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Thermodynamic study of ferrites LaMH3Fe5012 (MII — Mg, Ca, Sr)

New ferrites LaM™;Fes0,, (M" — Mg, Ca, Sr) were obtained by high-temperature synthesis on ceramic tech-
nology. By powder X-ray diffraction established that compounds crystallize in the tetragonal singonia, the pa-
rameters of its crystal lattices are determined. The heat capacity of ferrites has been defined by dynamic calo-
rimetric method at 298.15-673 K and detected the presence of phase transitions of type II. The equations de-
scribing the dependence in the range 298.15-673 K are derived taking into account the phase transitions.
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Introduction

Oxides of variable valence metals with the perovskite structure are a class of materials that exhibit a
number of interesting and important effects for practical applications: metal-insulator transitions, magnetic
ordering of different nature (ferromagnetism and antiferromagnetism), superconductivity. Therefore, they are
of interest among scientists around the world, carrying out the theoretical researches aimed to understanding
the nature of these physical effects, and applied studies in the field of technology of perovskite oxides. It is
possible to create variety of devices based on them due to the electronic properties of oxides. This direction
of study has been called oxide electronics [1].

The aim of this work is calorimetric study of ferrites’ heat capacity LaM";FesO, (M" — Mg, Ca, Sr) in
the range of temperature 298.15-673 K. New ferrites synthesized by solid-phase reaction at high temperature
at presence of oxides La,0;, Fe,O3;, magnesium carbonate, calcium and strontium.

There were established by the method of radiography that ferrites crystallize in the dimetric system with
the next lattice parameters: LaMg'sFesOp; a=11,105A; c¢=17,1 A; 1°=2109,3 A%, 263,66 A’; 8;
Proentgen= 4,3 /e’ Picn = 4,45 £ 0,09 g/em’, LaCa';Fes0p,; a=11,005A4; c¢=1691A; 2047,89 A’;
255,99 A% 8 Procnigen= 4,74 g/em’;  ppicn= 4,82 £ 0,04 g/em’, LaSr';FesOp; a=11,14; ¢=1698 A;
2076,57 A%; 259,57 A%; 8; procnigen= 5,58 g/em’; ppien= 5,61 £ 0,07 g/em’,

Experimental part

Isobaric heat capacity of ferrites was investigated in the temperature range 298.15-673 K on ITS-400
calorimeter. Duration of the measurements over the all temperature range with the processing of the experi-
mental data was not more than 2.5 hours. Maximum permissible error of the instrument on passport data was
+10.0 %. Calibration of the device was carried out by determining the thermal conductivity of Kr heat meter
[2, 3]. Several experiments carried out with a copper pattern and an empty ampoule for this purpose. Lag
time to achieve the desired temperature was recorded using microvoltampermeter F136 and digital stopwatch
with a step of 25 K. The heat capacities of samples were also measured at 25 K. At each temperature five
parallel experiments were carried out, the results were averaged due to method [4], then were calculated ran-
dom components of error (A) for Cysp) (specific) and C°, (mol) of the specific heats values.

By method of powder radiography there were established that compounds crystallize in the dimetric
system, the parameters of their crystal lattices are determined. By method of dynamic calorimeter at 298.15—
673 K the heat capacity of ferrites has been defined, wherein the presence of phase transitions of type II re-
vealed. The equations describing the dependence at 298.15-673 K temperature were derived taking into ac-
count the phase transitions. There are results of the calorimetric studies in Table 1 below.
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Table 1
The experimental values of the heat capacity of compounds LaM";Fe;0,, (M" — Mg, Ca, Sr)

