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Synthesis and investigation
of Lal_xBianl_yFeyos_6 structure*

Doped lanthanum manganites Lal_xBiXMnl_yFeyO3_5(x=0.0—O.3; y=0.0-0.5,
Ax, y=0.1) with perovskite-like structure were synthesized by solid state reac-
tion and solution method. It was determined by X-ray diffraction that sintered
samples have rhomhohedral symmetry (S.G. R-3c). The parameters of unit cell
were calculated. The morphology of hriket was investigated hy scanning elec-
tron microscopy. It was found that sintered sample is homogeneous, porous
and grains are formed by different size. Elemental composition was checked by
atomic emission spectroscopy. Additional studies were performed by TG/DSC

and laser diffraction (analysis of particle size distribution).

*This work was done under financial support RFBR grant N¢ 12-03-00953-a
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Introduction

Currently a lot of interest is paid to
perovskite materials based on lanthanum
manganite due to their compatibility with
the components of electrochemical cells.
These materials can be used as electrodes.
The introduction of various elements of
replacement in the A and B sublattices

The experimental part

Samples  of LalfxBianlfyFeyOH
(x = 0.0-0.3; y = 0.0-0.5, Ax, y = 0.1)
were prepared by two methods: standard
ceramic technology and citrate-nitrate
method. Following components were
used as the basis: La O,, Bi,O,, Mn,O

273 273 273

Fe,0,, Bi (NO,) 3 x 5H,0, Mn (NO,)

2 x 4H,0, Fe (NO,) 3 x 9H,O. The re-
quired amount of reagents was calculated
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can improve properties such as mechani-
cal, thermal and chemical stability with
respect to electrolyte material. It is as-
sumed that bismuth doping may improve
the chemical stability towards bismuth
ceramics.

according to the reaction equations. The
final processing of the samples, com-
pressed into briquettes, was carried out at
a temperature of 1000 °C.

For citrate-nitrate synthesis method
oxides and nitrates of corresponding met-
als were dissolved separately in the dis-
tillated-water with nitric acid. Then these
solutions were mixed, citric acid was add-
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ed in the ratio of 1:2 (the number of metal
atoms: citric acid), and evaporated until
the formation of dry intermediates. Pow-
der annealing was carried out at of 600 °C
and 900-1000 °C.

Certification of obtained compounds
was completed by powder x-ray diffrac-
tion by diffractometers DRON-3 (mono-
chromator from pyrolytic graphite on
the reflected beam) and Equinox 3000
Enel (position-sensitive detector). Radio-
graphs were filmed in CuKo-radiation in
the angular range 2 = 10-90° at a rate of
2° per minute. Finding of the parameters
of the unit cells was carried out on a com-
puter using special programs, “Fpeak”,
“Celref”. The phase identification was
performed using catalogs ICDD.

Determination of particle size of ob-
tained-powders was performed using a
laser dispersion analyzer SALD-7101
Shimadzu.

Differential scanning calorimetry and
thermal gravimetric analysis were per-

Results and Discussion

Samples LaH_BianlfyFeyOH x =
0.0-0.3; y=10.0-0.5, Ax, y=0.1) were ob-
tained using solid-phase method and cit-
rate-nitrate method. According to X-ray
diffraction analysis, the compounds were
found to have a rhombohedral structure.
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Fig.2. TGA/DSC study La, ,Bi, ,Mn, Fe, O
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formed using thermal analysis equipment:
STA 409 Luxx (NETZSCH, Germany).

The chemical composition of the sam-
ples was determined by atomic emission
spectrometer with inductively-coupled
plasma — iCAP 6500 Duo Thermo Scien-
tific. For analysis we took samples weigh-
ing 0.02-0.05 g that were dissolved in
concentrated hydrochloric acid, adjusted
to the mark by deioniized water in a volu-
metric flask (capacity 100 or 50 cm3). The
resulting solution was analyzed. Based on
the results, the ratio of the metal compo-
nents in the mix was calculated.

For further investigation, the powders
were pressed into briquettes and sintered.
The bulk density of the samples was de-
termined by hydrostatic weighing.

Microscopic studies and localized
energy-dispersive microanalysis was ex-
ecuted by scanning (raster) electron mi-
croscope (SEM) JEOL JSM 6390LA and
energy-dispersive analyzer JEOL JED
2300 (Jeol; Japan).

