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The possibilities to prepare high-quality substrates for second generation high tempera-
ture superconductors based on Ni-W alloys in the 0-9.5 at. % W concentration range was
studied. Researches and developments were carried out in the following directions: a) Ni-W
alloy synthesis; b) preparation of Ni-W alloy tapes by rolling with subsequent heat treat-
ment; c) coating the tape by TiN layer. For the first time, the possibility was established
to obtain the {001} <100> cubic texture favour to YBa,Cu;0,_; superconductor subsequent
epitaxial growth on the high W paramagnetic Ni-W tape surface by varying the regimes of
TiN deposition.

W3ydeHbl BOZMOMHOCTHU IIOJYUYEHUS BLICOKOKAUECTBEHHBLIX HoajokeK aias BTCII-mposoj-
HUKOB BTOPOTO MOKOJIeHUs Ha ocHoBe cmiaaBoB Ni-W B guamasone KOHIleHTpanuu BoJb(ppama
0-9.5 ar. %. HccnemoBanns W paspaboTKU MPOBOAUINCHL B CJIEAYIONINX OCHOBHBIX HAIPAB-
nenusix: a) cuHres ciiaBoB Ni-W; 6) moayuenue jgenrtsl us cmiaBoB Ni-W myrem mpoxaTku
U mocJienyiomieil tepmoobpaboTKu; B) HameceHue Oydepuoro cios TIN Ha MOBEPXHOCTH
JIeHThI. BIllepBble yCTAHOBJIEHA BO3MOJKHOCTb I[IOJydYeHHd KybOuueckoii texcryper {001}
<100>, 6aaronpusTCTBYIOIAS IOCIEAYIONIEMY SIUTAKCUAJIbHOMY POCTY CJIOE€B CBEPXIIPOBOI-
nuka YBa,Cuz;O;_s Ha moBepxHOCTM JeHTHl M3 MapaMarHUTHBIX cmaaBoB Ni-W ¢ BeicokuM
cozepsKaHnueM BOoJb(paMa IIyTeM N3MEeHEHHS PEe:KHMMOB HaHeCeHHUsA IMOKPBITHI Ha ocHoBe TiN.
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1. Introduction

As it is known [1, 2], the architecture of
new generation tape high-temperature su-
perconductors (2G HTS tapes) with crucial cur-
rent density j, ~ 108 A/cm? at liquid nitrogen
temperature (77.4 K) is rather complex. Prac-
tically always, the following three main com-

ponents present in the HTS conductor:
1) a base (a thin tape from Ni-W alloy

with different compositions, or rarer, Has-

telloy, stainless steel, etc.);
2) non-superconducting buffer layer/lay-

ers (oxides, nitrides, etc);
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3) a superconducting YBa,CuzO;_5 film
coating (for 2G HTSC, this is a thin tex-
tured YBa,Cuz0-_5 layer).

The value of the transport current I
flowing without dissipation through the
HTS conductor, depends not only on the
YBa,Cu;0,_5 film critical current density j,,
but to a great extent, is determined by the
structure, magnetic and mechanical proper-
ties of the metallic tape — the substrate for
the buffer layer and HTS tapes [3].

From the materials practically used as
substrates for HTS tapes preparation, the
most promising are the FCC lattice nickel-
tungsten alloys in the composition range
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from 0 to ~ 9.5 at. % W due to their high
mechanical properties. The Ni-W alloys are
synthesized using powder metallurgy [4],
induction melting [3, 5], electrolytic deposi-
tion [6], etc. Note, that the information on
extreme methods of Ni-W alloy synthesis
giving a possibility to modify the macro-
and microstructure of the ingots is practi-
cally absent in the literature. As initial sub-
stances for Ni-W alloy synthesis, the high-
purity Ni and W powders are used.

The effectiveness of Ni—W alloy tapes as
2G HTS tapes components is substantially
influenced by the alloy magnetic structure
(collinear ferromagnetic one at low W con-
tent, or paramagnetic one — at high W [7, 8]),
as well, by substrate crystallographic tex-
ture formed during mechanical and sub-
sequent heat treatment of the tape [9-13].
To provide the high current-carrying ability
for 2G HTSC, the most favour is the {100}
<001> type cubic structure (see, e.g. [3, 4, 7])
giving the possibility of superconductor
layer epitaxial {IOO}NI—W ” {IOO}YBa2CU3O7_8
growth.

