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SYNTHESIS AND X-RAY STUDY
OF CHROMITE - GADOLINI FERRITE COMPOSITION
Gd(1-xyMeCrgsFeqs03( Me = Ca, Mg, x=0,7)

Abstracts. In the present work the X-ray study of the synthesized sol-gel by the
method of new chromite-ferrites phases with the Gdq.xyMeCrgsFeys03 (Me = Ca, Mg,
x=~0,7) composition was presented.Chromium oxide, iron oxide, gadolinium oxide, metal
carbonates, citric acid and glycerin were used as initial materials. It is shown that the use
of citric acid and glycerin as a precipitator has a positive effect on monophase samples.
Rainfall was subjected to homogenizing roasting in the temperature range 600-900°C. The
reaching the level of sintering of samples was controlled by theX-ray diffraction profiles.
The phase composition, crystal characteristics, type of the symmetry, unit cell parameters,
radiographic and pycnometric densitieswere investigated by the method of X-ray phase
analysis. The correctness of the X-ray diffraction results of the mixed ferrite complex was
confirmed by a good agreement between the experimental and calculated values of the
inverse values of the squares to the interplanar distances (10*/d?). Satisfactory consistency
of the X-ray values and pycnometric densities proves the correctness of the experimental
results.

The article presents results of synthesis and XRF studies of new complex oxide
chromite—gadolinium ferrites doped with alkaline earth metals (Ca, Mg). Results revealed
the formation of samples with multifaceted structure. Developed oxide of the chromite —
ferrite gadolinium has orthorhombic structure.

Keywords: chromium doped ferrite; sol-gel processes; crystal structures; nanostruc-
tures; doping; X-ray diffraction.

Introduction. Due to the antiferromagnetic or ferromagnetic properties, the
study of the magnetic properties of oxides (ferrites) of rare earth elements has
great interest. The importance of chemical homogeneity in the phase states of
complex oxides plays big role in their application, especially in terms of magnetic
and electrical properties. In recent years, there has been an unprecedented surge of
interest in magnetoelectric materials and multiferroics.

The firstoneis characterized by a linear magnetoelectric effect (magnetization
encouraged by an electric field and magnetic polarization induced by a magnetic
field). Moreover, secondone has spontaneous electrical polarization and mag-
netization that can be controlled in a "cross" way: cause the magnetization to be
switched by an electric field and vice versa by an electric polarization magnetic
field. Therefore, magnetoelectric materials provide new opportunities for the
conversion of electricity into magnetism and vice versa [1].
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EXPERIMENTAL

In this work, we used the sol-gel method using glycerol as a precipitating

agent [2].

Samples of chromite — ferrite gadolinium doped with alkaline earth metals

(Ca, Mg) were synthesized by sol-gel method, where two different surfactants

Intensity (cps)

Intensity (cps)

Meas. data:Ba 1000 ——
600-|
400+
200
20 40 60 80
2-theta (deg)
Figure 2.a) — XRD pattern of chromite sample — gadolinium ferrite
with the composition of Gd;.xyMeCrysFegs0; (Me = Ca, Mg, x=0,7)
1000+ Meas. data:900 ——
800
600+
400
200
0

20 40 60 80
2-theta (deg)

Figure 2.b) — XRD patternof chromite sample — gadolinium ferrite
with the composition of Gd;.x;MeCrysFeqs05 (Me = Ca, Mg, x~0,7)
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were used [3]. The use of this method made it possible to get single-phase crystal
particles of chromite — gadolinium ferrite.A solid mixture of Gd(1.xyMeCrgsFeqs03
(Me = Ca, Mg, x=0,7) was first time synthesized. The parameters of the single
cell and X-ray and incometence density were investigated.To obtain chromite -
gadolinium ferrite with the formula of Gd;.xyMeCrqsFe 505 (Me = Ca, Mg,

