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MAGNETIC PROPERTIES OF CADMIUM MANGANESE FERRITE

Bing W. ‘Jong and P, Darrell Ownby

ABSTRACT

The room-temperature saturation magnetization of
Cd,Mn;_yFez0n decreased with increasing cadmium con-
centration. - When 0 < x ¢ 0.5, the decrease in satura-
tion magnetization was due to the increase in the -
amount of non-magnetic distorted cubic Cd(Mn,Fe)20,
which formed as x was increased. The saturation mag-
netization became very small for x > 0.5 due to the
formation of (Cd,Fe) (Mn,Fe) 0.

The grain size, the grain size distribution and
the porosity played a significant role in changing the
hysteresis loop parameters of CdMn, xFe,0,. The max-
imum Br/Bm was obtained at x = 0.3 due to the combina-
tion of a smaller grain size and a more homogeneous
grain size distribution. A higher porosity at x = 0
and a smaller grain size at x = 0.3 accounted for a
larger coercive field strength for these compositions.

INTRODUCTION

Eichbaun studied CdMn-ferrites for use in high
speed computer components [1]. Eichbaum also studied
the effect of boron on square-loop CdMn-ferrites [2].
Cadmium-containing ZnMn-ferrite systems were investi-
- gated by Baird et, al. [3]. However, these investiga-
tions were not primarily designed to determine the ef-
fect of cddmium on the magnetic properties. Moreover,
the compositions which they studied were different
from those in the present work.

The solid-state reaction sequence and optimum
time-temperature and fabrication regime for producing
cadmium manganese ferrite have recently been discussed
elsewhere [4]. Figure 1 shows the variation in (311)
d-spacing of CdFe;0y with cadmium concentration, x,
when CdMny0, dissolved in CdFey0y for the composition
xCdO + (1-x)MnCO; + a-Fe,03 reacted at 900°C for 2
hours. The knee in the d-spacing vs. composition
curve at x = 0.5 has been described in detail indicat-
ing that all of the Mn30, was dissolved in the
Cd(Mn,Fe) 0, for 0.5 < x < 1.0 at this temperature
[4]. A single phase of CdMn;_,Fe,0, existed at
1150°C. This paper will correlate these results with
the magnetic properties.

In this work, the effects of cadmium content on
the physical properties, magnetic properties and mic-
rostructure were studied. Careful control over pro-
cessing variables was exercised so that the amount of
powder, ball milling parameters, calcination and sin-
tering time-temperature cycles were fixed for each
composition batch.

Manuscript received March 25, 1974; revised May
22, 1974. Paper 9.9, presented at the 1974 INTERMAG
conference Toronto, Canada, May 14-17. This work was
supported by a fellowship grant from the Emerson
Electric Co.

B. W. Jong was with the Department of Ceramic
Engineering, University of Missouri-Rolla, Rolla,
Mo. 65401. He is now with Engineering Experiment
Station, Georgia Institute of Technology, Atlanta,
Georgia 30332. )

P, D. Ownby is with the Department of Ceramic
Engineering and Graduate Center for Materials Resear-
ch, University of Missouri-Rolla, Rolla, Mo. 65401.

619

2.64
‘ °
262 : o/
62 i
! Cd(Mn,Fe)s0)
~ 260 o/ : Lot
=T P 03
“g) o cd( . N
2581 7 Mn,Fe)o0y ;
+ '
- N30y E
+ :
2.56 |- o-Fe0s
254 [ N w—| ll BTN S N

00 0.2 04 06 08 1.0
CADMIUM  CONCENTRATION (X)

Figure 1. Variation in (311) d-spacing of CdFe,0,
with cadmium concentration, x, when CdMnyQs
dissolved in CdFe,0, for the composition
xCd0 + (1-x)MnCO + a-Fe,03 reacted at
900¢C for 2 hours.

