
Introduction

Mixed metallic oxides are designated as an important

class of compounds and among them ferrites are most

prominent by virtue of their high electrical resistivity,

thermodynamic stability, electro-catalytic activity

and resistance to corrosion. Ferrites are regarded as

better magnetic materials than pure metals because of

their high resistivity, lower cost, easier manufacture

and superior magnetization properties. Thermal de-

composition studies serve as the most useful tool to

get insight into the mechanism of solid-state decom-

position of ferricarboxylates. Thermal decomposition

of metal ferricarboxylate precursors has been exten-

sively exploited in the past two decades to prepare ox-

ide/ferrite nanoparticles with controlled

stoichiometry, high homogeneity and reduced particle

size [1–3]. Alkali metal ferrites have attracted a con-

siderable attention owing to their potential applica-

tion in high capacity batteries [4], waste–water clean-

ing [5], low magnetization ferrofluids [6],

intercalation electrodes in rechargeable batteries [7]

and as strong oxidizing agents [8]. The same ferrites

have also been synthesized by employing another im-

portant route i.e. solution phase combustion method

which involves the formation of stoichiometrically

pure and single-phase nanoparticles [9, 10]. On the

other hand the conventional ceramic method, which is

the most common technique for bulk preparation of

ferrites, involves high temperature sintering of reac-

tant oxides coupled with frequent milling. Since high

sintering temperature results in particle coarsening

and aggregation, nanoparticle ferrites cannot be ob-

tained by this method [11, 12].

In the present investigation we report the synthesis

of KFeO2 from the thermal decomposition of potassium

ferricarboxylate precursors (K3[Fe(L)6]·xH2O) and by

solution phase combustion method.

Experimental

Precursor method

Potassium ferricarboxylate precursors, K3[Fe(L)6]·

xH2O (L=formate, acetate, propionate, butyrate) were

prepared by mixing stoichiometric quantities of aque-

ous solutions of ferric nitrate, respective potassium

carboxylate and carboxylic acid. The reaction mixture

was stirred vigorously at 60°C till a clear solution was

obtained. It was concentrated on water bath until a

brown colored product was formed. The product was

filtered, washed with cold water, air dried and stored

in vacuum desiccator. The identity of the complexes

(precursors) was established by elemental analysis

(Table 1). The percentage of iron was determined

spectrophotometrically using 1,10-phenanthroline

[13]. Potassium content in each precursor was deter-

mined flame-photometrically.
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Solution phase combustion method

Oxalyl dihydrazide, (ODH), required for the prepara-

tion of ferrites by combustion synthesis, was prepared

by the method reported elsewhere [10]. For the prepa-

ration of ferrites, the stoichiometric quantities of

aqueous solutions of KNO3, Fe(NO3)3·9H2O and

oxalyl dihydrazide (ODH) were mixed in a pyrex

dish. The reaction mixture was combusted in a muffle

furnace maintained at 600°C. The entire combustion

process was over in 30 min to yield ferrite by the fol-

lowing redox reaction:

KNO3(aq)+Fe(NO3)3·9H2O(aq)+2C2H6N4O2(aq)(ODH)
600�

� ��
C

KFeO2+4CO2(g)+6N2(g)+15H2O(g)

Infrared (IR) spectra of potassium

ferricarboxylate precursors and their thermolysis

products were recorded on Pye-Unicam SP3-300 IR

spectrometer in the range 4000–400 cm
–1

using KBr

matrix. Simultaneous TG-DTG-DTA curves were re-

corded on a Pyris Diamond Model (Perkin Elmer) at a

heating rate of 5°C min
–1

. XRD powder patterns were

recorded at IIT, New Delhi using nickel filtered CuK�

radiation.
57

Fe Mössbauer spectra were recorded on

Wissel (Germany) Mössbauer spectrometer. A
57

Co(Rh) �-ray source was employed and the velocity

scale was calibrated relative to
57

Fe in Rh matrix.

