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Introduction

The perovskite-type structure ceramic
materials, such as barium titanate, play a
major role in modern electronics and elec-
trical engineering. Barium titanate (BTO)
is widely used for creating multilayer ce-
ramic capacitors (MLCCs), embedded de-
coupling capacitors (EDC), electrical ce-
ramic filters, and other piezoelectric and
ferroelectric components (Refs. 1–3). Fer-
roelectric ceramics are ideal for use in su-
personic equipment.

On the base of these materials, a ferro-
electric memory device was created (Refs.
4, 5). Barium titanate is also an excellent
photorefractive material (Ref. 6).

Oxygen release that occurs during the
annealing of BaTiO3 in high vacuum and

at sufficiently high temperatures leads to
the transformation of dielectric ferroelec-
tric BaTiO3 into semiconducting ceramics
(Ref. 7). As a semiconductor, BaTiO3 par-
ticularly exhibits a positive temperature
coefficient of resistivity (PTCR). It means
that at a certain temperature (Curie tem-
perature), this material exhibits strong re-
sistivity increase (typically by several or-
ders of magnitude) (Ref. 6); due to its
PTCR properties, barium titanate is often
used as thermistors material in the ther-

mal switches. The great importance for all
such ceramics is creation of strong con-
tacts (including electric ones) in combina-
tions BaTiO3/metals and BaTiO3/
BaTiO3.

Strength of metal-oxide contact and
uniformity of metal coating are deter-
mined essentially by a wettability degree
of ceramic materials (BTO) surface by liq-
uid metals. High adhesion of liquid metals
to ceramics surface is a crucial factor for
creating mechanically strong contact.

According to Ref. 8, the degree of per-
ovskite-type ceramics wettability by liquid
metal, and intensity of interaction be-
tween liquid metal and solid phase, can
also determine some electric properties of
the contact, e.g., ohmic or nonohmic one,
p-n-transition (in the case of semicon-
ducting ceramics), and Schottky barrier
height.

Thus, creating a strong adherent metal
coating on the BaTiO3 surface for its join-
ing to metals and metalization of per-
ovskite-type ceramics is a perspective di-
rection of investigation. Recently,
scientific and technical interest in this
problem was increased considerably.

Up to now, there are only a few pub-
lished works concerning research of con-
tact properties of some metals in relation
to perovskite-type ceramics, in particular
to barium titanate (Refs. 9–11). The ex-
perimental data on wetting of perovskite
ceramics by some pure metals in these
works contradict each other sometimes. In
addition, in Ref. 10 the conditions of ex-
periments are described only qualitatively,
e.g., as atmosphere with “high” and “low”
oxygen pressure, so these data need verifi-
cation. Regularities of strong adherent
contact formations are studied little; sci-
entific bases of these processes are practi-
cally absent.

The present work aims to systemati-
cally investigate the details of phenomena
for wettability, adhesion, and interaction
intensity of BaTiO3 perovskite-type ce-
ramics in different forms — ferroelectric
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and semiconducting — with molten met-
als that will allow doing further steps in
understanding metal-perovskite ceramics
interaction and elaboration of some braz-
ing alloys and technological processes for
joining (brazing) of BaTiO3 materials.

Semiconducting BaTiO3-x

Nonstoichiometric semiconducting
BaTiO3-x can be obtained by means of an-
nealing in high vacuum, as is mentioned
above. It is believed that BaTiO3-x nonsto-
ichiometry is insignificant and will not ex-
ceed such parameters for pure titanium
oxide TiO2-x. For this oxide, the x value is
between 0.04 and 0.07 (Ref. 12). Such de-
viation only has a minor effect on me-
chanical and thermodynamic properties of
the compound, except for the electrophys-
ical characteristics.

Such nonstoichiometry variation can
be attributed to oxygen vacancies com-
pensated mostly by background and/or in-
trinsic acceptors within higher oxygen par-
tial pressure (p(O2)) regions and by
electrons within lower p(O2) regions (Ref.
13). Semiconducting BTO has specific re-
sistivity value near 300 Ω⋅cm (compared to
about 106–10 Ω⋅cm for ferroelectric
BaTiO3).