Recently, titanium nitride TiN with NaCl
type FCC lattice is considered as a rather
promising material for buffer layers [3, 14,
15] (along with "traditional™ Y,03, CeO,,
ete.), due to the possibility to monitor the
TiN layer texture (and as a consequence, the
texture of YBa,Cu;O;_s HTSC film coated
onto the TiN layer) varying the coating re-
gimes. The objective of the work is development
of optimum ways to prepare high-quality
substrates based on Ni—-W alloys in the W
concentration range 0—9.5 at. % for 2G HTS
tapes. Also, the never before considered pos-
sibility of texture monitoring in high W con-
taining Ni-W alloy thin tapes by varying the
TiN coating regimes is studied.

To achieve the aim, the program of in-
vestigations and developments was realized
in following stages:

— thorough purification of Ni and W
powders from gaseous impurities;

— compacting the Ni and W powders
with various compositions;

— smelting Ni-W alloys in vacuum (ther-
mal heating) or vacuum arc-smelting fol-
lowed by quenching from liquid phase;

— rolling the Ni-W ingots with interme-
diate annealing for preparing the tape with
set sizes;

— mechanical and chemical polishing the
Ni-W alloy tape;

— final high-temperature annealing the
Ni-W tape;
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Fig. 1. The scheme of producing the Ni-W
alloys substrates with TiN coating. Shorten-
ings: XRD — X-ray diffraction analysis;
SEM — scanning electron microscopy;
TEM — transmission electron microscopy.

— coating the Ni-W tape with TiN thin
layers;

— validation of the tape before and after
TiN coating.

The scheme of the N-W substrate prepa-
ration with TiN coating for HTS tapes depo-
sition is shown in Fig. 1.

2. Results and discussion

The given below results of researches and
developments in three main directions of
the work on creation of high quality sub-
strates for 2G HTSC are following: synthe-
sis of Ni-W alloys, preparation of tapes
from Ni-W alloys, and deposition of TiN
thin layers onto Ni-W tapes.

2.1. Synthesis of Ni—W alloys

The initial materials for obtaining the
Ni—-W alloys were the Ni and W powders
with 99.98-99.99 % purity (by metallic
impurities). In such powders, the main im-
purity is oxygen present as nickel and
tungsten oxides.

As it is known, the NiO decomposes in
elements in the temperature range from 330
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to 850°C [16]. For purification of Ni powder
from gaseous impurities the heat treatment
at temperatures higher 850°C was used.

For refinement of W powder from oxygen
in numerous oxides, the high-temperature
treatment (from ~1000 to 1200°C) in reduc-
ing Ar+ 4 % H, gaseous mixture flow [4]
was applied. The refinement was carried out
in the specially made tube furnace, through
which the gaseous mixture flux was passed
at the pressure somewhat higher than at-
mospheric one. Attempts to use chemical
methods for W powder purification from ox-
ides were found to be less effective.

After refinement from gaseous impuri-
ties, the Ni and W powders were thoroughly
mixed in necessary proportions (from 0 to
9.5 at. % W) using mill-mortar "Pulver-
izette”. Then the powder mixtures were
pressed in pellets for subsequent melting.

2.1.1. Vacuum melting
of Ni-W alloys

The Ni-W alloys were synthesized using ther-
mal heating in deep vacuum (p ~ 1076 Torr) in
the resistance furnace with molybdenum
wind placed in large volume vacuum cham-
ber (system "VUM" [17]). The pressed pel-
lets of ~ 50 g mass were put into horizontal
alundum crucibles ("boats”). The melting
was carried out at ~ 1550°C temperature,
beyond liquidus line (1515°C) in Ni-W phase
diagram for maximum tungsten content
[18], during several hours with subsequent
slow cooling.

2.1.2. Arc-melting of Ni-W alloys

The arc-melting of the various composi-
tions Ni-W alloy pressed pellets with mass
up to ~ 50 g was realized in the vacuum
arc-furnace with permanent tungsten elec-
trode [19]. To provide the ingot homogene-
ity, they were three-times melted and over-
turned. At every stage of the melting, the
sample mass changes were controlled.

Formation of the work material for roll-
ing was done in the "Lenta” facility in
argon atmosphere [20]. For argon purifica-
tion, directly before the sample melting, the
remelting of a zirconium ingot placed in the
same bulk copper crystallizer was fulfilled.
The arc current was ~ 300 A, and the excess
pressure in the smelting chamber was
0.5 kg/cm2. The melt with mass up to ~
50 g was poured in the specially developed
slit-like water-cooled copper crystallizer.

