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SYNTHESIS AND X-RAY DIFFRACTION STUDY
OF THE CHROMITE-MANGANITES

Abstracts. In this work synthesized new chromite-manganite phases using sol-gel
method and their composition was studied by X-ray method. Chromium oxide, manganese
oxide, yttrium oxide, metal carbonates, citric acid and glycerin were used as starting mate-
rials. It is shown that the use of citric acid and glycerol as precipitant, giving a positive
effect to monophase samples. Precipitate was subjected to homogenizing roast in the
temperature range from 600 to 1100°C, reaching the level of sintering samples were con-
trolled by the basis of X-ray diffraction profiles. All the X-ray reflection lines have been
successfully indexed according to the orthorhombic perovskite structure with space group:
Pbnm (62) and with the following parameters: Y 1.xMgCrosMngs0s,(X=0,7) —a=5.557,
b=7.515, ¢=5.252 A, Z = 4; Y 1.9BaCrosMny 50, (x=0,7) —a=9.102, b=5.533, ¢=7.330 A,
Z = 4; Y (1.9SrCrosMng 503, (x=0,7) —a=7.109, b=7.436, c=6.756 A, Z = 4.

Keywords: chromium complex, sol-gel process, crystal structures, nanostructures,
doping, X-ray diffraction.

Introduction. The increasing demand to reduce the dependency on fossil-
fuels has necessitated advancements in device-related materials for alternative
energy technologies. Solid oxide fuel cells (SOFCs) may play an important role in
the future of energy technology, as they are able to produce energy by direct che-
mical-to-electrical conversion of oxygen and hydrogen or hydrocarbon fuels with
high efficiency and relatively little emission of greenhouse gases [1, 2]. When
operated in reverse, the fuelcell functions as an electrolyzer, effectively storing
the energy obtained by splitting water into hydrogen and oxygen for futurepower
generation [3]. Typically, SOFCs must be operated at high temperatures of around
800-1000°C, primarily in order to overcome the slowkinetics of the oxygen re-
duction reaction (ORR) (O, + 4e— — 20%) at the cathode,which results in a high
cathodic overpotentialat lower temperatures [4, 5]. Even at higher temperatures,
the slow kinetics of the ORR is a major contributor to the overall resistance of the
SOFC, resulting in decreased device efficiency [4]. High temperature operation of
the SOFCcauses accelerated material degradation and high operational costs. A
key material property that correlates with the ORRIis the surface exchange coef-
ficient k*, as higher k* values correspond to more rapid splitting of the O, and
incorporation into the cathode, which in turn correlates with more efficient overall
ORR. A cathode with a higher value of the surface exchange coefficient k* and
correspondingly improved ORR activity would allow for lower temperature
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operation of the SOFC, which in turn improves fuelcell lifetime by slowing
material degradation. Such cathode improvements would increase the economic
incentive for large scale commercialization of SOFC technology [5]. Perovskite
oxides have presented themselves as the most promising alternative materials to
precious metal alloys for SOFCs, [6-8] with materials such as La; xSrMnO3
(LSM) and La; «SrcCo, yFe,O3 (LSCF) appearing widely in commercial SOFCs
[8-10]. Similar perovskites also appear to be very promisingfor aqueous electro-
catalysis, with materials such as Ba; «Sr,Co,; ,Fe,O3; (BSCF) and Pr; ,Ba,C00O3
displaying recordhigh ORR [11] and oxygen evolution reaction (OER) [12]
activities, respectively. This work seeks to discover high activity perovskite ca-
thode materials that are also stable under SOFC operating conditions.

EXPERIMENTAL

When using the sol-gel method, nanoparticles, porous structures with an
ordered and disordered arrangement of pores, nano coatings, fiber and monolithic
structures can be obtaining [13]. The process consists of the following stages:

Stage 1. Formation of sol. Hydrolysis and polycondensation of monomer
compounds.

Stage 2. Formation of gel. At this stage, the formation of a spatial gel grid
takes place. At the same time, there is a sharp increase in the viscosity of the so-
lution. In an acidic environment, hydrolysis is faster than polycondensation.
Therefore, in the initial stages, chains are mainly forming, and then there is a
branching of chains and their cross-linking. Large spherical particles are forming
in alkaline medium.

