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Abstract

An aerosol technique is used to produce submicrometer-sized y-Fe,O, particles in two steps using ferrous oxalate
dihydrate as the starting precursor. In the first step, a submicrometer-sized powder was produced by decomposing the
precursor solution in an aerosol reactor. In the second step the powder was heat treated in a reducing ambient to produce
maghemite (y-Fe,0;). The kinetics of the maghemite formation are elucidated using a microscopic probe.
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1. Introduction

Magnetic recording media in the form of tapes,
flexible disks and rigid disks are broadly used for
analog audio and video recording and for digital
audio, video and data storage. Although recording
surfaces can be formed by deposition of thin mag-
netic films on a substrate material, most commer-
cially available media are made by coating the sub-
strate material with a dispersion of magnetic parti-
cles [1]. This approach has been used for decades
and is capable of being extended for future applica-
tions, such as by the chemical vapor deposition
(CVD) technique. The first commercially available
magnetic recording tapes were produced in the late
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1940s using iron oxide particles [1]. Gamma ferric
oxide, y-Fe,O; (maghemite), is the most useful of
the oxides because of its chemical and physical
stability, but particularly because of its ideal mag-
netic properties such as high saturation magnetiza-
tion (M,), high coercivity (H,) and squareness ratio
(M_/M,), where M, is the residual moment. Gener-
ally y-Fe,O, is used in the form of single-domain
(SD) particles of acicular shape for obtaining a good
signal-to-noise ratio [2].

The traditional synthesis techniques used to pre-
pare acicular y-Fe,0, particles are rather compli-
cated and involve multiple steps. There are several
microstructure problems, such as porosity, with im-
portant consequences on the magnetization reversal
mechanism leading to poor recording performance.
The conventional method of preparing iron oxide
particles begins with the nucleation and growth of
a-FeOOH (goethite) or y-FeOOH (lepidocrocite)
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particles, followed by dehydration to form nonmag-
netic «-Fe,0, (hematite), and reduction to Fe;0,
(magnetite) [3]. Magnetite would seem to be a desir-
able recording material, and in fact serves as the core
for a cobalt-surface-doped oxide. However, mag-
netite is unstable and therefore is oxidized to y-Fe,O,
(maghemite), and used in that form for most record-
ing applications.

The three common forms of iron oxide are mag-
netite (Fe,0,), hematite (a-Fe,0,) and maghemite
(y-Fe,0,). Hematite is the most stable of the three,
and is found in abundance in mineral matter. ¢-Fe,O,
crystallizes in the rhombohedral system. y-Fe,O,
has a vacancy-ordered spinel crystal structure
that is cation deficient and is written as
Fe3* [Feif s 05 5]0;,, where O indicates octahe-
dral vacancy sites in the lattice [2]. These vacancies
are distributed over the unit cell, leading to irregular
shapes.

Several processing techniques have been reported
to produce y-Fe,0,. Ohta et al. [4] and Zhou et al.
[5] used an rf sputtering process to produce thin
films of y-Fe,O; in an argon-oxygen atmosphere.
They obtained thin films with mixed phases of -

Fe,O; and Fe,0,, which had earlier been prepared
by using a similar process followed by heat treat-
ment [6]. Deng et al. [3] used a liquid flux method
wherein «-Fe,0; powders were mixed with BaCO,
and a mixture of KCl/LiCl in an alumina crucible,
and then heated at different temperatures for differ-
ent times. They reported samples with a saturation
moment M, =63.7 emu/g, a residual moment M,
= 15.7 emu/g, and coercivity H, =90 Oe. A liquid
mix method, wherein a mixture of barium and iron
(ratio of 1: 12) was used, has been reported by Vallet
[7]. The presence of the barium resulted in y-Fe,O,
being obtained. Garcia and Altshuler [8] used ferrous
oxide and ferric citrate as precursors in a solid state
process and obtained a mixture of the a- and y-phases
of Fe,0;. Rao et al. [9] thermally decomposed fer-
rous oxalate dihydrate in a closed tube furnace at
300°C for about 15-20 min to produce y-Fe, 0, with
traces of a-Fe,0;. They also reported excellent
magnetic properties of their as-produced ferric oxide
powder. Pyrolysis of an ultrasonic generated aerosol
was used to grow oxide thin films of Fe,O, [10].
Analysis of the films indicated a mixture of Fe;O,
and y-Fe,0,.