~0,7), Gd,03, CaCO3; MgCO;, Cr,03, Fe,05; were stoichiometrically calculated
and carried out by the sol-gel method. The stoichiometric amount of oxides was
mixed and ground in an agate mortar to obtain a homogeneous mixture. To the
consequential mixture was added 2 ml of distilled water, 2 ml of glycerin and 3 g
of citric acid. To produce the mass of gel,the mixture was put in an electric
furnace. After that, they were subjected to repeated annealing in the furnace at a
temperature range of 600-900°C with an increase in temperature every 100°C per
hour [4]. Annealing was carried out in five stages. At the first stage mixture was
hold at 600 °C for 6 hours, at the second stage at 700 °C for 3 hours, at the third
stage at 800 °C for 7 hours, the fourth stage at 900 °C for 6 hours, a total duration
equals to22 hours [5]. After each stage of synthesis intermediate rubbing was
carried out. Upon completion of the synthesis, the furnace was switched off, and
the cooling of the resulting compound occurred in the mode of cooling of the
muffle furnace. The composition of the final products was controlled by XRF.
Radiographic studies were carried out on the miniflex 600 diffractometer (Rigaku,
Japan) [6].

RESULTS AND DISCUSSION

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*/d%xp. hkl 10*/d?theor.
1 2 3 4 5 6 7
Gd(1xCaCrq sFeg s03(x~0,7)

1 23.40 3.799 15.0 1.89 (0,0,2) 1.93
2 26.17 3.402 12.0 2.216 (1,1,1) 2.19
3 32.53 2.750 20.0 3.38 (0,2,0) 3.35
4 33.34 2.685 100.0 3.58 (1,1,2) 3.6
5 33.89 2.643 25.0 3.73 (2,0,0) 3.70
6 34.66 2.586 12.0 3.96 (0,2,1) 3.98
7 39.60 2.274 6.0 5.93 2.1,1) 5.95
8 40.49 2.226 6.0 6.41 (0,2,2) 6.43
9 41.62 2.168 10.0 7.09 (2,0,2) 7.07
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Continuation of table 1

1 2 3 4 5 6 7
10 42.95 2.104 8.0 8.00 (1,1,3) 8.02
11 44.10 2.052 2.0 8.91 (1,2,2) 8.93
12 44.90 2.017 1.0 9.62 (2,1,2) 9.60
13 47.65 1.907 25.0 12.58 (2,2,0) 12.60
14 48.05 1.892 18.0 13.10 (0,0,4) 13.8
15 48.93 1.860 10.0 14.32 0,2,3) 14.34
16 49.21 1.850 15.0 14.74 (2,2,1) 14.76
17 52.78 1.733 2.0 21.47 (2,1,3) 21.45
18 54.16 1.692 25.0 24.95 (1,3,1) 24.93
19 56.07 1.639 3.0 30.83 (3,1,1) 30.85
20 58.48 1.577 10.0 40.58 (1,3,2) 40.60
21 59.18 1.560 12.0 44.02 (0,2,4) 44.04
22 60.15 1.537 30.0 49.34 (2,0,4) 49.30
23 60.85 1.521 6.0 53.58 (2,2,3) 53.55
24 65.19 1.430 10.0 90.38 (1,33 90.36
25 69.35 1.354 5.0 151.9 0,4,1) 151.7
26 69.94 1.344 12.0 163.8 2,2,4) 163.10
27 71.15 1.324 5.0 191.3 (4,0,0) 191.0
Gd(1-9MgCrosFeqs03(x~0,7)

1 19.49 4.550 6.0 1.56 (2,0,0) 1.58
2 20.07 4.420 16.0 1.60 (0,1,1) 1.63
3 22.33 3.978 40.0 178 L1) 1.76
4 2297 3.869 6.0 1.85 2,0.1) 1.82
5 24.23 3.670 250 1.98 0,0,2) 1.96
6 25,30 3518 90.0 2.10 2,1,0) 213
7 26.15 3.405 50.0 221 (1,0,2) 2.20
8 28.11 3172 100.0 2.49 @1.) 247
9 30.80 2.901 55.0 2.98 (1,1,2) 2.99
10 31.88 2.805 10.0 3.22 (3,0,1) 3.24
11 32.29 2.770 45.0 3.32 (0,2,0) 3.30
12 35.32 2.539 12.0 417 (2,1,2) 4.19
13 35.85 2503 20 4.34 3.1.1) 437
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End of table 1

