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Schematic phase diagrams of the ternary systems Sr-Y-Cu and Sr-Cu-Bi were constructed based on the
investigation of as-cast alloys. In the former, seven three-phase fields but no ternary compounds were observed. An
extended solid solution based on the binary compound SrCus with CaCus-type structure was found. In the latter, the
formation of the compound SrCuBi was confirmed and the equilibria between this compound and the compounds in
the binary systems were established. Oxidation of a sample of composition SrCu;; in air at 800°C led to the
formation of more than 80 wt. % of the spin-ladder compound Sr;4,Cu,40y4;.
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Introduction

Alloys that contain rare-earth elements (or Y),
alkaline-earth metals and copper can be used as
precursors for high-7. superconductors and related
cuprates, for instance spin-ladder compounds. The phase
diagram of the ternary system Sr-Y-Cu has not been
systematically investigated but the phase diagrams have
been proposed for the boundary binary systems.
According to [1] there exist no compounds in the binary
system Sr-Y (diagram of monotectic character), whereas
the systems Sr-Cu and Y-Cu contain two and five
compounds, respectively. The compound SrCu
crystallizes with BaCu structure type, space group
P6s/mmc [2], and the compound SrCus with CaCus
structure  type, space group P6/mmm  [3].
Crystallographic characteristics of the compounds YCu
(CsCl, Pm-3m) and YCu, (KHg,, Imma) are reported in
[4] and [5], respectively. Some authors report the
existence of a high-temperature modification of the
compound YCu, above 860°C [1,6] (structure not
known). The compound Y,Cu; with unknown crystal
structure was absent in [7] but is present in the phase
diagrams [1,6,8]. The data on YCu, with unknown
crystal structure and on YCu; with hexagonal structure
are contradictory. According to [7], the phase YCu, has a
narrow homogeneity range, whereas in [1,6,8] it is shown
as a compound with fixed composition. The same is true
for the phase YCu; (composition from [1]; TbCuy
structure type, P6/mmm [9]). In [6,8] it has composition
Y Cug with a narrow homogeneity range. The existence of
the five Y-Cu compounds (1:1, 1:2, 2:7, 1:4, 1:6) was
confirmed by Fries et al. [10].

The phase diagram of the ternary system Sr-Cu-Bi

569

has so far not been constructed, but crystal data for the
compound SrCuBi have been published. It crystallizes
with a hexagonal structure (ZrBeSi, P6s/mmc) [11].
According to [1], there are no compounds in the binary
system Cu-Bi (diagram of eutectic character). The
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Fig. 1. Schematic phase diagram of the ternary system Sr-
Y-Cu.
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interaction between Sr and Bi has been investigated
repeatedly, but the phase diagram cannot be considered
as finally established. The phase diagram shown in [1]
contains four compounds: SrBi; (AuCu;, Pm-3m [12]),
SrBi (unknown structure), Sr;Bi, (unknown structure)
and Sr,Bi (La,Sb, /4/mmm, a = 0.501(2) nm, ¢ = 1.768(3)
nm [13]), although in the literature crystal data have been
reported also for the compounds Sr;Bi; (a-modification:
Mn;sSi;, P63/mem, a = 0.95037(5) nm, ¢ = 0.74095(8) nm
[14]; B-modification: YbsSbs, Pnma, a = 1.3370 nm, b =
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Fig. 2. Surfaces of the samples obtained from scanning electron microscopy.
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Fig. 4. Schematic phase diagram of the ternary system Sr-Cu-Bi. The dashed lines
represent possible phase equilibria.
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1.0233 nm, ¢ = 0.8890 nm [15]), Sr;¢Bi;; (Cai¢Biy;, P-
42\m, a = 1.3152(1) nm, ¢ = 1.1934(2) nm [16]), Sr;Biyo
(Ho”Gelo, 14/mmm [17]), Sr4Bi3 (anti—Th3P4, I—43d, a =
1.0101(1) nm [18]), Sr,Bi; (Sr,Bi3, Pnna, a = 1.2801(3)
nm, ¢ = 1.8451(6) nm [17]). The phases on the diagram
with unknown structures, SrBi and Sr;Bi,, should be
probably identified as the compounds Sr;;Bij, and
Sr¢Bi;, respectively.

