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These collected articles are devoted to problemsemmed with surface phenomena
in melts, adhesion, wetting, capillary propertiésnetal and nhonmetal melts, processes
of liquid phases’ spreading over solid ones. Reufl the studies of contact interaction
of refractory compounds and superhard materialf wielts are presented. Process
designs of brazing and apllication of adhesiveiogatas well as adhesion phenomena
in processes of materials’ production are described

For specialists engaged in problems of interphdmm@mena at high temperatures
and in their practical use for brazing of materials
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Fig. 1. A plot of of wetting contact angle)(and radius of wetting
spot vers. time () for active melt 46C 4Sr#50Ti (% (t.)) on
silicon nitride supports for two independent expemts: T =
=1000°C; 1% m= 0,065 g, v= 1300 frames/s; 22 m= 0,039 g,
v = 1000 frames/s
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Grigorenko M., Poluyanskaya V., Chernigovtsev E.

High-speed wetting and spreading processes in adins-active metal
melt—silicon nitride systems

The wetting and spreading kinetics of Cu—Sn—Ti melter silicon nitride
surfaces was studied by means of a high-speed lgréifiming (up to
5000 frames/s) in a vacuum at 10@
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Fig. 1. Movement of the meltingV¥
boundary along substrate at heati
Both multilayer &) and bilayer ()
systems has the same thickne&
Image obtained in kinematic surve A
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Fig. 2. Electron microscopy
image of the eutectic melting
zone. Bilayer B¥2Sn system
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Fig. 3. Electron microscopy
image of Multilayer B¥aSn
system of the eutectic
melting zone
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Fig. 4. Electron microscop
image of the droplet motio
jumps, which carried along
substrate by the boundary ¢
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Sukhov V. N., Churilov I. G.

Internal size effect of melting in the layered filmsystem of eutectic type

This article presents results of the investigatibthe melting processes in thick (400 nmy£8n
eutectic bi- and multi-layer systems. Measuremefitsultilayer system (layer thickness %0
20 nm) and bilayer system (layers thickness 200 ofngjmilar total sickness have demonstrated
that eutectic melting temperature for a multiplaggstem is lower than for a bilayer system.
Thermodynamic analysis has shown that temperagaghgction depends on total thickness of the
neighboring layers and layers boundary energy.
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Fig. 2. Gold film thickness of 200 nanometers on
diamond which was annealed at 900 during
20 min, 3000
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Fig. 3. Gold film thickness of 200 nanometers oanubnd
which was annealed at 100€ during 3 h:a % scanning
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Fig. 5. Gold film thickness of 200 nanometers orboaglass which
was annealed at 90C during 20 min:a ¥4 scanning microscope,
3000; ¥ atomic-power microscope
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Naidich Yu. V., Gab I. I., Kostyuk B. D., Kurkova D. I., Stetsyuk T. V.,
Dukarov S. V., Kryshtal A. P., Lytvyn O. S.

Morphology and coagulation during annealig of golchanofilms deposited
onto diamond and carbonglass

Changes of morphology and coagulation phenomenahwbtcur in gold
nanofilms by thickness of 200300 nanometers deposited onto surface of
diamond and carbonglass during annealing in vacatiemperatures up to
1100°C are investigated. Wetting contact angles of theatenals by gold in
solid phase are determined and mechanism of nemofihorphology change
depending on temperature annealing is shown.
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N Ti Cu Ag Al (6] Y
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11.10.08
Taranets N. Yu.

Time dependencies of contact angles and contact émiction of AIN based ceramic
with coppea silve@a titanium melts

Wettability and contact interaction were investeghtfor AIN ceramic in contact with
commercial brazing alloys CB4 and CB5. Contact esglere measured by the sessile
drop method during isothermal exposure at 810,&@950°C in a vacuum 40°! a.
Melts of the brazing alloys wet the ceramic webr{tact angles are lower than°h0
Melt with higher titanium content wets AIN betteMicrostructures of the
ceramic/brazing alloy interfaces were also inveddd and formation of non-
stohiometric titanium nitride TilN, (x = 0,4 0,6) was registered at the cerataimetal
boundary.
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MHO+L (- &S -" + #, T #E%+ (% +$°$