T,K C,t5 C°, £ A 7,K C,t5 | C°, £ A
LaMg3Fe5012
298 0,73+0,01 495,69+4,88 498 0,60+0,03 411,09+21,60
323 0,94+0,06 645,37+£38,26 523 0,58+0,04 396,44+25,64
348 0,87+0,05 594,43+36,85 548 0,51+0,03 350,16+17,72
373 0,7940,05 539,65+34,37 573 0,42+0,02 288,60+14,71
398 0,69+0,14 471,78+96,09 598 0,35+0,02 242,05+14,09
423 0,61+0,04 419,21+24,19 623 0,34+0,03 234,12+17,80
448 0,54+0,03 368,02+21,88 648 0,35+0,02 240,96+14,51
473 0,5540,03 376,73+20,75 673 0,40+0,03 271,60+17,38
LacagFe5012
298 0,39+0,30 285,62+218,95 498 0,56+0,06 407,69+45,08
323 0,87+0,05 636,52+34,21 523 0,60+0,04 439,24+30,84
348 0,82+0,13 596,31+94,01 548 0,70+0,05 510,10438,83
373 0,73+0,30 534,79+220,48 573 0,53+0,05 387,46+34,97
398 0,66+0,03 479,87+21,46 598 0,37+0,03 270,55+21,97
423 0,57+0,03 416,94+25,18 623 0,2840,05 207,94+35,37
448 0,53+0,65 385,18+473,80 648 0,24+0,30 178,86+220,92
473 0,49+0,04 359,00+30,53 673 0,22+0,02 158,54+12,55
LaSr3Fe5012
298 0,70+0,00 610,86+3,04 498 0,51+0,02 444,51+17,17
323 0,88+0,05 769,09+47,92 523 0,47+0,02 409,61+18,10
348 0,83+0,05 724,18+45,57 548 0,42+0,12 370,43+£103,96
373 0,70+0,04 613,67+31,84 573 0,38+0,02 330,44+13,55
398 0,61+0,03 535,80+22,22 598 0,35+0,02 304,52+13,18
423 0,55+0,04 480,56+33,48 623 0,35+0,02 304,89+17,56
448 0,49+0,03 426,17+25,00 648 0,37£0,16 322,95+143,05
473 0,43+0,03 375,97+24,30 673 0,40+0,18 350,93+159,62

Results and discussion

The equation of temperatures dependence of the heat capacity is derived (Table 2). The dependence
heat capacity on temperature is depicted taking into account the experimental data on C,°(T) (Fig. 1-3).

Table 2
Equations of the temperature dependence of the specific heats of ferrites LaM";Fes0,, (M" — Mg, Ca, Sr)

Compounds Coefﬁ;ients of the equation CZ;OD =a+bT+cT?, i/(lrg?sl-K) AT K
—1500,24 6,45 64,0877 298,15-323,0
1059,98 -1,70 140,6381 323,0-448.,0
LaMg;FesO, -4617,36 7,34 3407,81 448,0-498,0
7062,98 —-8,89 -5517,27 498,0-573,0
—6783,18 7,49 9136,514 573,0-673,0
-3262,26 12,70 -212,122 298,15-323,0
LaCasFesO., 718,25 -1,00 250,4178 323,0-473,0
—933,34 2,46 291,1446 473,0-548,0
—7580,43 7,67 11675,89 548,0-673.0
17089,38 —33,06 —5886,57 298,15-348
LaStiFe:Oy, 46,12 0,13 876,2147 348,0-473
20615,07 —26,82 —16894,6 473,0-523,0
—4252.29 5,01 5590,562 523,0-673,0
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Figure 3. Dependence of the heat capacity LaSr;FesOy, on temperature

Data from Table 1 shows that the error of measurement of the heat capacity fit within permissible accu-
racy of the calorimeter. It is found out that a number of ferrites has a sharp jumps in the dependence curve of
the heat capacity C,°~f(T). This fact occurs probably due to the presence of phase transitions type-II. These
transitions may be caused by cationic redistributions, changes of the coefficients of thermal expansion, the
advent of the Curie and Neel [5], etc.

It is known that in compounds containing paramagnetic transition metal ions, often occur heat capacity
anomaly connected with the Schottky effect.

Since the possibilities of calorimeter IT-400 do not allow to calculate the standard entropy of the stud-
ied ferrites directly from the experimental data on C,°(7), it was estimated using the method of ion entropy
increments [6]. Also coefficients of the temperature dependence of the heat capacity are determined (Ta-
ble 2):

H(T) — H'(298.15) = j;w Cldr ; (1)
STy = $°(298.17) + L’;g_ls%ﬂ : Q)

H(T)-H"(298.15)

T 3)

(1) = S(T) -
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In continuation of our studies there were calculated temperature dependence of thermodynamic func-
tions (S°(7), H°(T) — H°(298,15)) using the ratios 1, 2, 3 and the experimental data of C,°~f(T) was applied.
S°(T), H°(T) — H°(298,15) and @™ (T) ferrites (Table 3).

