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PREPARATION OF TARGETS BASED ON ALUMINIDE SYSTEMS FOR MAGNETRON
DEPOSITION OF HEAT-RESISTANT COATINGS

Abstract: The present work offers results of experimental work on obtaining targets based on aluminide systems which composition
corresponds to nickel, titanium and cobalt monoaluminides for magnetron sputtering purposed at obtaining intermetallic aluminide
coatings on steel substrates. In the course of the process the work on mixing the powders of each system and pressing them on a steel
substrate has been conducted, which, being the basis of the target, ensures the tightness of the magnetron seals and the removal of heat
at the required level. The blanks obtained in such a manner were sintered in a vacuum induction furnace, as well as on a constructed test
installation through hot pressing method. It was demonstrated that sintering in an induction furnace leads to a large porosity of the blanks,
that isn’t admissible at production of targets. At sintering samples by hot pressing, simultaneous pressing and sintering of powders were
achieved, which became the advantage of hot pressing, in which the material is rapidly compacted at relatively low specific pressures. The
combination of pressing and sintering in one operation made it possible to obtain samples that were practically nonporous. At the same
time sectional targets from aluminum and plates of cobalt, nickel and titanium were obtained. The preparation of such targets was carried
out by pouring the aluminum melt into a mold on the bottom of which the plates were laid. It was revealed that sectional targets retain
their shape during the sputtering process and are not destroyed. However, they do not allow obtaining coatings of precisely specified
composition. The produced targets were sputtered on a magnetron sputtering installation to produce aluminide films on a steel substrate.
As a result, high-quality AINi, AICo, and AlTi aluminide coatings of uniform thickness, characterized by high adhesion to the substrate
were obtained. So the coatings having a uniform, defect-free surface, a homogeneous structure and tightly adhering to the substrate
were obtained. The conducted experimental work enabled to determine the optimal methods for obtaining and configuration of targets
for magnetron sputtering of coatings based on nickel, cobalt and titanium aluminides. In order to obtain the coatings having a minimum
deviation in chemical composition from the set one, it is recommended to use targets sintered from powder mixtures by hot pressing

method.
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Introduction. Regardless the sufficiently high
strength of a number of metals, alloyed steels and
alloys due to their low corrosion resistance cannot
be used in manufacturing the parts, operating under
extreme operating conditions at high temperatures
and in corrosive environments. The application of
protective coatings on the working surface of products
is one of the effective technological ways of increasing
their corrosion resistance [1]. Traditional alloyed
structural austenitic steels (AISI 300 series) and
ferritic grades (AISI 400 series) are characterized by
high heat resistance at temperatures up to 500-600 °C,
but at higher temperatures rapidly corrode [2].

One of the perspective ways of protecting the
surface of steel products from destruction under the
influence of elevated or high temperatures is the
application of heat-resistant coatings. Due to the
formation of a dense oxide film, such coatings are
cabaple to resist chemical corrosion in a dehydrated
gaseous medium at high temperatures [3].

Researches on the use of intermetallides of
Al-Ni, Al-Ti, Al-Co, Al-Fe, etc. systems increasingly
being carried out as materials of refractory coatings
[4-11]. Well resistance to oxidation of aluminides of
these systems was the reason for recommending them
for use as protective coatings on high-tech products
of aerospace engineering and power engineering.
Continued advancement of the high-temperature
coatings properties are particularly associated with
the optimization of the chemical composition, the
development and development of new technologies
for their deposition, and with the use of new methods
for improving the structure and properties of both
known and newly created coatings.

Heat resistant coatings based on aluminides can
be formated in various ways. The most suitable for
the deposition of thin films of aluminides on steel
substrates are methods of ion-plasma (<10 pm) and
vacuum arc spraying (<100 pum). These methods of
surface modification are based on the condensation of
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a substance from the vapor phase in a vacuum, which
ensures the production of coatings characterized
by high uniformity and low contamination. For the
formation of thick (> 100 um) coatings based on
aluminides, the electron-beam surfacing method
is promising. At the same time, it is possible to use
such methods as: gas-thermal spraying, gas-dynamic
spraying, and many others [4-11].