Contact melting speed of solutions with metals

& + | <vs, & +, <V>,
o / o /

1 2 3 4 5 6
Pb¥ Sn 192 0,55 Pb¥. Bi 134 0,21
(Pb+0,1% ( .)Bi)%Sn 192 0,55 (Pb +0,1% ( .) Bi)¥%Bi 134 0,24
(Pb+0,3%( .)Bi)%Sn 192 0,55 (Pb +0,3% ( .) Bi)%Bi 134 0,27
(Pb+0,5% (.)Bi)%Sn 192 0,56 (Pb +0,5% ( .) Bi)%Bi 134 0,39
(Pb+0,1%( .)InSn 192 057 (Pb +0,1% ( .) In)¥Bi 134 0,26
(Pb+05%(.)IngaSn 192 0,61 (Pb +0,5% ( .) In)¥Bi 134 0,28
(Pb+1,0%(.)In)¥%Sn 192 0,65 (Pb +1,0% ( .) In)%Bi 134 0,31
(Pb+0,1% ( .)SnpaSn 192 0,55 (Pb +0,1% ( .) Snp4Bi 134 0,27
(Pb+0,3%(.)SnpaSn 192 057 (Pb +0,3% ( .) Snp4Bi 134 031
(Pb+05% (.)SnpaSn 192 061 (Pb +0,5% ( .) Snp4Bi 134 0,36
(Pb+0,1% ( .)Li)%Sn 192 0,53 (Pb +0,1% ( .) Li)%Bi 134 0,22
(Pb+05%(.)L)%Sn 192 0,56 (Pb +0,5% ( .) Li)%Bi 134 0,26

(Pb+0,01% ( .)Ag% Sn 192 0,56 (Pb+0,01%( .)Ag)¥%Bi 192 0,22
(Pb+0,05% ( .)Ag%Sn 192 057 (Pb+0,05% ( .)AgBi 192 0,23
(Pb+0,10% ( .)Ag%Sn 192 058  (Ph+0,10% ( .)AgBi 192 0,26

Sr¥ln 120 0,35 Sr¥2Pb 193 0,73

(Sn+0,1% ( .)Pbpsln 120 0,36 (Sn+0,1% ( .) In)¥%Pb 193 0,73
(Sn+0,3% ( .)Pbpsin 120 0,41 (Sn +0,5% ( .) In)¥%Pb 193 0,78
(Sn+0,5% ( .) Pbpain 120 0,45 (Sn+1,0% ( .) In)¥%Pb 193 0,83

(Sn+0,1% (.)Znf¥%In 120 0,36  (Sn—0,1%(.)Zn%Pb 193 0,74
(Sn +0,4% ( .) Znialn 120 0,38 (Sn—10,4% ( .) Zn}¥4Pb 193 0,78

(Sn +0,1% ( .) Iny¥%In 120 0,36 (Sn +0,1% ( .) PbsPb 193 0,74
(Sn +0,5% ( .) Iny¥%1In 120 0,41 (Sn +0,3% ( .) PbsPb 193 0,76
(Sn+1,0% (.) In)¥In 120 0,47 (Sn+0,5% ( .) PbysPb 193 0,79

(Sn+0,1% ( ) Bi)%In 120 0,37  (Sn-0,1% ( .) Bi)%Pb 193 0,74
(Sn+0,5% ( .)Bi)%In 120 045  (Sn-0,5% ( .) Bi)%Pb 193 0,79

Sr¥4 Bi 149 0,42 - - -

(Sn+0,1% ( ) Inj% Bi 149 043  (Sn+0,1% ( .) Zn}% Bi 149 0,47
(Sn+1,0%( )In% Bi 149 044  (Sn+04%(.)zny Bi 149 049

(Sn+0,1% ( ) Bi)% Bi 149 042  (Sn+0,3% ( .) Pbps Bi 149 0,38
(Sn+0,5% ( .)Bi)% Bi 149 045  (Sn+0,5% ( .) Pbj: Bi 149 0,44
Cd¥ Bi 154 0,56 Cd¥Sn 187 0,71

(Cd+0,1% ( .)Naps:Bi 154 0,49  (Cd+0,1%( .)NapsSn 187 0,84
(Cd+0,1% ( .)Li)%Bi 154 053  (Cd+01%( .)L)%Sn 187 0,89