1 2 3 4 5 6 7

14 35.97 2.495 6.0 4.39 (1,2,1) 4.36
15 37.98 2.367 10.0 5.17 (2,2,0) 5.15
16 38.07 2.362 8.0 5.21 (1,0,3) 5.24
17 38.49 2.337 6.0 5.39 (3,0,2) 5.40
18 39.99 2.253 16.0 6.13 (2,2,1) 6.14
19 40.74 2.213 6.0 6.55 0,2,2) 6.53
20 41.50 2.174 60.0 7.01 (1,1,3) 7.04
21 4191 2.154 40.0 7.27 (3,1,2) 7.25
22 42.01 2.149 50.0 7.34 1,2,2) 7.36
23 42.93 2.105 10.0 7.99 (4,1,0) 7.96
24 46.01 1971 8.0 10.7 (3,2,1) 10.5
25 41.90 2.155 359 2153.30 (2,0,3) 2153.25
26 42.08 2.145 42.9 2173.42 (1,2,2) 2173.36
27 42.90 2.106 10.7 2254.67 (4,1,0) 2254.59

orthorhombic structure with a spatial group (table 2).

Table 2 — Type of symmetry and parameters of elementary cells
of chromite — ferrite gadolinium composition Gd;-xyMeCr, sFeg 503 (Me = Ca, Mg, x=0,7)

According to the X-ray study obtained chromite — ferrite gadolinium has

Phase v
Ne Compound sym- | a,A| bA | cA A5 | Z | Pxray | Poxe
metry
1 | GdgCaCrosFegs05(x<0,7) %mé 5314|5513 | 7.502 | 222.4 | 4 | 781 | 7.70
2 | GduyMyCrosFees03(x<0,7) %ﬁ]hg’i;: 9.90 | 8.46 |4.861|398.8| 4 | 3.45 | 3.65

Data indexing of radiographs of synthesized chromite — ferrite of gadolinium
show that they have orthorombic structure with the following unit cell parameters:

1. GdyyCaCrosFepsOs  (x=0,7) - a=5.314, b=5513, ¢=7.592, A,
Vo0 =222.4R% Z=4, pn = 7.611/CM?, Py = 7.70 glcm®,
2. GduyMgCrosFepsOs  (x=0,7) - a=9.90, b=8.46, c=4.86, A,

V0= 398.84% Z=4, pyer = 3.45 g/cm®, pruer = 3.65 glem’.
Chromite — ferrite gadolinium doped with alkaline earth metals (Ca, Mg)
were synthesized by sol-gel method, where two different surfactants were used
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[3].The use of this method made it possible to get single-phase crystal particles of
chromite — gadolinium ferrite.A solid mixture of Gd.xyMeCrysFeqs03 (Me = Ca,
Mg, x~0,7) was first time synthesized.The parameters of the single cell and X-ray
and incometence density were investigated.To obtain chromite - gadolinium
ferrite with the formula of Gd.xyMeCrysFeqs03 (Me = Ca, Mg, x=0,7), Gd,0s3,
CaCO3 MgCO;,Cr,03, Fe,03 were stoichiometrically calculated and carried out
by the sol-gel method.

The correctness of the indexing results is confirmed by a satisfactory
coincidence of the experimental and calculated values of the inverse squares of
the interplanar distances (10*/d?), as well as the degree of coincidence of the va-
lues of the X-ray and pycnometric densities of the studied compounds.