Films obtained by the method of magnetron
sputtering have a higher adhesion compared to those
deposited by vacuum arc spraying or using other
methods of applying alloying exclusion. In magnetron
sputtering, it is possible to simultaneously spray two
or more different targets, use mosaic (composite or
sectional) targets, and use composite targets containing
all the necessary components in the desired ratio. For
their production methods of powder metallurgy and,
in particular, the formation and sintering of a mixture
of powders are widely used.

Through the variation of the target composition
and substrate the temperature , it is possible to obtain
an aluminide films of different chemical and phase
composition, and to increase their adhesion due
to diffusion mixing at the contact boundary of the
substrate or barrier layer and coating [11]. However,
in view of the high brittleness of the aluminides,
the fabrication from them of targets for magnetron
sputtering by fusion is greatly complicated. The
production of targets by sintering mixtures of powders
of pure metals is associated with such problems as
the development of an uncontrolled SHS reaction
upon heating to 650 °C of Al-Ni and Al-Co powders,
swelling of Al-Ti compacts, and the formation of
porosity. This leads
to the occurrence
of a high level of

is required to improve the method of manufacturing
targets.

Experimental part. Targets of ¢ 100 and a height
of 8-9 mm were obtained by two methods: sintering
of aluminum powders with nickel, cobalt, titanium
and the method of pouring the plates of these metals
with aluminum melt.

For obtaining the sintered targets with compo-
sitions corresponding to monoaluminides of nickel,
titanium, and cobalt, a mixture of powders (wt. %):
Ni + 30 % AL Ti + 41 % Al, Co + 25 % Al have
been obtained. Nickel powders of grade PK-1lu,
nickel PNA-UTI, titanium PTM-1 and aluminum
PA-0 were used. Suspended powders of each system
were intensively mixed and pressed on a substrate of
@5 100 mm and a thickness of 5 mm. Substrate of non-
magnetic material - steel AISI 304 [5] serves as the
base of the target, provides tightness of magnetron
sealants and heat removal at the required level. The
thickness of the pressed layer from the mixture
was 4-5 mm. To ensure adhesion between them,
the surface of the substrate was pre-treated with
sandblasting and made grooves with a width and
depth of ~1 mm. The resulting blanks were sintered
in a vacuum induction furnace UIPV-0.001 and by
hot pressing on a constructed experimental setup.
The installation allows pressing at a pressure of up to
100 tons under conditions of resistive heating of the
press matrix. The design is assembled on the basis of
the hydraulic press DMY-100 and is equipped with
a system for supplying electric current, adjustable
voltage to the press mat, has a water-cooled insulated
rigging (Figure 1). In order to carry out the pressing in
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1 — electronic thermometer with thermocouple; 2 — sample; 3 — graphite tab;
4, 5 — power transformer; 6 — autotransformer.

Figure 1 — Attachment for hot pressing on a hydraulic press DMY-100
(under conditions of resistive electrical heating)
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these conditions, a press matrix corresponding to the
size of the target obtained.

The sintering of the samples in an induction
furnace was performed under taper heating conditions
necessary for the prevention of SHS reactions
development. At the time of the start of the self-
heating of the briquettes, we reduced the current
supplied to the furnace inductor until the SHS process
dissipation. Heating was carried out up to ~ 1000 °C,
holding at this temperature for 20 minutes. As a result
of the metallographic analysis, it was revealed that
the samples obtained under these sintering conditions
have a high porosity, which is not permissible in the
production of targets.

At the sintering of samples through hot pressing
method, the elements of the press matrix were
preheated in the furnace to 650 °C. The base of the
press matrix was heated to the bottom plate of the
press, on top of which graphite disks 10 mm thick were
placed, between which a sample of a disc with pressed
powder was placed. Then they were pressed with a
hot press punch. Pressing was carried out at a constant
pressure at a level of 1.5 MPa, with a continuous
current transmission of ~4000 A. Due to the electrical
resistance of the elements of the system, both the
matrix press and the sintered disc were heated. In this
way, simultaneous pressing and sintering of powders
were achieved. Figure 2 shows the microstructures
of samples sintered in an induction furnace and hot
pressing method.

c d

a,b-Ti+41 %Al
a, ¢ — induction heating;

c,d— Ni+30 %Al
b, d — hot pressing

Figure 2 — Microstructure of samples of aluminides of titanium and
nickel obtained by sintering under various conditions

The porosity of samples sintered in an induction
furnace is 10-18 %. The combination of pressing
and sintering in one operation made it possible
to obtain samples practically non-porous. This
circumstance was the merit of hot pressing, in which
the material is rapidly compacted at comparatively
low specific pressures. The obtained targets layout are
demonstrated in Figure 3a.

