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Abstract

We synthesized Y-Fe—O ultrafine particles that containedYF©1 54+, h-YFeQ, e-F&0O;, and y-F&0O;, by using an rf Ar-Q
thermal plasma evaporation method. The particles were characterized by using X-ray diffraction (XRD), transmission electron microscopy
(TEM)/selected-area diffraction (SAD), inductively coupled plasma emission spectroscopy (ICP-ES), vibrating sample magnetometer (VSM)
and Mossbauer spectrometry. Y& O1s4+y IS @ Nnew compound that has not yet been registered in the Powder Diffraction File (PDF)
database. Because YE&,O154+y has a long-period, face-centered cubic structure, the maximum XRD peak was indexed by (444). The
magnetic hysteresis loop measurements done by VSM showed that the particles contained either ferri- or ferromagnetic corfjagnds.
affected the saturation magnetization of the particles. However, we could not determine whetger ®E&4.., is a ferri- or ferromagnetic
compound, by using XRD, VSM, or Mdssbauer spectrometry. Therefore, the magnetic propertiesQf,0cg4.., should be further
investigated.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction particles by using an rf Ar—@thermal plasma to evaporate
co-precipitated powders containing Y and Fe. The evapo-
Yttrium is used in many functional materials, and one rated Y, Fe, and O condensed to form the particles. X-ray
of the main applications is the use ob®3; as an optical diffraction (XRD) of the particles showed that they contained
glass constituerjt]. YVOy, Y203, and Y>,0,S together with a new cubic crystal main-product with face-centered cubic

Ewt have been used to make luminescent ifijs which lattices that were formed by Y and Fe atoms together with
are often used in color television picture tubes. ¥B8aO, by-products such as 03 and h-YFeQ [3]. However, large
is a super conductive materi@]. YAG (Y 3A;5012: yttrium quantities of by-products such as@; and h-YFeQ@ were
aluminum garnet) is used to make solid lasf@k YIG synthesized. This might be caused by the wide range of Fe/Y

(Y3FesO12: yttrium iron garnet) containing Fe has magnetic (molar ratio) of individual particles in the co-precipitated
bubble characteristics, and is used to make high-density in-powder[4]. Therefore, to synthesize particles with the above
tegrated memory elemengs]. Therefore, it is essential to  new compound of a pure single phase, we supplied to the
widen the yttrium application by synthesizing new com- plasma mists of aqueous nitrate solutions of Y and Fe with
pounds containing Y. fixed Fe/Y ratios. By controlling the Fe/Y ratio, we were
We used a high-frequency induction (rf) plasma to synthe- able to produce particles with the new compound close to
size ultrafine particles that contain Y, Fe, and O. The com- a pure single phasg]. However, because the quantity of
pound we formed has not yet been registered in the Pow-the mist was small compared to that of the powder precur-
der Diffraction File (PDF) databag8-8]. We synthesized  sor, the diameter of the synthesized particles was small. This
caused poor crystallinity. For this reason, the XRD pattern
mspondmg author. Tel+81.29-861-8182: of the particles was broad, suggesting that they contained
fax: +81-29-861-8366. other products. Therefore, amorphous citrate gel powders
E-mail addressm-sugasawa@aist.go.jp (M. Sugasawa). with nearly constant Fe/Y ratio in the individual particles
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was supplied to the plasnid]. As a result, the particles and carrier gas (D) are supplied from the tip of the copper

were larger than those produced by using the liquid mist as probe. In this study an atmospheric pressure Art@rmal

a precursor, and the crystallinity also improved. Moreover, plasma was used. Gases B and C were a mixture of Ar and
controlling the FelY ratio of the precursor permits a pure O, and gases A and D were pure Ar. Amorphous citrate gel

single phase to be formed, similar to using the liquid mist powders were used as the precursor, with a constant Fe/Y
[4-6]. ratio and particle diametet 45,m [4].