The technology of vacuum metaliza-
tion and brazing by melts containing tita-
nium as a chemically active element was

tested for preliminary an-
nealed semiconducting
barium titanate ceramics.

Experimental and
Discussion

The main experiments consist of the
wettability measurements of BTO by liq-
uid metals. Wettability studies were car-
ried out by a sessile drop method in vac-
uum (~ 10–4 Pa) at temperature 870–1870
K. This method allows determining the
values of the wetting contact angle and in-
terphasic surface energy at the liquid-gas
interface. The sessile drop method
essence was discussed in detail earlier
(Refs. 14–16). The main requirement for
measuring wetting contact angle by the
sessile drop method is in the placement of
a symmetrical drop of the melt on the solid
surface. The sample should be in con-
trolled gaseous atmosphere or in at the
temperature specified. Standard equip-
ment for the wettability of solid ceramic
specimens by a liquid metals study using
the sessile drop method is shown in Fig. 1.

A wide variety of metals and alloys hav-
ing a broad application range in electroce-
ramic devices was used. Fourteen pure
metals (Cu, Ag, Au, Ge, Sn, Pb, Ga, In, Al,
Si, Ni, Co, Fe, Pd) and several titanium-
containing alloys (Cu-Sn-Ti, Ag-Cu-Ti,
Cu-Ga-Ti, In-Ti) were tested.

Metal samples for wetting experiments
typically have approximately 0.5–0.9 g.
Metal alloys were formed in-situ by alloy-
ing. Polycrystalline barium titanate has
been specially fabricated by the method of
solid-phase synthesis. In this study, we
used BaTiO3 ceramic discs 20 mm in di-
ameter and ~ 3 mm thick. The sample’s
porosity was 3.5±0.03%. BTO substrates
were ground and polished with sandpaper
and abrasive powder. The average surface
roughness value (Ra) was equal to 0.02
μm. Before experiments, BTO samples
were annealed in vacuum at ~ 1740 K dur-
ing 60 min.

The wetting of BTO by molten alloys
Cu 8.6% (at.) Sn, Ag 39.9% (at.) Cu, and
Cu 17.6% (at.) Ga (which was used to cre-
ate the many braze alloys) with active tita-
nium additive (from 3 up to 25% (at.)) was
studied as well. Results of the wetting
studies of BTO by pure metals melts and
some alloys are presented in Table 1.

Most of the investigated pure metals
did not wet the barium titanate ceramics
surface (contact angles exceeded 90 deg).
Silicon and aluminum wet BTO (alu-
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Fig. 1 — Scheme of the apparatus for determining surface tension
and wetting angles of metallic liquids. The labeled numbers repre-
sent the following: vacuum chamber (1); stream-oil pump (2); vac-
uum valve (3); furnace (4); metal sample on the ceramic substrate
studied (5); next samples (6); horizontal rod (7); quartz prism (8);
vertical rod (9); and digital camera (10).

Fig. 2 — Dependence of contact angle of BaTiO3 for the pure metals
melts on free energy of their oxides formation.

Fig. 3 — Contact angle/titanium concentration dependence for melted
Ti-containing systems on BaTiO3 at 1270 K.
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minum has a minimum value contact
angle of 78 deg). As a whole, the results
agree with Ref. 9. For example, wetting
contact angle values for Ag and Au in Ref.
9 confirm our data, though we consider
value of contact angle for Cu as obviously
underestimated.

Overall, a high degree of solids wetting

by liquid metals is caused by an intensive
interfacial chemical interaction (Figs. 2,
3). For oxides like Al2O3, SiO2, and MgO,
liquid metal interaction with oxygen is the
main factor (Refs. 17, 18). Comparatively,
due to the more anion O2– dimension to
metal cation one and the more latter dis-
placement in the bulk of crystal (effect of

relaxation of surface ions and according to
Weyl’s scheme for structure of surface of
oxides), the oxide surface is formed mainly
by oxygen anions.

