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The process of diffusion welding of copper with molybdenum in the vacuum
through the layers modified by ion-beam processing is investigated. The dis-
tinctive features of diffusion interaction of copper and molybdenum are de-
termined using the radioactive tracer technique. The possibility of substan-
tial influence of changing the critical parameters of the mode of ion-beam
processing of surface layer of the welded material on the sizes of interaction
zone and mechanical properties of the joint weld is shown. Expediency of
previous modification of molybdenum surface with copper in the process of
diffusion welding of copper with the molybdenum in the vacuum is estab-
lished.

Hociimxeno npormec nudys3iifHOTO 3BapIOBAHHA ¥ BAKYYyMi Mizi 3 Mosi6aeHom
yepes3 Moau(ikoBaHi HOHHNUM 00POOJIEHHAM IIPOIIAPKU. 3a JOIIOMOI'0I0 METO-
IU pamioaKTHMBHUX i30TOIB BM3HAYEHO 0COOJMBOCTI AudysiiiHoi B3aemomil
mini 3 moaiomernom. ITokasamo, 1110, 3MIiHIOIOUM OCHOBHI HmapaMeTpu PeRUMY
MOHHOTO 00PO0JIeHHA ITOBEPXHEBOTO IIIapy 3BAPHOT0 MaTePisday, MOMKHA iCTOT-
HO BILJIMBATH Ha PO3MipH 30HM B3aEMOJil Ta MeXaHiUHi BJIaCTUBOCTI 3BapHOTO
3’eqHaHHA. BcTaHOBIEHO HOIIJIBHICTE MPpU AUQPY3iiHOMY 3BaplOBaHHI ¥ BaKy-
yMmi Mmizi 3 mosri6aerom monepeaHbOI Moau@ikaIlii moBepxHi MoIiOAeHY MigaIo.

UccaenoBan mporiecce nuddy3snoHHON cCBapKX B BAaKyyMe MeJIu ¢ MOJUOIeHOM
yepes MOAU(PUIIMPOBAHHELIE MOHHOI 00paboTKoM mpociaoiiku. C IMOMOIIbIO Me-
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TOLA PaAMOAKTHUBHBIX H30TOIIOB OIIPEeAeJIeHbI 0COOeHHOCTH Auddy3HMOHHOIO
B3auMoOecTBUs Meau ¢ MoambaenoMm. IlokasaHo, UTO, M3MEHSS OCHOBHEIE
mapaMeTphl pekruMa MOHHOIT 06paboTKU ITOBEPXHOCTHOTO CJIOS CBAPHOTO Ma-
TepuaJia, MOJKHO CYIIIeCTBEHHO BJIUATH Ha pa3Mephbl 30HBI B3AUMOAEMCTBUA U
MeXaHWYeCKre CBOMCTBA CBApPHOTO COEMMHEHMS. Y CTAHOBJIEHA Ilesiecoodpas-
HOCTB IIpu Au(PPY3NOHHON CBAPKE B BAKYyMe MeAM ¢ MOJNOAEHOM IIPeaBapU-
TeJbHOU MOAU(PUKAIINY IIOBEPXHOCTH MOJINOeHA MeIbIO.

Key words: copper, molybdenum, diffusive welding, ion-beam processing,
radioactive tracer technique.
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1.INTRODUCTION

Thin interlayers (superdispersed powders of 1 micron thickness which
are applied using different methods) of metals (copper, nickel, cobalt,
etc., as well as their mixtures) with a superdispersed structure are ap-
plied as interfacial layers in the process of diffusive welding of hetero-
geneous materials [1-3]. Moreover, the advantage of such interlayers
is that their presence in a joint leads to substantial intensification of
the process of formation of junctions and provides the mechanical and
thermal activation of surfaces in the process of welding. Their influ-
ence also results in high diffusive activity in the contact zone [4-6],
which is a consequence of extremely small sizes of particles and highly
developed free surface. It is related to the fact that the diffusion coef-
ficient is a structure-sensitive quantity and its effective value can sub-
stantially exceed the equilibrium value involving macroscopic defects
and developed by the system of interface.

This technological method is practically the only variant in the case
when it is necessary to connect metals, which are difficulty welded
qualitatively in the solid state. It concerns the couple of molybdenum—
copper, the combination of which is used to produce various wares in
electrical engineering industry. The distinctive feature of such diffu-
sive couple is absence of solubility of Mo in Cu [7, 8]. This circum-
stance prevents qualitative connection of these metals using diffusion-
welding method.