Stage 3. The aging of gel (syneresis). There is a seal structure of the gel, the
compression of mesh and the selection of the gel solvent. This stage can take
several days. First, separate particles of silicon oxide are forming in the system.
Then their coalescence proceeds with the formation of large porous structures.
Initially, a small number of pores with a large diameter are forming in the mate-
rial. As the gel syneresis proceeds, the number of pores increases, and the pores
become thinner.

Stage 4. Drying. The liquid is removing from the spatial structure of the gel.
If the removal of solvent occurs in the supercritical conditions, the formed aero-
gel. If you carry out drying at an elevated temperature, a denser structure is
formed- xerogel [13].

When using the sol-gel method, different types of nano composites can be
synthesizing. For example, the scheme of the synthesis of nano composites such
as "chromite — manganite’s" is showing in figure 1.

The formation of new phases was controlled by the method of X-ray phase
analysis produced by X-ray diffractometer Miniflex 600 (Rigaku) using CuK
a-radiation filtered by the filter (U = 30 xV, J = 10 MmA, the rotation speed of
1000 pulses per second, time constant = 5 sec., the range of angles 26 from 5 to
900). Radiographs of the synthesized polycrystalline powders were indicated by
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Dissolved in distilled water

< Glycerol addmon?

[ Gellingagent - citricacid

Evaporation at 1(D
A 4
Qelf-combusﬁon 600°C for 6 D

4

Powder precursor>
A
‘<Calcination at 700°C, 1000°C for 5r>
Final calcination at 1100°C forD

4

Powder product

Figure 1 — Synthesis scheme for nanocomposites
of chromite-manganites using the sol-gel method

0

the homology method (homologue is a distorted structure type of perovskite). The
density of chrimite — manganites was determined by the pycnometric method
according to GOST 2211-65. Toluene served as indifferent liquid. The density of
the chromite — manganite’s were measured 4-5 times and data were averaged
[14].
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RESULTS AND DISCUSSION

Powder X-ray diffraction patterns (refer with: figure 2a—c) show that the
samples show single phase and indexed (refer with: table 1) in the cubic structure
with Fm-3m (225) group space.

uuuuu

Irkeaeiby Gopes

a) X-ray picture of powder Y (1.,4MgCrq sMng 503,(x=0,7)

Intengity iops)
)
i

b) X-ray picture of powder Y ;.,)BaCrosMng 503, (x=0,7)
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c) X-ray picture of powder Y 1.,,SrCrgsMng s0s,(x<0,7)

Figure 2 — XRD patterns of perovskites chromite-manganites:
a) Y(l_x)Mgcro’sMnovsog,(Xzo,7), 6) Y(l_x)BaCrostnovso:;, (X50,7), C) Y(l_x)srCrOEMnoy503,(XZO,7)

The data of the X-ray diffraction of the synthesized chromite-manganites are
presented in tablel.

Table 1 — Indexing of radiographs of synthesized phases

Ne [°2Th.] d[A] Int. [%] 10*/d2exp. hkl 10*/d?teor.
1 2 3 4 5 6 7
Y 1-9MgCrg sMng 503,(x~0,7)

1 20.59 4.310 0.6 538.32 0,1,1) 538.24
2 23.17 3.835 2.7 679.94 (1,0,1) 679.81
3 23.69 3.753 2.9 709.97 (0,2,0) 709.85
4 26.07 3.415 20.3 857.47 1,11 857.39
5 31.94 2.799 20.9 1276.42 (2,0,0) 1276.33
6 33.38 2.682 100.0 1390.22 1,2,2) 1390.19
7 34.04 2.632 24.7 1443.54 (0,0,2) 1443.44
8 34.16 2623 105 1453.46 210 | 1453.40
9 36.32 2472 0.4 1636.45 (2,0,2) 1636.36
10 37.74 2.382 0.9 1762.45 (1,0,2) 1762.39
11 38.31 2.348 0.7 1813.86 (2,1,1) 1813.77
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Continuation of table 1

