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Abstract Zirconia samples were linked with brass alloy using differ-
ent nanofiller types. These nanofillers were formed with different con-
centrations of copper, silver, and titanium nanopowder metals. They
were prepared by mixing powders, compacting them by pressure, and
sintering them by tube furnace with argon atmosphere at 1,200 °C for
50 min. Zirconia/brass assemblies were joined in a vacuum furnace
with the pressure of 2× 10−5 torr at 900 °C for 15 min. X-ray radio-
graphy was used to evaluate and detect the defect in the contact area.
Some defects were detected. The shear test was achieved to determine
the joint strength. Finally, a relationship was found between X-ray
radiography and the shear test.
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1. Introduction

Lap joints between ceramic (zirconia) and brass alloy have
become very important in the production of electronic
components and other high-tech products [1,2]. The
association of ceramics with the metal is the result of
chemical and physical reactions in very thin interfaces, and
most ceramics are made to binding at a high temperature,
where the chemical reaction is expected to happen [3,4,5].
One of the sources of pressure in the ceramic-to-metal joint
is the variation of the thermal expansion of the materials.
These sources are involved even if the materials are chosen
for closely similar expansion coefficients over a wide range
of temperatures. This case is called “identical seals,” while if
the materials have a different expansion coefficient then the
seal is called an “unparalleled seal” [6,7]. The heat capacity
between metal and ceramics makes it virtually impossible to
obtain a true identical seal. The following principles must be
taken into account as well, and then the expansion match is
good. The zirconia part should be designed with a thickness
good enough to withstand pressure and mechanical
procedures. The expansion coefficient of the joint fastening
must be maintained near the ceramic part [8,9].

1.1. Wetting process

The wettability of materials by active nanofiller is indicated
by the contact angle (θ) shown in Figure 1. The contact angle

Figure 1: Radiograph of lap joint defects.

depends on the surface’s roughness. When (θ) is greater than
90°, the liquid is considered to be nonwetting, while a (θ)
less than 90° is associated with a liquid that wets the surface
contact [10,11,12]. The wetting is a physical process which
is controlled by interfacial energy acting between the sur-
faces of the materials, the body of the melt, and the ambient
gas according to the Young equation as follows:

cosθ =
γsv −γls

γlv
, (1)

where γsv, γls, and γlv are the interfacial free energies for
the boundaries between the phases solid (s), liquid (l), and
vapor (v), respectively.

1.2. Nanofiller alloys

The properties of an alloy used for joining zirconia to
brass must have some factors such as having the ability
for bonding and wetting the surface, being ductile, and
having a low melting point, low vapor pressure, and thermal
expansion that accommodate with ceramic and metal. The
filler should have the ability for oxidation and corrosion
resistance. The alloy of Ag-Cu that has a low melting point
was selected. Copper is highly soluble in silver and the
melting point of the alloy is lower than that of the melting
points of ceramic and brass [13,14]. Titanium is commonly
used to join metals and ceramic by using active nanofillers
and can take considerable oxygen into solution and form as
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Table 1: The main defect type revealed in the radiograph.
Defect Description radiographic Appearance

Cracks Discontinuity by a fracture in the specimen A fine dark line straight or wandering in the direction
Voids Small holes A rounded or elongated dark area
Nonuniformity Density variation due to geometric regularities A dark and bright area

a family of oxides whose chemistry depends on the activity
of oxygen [15,16,17].

1.3. Zirconia

Ceramic is one of the oldest technologies with a history
of about 1,000 years behind it [18]. The properties of the
ceramic are high thermal and electrical resistivity, high
mechanical strength, a wide range of thermal expansion, no
special annealing required, low vapor pressure, and good
chemical stability. The pure alumina is a common type of
ceramics and the increased purity makes alpha (α) type,
increased strength, and higher electrical resistivity [19].

1.4. Brass alloy

Brass is usually the first-choice material for many of the
components for equipment made in general, electrical,
and precision engineering industries. Brass is specified
because of the unique combination of properties, matched
by no other material, that make it indispensable where a
long, cost-effective service life is required. We can take the
brass compound as evidenced by our mission a practically
boundless limit for cold work. One extraordinary element
of the greater part of these composites is being erosion safe
in few atmospheres. The utilizations of Cu alloys include
adornments, coins, hardware, springs, shrubberies, surgical,
and dental instruments, radiators, and so on [20,21,22,23].

1.5. Radiography inspection

Radiography is a well-established nondestructive testing
(NDT) method for obtaining information about disconti-
nuities through the specimen [23,24,25]. The radiography
is performed by placing a photograph film amount in a
light-tight holder as close to the joint as possible and
then irradiating the assembly from the opposite side with
an X-ray source. The radiography method is generally
used for the successful detection of internal flows that
are located well below the surface and their interaction
with any substance. The interaction of X-rays with the
examined parts shows defects in these parts due to the
difference in absorption of X-rays by defects and the parts
without defects. This behavior is expressed according to the
following equation [25,26,27,28]:

I

I0
= EXP(−μχ), (2)

where I and I0 are the function of exposure time (t) and
the operation current (i), respectively, and since t and I are

Table 2: Nanofiller composition.
Nanofiller code Composition (wt%)

Ag Cu Ti
NF1 70 30 0
NF2 65 33 2
NF3 60 36 4
NF4 54 40 6
NF5 48 44 8

fixed, then I proportional with D and I0 proportional with
D0, where D is the optical film density at the radiograph
and D0 is the optical film density at the background and thus

I

I0
=

D

D0
. (3)

The radiographic interpreter is looking for the change that
may be caused by one of three factors, namely, a change in
the thickness of the test piece, an internal defect, and a den-
sity change which may be induced by faulty processing and
it is important that the interpreter can assess the nature and
the cause of each density difference observed. The radio-
graph should be viewed in a darkened room so that there will
be a light reflection from the surface film. The radiograph
reveals three types of flows [29,30] as shown in Table 1.

