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The objective of the work is searching for ways to produce substrates for second
generation HTSC-covered conductors based on high tungsten content Ni-W paramagnetic
alloys having a cubic texture of {001}<100> type. The work is based on the following
hypothesis: increasing the stacking fault energy Esf’ and, as a consequence, cubic struc-
ture formation is possible due to rather strong compressive stress in the ribbon. On the
conceptions developed, two new ways for production of a cubic texture in the ribbon were
realized: (i) TiN thin layer plasma deposition, and (ii) Ni-W alloy rolling under conditions
providing dislocation high density ("extreme rolling™). Optimal schemes for mechanical
and thermal treatment of paramagnetic Ni—9.5 at. % W alloy based ribbons were developed
including choice of synthesis method, rolling regimes parameters, ribbon thickness, an-
nealing temperature and time, etc.

IMennvio paborTbl aABagercd IoucK Iyreil moayueHuss noayoxeK mjd BTCII-mokpeITBIX
IPOBOSHNKOB BTOPOr'0 IIOKOJIEHWS HA OCHOBe IapamMarHuTHbIX ciiaBoB Ni-W ¢ BbicOKuM
colepKanueM BoJabdpama, obnarapiux Kybudeckoil rekcrypoil tuma {001}<100>. B ocHOBY
paboThl IIOJOMKEHA caeyolas pabouas THIOTe3a: IMOBHIIICHNE SHEPIUU Ie(eKTOB YIAKOBKU
Esf U, KaK cjexcTeue, (GOPMUPOBAHIE KyOMUECKON TEKCTYPhl BO3BMOMKHO B PE3yJbTATE CO31a-
HUA JOCTATOYHO CHJIBHBIX CXKUMAIONIMX HAIpsaXKeHWi B JeHre. Ha OCHOBe PasBUTBIX IIPeEI-
CTABJIIEHUN PeaJM30BAHBl JBA HOBBIX IYTH HOJy4YeHUs KyOMUeCKON TEKCTYpPHI JIEHTBHI: B pe-
3yJbTaTe ILNIAZMEHHOIO OCaKAeHus TOHKuX caoeB 1IN (ary <<ayi_n) X B PesyJIbTaTe IIpOBe-
menusa nporaTku cmaasa Ni-W B yeaoBusax, obecrneunBaoinX CO3LaHNe BLICOKON IIJIOTHOCTH
aucaokanuii (" oKeTpeManbHaA MPOKATKa ). PaspaboTaHLl ONTUMAJbLHBIE CXeMBbl MeXaHUdYec-
KO M TepMHUYECKO 00paboTKM JIeHTHI HAa ocHOBe mapamarmuTHoro ciiasa Ni—9.5 at. % W,
BKJIIOUAIOIIe BBIGOD MeTOJa CHHTe3a, [IapaMeTPOB PEKMMOB IPOKATKH, TOJINUHBI JEHTHI,
TeMIIePATyPhl 1 BPEeMs OTMKHUIa U T.II.
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1. Introduction

As it is known (see, for example, [1-3]),
the architecture of the 2°d generation HTSC-
coated conductors (2G HTS) with current
critical density j, ~ 105 A/em? at T = 77.4 K is
rather complicated. Practically always, the
following three main components are in the

construction of HTSC-coated conductors:
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1. A substrate; as a rule, it is a thin
ribbon made from Ni-W alloys of different

compositions.

2. A non-superconducting buffer layer
(oxides, nitrides, etc.).

3. A superconducting film coating (for
2G HTS, it is YBa,Cu307_s).

The application efficiency of the Ni-W
ribbons is substantially influenced by both
the alloys magnetic structure (a collinear
ferromagnetic one — under low W content,
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or paramagnetic one — under high W con-
tent), (see, for example, [4, 5]), and the
crystallographic character of the ribbon tex-
ture. The ribbon texture is formed during
mechanical and thermal treatment [6—10].
The paramagnetism of the ribbon-substrate
results in decreasing the level of ferromag-
netic losses during passing the alternating
current over the superconducting film, i.e.,
in increasing the critical current effective
density.