Typical powder X-ray diffractions are
shown in Fig. 1.

It was found that with increasing of
bismuth, the final temperature of the syn-
thesis is reducing. The parameters of the
elementary cells and the concentration de-
pendence were calculated. Radiographi-
cal density of the powders was calculated.

DSC/TGA studies showed small mass
loss in ~1% above 750 °C (Fig. 2).

Laser diffraction method shows that
the average particle size of the powders
obtained by solid-phase method is in the
range of 15-20 microns, and in the case
of citrate-nitrate method shifts to an area
of smaller numbers — 3—5 microns.
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Table 1
Determination of metal elements in the samples by ICP-AES
Ratio of La: Bi: Mn: Fe
Compound
Theoretical Experimental
La Bi Mn Fe O 0,8:0,2:0,6:0,4 0,80:0,11:0,61:0,43
08 02 0,6 04 3-8
La Bi Mn Fe O 0,9:0,1:0,9:0,1 0,80:0,09:0,92:0,11
09 0,1 0,9 0,1 3-8
La Bi Mn Fe O 0,7:0,3:0,7:0,3 0,60:0,28:0,75:0,28
0,7 03 0,7 03 3-8
La Bi Mn Fe O 0,9:0,1:0,8:0,2 0,82:0,10:0,82:0,20
09 0,1 08 02 3%

SEM  microimages of the sur-
face of the sintered briquette of
La, Bi, Mn Fe O, . obtained by cit-
rate-nitrate method, showed that the sam-
ple is homogeneous; there is a uniform
distribution of metal atoms in the cast
(Fig. 3).

A local chemical compostion of the
sample La: Bi: (Mn: Fe) = 0.9: 0.08:
(0.96) was established using the help of
energy-dispersive analysis. The exact
content of Mn and Fe could not be deter-
mined due to the overlap of pre-energy
lines of 6.4 keV.

For the determination of Mn and Fe in
the samples using ICP-AES characteristic
lines of these elements Mn (257.6; 259.3;
279.4 nm) and Fe (218.7; 239.5; 259.8;
274.9; 371.9 nm) were taken.

According to Table 1, it is seen that
in the synthesis of compounds elemen-
tal composition is preserved, and cor-
responds to the values shown in the for-
mula.

Thus, these results support the forma-
tion of solid solutions based on LaMnO3
with the substitution of lanthanum and
manganese sublattices. When citrate-ni-
trate method of synthesis is used, the final
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annealing temperature is less than when
the solid state reaction is performed.

A x=0.1,y=0.3
L 1 x=0.1,y=0.2
L “ x=0.1,y=0.1
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Fig.3. Microimages La ,Bij Mn  Fe O,
a) the surface of the tablet; b) cleavage of the
tablet in secondary (left) and reflected (right)

electrons
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CuvHTe3 M MccnenoBaHue CTPYKTYpbI
Lal_xBianl_yFeyos_s*

MpoBeaeH CMHTE3 NepoBCKUTONOA06HBIX COEAMHEHWI HA OCHOBE MaHraHuTa
naxtaxa La, BiMn, Fe 0O, . (x=0,0-0,3; y=0,0-0,5, Ax, y = 0,1). MeTogom
peHTreHoha3oBOro aHanu3a onpegeneHo, YTo obpasubl obnagalT pombo3apu-
veckoi ctpyktypoit (Mp. rp. R-3c). PaccumTtaHbl napameTphbl 3n1eMeHTapHbIX fye-
€K, NOCTPOEeHbI MX KOHLIEHTPaLMOHHble 3aBucuMocTu. [poBefeHo nccnenoBaHme
pasmepa 4actuy no pasmepam. VsyyeHa mophonorvsi NoBEpXHOCTY 1 BbIMOJHEH
3HEProAnCNepPCUOHHbI MUKpOAHaIM3. XUMWUYeckuii coctaB 06pasLioB onpege-
NeH C NOMOLLbH) aTOMHO-3MUCCUOHHOM CNEKTPOCKOMUW C MHAYKTUBHO-CBSA3aHHOM
nnasmoit (A3C-MUCM). HaitgeHHbIN 3neMeHTHBIA COCTaB COOTBETCTBYET 3HAYEHU-
aM, 3asBneHHbIM B dopmyne. TI/OCK uccneposaHms nokasanu ybbinb Macchl

(~1 %) npu Temneparypax Boiwe 750 °C.