Conclusion. The type of symmetry and the parameters of elementary cells
were determined by X-ray method. It is revealed that chromite — ferrite gado-
linium obtained by sol-gel method crystallize in orthorhombic structure and
correspond to the formulas Gd-x)CaCrosFeos03, Gdu-xyMgCrosFeosO; (where
x =0,5-0,7).

Chromite — ferrite of gadolinium show that they have orthorombic structure
with the following unit cell parameters:

1. Gd(l.x)cacro_5F90,503 (Xz0,7) - a=5.314, b=5513, ¢=7.592, A,
V00 =222.4R% Z=4, p,cin = 7.61 g/CM®, prr = 7.70 glem®.

2. Gd(l.X)Mgcro_sFE(),sO:; (Xz0,7) - a=9.90, b=846, C:4.86, A,
V0= 398.8A% Z=4, pper = 3.45 g/cm®, prue = 3.65 glem’.

The correctness of the indexing results is confirmed by a satisfactory
coincidence of the experimental and calculated values of the inverse squares of
the interplanar distances (10%/d?), as well as the degree of coincidence of the
values of the X-ray and pycnometric densities of the studied compounds.
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Pe3iome

M. M. Mamaes, C. M. Caxcena, H. b. Abuwesa,
K. U. Typcunosa, M. P. A6opaiimosa, I'. C. Onanbex

Gd(l_x)Cacro_5Feo.503, Gd(l_x)Mgcro.5F90_50u3, ( X:0,5'0,7) K¥PAM/JIbI
XPOMMUT — ®EPPUT I'A JOJIMHUMIIH, CUHTE3I MEH
PEHTTEHOI'PA®UAJIBIK TAJTTAYDBI

XKymsicta Gd.x)MeCrosFeys0; ( Me = Ca, Mg, x=~0,7) Kypamasl ’aHa XpOMUTTI-
MaHTaHUTTEP (a3achl 30Jb—TeNb SAICIMEH CHHTE3JENTeH, PEHTIeH/IIK 3ePTTey KYMBICHI
JKYprisiireH. bacramkel MaTepuaigap peTiHIE XPOM OKCHII, TeMIp OKCHII, TaIoHHUI
OKCHIi, METaJT KapOOHATTAPHI, TUMOH KBIIIKBLIBI YKOHE TITHIEPHH KOIAAHbUIIb. JINMOH
KBIIIKBUTBI MEH TJIMIEPHHII TyHOA peTiHIe KOJJaHy MOHO(A3aJIbIK YIriiepre oH acep
ereni. AnpinraH TyHOa 600-1100°C Temneparypa Iuana3oHbIHAA TOMOTEHH3ALMSUIBIK
Ky#aipyre ymsipan, yariiepaid Oipiry JeHreline ’eTyi peHTTeH Au(pPOKTarpaMMaliapbl
HeTi3iHae OakputaHgbl. PeHTreHodaszanblk Tangay oIiciMeH KpUCTAIIAPIBIH (a3albIk
KypaMbl MEH CHIATTaMallapbl 3epTTEeNAi, CHMMETpPHS TYpi, Japa YSLIBIKTapjblH Hapa-
METpJIepi, PEHTIeHOrPA(USIIBIK KOHE MUKHOMETPUSUIIBIK THIFBI3/IBIFG aHBIKTAIABL. Kyp-
nerni apanac (eppuTTIH PEHTIeHIiK AMpPAKIHICH HoTHKenepinin aypoicTorsr (10%/d%)
KaOBIKapaJlbIK KAIIBIKTHIK KBAaJIPATTAPHIHBIH KEpi MOHAEPiHIH KCIIEPHUMEHTANIBIK JKOHE
€CeNTIK MOHJEPIHIH JKaKChl COWKec KelyiMeH pacTraiaibl. PEHTreH/IiK jkKoHEe MHKHOMET-
PUSIIBIK THIFBI3BIKTAP MOHJEPIHIH KaHaFaTTaHAPJIBIK KeJiciayl ToxipHOeniK HOTHKe-
JIepIiH IYPBICTBIFBIH AQJICIICH/I1.