Section targets were obtained from aluminum grade
AS5N and plates of cobalt grade KO, nickel grade H-0
and titanium grade VT1-0. Plates 3-4 mm thick were cut
with a size of 15x30 mm. The preparation of the targets
was carried out by pouring the aluminum melt into a
mold on the bottom of which the plates were laid, so that
in the area of sputtering the targets their area was 50-55
% of the area of aluminum. The sprayed area is a ring
of @& 60-90 mm. Samples of targets produced by this
method are shown in Figure 3b.

a — targets obtained by hot pressing of powders mixture
Ti + 41 % Al and Ni + 30 % Al on a steel substrate
b — sectional targets obtained by aluminum pouring of Ni and Co plates

Figure 3 — Targets with & 100 for magnetron sputtering

Sputtering experiments were performed on a
magnetron sputtering unit equipped with an ion
source APEL-IS-21CELL with an APEL-IS-3500
power source and two APEL-MRE100 magnetrons
with an APEL-M-3PDC power source of 3 kW,
designed to spray targets ¢ 100 mm. The substrates
for the deposition of aluminide films were cut from
AISI304 sheet steel with a size of 20x20x0.5 mm.
One side of the substrates turned out to be a mirror,
the second was a ground and etched. The steel
plates were previously degreased with hexane and
weighed.
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Microstructures and microanalysis of the coatings
were carried out on a microprobe analyzer JXA-
8230 (JEOL). The surface structure was studied with
magnifications up to 5000 times at an accelerating
voltage of 20 kV and an electron beam current of up
to 7 nA, microanalysis was carried out at a current
of - 20 nA. The phase composition was examined
using a D8 Advance diffractometer (BRUKER):
CuKa radiation (A = 1.54 A); U=40kV, I =40 mA;
shooting speed 0.1-1 deg/min; angle interval 20
4-90° with scanning step 0.01°. X-ray photography
was carried out with Bragg-Brentano focusing using
a semiconductor detector.

Results and discussion. The obtained expe-
rimental materials enables us to conclude that, at the
usual cold pressing, and subsequent sintering in the
furnace, the target samples had a high porosity and
poorly connected with the steel base due to warping
caused by the development of the SHS process. This
makes it impossible to use such a method in preparing
the targets.

The samples of the targets obtained by the
hot pressing method had a flat surface without
significant defects. The sintered material was
characterized by high adhesion to the steel substrate.
Thus, due to the short-term high-temperature
action on the powder mixture, the optimum ratio
of the heating and deformation modes of the
material, and also the peculiarities of the passage
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a — coating cross-section

of electric current through the sample, it is possible
to obtain materials with low values of porosity and
residual mechanical stresses by hot pressing under
conditions of resistive heating.

The target samples obtained by casting nickel,
cobalt and titanium plates with aluminum melt turned
out to be sufficiently dense to provide tightness when
directly mounted on a magnetron.

The produced targets by the pouring method
and the method of hot pressing were set alternately
on magnetrons. Substrates for deposition were
mounted in a magnetron sputtering chamber, ion-
purification was carried out and then sputtering
was carried out. lonic purification was carried out
with argon at an operating voltage of 3.00 kV, a
current of 60-80 mA, a pressure of 3-10 Torr, and
a duration of 20 minutes. It was found that for a
coating thickness of + 4, 5 um, the sputtering time
should be 1 hour, with a current of 2 A, a voltage
of 550 V, and an argon pressure of 1:10? mm
Hg. Accordingly, to obtain thicker coatings, the
spraying time should be proportionally increased.
As a result, uniform thicknesses of AINi, AlCo, and
AlTi aluminide coatings were obtained. Externally
obtained coatings had a uniform, defect-free
surface. Spontaneous peeling of these films was not
detected.

