach them being
very similar for the two levels of roughness.

Time-temperature dependencies of contact angle
(Fig. 3a and b) for surfaces with and without pre-
oxidation show as a whole worse wettability after pre-
oxidation. However, the presence of the oxide film does
not influence the time of spreading.

The interaction layers for CB4 and CB5 melts have
similar microstructures (Fig. 4a and b). The interaction
zone consists of a narrower layer 1 succeeded on the
metal side by a slightly wider layer 2, the latter contain-
ing visible inclusions of metallic phase. Layer 3 is an
intermediate zone between layer 2 and the bulk of the
metal phase and contains many particles that have de-
tached from layer 2 and moved into the bulk of the melt.
The number of these particles is higher for AlN/CB4
than for AlN/CB5.

For the porous samples, the ceramic/metal interface
retained its original relief (Fig. 4c) and the interface
reaction product enters the bulk of AlN by accompa-
nying melt penetration into the pores. The interaction
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Figure 3 Time and temperature dependencies of contact angles for (a)
CB4 and (b) CB5 melts on the pre-oxidized AlN (open points) in compar-
ison with results for fully polished (Ra=0.02–0.03µm) non-preoxidized
samples (closed points).

zone comprises randomly distributed sections of differ-
ent chemical composition (Fig. 4d) with Ti as the main
metallic component. The reaction zones for CB5 melt
are very similar in distribution of elements.

Microprobe analysis for the dense substrates
shows that layer 1 has similar composition for
both melts, containing components in atomic ra-
tio Ti1.0/N0.7−0.9/Cu0.01−0.04/Ag0.02−0.1/Aly where y =
0.02-0.08 for CB4 and less than 0.01 for CB5. Layer 2 is
similar in composition but contains less N and Al and
more Cu and Ag. Typical composition ratio for dark
areas of layer 2 is Ti1.0/Nx /Cu0.03−0.7/Ag0.1−0.4/Aly ,
where x = 0.6–0.8 with ymax = 0.02 for the CB4 melt
and x = 0.4–0.6 with ymax = 0.01 for the CB5 melt. For
both melts, the light areas of layer 2 are silver-copper
phases; particles detached from the interface in layer 3
are of the same composition as the dark areas in layer
2; the compositions of bulk melt in layer 3 and near
the top of the drop show Cu-based Cu-Ag phase with-
out the presence of Ti or N and Ag-based Ag-Cu phase

with a small quantity of N (up to ∼ 1 at.%) and no Ti.
Inclusions have been observed near the top of the drop
with composition Ti1.0/N0.1−0.3/Cu0.2−0.5/Ag0.2−0.5 for
the CB4 melt and Ag1.0/Cu0.3/Ti0.2−0.4/N0.01 for the
CB5 melt. Typically 0.1–0.8 at.%Al was detected at
all investigated points for both melts, though for CB4
melt a few points, located mainly in the interface layer
1 or near the top of the drop, registered 1–5 at.% Al.
Levels of 0.01–0.09 at.%Y were indicated in all layers
for the CB4 melt and in layers 1 and 2 for the CB5
melt.

Pre-oxidized samples (Fig. 5) show a zone compris-
ing two continuous layers 1 and 2, which are thicker
for the CB4 melt with the higher Ti content, with many
inclusions evident in the solidified melt near the re-
action zone for the CB4 sample. While no oxide film
is detectable on the surface of AlN on Back-Scattered
Electron Images (BEIs), one is evident on correspond-
ing oxygen X-ray maps. Microprobe results for the
film are similar for both melts. They give composi-
tions of two stoichiometric atomic ratios: (1) Al/O =
1/1.5 with 0 or 1.4 at.% Ti and (2) Al/O = 1/2.5–
4.6 with 11 to 32 at.% Ti. The stoichiometric ratio
obtained for layer 1 is Ti1/O0.5−0.6/Cu0−0.15/Ag0−0.02
and for layer 2 Ti1/O0.4−0.5/Cu1−1.2/Ag0.01−0.1. Inclu-
sions in CB4 alloy near layer 2 are of composition
Ti1/Cu0.7−1.1/Ag0.6−0.9/O0.3−0.4. Similar inclusions in
CB5 alloy have composition Cu/Ag0.6/Ti0.4/O0.2. Small
quantities of N and Y were detected at some points in
the interaction zone and adjacent metallic phase and Al
was detected at all analysed positions.