The BTO surface structure containing
two cations of different sizes and valence
numbers required special consideration.
Titanium ions (with a 0.068-nm radius) are
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Fig. 4 — Microstructure of (Cu-8.6 Sn) – 25 Ti-BaTiO3 interface. A — ×1000; B — distribution of elements at interface, % (at.); and C — characteristic emis-
sion of elements at BaTiO3 molten metal interface (top part – ceramics, bottom part – alloy) with barium (1), titanium (2), tin (3), and copper (4).

Cu-Sn-Ti

transition zone

BaTiO3
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located in octahedral cavities formed by
oxygen ions and have enough “room” for
displacement within the BTO elementary
cell (a = 4.011 for cubic lattice). It is an ex-
planation of essential mobility for tita-
nium ions oscillating freely within the oc-
tahedral environment of oxygen ions. It
determines high polarizability of barium
titanate under electric field action (Ref.
19). Such increased mobility of titanium
ions (according to Weyl’s scheme (Ref.
20)) leads to some more of their displace-
ment into crystal bulk after surface forma-
tion. So, for BTO, we can neglect the in-
teraction of liquid metal phase with
titanium cations. However, beside oxygen,
BTO surface also contains large-sized bar-
ium ions (Ba2+). It makes this situation
more complex.

On the base of ions size data (r(Ba2+)
= 0.135 nm, r(O2–) = 0.140 nm) and struc-
ture of BTO crystal lattice, we can see that
only a quarter of the ceramic’s surface is
occupied by Ba2+ ions, and the rest by oxy-
gen ions. Overall, we can guess that main
regularities of interactions in BaTiO3 liq-
uid metal systems have to be similar to reg-
ularity for “classical” oxide (Al2O3) metal
systems. Nevertheless, the interaction of
certain liquid metal phases with barium
ions at a BaTiO3 surface should be 
considered.

Free formation energies of chemical
compounds for the metals under investi-
gation with barium are within 167–250
kJ/mol (for comparison, heat of formation
for the oxides is ΔH(Al2O3) = –1675
kJ/mol, ΔH(SiO2) = –911 kJ/mol) (Ref.
21). Only a silicon compound with barium
(BaSi3) is formed with significant heat re-
lease (ΔH(BaSi3) = –544 kJ/mol). But
pure silicon can only moderately wet the
BaTiO3 surface, and its adhesion is lower
than the same value for aluminum, though
Al-Ba compounds are considerably less
stable thermodynamically according to
phase diagrams data (Ref. 22). Thus, wet-
ting and adhesion in BTO metal systems is
evidently not determined by Ba-Me inter-
action to a significant degree.

An inactive matrix of Cu-Ga, Ag-Cu,
and Cu-Sn alloys (Fig. 3) does not wet the
BTO surface (θ ∼ 120 ÷ 130 deg). A tita-
nium addition reduces contact angles
down to 20–70 deg for titanium concen-
tration up to 10–25% (at.). It has been as-
sumed that wetting the BTO surface is,
first of all, a result of interaction between
liquid metal (titanium) and oxygen of solid
phase, as in the case of “classical” oxide
materials (Al2O3 and MgO). Formation of
titanium oxide (TiO) having metal-like
properties in a BaTiO3/Ti-containing alloy
system is the reason of high adhesion in
this case. Titanium, as a transition metal,
is characterized by its ability to participate
simultaneously in several chemical bond-
ing interactions of different types — ionic

one with BaTiO3 surface and metallic with
liquid metal phase. In other words, tita-
nium from a liquid phase can become a
bridge connecting the solid BaTiO3 phase
with molten metal.

Our SEM research of contact bound-
ary BaTiO3/titanium-containing alloy has
shown the presence of a transitive zone
5–7 μm wide, which obviously is a product
of interphase reaction. Figure 4 shows the
structure of cooled drop (Cu-8.6 Sn)-20Ti
on the BaTiO3 substrate.

