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Abstract 

The authors analyse the possibility of obtaining manganese-zinc ferrite through the transfor- 
mations of polynuelear coordination compounds (poe), either in the solid state or in a reaction 
medium. Polynuclear coordination compound precursors with the general molecular formula: 

[Fe(ll)xFe(l II)y(M no.sZno.s)(C204)2(OH)y +2(H20)21 

with 0.2<x<l.0, 1.0<y<l.8 and x + y = 2 ,  obtained through a foroed hydrolysis were charac- 
terized by chemical and physicoehemieal procedures. A non-isothermal kinetic analysis of the 
thermal decomposition steps showed that all of them are described by contracting geometry rate 
equation. The influence of the thermal treatment on the properties of the final products of trans- 
formation was evidenced. 

K e y w o r d s :  manganese-zinc ferrite, polynuclear coordination compounds 

Introduction 

Polynuclear coordination compounds with two or more metallic ions are ca- 
pable of forming mixed oxides through their thermal decomposition. The syn- 
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thesis of these oxides using polynuclear compounds as precursors can be per- 
formed either in solid state (dry methods) or in a reaction medium (wet meth- 
ods). A general picture of such transformations for polynuclear coordination 
compounds is given in the following sequence: 

- ~  solid state 
thermal decomposition 

AMORPHOUS 
MIXTURE 
OF OXIDES 

crystallization. CRYSTALLINE 
MIXTURE 
OF OXIDES 

solid state  I MIXED ] 
reaction OXIDES 

thermal decomposition 
in a reaction medium 

Following our research concerning the synthesis of mixed oxides with high 
reproducibility and good homogeneity [ 1-4] this paper presents the preparation 
of manganese-zinc ferrite through thermal decomposition of polynuclear coor- 
dination compounds. 

E x p e r i m e n t a l  

As precursors of manganese-zinc ferrite, polynuclear coordination com- 
pounds synthesized by forced hydrolysis were used. Ferrous oxalate, manganese 
acetate or manganese dioxide, and zinc acetate or zinc oxide were used as start- 
ing materials. 

The compositions of the coordination compounds and the final decomposi- 
tion products were determined by quantitative analysis: the metal content by 
atomic adsorption technique, and the carbon and hydrogen contents by means of 
the usual combustion method. 

Data about the stereochemistry of the metal ions were obtained from the 
electronic spectra at room temperature, recorded with Specord M 40 spectro- 
photometer, in the range 11.000-54.000 cm -~. 

In order to obtain information about the oxalate anions, the IR spectra of the 
polynuclear compounds were obtained by using the KBr disc technique in the 
range 200-4000 cm -l with a Specord M-80 type infrared spectrophotometer. 

The crystalline states of the compounds used and of the solid decompositions 
products were investigated by using a Dron 3 X-ray diffractometer with CoK~ 
radiation. 

The thermal decomposition curves were obtained with a Q-1500 D Paulik- 
Paulik-Erdey derivatograph in a static air atmosphere at heating rates in the 
range 0.6-10 K min -~ with ~-A1203 as the inert compound. 
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The evolved gaseous products were analysed by means of a Hewlett- 
Packard GC-MS mass spectrometer. 

In order to determine the magnetic susceptibility and the saturation magneti- 
zation at room temperature, a Faraday balance with HgCo(SCN)4 as calibrant 
was used. 

The values of non isothermal kinetic parameters were obtained by processing 
thermogravimetric data using two programs, DISCRIM 1 [5] and DISCRIM 2 
[6]. Both programs permit selection of the probable mechanism. 

Taking into account the possibility of changes in the reaction mechanism 
with conversion, besides the kinetic analysis of the whole (cx, T) curve, the 
ranges of conversion 0<ot<txip and ctip<t~<l (the subscript ip means the inflexion 
point), were analysed, too. 

The induction period, when clearly exhibited, was kinetically analysed to- 
gether with the acceleratory period. 

Results and discussion 

Characterization of coordination compounds 

Depending on the experimental conditions and on the nature of the starting 
materials, the polynuclear compounds obtained are characterized by the mo- 
lecular formula 

[Fe(II)xFe(III)y(Mn0.sZno.s)(C204)2(On)y+2(H20)2] 

with 0.2<x<1.0, 1.0<y<1.8 and the conditions x + y = 2 .  
The polynuclear coordination compound with the highest Fe(III) content 

was obtained when MnO2 was used as raw material. This result can be ex- 
plained by the oxidant character of MnO2, which can contribute to the transfor- 
mation of Fe(II) to Fe(III). Details about the synthesis of such combinations 
have been given elsewhere [7]. 