The presence of {100}<001> cubic tex-
ture in the ribbon provides a possibility of
epitaxial growth for YBa,Cu;O;_g supercon-
ductor film on its surface, when the charge
transfer plane CuO, [(001)] in the
YBa,Cu;0;_g lattice is positioned parallel to
FCC cubic plane of Ni-W alloy [11]. Natu-
rally, with such substrate and superconduc-
tor mutual orientation the optimal condi-
tions are provided for superconducting cur-
rent passing.

Seemingly, the preparation of substrates
for 2G HTS with high current-carrying abil-
ity is quite simple problem. It is necessary
to synthesize the Ni-W paramagnetic alloy
with high W content, and then, from the
alloy obtained, to prepare a ribbon with
cubic texture by using mechanical and ther-
mal treatments. However, numerous at-
tempts to obtain a cubic texture in the Ni-W
alloy ribbon with higher than 5 at.% W
were unsuccessful (see, for example, [9, 12—
15]). The serious obstacle for production of
ribbons with such combination of texture
and paramagnetic properties is the fact that
paramagnetic Ni—-W alloys with high W con-
tent have low value of stacking fault energy
E,; that prevent from cubic texture formation
after high-temperature annealing [16].

In this connection, the objective of the
work is searching for the ways to produce
substrates based on Ni-W paramagnetic al-
loys with high W content for application in
the construction of 2" generation HTSC-
coated conductors. In fact, the goal achieve-
ment is reduced to developing a strategy for
preparation of the Ni—9.5 at. % W paramag-
netic alloy ribbon with developed cubic
{001}<100> texture. The works on prepara-
tion of the ribbon-substrate with such com-
bination of texture and paramagnetic prop-
erties are based on the following operational
hypothesis: increasing the stacking fault en-
ergy, Eg, and as a consequence, cubic tex-
ture formation is possible due to developing
strong compressive stress in the ribbon.
This hypothesis is founded on the result we
obtained earlier: after plasma deposition
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[17-19] of NaCl-structure TIN coating onto
the Ni—9.5 at. % W alloy ribbon provided a
certain dyj_w/dtin ratio of the ribbon and
the coating thicknesses, substantial increase
of the cubic texture degree was found in
comparison with an initial ribbon after the
same thermal treatment [20]. The source of
the compressive stress in the TiN coated
ribbon is evidently large difference between
Ni—9.5 at. % W alloy ribbon and TiN coating
FCC lattice parameters: apj_y ~ 3.56 A,
aTiN ~4.27 1&.

In the present work an attempt was made
to obtain the cubic texture in the Ni—9.5 at. %
W paramagnetic alloy ribbon due to disloca-
tion high density, hence, high degree of
stress generated in the ribbon as a result of
substantial change of mechanical and ther-
mal treatment regimes.

The "base technology” developed earlier
[20] for production of ribbons from Ni-W
alloys consisted of the following main steps
(operations):

1. Deep purification of nickel and tung-
sten powders for removing gaseous contami-
nations using high temperature treatment
in vacuum (Ni) or in recovering gaseous
mixture Ar + 4 % Hy (W).

2. Preparation of Ni-W alloys with dif-
ferent compositions (0-9.5 at. % W) using
the following methods:

a) arc melting in inert atmosphere with
consequent quenching; b) vacuum melting;

¢) powder metallurgy.

3. Rolling the Ni-W ingots at room tem-
perature with intermediate annealing treat-
ments at ~600°C in Ar+4 % H, and the
final annealing at ~1000-1300°C.

4. Surface structure modification of the
Ni—W alloy ribbon by deposition of non-su-
perconducting TiN coating using a plasma-
arc method. The TiN coating may serve si-
multaneously as a buffer layer.