The slit-like crystallizer consists of two
chambers — upper and bottom ones, sepa-
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Fig. 2. X-ray diffraction pattern of Ni —
5 at. % W alloy tape after cold rolling. Dif-
fractometer DRON-UM-1. Cuy, irradiation.

rated by the refractory outflow jet. In the
upper chamber, the sample is melted, and
then the melt passes through the refractory
outflow jet into the copper crystallizer for
cooling.

Varying the melt overheating level and
the pressure over smelt it is possible to
regulate the cooling rate. The sample pre-
pared in such way looks like a parallelepi-
ped with sizes, allowing mechanical treat-
ment — rolling — using routine equipment.

2.2. Production and treatment of
Ni-W alloy tape

The ingots prepared by vacuum- or arc-
melting were used for production of Ni—W
alloy tapes with various compositions. As a
rule, the alloy workpiece thickness was ~
5 mm, and the final tape thickness d ~
100 um. Traditional methods of room tem-
perature rolling were applied (see, e.g. [3—
5, 17, 21]) using the multifold rolling mill.

It is known that the rolling of nickel and
their alloys including the Ni-W alloys pre-
sents great difficulties caused by high level
stress arising under deformation process. In
this connection, under cold rolling, as a
rule, it is necessary to alternate the "defor-
mation — annealing” cycles [22]. The re-
searches have shown, that the optimal re-
gime for the cold rolling of the Ni-W alloys
with W content up to 9.5 at. % is the cycle
"~ 10 % deformation — intermediate
600°C/1 h vacuum annealing”.

In Fig. 2 the X-ray diffraction pattern of
Ni — 5 at. % W alloy tape with thickness d
~ 100 pm produced by the similar cycle roll-
ing processing is shown. Only the formation
of the strain texture similar to B-brass type
{110} <112> is revealed [23]. The texture
character does not depend substantially on
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Fig. 8. X-ray diffraction pattern of Ni —
5 at. % W alloy tape after cold rolling and
vacuum annealing (1000°C/2 h). Diffractome-
ter DRON-UM-1. Cuy, irradiation.

the alloy composition. Further, the me-
chanical and/or chemical polishing the tape
surface were made.

The resulting operation during the Ni-W
alloy tape production was the high-tempera-
ture annealing (the scheme is shown in Fig. 1).
The necessary conditions of the final heat
treatment were established as following:
1000-1200°C/1-2 h. As a result, the re-
crystallization {001} <100> cubic texture is
formed which is favorable to subsequent
epitaxial growth of YBa,Cu;0;_5 supercon-
ductor (see above). From the X-ray diffrac-
tion pattern of Ni — 5 at. % W alloys after
the rolling and the last annealing shown in
Fig. 8, it is seen that the recrystallization
texture has quite high perfection.

The obtained results of structure investi-
gations support the well known fact that in
Ni-W tapes with high W content the cubic
texture is not formed after high-tempera-
ture annealing (see e.g. [8-12]). Usually,
this effect is considered to be connected
with lowering stacking fault energy in the
alloys as the W content increases [24]. In
the next section, some possibilities to create
the cubic texture in Ni — 9.5 at. % W alloy
thin tapes will be discussed.

The main results on researching the fol-
lowing mechanical properties of Ni-W alloy

tapes with various compositions: yield
stress, oy, ultimate stress, o,, and the rela-
tive extension, 8, are given in Table 1. The
evident effects of increased yield stress and
ultimate stress under increasing W content
in the alloys are revealed.

2.3. Deposition of TiN thin layers
onto Ni-W alloy tape

For deposition of titanium nitride coat-
ing onto the Ni-W tape surface, the method
of substance condensation from plasma flux
generated by low pressure arc was applied
[25].The method allows treating the surface
by high-energy ions extracted from the
plasma by supplying high potential U onto
the surface; that provides the sample sur-
face layer effective cleaning from contami-
nations and impurities and causes high ad-
hesion properties of the coatings. Introduc-
tion of chemically active gases into the
work volume permits to obtain the coatings
of various compositions — nitrides, oxides
etc. High rate of the chemical reactions is
caused by the presence of metallic ions in
the condensation zone as well as gaseous
atoms and molecules activated during inter-
actions with plasma ions and electrons.

The main disadvantage limiting applica-
tion of the vacuum-arc method for TiN coat-
ing deposition onto the Ni-W alloy tapes
used as substrates for 2G HTSC is the pres-
ence of macro-particles-drops and solid
pieces of the cathode material in the plasma
flux. Such defects can impede the flow of
dissipation-free superconduction current.
For removing the macro-particles from the
condensation material flux during their
movement from cathode to plasma source
exit, different electromagnetic systems for
charged particle turning are applied [26,
27]. However, the plasma filters developed
to date are characterized by low coefficient
of working material utilization, as well as
are bulky and high expensive.