Table 1

Summary of processes used to produce y-Fe,O; powders

Researchers Precursor Decomposition Residence Particle Products
and methods material temperature time size

Liquid flux BaCO; + a-Fe, 04 750°C 2h 0.3~1.0 um v-Fe;0,
method [3]

Liquid mix 1 Ba:12 Fe 150°C 20h . v-Fe, 0,
technique [7] Fe ions 150°C 20h nr, a-Fe,0,
Reactive 1f Iron target n.r. nr. nr. v-Fe,04
sputtering [4]

if Sputtering [5] Fe,0, 200-300°C 1-2h nr. v-Fe, 04
Solid state FeC,0,2H,0 200°C, 400°C 30 min nr. o and y
processing, FeC,H;0, - 3H,0 400°C 30 min n.r. o and y
decomposition

in air [8]

Solid state FeC,0,-2H,0 300°C 30 min nr. v-Fe, 0,
processing,

decomposition

in a closed

oven [9]

CVD[10] Fe(CsH,0,), 500-520°C nr. nr. Fe;0,, y-Fe,04
Aerosol [17] FeSO, - 7H,0 400°C,850°C 051s 2,6-3.45 um o-Fe,0,
Aerosol [18] Fe,(S0,), 800°C 0.7, 145 0.1 um -, y-Fe,0,
This study Fe(NO;); - 9H,0 700-800°C 2.81-422s 0.1-3 um -, y-Fe O,
(aerosol) FeC,0,-2H,0 300°C 15-18 min 278 pum v-Fe,03
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It is difficult to control particle characteristics
using conventional processing techniques (described
above) that are used to produce y-Fe,0;. Also, the
voids or micropores tend to be high in maghemite
since the crystal structure has cation vacancies.
Aerosol techniques allow for the production of parti-
cles with better homogeneity, purity and control of
morphology [11]. In one such aerosol technique,
atomization is used to produce droplets of a precur-
sor solution which is then diffusion dried and ther-
mally decomposed to obtain the oxides. Biswas et al.
[12] describe such a process to produce high-T,
superconducting powders. Gadalla et al. [13] used a
similar process to produce NiFe,O, powders. Recent
studies [14] have indicated that nanometer-sized
Fe,0, particles exhibit novel electronic, optical and
magnetic properties. Materials in these size ranges
are readily processed by aerosol techniques [15,16].

Ramamurthi and Leong [17] used an aerosol pro-
cess to produce a variety of metallic oxides including
Fe,0,. They used ferrous sulfate as a precursor
solution and decomposed it at 850°C to obtain ferric
oxide particles. Tang et al. [18] used a similar tech-
nique with ferric sulfate as a precursor, in an attempt
to produce maghemite. Even with post-heat treat-
ment, they were unable to produce enriched
maghemite. The different techniques used by various
researchers in the field to produce maghemite are
listed in Table 1.

In spite of the advantages of aerosol processes,
past researchers [17,18] have been unable to produce
enriched +y-phase ferric oxide powders. This paper
describes a systematic approach in the use of an
aerosol technique to produce y-Fe,O; powders. Pro-
cessing conditions such as precursor solution concen-
tration, reactor temperature and residence time are
varied to produce ferric oxide powders. These pow-
ders are characterized by X-ray diffraction,
Mdssbauer spectroscopy, scanning electron mi-
croscopy and magnetometry. The kinetics of
maghemite formation are elucidated.

2. Experimental method
2.1. Experimental system

The schematic of the experimental system to pro-
duce ferric oxide powders is shown in Fig. 1. Details
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Fig. 1. Schematic of the aerosol system for the production of
Fe,O; powders.

of the system and operational procedures are de-
scribed elsewhere [19,20]. The carrier gas used is
clean (particle-free, CO, CO, free) air and is inlet to
the atomizer (TSI model 3077). The precursor solu-
tion is atomized to form fine droplets, which are
carried out with the carrier gas. The droplets are then
dried in a diffusion dryer. The dry particles are then
mixed with a certain flow of clean air (flow rate g,
1/min) to obtain the desired residence time in the
tube reactor. The temperature is controlled in three
zones in the reactor by three beaded heaters (Cole-
Parmer, 1-03116-10) and a feedback controller
(Eurotherm, 840 /K /0-2000F). The particles are col-
lected downstream on a glass fiber filter (Pallflex,
T60A20).

2.2. Processing conditions and experimental test plan

The precursor material, solution concentration,
residence time and reactor temperature are the pro-
cessing conditions that were varied. A large number
of tests were performed [20], but only the pertinent
ones are discussed in this paper (Table 2).