*Pa6oTa BbinonHeHa npu nogaepxke rpaHta POOU N2 12-03-00953-a.
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Beepenue

B Hacrosmee BpeMst OOJBINIONH
MHTEPEC TPEIACTABIIIOT EPOBCKUTOIO-
JOOHBIE MaTepHaIIbl Ha OCHOBE MAHT'aHUTA
JaHTaHa Ojaromapsi KX COBMECTUMOCTH C
KOMITOHEHTaMH 3JIEKTPOXMMHUYECKUX sTUe-
ek. Tak JgaHHBIE MaTepUasibl MOTYT TIPH-
MEHSITBCSI B KaUECTBE DJIEKTPOIOB. BBee-
HHE Pa3INYHBIX 3aMEIIAOIIHNX 3JIEMCHTOB

JKcnepuMeHTaNbHasA 4acTb

OO0pasis Lal_XBianl_yFeyO3_5 x =
0,0-0,3; y = 0,0-0,5, Ax,y = 0,1) ObutH
[IPUTOTOBJIEHBI MO JABYM METOIMKAM: I10
CTAHJIAPTHON KEpaMUYECKON TEXHOJIOTHU
U LUTPaTHO-HUTPATHBIM MeToaoM. B ka-

B A- 1 B-nozpemerku MoXeT yIIy4IIuTh
CBOMCTBA, TAaKHE KaK MEXaHUYECKY10, Tep-
MHUECKYIO M XUMAYECKYIO0 CTaOMIBHOCTD
10 OTHOILEHUIO K 3JIEKTPOJIUTHOMY MaTe-
puainy. Tak npennonaraercs, 4To JOIUPO-
BaHUE BUCMYTOM MOJKET IIOBBICUTb XUMHU-
YEeCKYIO CTaOMIBHOCTD 110 OTHOIICHHIO K
BUCMYTCOZEPIKAIIEH KEpaMUKE.

YECTBE HCXOTHBIX KOMITOHEHTOB OBIIH HC-
nosb3oBanbl: La O, Bi,0,, Mn,0O,, Fe,O,,
Bi(NO,),x5H,0, Mn(NO,),x4H.,0,
Fe(NO,),x9H,0. Heobxoaumoe KomH-
YEeCTBO PEarcHTOB PACCUYMTHIBAINA B CO-
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OTBETCTBUH C YPAaBHCHUSIMH pPEaKIIH.
OxoHYaTeJIbHYI0 00paboTKy 00pas3IoB,
CIIPECCOBAHHBIX B OPHKETHI, MTPOBOAMIN
nipu Temrieparype 1000 °C.

[ THMTpaTHO-HUTPATHOTO METOna
CHHTE3a OKCHIBI M HHUTPATHl COOTBETCT-
BYIOIINX METAJUIOB PACTBOPSUIH TIO OT-
JIETBFHOCTH B AWCTHIUTHPOBAHHOH BOIE C
n00aBJICHUEM a30THOM KHCIIOTBL 3areMm
MIOJTyYEHHBIC PacTBOPHI CMEIINBAIH, J10-
0aBJSUTH TUMOHHYIO KHCJIOTY B COOTHO-
nmieHnd 1:2 (9Ucio MeTaIM4ecKuX aTo-
MOB: JIMMOHHAsI KHCJIOTA) U BEITapUBAIIN
0 00pa30oBaHUs CYyXHX IONYIPOTYKTOB.
OTXUT TTOPOIIKOB HMPOBOIMIN IPU TEM-
neparype 600 °C u 900-1000 °C.