After development and practical realiza-
tion of the "base technology”™ principles for
preparation of ribbons from Ni-W alloys
with high W content, the main direction of
the investigations and developments was op-
timization of the main steps of the technol-
ogy process. Namely, the following prob-
lems were under consideration:

1. The choice of the optimal technology
for Ni-W alloys synthesis.

2. The choice of the optimal technology
for remaking the Ni-W ingots into ribbons.

Two types of cold rolling were analyzed:

a) "traditional rolling”, i.e. alternating
the relatively low number of cycles "defor-
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mation-annealing™ at intermediate tempera-
tures;

b) "extreme rolling”, i.e. realizing the
large number of rolling acts with low defor-
mation without annealing.

3. Optimization of the final annealing re-
gimes for Ni-W alloy ribbons in the suffi-
ciently wide temperature and time ranges in
vacuum and inert medium.

4. Optimization of conditions for deposi-
tion of TiN coating and studying the condi-
tions effect on the texture and properties of
Ni—-W alloy ribbons.

At once it is worth to be mentioned, that
the problems of optimization for "tradi-
tional rolling” (2a) and TiN deposition con-
ditions (4) were solved in general in our
earlier work [20].

So, the present work is devoted to study-
ing the possibility of preparation of tex-
tured ribbons from paramagnetic Ni-W al-
loys using the "extreme rolling” (2Db).

In Fig. 1 the general scheme is shown for
investigations and developments on the op-
timization of the technology process for
preparation of the textured ribbon based on
Ni-9.5 at. % W paramagnetic alloys. Two
different study directions are considered:
ones based on the abovementioned “tradi-
tional rolling™ followed by TiN layer deposi-
tion ("right” branch), and ones based on
"extreme rolling” ("left” branch).

The questions connected with cubic tex-
ture formation in the paramagnetic Ni—
9.5 at. % W alloy ribbons as a result of
optimizing the TIiN layer plasma deposition
regime were discussed earlier [20]. In the
present work we consider a possibility to
form the cubic texture under cardinally
changed conditions of mechanical and ther-
mal treatment of the ribbons.

2. Samples and investigation
technique

As to methodical aspects of the work, the
following important reason is worth to be
noted: in all the optimization stages of the
ribbon production process (alloy synthesis,
deformation and thermal treatment), the
choice in favor of any technology process is
possible only on the basis of studying struc-
ture and properties of the final product —
the annealed ribbon.

To choose the optimal method of work-
piece preparation for the following treat-
ment, the ribbons of thickness dy;_y ~ 100—
150 um were obtained from Ni—9.5 at. % W
paramagnetic alloy using cold rolling with
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Fig. 1. A possible technology line-up for ob-
taining the high-tungsten Ni-W alloy based
ribbons with cubic texture. (XRD means X-ray
diffraction, EBSD means electron back scat-
tering diffraction).

intermediate vacuum annealing steps (“tra-
ditional rolling”, see Fig. 1).

Evidently, the data below concerning
"optimal” regimes of thermal treatment are
of preliminary character.

After the rolling, the ribbons were an-
nealed in vacuum or in inert gas atmos-
phere in the wide temperature range (950—
1150°C) during 1-4 h. The main investiga-
tion method was X-ray diffraction (XRD).
Based on structure X-ray studying, the tem-
perature and time dependences of the crys-
talline lattice parameter ap;_yy, as well as
the "texture parameter”, the ratio Ioy9/I999
[20] were determined, where Ij,, — diffrac-
tion line intensity. The typical temperature
dependences apni_w(T) and Ig49/I999(T) for
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Fig. 2. Annealing temperature effect on the
crystalline lattice parameter and Iyg,/Is90
value for Ni—9.5 at. % W ribbons. Annealing
time is 1 h.

the ribbon obtained by powder metallurgy
method (PM) are shown in Fig. 2.