Analysis of the BaTiO3/liquid metal in-
terface shows the character of elements
distribution in the direction perpendicular
to the interface — Fig. 4B. Chemical com-
position for the BaTiO3 phase in volume
is reproduced precisely as ~20% (at.) of
barium and titanium, and ~60% (at.) of
oxygen. This ratio remains unchanged to
the BaTiO3/metal interface. Barium con-
centration is insignificant at the interface.
That is why metal interaction with barium
is possible only as a monolayer adsorption
at the BaTiO3 surface. Titanium concen-

tration increases from 20% (at.) in the
transition zone up to ~50–60% (at.) in the
contact zone. Oxygen concentration in
this zone is about 18% (at.).

In Fig. 4C, the layer (new phase) with
high titanium concentration is clearly visi-
ble. Titanium segregation from the melt at
interface is the main reason for high wet-
tability of BaTiO3 by Ti-containing alloys.
The metal chemistry studies by M. V.
Nevitt (Ref. 23) show that oxygen stabi-
lizes intermetallic compounds like Ti2Cu;
the Cu2-3Ti3-4O phase has been identified.

A special investigation of the processes
occurred at different temperatures in the
contact zone by a high-temperature, X-ray
diffraction method of pressed mixture
with barium titanate, copper, and titanium
powders carried out as well (Fig. 5).

Two new phases with TiO and Cu3Ti3O
structures were identified in this system.
Both substances can be responsible for
wetting. However, the Cu3Ti3O pattern
disappears at 1370 K (Fig. 5B); probably,
this compound is not stable. Just TiO can
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Table 1 — The Results of Wetting of Semiconducting Barium Titanate by Some Pure Metals

Metal Temperature, К Contact Angle θ, deg Work of Adhesion,
Our Data Literature MJ/M2

Cu 1373 122±3 102 [9] 610

Ag 1253 136±3 90 [10] 260
1273 132±1 139 [9] 310
1373 129±2 134 [9] 345

Au 1353 127±1 114 [10]; 445
124 [9]

1423 124±2 119 [9] 490

Ge 1273 113±3 — 375

Sn 873 120±1 138 [9] 285
973 115±2 — 330

In 673 152±1 — 70
773 132±2 — 195
873 117±2 — 325

Pb 673 145±2 143 [9] 80
773 134±4 — 140
873 118±3 — 250
973 109±4 138 [9] 320

Pd 1860 116±3 — 845

Ni 1743 113±1 — 1030

Fe 1823 96±2 — 1350

Si 1733 84±1 — 830

Al 1073 140±1 — 210
1173 136±2 — 250
1273 129±3 — 340
1373 93±1 — 880
1423 85±2 — 1015
1473 78±2 — 1140

Co 1793 108±2 — 1245
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be accounted for the explanation of a wet-
ting-in system studied at high tempera-
tures. The same data were published, for
example, in Ref. 24 for Al2O3 systems.

Varying wetting effects of titanium in dif-
ferent systems studied — Cu-Ag, Cu-Ga,
Cu-Sn (Fig. 3) — can be explained by sev-
eral reasons, in particular by various ther-
modynamic activity of titanium in alloys.

Ag-Cu-Ti alloys demonstrate some pe-
culiarity. A eutectic system with about
60% (at.) of silver can dissolve in about
2% (at.) of titanium at 1270 K. A titanium
content increase leads to arising the sec-
ond equilibrium liquid phase that contains
64% (at.) of Cu, 28% (at.) of Ti, and 8%
(at.) of Ag (Ref. 14). The mechanism de-
tails of such interface processes in a com-
plex BaTiO3 – (Ag–Cu–Ti)phase I – (Ag–
Cu–Ti)phase II system requires special
consideration. It is possible now to note
only that this process can be useful for im-
proving adhesive bonding of BaTiO3 to

metal (arising of second liquid phase with
a high Ti concentration).

The temperature dependence of con-
tact angle for indium-titanium alloys on
the BaTiO3 surface has been investigated
as well.

The contact angle of a In-Ti melt drops
significantly at a low temperature (in in-
terval, ∼770–870 K). Almost full spreading
of the In-Ti melt on a BTO surface occurs
at 830–870 K. It can be used for brazing
not only semiconducting barium titanate
(BaTiO3–x) but the ferroelectric one
(BaTiO3) as well.