Table 3
Thermodynamic functions LaM";FesO;, (M" — Mg, Ca, Sr). (C' (1), S(T), @*(T), H'(T) - H’(298,15)

LK | (D) | S(1) | (T | H'(T) - H°(298,15)
LaMg3Fe5012
298 495,7+4,9 3653 + 11 3653 + 11 -
323 645,4+38 3 410,9 + 41 367,0 £ 37 141724 + 891
348 594,4436,9 456,7+ 46 371,8 £37 29533,0 + 1858
373 539,7+34,4 495,20+ 50 378, + 38 43411,2+ 2731
398 471,8+96,1 527,6 £ 53 3872 % 39 55886,0 £ 3515
423 419,2424,2 5548+ 55 396,3 % 40 67017,8 £ 4215
448 368,0621,9 5774+ 58 405,8 + 41 76853,3 + 4834
473 376,7+20,7 5975+ 60 4154+ 42 86103,4 - 5416
498 411,1221,6 617,7+ 62 425,1 + 43 95903,2 + 6032
523 396,4425,6 637,6 + 64 4348+ 43 106060,9 + 6671
548 350,2417,7 6552 + 66 4444+ 44 1154942 + 7265
573 288,6+14,7 669,6 + 67 454,0 + 45 123570,8 = 7773
598 242,1%14,1 681,0 £ 68 463,2 46 130216,6 + 8191
623 234,1+17,80 690,8 + 69 472,20+ 47 136190,7 + 8566
648 240,9+14.5 700,1 % 70 480,8 + 48 142112,4 + 8939
673 271,6£17.4 709,8 £ 71 489,1 + 49 148508.9 + 9341
LaCa3Fe5012
298,15 285,62+21,9 411,9+ 12 4118+ 12 =
323 636,52+34,2 448,7 + 45 413,1 £ 41 11517,8 + 724
348 596,31£94,0 494,0 = 49 417,342 26688.4 + 1679
373 534,79+22.5 532,3 £ 53 4238 +42 40489,9 + 2547
398 479,87421,5 564,9 + 56 431,6 + 43 53062,8 + 3338
423 416,94+25,.2 592,9 % 59 4404 + 44 64514,7 + 4058
448 385,18+47,8 616,8+ 62 4495+ 45 74928,9 + 4713
473 359,00£30,5 637,3 + 64 458,9 = 46 84371,4 + 5307
498 407,69+45,1 657,0 £ 66 4684 + 47 93950,9 + 5910
523 439,24+30,8 678,2 % 68 477,9 + 48 104770,7 6590
548 510,10£38.8 700,8 % 70 487,6 =49 116871,2 + 7351
573 387,46£34.9 720,3 + 72 497,3 % 50 1277794 + 8037
598 270,55+21,9 733,9+ 73 506,9 %51 135708,0 + 8536
623 207,94+35.4 743,5 £ 74 516,2 %52 141592,7 + 8906
648 178,86+22,9 750,8 + 75 5252+ 53 146224,9 = 9198
673 158,54+12,6 756,9 + 76 533,7+53 150278,2 + 9453
LaSr3Fe5O 2
298,15 285,6+21,95 4448+ 13 4448 + 44 -
323 636,5434,21 501,5 % 50 446,9 + 45 17632,9 + 1109
348 596,3+24,01 558,3 56 452,9 + 45 36662,8 + 2306
373 534,8422.48 605,1 + 61 461,6 + 46 53514,1 + 3366
398 479,9+21,46 643,1 64 471,9 + 47 68163,7 + 4287
423 416,9+25,18 6744+ 67 482,9 + 48 80987,5 + 5094
448 385,2447,80 700,4 % 70 4944 + 49 92277,6 + 5804
473 359,0430,53 722,11+ 72 505,9 %51 102264,0 + 6432
498 407,7+40,08 743,17+ 74 517,2+52 112757.9 + 7092
523 439,2+30,84 765,0 + 76 528,6 + 53 123628,9 + 7776
548 510,1+38.83 782,7+ 78 539,8 % 54 133102,5 + 8372
573 387,5434,97 797,6 + 80 550,7+ 55 1414493 + 8897
598 270,6221,97 810,8 = 81 561,3 % 56 149203,2 + 9385
623 207,9+35,37 823,3 £ 82 571,657 156812, + 9863
648 178,9422,92 835,6 + 84 581,5+ 58 164655,1 + 10357
673 158,5+12,55 848,3 £ 85 591,2 % 59 173054,5 + 10885
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erage error of the heat capacity and entropy calculation accuracy (3 %).