1 2 3 4 5 6
In¥2Sn 127 0,39 IN¥4Bi 82 0,43
(In+0,1% ( .)PbpaSn 127 0,40 (In+0,1% ( .) PbP4Bi 82 0,43
(In+05% ( .)PbpaSn 127 0,41 (In +0,5% ( .) Pby4Bi 82 0,45
(In+1,0% ( .)Pbpasn 127 045 (In +1,0% ( .) Pb¥4Bi 82 0,47
(In+0,1% ( .)Bi)%Sn 127 0,39 (In +0,1% ( .) Bi)%Bi 82 0,43
(In+05% ( .)Bi)%Sn 127 041 (In +0,5% ( .) Bi)¥%Bi 82 0,45
(n+1,0% ( .)B)%Sn 127 043 (In +1,0% ( .) Bi)%Bi 82 0,46
(In+0,1% ( .)SnpaSn 127 0,39 (In+0,1% ( .) SnP4Bi 82 0,44
(In+0,5% ( .) Sn¥Sn 127 0,40 (In +0,5% ( .) Sny¥4Bi 82 0,46
(In+1,0% ( .)Snpasn 127 041 (In +1,0% ( .) Sn¥4Bi 82 0,49
(In+0,1% ( .)NapsSn 127 0,70 (In+0,1% ( .) NayaBi 82 0,46
(In +0,3% ( .) Na@Sn 127 0,72 (In +0,1% ( .) Nay4Bi 82 0,47
(In+05% ( .)Nagasn 127 0,74 (In +0,1% ( .) Nay4Bi 82 0,49
% N {
+0,01 ( & <v>
<v>=KJL (% K% " " ,JL=1).
I ( " , % 3
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( +7 )¥$ (7 % ( ( -
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.1 % 3 1! Y
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Fig. 1. Micro section of contact layers of solutisystem:
¥ (Cd + Me (Na, Li)¥2Bi,t =1h, 20
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11.11.08
Dalakova N. V., Orkvasov T. A., Sozaev V. A.

The influence of impurity on the speed of contact niéng in metals and phaseformation
in contact layers

The contact melting of solid solutions with metesstudied. The speed of contact melting of
metals poorly depends on the type of impurity dittconcentration is below the solubility limit.
The increasing content of impurities results in thereasing speed in all cases. The speed of
contact melting and limiting solubility are shovmtie correlated.
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Umansky A. P., Storozhenko M. S., Panasyuk A. DXonoval V. P.
Research of contact interaction of B,% S3C with Ni%4 Cr alloys

The contact interaction of 2B,% SZC with alloys on the base of nickel is
researched. It is established that small addinfehromium promote spreading
of nickel on the surface of B,% S because chromium is surface-active
element and promotes reducing surface tension d&f Ni& Cr. The micro-
structure of interaction zone ofH,%SZC with Ni%4Cr alloys have been
studied. The optimum compositions of metallic birsdi®@r composite materials
on the base of titanium diboride-silumin carbide determined.
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Umansky A. P., Pugachevska E. P., Konoval V. P.

Research of contact interaction of titanium-chromium diboride with
Ni%4 Cr alloys

The contact interaction of titanium-chromium dilaariwith alloys on the base
of nickel is researched. It is established that lismdditives of chromium
promote spreading of nickel on the surface of titanchromium diboride
because chromium is surface-active element and gissmreducing surface
tension of melt N2 Cr. The energetic parameters of wetting are caiedland
it is shown that contact angles in limit&@0° are formed in these systems. The
microstructure of interaction zone of titanium-amiam diboride with N¥ Cr
alloys is studied and it is shown, that as a reduiiteraction the new chemical
compounds are not formed, and contact zone is clesiized by strict boundary
between metal alloy ¥ Cr and refractory component TiG£BThe optimum
compositions of metallic binders for composite miate on the base of TiCeB
are determined.
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Krasovskyy V. P., Vishnyakov L. R., Krasovskaya NA., Ivanov E. G.
Free-lead solders for metallization and brazing o€opper materials

The wettability of copper substrate by low tempane solders on basis of tin
was studied. The sessile drop method with “capilfasrification” method was
applied S#2Ag¥% Cu solders, and also ®Bi alloys for metallization and
soldering of high porous copper net constructiorrewesed. Technological
process out in vacuum or on air, using organicefughould be carried out.
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T a b | e 2.Chemical composition of phases in the weld metal d8J
produced with application of two kinds of braze albys during isothermal
brazing at T = 1210°C, 20 min

