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The kinetics of dispersion of thin niobium-copper films deposited onto leucosapphire, alumina and zirconia
ceramics and annealed in vacuum at temperatures up to 1100 °C with different exposition times at each
temperature (from 5 up to 20 min) was studied. The double films consisted of two layers: the first metallization
layer was 150 nm niobium nanofilm deposited onto the oxide surface, and the second copper layer 1.5 um thick
deposited over the first one as a solder was used for joining of metallized oxide samples. It was found that these
films remain rather dense during heating up to 1050 °C; and after annealing at 1100 °C they decompose into
individual fragments covering about 80% the area of the ceramic substrates even after annealing during 20 min.
The Kinetic curves for the dispersion of these films were plotted.
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Introduction

Joining ceramic materials with each other and with
metals is carried out by two main methods:

1) brazing with molten metallic solders [1-3];

2) solid-phase pressure welding [4-6].

Since ceramic materials, particularly oxide ones, are
usually poorly wetted by molten metals, metal coatings
are often used applied in various ways (electron beam
sputtering, magnetron sputtering, chemical deposition
etc.). Adhesive-active metals such as titanium,
chromium, niobium and others are the most commonly
used to make such coatings. Then, thus metallized
ceramic parts are brazed in vacuum or an inert medium
(argon, helium etc.) by molten metallic solders on the
basis of tin, silver, copper, nickel etc. In this case, the
thickness of the solder seam is from 50 - 100 um up to
several millimeters. Sometimes, multilayer metal
coatings are used, but the thickness of the layers and
brazed seams remains high [7-9].

At the same time, there is information that the
reduction in the thickness of the brazed seam leads to a
significant increase in the strength of the brazed joint
[10-12]. Obtaining brazed or welded joints of metallized

ceramics is possible through reducing the thickness of
both the metallization coating on the ceramics and the
brazing layer by itself. This can be achieved if the
soldering metal or alloy is also applied in the form of a
rather thin film, the thickness of which does not exceed
several um. In addition, a thin soldering seam allows you
to obtain precision welded or brazed ceramic and
ceramic-metal units which can be wused in
microelectronics, radio  engineering,  microwave
engineering etc.

This objective can be achieved by application onto
the ceramic surfaces of double metal films, one of which
is 100 - 200 nm thick and consists of an adhesion-active
metal such as Ti, Cr etc., and the other is slightly thicker
(2 - 3 um) and serves as a solder, e.g. Cu, Ag etc., which
will ensure joining of metallized ceramic materials
during brazing or welding with fine (2 —4 pm thick)
solder seam.

In literature there is information on the use of two-
and multilayer metal coatings in production of aircrafts,
in structures to be implanted into the human body, in
devices for flat displays, light-emitting devices and solar
panels, in friction units, as sensitive elements of strain
gauges, in erosion-resistant coatings of blades for
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engines of various purposes, as coatings for cutting tools
and machine parts [13-18].

The structure of such two- or multiphase coatings,
determination of the optimal ratio of the thickness of
each layer, processes of interaction at the phases
interface, including the ceramic phase, is also an
important area of research.

The study of two-layer niobium-copper coatings
(films) on oxide materials during annealing in vacuum
and the creation of brazed and welded oxide ceramics
joints based on them with super-thin brazed seam, the
thickness of which does not exceed 5 pm, is the main
task of the present work.

I. Materials and Experimental
Procedure

In this paper an electron-beam method for sputtering
of metal nanofilms was used.

The thickness of the deposited nanofilms was
measured by two methods:

1) the metal of the given weight (calculated for films
of the required thickness) is completely evaporated, then
the thickness of the film can be easily calculated
according to the law of Lambert [19, 20];

2) with the help of a special quartz sensor located in
the vacuum sputtering chamber near the sample on which
the film is deposited.