2. EXPERIMENTAL METHODOLOGY

In this work, the results of investigations of the processes of atoms re-
distribution and diffusion rates in the process of diffusion welding of
molybdenum with a copper through the layers modified by ion-beam
processing are presented.

The layer of copper of 1 mkm thick is being deposited on the surface
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TABLE 1. The modes of preparation of samples and their diffusion welding.

P, Thickness of
NO. Of NO' Of Twelding’ Twelding’ Tﬁ-reatment ’ Uacceleration’ kilogram_ Cu layer
sample| mode °C min min A% force/mm> mkm ’
1 I 950 20 0 0 1.5 1
2 II 950 20 10 1200 1.5 1
3 II1 950 20 20 1200 1.5 1
4 v 950 20 20 2000 1.5 1

of molybdenum using ion-plasma method. Then, all samples of Mo with
the layer of copper, except the basic ones, are being subjected to the
treatment by ions of argon to create the atomic interaction zone of Mo
with Cu for the purpose of increasing of adhesion. After that, the sam-
ples are being subjected to diffusion welding. The modes of prepara-
tion of samples and their diffusion welding are presented in Table 1.

3. RESULTS AND DISCUSSIONS

The number 1 (I) in this case corresponds to the virgin sample. The oth-
er modes differ from the basic one and one from another by the dura-
tion of argon treatment ('cfrzatment) and accelerating voltage (U, coeration)
of such treatment.

The diffusion processes in the interface in the process of welding of
the samples are being studied using the radioactive tracer technique.
The radioactive isotope of nickel ®*Ni, which is being inflicted onto the
Mo by the electrolytic method, is used in this work. The thickness of
3Ni layer is about = 0.8 micron and the activity—5-10° imp./min. Af-
ter welding process, the samples are cut and disposed on the X-ray
film. Holding on the film comprises about 100 hours. The film is being
scanned photometrically and the concentration distribution of radio-
active isotope of nickel into the both Mo and Cu is obtained. The esti-
mation of values of the diffusion coefficient is conducted using the
methodology described in Ref. [9].

The concentration distribution of the radioactive isotope of nickel
into the both Mo and Cu after the diffusion welding according to the
four modes is presented in the Fig. 1.

The analysis of the presented curves demonstrates that in the pro-
cess of welding the ®*Ni penetrates into considerable depths (X zones of
tens and hundreds of microns) into the both Mo and Cu.

The clearly defined curves asymmetry appearing in noticeably
greater penetration depth of %*Ni into the Cu in comparison with Mo
should be noticed. This result can be related to the circumstance that,
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Fig. 1. Concentration distribution of %*Ni in Mo and Cu after welding on the
base mode I and on the II, III, IV modes (see Table 1).

in accordance with the phase diagram of Cu—Ni [10, 11], these metals
within the all range of concentrations have unlimited solubility.

At the same time, the solubility of Niin Mo and Mo in Ni is substan-
tially limited in accordance with the phase diagram [12-14]. In addi-
tion, it is necessary to take into account the considerable difference in
the melting temperatures of Mo and Cu, 2610°C and 1083°C respec-
tively [15]. Thus, the temperature in the process of diffusion welding
(950°C) is considerably higher for Cu as compared with Mo. Thereby,
the reduced temperature (T, .ing/ Tering) fOr Cu in this case is 0.88
and that for Mo is 0.37.

The experimental data obtained as a result of concentration—
response curves processing are presented in Table 2 and Figs. 2—5.

As seen from Table 2, the depth of ®*Ni distribution in Cu is in all
cases bigger in comparison with Mo. At the same time, the ratio of
these depths is different (see Fig. 2).

TABLE 2. The results of concentration—response curves processing.

X zones, T&Azatment ’ Twelding’ Uacceleration,
No. of mkm min min A X, /X
sample cu/ Mo
Cu Mo Cu | Mo | Cu | Mo Cu Mo

1 11 6 - 0 20 20 0 0 1.8

2 26 19 - 10 20 20 1200 1200 1.4

3 45 33 - 20 20 20 1200 1200 1.4

4 60 44 - 20 20 20 2000 2000 1.4
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Fig. 2. The change of ratio penetration depth (X) of ®Ni into the both Cu and
Mo depending on the mode of treatment.
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Fig. 3. The change of penetration depth of ®*Ni into the both Cu (®) and Mo (M)
depending on the mode of treatment.