1 2 3 4 5 6 7
12 39.67 2.270 3.8 1940.65 1,1,2) | 1940.56
13 39.86 2.260 2.2 1957.87 03,1) | 1957.79
14 40.15 2.244 2.2 1985.88 (2,2,0) | 1985.81
15 41.89 2.155 55 2153.30 022) | 215322
16 43.13 2.095 8.3 2278.41 1,31) | 227835
17 43.82 2.064 2.2 2347.36 221) | 2347.28
18 45.04 2.011 06 2472.72 1,2,2) | 2472.66
19 47.37 1.918 18.8 2718.33 (2,02) | 271825
20 48.47 1.877 143 2838.38 04,0) | 283827
21 48.78 1.866 76 2871.95 (2,30) | 2871.87
22 48.99 1.858 11.9 2896.73 212) | 2896.68
23 51.94 1.759 2.2 3231.98 (3.0,1) | 323187
24 53.04 1.725 0.6 3360.64 1,3,2) | 3360.55
25 53.46 1.713 14.8 3407.89 (3,1,1) | 3407.81
26 54.39 1.686 0.6 3517.91 1,41) | 3517.87
27 54.78 1674 05 3568.53 (1,03) | 3568.48

Y(l_X)BaCr0’5Mn0'503, (X:O,7)

1 15.49 5.714 1.0 306.28 (1,0,1) 306.22
2 19.47 4.556 6.3 481.76 (2,0,0) 481.87
3 20.10 4.415 13.0 513.02 0,1,1) 513.96
4 22.36 3.973 41.2 633.52 (1,1,1) 633.48
5 22.96 3.871 51 667.35 (2,0,1) 667.27
6 24.25 3.668 26.6 743.26 (0,0,2) 743.21
7 25.31 3.516 92.4 808.91 (2,1,0) 808.86
8 26.17 3.403 52.2 863.52 (1,0,2) 863.47
9 28.12 3.171 100.0 994.51 (2,1,1) 994.45
10 30.83 2.898 58.2 1190.70 (1,1,2) 1190.62
11 31.28 2.857 15 1225.12 (2,0,2) 1225.08
12 31.86 2.807 9.6 1269.15 (3,0,1) 1269.12
13 32.36 2.764 45.8 1308.95 (0,2,0) 1308.89
14 35.33 2.538 12.9 1552.44 (2,1,2) 1552.38
15 35.85 2.503 2.3 1596.17 (31,1) 1596.11
16 36.07 2.488 1.2 1615.47 (1,2,1) 1615.38
17 38.05 2.363 9.2 1790.90 (2,2,0) 1790.82
18 38.45 2.340 3.6 1826.28 (3,0,2) 1826.17
19 39.52 2.278 15 1927.05 (4,0,0) 1927.00
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End of table 1
1 2 3 4 5 6 7
20 40.05 2.249 18.2 1977.06 (2,2,) 1977.01
21 40.30 2.236 2.1 2000.12 0,1,3) 2000.06
22 40.85 2.207 45 2053.03 0,2,2) 2053.00
23 41.47 2.176 45.0 2111.94 (4,0,) 2111.87
24 41.55 2.172 42.1 2119.73 (1,1,3) 2119.69
25 41.90 2.155 35.9 2153.30 (2,0,3) 2153.25
26 42.08 2.145 429 2173.42 1,2,2) 2173.36
27 42.90 2.106 10.7 2254.67 (4,1,0) 2254.59
Y (1-9SrCrosMng 503, (X=0,7)