The coatings have a homogeneous structure and
adhere closely to the substrate (Figures 4a, 5a, 6a).
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Figure 4 — Results of microprobe and electron microscopic analysis of AINi coating
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Figure 5 — Results of microprobe and electron microscopic analysis of AlTi coating
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Figure 6 — Results of microprobe and electron microscopic analysis of AICo coating
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Figures 3-5 show the elemental composition, surface
structure and cross sections of the coatings obtained
on the surface of steel substrates. Their deposition was
carried out using targets made by hot pressing. Similar
coatings with structure and characteristics with minor
deviations in composition + 4 at % were obtained
using sectional targets. The resulting coatings had a
nonporous fine-grained structure, which is typical for
coatings formed under conditions of a cold substrate
(Figures 4b, 5b, 6b).

During the work performance the coatings
X-ray phase studies were carried out. The results
demonstrated the formation of intermetallide phases
AINi, AlCo and AITi, formed in accordance with
the phase diagrams. The main phases on samples
coated with nickel aluminide are NiAl and significant
amounts of ALNi,. AlTi phases as well as AlTi, were
detected on samples with Al-Ti coatings. Al (Co),
Al,Co phases were detected on samples with Al-Co
coatings.

In the course of the 5-hours sputtering experiment,
it was established that the Ni + 30 % Al and
Ti + 41 % Al targets obtained by the hot pressing
method retain their shape, a uniform groove formed
in the spraying region. the Co + 25 % Al target
was melted and destroyed (Figure 7) during the
sputtering process, which was a consequence of the
development of the SHS reaction between the phases
in the structure of the sintered material due to its
heating. Section targets were characterized by stable
sputtering throughout the entire experiment.

a —initial b — after sputterimg

Figure 7 — Cobalt aluminide target destruction

Conclusions. The conducted experimental work
gave an opportunity to determine the optimal methods
of obtaining and configuring targets for magnetron
sputtering of coatings based on nickel, cobalt and
titanium aluminides. The sectional targets obtained by
casting plates from a more refractory alloying material
with an aluminum melt are easier to fabricate. Such
targets hold their shape and do not destruct during the
sputtering process. However, due to the difference in
the rates of evaporation of elements and their magnetic
properties, for the required composition assurance,
it is necessary to select the ratio of the areas of the
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sputtered elements on the surface of the target.

For the preparation of coatings having a minimum
deviation in chemical composition from the specified,
it is advisable to use the targets sintered from powder
mixtures. The appropriate method of producing them
consist in pressing the powders onto the steel substrate
followed by hot pressing. The use of direct resistive
heating of compacts to maintain the temperature at a
given level makes it possible to substantially simplify
the sintering equipment. The sintering should have
sufficient duration and temperature in order to enable
the mutual diffusion between the components of
the powder mixtures to prevent the development
of the SHS reaction during magnetron sputtering.
Powder technologies gives an opportunity to obtain a
diversified compositional variety of multi-component
and multiphase materials that are considered to be
labor-intensive or impossible to obtain by other
methods.

As can be seen from the above, the present work
demonstrates the use perspectiveness of powder
materials targets prepared by hot pressing method
for the precipitation of nickel, cobalt and titanium
aluminides coatings by magnetron sputtering.

The present work has been performed within the
framework of the grant No. 1196/GF4 “Creation of
the fundamentals of the technology for the production
of high-strength and heat-resistant intermetallic
superalloys on the basis of aluminides by the powder
metallurgy method” of the Ministry of Education and
Science of the Republic of Kazakhstan.

During the course of the work the equipment of the
“National Scientific Laboratory of Collective Use”
under the priority direction “Technologies for the
hydrocarbon and mining-metallurgical sectors and
related service industries” were used.
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TYAIHOEME

Byn makanapga, 6onatTbl TeceHainepiHae MHTEpMETanNUATI antoMUHUATI XabblHAbINAPbIH any MakcaTbiIMEH MarHETPOHABI To3aHAaTy