Mössbauer spectral analysis software WinNormos for

Igor Pro has been used for the quantitative evaluation

of the spectral parameters. Isomer shift values are re-

ported with respect to pure iron absorber.

For the identification of intermediates and prod-

ucts, the precursors were also calcined isothermally in

nickel crucibles. The variation in temperature was

kept �5°C during isothermal calcinations.

Results and discussion

Characterization of potassium ferrite prepared by

precursor method

IR spectrum of potassium hexa(formato)ferrate(III)

trihydrate precursor shows a broad band centered at

about 3265 cm
–1

due to �O–H of lattice water and a dis-

tinct shoulder at 2875 cm
–1

due to �C–H of the formate

group. Intense bands in the ranges 1620–1670 and

1360–1415 cm
–1

are attributed to �asy(C=O) and

�sym(C=O) of the coordinated formate groups [14], re-

spectively. A small but distinct band at 575 cm
–1

due

to �Fe–O suggests the presence of Fe–O (carboxylate)

bonding [15]. The other precursors i.e. potassium

hexa(acetato)ferrate(III) trihydrate, potassium

hexa(propionato)ferrate(III) tetrahydrate and potas-

sium hexa(butyrato)ferrate(III) heptahydrate display

almost similar IR spectra.

Mössbauer spectra of the potassium

ferricarboxylate precursors exhibit a doublet (Fig. 1)

with isomer shift (	) and quadrupole splitting (
) val-

ues in the ranges 0.28–0.31�0.005 and

0.45–0.49�0.007 mm s
–1

, respectively. These parame-

ters correspond to those reported for high spin ferric

ions in octahedral coordination [16]. The coordina-

tion number of six for iron is satisfied by six formate

ligands, which bind to iron through oxygen atoms of

the carboxylate groups. The outer cation (K
+
) and wa-

ter molecules seem to be responsible for linking to-
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Table 1 Composition of the potassium ferricarboxylate precursors

Complex C/% H/% Fe/% K/%

K3[Fe(HCOO)6]·3H2O Obsd.

Calc.

14.44

14.48

2.36

2.41
11.25

11.27

23.48

23.54

K3[Fe(CH3COO)6]·3H2O Obsd.

Calc.

24.74

24.78

4.09

4.13

9.60

9.64

20.11

20.14

K3[Fe(CH3CH2COO)6]·4H2O
Obsd.

Calc.

31.57

31.62

5.51

5.56
8.17

8.20

17.12

17.13

K3[Fe(CH3CH2CH2COO)6]·7H2O
Obsd.

Calc.

34.98

35.08

6.76

6.82

6.78

6.82

14.22

14.25

Fig. 1 Mössbauer spectrum of potassium

hexa(formato)ferrate(III) trihydrate



gether the complex ion, [Fe(L)6]
3–

. The high spin na-

ture of iron(III) in these precursors has also been con-

firmed by their magnetic susceptibility values that lie

in the range 5.82–5.92 B.M.

Thermal decomposition studies

The compoundwise discussion on the thermal decompo-

sition of various potassium hexa(carboxylato)ferrate(III)

precursors follows:

Potassium hexa(formato)ferrate(III) trihydrate,

K3[Fe(HCOO)6]·3H2O

Figure 2 shows the simultaneous TG-DTG-DTA

curves of potassium hexa(formato)ferrate(III)