EXPERIMENTAL

A. Sample Preparation

100-gram batches with composition xCdO+{1-x)MnCO3
+ a-Fez03, where x = 0.0, 0,1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7 and 0.9 were calcined at 900°C for 2 hours. The
percent of Cd(Mn,Fe),0, formed was calculated from X-
ray diffraction intensities as follows:

Percent conversion = I35;[Cd(Mn,Fe)204] % 100/{I33;
{Cd(Mn,Fe)204] + I111(CdO) + In11(Mn30s) + Ijou
(a-Fe,03)} .
Distilled water slurries containing 60% solids were
steel-ball milled for 16 hours. The dried and granu-
lated calcined powder was uniaxially pressed at 4.22

x 10 kg/m? into 1.91 cm diameter, 0.32 cm high pel-
lets and into 3.66 cm outside diameter, 2.77 cm inside
diameter, by 0.51 cm high toroids and then isostati-
cally pressed to 1,76 x 107 kg/m2,

The pellets and toroids were sintered side-by-
side, in air, in tightly covered cylindrical alumina
crucibles at 1150°C for 30 minutes and air-quenched.
The sintered pellets were then used for the measure-
ments of sintered density, saturation magnetization
and characterization of microstructure. The sintered
toroids were used for studies of hysteresis-loop
parameters.

B. Measurement

X-ray densities were calculated from unit cell
dimensions obtained by standard X-ray technique.
Sintered densities were measured by using Archimedes'
principle. :

Saturation magnetization was measured at room
temperature using a vibrating sample magnetometer and
an applied field of 5 kODe. The standard against which
the CdMn-ferrite spheres were compared was a 99.999%
nickel which was checked by various laboratories in
the ferrite industry. The 4mMs of Ni was 6100 G.



The measurements of Br/Bm and coercive field strength
were made using an a-c dynamic method described by
Soohoo [5]. Br/Bm is defined as the ratio of the re-
manent magnetization, Br, to the maximm magnetiza-
“tion, Bm, at a drive of 5 Oe.

Microstructures were characterized using a scamn-
ing electron microscope.

RESULTS AND DISCUSSION

A. Relative Density R

The theoretical and sintered density as a func-
tion of cadmium concentration are plotted in Figure 2.
It can be seen that all cadmium concentrations studied
increased the relative density to ~98% of theoretical
whereas without cadmium, only ~89% of the theoretical
value was reached.
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Figure 2. X-ray density and sintered density vs. cad-

mium concentration, x, for Cd,Mni.xFe20:.
Specimens were sintered at 1150°C for 30
minutes.

B. Magnetic Properties

As far as the authors have been able to determine
this is the first and most complete characterization
of cadmium manganese ferrite published to date. The
changes in the saturation magnetization, Br/Bm and
coercive field strength were measured as the cadmium
concentration, X, was increased.
a. Saturation magnetization

Figure 3 shows the measured room-temperature sa-
turation magnetization, 4wMs, versus Cd concentration,
X, in the solid solution of Cd Mnj xFe;Oy and percent
conversion to Cd(Mn,Fe),0y versus Cd concentration,
x, for the composition xCdO + (1-x)MnCO3 + a-Fep03
reacted at 900°C for 2 hours. It can be seen that
the saturation magnetization of Cd,Mn;.yFe,0, de-
creased as the non-magnetic phase of Cd{(Mn,Fe)20y
progressively increased.

The saturation magnetization decreased slowly,
as x increased from 0 to 0.2, and then more rapidly
to x = 0.5. The percent of Cd(Mn,Fe)20y increased to
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n82% when the Cd concentration, x, was 0.2.

The influence of the cation distribution on the
4mMs can easily be understood by considering the solid
state formation sequence [L]. The reaction sequence
is simplified as follows:

Fes03 Cdo CdFe0y
A T B T T Tal
Mn,0, 600 -800°C" CdMn,0,

MnFe 20
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Figure 3. Room-temperature saturation magnetization

vs. cadmium concentration, x, for
Cd%gl_xFezon, and percent conversion to
Cd(Mn,Fe) ,0, vs. cadmium concentration, x,
for the composition xCdO + (1-x)MnCO,; +
a-Fey,03 reacted at 900°C for 2 hours.