Solid non-metallic substrates were made of
leucosapphire, alumina and zirconia ceramics as small
thin plates 4 x 3 x 2 mm in size. One of the flat surfaces
of each specimen was well polished to a roughness R, =
0.03 +0.05 um. After polishing, all specimens were
thoroughly defatted and burned in air at 1100 °C for one
hour.

As a metal deposited directly onto non-metallic
surfaces, niobium was used. Metallized samples were
then coated by copper films serving as a solder when
joining the samples.

The quality of all applied nanofilms was controlled
using a XJL-17 metallographic microscope.

The specimens with deposited onto them metal films
were annealed in a vacuum chamber for various periods
of time (from 5 up to 20min) and at different
temperatures (from 900°C up to 1100°C) in the vacuum
not less than 2 x 10 Pa.

Annealed specimens were investigated using
scanning electron  microscopes JSM-6700 F and
Superprobe 733 with microphotographs storing. Using
these microphotographs, the areas of metal islets on the
surface of non-metallic samples were determined by the
planimetric method, i.e. by weighing the elements of the
metallized surfaces of samples carved out from the paper
microphotograph copy [11]. The experimental data
obtained were processed in the form of graphs showing
the dependence of the surface area of the samples
covered with metal nanofilms on the annealing
parameters (temperature, time).
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I1. Results and Discussion

The thickness of the metallization layer of niobium
at the leucosapphire, alumina, and zirconia ceramics
substrates was 150 nm, and the copper layer thickness
was 1.5 pm.
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Fig. 1. SEM image of double niobium-copper film
deposited onto oxide materials and further annealed at
900 °C during 20 min in vacuum, x3000: a — alumina
ceramics; b — leucosapphire; ¢ — zirconia ceramics.

The integrity of the original niobium-copper films at
the leucosapphire, alumina, and zirconia ceramics was
intact even after annealing at 900 °C for ten minutes. The
first slight changes in them appeared only after twenty
minutes at this temperature (Fig. 1). The situation did not
change virtually with increase of the annealing
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Fig. 2. SEM image of double niobium-copper film
deposited onto oxide materials and further annealed at
1000 °C during 20 min in vacuum, x3000: a — alumina
ceramics; b — leucosapphire; ¢ — zirconia ceramics.

temperature up to 1000°C, at which noticeable changes in
the films morphology were found also after twenty minutes
of exposition (Fig. 2). Raising the annealing temperature up
to 1050°C intensified the process of changing the films
morphology, which was noticeable already after ten minutes
of exposition. After twenty minutes of annealing, there was
a noticeable tendency for the dispersion in the films (Fig. 3),
although they were still covering even more than 80% of the
substrate surface. Significant dispersion of the films was
caused only by annealing at 1100°C, when the copper had to
be already in molten state, which is clearly visible after five
minutes of exposition.
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Fig. 3. SEM image of double niobium-copper film
deposited onto oxide materials and further annealed at
1050 °C during 20 min in vacuum, x3000: a — alumina
ceramics; b — leucosapphire; ¢ — zirconia ceramics.

After ten minutes of exposition, and especially after
twenty minutes of annealing, the films were strongly
dispersed (Fig. 4), although their residues were still
covering more than 70 % of the substrates surface area.
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Fig. 4. SEM image of double niobium-copper film
deposited onto oxide materials and further annealed at
1100 °C during 20 min in vacuum, x3000: a — alumina
ceramics; b — leucosapphire; ¢ — zirconia ceramics.

Fig. 5 shows kinetic dispersion curves of copper
films at leucosaphyre, alumina, and dioxidocircle
ceramics surfaces metallized with niobium nanoparticles
and annealed in vacuum at temperatures 900 - 1100 °C
during different exposition times.
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Fig. 5. Dependence of oxide materials area covered by
double niobium-copper film on annealing time at various
temperatures (900 — 1100 °C): a — alumina ceramics; b —
leucosapphire; ¢ — zirconia ceramics.