An alternative to the method of coating
deposition using plasma filters may be the
technique of deposition under higher work-
ing gas pressures (py > 1 Pa). At such pres-

Table 1. Mechanical properties of Ni—W alloy tapes at room temperature

Alloy composition Op kg/mm?
Ni 8.7
Ni-5 at. % W 20.0
Ni-7.5 at. % W 26.3
Ni-9.5 at. % W 33.7

c,, kg/mm? S, %
28.5 20.0
58.7 36.0
69.6 35.4
82.1 29.7
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Fig. 4. X-ray diffraction pattern of Ni —
5 at. % W alloy tape with TiN coating. Dif-
fractometer DRON-UM-1. Cuy, irradiation.

sures, the deposition is occurred from ran-
domized plasma flux including out of the
direct vision zone of the plasma source
cathode (substrate underside). This fact al-
lows producing the drop-free coatings with
rather high deposition rates (10—100 um/h)
without application of any systems of the
plasma separation [28].

Under such pressures, the coating depo-
sition takes place from the randomized
plasma flux including outside the direct vi-
sion zone of the plasma source cathode (sub-
strate underside). This fact allows produc-
ing drop-free coatings with rather high
deposition rate without application of
plasma separation systems.

In the experiments on deposition of TiN
thin layers onto the Ni-W alloy tape sur-
face, VT-1 grade titanium was used for the
cathode material. In a series of the experi-
ments, the Ni — 5 at. % W and Ni
9.5 at. % W alloys tape samples with thick-
ness d ~ 100 um were studied. The samples
looked like as two plates closely pressed to
one another that gave an opportunity to in-
vestigate the structure and properties of ex-
terior and shady surfaces (drop-free re-
gime), as well as the interior sides of these
surfaces. The samples were positioned in

I, a.u. Ni-9.5 at. %W tape
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Fig. 5. X-ray diffraction pattern of Ni —
9.5 at. % W alloy tape. 0 — after rolling;
1 — after vacuum high temperature anneal-
ing; 2 — after TiN coating deposition (deposi-
tion time ty;y = 60 s); 3 — after TiN coating
deposition (deposition time tp;y = 120 s); 4 —
after TiN coating deposition (deposition time
trin = 420 s); 5 — after TiN coating deposi-
tion (deposition time tr =900 s). Diffrac-
tometer DRON-UM-1. Cuy, irradiation.
Above: FCC lattice indices of Ni — 9.5 at. %
W alloy.

the center of the vacuum chamber, at the
axis of the positioning fixture, and have the
possibility to revolve on the normal to sur-
face axis. The treatment regimes for the
samples of this experiment series on tita-
nium nitride layer deposition are given in
Table 2.

In Fig. 4, a typical X-ray diffraction pat-
tern is shown for the Ni — 5 at. % W alloy
tape sample with TiN coating (deposition
time 1 = 90 s).

Two systems of diffraction lines are ob-
served: the FCC lattice lines of Ni — 5 at.
% W alloy (a = 3.5436 A), and the lines of
Nail-type lattice belonging to TiN compound
(a =4.2741 A). For both phases, the pres-
ence of open cubic texture {001} <100> is
characteristic.

Table 2. Regimes for TiN deposition onto Ni — 5 at. % W alloy tape surfaces

Substrate negative | Arc current I, A | Nitrogen pressure Deposition time Notes
potential U, V pyns Pa TriNs S
300 80 2.4 15
300 80 2.4 30
300 80 2.4 90
300 80 2.4 90 Samples revolved
300 80 2.4 300
300 80 2.4 900

Functional materials, 19, 1, 2012
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Fig. 6. The intensity ratio of (200) and (220)

diffraction lines versus TiN layer deposition
time onto Ni — 9.5 at. % W alloy tape.

The diffraction pattern evolution for Ni
— 9.5 at. % W alloy tape as a result of
annealing and TiN layer deposition is show
in Fig. 5.

It is observed that, as the TiN coating
deposition time (tyjy) increase, in other
words, as the TiN thickness, dtjy, grows, the
relative intensities of (A 0 0) type diffrac-
tion lines increase, while the intensities of
reflections from diagonal (2 £ 0) and other
FCC lattice planes decrease. Such character
of the diffraction pattern evolution indi-
cates qualitatively the substantial intensifi-
cation of {001} <100> type cubic texture
degree in the Ni — 9.5 at. % W paramag-
netic alloy tape.