1 16.40 5.400 31 342.93 (1,0,2) 342.87
2 17.61 5.031 7.9 395.08 (1,1,0) 395.03
3 18.07 4.904 3.0 415.81 0,1,2) 415.77
4 20.37 4.357 11 526.77 (1,1,2) 526.72
5 20.69 4.290 0.1 543.35 (1,0,2) 543.28
6 23.98 3.708 25 727.31 (1,1,2) 727.26
7 24.12 3.688 19.1 735.22 (0,2,0) 735.18
8 25.87 3.441 62.6 844.56 (2,0,0) 844.52
9 27.14 3.283 55 927.80 (0,0,2) 927.72
10 27.42 3.250 100.0 946.74 (1,2,0) 946.67
11 28.60 3.118 14.7 1028.60 (2,1,0) 1028.53
12 29.05 3.071 0.5 1060.33 (-2,1,1) 1060.25
13 29.30 3.045 0.6 1078.51 (-1,2,1) 1078.44
14 29.76 2.999 74.4 1111.85 0,1,2) 1111.78
15 29.91 2.985 30.7 1122.30 (-1,1,2) 1122.26
16 31.98 2.797 14 1278.24 1,2,2) 1278.21
17 33.15 2.700 19.4 1371.74 (-2,0,2) 1371.68
18 34.24 2.616 0.1 1461.25 (2,1,2) 1461.19
19 34.99 2.562 7.8 1523.50 1,1,2) 1523.45
20 35.37 2.535 17.2 1556.12 (-2,1,2) 1556.08
21 35.66 2.516 6.0 1579.71 (2,2,0) 1579.68
22 36.03 2.491 1.6 1611.58 (-2,2,1) 1611.53
23 36.74 2.444 25 1674.16 (-1,2,2) 1674.12
24 38.50 2.336 5.8 1832.54 (-3,0,1) 1832.46
26 38.87 2.315 1.0 1865.94 (1,3,0) 1865.89
27 39.09 2.302 8.3 1887.07 0,3,1) 1887.01
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The reliability of the indexing results is controlled by a satisfactory coinci-
dence of experimental and calculated values of the inverse squares of the inter-
planar spacings (10%/d%), and the coincidence degree of the x-ray and miCromet-
rically densities values of the studied compounds.

The data of X-ray indexing of synthesized chromite-manganites show that
they have an orthorhombic structure with the following parameters of elementary
cells:

Table 2 — Phase symmetry, lattice parameters, unit cell volume, X-ray and
pycnometric density of the chromite — manganites obtained by sol-gel method

Ne Compound Phase a, b, c, V,s. | Z | Pxeray | Poye
symmetry | A A Al A

1 | Y1xMgCrgsMngs03,(x=0,7) | orthorombic | 5.557 | 7.515 | 5.252 | 219.3 | 4 | 5.76 |5.75

2 | Y@uxBaCrysMngs0;3, (x=0,7) | orthorombic | 9.102 | 5.533 | 7.330 | 369.1 | 4 | 4.55 |4.54

3 | Y@axSrCrosMngs0s, (x=0,7) | orthorombic | 7.109 | 7.436 | 6.756 | 347.6 | 4 | 3.95 |3.94

Thus, nano composites such as “"chromite — manganite’s"were synthesizing
by sol — gel method. Using the ceramic technology, considering the Tamman’s
conditions, the authors defined temperature regime of the synthesis of the
chromite — manganite. The type of crystal system and unit cell parameters were
determined by the radiographic method. It is established that a complex mixed
manganite is crystallized in the orthorhombic crystal system, the correctness of
the results of X-ray studies of the manganite is confirmed by the good concor-
dance between the experimental and calculated values (10*d?), concordance
between the values of X-ray and picnometer densities [15, 16].

Conclusions. Radiographic method determined the type of symmetry and the
parameters of the elementary cells. It is revealed that chromite-manganites obtai-
ned by sol-gel method crystallize in the orthorhombic structure and correspond to
the formulas Y 1.x)MeCro sMngys03(Me = Mg, Ba, Sr, x~0,7).
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the grant of the Ministry of Education and Science of the Republic of Kazakhstan
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Pe3iome