In this work the interaction of the components in the
ternary systems Sr-Y-Cu and Sr-Cu-Bi was investigated
on as-cast alloys.

I. Experimental
Pure metals were used as starting elements (Sr:
99.9%, Y: 99.9%, Cu: 99.999%,

Bi: 99.9%). For the investigation of the phase diagram of
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the ternary system Sr-Y-Cu twelve two-component and
seven three-component alloys were prepared by melting
constituent metals in arc-welded tantalum crucibles
under an argon flow in an induction furnace. In addition
two alloys with initial compositions YCus and YCuy
were prepared by arc-melting. For the investigation of
the ternary system Sr-Cu-Bi five three-component alloys
were prepared by induction melting.

All operations for the preparation of Sr-containing
alloys were carried out in a glovebox with Ar
atmosphere. X-ray phase and structural analyses were
made on data collected on automatic powder
diffractometers Huber 645 (transmission mode; Guinier
geometry; data collected under vacuum) and Philips
X'PertMPD (Bragg-Brentano geometry). The diffraction
patterns were recorded with Cu Koy (quartz
monochromator) or Cu Ka radiation in the 0-50°3 or 10-



0. Zaremba, A. Saccone, S.De Negri, F. Merlo, R. Gladyshevskii

100°29 angular range, with a step of 0.01°3 or 0.03°23
and a counting time per step of 20s or 3s for Huber and
Philips diffractometers, respectively. The structures were
refined with the DBWS program [19]. The samples were
also characterized by light optical microscopy
(DM4000M) and scanning electron microscopy
(Stereoscan 200 and EVO40). Quantitative analyses were
performed with an acceleration voltage of 20 kV for 50s
or 80s, using a cobalt standard for calibration.

All analyses were carried out on as-cast alloys.

Some of the alloys were oxidized in air at 500°C,
600°C or 800°C, and products were characterized by X-
ray powder diffraction (DRON-2.0 diffractometer, Fe Ko
radiation).

II. Results and discussion

The schematic phase diagram of the ternary system
Sr-Y-Cu resulting from this investigation is shown in
Fig. 1. No ternary compounds were observed. The
existence of the binary compounds YCu, YCuy, YCuy,
and YCu; in the binary system Y-Cu, and SrCu and
SrCus in the binary system Sr-Cu, was confirmed (see
table 1, Figs. 2a and 2b). The alloy of composition YCuy
was single-phase based on the microstructural analysis,
and the diffuse X-ray powder pattern (Fig. 3) is closely
similar to that reported by Fries et al. [10]. These authors
ascribed the unusual features of the diffractogram to the
occurrence of random, non-periodic defects in the parent

CaCus-like structure. The compound Y,Cu; reported in
[1,6,8] and formed by peritectic reaction at 925°C was
not observed in as-cast alloys. The alloy with
corresponding nominal composition was a two-phase
sample and contained the phases YCu, and YCuy.
According to our data the compound YCu; has a
homogeneity region that stretches from ~85 to 87 at.%
Cu (a=0.4974(2)-0.4939(1) nm,
¢ =0.4119(2)-0.4156(1) nm). The homogeneity region of
the YCu, compound extends from ~80 to 83 at.% Cu.

An extended solid solution, reaching 10 at.% Y (half
of the Sr atoms are replaced by Y), was found based on
the binary compound SrCus by scanning electron
microscopy (table 2). X-ray diffraction showed the
expected decrease of the cell parameters, since the
atomic radius of Y is smaller than the atomic radius of
Sr. The existence of seven three-phase fields (YCu-Sr-Y,
Y Cu,-Sr-YCu, YCu,-SrCu-Sr, YCuy-SrCu-YCu,, YCuy-
(SI'O'5Y0'5)C115-SI'CU, YCU7-(SI'Q.5YQ'5)C115-YCU4, and Cu-
(Sr95Y05)Cus-YCu;) was observed in the diagram (see
Figs. 1 and 2¢).