Variations of the dependences api_w(T)
and I9g9/I990(T) at T ~ 1000°C are observed
for the ribbons prepared by powder metal-
lurgy, vacuum, and arc melting methods.
These peculiarities indicate an intense re-
crystallization process and allow consider-
ing the temperature T ~ 1000°C as optimal
for the final annealing.

The time dependences apn_y(T) and
I500/199¢(T) for the ribbons made from Ni—
9.5 at. % W alloy obtained by different
methods are shown in Fig. 3.

The maximum on the plot I540/I99¢(T) Te-
vealed for the minimum time interval T =1 h,
and extremely strong behavior of the plot
aniow(t) for the ribbon prepared from Ni-
9.5 at. % W alloy obtained by the powder
method are, obviously, connected with rela-
tively high porosity of the initial workpiece.

These facts give all the reasons to con-
sider that the optimal conditions for pro-
duction of the textured ribbons from param-
agnetic Ni-9.5 at. % W alloy are the follow-
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Fig. 3. Annealing time (in argon atmosphere
at 1000°C) effect on the crystalline lattice
parameter and I5q0/I99q value for Ni-9.5 at. %
W ribbons. Circle — powder metallurgy; pen-

tagon — arc melting; hexagon — vacuum
melting.

ing: the powder metallurgy as the alloy syn-
thesis method; the final annealing tempera-
ture T ~ 1000°C; the annealing time ~1 h.

3. Results and discussion

3.1. Choice of the optimal technology

for remaking the Ni-W ingots into rib-

bons

As it was mentioned above, the idea of
searching for new ways to obtain cubic tex-
tured ribbons from paramagnetic Ni-W al-
loys with high W content is based on an
assumption about a possibility to increase
the stacking fault energy E; under me-
chanical compressive stress. Probably, the
necessary stress level can be achieved by
optimization of deformation and thermal
treatment of the ribbon. The scheme devel-
oped for preparation of ribbons with cubic
texture from Ni—9.5 at. % W paramagnetic
alloy is shown in Fig. 4.

For "extreme rolling” processing, two
workpieces were made by the powder metal-
lurgy method: a “little” (2x10x50 mm3),

Functional materials, 20, 1, 2013
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Fig. 4. The scheme of investigations on "ex-
treme rolling”™ of Ni—9.5 at. % W alloys.

and a "big"” (10x10x50 mm3). The deforma-
tion ways ("routes™) of both workpieces are
shown in Fig. 4 on left and right sides, re-
spectively. The preliminary deformation was
over at thickness 1 mm for the "little” and
2.2 mm for "big” workpiece. After an inter-
mediate annealing (600°C/1 h), the cold
rolling was carried out by different routes
(Fig. 5):

1. Deformation of the "little” workpiece
on the laboratory rolling mill with bowl di-
ameter 30 mm, ~1000 passages; the ribbon
final thickness 100 um (ribbon 1).

2. Deformation of the "little” workpiece
on the commercial rolling mill, 280x200,
10 passages, ribbon thickness 420 pum; roll-
ing on the mill 55/260x200, 14 passages,
ribbon thickness 100 um (ribbon 2).

3. Cold rolling of the "big" workpiece
consisted of deformation on the mill
280%x200, ~600 passages, and ribbon thick-
ness 650 um; rolling on the mill
55/260x200, ~250 passages, and ribbon
thickness 100 um (ribbon 3). All the de-
formation diagrams are qualitatively simi-
lar: in the beginning part, the ribbon thick-
ness decreased abruptly with inereasing pas-
sage number N, then, the "deformation
velocity” 8d/ON drops significantly (see the
inset in Fig. 5). Significant quantitative dif-
ferences are revealed in the plots curvature,
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Fig. 5. The deformation diagram for work-
pieces of Ni-9.5 at. % W alloys. N is the
number of passages, N, . is the maximum
number of passages.
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Fig. 6. X-ray diffraction patterns for Ni—
9.5 at. % W ribbons obtained by two differ-
ent technology “"routes”. The ribbon thick-
nesses and annealing conditions are the same.

and in the parts boundaries. Evidently, it is
impossible to choose the certain deformation
regime unambiguously only on the base of
obtained data on the deformation dynamiecs
of Ni—9.5 at. % W alloy under different
rolling regimes. Such choice can be done
only based on studying the ribbon texture
variations as a result of the final high-tem-
perature annealing (see also item 2.5).