M. M. Mamaes, I'. C. [lampun, K. JK. Ceiimbexosa,
K. U. Typcunosa, M. P. A6opaiimosa

XPOMUTTI-MAHTAHUTTEPAI CUHTE3IEY
JKOHE PEHTTEHKYPBUIBIM/IBI 3EPTTEY

XKymsicta Y (1) MeCrgsMngs03(Me = Mg, Ba, Sr, x~0,7) KypamIp! kaHa XPOMHTTi-
MaHTaHUTTEp (a3achl 30JIb—TENbIICIMEH CHHTE3/ICITeH, PEHTITEHMAIK 3epTTeY KYMBICHI
KyprizinmreH. bactanker maTtepmanmap peTiHAE XpOM OKCHII, MapraHen OKCHII, UTTpUil
OKCHIi, MeTaJul KapOOHATTaphl, JIMMOH KBIIIKBUIBI JKOHE TIJIMIEPHUH KOJIJAHBULABL
JIMMOH KBIIKBUIBI MEH DJIMLEPUHII TYHIBIPFBIII peTiHAe NalijiayiaHy YiIruieplin
MoHo(azanbirbiHa OH ocep eredi. AnbiHran TyHOa 600-1100°C rtemmeparypa nuara-
30HBIHJA TOMOTI'e-HU3AIMSIIBIK KYHAIpyre yusIpar, yiriiepaid Oipiry JeHreiiHe xeTyi
peHTreH audpoKTarpaMmanapsl Heri3iHne OakpulaHabl. PeHTreH (¢aszanblk Tanaay
HOTIKeCi OOWBIHIIAXPOMUTTI-MaHraHuTTep Pbnm (62) KeHicTiKTiK TOOBIHIA OPTOPOM-
OTBIK MEPOBCKHUT KYPBUIBIMBI OOMBIHIIIA HHIULIUPIICHICH XKOHE Kelleci YAIIBIK mapameTp-
nepine ue: Y19MgCrosMngs0;, (x=0,7), —a=5.557, b=7.515, ¢=5.252 A z = 4
Y 10BaCrosMng 503, (x=0,7), —a=9.102, b=5.533, ¢=7.330 A, Z = 4; Y (1.SrCrysMng 503,
(x=0,7), —a=7.109, b=7.436, c=6.756 A, Z = 4.

Tyiin ce3aep: XpoM KemleHi, 30Ib-TeNbIi MpoIecTep, KPUCTAIABl KyphUTBIMIAP,
HAHOKYPBUIBIMIAP, AOMHUPIIEY, PEHTICHIIK JHOPAKIAS.
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Pe3zrome

M. M. Mamaes, I'. C. [lampun, K. K. Cetimbexoasa,
K. U. Typcunosa, M. P. A6opaiimosa

CHUHTE3 1 PEHTTEHOCTPYKTYPHOE NUCCJIEJJOBAHUE
XPOMUTO-MAHI'AHUTOB

B pabore mpencraBineHo peHTreHOTpa(UIecKoe HCCIEOBAaHUE CHHTE3MPOBAHHBIX
30/1b-T€lIb METOJOM HOBBIX XPOMHTO-MAHTaHHTOBEIX (a3 cocTaBa: Y (1.x)MeCrosMngs0;
(Me = Mg, Ba, Sr, x=0,7).

B kavecTBe HCXOAHBIX MAaTEPUAIOB UCIIOIB30BAINCH OKCH] XpOMa, OKCHJI MapraHIia,
OKCHUJ UTTpHs, KapOOHATHl METAJUIOB, JIMMOHHAsI KUCJIOTa W TiMiepHuH. [loka3aHo, 4To
UCIIONIb30BaHKUE JINMOHHOW KHCIIOTHI U TIIHIIEPUHA B KaYECTBE OCAAUTENS TOJOKUTEIEHO
BIHSET HA MOHO(A3HOCTh 00pa3ioB. OcaIKy MOABEPraIuch TOMOTEHU3UPYIOLIEMY 00XKH-
ry B auanaszone temneparyp 600— 1100 °C, mocrtikeHus: YpoBHs CHEKaHUs 0OpasLoB
KOHTPOJIMPOBAJIM HA OCHOBaHUH NPOQUIIEH PEHTIeHOBCKUX AudpokTarpamMm. Bee nuHun
PEHTI€HOBCKOTO OTPa)KEHUsI YCIICIIHO MHAEKCUPOBaHBbI B HMCKKEHHOW IEPOBCKUTOMO-
JOOHOI OPTOPOMOMYECKOIl CTPYKType C MPOCTpaHCTBEHHOW rpymmoi: Pbhnm (62) u co
caemyromuMu  mapamerpaMi: Y (1,90MgCrosMngsOs,  (X=0,7), —a=5.557, b=7.515,
c=5.252 A, Z=4; Y 1,BaCrysMngs0s, (x=0,7), —a=9.102, b=5.533, ¢=7.330 A, Z=4;
Y(l_x)srcrostn0,503, (X20,7), —-a=7.109, b=7.436, ¢=6.756 A, Z=4.

KawueBble cjioBa: KOMIUIGKC XpOMa, 30Jb-Telb MPOIECChl, KPUCTAILTHYCCKUC
CTPYKTYPBI, HAHOCTPYKTYPBI, JIETHPOBaHKE, TU(OPAKLIUSI PEHTTEHOBCKHX Jy4eH.
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