apKbinbl  antoMUHUG, XXyhenepaid, HerisiHaeri Kypambl HUKemNb, TUTaH, kKobansT MOMHOANOMUHUATEPIHE COMKEC KeneTiHi HbicaHanapabl
anyra GarbiTTanfaH SKCMEPUMEHTTIK XyMbICTap ©TKi3inreHi kepceTingi. ©p XyMeHiH yHTaKTapblH apanacTtbipy xaHe 6onaT TeceHgiciHe
npeccrey XyMmbicTapbl ©TKi3inai. byn TeceHai HbicaHaHbIH Herisi 6onbin Tabbinagb! xaHe XblNyAbl KepeKTi AeHrenae LWbliFapaTblHaan
MarHeTpOoHHbIH BiTeyniriH kaMTamachl3 eTyre 6afrbiTTanfaH. Ocbinanlua anbiHFaH fabiHaaManap MHAYKUMSbI NELTe XXaHe KypacTbipbliFaH
9KCMEePUMEHTTIK KOHAOBIPFbICbIHAA bICTbIKNEH MpeccTey apkbinbl Nicipin-OipikTipingi. HeicaHa ynrinepiH uHAykumsnbl newTe nicipin-
BipiKkTipy caTbifbl KE3EHMEH OTKi3inreHiHe kapamacTaH ynrinepaiH KeyekTepi ken navga 6onfFaHbl kepceTinreH. An bICTbIKNEH npeccTey
afici eTe TMiMAi eKeHi aHbIKTandbl, eVTKEeHi NpeccTey MeH nicipy onepauusanapbl 6ip ke3erae Ty apKbibl YArinepai keyektepi nanga
6onmMaraHAbIKTaH bICTbIKNEH NPecTTey aAici TiMAai 6onbin Tabbinabl. CoHbIMEH KaTtap ceKumsanbl HbicaHanap anbiHabl. Onap, kanbinTafbl
KoGanbT, HUKENb, TUTaH TinimMaepi opHanackaH antMuHUA GankbiMacbiMeH Kynbinbin anbiHabl. ByHaan HeicaHanap To3aHaaTty KesiHae o3
niwiHaepiH cakTan kupaTblnManTbiHbl kepceTingi. Bipak onap kepekTi kypambl 6onaTbiH xabblHAbINapabl anyFa MymkiHaik 6epmeniai. Bonat
TeceHgiciHae antoMUHMA XabblHAbINAPbIH any YLUiH )XacanfaH HbiCaHanap MarHeTpoHAbl KOHAbIPFbICbIHAA To3aHaaTbinabl. HaTwkeciHae
Xofapbl agresusicel 6ap, canansl, 6ipkanbinTbl Al-Ni, Al-Ti, Al-Co antoMMHUATTep xabbiHaanaps! anbiHabl. iHTepmetangbl dasanapsl 6ap
OonatbiH anblHFaH xabbliHabNap 6ip KanbiNTbl KypbiNbIMFa Ue eHe 6onaTt TeceHAiciHe ThbiIFbI3 OpHanackaH. OTKIi3iNreH aKCNepuMeHTTIK
XKYMbICTapAblH apkacbiHAa KobanbT, HUKeMNb, TUTaH antoMUHUATEP HerisiHae XabbiHAbINapabl any yLwiH MarHeTpoHabl To3aHaaTyaarbl
HblCaHanapAblH OHTaNnbI any xonaapbl kepceTingi. XXabbiHabmnapablH 6epinreH 6enrini Kypambl 60y yLUiH YHTaK KocnacblHaH bICTbIKNEH
npeccTey apkbinbl anblHFaH HbicaHanapabl konaaHy YCbiHbinagbl.

TywniHai ce3pep: XabblHAbinap, HUKeNb, TUTaH, kobansT antoMUHNATTEP, HbiCaHanap, MarHeTPoH, bICTbIKNEH NpeccTey
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PE3IOME