It is worth mentioning that all the polynuclear coordination compounds syn- 
thesized exhibit very similar physicochemical properties. For this reason our 
discussion will be limited to the compound with x=0 .8  and y =  1.2. Some 
physicochemical properties of the polynuclear combinations obtained are pre- 
sented in Tables 1 and 2. 

The octahedral environment of the iron ions, Fe(II) d 6 and Fe(III) d 5, and 
the tetrahedral one of Mn(II) d s, can be inferred from the location of the max- 
ima in the electronic spectra. 

The vibrational spectra of the polynuclear coordination compounds studied 
are similar to those of Na2C204 and FeC204-2H20 [8]. This fact indicates the 
same function of oxalate anions and the not strongly modified character of C-O 
linkages. The tetradentate oxalate anions keep their planar structure. 

J. Thermal Anal., 47, 1996 



4~
 

-q
 

T
ab

le
 1

 D
at

a 
ob

ta
in

ed
 f

ro
m

 e
le

ct
ro

ni
c 

an
d 

vi
br

at
io

n 
sp

ec
tr

a 

0o
 

O
 

d
-d

 t
ra

ns
it

io
n 

of
 th

e 
m

et
al

 i
on

s 

Fe
(II

) 
Tr
an
si
ti
on
 

Ab
so
rp
ti
on
 

ma
xi

ma
/e

ra
 -t

 

5T
2s

-~
SA

g 
10

.5
00

 

11
.0

00
 

Fr
 

Tr
an
si
ti
on
 

Ab
so

rp
ti

on
 

m
ax

im
a/

er
a -

l 
6A

lg
 -

-~
4T

l g
 

11
.0

00
 

6A
lg

 -
--

~4
T2

g 
15

.0
00

 

6A
lg

 -
-#

4E
g 

23
.0

00
 

Mn
(I
I)
 

Tr
an
si
ti
on
 

Ab
so
rp
ti
on
 

ma
xi

ma
/e

ra
 -l

 

6A
i 

--
-~

4T
4 

20
.8

35
 

6A
t 

--
-~

4T
2 

23
.2

00
 

Vi
br
at
io
na
l 
mo

de
s 

of
 t
he
 o
xa
la
te
 a
ni
on
 

c
m
 -
I 

N
a2

C
20

4 
Fe

C
20

4-
H

20
 

pe
c 

3.
34

0s
 

3.
36

0s
 

1.
66

4"
 

1.
64

0v
s 

1.
63

8v
s 

1.
63

5 

1.
48

5;
1.

45
0"

 

1.
33

5s
 

1.
36

0s
 

1.
36

0s
 

78
0s

h 
82

5s
 

82
0 

77
4s

 

52
0s

 
50

0s
 

As
si
gn
at
io
n 

v(
H2

0)
 

v~
(O

-C
-O

) 
v,

(O
-C

-O
) 

~(
o-
c-
-o
) 

s(
o-
-c
--
o)
 



CARP et al.: MANGANESE-ZINC FERRITE 861 

The polynuclear coordination compounds studied exhibit a crystalline struc- 
ture. The coordination compounds' lattice is with monoclinic lattice which is 
isomorphous with that of FeC204.2H20. The mean crystallite size calculated for 
the most intense line using Sherrer's formula [9] is ~l =470/~.  The fact that the 
monoclinic structure of the FeC204.2H~O used as starting material is preserved 
in the polynuclear coordination compounds, can be taken as a proof that their 
formation takes place through the intrusion of Mn(II) and Zn(II) in the ferrous 
oxalate lattice. 