4. Discussion and conclusions
Registered atomic ratios of elements for the dense sam-
ples indicate that both reaction product layers 1 and 2
(Fig. 4a and b) are composed of non-stoichiometric ti-
tanium nitride TiN1−x with x = 0.1–0.6. The lowest
values of x (highest N) were observed immediately ad-
jacent to the ceramic for both melts. The presence of
detectable quantities of Ag and Cu in layer 1 can be
due to metallic inclusions between TiN grains. In the
course of time, for further TiN formation, N must dif-
fuse through the solid layer of reaction product. This
barrier hampers the process and as a result lower N
content is observed in layer 2. Considerable inclusions
of metallic phase between nitride grains in layer 2 give
higher Ag and Cu contents for the analyzed points. The
results of the present study are in agreement with results
of ref. [11] for the similar systems AlN/72Ag-28Cu-1
or 5Ti (wt.%) at 1000◦C. The results of [11] show the
presence of two layers at the interface. That adjacent
to the ceramic is TiN0.7. However, the second layer is
identified as a compound of the (TiCuAl)6N type. The
latter was not evident in the present study. However, if
its thickness was less than 1 µm, it would not have been
detected.

The quantities of Al registered in the liquid phase
and reaction zone, exceed by about 100 times the per-
mitted content of Al in CB4 and CB5 brazes (0.001%
according to the BrazeTec GmbH Technical Datasheet).
Clearly, this is Al released from decomposition of AlN
during interaction. As there were no points registered
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Figure 4 SEM images of the interface microstructure for dense and porous AlN in contact with CB4 and CB5 melts (temperature-time regime:
810◦C-40 min, 900◦C-40 min, 950◦C-40 min): (a) CB4/dense AlN, (b) CB5/dense AlN, (c) CB4/porous AlN with (d) corresponding elemental X-ray
maps.

Figure 5 SEM images of the interface microstructure for pre-oxidized
AlN in contact with CB4 and CB5 melts (temperature-time regime:
810◦C-40 min, 900◦C-40 min, 950◦C-40 min) with corresponding to
CB4 image oxygen X-ray map.

with stoichiometric atomic ratio Al/O as 2/3, it cannot
be concluded that there is much or any Al2O3 at the
interface or in the melt.

Conclusions concerning the interface microstructure
for porous samples can be drawn on the basis of com-
parison of X-ray maps for the porous samples with data
for the dense samples. The interface zone for the porous
ceramic is composed of randomly distributed TiN1−x ,
AlN and Cu-Ag alloy.

Registered atomic ratios of elements for pre-oxidized
samples indicate that layer 1 (Fig. 5a and b) is composed
of non-stoichiometric titanium oxide TiO0.5−0.6. The
presence of detectable quantities of Ag and Cu in layer
1 can be due to metallic inclusions between TiO grains.
Layer 2’s compositions are different from layer 1’s and
for both melts can be written as Ti1Cu1−1.2O0.4−0.5,

which corresponds to a compound of type Cu2Ti2O.
It should also be noted that according to element ratios
and Fig. 5c, part of the alumina layer remains on the AlN
surface and contains inclusions of non-stoichiometric
TiO.

The main reaction product observed in the present
study for pre-oxidized ceramic (non-stoichiometric
TiO) differs significantly from the main product (non-
stoichiometric TiN) registered after interaction of non-
preoxidized AlN with CB4 and CB5. Moreover, no
TiN was registered as an interaction product with the
pre-oxidized AlN. Thus, the interface interaction of
AlN/CB4,5 couples after pre-oxidation of AlN is re-
placed in the regime under study by Al2O3/CB4,5 in-
teraction. That results in poorer wettability as generally
Al2O3 is wetted worse than AlN by liquid metals.

The increased contact angles reported herewith for a
porous wetted surface can be explained qualitatively by
applying an argument used by Dettre and Johnson [12–
13]. These authors found for spreading over a porous
or heterogeneous surface that the observed advancing
contact angle θ will generally be larger than given by
equilibrium considerations. They argue that the drop
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periphery advances to the equilibrium value of θ via
a series of metastable configurations and might not
overcome an energy barrier in passing from one such
configuration to the next. The vibration energy of the
drop and the particularities of the pore geometry en-
countered will influence the response of the drop pe-
riphery to each particular energy barrier. The presence
of these energy barriers for the porous surface results
in an increase of the effective contact angle as observed
in the present work.

The following explanation can be proposed for the
absence of significant differences in wettability for the
two levels of roughness of AlN. Due to the high chemi-
cal affinity of titanium to nitrogen, the melt reacts with
and modifies the surface simultaneously with spread-
ing. Macro contact angle depends on the roughness of
the new surface relief. The relief for cases under study
is not defined by the extent of previous polishing, but by
the roughness of the created interface products. Rough-
ness of the new interface was also considered to influ-
ence the final contact angle for the systems TiN/Al and
AlSi11 [9].
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