Brazing Alloys and Technological
Conditions for Semiconducting
BTO Joining

Metalization of materials using liquid
metal film is a perspective method. How-
ever, a high degree of wetting for solid sur-

faces by such metal is required. Theoreti-
cally (Ref. 14), for producing continuous
film of liquid metal, spreading factor (K)
has to be positive (Equation 1).

K = WA – WC (1)

where WA is work of adhesion and WC is
work of cohesion.

For brazing and metalization of per-
ovskite, compounds were chosen for
brazed compositions that are well wetted
for the surface of such materials.

Braze alloys based on titanium-
containing systems (Cu-Sn-Ti, Ag-Cu-Ti,
In-Ti) for joining and metalization of per-
ovskite BaTiO3 ceramic were used for
creating uniform coatings and strong
brazed samples — Fig. 6A. The shear
strength of brazed ceramic/ceramic butt
joints was measured (Table 2, Figs. 7, 8).
It is shown that the strength of brazed
perovskite samples obtained using Cu-
Sn-Ti alloys equaled 42 MPa. It is about
80% of the average strength of mono-
lithic samples.

Beside basic requirements (particu-
larly sufficiently high wetting) for materi-
als to be joined, compliance of their coef-
ficients for thermal expansion is
important, because stresses caused by
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Fig. 5 — X-ray diffraction patterns of the BaTiO3 (Cu-28 Ti) system. A — 1280 K; B — 1370 K.

Fig. 6 — The samples of the semiconducting BaTiO3 ceramics metalized and brazed in vacuum using the following: A — In-Ti alloys; B — Ag-Cu-Ti paste.

Table 2 — The Result of Measurements of the Shear Strength of Brazing Barium Titanate 
Ceramic Samples

Shear Strength of Brazing Ceramic Samples, MPa

Ag–Cu–O Ag–Cu–Pt–O In–Ti Cu–Sn–Ti Ag–Cu–Pb–Ti
46±4 28±3 20±2 42±3 41±2
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thermal expansion mismatch can consid-
erably lower the strength of the joint. Ap-
plying indium-based alloys having high
plasticity is especially expedient for metal-
ization and joining BaTiO3 ceramics.

Additionally, the technology of braz-
ing and metalization BTO was realized
using capillary impregnation of low-melt-
ing braze alloys through titanium pow-
der. For such alloy cleanliness, titanium
powder was obtained from TiH dissociat-
ing into titanium and hydrogen during
heating. The indium was deposition on
the titanic powder layer onto a BaTiO3
ceramics surface. During heating up to
970 K, indium  spread well over the whole
BaTiO3 surface and filling brazing gap.
The thin film of In-Ti is easily formed on
the surface of perovskite ceramic in such
conditions — Fig. 6B.

Ferroelectric BaTiO3

Barium titanate with a stoichiometric
structure having high ferro- and piezo-
electric characteristics can be heated up
without any changes only within a oxygen-
containing environment (in air). For such
materials joining, special braze alloys and
technological processes are required.
Oxygen being dissolved in some metals
leads to a substantial increase of wetting
degree and adhesion of these metals to ce-
ramics. The oxygen effect on wetting and
also on interface and surface tension of
metal melts was investigated earlier in our
works (Refs. 14, 25–28). It has been shown
that oxygen effectively increases the adhe-
sion of Cu, Ag, Ni, and some other metals

to ionic compounds,
for example, to ox-
ides. Several systems
(Cu-O-Al2O3, Cu-O-
MgO, Ni-O-Al2O3,
Ag-O-Al2O3, Ag-Cu-
O-Al2O3) were stud-
ied in detail. The Ag-
Cu-O system is
especially interest-
ing. We have made
the assumption that
the “oxygen” tech-
nology will work for
ferroelectric barium
titanate as well. Ac-
cording to Refs. 14,
15, oxygen that has
sufficient affinity to an electron, being dis-
solved in liquid metal, will increase the
wettability of a surface for ionic or ion-
covalent substances.

Up to now, there are only solitary works
concerning the possibility of a perovskite
compound (Pb (Mg0.33Nb0.67) O3) for wet-
ting and joining by Ag-CuO alloys (Ref. 29).
Scientific background of this process is not
developed; the reasons for oxygen influence
on wetting are not explained in this work.