The particles were composed of YE&e)O154+x and Fig. 2shows a schematic diagram of the collection cham-
other compounds. Because the crystalline structure and magber for the particleg7,8]. The particles were collected at
netic properties of YRg, x)O1.54+x) have not beenreported discrete areas labeled S, PT, QB, and QP. The letter “T”
in the open literature, we tried to determine the crystalline represents the inner wall of the double quartz tube shown in
structure and magnetic properties of Y5&)0154+x) iN Fig. 1, whereas QP represents the inlet port of the quench
the Y-Fe-O particles that we synthesized in this work. gas. The letter “S” represents the inner wall of the collec-

tion chamber, whereas QB represents the quartz board and

PT represents the pyrex tube. No quenching gas was used
2. Experimental in this study because a long plasma tail flame kept is suit-

able for the synthesis of Yk&.,)O154+y. The distance

Fig. 1 shows a schematic diagram of the high-frequency between the upper surface of QB and the ceiling board of
induction thermal plasma torcfr,8] used in our experi- S could be adjusted by moving QB vertically. The experi-
ments. The plasma torch is composed of a water-cooled, dou-ments were done at a maximum separation of 450 mm. The
ble quartz tube. The bulkhead and probe are made of coppergas outlet port of the collection chamber was connected to
and the high-frequency coil is connected to a high-frequency a filter (F), which is not shown ifrig. 2 Ultrafine particles
power supply with a maximum plate power of 60kW and were also collected from this filter.
operating at a frequency of 4 MHz. In this system the plasma Table 1shows the experimental conditions for different
gas (A) is supplied from the gap between the bulkhead andruns. The values of Fe/Y listed were determined by using in-
the probe and has a swirl component. The sheath gas (B, C)uctively coupled plasma emission spectroscopy (ICP-ES).
is supplied from the outer surface of the bulkhead. Gas B is The progression from left to right shows increasing Fe/Y, ex-
supplied in the radial direction, and has no swirl component. cept for Run E508. In Run E508, we installed another quartz
Gas C is supplied tangential to the outer surface of the bulk- tube in the collection chamber to collect particles, so that
head and has a swirl component. Furthermore, the precursothe operating conditions were different from the other runs.

A:Plasma gas (with swirl )

;g B:Sheath gas (without swirl)
s C:Sheath gas (with swirl)
10 D:Precursor+Carrier gas
1

Maximum plate power=60k W
Frequency=4MHz
Atomspheric pressure

Radio-frequency coils

Fig. 1. Torch geometry (units: (mm)).
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Mor:mass collected at QP most entirely remove¢b]. Using XRD of the sample after
0120 Mos:mass collected at QB the HNG; treatment, we tried to index the XRD peaks
087 Mor:mass collected at PT of YFe(3+x)Ol_5(4ﬂ). Fur.the.rmore_, to determine whether
450 Mesmass collected at S YFe(gjo)Ol_g,@H) is a stoichiometric compqund or whether
: a solid solution is formeq, .accurate. lattice constants of
53 QP Mar YFe3+x) 01504+ in the individual particles Collecte_d atS _
were measured. A sample was prepared by applying cubic
(c-)Si[9] powder (diamete< 150wm) to the synthesized
particles in an agate mortar. The sample was then mixed
by doing wet-grinding in acetone, to the extent that the
Ms Si particle diameter decreased to as small agrh0XRD
of these samples was done. Using the correction curve
obtained from the five XRD peaks of c-Si, we corrected

X16

ST | T
ss°s|

.

0S¥ "Xe]Al

Mot E & the XRD angles and determined the accurate cubic crystal
g S lattice constantdp).
0240 To measure the size and shape of the synthesized
Mos . particles and to identify the existence of monocrystals
12 and/or polycrystals, transmission electron microscopy
4300 (TEM)/selected-area diffraction (SAD) was used. Moreover,

we examined the existence of the long periodic structure by
using TEM/SAD.
Furthermore, the magnetization at room temperature and

T : Torch wall QP : Quenching port the Curie point of the synthesized particles were measured
QB : Quartzboard PT : Pyrex tube by using a vibrating sample magnetometer (\_/SM). Together,_
these measurements allowed us to determine the magnetic
S : Side wall properties of the synthesized particles.
Fig. 2. Collection chamber (units: (mmy)). We also determined the magnetic properties of §Fg

O1514+x) contained in the synthesized particles by using

For all of the runs, the total gas volumetric flow rate XRD: VSM, and MGssbauer spectrometry.
was nearly constant. The plate power was adjusted to main-
tain stable plasma operation. However, feeding t_he Precur-3 Resylts and discussion
sor caused the plasma to become unstable, which made it
difficult to maintain both the feed quantity and time con- 3.1. Mass of collected particles
stant over all runs. Therefore, it was impossible to maintain
a constant feed rate of the precursor. Table 2 shows the mass of collected particles at each
XRD analysis was used to identify the composition and collection area and on the filter, for five runs. Because the
crystalline structure of the synthesized ultrafine particles. collection method for Run E508 was different from those
Although a large quantity of YR )O1 54+ is dissolved used for other runs, the collected mass for Run E508 is not
into HNO3 when YFgs,.,)O1 54+ -CONtaining particles shown inTable 2 We describe the particles collected for
are boiled for 20min in 2N HNg@ h-YFeQ; can be al- Run E508 inSection 3.6

Table 1
Experimental conditions (Y-Fe—O compounds)

Run no.