trihydrate in flowing air atmosphere at a heating rate

of 5°C min
–1

. The complex undergoes dehydration till

a mass loss of 10.5% is reached at 190°C

(calc. loss=10.8%). The corresponding broad DTA

(endotherm) and DTG peaks are centered at about 125

and 120°C, respectively. The anhydrous complex un-

dergoes exothermic decomposition to yield potassium

carbonate and Fe2O3 until a mass loss of 41.5% is

reached at 250°C (calc. loss=42.2%). Corresponding

to this step, DTA shows an exotherm at 245°C while

DTG also displays a respective distinct signal at

245°C. The presence of �-Fe2O3 has been confirmed

by recording the Mössbauer spectrum (Fig. 3) of the

residue obtained by calcining the precursor isother-

mally at 250°C for 15 min. The shape of the spectrum

and Mössbauer parameters resemble to those reported

[17, 18] for a cluster of �-Fe2O3 particles with an av-

erage grain size of 15 nm. The particles with diame-

ters less than 10 nm present in the cluster show a cen-

tral doublet while for the particles with diameters

greater than 10 nm, a hyperfine spectrum develops at

the cost of central doublet. As the heating continues,

K2CO3 decomposes into K2O followed by a

solid-state reaction between K2O and �-Fe2O3 to

yield potassium ferrite i.e. KFeO2 as indicated by a

mass loss of 55.1% at 670°C (calc. loss=55.5%). Both

these thermal changes are reflected by the corre-

sponding endotherm and exotherm with peak maxima

at 600 and 675°C, respectively in DTA. DTG also

shows respective signal for the endo-decomposition.

In order to obtain pure potassium ferrite i.e. KFeO2,

the final thermolysis product was washed repeatedly

with distilled water to remove unreacted K2O [19].

The identity of the ferrite has been confirmed by re-

cording Mössbauer spectrum (Fig. 4) of the final resi-

due, which shows a doublet with hyperfine parame-

ters 	=0.22 mm s
–1

and 
=0.46 mm s
–1

. These

parameters (Table 2) are in agreement to those re-

ported for Fe
3+

ions in tetrahedral co-ordination

[16, 20]. The presence of quadrupole splitting shows

a slight distortion from regular tetrahedral geometry.
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Fig. 2 Simultaneous TG-DTG-DTA curves of potassium

hexa(formato)ferrate(III) trihydrate

Fig. 3 Mössbauer spectrum of the residue obtained after cal-

cining the parent complex at 260°C for 15 min

Fig. 4 Mössbauer spectrum of the final thermolysis product of

potassium hexa(formato)ferrate(III) trihydrate



XRD powder pattern (Fig. 5) of the final thermolysis

residue also reveals the existence of KFeO2.

Based on the above discussion, the following

pathway for the thermal decomposition of potassium

hexa(formato)ferrate(III) trihydrate is proposed:

K3[Fe(HCOO)6]·3H2O
190 C, dehydration�

� �����

K3[Fe(HCOO)6]+3H2O

K3[Fe(HCOO)6]
250 C, exo-decomp�

� �����

1.5K2CO3+0.5�-Fe2O3+gaseous products

1.5K2CO3

670 C, endo-decomp�

� ����� 1.5K2O+1.5CO2

0.5K2O+0.5�-Fe2O3

> 700 C, exo-decomp�

� ����� KFeO2

Potassium hexa(acetato)ferrate(III) trihydrate,

K3[Fe(CH3COO)6]·3H2O

Figure 6 presents the simultaneous TG-DTG-DTA

curves of potassium hexa(acetato)ferrate(III) trihydrate

at a heating rate of 5°C min
–1

. Dehydration of the pre-

cursor commences at 88 and completes at 163°C as indi-

cated by a mass loss of 9.0% (calc. loss=9.2%). The cor-

responding broad DTA (endothermic) and DTG peaks

are centered at 126 and 124°C, respectively. Anhydrous

potassium ferriacetate then undergoes exothermic de-

composition to yield potassium acetate and Fe2O3 till a

mass loss of 35.2% is reached at 275°C

(calc. loss=35.6%). Corresponding to this step, DTA

shows an exotherm at 272°C while the respective DTG

peak lies at 270°C. As the heating continues potassium

acetate and �-Fe2O3 undergoes decomposition to yield

K2O and KFeO2 as indicated by a mass loss of 61.8% at

800°C (calc. loss= 62.0%). This step is accompanied by

doublets in DTA (exotherm) and DTG suggesting that

two thermal changes are taking place i.e. breakdown of

potassium acetate into carbonate followed by its decom-

position to oxide/ferrite. In order to obtain pure potas-

sium ferrite i.e. KFeO2 the final thermolysis product was

washed with distilled water to remove K2O. The identity

of the ferrite as KFeO2 has been revealed by Mössbauer

parameters (Table 2) of the final thermolysis product

and XRD powder pattern.