Thus, the investigation of wetting ce-
ramic ferroelectric materials based on
BTO, elaboration of braze compositions
and technological conditions for brazed
BTO ceramic joints, and creation of
strongly adherent metal coatings on the fer-
roelectric perovskite ceramic surfaces were
the main purpose of the present work. The
Ag-Cu-O system alloys were used as a braze
alloys base.

Experimental Data and
Discussion

For ferroelectric BTO ceramic, experi-
ments and technological processes were
carried out per method in air media and,  for
the first time, under pure oxygen atmos-
phere using the sessile drop method as well.
For this purpose, a special device was cre-
ated — Fig. 9. Experiments were carried out
in oxygen flow with the partial pressure of
oxygen about 1 atm at 1250, 1320, and 1370
K. Technical pure oxygen was used. But the
oxygen is reactive. Pure oxygen at high pres-
sure, such as from a cylinder, can react vio-
lently with common materials such as oil
and grease. Take all reasonably practicable
precautions to ensure safety to prevent oxy-
gen enrichment by keeping oxygen equip-
ment in good condition and taking care
when using it. Good ventilation will also re-

11-sWELDING JOURNAL

W
E

L
D

IN
G

 R
E

S
E

A
R

C
H

Fig. 7 — Scheme of the shear strength test for the brazed ceramic samples.

Fig. 8 — The Weibull’s graph of brazed strength in vacuum semiconducting
BaTiO3 ceramic samples.

Fig. 10 — Dependence of contact angle for the ferroelectric BaTiO3 ceramic
by Ag-Cu-O melt in air environment and oxygen on concentration of copper
at 1250 K.

Fig. 9 — Scheme of the apparatus for determining the contact angle of metal
melts in the air (oxygen) atmosphere. The labeled numbers represent the fol-
lowing: silica tube (1); furnace (2); heat transparent screen (3); digital cam-
era (4); metal refractory wire (5); and metal sample on the BaTiO3 ceramic
substrate (6).
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duce the risk of oxygen enrichment (Refs.
15, 30).

In Fig. 10, data on BaTiO3 wetting by
silver and silver-copper alloy are 
presented.

Oxygen dissolved in Ag-Cu alloy works
as a strong adhesive element. Contact
angle for pure silver in vacuum at 1250 K
was equal to 129 deg, the same value in air
was 96 deg, and in pure oxygen –75 deg.
Copper addition to silver melt (~10%
(at.)) leads to considerable contact angle
decrease to 45–47 deg (in air) and to al-

most complete spread-
ing of alloy (θ ≈ 5–10
deg) in the pure oxy-
gen atmosphere.

According to Ref. 14,
oxygen is an adhesion
active and surface ac-
tive element. In the liq-
uid metal, oxygen exists
in the form of O–2 ions
and can form complex
metal-oxygen particles
with metal ions in melt
(Me2+ – O-2). Such
complex particles have

a positive pole at metal ion and negative
pole at oxygen ion. Positive metallic ion of
the complex is adsorbed on negatively
charged oxygen ions, forming the surface
of BaTiO3. Localization of external elec-
trons for metal ion at oxygen ion must
weaken the metallic bond intensity with
other metal ions. The bond between the
metallic ion of metal-oxygen complex and
another metal atom must be weaker than
metallic bond atoms with each other.
When the bond energy complex-Me is less
than bond energy Me-Me, it is the condi-

tion for metal-oxygen complex surface ac-
tivity. Adsorption of metal ions on the
negative charged oxide surface results in
high adhesion.

The temperature increase intensifies
the wetting process; contact angle de-
creases to 25–30 deg in air (with 10 % (at.)
of Cu in liquid Ag). For pure oxygen, full
spreading can be reached with Cu content
at about 6–7% (at.).

The high capillary activity of alloys in a
pure oxygen atmosphere is caused by a
high equilibrium concentration of oxygen
in melt under high oxygen partial pressure
(1 atm). Oxygen partial pressure for the
air is 0.21 atm. Concentration of oxygen
that saturates metal melt is described by
Siverts’s law (in many cases) (Refs. 31, 32),

where p(O2) is oxygen partial pressure and
k is constant.

