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SYNTHESIS AND X-RAY STUDY OF NANOSIZED
LaCaCoCuMnOgz AND LaCaNiCuMnOg SYSTEM

Abstract. From oxides of lanthanum, copper (1), cobalt (11), nickel (I1), manganese
(1) and calcium carbonate at temperatures 800-1200 °C for 20 hours by the method
of ceramic technology synthesized cobalt-cuprate-manganite lanthanum and calcium
LaCaCoCuMnOg and  nickelite-cuprate-manganite  lanthanum  and  calcium
LaCaNiCuMnOQOg.

On a vibrating mill of “Retsch” company (Germany) of the "MM301" brand, poly-
crystalline samples of new compounds were ground to nanosized (nanoclusters) particles.

The X-ray diffraction of the obtained nanosized (nanoclusters) phases indicates that
they crystallize in cubic syngony with the following lattice parameters: LaCaCoCuMnOg
— a=14,010,02A; V°=2746,77+0,06A% Z=4; V° =686,69+0,02A% py .o, =4,13g/cm?;
Ppyen=4,08+0,01g/cm®; LaCaNiCuMnOg — a=14,74+0,02A; V°=3204,74+0,06A% Z=4;
Ve cent =801,19+0,02A%, py 12,=4,15g/cm?; pyyen =4,13+0,01g/cm’.

Keywords: synthesis, cobalt-cuprate-manganite, nickelite-cuprate-manganite, lan-
thanum, alkaline earth metals, X-ray, nanoscale, nanoclusters.

Cuprates, manganites, cobaltites and nickelites of rare-earth elements doped
with alkaline-earth oxides have unique physicochemical properties [1-4]. It is of
interest to obtain new nanosized compounds that include manganites, cuprates,
cobaltites and nickelites of rare earth and alkaline earth metals. It should be noted
that in [5-9] we first obtained polycrystalline and nanosized samples of manga-
nite-ferrites, chromite-manganites, cuprate-manganites of rare-earth, alkaline and
alkaline-earth metals.

In connection with the foregoing, we report here the results of the synthesis
and X-ray diffraction studies of the nanosize (hanocluster) cobalt-cuprate-man-
ganite lanthanum and calcium LaCaCoCuMnQg and nickelite-cuprate-manganite
lanthanum and calcium LaCaNiCuMnOQsg.

Synthesis of cobalt (nickelite)-cuprate-manganites was carried out by high-
temperature interaction of stoichiometric quantities of La,O3 (e.c), CoO, NiO,
CuO, Mn,03 and CaCO; (p.f.a). Mixtures of these substances were thoroughly
mixed, ground in an agate foot, which were then transferred to alundum crucibles
and annealed in a "SNOL" oven at 800-1200 ° C for 20 hours. Before each
temperature increase (up to 800, 1000 and 1200 °C), the mixtures were cooled,
carefully rubbed. An annealing at 400 ° C for 10 hours was carried out to obtain
stable at low temperature phases.
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Nano-sized particles of synthesized new compounds were obtained by
grinding them on a vibratory mill of the company "Retsch" (Germany) of the
brand "MM301". Speed from 3 to 30 Hz (180-1800 vibrations per minute). The
grinding time is 40-60 minutes. The sizes of the crushed particles were estab-
lished on an electronic microscope JSPM-5400 Scanning Probe Microscope
"JEOL" (Japan). The electron microscopies of the investigated compounds are
shown below (Figure).

It should be noted that there are various methods for producing nanopartic-
les. In our case, the machining of the composite by exposure to powerful me-
chanical pulses is used, similarly to [10]. Not individual oxides are crushed to the
nano level, like lanthanum, calcium, etc., but new compounds formed by solid-
phase interaction: polycrystalline cobalt (nickelite)-cuprate-manganites of
lanthanum and calcium.

X-ray diffraction study of nanophases was carried out on a DRON 2.0.

a)

b)
Electron microscopy of LaCaCoCuMnOg (a) and LaCaNiCuMnQg (b)
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Shooting conditions: CuKa radiation, Ni filter, U = 30 kV, J = 10 mA, coun-
ter rotation speed 2 tur/min, scale range 1000 pulses/s, 7= 5s, 26 = 10-90°.

The intensity of the diffraction maxima was estimated from a one-hundred-
point scale. The X-ray diffraction patterns of the compounds were determined by
the analytically method [11]. The pycnometric density was determined by the
method of [12]. Toluene was used as an indifferent fluid. IR spectroscopic study
of the obtained compounds was studied on a FTIM-1201 Fourier spectrometer.
The powder was mixed with KBr to form a 2 mm thick tablet. The measurements
were carried out in the transmission coefficient measurement mode.