Based on the above results, the following mecha-

nism for the thermal decomposition of potassium

hexa(acetato)ferrate(III) trihydrate is suggested:
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Table 2 Mössbauer parameters for the thermolysis products of K3[Fe(L)6]·xH2O recorded at 25°C

L
Temp. of

calcination/°C

	
#
/

mm s
–1


/

mm s
–1 B(T) Assignment

HCOO 250

720

0.34�0.004

0.32�0.011

0.22�0.006

–0.18�0.017

0.82�0.015

0.46�0.006

51.4�0.048(S)

---(CD)

---

�-Fe2O3

KFeO2

CH3COO 275

800

0.33�0.006

0.31�0.013

0.21�0.004

–0.18�0.014

0.81�0.018

0.47�0.004

51.3�0.055(S)

---(CD)

---

�-Fe2O3

KFeO2

CH3CH2COO 270

790

0.35�0.003

0.31�0.016

0.22�0.003

–0.17�0.012

0.81�0.010

0.46�0.003

51.3�0.057(S)

---(CD)

---

�-Fe2O3

KFeO2

CH3CH2CH2COO 285

760

0.34�0.006

0.32�0.013

0.23�0.005

–0.19�0.014

0.83�0.011

0.48�0.005

51.5�0.052(S)

---(CD)

---

�-Fe2O3

KFeO2

#
w.r.t. pure iron absorber

B=Internal magnetic field in Tesla (T), S=Sextet, CD=Central doublet

Fig. 5 XRD powder pattern of the final thermolysis product of

potassium hexa(formato)ferrate(III) trihydrate

Fig. 6 Simultaneous TG-DTG-DTA curves of potassium

hexa(acetato)ferrate(III) trihydrate



K3[Fe(CH3COO)6]·3H2O
163 C, dehydration�

� �����

K3[Fe(CH3COO)6]+3H2O

K3[Fe(CH3COO)6]
2 C, exo-decomp75�

� �����

�-Fe2O3+3K(CH3COO)+gaseous products

�-Fe2O3+3K(CH3COO)
800�

� �����
C, exo-decomp

KFeO2+K2O+gaseous products

Potassium hexa(propionato)ferrate(III) tetrahydrate,

K3[Fe(CH3CH2COO)6]·4H2O

Figure 7 exhibits the simultaneous TG-DTG-DTA

curves of potassium hexa(propionato)ferrate(III)

tetrahydrate precursor in flowing air atmosphere at a

heating rate of 5°C min
–1

. The precursor undergoes de-

hydration up to 198°C as indicated by a mass loss of

10.5% (calc. loss=10.5%). DTA shows corresponding

broad endotherm centered at 132°C and accompanied

by a DTG peak centered at 130°C. The anhydrous pre-

cursor undergoes an oxidative decomposition process

with a mass loss of 39.0% at 270°C suggesting the for-

mation of Fe2O3 and potassium propionate

(calc. loss=39.4%). Corresponding to this step, DTG

shows a peak at 250°C while DTA exhibits an exotherm

centered at 255°C. The existence of Fe2O3 has been con-

firmed by recording Mössbauer parameters (Table 2) of

the residue obtained by calcining the precursor isother-

mally at 270°C for 15 min. As heating continues, potas-

sium propionate and �-Fe2O3 get decomposed into

KFeO2 and K2O with a mass loss of 67.5% at 790°C

(calc. loss=67.6%). There exist corresponding peaks

with shoulders in DTA (exotherm) and DTG suggesting

a multi-step decomposition process. The identity of the

end product as KFeO2 has been confirmed from its

Mössbauer parameters (Table 2) and XRD powder pat-

tern.