Such character of the presented dependence is related to the fact
that the maximal ratio of X,/X}, concerns to the mode I (basic). The
distinctive feature of this mode is the absence of treatment of Mo by
means of applying Cu layer on it by Ar ions. It is obvious that the
treatment of the indicated surface by using Ar results in the mixing of
atoms of the layers that are on Mo. They are copper, **Ni, and Mo. As a
result, the part of °*Ni atoms penetrates into the Mo and forms a pseu-
do diffusion layer after this treatment. In the process of the subse-
quent diffusion welding, *Ni atoms diffuse into the Mo from the cer-
tain depth and a total diffusion layer becomes thicker. When the mode
Iis applied, these processes do not occur.
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Fig. 4. The dependence of penetration depth of ®*Ni into the Mo on the time of
treatment by Arions.
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Fig. 5. The dependence of penetration depth of ®*Ni into the both Cu (®) and
Mo (A) depending on the value of accelerating potential during treatment by
ions of argon.

The dependence of penetration depth of ®*Ni into the both Cu and Mo
depending on the mode of treatment is presented in Fig. 3.

The dependence of penetration depth of ®*Ni into the Mo on duration
of argon ions treatment is presented in Fig. 4.

As Figure 4 shows, the specified dependence has the linear charac-
ter. The increase of treatment time of Mo with applied copper layer by
Ar ions results in the substantial increase of penetration depth of ®Ni
into it, namely, from 6 to 33 mkm. Based on this fact, one can come to
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the conclusion that, changing the time of treatment of Mo by Ar ions,
it is possible to influence on the sizes of interaction zone of copper with
molybdenum substantially and, at the same time, to control the adhe-
sion value of Cu to Mo. The similar conclusion can be made using the
data presented in Fig. 5.

As Figure 5 demonstrates, the penetration depths of ®*Ni into copper
and molybdenum depend substantially on the values of accelerating
potential during molybdenum treatment by ions of argon. These de-
pendences have the linear character. Besides, it should be noted that
the values of penetration zone (X) of *Ni in copper are considerably
higher as compared with molybdenum.

The important parameter determining mechanical parameters of the
welds is the diffusion coefficient. This parameter characterizes fea-
tures and regularities of interaction of materials in many technologi-
cal processes. Namely, it is very important in chemicothermal treat-
ment, welding and other processes. Owing to such importance, the in-
vestigation of diffusive features of welding copper with molybdenum
with the use of radioactive isotope of ®Ni is presented in this work.
The results of this research are presented in Table 3.

Analysing the data presented in Table 3, one can see that the mobili-
ty of %Ni in copper is almost 3.5 times as high as compared with mo-
lybdenum. As mentioned above, it can be related to the melting tem-
perature of molybdenum and copper, which almost three times differs
and, at the same time, the solubility of nickel in copper is considerably
higher.

The dependence of logarithms of diffusion coefficients depending on
the modes of treatment and welding is presented in Fig. 6. Therefore,
the mobility of nickel in copper is in all cases higher than that in mo-
lybdenum. Thus, it is clear that the increase of value of diffusion coef-
ficients diminishes in the process of change of the mode of treatment.

The mechanical tests of the obtained welds show that, depending on
the mode of welding, the durability of the weld also changes (see
Fig. 7).

TABLE 3. The distinctive features of diffusive processes in the process of
welding of copper with molybdenum.

No. of Dy, sm?/s Dgflfl /Dfﬁf 1g(Des;.)
sample Cu | Mo : : Cu ‘ Mo
1 5.1-107% 1.5.10710 3.4 -9.3 -9.8
3.22:107° 1.0-107° 3.22 -8.6 -9.0

2
3 8.44-10°° 2.26-10°° 3.7 -8.1 -8.7
4 1.5-107 4.3-107° 3.5 -7.8 -8.4
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Fig. 6. The dependence of logarithms of diffusion coefficients depending on
the modes of treatment: Cu (@), Mo (H).
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Fig. 7. The dependence of durability of the weld of copper with molybdenum
on the mode of welding.

As it is presented in Fig. 7, the mechanical characteristics of welds
on pulling after using the mode 4 achieve the durability of the basic
metal—copper. Such result proves the possibility of the use of the con-
sidered method of surface activating in the process of welding of het-
erogeneous metals, which physicochemical and mechanical properties
differ substantially.

4. CONCLUSIONS

1. It is determined that the increase of time of treatment and accelerat-
ing potential under treatment of Mo with copper layer applied on it by
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ions of argon allows to extend substantially the sizes of interaction
zone of copper and molybdenum. It is shown that ion-beam treatment
of copper covering on molybdenum allows extending the zone of diffu-
sive interaction in the process of diffusive welding of copper with mo-
lybdenum by 4—5 times in comparison with direct welding.

2. It is shown that ion-beam treatment of copper covering on molyb-
denum allows doubling the durability of the weld of copper with mo-
lybdenum in comparison with welding without treatment.
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