The results of the X-ray diffraction of the new compounds obtained are
shown in the table below.

Indication of X-ray patterns of powders of nanoscale (nanocluster) cobalt-cuprate-manganite
and nickelite-cuprate-manganite

o d A 10 | hkl | 0%
LaCaCoCuMnOgq
7 3.834 680,3 511 680,0
100 2.722 1350 721 1361
8 2.529 1563 651 1562
7 2.320 1858 831 1865
7 2.300 1890 751 1890
15 2.218 2033 900 2041
7 2.005 2487 755 2494
36 1.919 2715 10.4.4 2721
31 1.565 4083 990 4082
14 1.355 5446 10.10.4 5442
10 1.212 6808 13.10.1 6803
LaCaNiCuMnOg
5 4.560 480.9 421 481.0
10 3.834 680 521 687.0
100 2.719 1353 731 1351
7 2.518 1577 742 1580
10 2.429 1695 750 1695
5 2.319 1860 900 1855
15 2.218 2033 762 2038
5 2.127 2210 665 2221
11 2.098 2272 755 2267
34 1.921 2710 10.3.3 2702
5 1.723 3368 115.1 3366
28 1.572 4047 887 4053
7 1.487 4522 996 4534
5 1.367 5351 13.8.1 5359
11 1.358 5422 1454 5427
11 1.215 6774 14.10.0 6778
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Based on the indication of the X-ray patterns of the new nanoscale (nano-
cluster) compounds established that they crystallize in a cubic system with the
following lattice ~ parameters: LaCaCoCuMnOs —  a=14,01+0,02A;
V°=2746,77+0,06R%  Z=4;  V°=686,69+0,02A%  py..,,=4,13g/cm?;
Poyen =4,0820,01g/cm®; LaCaNiCuMnOg — a=14,74+0,02A; V°=3204,74+0,06A%;
Z=4; Vycan =801,19+0,02A% py.2y=4,159/cm®; ppyen=4,13+0,01g/cm’. The
satisfactory agreement of the experimental and calculated values of 10%/d” as well
as the x-ray and pycnometric densities, shows the correctness of the results of the
indication.

IR spectroscopy of compounds is characterized by the following absorption
bands.

LaCaCoCuMnOs. The absorption band at 609.6 cm™ can be attributed to a
vibration of v; (MnO6), a harmonic frequency of WcCoO, 1057.1 cm™ to a
change in the symmetry of the CoO3 group, 1454.5 and 1639.7 cm™ to changes in
symmetry group MnOs.

LaCaNiCuMnQg. The absorption bands at 609.6 and 659.7 cm? can be
attributed to the v; (MnOg) vibration, the harmonic frequency WcNiO, 1458.4 and
1635.8 cm™ to the symmetry changes of the MnOj; group.

When decoding of IR spectra was guided by a monograph [13].

Thus, nanoscale (nanocluster) cobalt-cuprate-manganite lanthanum and
calcium LaCaCoCuMnQOg and nickelite-cuprate-manganite lanthanum and
calcium LaCaNiCuMnQOg were obtained for the first time, the types of their
syngony and parameters of the lattices and IR spectroscopic characteristics were
determined.

The work was carried out in accordance with the agreement concluded
between the Ministry of Education and Science of the Republic of Kazakhstan
and Zh .Abishev Chemical-Metallurgical Institute under the grant of (IRN:
AP05131317, AP05131333).
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Pe3zrome

b. K. Kacenos, L. F. Kacenosa, K. U. Casvinmaesa,
M. O. Typmybaesa, E. E. Kynviubexos

HAHOOJILIEM/I LaCaCoCuMnQOg XXOHE LaCaNiCuMnOgs KYPAM/IbI
CHHTE3I ’KOHE OJIAP/Ibl PEHTTEHOT'PA®UAJIBIK
TYPFBIJIAH 3EPTTEY