The precursor material has to meet the following
criteria: high solubility and low decomposition tem-
perature. A higher solubility would indicate a greater
throughput of material. A low decomposition tem-
perature would ensure complete conversion to the
oxide. More importantly, since the conversion of
y-Fe, 0, to the more stable form, a-Fe,0, is known
to occur above 400°C [21], it was necessary to select
a precursor that decomposed at temperatures less
than 400°C. The decomposition temperature of ferric
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Table 2
Description of tests for aerosol processing of ferric oxide powders

Test  Precursor Solution Temperature (°C) Flow rate (I/min) Post-
# solution cone. collection heat
(mol /1) treatment
Zone 1 Zone 2 Zone 3 Q Q
(top) (middle) (bottom)
1 Ferric nitrate 0.1 400 400 400 2
2 " 0.1 500 500 500 2
3 " 0.1 600 600 600 2
4 " 0.1 700 700 700 2
5 " 0.1 800 800 800 2
6 g 0.1 700 700 700 2 2
7 " 0.1 300 800 800 3
8 g 0.5 800 800 800 2
9 g 0.5 800 800 800 3
10 " 0.1 500 500 500 2 Reheat at 800°C,
2h
11 " 0.1 100 100 600 2
12 ! 0.1 100 100 700 3
13 ! 0.5 800 800 800 3 Mix with BaCO,
and heated at 750°C,
2h
14 Ba(NO); + Fe(NO), 0.1 800 800 800 2
15 Ferrous oxalate 0.1 400 400 400 2.5
16 " 0.1 110 110 110 2
17 gy 0.1 110 110 110 2 In a closed tube
furnace at 300°C,
15 min
18 4 0.1 110 110 110 2 In a closed tube
furnace at 300°C,
16 min
19 " 0.1 110 110 110 2 In a closed tube
furnace at 300°C,
18 min
20 Solid state processing In a closed tube

ferrous oxalate

furnace at 300°C,
15 min

sulfate is 480°C, of ferric nitrate is 125°C, of ferrous
oxalate is 190°C and of ferrous citrate is 350°C [22].
This suggests that if ferric sulfate is used as a
precursor, the reactor temperature must be greater
than 480°C to obtain ferric oxide powders. Under-
standably, this would result in the predominant pro-
duction of a-phase oxides, as was also observed by
Tang et al. [18]. In this paper we report results of

using both ferric nitrate and ferrous oxalate as pre-
cursor materials. Ferric nitrate has a high solubility,
while ferrous oxalate has a low solubility (0.0022
g/1). The precursor solution concentration was var-
ied to obtain different particle sizes, with smaller
sizes being obtained for lower precursor concentra-
tions, as discussed later.

Different combinations of temperature profiles
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were used and the effects on final powder character-
istics established. Temperatures greater than 400°C
were also used, for the reasons described in Section
3. The total flow rate, Q + ¢, was altered to vary the
residence time; see Table 2. As the objective was to
produce enriched y-Fe,O, powders, post-heat treat-
ment was used in some of the tests.

2.3. Powder characterization

Different methods of characterization were used,
and the procedural details are described elsewhere
[20]. X-ray diffraction was used to establish the
nature of crystalline phases present in the samples.
As mentioned earlier, the three predominant forms of
the oxide are magnetite (Fe,0,), hematite (a-Fe,05)
and maghemite (y-Fe,0,).

Mossbauer spectroscopy [23] served to identify
the presence of various phases in the formation of
the y-phase oxide from the aerosol precursor. The
size distribution of the aerosol was determined using
a real time optical particle counter (PMS, LAS-X). A
scanning electron microscope was used to determine
the shape of the particles. Dc magnetization mea-
surements using a vibrating sample magnetometer
(EG&G PAR model 4500) were used to determine
the saturation moment, M, (emu/g), residual mo-
ment, M, (emu/g) and coercivity H, (Oe).

3. Results and discussion
3.1. Ferric nitrate precursor

The initial experiments (1-13, Table 2) were
carried out with ferric nitrate as the precursor. Ferric
nitrate has a high solubility in water and a low
decomposition temperature [22]. The transition to the
a-phase occurs at temperatures higher than 400°C,
and hence initial experiments were done with reactor
temperatures of 150, 200 and 250°C. Due to the
short residence time (9.57 s for a 2 1/min flow rate
at 200°C) and relatively low temperatures in the
reactor, the nitrates did not decompose completely
and a yellow powder was obtained. On increasing
the temperature to 400 and 500°C (tests 1 and 2), a
brown powder was obtained. X-ray diffraction re-
sults indicated that these samples were amorphous.