E503 E403 E408 E405 E406 E508
FelY (molar): precursor 2.4 3.1 3.4 3.7 4.0 1.7
A(Ar): plasma gas (slpm) 14 15 14 14 14 14
B(Ar): sheath gas (slpm) 22 22 21 23 22 22
B(Oy): sheath gas (slpm) 6 6 6 6 6 6
C(Ar): sheath gas (slpm) 23 22 23 25 23 22
C(Oy): sheath gas (slpm) 12 12 12 12 12 11
D(Ar): carrier gas (slpm) 3 3 3 3 3 3
Plate power (kW) 33.6 25.9 30.0 23.8 24.5 27.4
Feed time (min) 27.0 16.0 12.0 28.0 375 46.0
Feed quantity (g) 5.13 4.85 6.74 9.73 21.26 15.64

Feed rate (g/min) 0.19 0.30 0.56 0.35 0.57 0.34
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Table 2
Mass of collected particles (Y-Fe—O compounds)

Run no.

E503 E403 E408 E405 E406
Map (9) 0.008 0.020 0.031 0.054 0.129
Mqs (9) 0.008 0.002 0.006 0.004 0.004
MpT (9) 0.138 0.002 0.074 0.001 -
Ms (9) 0.281 0.334 0.511 0.902 2.330
Mg2 (9) 0.306 0.944 0.308 0.534 1.160
Miota® (9) 0.741 1.302 0.930 1.495 3.623

2Mg: mass collected at filter.
b Miota: total mass collected.

Increasing the mass flow of the precursor does not neces-

sarily increase the total collected mad&da) of particles.
However, for Run E406, the precursor mass flow was the
highest of all runs, and the mass of particles collected at
locations S and F was higher than for any other run.

3.2. Particle crystallinity

Fig. 3 shows a TEM photograph of particles collected
at location S for Run E405. The particle diameters ranged
from 1 to more than 100 nm. Because a large number of
crystalline particles were observed, the crystallinity of the
compounds synthesized in the ultrafine particles was good.

3.3. XRD identification of compounds in particles

Fig. 4 shows the XRD patterns of particles collected at
location S for each of the experimental runs. Hig. 4,
the FelY ratio of the precursors is shown. For all of the
runs, YFesz1,O15u4+y), h-YFeQ, y-FeOs, ande-Fe03
[10-12] were observed in the synthesized particles. Both
y-Fe0s ande-FeO3 are ferrimagnetic compounds.

With increasing Fe/Y ratio of the precursors, the XRD
peak intensities of h-YFef decreased, and those of

Fig. 3. TEM image of Y—Fe—O particles collected at location S for Run
E405.
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Intensity (a.u.)

SE405

v
v
S I
10 20 30 40 50 60 70
20 (degree, CuKa)
¥ YFe@E+xO1s54+) O h-YFeOs A y-FeO3

® ¢-Fe03

Fig. 4. XRD patterns of particles collected at location S (Y-Fe—O com-
pounds).

y-Fe0s and s-Fe 03 increased. We have not yet deter-
mined the relation between XRD peak intensities and the
guantity of these compounds. However, a proportionality
exists between the intensities and the quantity. Therefore,
the mass of the individual compounds synthesized is af-
fected by the Fe/Y ratio of the precursor.