Very informative was the behaviour of
the cubic (2 0 0) and diagonal (2 h 0) dif-
fraction line intensity ratio, Iogg(tTin)/{ 2205
characterizing the cubic texture degree de-
pending on the deposition time (Fig. 6). As
it is observed, the {001} <100> texture evo-
lution degree rises steeply with increasing
deposition time, T, and the maximum ex-
tent is achieved at t)y close to the layer
thickness ~ 1.5 uym. Obviously, the mechani-
cal stresses occurring in the system "Ni —
9.5 at. % W alloy tape — TiN coating™ re-
sult in the cubic texture intensification, and
at certain TIN layer thickness, the optimum
conditions for {001} <100> type texture for-
mation are realized. In our case, such the
conditions seem to appear near ~ 1.5 um.

The important fact is worth to note that
the data shown in Figs. 5 and 6 concern the
tape produced by rolling of the vacuum
melted Ni — 9.5 at. % W alloy. The effects
of the recrystallization texture formation
under high temperature annealing and in-
fluence of the TiN deposited layers in the Ni
— 9.5 at. % W alloy tapes prepared by arc-
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smelt, quenching and subsequent annealing
are substantially smaller.

3. Conclusions

Thus, the aim of the work achievement
was reduced to developing the creation
strategy of the substrates — buffer coated
Ni-W alloy tapes, combining the crystal-
lographic texture favour for epitaxial
growth of YBa,Cu;O,;_s HTSC layers, and
absence of ferromagnetism resulting in de-
creased density of superconducting current
flowing in the HT-superconductor. The seri-
ous obstacle for creation of the substrates
with such combination of texture (namely,
{001} <100> type cubic texture) and param-
agnetism is low energy of the stacking
faults hindering from the cubic texture for-
mation in the paramagnetic high W content
Ni-W alloy tapes. On the same account,
there takes place the "giant” yield stress
with increasing W content in N-W alloys,
and as a result, heavy hardening under cold
deformation making difficult the rolling
process.

The results of researches and develop-
ments carried out in abovementioned three
main directions — Ni-W alloy metallurgy
(section 2.1), rolling and heat treatment of
Ni-W alloy tapes (section 2.2), TiN layer
deposition onto the tape by condensation
from plasma flux (section 2.3), — indicates
the possibility to made sufficiently perfect
substrates for 2G HTSC which combine the
crystallographic texture favorable to HTSC
film epitaxial growth, the paramagnetic
state of the matrix, and the effective buffer
layer.

One should consider, that optimization of
conditions for Ni-W alloy melting, the tape
preparation and heat treatment, and the TiN
buffer layer deposition will give the possi-
bility of scale production of substrates for
2G HTSC.

The work is done under support of
Ukrainian Science and Technology Center
(Project STCU # P424).
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Metallurgical

HocaigkeHHaA Ta PO3poOKHM 3 OTPMMAaHHSA MiAKJIATOK
Ha ocHoBi cmiaasiB Ni-W gaa BTHII-nposigauKis
APYroro MOKOJiHHSA

B.O.Dinkenwv, O.M.Boéda, B.B./[epeé’anko, C.0./leonos,
M.C.Cyneypos, T.B.Cyxapeeéa, B.M.Xopowux, IO.M.lllaxoe

BuBueHo MoOKJamBOCTI OoTpuMaHHSA BHCOKOsAKicHuMX miaxkmaamox aas BTHII-upoBiguukis
gpyroro nokosinusa Ha ocHoBi ciiasiB Ni-W y pianasoni xomuenTpaiii Bossdpamy 0-9.5 at. %.
HocaimykeHHs s i pospoOKM MPOBOAUJINCSI B HACTYIHUX OCHOBHUX HANpAMAax: a) CHUHTe3
ciiasiB Ni-W, 6) orpumanusa crpiuku is cmiasiB Ni-W muasixom murronienus i mogasbIinoi
TepMOOOPOOKY, B) HaHeceHHs: Oydepuoro mapy TiN Ha moBepxHio crpiukm. Bmepine BcTamoB-
JIEHO MOJKJIMBicTh oTpuMmanHA Ky6Giumoi Texcrypm {001} <100>, mo crnpusie IOZANBIIOMY
emirakcifimomy spocranHIio mapis magnposiguuka YBa,CuzO,_s Ha mosepxHi crpiukm 3 mapa-
margitanx cmaasiB Ni-W 3 BucokuM BMicTOM BOob(MpamMy LIIAXOM 3MIiHM PEXHMIB HAHECEH-

Ha moKpuTTiB Ha ocHoBi TiN.

Functional materials, 19, 1, 2012

115