The concentration of oxygen dissolved
in the silver melt in air is equal:

O k p O
liquid metal

2 2
(2)⎡

⎣⎢
⎤
⎦⎥ = ( )

O k
air

Ag⎡
⎣⎢

⎤
⎦⎥ = 0, 21 (3)
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Fig. 11 — Microstructure of Ag-Cu-O, BaTiO3 interface at characteristic
emission of elements (top part – ceramic, low part – alloy). A — ×600;
B — barium; C — titanium; D — silver; E — copper. B–E — ×1000).
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Under pure oxygen atmosphere,

Oxygen solubility in liquid silver in air at
1250 K equals 10.5 sm3/g Ag under pure oxy-
gen atmosphere. It will be 2.2 times higher.

Analysis of the BaTiO3/Ag-Cu-O alloy
interface shows the presence of a transi-
tive black zone ~7–10 μm thick, which is
an obvious result of copper diffusion into
the ceramic substrate in air media (Fig.
11). But in oxygen atmosphere such zone
is thin (~ 1 μm) or absent (Fig. 12). It is
important for saving whole degree ferro-
electric properties of such ceramics.

Brazing of Ferroelectric Barium
Titanate

Under the air, and especially under
pure oxygen atmosphere, the process of
joining (brazing) of ferroelectric BaTiO3
ceramics can be performed.

Braze alloy Ag-10 Cu was used for join-
ing BTO ceramics in air and Ag-3 Cu
under pure oxygen atmosphere.

The samples of the perovskite ceramics
brazed with Ag-Cu-O alloy were obtained.
The shear strength of ceramic/ceramic
butt joints was measured (Fig. 13, Table 2).
It was shown that the strength of brazed
samples was 46 MPa. It is 88% of the av-
erage strength of monolithic ceramics,
which is more than two times the strength
given in the literature for perovskite ma-
terials brazing.

The metal that can be joined to ferro-
electric BTO is a noble one — platinum
(wire electrodes, plates). The pure Ag can
be used as well with minimal difficulty, ac-
counting that the melt temperature for Ag-
Cu-O alloys were some lower than for pure
Ag. As it was shown practically, platinum
provides a strong homogeneous brazed
joint that can also be used for brazing fer-
roelectric ceramics to construction metal.

The brazed and metalized ferroelectric
barium titanate samples were obtained
using plastic In-Ti filler alloy in vacuum at
720 K. It was possibly because such ceramic
begins to lose oxygen and ferroelectric prop-
erties in vacuum at heating above 900 K.

Conclusion

A combined investigation in-
cluding contact interaction and
wetting of BaTiO3 perovskite ce-
ramics by liquid metals was car-
ried out. Two states of barium ti-
tanate were studied.

For semiconducting BaTiO3-x
with an oxygen defect, experi-
ments in vacuum for 13 pure met-
als and Ti-containing alloys (Cu-
Sn-Ti, Cu-Ga-Ti, and Ag-Cu-Ti)
were carried out. Most of the
metals under investigation do not
wet BaTiO3. Titanium addition
sharply increases capillary prop-
erties and adhesion. Composi-
tions of capillary active braze al-
loys, plus methods in brazing and
metalization BaTiO3 for high
contact strength achieving, were
found.

The brazing process for ferro-
electric barium titanate must be carried
out in the oxygen-containing environment
— in air or preferably pure oxygen. For
brazing and metalization of ferroelectric,
ceramic BaTiO3 used Ag-Cu-O alloys.
Based on  obtained data, metal-oxygen
technologies of metalization and brazing
BaTiO3 ceramics in air and pure oxygen
atmosphere were developed, and also a
method of metalization with high adhe-
sion using metal melts containing oxygen.

The plastic In-Ti alloy was tested for
metalization and brazing in a vacuum of
perovskite ceramics. It can be used for
the semiconductor BaTiO3 ceramics at
970 K and ferroelectric BaTiO3 ceramics
at 720 K, allowing use of the full range of
unique electrical properties for per-
ovskite materials.
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