()
C
* Al Cr Fe Co Ni Mo Hf Ta w Re Nb Ti Si
* 1% 50Rene-1424) ‘%
1 - 5,33 11,3 5,98 9,87 64,73 0,67 - - 2,13 -
2 2,02 4,93 10,84 8,14 9,05 64,98 0,31 - - 1,75 - - - -
3 - 2,36 7,45 6,77 11,2 63,91 0,49 2,22 56 - - - - -
4 - 4,65 8,85 7,96 9,68 65,85 - - 1,07 1,93
5 4,05 4,29 7,77 7,54 9,04 63,58 0,34 - 1,76 1,62
6 3,61 - 55,1 4,4 5,57 10,98 3,37 - - 9,9 7,08 -
7 3,37 - 60,53 3,87 4,93 6,56 3,26 - 9,57 7,92 -
8 3,17 1,92 6,26 5,49 11,04 60,72 0,41 3,54 6,62 830, - - -
9 - 3,38 23,09 7,16 8,17 50,65 0,99 - - 4,26 2,3 - -
* 1320 C12%460Rene-142 () ‘%
1 2,68 4,62 6,82 0,43 8,9 64,26 1,05 - 2,54 3,47 323, - - 1,9
2 2,15 4,46 6,9 0,55 9,14 66,07 0,76 1,52 2,06 3,342,39 - - 2,19
3 3,65 2,49 6,01 0,64 9,9 66,99 - - 3,39 1,63 - - - 3,77
4 4,45 - 36,62 - 3,5 5,48 7,74 - - 16,4 25,8 - - -
5 3,39 0,81 5,36 - 11,47 68,95 - - 10,0 - - - -
6 9,47 - 31,01 - 4,77 8,25 11,4 - 4,48 16,9 13,8 - - -
7 2,5 4,49 6,79 0,56 9,25 65,39 0,63 - 2,66 417 91, - - 1,65
8 5,03 - 30,34 - 2,71 6,57 8,2 0,44 22,4 24,3 - - -
* 1% 60Rene-142 "% 1160° ,2
1 1,62 6,23 6,93 0,68 11,3 66,26 1 - 1,13 - - 0,514,35
2 2,14 0,84 8,32 0,65 19,99 53,77 0,81 3,83 1,7 905 - 2,05 531
3 2,6 0,88 8,1 0,95 20,45 54,67 0,61 3,12 1,35 - - 1,96 5,29
4 7,86 - 36,0 0,46 5,26 6,65 26,7 - 0,98 8,59 3,481,37 2,63
5 5,48 - 50,1 0,42 7,1 7,24 18,5 - 0,65 4,47 3,13 ,780 2,16
6 5,19 0,38 29,1 0,3 5,94 15,8 24,9 - 1,4 9,5 4,4 470 271
7 6,4 0,29 30,61 0,42 4,72 7,83 28,8 1,24 0,34 11,44,07 1,38 2,44
8 18,96 - 1,06 - 0,49 3,01 7,28 - 25,2 8,69 - 10,524,8
9 17,68 0,39 0,86 0,16 0,55 3,14 6,44 - 25,6 8,94 - 11,2 25,1
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Kurenkova V. V., Malashenko I. S.

High-temperature brazing of high-temperature castirgalloys by boron
containing braze alloy doped with silicon

The essence of the work consists in developmetiieoprocess of neutralizing
the negative influence of boron in the compositeazbr alloy of
Ni%2Co¥% Cr3.Al3%2,5% (mas.) B + filler-alloy Rene-142 by adding ito
(15%25)% (wt.) of N#212Si braze alloy of an eutectic composition.
Precipitation of dispersed carbo-boride phasesotmify distributed in the
solder, the volume fraction of which after heattment is equal tb = 4,34
5,9%, and the almost globular shape of carbiddgbestallowed improvement
of technological ductility and strength of high-teenature brazed joints.
Addition of Ni%12% Si braze alloy powder to boron-containing
Ni% Co¥1 Cr3. Al342,5B%2Rene-142 composite alloy prevents formation of
ONi + CrB boride eutectics, the formation of whilgads to lowering of high-
temperature resistance of brazed metal and bfittlure of joints below the
yield point. Braze alloy doping with silicon resiin lowering of the level of
inner stresses of the matrix solutiorystalline lattice, Systematic analysis of
the microstructure, phase composition, strengthdaratility of brazed metal in
joints of ChS70VI, VZhL12U, ZhS26VI and DS alloyBepending on the type
of brazed alloys, BJ Q-factos £/ s¥) at 20°C was 0,9 to 1.