During the investigation of the interaction of the
components in the system Sr-Cu-Bi the formation of the
ternary compound SrCuBi was confirmed. The cell
parameters of this hexagonal phase with ¢ ~ 0.4619 nm, ¢
~ 0.8727 nm (average parameters; table 3) are in
agreement with literature data [11]. This phase was
observed in all synthesized three-phase samples, however
the attempts to prepare single phase alloys were not
successful. Moreover, significant shift in the composition
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Fig. 5. Observed (crosses) and calculated (thick solid line) X-ray diffraction
patterns of SrCu; ; sample oxidized at 800°C in air (Fe Ko radiation). The
lower profile corresponds to the difference between observed and calculated
data. The Bragg angle positions are indicated by vertical bars for Sr;4Cu,4O4;
(upper row), CuO (medium row) and SrCuO, (lower row).
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Table 1

Results of the investigation of as cast binary alloys in the systems Y-Cu and Sr-Cu by scanning
electron microscope (SEM) and X-ray diffraction

Nominal Samp.lg . Structure type, Cell parameters, nm
composition | Phase (composition
sample . Pearson symbol,
. from SEM | from SEM on grains) . .
composition (global) space group this work literature
1 Y50400CU50'00 Y50413CU49'87 YCu (Y50410CU49'90) CSCl, CP2, Pm-3m a= 03478(1) a=0.34757 [4]
a=0.4303(1) | a=0.4308
2| Y3333Cus667 | Y3220Cus7.71 | YCup (Y3406Cugs.04) | KHgo, 0112, Imma b=0.6869(1) | b=0.6891 |[5]
c=0.7291(1) | ¢=0.7303
a=0.4303(10) | a=0.4308
YCu, (Y33.50Cug4s) | KHgy, 0I12, Imma | b=0.6813(13) | b=10.6891 |[5]
3| YCur798 | Y2234Cu7766 c=0.7418(11) | ¢=0.7303
Y Cuy (Y2052Cuz9.48) — — —
4 | Y20.00Cusgo00 | Y2038Cus960 | YCuy (Y20.08Cu79.92) — — —
YCuy (Y15.14Cus).86) — — —
5| Yi667Cus333 | Yise69Cusss a=0.4974(2) | a=0.4940
YCLI7 (Y14<12CU85'83) TbCLI7, th, P6/mmm c=041 19(2) c=0.4157 [9]
YCuy (Y17.29Cug2.71) — — —
6 | Y1250Cugrs50™ | Yis65Cusgsss
a=0.4956(1) | a=0.4940
YCU7 (Y13A51Cu86‘49) TbCU7, hpg, P6/mmm c= 04145(1) c=0.4157 [9]
=0.4979(1 =0.4940
7| Y1420Cuss71 | Yi502Cusgaos | YCus (Y1506Cussgs) [TbCuy, hP8, P6/mmm i — 0'4136&3 i: 0.4157 (9]
=0.4981(1 =0.4940
8 | Y1420Cugs 1™ | Yi1253Cug747 | YCus (Y1400Cuss00) |TbCuy, hP8, P6/mmm ccz — 041 16E1§ Z: 04157 [9]
YCuy (Y 120:Cugro5) |TbCus, hPS, P6/mmm ‘c‘ _ 8'3?2283 Z _ g'j?gg [9]
9| Y10.00Cug000 | Y1052Cus04s - -
Cu** (Y10.00Cug0.00) cF4, Fm-3m, Cu a=0.3615(1) | a=0.36078 |[20]
=0.5189(1 =0.5261
10| Sri67Cugs3 | Srie70Cugszo | SrCus (Sri6.95Cugsos) |CaCus, £P6, P6/mmm i: 0408351% ch: 0.4058 (3]
SrCus (Srig4sCuss.s2) [CaCus, hP6, P6/mmm| . _ 8'2(2);‘583 . g'jégé [3]
11 Sr37Cue; Sry1.20Cusg 71 = 0.4326(1) a— 0.4341
SrCu (SI'49430C1150.70) BaCu, l’lPS, P63/mmc c= 1536(1) c=1538 [2]
o a=0.4325(1) | a=0.4341
12| SrsCuso SrCu BaCu, hP8, P6s/mme| ~ _ 1.537(1) | c=1538 2]