Although some decomposition of the precursor mate-
rial occurred, there was not sufficient time for crys-
tallization to take place. The temperature in the
reactor was systematically increased to 600°C (test
3), 700°C (test 4) and 800°C (test 5). Crystalline
samples were obtained and the XRD scans (Fig. 2)
revealed a predominance of a-Fe,O, phase.

Tang et al. [18] have reported that the transforma-
tion to a-phase is reduced at shorter residence times.
Therefore the flow rate was increased to 4 1 /min at a
reactor temperature of 700°C (test 6). No differences
were obtained in the XRD scans (predominantly
a-Fe,0;). Similar results were obtained at a reactor
temperature of 800°C (test 7). The particle sizes were
altered by varying the solution concentration, but no
observable differences were obtained in the product
characteristics (tests 8 and 9). A post-collection heat
treatment procedure was tried in test 10, but no
significant improvement was observed. As the tem-
peratures of the three zones in the reactor could be
independently controlled, different temperatures in
each zone were used so as to reduce the residence
times in regions where the temperature exceeded

400°C (tests 11 and 12). As in the previous tests,
only trace quantities of the y-phase material were

obtained. In summary, with ferric nitrate as a precur-
sor, a-Fe,0, was the predominant species formed.
The higher reactor temperatures used to obtain crys-
talline material invariably led to the formation of the
more stable a-Fe,0;.

In test 13, the aerosol generated ferric oxide
(using the ferric nitrate precursor) was mixed with
BaCO, and heated at 750°C for about 2 h in a
process similar to that used by Deng et al. [3].
Results indicated that the ferric oxide was predomi-
nantly a-Fe,0,. As aerosol techniques allow homo-
geneous multispecies particles to be produced read-
ily, test 14 was carried out using Ba(NO); with
Fe(NO,), as precursor material. XRD scans again
indicated that predominantly «-Fe,O, was formed
(Fig. 2).

3.2. Ferrous oxalate precursors

The two requirements to produce y-Fe,O, are
low processing temperatures (< 400°C) and a reduc-
ing environment. Rao et al. [9] reported the results of
systematic tests wherein y-Fe,O; was produced by




152

S.Y. Lin et al. / Journal of Magnetism and Magnetic Materials 159 (1996) 147~158

840.0

Counts

0.00

Counts

173.0

Counts

o
2 © (a)
. -
o~ f3) |
| .
™
|
<
o] ~ o)}
&) < ©
© o] . n
N 0 . =t @ <
« (=] ~ 1 < n b
| ™ [ (S
. ~- e
N (]
1 ]
U EW‘| —r=T v -A
15 20 25 30 35 40 45 50 55 60 65 70
S (b)
™~
N @ -
| —
7e}
N
[ ~
n o n
@ < )
© 0 @ ) ﬂ
N o . . n ™
2l N ~ — @0 N
1 . { 1 <
N DY
’ T

-2.703

-2.520

40

=1.809

45 50

-1.694

55 60

65 70

Fig. 2. X-ray diffraction patterns for powders generated in (a) test 9, (b) test 11 and (c) test 14.
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thermal decomposition of ferrous oxalate dihydrate
in an ambient of its own gaseous decomposition
products (closed tube). This was also readily verified
in our laboratory [19,20]. In spite of its low solubil-
ity, an aqueous solution of ferrous oxalate dihydrate
was atomized in the aerosol system described earlier.
In test 15 (Table 2), the aerosolized precursor was
decomposed at 400°C in the reactor, and a partially
amorphous oxide was obtained. The XRD scan of
the powder generated in test 16 indicated primarily a
ferrous oxalate powder [20]. This powder (collected
at the exit of the aerosol reactor) was heated in a
closed tube in a furnace at 300°C for varying times
in the range 0-20 min, with results reported in this
paper for 15, 16 and 18 min, respectively (tests
17-19). The XRD scan (Fig. 3¢) clearly indicates
that enriched y-Fe,0, was obtained for the 18 min
post-heat treatment (test 19). Thus a two-step process
was successful in producing y-Fe,0, powders.