3.2. Optimization of final annealing

regimes for Ni-W ribbon

Obviously, for solving the multi-factor
optimization problem of preparing the rib-
bon from paramagnetic Ni 9.5 at. % W alloy
it is necessary to consider the effects of the
following factors on the texture formation
process:

1. Rolling "route” (see Fig. 4).

2. Final annealing temperature.
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Fig. 7. X-ray diffraction patterns for Ni—
9.5 at. % W ribbons prepared by the technol-
ogy “route” No.l. Annealing conditions:
1150°C/1 h. Numerals near each X-ray dif-
fraction pattern indicate the ribbon thick-
nesses in um.

3. Time interval of the final annealing.

4. Environment in which the final an-
nealing is carried out (vacuum, inert gas
(argon) atmosphere).

To illustrate the strategy of searching
for Ni—9.5 at. % W ribbon treatment opti-
mal regimes, in Fig. 6 the X-ray diffraction
patterns are shown for the ribbons obtained
by deformation with the laboratory mill
with roll diameter 30 mm, after about
1000 passages (ribbon 1), and with the com-
mercial mill 280x200, after 10 passages,
ribbon thickness 420 um; rolling with the
mill 55/260x200, 14 passages (ribbon 2). In
both cases the ribbon final thickness was
~100 pm. The (200) diffraction maxima in-
tensities show that under other equal condi-
tions (ribbon thickness, annealing tempera-
ture and time) the "route” No.l provides
the maximum possibility for formation of a
perfect cubic texture.

The next problem was connected with the
ribbon thickness optimization. In Fig. 7a
number of X-ray diffraction patterns for
Ni—9.5 at. % W ribbon are shown (the an-
nealing conditions are the same as in Fig.
6): 60<d<500 pum.

The dynamics of the diffraction pattern
variation indicates a pronounced trend to
intensity increase for (200) reflection I4gg
with decreasing ribbon thickness, i.e. in-
crease the cubic texture degree. This con-
clusion is well illustrated by the depend-
ences I9g9(d) and Ig;;(d) shown in Fig. 8:
I9gp increases significantly as d decreases,
while I's;q is practically constant. The whole
data shown in Figs. 6—8 give a possibility to
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Fig. 8. (200) and (311) diffraction line inten-
sities depending on the ribbon thickness for
Ni—9.5 at. % W ribbons obtained by the tech-
nology "route” No.l. Annealing conditions:
1150°C/1 h.
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Fig. 9. X-ray diffraction patterns for Ni—9.5 at.
% W ribbons prepared by the technology "route”
No.3. Annealing conditions: 0 — without
annealing; I — 1000 °C/2 h; 2 — 1150°C/1 h;
3 — 1150°C/2 h; 4 — 1200°C/0.5 h; 5 —
1200°C/1 h; 6 — 1200°C/2 h; 7 —
1800°C/0.5 h; 8 — 1300°C/2 h.

conclude, that the rolling by No.1 "route”
on the rolling mill with small diameter of
rolls and very large number of passages pro-
vides preparation of the ribbon with final
thickness ~50—-100 um and with enough per-
fect cubic texture.

The ribbon obtained from Ni-9.5 at. %
W alloy using the "route” No.2, that is roll-
ing using the commercial mill with large
diameter rolls and small number of pas-
sages, at first sight, has less perfect cubic
texture. However, additional investigations
are necessary in order to open all potential
abilities of this technology process. An un-
doubted advantage is the possibility to use
standard commercial equipment and small

Functional materials, 20, 1, 2013
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number of passages need for production of
the ribbon with thickness ~100 um.