Conclusions

According to the study results, the dispersion during
annealing in vacuum of double niobium-copper films at
all three oxides surfaces is practically the same, and all
these films have good adhesion to the oxide substrates
covering almost 90% of the substrate area after twenty
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minutes of annealing at 1050 °C. Even after annealing at allowing the joining process to be carried out at 900 +

1100 °C, copper film fragments are covering about 80% 1050°C when the film is still sufficiently continuous.

of the substrate area. This makes it possible to According to the data obtained, it is also possible to
recommend these double films for further joining of all join oxide materials using dual niobium-copper films by
three studied oxide substrates by pressure welding or brazing at a temperature 1100 °C, i.e. when the copper
brazing. film is molten. Using both of these methods, brazed

The kinetic curves of dispersion during annealing of ceramics joints with a seam thickness not exceeding 5

double niobium-copper films on leucosapphire, alumina microns were obtained having shear strength 150 MPa.
and zirconia ceramics were plotted, using which it is
possible to determine the basic technological parameters

(temperature and exposition time at this temperature) of Gab I.1. — candidate of science (tech.), senior research

the processes of joining of ceramic materials by brazing fellow, leading researcher;
or pressure welding. According to these plots, it can be Stesyuk T.V. — researcher;

concluded that the most suitable method for joining the Shakhnin D.B. — candidate of chemical sciences,

samples metallized with studied films is pressure welding associate professor.
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BruiuB Bianmajiay y Bakyymi Ha JMCNIEPryBaHHSI TOHKHMX NMOABIHUX
Hi00i€BO-MiJJHUX IJIIBOK, HAHECEHUX HA OKCHIHI MaTepiajaun

11Hcmumym npobnem mamepianosnascmea im. 1. M. @panyesuua HAH Ykpainu,

m. Kuis, Ykpaina, gab@ipms.kiev.ua
YWhisepcumem ,, Vpaina”, m. Kuis, Yxpaina, shakhnin@ukr.net

JocmipkeHa KiHeTHKa IUCIEpryBaHHS TOHKMX HIOOi€BO-MIZHUX IUTIBOK, IO HaHEcCeHiI Ha Jeiikocamdip,
ATIOMOOKCHIHY Ta AMOKCUIHOLIMPKOHIEBY KEpaMiKH Ta BilnajeHi y Bakyymi npH Temneparypax 1o 1100°C npu
pI3HHMX TepMiHaX BUTPUMKH IpH KOXHIH Temmneparypi (Bix 5 no 20 xB). IloaBiiiHi IUIBKH CKIamganucs 3 JIBOX
mIapiB: NEpIINA MeTaTi30BaHUM IIap sBISIB co0OI0 HiOOi€BY HAHOILTIBKY 3aBTOBHIKM 150 HM, HaHeceHy Ha
MMOBEPXHIO OKCHAY, a Ha Hei OyB HaHECEHWH MITHMH Iap 3aBTOBIUKU 1,5 MKM, SKUH MaB CIyTyBaTH B SIKOCTi
MIPUIIOIO TIPU 3’ €THAHHI MK COO0I0 METalli30BaHUX KepaMidHUX 3pa3KiB. BusBieHo, 10 i MUTIBKY 3aIUIIAIOTHCA
JOCUTh INIMBHUMHK TpH HarpiBaHHi iX mo 1050°C, a micmsa Bimmamy mpu 1100°C pos3magaroTecsi Ha OKpeMi
(parmMeHTH, SKi BKpUBalOTh 01m3bko 80 % mromi kepaMidHUX MiIKIaJ0K HABITH Micis Bigmary npotsirom 20 xs.
[ToGynoBaHi KIHETHYHI KPUBI AUCTIEPTYBAHHS JAHUX IUIIBOK.

KonrodoBi cioBa: xiHeTHka, IUCIIepryBaHHs, Hi0OI€BO-MiJHA IUTiBKa, OKCU/IHI MaTepiaH.
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