3.3. Kinetics of v-Fe,O; formation from ferrous
oxalate

Important insights into the kinetics of y-Fe,O,
formation from the aerosolized ferrous oxalate pre-
cursor (sample of test 16) have emerged from *"Fe
Mbossbauer spectroscopy measurements. In this con-
text, the Mossbauer effect not only serves as an
atomic-scale probe of various Fe-rich phases, but is
also the method of choice for discriminating small-
sized y-Fe,O, grains from the large-sized ones
through the phenomenon of ‘superparamagnetism’
[24,25]. Spectra of the aerosolized ferrous oxalate
precursor, subjected to heat treatment at 300°C in a
closed system for various times ¢ in the range 0 <t
< 18 min, were systematically examined. As we
show below, the results unambiguously reveal a
complete transformation of the aerosol precursor to
large-grained (2.8 um) y-Fe,0, (confirming the
XRD results eluded to earlier) in 18 min.

Spectra were recorded [26] using a °’Co /Rh emit-
ter mounted on a constant acceleration drive with a
microcomputer based multichannel analyzer system
used to record, retrieve and analyze the line shapes.
Some of the results are shown in Figs. 4~6, where
the smooth curves through the lineshape represent a
nonlinear least-squares fit of the data in terms of the
appropriate number of quadrupole doublets, keeping
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Fig. 4. Room-temperature Mssbauer spectra of (a) ferrous ox-
alate starting material; (b) powder after aerosol processing; and (c)

aerosol sample post-heat treated at 300°C for 14 min in a closed
system.

linewidths, centroid and splittings of the doublets
variable. Broadly speaking, all spectra can be ana-
lyzed in terms of five (n = A, B, C, D and I) Ferich
phases in which the Fe sites are characterized by an
isomer shift (8), quadrupole splitting (4) and ob-
served linewidth (I}, ) parameters that are summa-
rized in Table 3. Table 3 also provides the site
assignments. The site integrated intensity ratios
I/I(t) for various sites n=A, B, C, D and I
deduced from the Mdssbauer lineshapes are summa-
rized in Fig. 7.
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Fig. 5. Spectra of aerosol samples post-heat treated at 300°C for
(a) 15 min; (b) 15.5 min; and (c) 18.0 min, displaying the
disproportionation of anhydrous ferrous oxalate (doublet C) into

fine-grained (doublet B) and then nearly completely into coarse-
grained (sextet D) maghemite after 18 min.

Table 3

Summary of Mdssbauer site parameters and assignments observed in aerosolized ferrous oxalate
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Fig. 6. High-velocity scans of aerosol samples post-heat treated
for (a) 15 min and (b) 18 min, displaying the six-line magnetic
hyperfine structure of site D, ascribed to coarse-grained
maghemite.

The spectrum of our starting material, pristine
ferrous oxalate, displays a well resolved quadrupole
doublet (site A) (Fig. 4a) with Mdssbauer effect
parameters that are in reasonable agreement with
published results [27]. Aerosol processing leads to
partial oxidation of the starting material (Fig. 4b)
with the emergence of an Fe®® species (site I)

Site label ~ Site parameters Site assignment
8% (mm/s) A(mm/s) I, (mm/s)
A 1.03(1) 168(1)  029(1) Ferrous oxalate i o
B 0.26(2) 0.62(4) 0.60(6) Fine-grained maghemite
C 1.04(1) 2.17(1) 0.30(1) Anhydrous ferrous oxalate
D 0.27(1) 2.35(2) 0.6 Coarse-grained maghemite
I 0.08(1) 0.33(1) 0.35(2) Fe** species formed after aerosol processing, precursor to forming maghemite

* Shifts quoted relative to Co Rh metal.
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Fig. 7. Observed Mdssbauer integrated site intensity ratios I, /(1)
of sites n= A, B, C, D and I, deduced from the spectra of Figs.
4-6. See Table 3 for site parameters and assignments. Post-heat
treatment of the aerosol precursor at 300°C for ¢ > 14 min leads to
a systematic transformation of the anhydrous ferrous oxalate (site
C) into maghemite (sites B and D), with the process being
complete at ¢ = 18 min.

contributing approximately one-third of the inte-
grated intensity. The remaining two-thirds of the

the integrated intensity of sites B and D at the
expense of the intensity of site C. The corresponding
high-velocity scans, reproduced in Fig. 6, serve to
demonstrate clearly that site D forms part of a
six-line magnetic hyperfine structure, as expected.
The internal field is found to be 48.8 T, which is
characteristic of the larger grain sized maghemite
[27]. Because of superparamagnetism, the spin mo-
ment of the small grain sized maghemite in our
sample fluctuates rapidly, and in the spectrum this
leads to a collapse of the magnetic hyperfine struc-
ture into a doublet (site B) since the spin-flip fre-
quency exceeds the Larmor precession frequency of
the nucleus about the local field. The Mdssbauer
effect results for the 18 min sample confirm the dc
magnetization and XRD results, in suggesting that a
near complete transformation of the starting ferrous
oxalate into maghemite has occurred.