MpeacTaBneHbl pesynsTaThbl AKCNepUMeHTasbHbIX paboT No NONy4YeHUo MULLEHEN Ha OCHOBE antoMUHNAHbBIX CUCTEM, COCTaB KOTOPbIX
COOTBETCTBYET MOHOAMIOMUHWAAM HVKENs, TUTaHa 1 kobaneta, AN MarHeTPOHHOTO HaMbINEHWS C LENbio NoNyyYeHns MHTEPMEeTanMaHbIX
anoMUHUAHbBIX NOKPBITUIA HA CTanbHbIX NoAnoxkax. NpoBeaeHs! paboTbl N0 CMEeLLMBAHMUIO MOPOLLKOB KaX/40M CUCTEMbI Y HanpecCoBKM K
cTanbHOW NOAMOXKe, KOTopasi ABNSASICb OCHOBOW MULLEHW, obecneyrBaeT repMeTUYHOCTb YNNOTHUTENeR MarHeTpoHa 1 OTBOA, Tenna Ha
HeobxoaMmMoMm ypoBHe. [NonyyeHHble Takum 06pa3oM 3aroTOBKM CMEKanuchb B BaKyyMHOW MHAYKLUMOHHON MeYu, a Takke nyTem ropsyero
NPeccoBaHNs Ha CKOHCTPYMPOBAHHOW 3KCMEepPUMMEHTarnbHOM ycTaHoBKe. [MokasaHo, 4TO crekaHve B WHOYKUMOHHOW Meyu npuBoavT
K OOMbLUON MOPUCTOCTM 3aroTOBOK, YTO He AOMYCTUMO MpW W3roToBNeHun mulieHen. Mpu cnekaHun obpasuoB METOAOM ropsyero
npeccoBaHnsi 4OCTUranocb OAHOBPEMEHHOE MPeccoBaHWe U CrekaHue MOpPOLLKOB, YTO U CTano JOCTOMHCTBOM rOpsiYero npeccoBaHus,
npu KOTOPOM BbICTPO YMNOTHAETCS MaTepuan Npu CpaBHUTENBLHO MarbIX YAenbHbIX AaBneHusx npeccosaHusi. CoBMeLLieHNe NpeccoBaHus
1 CrekaHus B OOHON onepawumn Nno3eonuso nomyyYmTb obpasLbl npakTuyeckn 6ecnopucteiMy. Bmecte ¢ Tem 6binv nonyyeHbl CEKUMOHHbIE
MULLEHWN M3 aniOMUHUS U MAacTUH KobamnbTa, HUKensa u TuTaHa. [MonyyeHne Takux MULLEeHen NPOBOAMNN 3anvBKOW antoMUHWEBOrO
pacnnasa B hOpMy, Ha OHO KOTOPbIA ObINN BbIMOXEHbI MacTUHbI. BbIABNEHO, YTO CEKUMOHHbIE MULLEHU COXPaHSAIT CBOK hopMmy B
npouecce HanbineHns u He paspyLuatotcs. OfHaKo OHW He NO3BOMAT NONyYaTb NOKPLITUSA TOMHO 3a4aHHOro coctasa. M3rotoBneHHble
MWLLEHWN PacnbIfSNUCh HA YCTAHOBKE MarHETPOHHOrO HamnbiNeHWs Ans Nofy4YeHUs NIeHOK anioMWHWMAOB Ha CTanbHOW noanoxke. B
pesynbraTte Obinu Nony4YeHbl Ka4ecTBEHHbIE, paBHOMEPHbIE Mo TonwuHe nokpbiTus anomuHngos AlINi, AICo u AlTi, xapakTepusytoLmecs
BbICOKOIN afre3vei Kk nognoxke. NonyyeHbl NOKPbITUS,, UMEIOLLME OAHOPOAHY0, 6e30edeKTHYI0 NOBEPXHOCTb, OAHOPOAHYIO CTPYKTYpY
1 NMOTHO npunerawwme K nognoxke. [poBegeHHble aKCnepuMeHTanbHble paboTbl MO3BONUAM ONpeaenuTb OnTUMarbHble Crocobbl
NonyyYeHust u KOHUrypaumio MyULLEHEW ANS MAarHETPOHHOTO HamnbINeHWs NOKPLITUIA HA OCHOBE antoMUHWMAOB HUKENS, kKobansTa u TutaHa.
[N nonyyYeHnst NOKpbITUA, UMEIOLLMX MUHUMAaTbHOE OTKIIOHEHME MO XMMUYECKOMY COCTaBy OT 3a4aHHOro, PEKOMEH/YETCS UCNOSb30BaTh
MWLLEHW, CMEYEHHbIE N3 NMOPOLLKOBbLIX CMECEN METOAO0M ropsivero NpeccoBaHus.

KnroueBble cnosa: NOKPbITUA, antOMUHUAbI HAKENSA, TUTaHa, kobanbsTa, MULLIEHD, MarHeTpoH, ropa4vee npeccoBaHne, HanblnieHne
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