ATTecTanus TMONYyYEHHBIX COCIIHe-
HUW BBITIOJTHEHA METOJIOM ITOPOIIKOBOM
peHTTeHOBCKOM jaudpaknuu Ha aud-
pakromerpax DRON-3 (monoxpomarop
U3 THPOJINTHYECCKOTO TpaduTa HA OTpa-
xeHHoM mydke) U Equinox 3000 Enel
(TTO3UIIMOHHO-TyBCTBUTEIBHBI  JTETEK-
Top). PeHTreHOrpamMmbl OBUIH  CHSITHI
B Cu, -M3/Ty4€HHH B HMHTEPBAJIE YIIIOB
2 = 10-90° co cKOpOCTBIO 2 Tpaj/MHH.
Haxoxnenue mapameTpoB dIeMEeHTapHBIX
sTYeeK MPOBOAMIN Ha KOMIBIOTEPE C TI0-
MOUIBIO clelUanbHbIX nporpamMm FPeak,
Celref. Unentuduranus ¢a3 nposeneHa
¢ ucnonbzoBanueM kaprorexu [CDD.

Omnpenenenre pa3MepoB YacTHI] TO-
JY9IEeHHBIX MOPOIIKOB MPOBOAWIN C TIO-

Pesynbtathl n 06cyxaeHue

OO0pa3sis Lal_xBianl_yFeyO3_6 x =
0,0-0,3; y=0,0-0,5, Ax,y = 0,1) ObL111 110~
JIy4EeHBI ¢ TIOMOIIBIO TBepao(a3HOro Me-
TO/Ia M IIUTPATHO-HUTPATHOTO MeToaa. [1o
JAHHBIM PEHTreH0()a30BOro aHaIM3a Hak-
JICHO, YTO COCTMHEHUS 00JIa1atoT poMOo-
anpuieckot crpykrypoit (Ilp.rp. R-3c).

TUIIUYHBIEC TTOPOIIKOBBIE PEHTIECHO-

MOIIBIO JTA3ePHOTO aHAIN3aTopa JAUCTIEp-
caoct SALD-7101 Shimadzu.

JuddepennmanbHas  CKaHUpPYOIIAs
KaJOPUMETPHI H TEPMOTPaBUMETpHUE-
CKHUI aHaJIM3 BEIIOTHEHBI C WCTIONB30Ba-
HHEM TpHOOpa TEPMHUYCCKOTO AaHaIH3a
STA 409 Luxx (NETZSCH, I'epmanus).

XuMuuecKkut coCTaB 00pasios
OTIpeAesUTH Ha ATOMHO-3MHCCHOHHOM
CIIEKTPOMETPE C WHAYKTHBHO-CBSI3aH-
uot trasmorr iCAP 6500 Duo Thermo
Scientific. Jlist mnpoBeneHUs aHaNM3a
Opanu HaBecku oOpas3ioB maccoit 0,02—
0,05 1, pacTBOpsUIM B KOHIIEHTPHPOBAH-
HOW COJISIHOM KHcioTe (Oc. 4.), TOBOJIHU-
U 10 METKH JICMOHMW30BaHHOH BOIOH B
MepHO# Kkostoe (BMectumocThio 100 wmn
50 cm?®). IomyueHHBIH pacTBOP aHAIM3H-
poBamu. Ilo pe3ymsraraM pacCUUTHIBAIIH
COOTHOIIECHHUE II0 METAJUTHYCCKUM KOM-
MTOHEHTaM B COCAMHCHHH.

Ja nanpHErIero uccienoBaHus mo-
POIIKH OBLTH CIIPECCOBAHBI M CIICUCHBI B
OpukeTbl. OOBEMHYIO IIIOTHOCTH 00pas-
IIOB OMNPEACIIIIA METOJOM THAPOCTATH-
YECKOTO B3BEIIMBAHISL.

MHUKpPOCKOITIECKUE UCCICTOBAHUS H
JIOKAJIBHBI AHEPTOAUCIEPCUOHHBIA MU-
KpOaHAaJIN3 BBHIOJTHEHBI C TIOMOIIBIO CKa-
HUPYIOIIETO (PacTpOBOTO) 3JIEKTPOHHOTO
mukpockora (POM) JEOL JSM 6390LA
U DHEPTOAMCIICPCHOHHOTO aHaH3aTopa
JEOL JED 2300 (Jeol, Smonwus).

TpaMMBI IIPEICTaBICHEI Ha pHC. 1.