- At 900°C, all available Cd?* and some Mn3+ and
some Fe3* have formed Cd(Mn,Fe),0, which coexist with
Mn30, and «-Fe,03. A single phase of CdMn-ferrite
formed by the dissolution of Cd{(Mn,Fe),0, into MnFe,O,
at 1150°C. It is known that Cd%* preferentially occu-
pies the tetrahedral sites. When CdFe20u:, CdMny0y and
Cd(Mn,Fe),0, are formed some Mn3+ and Fed* are forced
into the octahedral sites. Mn3* is a Jahn-Teller ion
[6,7] which will distort the spinel structure. The
Cd(Mn,Fe) 20, was found to be elongated in the c-axis
with ¢/a > 1.0 in all compositions 0 < x < 1.0 [4].
Baltzer etc. have shown that symmetry distortion can
strongly influence the magnetic properties [8].

Jacobs found triangular moment arrangements in the
distorted spinel structure M.-Mn,0, [9] in agreement
with the Yafet-Kittel model for antiferromagnetic ar-
rangements in ferrite [10]. It appears that the non-
magnetic, distorted Cd(Mn,Fe),0, has affected the sa-
turation magnetization of CdMn;_yFe20u. In this com-
position range, the system can be considered as
~(0-90%)Cd (Mn,Fe) 04 + ~(100-10%)MnFe,0,. Obviously,
the saturation magnetization of CdMn;_yFe,0, is de-
creased by increasing the amount of Cd(Mn,Fe),0, dis-
solving into the MnFezOy. ‘

When x = 0.5, the saturation magnetization drops
to a very low value and as x = 1.0 it approaches zero.
The drop in magnetization was also confirmed by the
dynamic hysteresigrams of CdMn;_,Fe,0, as shown in
Figure 4. No hysteresis loop could be displayed when
x > 0.6.

The cation distribution can also be shown from



the reaction sequence [4] as follows;

Fe,0, _ Cd0 _ CdFe,0 |
Mn203 G005-800°C CaMna0, — 900°C ~ Cd(n,Fe),0,
-Fe20
so9c—— (C4, Fe) (Mn, Fe) 0,

Dynamic 1 kHz hysteresigrams vs. cadmium
concentration, x, for CdyMni-xFeaOu.

Major divisions of vertical scale 600 G;
major divisions of horizontal scale 3 Oe.

Figure 4.

At 900°C, all available Cd?* and Mn3*, and some
Fe3* have formed the €d(Mn,Fe)204 existing with
a-Fes03. A single phase of (Cd,Fe) (Mn,Fe)20, was
formed at 1150°C.
tem is ~(90-100%)Cd(Mn,Fe),0, + ~(10-0%)a-Fe,05. The
iron appears to be distributed in the tetrahedral and
octahedral sites so as to form a solid solution
(Cd, Fe) (Mn,Fe),0, which exhibits very low magnetiza-
tion. The thermal effect on the spin alignment is
not considered in this paper. Future work will in-
clude a saturation magnetization study of CdyMnj-x-
Fe,0, near 0° K and classification of magnetic char-
acteristics of Cd(Mn,Fe),0, and (Cd,Fe) (Mn,Fe),0y.

Both Cd and Zn strongly prefer the tetrahedral
sites and are non-magnetic. Therefore, a comparison
was made for room-temperature 4wMs of C 1-xFe20y
with the corresponding Z 1.xFe20y [11,12,13]. For
comparison, the 4wMs was Corrected to the value which
was equivalent to the X-ray density. There are no
differences in 4wMs for x = 0 and x > 0.8. MnFez0
is the same in each case for x = 0 and when x > 0.8
for IngMn,_,Fe,0, it appears to be similar to when

In this composition range, the sys-
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x > 0.5 for C 1-xFe,0, described previously.