Table 2 X-ray and magnetic data 

X-ray powder diffraction data Magnetic properties 

Number hkl FeC204'2H20 ASTM 23-293 poe ~tteor laexp** 

of line d l A  I/1o d lA  II1o (BM) (BM) 

1 111 4.80 100 4.83 100 7.61 6.97 

OO2 

2O0 4.70 65 

2O2 3.880 25 

112 3.629 20 

211 3.597 25 

211 3.172 4 

202 3.004 50 

020 2.778 4 

213 2.654 30 

312 2.634 16 

121 2.616 25 

2 4.67 93 

3 3.877 7 

4 3.615 3 

5 3.575 6 

6 3.155 1 

7 2.982 22 

8 2.759 1 

9 2.649 7 

10 2.628 2.5 

11 2.606 3 

12 2.546 4 

13 204 2.396 3 2.398 2.5 
\ 

14 402 2.355 3 2.356 3 

15 222 2.258 13 2.253 2.5 

16 411 2.224 3 2.221 1 

17 213 2.190 4 2.178 1 

18 123 2.122 9 2.155 2 

19 321 2.106 8 2.063 13 

20 314 2.047 7 2.035 12 

21 413 2.021 14 2.024 24 

22 123 1.980 3 2.006 17 

23 204 1.949 11 1.939 25 

24 402 1.929 9 1.917 23 

25 323 1.893 15 1.891 21 

26 215 1.847 2 1.856 2 

J. Thermal Anal., 47, 1996 
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Table 2 Continued 

X-ray powder diffraction data 

Number hkl FeC204-2H20 ASTM 23-293 pce 

of  line d / A  l/lo d lA  I/Io 

Magnetic properties 

~o~* ~xp** 
(BM) (BM) 

27. 512 1.816 21 

015 

28. 430 1.795 4 1.808 28 

*~t,,,,~ (BM) = ~('~-~u.-~ where/zu, represents the value of the magnetic moment of a paramagnetic 
ion present in the polynuclear compound. 

 3kr 3kT-, 2.828 Z'~--M T where (BM) = .--7;--Z, M T=- 
X~ = zgM 

~v 

h -- represents the magnetic susceptibility corresponding to a gram of substance 

= the molecular weight 

T -- the absolute temperature 

k = Boltzmann's constant 

N = Avogadro's number. 

Taking into account these experimental data, the most probable formulation 
for these polynuclear coordination compounds can be given as 

c 

Due to the fact that the ionic radii of the manganese and zinc ions are quite 
close (rzn(~)=0.83 A and rMn(m=0.91 A after Goldschmith) the Mn(II) ion can 
be isomorphously substituted by Zn(II) and alternate in the polynuclear chain 
so that the ratio Fe(II):Fe(IIl):Zn(II):Mn(II) becomes 1:1:0.5:0.5. 

Thermal decomposition of the polynuclear coordination compounds in 
the solid state 

Derivatographic data and mass spectra of the evolved gases indicate that the 
decomposition of these polynuclear compounds occurs through mixed oxocar- 
bonates. Irrespective of the Fe(III)/Fe(II) ratio, as a consequence of heating, the 
investigated compounds undergo the following decomposition steps: 

[Fe(II)xFe(III)y(Mno.sZno.5)(C204)2(OH)y+E(H20)3](s) ---> 

J. Thermal Anal., 47, 1996 
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[Fe(II)xFe(III)y(Mno.sZno.s)(C204)20~y+2)/2](s) + (4 + y/2)H20(s) (I) 

[Fe(II)xFe(III)y(Mno.sZno.s)(C204)20(y+2)/2] (s) --~ 

[Fe(II)xFe(III)y(Mn0.sZno.s)(CO3)EOcv+2)/2](s) + 2CO(g) (II) 

[Fe(II)~Fe(III)y(Mno.sZno.5) (CO3)20~y+2)/2] (s) ---> 

[Fe(II)xFe(III)y(Mno.sZno.5)CO30~y+2)r2](s) + 2CO(g) (III) 

[Fe(II)xFe(III)y(Mno.sZno.5)CO30(y+2:2l(s) 

Fe2(Mn0.sZno.5)O4(s) + CO2(g) (IV) 

The relatively high temperature of reaction (I) (Table 3) is proof, in addition 
to the electronic spectrum of the coordination compound, that the evolved water 
should come from the coordination sphere. This is also in agreement with data 
published by Logvinenko [10] who mentioned that the water molecules directly 
bonded to the metal ions are released at a higher temperature. 