2. Experimental procedure

2.1. Sample preparation

2.1.1. Brass samples

Each brass sample was the first edge freed from burrs fol-
lowed by polishing with metallographic paper and then by
chemical cleaning [29,30].

2.1.2. Zirconia samples

The samples should be free from any contamination. A
chemical procedure is done by immersing the samples in
acetone for 20 min, followed by immersing them in dilute
nitric acid for 5 min, and then rinsing them in distilled water.
Finally, the samples were fired in the air at 1,100 °C for 1 h.

2.1.3. Nanofiller samples

Active nanofiller samples were formed from Ag, Cu, and
Ti with the specification illustrated in Table 2. The active
filler was formed by using a stainless steel die with an inner
diameter of 5 mm to compact green pellets using a hydraulic
press with 10,000 N force and the sintering was carried out
with tube furnace in an argon atmosphere at 1,100 °C for
60 min.
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Table 3: Radiographic results for brass/zirconia assemblies.
Assembly code Crack length (cm) Voids density (%)

Transverse
crack

Longitudinal
crack

B/NF1/Z — 0.2 17
B/NF2/Z — — 12
B/NF3/Z 0.1 — 25
B/NF4/Z 0.1 0.1 27
B/NF5/Z 0.3 0.1 32

Table 4: Joint strength measurements.
Assembly code Joint strength (Mpa)

B/NF1/Z 50
B/NF2/Z 82
B/NF3/Z 43
B/NF4/Z 31
B/NF5/Z 22

2.2. X-ray radiography conditions

This method was performed by placing an X-ray film
amounted in a light-tight holder close to the joint region
and irradiating it from the opposite side. The X-ray system
is combined with a control unit. The main characteristics
involved a tube voltage of 150 kV, tube current of 5 mA,
anode type is tungsten, a focal spot size of 1.5 mm, and an
exposure time of 5 min.

2.3. Lap joint strength measurements

Joining brass to zirconia using different active nanofillers as
shown in Table 2 has been carried out in a vacuum furnace
with a joining temperature of 900 °C, joining time of
20 min, and a vacuum pressure of 2× 10−4 torr. Shear tests
were conducted as destructive testing for joining samples.
This was designed to evaluate the strength of joining
between brass and zirconia. The tensile machine was used
to measure the fracture stress at a constant crosshead speed
of 3 mm/min. The lap joint strength (in Mpa) was conducted
from the force at fracture point in (N) divided by fracture
area (m2).

3. Results and discussion

3.1. Reading of radiographic film

Three types of defects were noticed, namely, cracks,
voids, and nonuniformity of nanofiller distribution in the
contact area. Typical radiographs are shown in Figure 1,
which reveal these defects for active filler alloys. Table 3
summarizes the observed defects in all the joined samples.
Voids density was determined as total voids presented
in the contact area. Voids depend on Ti concentration in
nanofillers, higher voids density were found in nanofillers
with higher Ti concentration (Ti (wt%) > 2). Figure 2 shows
the behavior density of voids with Ti concentration. This
result is consistent with what was stated in [30].

Figure 2: Voids concentration in lap joint versus Ti
concentration.

Figure 3: Joint strength (Mpa) versus Ti concentration
(wt%).

Figure 4: Joint strength (Mpa) as a function of nonunifor-
mity (%).

Figure 5: Joint strength (Mpa) as a function of voids (%).

3.2. Joint strength results

The average fracture stress obtained for all joint samples
is shown in Table 4. These results are plotted versus Ti
concentration as shown in Figure 3. Brass was joined
strongly to zirconia and this may be due to the effect of
matching in the thermal expansion coefficient of these
systems with all types of nanofillers. The effect of Ti
concentration appears to be very critical, only about 2
wt% for the joint to acquire the maximum fracture stress
at different nanofiller types, since nanofillers with low Ti
concentration show voids density as shown in Figure 2. This
may be due to the reduction in the oxidation of brass and
nanofiller surfaces. The results obtained for destructive and
nondestructive tests (as nonuniformity and voids density)
were correlated in Figures 4 and 5. The joining strength



4 Journal of Transition Metal Complexes

decreases exponentially with increasing nonuniformity and
voids density. It seems to be that the maximum allowable
nonuniformity and voids density in the lap joint equal
to 25% since they will produce a suitable joint strength.
This is the maximum allowable nonuniformity and voids
density. The values of joint strength are better than the
results obtained in [30]. This is because in this work we
used nanofillers while in [30] they used a microfilter.

4. Conclusions

Brass-to-zirconia joined samples contain three types of
defects with different percentages as shown by the X-ray
radiography technique, which represents a suitable NDT
for zirconia to brass lap joining system. Samples joined
with active nanofiller type (Ag (65%) + Cu (33%) + Ti
(2%)) reveal a minimum defect in lap joint contact and a
maximum joint strength while the nanofiller type (Ag (48%)
+ Cu (44%) + Ti (8%)) reveals a maximum defect in lap
joint contact and a minimum joint strength. The effect of
defect type crack and voids density on a lap joint strength is
higher than the effect of nonuniformity defect.

Conflict of interest The author declares that he has no conflict of
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