Conclusion

298.15-673 K for the first time.

count the temperatures of phase transitions type II.

Errors of the temperature dependence of the thermodynamic functions were calculated based on an av-

1. Isobaric heat capacity of iron LaM";FesO;, (Mll — Mg, Ca, Sr) was measured at temperature
2. It is revealed a sharp jumps in the heat capacity connected with the presence of phase transitions of
type II.

3. Equations of the temperature dependence of the heat capacity have been calculated taking into ac-

4. The functions S°(7), H°(T) — H°(298,15) and @ (T) were calculated in the certain temperature inter-

val.
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LaMII3Fe5012 (MII — Mg, Ca, Sr) kypamabl peppuTTEPAiH
TEPMOIMHAMHUKAJBIK, 3epTTeyaepi

Makanana KepaMUKaJIbIK TEXHOJIOTHS d/1ici OOMBIHIIA )KOFaphl TEMIIepaTypasblK CHHTe30eH xaHa Geppurrep
ansiaran LaM™;FesO,, (M" — Mg, Ca, Sr). KOChUTBICTAP/IBIH TETPArOHAIIb CHHTOHHS GOMBIHIIA KPHCTATI-
JAHATBIHBl YHTAKThl pPEHTreHorpadus opici apKbUIbl JONICNICHIl, OJapAblH KPHCTAUl TOPJaphIHBIH
napamerpiepi  aHbIKTaigel.  Deppurrepmin  KbUTychIdBIMABUIBIKTApel  298,15-673 K Temmepatypa
apalbIFbIHAA JUHAMHUKAIBIK KaJOPHUMETPHUs OMICIMEH 3€pTTeNIl jkoHe Oyl Karmaiiia 2-m peTTik (a3ayiblk
aybICy OpPBIH aJaThIHEI Kepcerinmi. dasanslk aybIcymapisl eckepe oThIpbin, 298,15-673 K Ttemneparypa
apaJIBIFBIH/IA TOYEIIUIIKTI CHITATTalTHIH TEHACYIIEP KOPBITHUIBII IBIFapBUIIBL

E.C.Mycradun, P.3.Kacenos, A.M.Ilynos, C.A.bnsnos, A.A.MypaTtbexoBa

TepMoanHaMHUUYecKUe UCCIEA0BAHUSA (PePPUTOB
cocraBa LaMH3Fe5012 (MII — Mg, Ca, Sr)

B crarbe BBICOKOTEMIIEPATYpHBIM CHHTE30M IO KEPaMUYECKOH TEXHOJOTHM IOTy4eHbl HOBbIE (EeppHUTHI
LaM"FesO;, (M" — Mg, Ca, Sr). MeTozoM MOpOILIKOBOI PEHTreHOrpahiH YCTAHOBICHO, YTO COSIHHEHHS
KPUCTAJNIU3YIOTCA B TETPAaroHaIbHOW CHHIOHMH, OMPEJEIeHBl MapaMeTpbl UX KPHCTATIIMYECKHX PEHIETOK.
Meronom quHAMHYECKOH KalopuMmeTpun B nHTepBaie 298,15-673 K onpeneneHs! TEII0OEMKOCTH (EeppHUTOB,
TIpU ATOM BBISBIICHO Hasm4ue (a3oBbix nepexonos I poxa. C yueToMm (a3oBEIX epexo 0B BHIBECHBI ypaB-
HEHUSl, ONUCHIBAIONINE 3aBUCUMOCTD, B MHTEpBase 298,15-673 K.

Cepust «Xumusi». Ne 3(75)/2014

25