Table 3 lists the values of the non-isothermal kinetic parameters correspond- 
ing to reaction (I) for the entire (ct, T) curves and Table 4 lists similar data for 
its significant portion. In the first case, in which we applied both programs for 
evaluating the non-isothermal kinetic parameters (DISCRIM 1 and DIS- 
CRIM 2), the values obtained are quite close. Indeed the program DISCRIM 2 
leads to a value for the reaction order close to 0.66, which corresponds to the 
contracting sphere mechanism as obtained using the program DISCRIM 1. The 
relative independence of the non-isothermal kinetic parameters of the heating 
rates shows no heat-transfer limitation. 

Small changes in the values of the activation energy and pre-exponential fac- 
tor with the heating rate are compensated as shown by the quasi-constancy of 
k433 K values. For the significant portions of the conversion curve (0<~x<Ctip and 
c%<o~<1) one finds the same kinetic law describing its course. For the first con- 
version interval, the values of the kinetic parameters are quite close to those ob- 
tained for the entire range. For the second one (c%<ct<l) slight differences can 
be observed, probably compensated, in the non-isothermal kinetic parameter 
values. For the induction period at 13=2.5 K rain -1, the most probable kinetic 
law was found to be an=kt. The acceleratory period, following the induction pe- 
riod occurs according to the same mechanism and with close values of the non- 
isothermal kinetic parameters with respect to those corresponding to 0<o:<1 and 
0<fx<t~ip.  

A contracting geometry mechanism was found for the other three reactions 
investigated (Table 5), with quite comparable probabilities for the contracting 
sphere and contracting cylinder models. 

J. Thermal Anal., 47, 1996 
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Characterization of the final products of thermal decomposition 

Chemical analysis of the solid product of reaction (IV) shows that it consists 
of Fe2(Mno.sZno.5)O4. The diffractograms of the decomposition end products for 

Table 4 Non-isothermal kinetic parameter values of reaction (I) corresponding to the significant 
portion of the ct-Tcurve (DISCRIM 1) 

Conversion /] Mean 

range 13/K min -1 - f(ct) A/s -1 E/kJ mo1-1 square 

Tf/K deviation 

0---tXip 

0-0.5253 10 

0--0.6570 5 

0-0.6569 2.5 

0--0.5966 1.25 

~ip -t 

0.5253-I 10 

0.6570-1 5 

0.6569-1 2.5 

0.5966-1 1.25 

induction pefiod 

0--0.2017 2.5 

408 contracting sphere 

463 

399 contracting sphere 

458.5 

396 contracting sphere 

448 

394 contracting sphere 

435 

463 contracting sphere 

493 

458.5 contracting sphere 

481 

408 contracting sphere 

468 

435 contracting sphere 

447.5 

396 powerlaw 
- 1/nxan-ln = 3/2 

4.00x108 80.3 0.37 

4.68• 72.7 4.90 

3.21• 70.7 3.42 

8.38x108 74.3 3.52 

2.06• 68.8 2.55 

1.90• 68.6 12.74 

2.20x107 61.8 2.73 

3.52x107 64.7 8.63 

1.41• 71.6 1.52 

J. Thermal Anal., 47, 1996 
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Table 4 Continued 

Conversion ~q 

range 13/K min -I - 

Tf/K 

f(ct) AIs -1 E/kJ mo1-1 

Mean 

square 

deviation 

aeeeleratory period 

0.2017 149 

2.5 

0.6569 448 

contracting sphere 3.16• 79.1 7.23 

various conditions of calcination shows the existence of the simple oxides (ZnO, 
MnO and Fe304), simple ferrites (Fe2ZnO4 and Fe2MnO4) and double ferrite 
Fe2Mno.sZno.504. The coupling of these results with the magnetic data obtained 
suggests a change from the amorphous state to a crystalline one, with a major 
spinel component, responsible for the appearance of ferromagnetism (Table 6). 

Wet method of ferritization 

The Fe2Mno.sZno.sO4 ferrites were obtained as final product of the hydrolytic 
decomposition of the ferrous oxalate-manganese acetate-zinc acetate system, 
after 10 h of boiling in an alkaline reaction medium. 

The final products, after drying in air are magnetic powders of red-brown 
colour, which correspond, from the chemical point of view, to the zinc-manga- 
nese ferrite: 

Fe2Mno.sZn0.sO4.xH20 with x = 2-3 

Spinel phase formation in the product of hydrolysis was confirmed by X-ray 
and magnetic measurements. One has to emphasize the absence of diffraction 
lines characteristic of impurities which could be formed in the system (ZnO, 
MnO, ct-FeOOH or tz-Fe203) in the reaction products. 