There are substantial differences in the 4wMs for
0.2 £ x < 0.8, CdyMn,_,Fe,0, has a lower value of
4mMs than the corresponding Zn,Mn;.yFe;0, in these
compositions. This is probably due to a different
ionic radius, { Cd%* is 0.92 & which is larger than
Zn2*, 0,69 A .[14] ) resulting in a more distorted
spinel, ( CdMn,0, with c/a = 1.20 and ZnMn,0, with ¢/a
= 1.14 [15,16] ). :
b. Hysteresis loop parameters

Figure 5 shows the Br/Bm ratio and coercive field
strength, at a drive of 5 Oe and 1 kKHz, versus cadmium
concentration. The coercive field strength of zero
cadmium concentration is larger than when x » 0 be-
cause of the lowered sintered density at x = 0. This
agrees with Wijn etc. who found that porosity strongly
influenced the coercive field strength, pores being
non-magnetic inclusions [17]. After the initial drop,
as the cadmium concentration increases, both the Br/Bm
and the coercive field strength increase reaching a

maximum at x = 0.3,
1.0
-
08 =
| - %\
g
0.6 k ~
g L \, :
& =
04 44 5
| 3
- \ ~43 5
\ -
0.2+ \ . -2
| N\~ g
- Yo" -1
£
0.0 1 1 1 { | dosmmeed St | 1 0 8
00 02 04 06 - 08
CADMIUM CONCENTRATION (X)
Figure 5. Br/Bm and coercive field strength at a

drive of 5 Oe and 1 kKHz vs. cadmium con-
centration, x, for CdyMn,;_,Fey0,.

Microstructures of various composition were char-
acterized using a scanning electron microscope.
Beyond x = 0.3, the grain size was larger and less
homogeneous. The hysteresis loop is microstructure
sensitive and also dependent on the intrinsic magne-
tostriction constant. The present work only considers
the microstructure. The grain size and grain size
distribution affect the Br/Bm ratio for the solid so-
lution of CdyMn;_yFe,0,. A smaller grain size and a
more homogeneous grain size distribution produce a
higher Br/Bm, and a smaller grain size or a higher
porosity produce a larger coercive field strength.
The microstructure appears to be composition sensi-
tive. A future paper will be written on the magneto-
striction and thermodynamic studies of CdyMn;.xFesOy.

CONCLUSIONS

It has been shown that the room-temperature satu-
ration magnetization of CdMn,.,Fe,0, decreased with
increasing cadmium concentration. The fact that the
saturation magnetization was correlated to the forma-



tion sequence was verified. When 0 < x ¢ 0.5, all
available Cd2" preferentially occupy the tetrahedral
sites forcing some Mn3* and some Fe3* into the octshe-
dral sites, forming the non-magnetic distorted cubic
Cd(Mn,Fe) 204 which coexisted with phases of Mni0, and
a-Fe,03 at 900°C. At 1150°C, a single phase of Cdvn-
ferrite was formed by dissolving Cd(Mn,Fe),0, into
MnFe,0,. The saturation magnetization of CdMn-ferrite
was then decreased due to the increase in the amount
of Cd(Mn,Fe)20y formation as x was increased. When
0.5 < x < 1.0, all available Cd2* and Mn3*, and Fe3*
formed the Cd(Mn,Fe)203 existing with «-Fe,0; at
900°C. At 1150°C, a single phase of (Cd,Fe) (Mn,Fe),0,
was formed, which exhibited very low magnetization.

It has also been shown that the grain size and
grain size distribution changed with the Br/Bm ratio
and that the porosity or the grain size changed with
the value of coercive field strength for Cd,Mn;.yFe,Oy
and a correlation was inferred.
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