Jlanran, meic(ll), ko6ansT (I1), Hukens (1), mapranen (111) TOTBIKTapbl MEH KaabLKi
KapOOHAThIHAH KepaMuKajblK TexHojorus amicimen 20 carar 6oiter 800-1200 °C tem-
meparypaiapia JIaHTaH »J>KOHE KalblUi KOOAmsT (HHUKEIHT)-Kylpar-MaHTaHHUTTepi
LaCaCoCuMnOg xone LaCaNiCuMnOg cutesnenai Retsch (I'epmanust) KOMIaHUSICBIHBIH
«MM301» mapkaiibl BHOPAIMSUIBIK AUIPMEHIHIE YTiTy JKOJIBIMEH ITOJIMKPUCTAIIBIK YIITi-
Jiep HaHoeueMai (HaHOKIAacTepIik) Oenmekke aeidin yritinmi, «JSPM-5400» Scanning
Probe Microscope «JEOL» (SInoHus1) 3JIeKTPOHIBIK MUKPOCKOITBIHBIH KOMETiMEH oJap-
nerH emmeMaepi anbiktangpl. JJPOH-2,0 mudpakromeTpinae anplHFAaH jkKaHA HAHOYIITI-
Jepre peHTreHoda3anbK Tanaay Kypriziiai. PeHTreHorpaMmanapbiH HHIUIUpIEY Oapbl-
CBIHIA CHHTE3JEIIHIN alblHFaH HaHOoeNIIeMai (HaHOKJIACTEepIliK) (asanapAblH TOp Kep-
CeTKIlITepi  Keiecified  KyOTBIK CHHTOHHMSAJAa  KPHCTAJIAHATHIHBI  AHBIKTAJJIBL:
LaCaCoCuMnOg — a=14,01+0,02A; V°=2746,77+0,06A°% Z=4; V°,,,,=686,69+0,02A%
Ppenr.=4,13; P =4,0820,01  r/em®; LaCaNiCuMnOg —  a=14,74%0,02A;
V°=3204,74+0,06A% Z=4; V°,, ,=801,19+0,02A% p,..:=4,15; Pruen =4,13+0,01 r/em’,

Tyiiin ce3mep: cuHTE3, KOOANBT-KYNpPAT-MAHTAHUT, HUKEIUT-KyIpaT-MaHTaHHT,
JIAHTaH, CUITLII-XKep MeTanaapbl, peHTreHorpadusi, HAaHOOIIIIEM I, HAHOKIIACTepIep.
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Pe3rome

b. K. Kacenos, I1l. b. Kacernosa, K. . Cacunmaesa,
M. O. Typmybaesa, E. E. Kyanviubexos

CHUHTE3 1 PEHTTEHOTPA®OUYECKOE MCCJIEJOBAHUE
HAHOPA3BMEPHBIX LaCaCoCuMnOg 1 LaCaNiCuMnOg

W3 oxcunor mantana, mean (1), ko6amsra (I1), mukens (1), mapranma (I11) u xap-
OoHaTa KaNbIMs METOJOM KepaMHYeCKOW TexHojoruu npu temmeparypax 800-1200 °C
B Teuenne 20 U CHHTE3MPOBAHBI KOOATBTO-KYNPATO-MAHTAHUT JAHTAHA W KaJbIIHsI
LaCaCoCuMnOg 1 HHKEIUTO-KYIpaTo-MaHranuT jaHtaHa U Kanbiuss LaCaNiCuMnOg.
Ha BubGparmonnoii Mensauile koMmmanud Retsch (Iepmanus) mapxkun «MM301» monu-
KPHUCTALTHYECKHE 00pasilbl HOBBIX COSTUHEHUH M3MENBUCHBI 10 HAHOpa3MEpHBIX (HaHO-
KJTACTEPHBIX) YACTHII, Pa3Mepbl KOTOPBIX OMpPEAENICHBI C UCIIONB30BaHUEM 3JIEKTPOHHOTO
mukpockona JSPM-5400 Scanning Probe Microscope «JEOL». Pentrenoda3oBsiii aHanu3
HOJIyYEHHBIX HOBBIX HaHO0Opa3loB npoBoauin Ha qudpakromerpe APOH-2,0. Muanmm-
POBaHHEM PEHTTCHOTPaMM, TOJIYYECHHBIX HAHOpa3MepHBIX (HaHOKIAacTepHbIX) (a3, ycra-
HOBJICHO, YTO OHM KPHCTAUIU3YIOTCSA B KyOMYECKOHl CHHMOHMU CO CICIYIOLIMMH Tapa-
merpamu pemretkn: LaCaCoCuMnOg — a=14,01+0,02A; V°=2746,77+0,06A% Zz=4;
V°,,.=686,69+0,02A%  p,r=4,13; P =4,08¢0,01 r/cm®;  LaCaNiCuMnOg -
a=14,74+0,02A;  V°=3204,74:0,06A%  Z=4; V°,,,,=801,190,02A%  p,...=4,15;
Prn =4,1320,01 r/em’,

KuaroueBble cjioBa: CHHTE3, KOGATBTO-KYIIPATO-MAHTaHUT, HUKEIUTO-KYIIPaTo-MaH-
TaHWT, JIAHTaH, IIEJIOYHO3EMENbHBIE METAIUIbI, PEHTreHOTpadus, HaHOpPasMephl, HaHO-
KITACTEPBI.
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