3.4. Magnetization and morphology of the y-Fe,O;

integrated intensity represents a rather well crystal-
lized submicrometer-sized FeC,0, - 2H,0. The nar-
rower linewidth (I, =0.21 mm/s) of the site A
doublet in Fig. 4(b) in relation to that in Fig. 4(a)
(I,,=0.28 mm/s) indicates a better crystallized
submicrometer-sized ferrous oxalate material result-
ing from the aerosol processing than the coarse-
grained starting material purchased off the shelf (Al-
drich, 25597-1). A 14 min heat treatment of this
sample at 300°C leads to two striking changes in the
lineshape (Fig. 4c): an increase in the quadrupole
splitting of the principal doublet, which we now
identify with formation of anhydrous ferrous oxalate
(site C), and second, a complete transformation of
site I into small-grained (site B) and large-grained
(site D) maghemite. These results strongly suggest
that site I represents the intermediate step to
maghemite formation in aerosol processing. Con-
ceivably, a direct one-step maghemite formation in
the aerosol reactor is possible if the residence time
and temperature of the reactor is suitably increased, a
point we did not explore in this work.

Drastic and rather abrupt phase transformations
occur once the time ¢ exceeds 14 min, as revealed by
the spectra of Figs. 5 and 6. Anhydrous ferrous
oxalate rapidly disproportionates into small-grained
(site B) and finé-grained (site D) maghemite. In the
spectra (Fig. 5a—c), we obtain a systematic growth of

crystals

A scanning electron micrograph of the post-heat
treated powders is shown in Fig. 8. Slender cylindri-
cal shaped particles were obtained. The sizes vary
because of the atomization technique used. The mean
size of the particles generated by the post heat
treatment aerosol was 2.8 um.

Magnetization measurements were also performed
on selected samples. Fig. 9 shows a plot of the
induced moment, M, as a function of the applied

Fig. 8. Scanning electron micrograph of powders generated in test
19.
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Fig. 9. Induced magnetic moment as a function of the applied field, H, for powders generated in test 19. Also indicated are M;, M, and H_.

field, H. Also indicated are the saturation moments
(M,), residual moment (M,) and coercivity (H,).
These magnetization parameters for powders from a
variety of tests are listed in Table 4, together with
those for commercial grade [18] a-Fe,O; and -
Fe,0,. A sample prepared following the procedure
used by Rao et al. [9] (test 20) was also examined,
and the magnetization results for such a sample are
listed for comparison. These results clearly demon-
strate that the saturation moment for the aerosol

Table 4
Summary of magnetic properties determined by vibrating sample
magnetometry

Test # Saturation Coercivity, M, /M;
(Measurement temp.) — moment, H, (Oe)

M, (emu/g)
Commercial « [18] 0.6 N.A. N.A.
Commercial 7y [18] 76 285 0.76
Fe,0, [18] 9 304 NA.
5(300K) 12 180 0.16
5(160K) 16.5 200 0.3
7 (300 K) 9 120 0.11
17 (300 K) 19.39 94 0.15
19 (300 K) 68.87 260 0.44
20 (300 K) 62.8 257 0.41
Tang et al. [18] 13.3 28 n.I.

processed samples (test 19) is the highest of all the
samples studied here and reported by others [18] in
the literature, suggesting a high degree of cation
vacancy ordering in our maghemite sample.

4, Conclusions

An aerosol technique has been used to produce
ferric oxide powders using ferrous oxalate as the
starting material. Enriched y-Fe,O; powders were
readily produced by a post-heat treatment of the
aerosolized ferrous oxalate in a closed tube in a
furnace as revealed by XRD and Mdssbauer spec-
troscopy. The resultant powders had high saturation
moments indicating rather well crystallized
maghemite samples. Quantitative estimates of the
amounts of y-Fe,0, and the pathway of the transfor-
mation were elucidated by Mdssbauer spectroscopy.
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