OOHapyXeHO, YTO C TOBBIIICHUEM
COZIEpKaHUSI BUCMYTa KOHEUHAsl TEMIIe-
parypa cuHTe3a CHIDKaeTcsl. PaccunTansl
mapaMeTpsl JIEMEHTApHBIX SUeeK, II0-
CTPOCHBI KOHIICHTPALIMOHHEIC 3aBUCHMO-
ctu. Paccumrana peHTreHorpaduueckas
TUTOTHOCTH TTOPOIITKOB.

63



Kaimnesa 0. C. , Mopo3osa M. B., bysHosa E. C

Ne 1| 2015
Chimica Techno Acta

JCK/TI' wuccaenoBaHust IOKa3ajid
HeOOMBIIYI0 YOBUTE Macchl ~1 % BBbIIIe
750 °C (puc. 2).

MetomoM NazepHON Judpakiuu 00-
HapYXEHO, UTO CPEAHUH pa3Mep JacTHIl
MIOPOIIKOB, TONTYYEHHBIX TBEPIO(a3HBIM
METOJIOM, HAaXOIWTCS B HWHTEpBaie 15—
20 MKM, a B ciTy4ae IIUTPaTHO-HUTPATHO-
TO METOIa CMEIacTCsi B 00JacTh MEHB-
IIUX 3HAYCHUH — 3—5 MKM.

POM  MukpounsoOpakeHHs] IOBEp-
XHOCTH CIICYCHHOTO OpHKeTa COCTaBa
LaoygBiO,anoﬁgFeO,ZOM, MOJTYYCHHOTO ITH-
TPaTHO-HUTPATHBIM METOJIOM, ITOKa3aly,
9TO 00pa3ell TOMOTCHHBIN, HAOIOIaeTCs
pPaBHOMEPHOE pacIpelcliCHHe aTOMOB
METaJIJIOB B OpukeTe (puc. 3).

C moMOIIBI0 DHEPTOTUCTICPCHOHHOTO
aHaJ3a yCTAHOBJICH JIOKAJTHHBIA XUMH-
yeckui cocraB obOpasna La:Bi:(Mn:Fe)
= 0,9:0,08:(0,96). Tounoe conepx aHue
Mn u Fe onpenenuts He yaanoce u3-3a
HaJIOXKCHWsI TNHUH TprudHeprun 6,4 xk3B.

Jns onpenenenus conep:kanus Mn u
Fe B oOpasnax ¢ momomsio ADC-UCIT
ObUTH BBIOPAHBI XapaKTEPUCTUUCCKUE JIU-
HUM 3THX IeMeHToB Mn (257,6; 259,3;
279,4 um) u Fe (218,7; 239,5; 259,8;
274,9; 371,9 am).

[To maxEBIM Tabmumel 1, BHIHO, 9TO
B XOZI€ CHHTE3a JIEMEHTHBIH COCTaB CO-
eIMHECHUI COXPAHSAETCS H COOTBETCTBYET
3HAUCHHSIM, YKa3aHHBIM B (hopmyre.

Takum 00pa3om, TIOITyYCHHBIC PE3yIThb-
TaThl CBUJCTEIBCTBYIOT B TOJB3y 00Opa-
30BaHMsI TBEPJBIX PACTBOPOB Ha OCHOBE
LaMnO3 MpU 3aMEIICHUN TIOAPEIIETOK
JaHTaHa W Mapranna. [lpuw mmrparHO-
HUTPAaTHOM METOJIC CHHTE3a KOHEUHas
TeMIiepaTypa OT)KHTa MEHbIIE, YeM TpH
TBepIO(a3HON peaKIny.
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Tab6muna 1

OmnpeesieHue coaepKaHusl METAUTMYECKUX 3IeMEHTOB B 00pa3uax metonom ADC-UCIT

Coemmente Coornomenne La:Bi:Mn:Fe
Teopernueckoe OKCIEepUMEHTAIbHOE
La, Bi ,Mn, Fe O, 0,8:0,2:0,6:0,4 0,80:0,11:0,61:0,43
La Bi, Mn Fe O, 0,9:0,1:0,9:0,1 0,80:0,09:0,92:0,11
La,.Bi Mn Fe O, 0,7:0,3:0,7:0,3 0,60:0,28:0,75:0,28
La,Bij Mn Fe O, 0,9:0,1:0,8:0,2 0,82:0,10:0,82:0,20
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