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The kinetics of dispersion of thin nickel-silver films deposited onto alumina and zirconia ceramics and
annealed in vacuum at temperatures up to 1000 °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 nickel
nanofilm deposited onto the oxide surface, and the second silver layer 1.5 nm 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 short-term heating up to 900 °C; and, after annealing a 950 °C and 1000 °C, they decompose immediately
into individual droplets covering more than half the area of the ceramic substrates. The kinetic curves for the

dispersion of these films were plotted.
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I ntr oduction

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

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

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

Since ceramic materias, particularly oxide ones, are
usualy poorly wetted by molten metals, metal coatings
are often used applied in various ways (electron beam
sputtering, magnetron sputtering, chemica 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 seamsremains 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 metalization coating on the
ceramics and the brazing layer by itsdf. This can be
achieved if the soldering metal or alloy is also applied in
the form of arather thin film, the thickness of which does
not exceed several nm. In addition, a thin soldering seam
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allows you to obtain precision welded or brazed ceramic
and ceramic-metal units which can be used 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 dightly thicker
(2 - 3 um) and serves as a solder, eg. Cu, Ag €tc., which
will ensure joining of metallized ceramic materids
during brazing or welding with fine (2—-4um 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
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 adso an
important area of research.

The study of two-layer nickel-silver 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 um, is the main task of the
present work.
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. Materialsand Experimental
Procedure

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

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

1) the meta of the given weight (calculated for films
of the required thickness) is completely evaporated, then
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Fig. 1. SEM image nickel-silver double-film onto
alumina ceramics which was annealed in vacuum,
x3000: a — 900 °C, 5 min; b — 900 °C, 20 min; ¢ —
950 °C, 20 min.
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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 alumina
and zirconia ceramics as small thin plates 4 x 3x 2 mm
in size. One of the flat surfaces of each specimen was
well polished to aroughness R, = 0.03 + 0.05 um. After
polishing, al specimens were thoroughly defatted and
burned in air at 1100 °C for one hour.

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

The quality of al 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 20 min) and at different
temperatures (from 900°C up to 1000°C) in the vacuum
not lessthan 2 x 10° Pa.

Anneded specimens were investigated using
scanning electron microscopes JSM-6700 F and
Superprobe 733 with microphotographs storing. Using
these microphotographs, the areas of metal idets 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 meta nanofilms on the anneding
parameters (temperature, time).

1. Resultsand Discussion

Annedling of a nickd-silver double-film at 900 °C
dightly violated the integrity of the initial film on
alumina ceramics surface after a five-minute exposition
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Fig. 2. Alumina ceramics area covered by nickel-
silver double-film dependence on anneding time at
various temperatures (900 - 1000 °C).
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Fig. 3. SEM image nicke-silver double-film onto
alumina ceramics which was annealed at 1000 °C in
vacuum, x3000: a —5 min; b—10 min; c—20 min.

(Fig. L, & 2). A ten-minute annealing significantly
intensified the process of decomposition of the film, and
twenty-minute exposition at 900°C leads to the
disintegration and dispersion of silver film coating about
75 % of the sample surface covered with nickd (Fig. 1,
b; 2). The increase of the annealing temperature up to
950 °C dightly intendfied the process of the film
dispersion compared with annealing a 900°C; namely,
after a five-minute exposition, the disruption area was
about 10% of the whole surface area of the sample, after
ten minutes — ~20 %, and after twenty minutes — ~25 %
(Fig. 1, c; 2). All these studies make it possible to use a

double film for pressure welding of metallized ceramic
specimens at temperatures of 900 , 950°C, i.e at
temperature lower than the meting point of silver
(962 °C).

Anneding a 1000 °C led immediately to the silver
layer melting and decomposition into separate drops after
five minutes of exposition (Fig. 3, & 2), covering about
80 % of the whole surface of the nickel metallization

1696_302

Fig. 4. SEM image nicke-silver double-film onto
zirconia ceramics which was annealed in vacuum,
x3000: a — 900 °C, 5 min; b — 900 °C, 20 min; c —
950 °C, 20 min.
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Fig. 5. Zirconia ceramics area covered by titanium
film dependence on annealing time at various
temperatures (900 - 1000 °C).

coating on the ceramic sample surface. With further
annealing during ten minutes, the dispersion of the film
increased (Fig. 3, b; 2); and after twenty minutes the
dispersed silver film covered about 70 % of the whole
surface of the nickel metalization coating on the ceramic
specimen surface (Fig. 3, ¢; 2).

Thus, such double Ni-Ag film can be used to join by
brazing the metallized alumina ceramic samples, but with
asmall load upto 1 MPa.

The behavior of the double nickd-silver film on
zirconia ceramics surface was amost completely
identical to its behavior on aumina one, i.e. five-minute
annealing of the continuous film at 900 °C did not lead to
significant changes in the film morphology (Fig. 4, a; 5).
With a ten-minute exposition, the film began to disperse
and after twenty-minute annealing the disintegration of
the film intensified (Fig.4, b; 5). The processes of
dispersion of the film intensified somewhat as a result of
annealing a 950°C; but even after twenty minute
annealing, the silver film ill covered about 70 % of the
whole surface of the metallized ceramic substrate (Fig. 4,
c; 5). Thus, this film is aso suitable for the formation of
zirconia ceramics joints by pressure welding.