*- sample prepared by arc-melting

**_ impossible to polish the sample since high chemical activity in air

of this phase to a higher Bi content detected by
microprobe analyses in different samples indicates off-
stoichiometry and a certain homogeneity range. The
existence of equilibria between SrCuBi, Bi and the
binary compounds SryBiyy, Sr,Bi;, SrBi;, SrCu and
SrCus was established. Considering a simple character of
the phase relations in this system, the equilibria SrCuBi-
SrBis;, SrCuBi-Sri¢Bi;;, SrCuBi-SrsBi;, SrCuBi-Sr,Bi,
SrCu-Sr,Bi and SrCus-Bi have been predicted and a
schematic phase diagram of the system Sr-Cu-Bi is
presented in Fig. 4.

Attempts to oxidize the pure SrCu phase (alloy
ground into powder) in air at room temperature resulted
in the immediate appearance of a black and almost
amorphous powder. Some peaks could be indexed as
corresponding to SrCu and Sr(OH),(H,O). The
application of the same procedure to the two-phase
sample SrCu; ; (Sr/Cu ratio equal to the Sr/Cu ratio in the

Sr14Cup,0y; spin-ladder cuprate) resulted in the oxidation
of the SrCu phase alone, whereas the SrCus phase
remained stable. In addition this sample contained
Sr(OH),(H,O) and SrCO;. However, after oxidation of
SrCu, 7 sample at 500°C in air for 24 h, SrCO;, CuO and
small quantities of Sr;;CuyO4 could be identified. In
order to improve the conditions of formation of the
Sr14Cuy04; cuprate, SrCu;; powder was pressed into a
pellet and oxidized in air at 600°C. In this case the
content of Sry4,Cu,40,; phase was slightly higher but the

formation of CuO, SrCO; and SrCuO, phases was
still observed. Since the product of oxidation still
contained SrCO; phase the temperature was increase up
to 800°C. The diffraction pattern of this sample is shown
in Fig. 5. It contains ~80 wt. % Sr4Cu,404; phase, ~10
wt. % CuO and ~10 wt. % SrCuO,.
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Table 2
Results of the investigation of as cast ternary alloys in the system Sr-Y-Cu (as-cast alloys) by scanning electron
microscope (SEM) and X-ray diffraction