X-ray diffraction data obtained for uncalcined and calcined products evi- 
dence the presence of a cubic phase. Table 7 presents the interplanar distances 
and the corresponding Miller indices for one of these compounds. Due to the 
overlapping of the diffraction lines, it was impossible to separate the ferrite (or 
ferrites) from the magnetite compound based on the X-ray data. 

The variation (Table 8) of: 

- the spinel phase content 
- the elementary cell 
- magnetic properties 

J. Thermal Anal., 47, 1996 
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with calcination temperature can be understood by assuming the following 
mechanism. 

Thermal treatment at 200~ (1 h) is accompanied by the transformation of 
cubic ferrite in the uncalcined compound to a product in which the major com- 
ponent is magnetite. The lattice constant calculated for this product is very 
close to that of magnetite (ao ~g,~t~t~=8.396/~, ASTM 19-623). 

Table 5 Non-isothermal kinetic parameter values of reaction (II, III and IV), ]3 = 2.5 K min -l, 
0 < c t < l  

Ti Computation Mean 

Reaction - Tmax/K off(or) f(ct) A/s -1 EIkJ mo1-1 square 

Tf/K program deviation 

(II) contracting 1.52• 88.8 13.57 

cylinder 

(I11) 

(iv) 

486 

- 503.5 

529 

529 

- 552 

555 

555 

591 

DISCRIM 2 

DISCR1M 1 

DISCRIM 2 

DISCRIM 1 

DISCRIM 2 

DISCRIM 1 

contracting 1.14• 116.9 16.62 

sphere 

(1 - cO n 9.00x108 84.8 4.44 

n=0.53 

contracting 4.01x107 91.7 0.32 

cylinder 

contracting 1.25x107 

sphere 

95.4 0.78 

(1 - or) n 2.07x107 90.8 0.26 

n =0.64 

contracting 1.40x101~ 121.8 1.48 

sphere 

contracting 2.16x107 

cylinder 

( 1  - 00 n 1.25• 

n=0.71 

87.7 2.55 

129.6 0.87 

J. Thermal Anal., 47, 1996 
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Table 6 Data concerning the residual decomposition products obtained through solid-state 
thermal decomposition of the pee 

Thermal treatment Fe304 Ferrite** a*** laexp 

(content)* (content) ,/~ (BM) 

Calcination 1 h--400~ 1 1 8.438 0.35 

slow cooling 

Calcination lh-450~ 1.9 1.3 8.458 1.79 

1 h--400~ 

slow cooling 

* The content is calculated by comparing the 100% relative intesities to the lowest values of these. 
** In this term are included the simple ferrites (Fe2ZnO4 and FezMnO4) and the double one 
F~(Mno.sZno.5)04 
*** The elementary cell calculation was preformed as if there were only a single phase in the re- 
sidual decomposition product. 

Table 7 X-ray diffraction data for the manganese-zinc ferrite obtained by the wet method 

hkl Uncalcined compound Calcined compound Calcined compound 

lh-200~ 1 h-200~ I h--400~ 

slow cooling slow cooling 

d/ A 1/ lo d/ A ll lo d/ A ll lo 

220 2.966 35.5 2.960 40 2.958 41 

311 2.535 100 2.523 100 2.529 100 

400 2.098 20 2.092 26 2.091 26 

422 1.714 12 1.713 15 

511 1,616 23 1.611 26 1.614 21 

440 1.485 31.5 1.481 33.5 1.482 33 

Table 8 Structural and magnetic properties of the manganese-zinc ferrite obtained by the wet 
method 

Thermal treatment Lattice constant Magnetization of saturation Spinel phase content 

�9 ~ o's (emu/g) 111o 

Unealcined compound 8.466 3.69 1.26 

8.405 51.43 1 

Calcination I h-200~ 

slow cooling 

Calcination lh-400~ 

lh-200~ 

slow cooling 8.405 33.85 1.11 

J. Thermal Anal., 47, 1996 



CARP et al.: MANGANESE-ZINC FERRITE 869 

Further thermal treatment at 400~ (1 h) leads to retransformation of magnetite 
to ferrite. A product with a lattice constant close to the uncalcined compound and 
mixed ferrite is obtained (ao<zn, m. Fo• m)o,=8.474 A. ASTM 10-467). 
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