Application of the “"route” No.3 (see
Fig. 4), i.e., cool rolling of the "large”
ingot on the rolling mills with large diame-
ter of rolls and large number of passages
for preparation of the ribbon with ~100 ym
thickness gave no positive result. From the
X-ray diffraction patterns shown in Fig. 9
it can be seen that annealing at tempera-
tures 1000-1300°C did not result in strong
enough cubic texture.

5. Conclusions

The conception was developed on the
possibility of obtaining the cubic texture
{100}<001> in the ribbon based on paramag-
netic Ni-W alloys with high W content by
means of creating the high level compres-
sive stress resulting in increasing the stack-
ing fault energy Eg, and following high
temperature annealing. It was established
that the optimal method for obtaining work-
pieces for remaking into ribbons by rolling
is the powder metallurgy. Based on the de-
veloped conception, two different ways were
realized for production of ribbons based on
paramagnetic Ni—9.5 at. % W alloys: deposi-
tion of thin TiN layers, and deformation of
the ribbon in order to create high density of
dislocations ("extreme” rolling). The opti-
mal schemes for mechanical and thermal
treatment of Ni—9.5 at. % W ribbons for
2nd generation HTSC-coated conductors (2G
HTS) were developed including choosing the
parameters for untraditional regimes of
rolling, ribbon thickness, and annealing
time, etc. The work was carried out with
support of Science and Technology Center
in Ukraine (Project STCU# P424).
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OnepskaHHA TEKCTYPOBAHOI CTPiYKH
Ha OCHOBiIi mapamaruiTHux cmiaBiB Ni-W
3 BHCOKMM BMiCTOM BOJBb(pamy

B.O.Dinkenv, B.B./[epeé’anko, M.C.Cynzyposa,
T.B.Cyxapeéa, IO.M.Illlaxie

MeToto pobGoTu € mOmyK UIAAXIB omepskanHa migkmaaxm aaa BTHII-moxpuTux mpo-
BiIHUKIB Apyroro moxoximusa Ha ocHoBi mapamarmitaumx criaeis Ni-W 3 Bucokum Bmicrom
BOAL(PaAMy, MO0 MalTh KyOiumy Tekerypy Tumy {001}<100>. B ocHOBY poGOTH TMOKJIaLEHO
HACTYTHY pobouy rimoTesy: WiABUIIleHHs eHeprii AedeKTiB ymaKyBaHHS Esf’ K HaCHiJIOK,
opMyBaHHS KyOiUHOI TEKCTYPU MOKJIUBO B PEe3YJbTATI CTBOPEHHS AOCUTH CUJIBHUX CTHUCKA-
oYX Hanmpyr y crpiumi. Ha ocHOBiI po3BMHEHMX ySABJIeHL peayi3oBaHO /ABA HOBUX HINIAXU
oepiKaHHA KyO0iuHOI TEeKCTypM CTPiUKM: y pel3yJabTaTi NJAa3MOBOTO OCAMKEHHA TOHKUX
mapis TiN (ay <<apni_y) 1 B pesyaerari nposesenna npoxarku cmiaasy Ni-W B ymosax, mo
3a6e3I1e4yI0Th CTBOPEHHS BHUCOKOI LIiabHOCTI auciaoxaniit ("excrpemasnbHa mporxartka’ ). Poa-
pobieno onTMMaJabHI cxemMm MexaHiuHOI I TepmiuHOi 00pPOOKM CTpPiuKM HA OCHOBI Iapa-
marmirgoro cmaasy Ni—9.5 at. % W, mo BriamouarTs Bubip Meromy cuHTe3y, mapameTpis
PeKHUMiB IPOKATKH, TOBIMUHM CTPiUKM, TeMIIepaTypu i uac sigmary.
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