After annealing at 1000 °C the silver layer, asin case
of alumina ceramics, melts and disperses already after
five (Fig. 6, a; 5) and ten minutes of annedling (Fig. 6, b;
5); and after twenty-minute exposition rounded silver
droplets cover about 50 % of whole surface coated by
nickd (Fig. 6, ¢; 5). So, double nickel-silver films can be
used to join zirconia samples by pressure welding at
950 °C with the process time limitation up to five
minutes.

Brazing of metallized zirconia ceramic samples with
molten slver at 1000 °C with a small load (up to 1 MPa)
can be recommended only in the short-term process (up
to five minutes).

Conclusions

Studies of the behavior of double nickd-silver thin
films deposited onto samples of alumina and zirconia
ceramics during anneding found that such films
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Fig. 6. SEM image nickel-silver double-film onto
zirconia ceramics which was annealed at 1000 °C in
vacuum, x3000: a —5 min; b—10 min; c—20 min.

remained sufficiently continuous when heated up to
900°C.

With further increase of the annealing temperature
up to 950°C the film begins to disperse intensaly into
separate fragments covering amost 70% of the whole
nickel-metallized ceramic substrate.

Annedling at 1000°C leads to an instant melting of a
silver film that splits into individual droplets covering
amost 70 % of the whole nickel-metalized surface of
the alumina ceramics substrate and about 50 % of the
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whole surface of the zirconia ceramics substrate.

The pattern of the decomposition of the film on both
oxide ceramics is dmost the same; on the zrconia
ceramics substrate the film decomposes a little more, asa
result of which its residues are cover a dightly smaller
part of the whole substrate surface compared to alumina
ceramics.

The kinetic curves of dispersion during annealing of
double nickd-silver films on aumina and zrconia
ceramics were plotted, using which it is possible to
determine the basic technological  parameters
(temperature and exposition time at this temperature) of
the processes of joining of ceramic materias by brazing
or pressure welding. According to these plots, it can be
concluded that the most suitable method for joining the
samples metallized with studied filmsis pressure welding
allowing the joining process to be carried out at 900
930°C when thefilm is il sufficiently continuous.

The joining of metallized samples of alumina by
brazing at 950 , 1000 °C, when the silver layer of the

film is melted, is possible with a small load (up to
1 MPa), but the process must be substantialy limited in
time by not more than five — seven minutes, when the
fragments of the molten film covering even more than
80 % of the whole substrate surface area, and the brazing
of metallized zirconia ceramics at these temperatures is
not possible since the film fragments cover a small part
of thewhole sample surface (~ 50 %).
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KineTnka nucnepryBaHHs IPH BiAnaJi y BaKyyMi TOHKHX NOABiHHHX
HIKeJIeBO-CPIOHMX IUIIBOK, HAHECEHUX HAa OKCH/IHI MaTepiaaun

Incmumym npobnem mamepianosnaecmea im. I. M. @panyesuua HAH Vipainu, m. Kuig, 03142,

Vipaina, e-mail: gab@ipms.kiev.ua

1Yl—tieepcumem » Yrpaina” , m. Kuig, 03115, Vkpaina

JlocnimxeHa KiHeTUKA JUCIEPryBaHHS TOHKHX HIiKeNeBO-CPiOHMX IUIIBOK, II0 HAHECEHI Ha alOMOOKCHAHY
Ta JIMOKCHIHOLMPKOHIEBY KepaMmiku Ta BiimaneHi y Bakyymi npu Temmneparypax no 1000 °C mpu pi3HuX
TepMiHaX BUTPUMKHU IpH KOXHiil Temneparypi (Big 5 no 20 xB). ITonBiiiHi IUIiBKK CKIaganucs 3 IBOX LIApiB:
Hepunii MeTani3oBaHuii ap BB cOOO0 HiKeJIeBY HAHOILTIBKY 3aBTOBIIKM 150 HM, HaHeCeHy Ha IOBEPXHIO
OKCHIY, a Ha Hei OyB HaHeceHMi cpiOHMI map 3aBTOBIIKM 1,5 MKM, SIKMil MaB CIIyryBaTH B SIKOCTI IIPUIION0 IIPH
3'€IHaHHI MDK COOOI0 METali30BaHUX KepaMiuHHX 3pa3kiB. BusBiieHO, IO I IUTIBKM 3aJIMIIAIOTHCS JIOCHTH
IIIBHAMH [P HeTpuBasioMy HarpiBanHi 1x 10 900 °C, a micns Bignany npu 950 °C Tta 1000 °C po3nanarorsest
BiZIpa3y Ha OKpeMi Kparuli, sIKi BKPUBAIOTH OUIbII HIJK IIOJOBUHY IUIOIII KepaMiuHMX minkianok. I1oOynoBani
KiHeTHYHI KpUBI AUCHEPryBaHHS JaHUX IUTIBOK.

KirouoBi ci1oBa: kiHeTHKa, TUCIIEPryBaHHs, HiKelIeBO-CpiOHA IUTiBKA, OKCHIHI MaTepiaii.
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