)& 621.791.3

@+, . . OH
BaTiOs-
%
3 ( 3 ( % %  TiH
700 °.) 500 ©,
1" " BaTiOs-
( 207 . $
1 % - (= "
% ( =
$ % "
( , "
3 "
% , .
3 600 © . %
600 ° = )
" (
BaTiOs-
n ( "
600 © ( " "
( S ),
' ( " = ( ) [1—3].
% "
" " % % "
(1], 3
@ , " 3
o %
(4] % "
3 %
% : % 3 ( "
- ( ,
[2], % ( ( !
" 1. 8. Y% 3" "
o D8 Y
1.%. .$.) , 2008

— 450 °.



! " « 3
% ).
) %
% , " % ,
" 1 "
600—700 ©°, : (
" 600 © . , 3
% " 3 % 12 , %
( ( % BaTiOs-
$ ( BaTiO,- %
% " ’ " "
( 45 % "
< 107
, , ( BaTiOs-
3 TiH, ' "0
650 ©
( ,
$ % " " 3 ,
% 3 TH '% 700° .<'%
, ' (
% % " " 3
( BaTiOs- ,
% ( "),
( % 1
"% % 3 " v
% % TiH: "
3 500 °, " @— 450 © .
7 " " " " <
( ( -
. % (
5 ( 500 © : 3
" BaTiOs-
$ (
. " , | (
450° .1 " %
BaTiOs- ( . ( ( % -
3 % . % "% "
700 ° _ 600 ©
' % : TiH, ( -
( 3 %
3 % BaTiOs-
" 450 © .
$ ( ' : 15,30 60 " 3
(" ( " 207
= 3" ( % % )

) ' 15 ,



" &% ' <

( ' 15 30
(" " , ' 60
( :
% ( 0,1
1, ( 3
( : ( : " -
, ( -
% "
! " BaTiOs-
450 ©: "
" 3 % " .
% 1 450 © ( '
% , ,
= " BaTiO;.
:6#7; .y %2 2 % "2 2
" 3 .5 3 , 2( % " Y-
% Ti 2 700° .) 2 24 500 ©,
22 —450°.1 " 2 22 2 4
BaTi;- 2 2 , 22 ( 207 . 2 2 25
2 2% " .
1, . (.. "
( — &.: ,
1991. — 280.
2. .59 . .4 -
% (
% 3 Il % " . — 1984. —
$ .13.— .96—97.
3. A . 219770 # . " % %
/# .85, " /Il,. .—1968. — 19.
4, L& L — &
,1972. — 196.

08.10.08
Sidorenko T. V., Durov O. V.

Retaining of barium titanate stoichiometry at metalization and soldering of
BaTiOs-ceramic in vacuum

Barium titanate have the valuable electrophisicapprties but at heating in vacuum to
600 °C BaTiQ loses the oxygen and its properties varietieeditricts using of standard
metallization and brazing technologies for BaF&@ramic so the technology of
BaTiOs-ceramic metallization and soldering at lower terapgres was the aim of
present study. Technology of capillary infiltratioh indium and led through titanium
powder was tested. As at prolonged storage onithéamium powder is dirtied due to
adsorption of atmosphere components the just pedpay annealing TiH in vacuum at
700 °C powder was used. For led metallization teatpee was 500 °C for indium —
450 °C. Soldered joints of BaTi@eramic and steel was also obtained by capillary
infiltration of indium, strength was 20 MPa. In tkeperiments with indium barium
titanate retain its stoichiometric composition.
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damovskyi A. ., Zyukin N. S., vdokimov V.

The brazing of super hard composite materials on hasis of boron nitride for
products of tool and constructional purpose

The wetting angle by adhesive-active solder ofdhperhard a material on base cubic
nitride boron is measured. The wetting angle, ddpgnon the temperature of the
soldering, measured in vacuum by sessile drop rdethds fixed that wetting angle on
cubic boron nitride is bigger in contrast with carsjte materials on his base; with
increasing of the temperature of the soldering ¥8960 ) the wetting angle for the
all explored materials have decreases. The prodoictie instrumental appointmedit

a cutting tool and models of products for constamz! purposes such as a rods, step-
bearing, bearings, slider bearitigwere produced.
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Brazing of ZrO ,-ceramic to columbium by contact-reactive method
through the nickel

The wetting of Zr@-ceramic by nickel-columbium eutectic #i40,5% (at.)
Nb, forms at 1175 °C) was investigated, contactieamg 80°. The contact-
reactive method using nickel interlayer betweerawge and columbium was
tested for brazing of ZrEceramic to columbium, the optimum brazing
temperature was fit, it is 1400 °C. Joint strength1 #4138 MPa.
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