Nominal Samplle. .. Structure type, Cell parameters, nm
composition Phase (composition
sample from SEM from SEM on grains) Pearson symbol, i i
composition £ space group this work literature
(global)
% a =0.4999(1) a=0.5261
SrCus(ss) CaCus, hP6, P6/mmmc —0.4110(1) ¢ = 04058 [3]
1| SrsYoCugs |Srae9Y921Cuss 10 * a=0.4972(1) a=0.4940
YCu, TbCu;, hPS, P6/mmmc —0.4143(1) c=04157 [9]
Cu Cu, cF4, Fm-3m |a=0.3606(1) a =0.36078 [[20]
SI'CUs(SS) (SI'] 1492Y8.3CU79.78) CaClls, hP6, P6/mmmi z gjé;géi; ch : (O)iggé [3]
2 SrisYsCugy  [ST19.55Y'5.490C 7496 = 0.4326(1) = 0'4341
SrCu (SI'49424C1150.76) BaCu, hP8, P63/mmc c= 1536(1) c=1538 [2]
YCuy (Yi575Cusgi 25) — — —
a=0.5136(2) a=0.5261
3| Sri67Y53CUss [Stea6Y 13.66Curg s> CUs(58) (STessY 10.57Cus2.25)CaCus, AP6, P6/mmmc =0.4046(2)| ¢=0.4058 [3]
a =0.4326(5) a=0.4341
SrCu (SI'46‘89CU,53,11) BaCu, hP8, P63/mmc c= 1549(2) c=1538 [2]
YCuy (Y20.17Cu7953) - — —
a=0.4278(4), a=0.4308
4 Sr10Y20CU70 SI'2'75Y23'99CU73_26 YCu2 (Y33‘03Cu66'97) Kng, 0[12, Imma b= 06823(5) b=0.6891 [5]
c =0.7302(7)| ¢=0.7303
" a=0.4301(5) a=0.4341
SrCu BaCu, P8, P6;/mmc c=153003)| c=1538 [2]
a =0.4289(1) a=0.4308
YCu; (Y33.66Cus6.34) KHg,, 0l12, Imma b =0.6850(1)| b=0.6891 |[5]
c=0.7270(1)] ¢=0.7303
B SraoYasCuss Sr106Y3307CU697 vy (Yo pCusng) | CsCl P2, Pm=3m |a = 0.3462(1)| a = 0.34757 | [4]
Sr Cu, cF4, Fm-3m |a=0.6075(1) a=0.608 [20]
YCu (Ys5124C CsCl, cP2, Pm-3 =0.3467(1 =0.3477 ([4
6| SraoYs0Cugo [S1397Y1588CuU47.15  (Ys124Cas 70 . om g () a hd
Sr Cu, cF4, Fm-3m |a=0.6078(2) a=0.608 |20]
YCu (Ys0.81Cuq9.19) CsCl, cP2, Pm-3m |a=0.3468(1)| a =0.3477 |[4]
71S1333Y 33.4Cu33 3 —
Sr Cu, cF4, Fm-3m |a=0.6075(1) a=0.608 [[20]

*- small quantities
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B3aemonisi koMmnoHeHTiB y cucremax Sr-Y-Cu ta Sr-Cu-Bi

! ITvsiscoruii nayionanviuii yHieepcumem imeHni leana Ppanka,
syan. Kupuna i Megoois, 6, 79005 Jlvsis, Yrpaina
ZYHieepcumem micma Ienyi, eyn. JlJooexkaneco, 31, 16146 I'enys, Imanis,
e-mail: oksanaromaniv@yahoo.com

Hiarpamu crany mnotpiiinnx cucreM Sr-Y-Cu i Sr-Cu-Bi mnoOymoBaHo cxeMaTWuHO 3a pe3yJbTaTamMu
JOCITI/DKEHHS CIUIaBiB y IUTOMY CTaHi. Y mepiioMy BHIAAKy ciM TpudasHuX HouiB GpopMyeThes B cuctemi. TepHapHi
CHONyKHd HE YTBOpIOIOThCA. Ha ocHOBi Oinaproi cmomyku SrCus 3i crpykryporo tumy CaCus yTBOPIOETBCA
TIPOTSDKHUN TBEpAMH po3unH. Y moTpilHiH cucteMi Sr-Cu-Bi minTBepmkeHo icHyBaHHS TepHapHOi cromyku SrCuBi.
Bcranoneno ¢a3oBi piBHOBarMm MK IIi€I0 CIIOIYKOIO Ta CHOJYKaMH Yy BIIIOBITHMX IOABIHHHX CHCTEMax.
OxucHenns 3paska ckiamy SrCu,; Ha moBitpi npu temneparypi 800°C mpuBeno 1o yrBopeHHs Oimbmie Hix 80
Mac. % dasu Sry4CuyyOy.
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