TyiiiH ce31ep: XpOMMEH JOMUPIICHTeH (eppUT, 30Jb-Telb/Ii MPOILIECTEP; KPHUCTAIIBI
KYPBUIBIMIApP; HAHOKYPBUIBIMAAD; AOIHPIIEY; PEHTIeHIIK AUPPaKIHSL.

Pe3rome

M. M. Mamaes, C. M. Cakxcena, H. 5. Abuwesa,
K. U. Typcunosa, M. P. A6opaiimosa, I'. C. Onanbex

CHUHTE3 1 PEHTTEHOI' PAOUNYECKOE NCCJIEAJOBAHUE
XPOMUTA —-®EPPUTA I'AJIOJIMHU A COCTABA
Gd(l.x)Mecro.5F90_503( Me = Ca, Mg, Xz0,7)

B wHacrosmedi paboTe MpEACTABICHO PEHTTEHOJOTMYECKOE — HCCIEI0BAHUE
CHHTE3MPOBAHHOTO 30JIb-TENIi METOJOM HOBBIX XPOMHT-(GeppHTOBBIX (a3 cocTaBa:
Gdy-xyMeCrosFegs03( Me = Ca, Mg, x=0,7). B kauecTBe HCXOZHBIX MaTEpUAIOB
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HCIOJIb30BATUCH OKCHJ] XpOMa, OKCHJI JKelie3a, OKCHJI Tal0HHNUS, KapOOHATBl METAIJIOB,
JUMOHHAS KHCIOTa M TiHIepuH. [loka3aHO, YTO MPHUMCHEHHE JUMOHHON KHCIOTHI H
TIHLEPHHA B KAYECTBE OCAIMUTENS OKA3bIBACT MONOKHUTEIBHOES BIMSHAEC HA MOHO(A3HbIC
o6pasupl. OcaIky MoaBeprajd TOMOTCHU3HPYIOLIEMY O0XKHIY B HHTEPBAJIC TEMIICPATyp
600-1100°c, nocTiKeHWE YpOBHs CIIeKaHHs OOpaslOB KOHTPOJIMPOBAJIM HAa OCHOBE
PEHTTEHOBCKUX AU(PAKIMOHHBIX Tpodmieid. MeToqoM peHTreH0(pa30BOro aHalIM3a Hc-
ciienoBaH (a3oBbIi COCTaB U XapPAKTEPHCTUKH KPUCTAIUIOB, ONPEIETICH THII CHMMETPHH,
napaMeTphl eMHUYHBIX SYeeK, PeHTreHorpaguieckue ¥ MMKHOMETPHYECKHE IIOTHOCTH.
[TpaBHIBHOCTE PE3yJIBTATOB PEHTI'€HOBCKOM IU(PaKIMU CIOXKHOTO CMEIIaHHOro dep-
PHUTa MOATBEP)KAACTCS XOPOIIMM COBIAJEHHEM SKCIIEPUMEHTAIILHBIX M PACUETHBIX 3HA-
qeHMi OBPATHBIX 3HAYCHUH KBAIPATOB MEXILIOCKOCTHBIX paccrosiauii (10*/d?). ¥V nosmer-
BOpHTEIbHAS COTJACOBAHHOCTh 3HAYCHHH PEHTTCHOBCKOH M MUKHOMETPUYECKOH IUIOT-
HOCTeil I0Ka3bIBaeT MPAaBUIBHOCTD IKCIIEPUMEHTAIBHBIX PE3yIbTATOB.

KnaroueBblie ciioBa: (GeppuT IOMUPOBAHHOM XPOMOM,30Jb-T'€JIb MPOLECCHI; KPHUC-
TAJUTMYECKUE CTPYKTYPBI; HAHOCTPYKTYPHI; JICTUPOBaHUE; NU(GPAKIMS PEHTTCHOBCKUX
JTyuei.

127