Based on the above observations, the following

pathway for the aerial thermal decomposition of po-

tassium hexa(propionato)ferrate(III) tetrahydrate pre-

cursor is proposed:

K3[Fe(CH3CH2COO)6]·4H2O
198 C, dehydration�

� �����

K3[Fe(CH3CH2COO)6]+4H2O

K3[Fe(CH3CH2COO)6]
2 C, exo-decomp70�

� �����

0.5�-Fe2O3+3K(CH3CH2COO)+gaseous products

0.5�-Fe2O3+3K(CH3CH2COO)
790�

� �����
C, exo-decomp

KFeO2+K2O+gaseous products

Potassium hexa(butyrato)ferrate(III) heptahydrate,

K3[Fe(CH3CH2CH2COO)6]·7H2O

The thermal decomposition pattern of potassium

hexa(butyrato)ferrate(III) heptahydrate (Fig. 8) has

been found to be almost similar to that observed for

its propionate counterpart. The identity of the end

product as KFeO2 has been revealed by its Mössbauer

parameters (Table 2) and XRD powder pattern.

The decomposition process proceeds by the fol-

lowing mechanism:

K3[Fe(CH3CH2CH2COO)6]·7H2O
199 C, dehydration�

� �����

K3[Fe(CH3CH2CH2COO)6]+7H2O+gaseous products

K3[Fe(CH3CH2CH2COO)6]
2 2 C, exo-decomp8 �

� �����

0.5�-Fe2O3+3K(CH3CH2CH2COO)

0.5�-Fe2O3+3K(CH3CH2CH2COO)
760�

� �����
C, exo-decomp

KFeO2+K2O+gaseous products

Characterization of potassium ferrite prepared by

combustion (solution-phase) method

The ferrite, KFeO2 obtained from the solution phase

combustion of redox mixture (potassium nitrate, ferric

nitrate and ODH) has been characterized by XRD pow-

der pattern (Fig. 9) and Mössbauer spectrum (Fig. 10)

which exhibits a symmetrical doublet with isomer shift

and quadruple splitting values of 0.22 and 0.47 mm s
–1

,

respectively. These parameters correspond to ferric ions

in tetrahedral coordination [16, 20].
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Fig. 7 Simultaneous TG-DTG-DTA curves of potassium

hexa(propionato)ferrate(III) tetrahydrate

Fig. 8 Simultaneous TG-DTG-DTA curves of potassium

hexa(butyrato)ferrate(III) heptahydrate



Conclusions

Single phase KFeO2 powders have been successfully

prepared by precursor as well as combustion methods.

The thermal decomposition of potassium

ferricarboxylate precursors proceeds without undergo-

ing reduction to iron(II) state. The reduction of Fe(III) to

Fe(II) being endothermic process takes up some heat,

thus, causing the ferrite formation at higher temperature

as has been observed in the thermolysis of alkali metal

ferrioxalate precursor [21]. The solution phase combus-

tion method is rapid and undergoes a direct conversion

from the molecular mixture of the precursor solution to

the final oxide (ferrite) product, avoiding the formation

of intermediate phases that require inter-diffusion for

complete reaction.

In both these methods, stoichiometrically pure

ferrites are obtained at lower temperature and in

shorter time. Further no milling of starting materials

is required (necessary in ceramic method) that can in-

troduce lattice defects in the ferrite obtained which, in

turn, affect its permanent magnetic properties.
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Fig. 9 XRD powder pattern of KFeO2 prepared by combustion

method

Fig. 10 Mössbauer spectrum of KFeO2 prepared by combus-

tion method
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