3.4. XRD and TEM/SAD analysis of crystal structure of
YFQ3+x)O154+x)

Fig. 5 shows XRD of the sample obtained by boiling
in HNOg, the particles collected at location S for Run
E503. Comparing the XRD pattern for the particles before
the HNGQ; treatment (shown irFig. 4), almost the entire
h-YFeQ; peak shown irFig. 4 disappeared. This indicates
that almost all of the h-YFe®was removed. Despite the
removal of the h-YFe@ the s-Fe,0O3 peaks indicated by
black circles were clearly visible. This indicates that the
HNO3 treatment did not significantly removweFe,O3. As-
suming that the XRD pattern of Yksg.,)O1.54+x) included
all peaks except fog-Fe;Os, indexing of YR3 ) O1 54+
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3 YFe3+x01.5d+x) = i i i
N (Indexing) ".F 4866 [~ L Tttt Tttt T
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Fig. 5. XRD patterns of YR@, ) O1.54.. in particles collected at location Fe/Y ratio of precursor

S for Run E503, and purified with nitric acid. ) ) )
Fig. 6. Lattice constant vs. Fe/Y ratio of precursor.

was done. We previously confirmed that Y&&)01 54+
is a cubic crystal where metal atoms form face-centered cu-long periodic structurefFig. 7a—cshows TEM photographs
bic lattices. However, when the indices are associated with and SAD patterns of ultrafine particles collected at location S
all of the peaks possibly belonging to Y&ey) O1 54+, the for Run E405. The corresponding XRD are showifig. 4.
maximum peak in the vicinity of 2= 31.9° is (444), and Fig. 7ashows the TEM photograph, which indicates that lat-
all the indices satisfy the extinction rule of the face-centered tice plane spacings of 1.1 and 0.97 nm appear. Assuming that
cubic lattice. the indexing shown irrig. 5is correct, these lattice planes
This analysis therefore showed that Y&g)O154+x) shown inFig. 7acorrespond to (111) and (200) planes, re-
had a sub-lattice of (111). Except for the (111) peak, the spectively.Fig. 7bshows the SAD pattern corresponding to
other peaks were relatively low-intensity peaks, and most the TEM photograph shown iRig. 7a By using the lat-
of them had an asymmetric profile. For this reasmnwas tice plane spacing determined from the distances between
determined only from the value ofbZor the (111) peak  the pivotal spot of the figure and the lattice spots, the indi-
of YFez1x)O154+x), Fig. 6shows the calculated values of vidual lattice spots could be indexed. This analysis clearly
ap versus the FelY ratio of the precurséig. 6 indicates indicates that lattice planes based on long-periodic struc-
that for Fe/Y = 2.4, ap = 0.4867 nm, and that for.3 < tures such as (444), (42), and (160) exist.Fig. 7cshows
FelY < 4.0, ap ~ 0.4855nm. Because these values are the SAD pattern corresponding to a TEM photograph of the
within the range of experimental uncertainty, they indicate particles collected at location S for Run E405.Rig. 7¢
that for 31 < Fe/Y < 4.0, YF3+xO1504+x) IS a stoichio- the lattice spots are arranged in a regular pattern. Assum-
metric compound. ing that the zone axis is [], Fig. 7cindicates that lattice
The maximum indexed peak was (444) with an XRD pat- spots indexed as (111), (333), and (444) existed. This con-
tern of YFQ3 ) O154+x) Shown inFig. 5, but it is still not firms the existence of long-periodic structures, determined
clear if particles quenched in the plasma can assume such @y indexing of the XRD patterns shown ig. 5.

s @ A v
_

* Zone axis [01T]
ag=1.94nm

Fig. 7. TEM image of particles collected at location S for Run E405, and corresponding indexed SAD patterns. (a) TEM image of ultrafine particles.
(b) Indexed SAD pattern of TEM image shown in (a). (c) Indexed SAD pattern of a TEM image other than the one shown in (a).
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Fig. 8. FelY ratio of particles vs. Fe/Y ratio of precursor.

3.5. VSM analysis of magnetic properties of particles

24 2.6 2.8 3.0 32 34 3.6 38 4.0
Fe/Y ratio of precursor (-)

0.20

0.15 -

0.10

0.05

Peak height ratio of product (-)

0.00

26 28 30 32 34 36 38 4.0

Fe/Y ratio of product (-)

Fig. 10. Peak height ratio vs. Fe/Y ratio of particlés. peak height

of h-YFeQ; (102). I2: peak height of YF@;.)O15a+x) (444).13: peak

height of e-Fe03 (122). 14: peak height ofy-Fe03 (311).

The synthesized Y—Fe—O particles contained ferri- or fer- ration magnetization increased. However, f@ & Fe/Y <
romagnetic substances. We determined the magnetic prop3.5, the saturation magnetization was nearly constant.

erties of the particles by using VSM analysis to measure

The reason for this behavior is as follows. From the XRD

their magnetization at room temperature and to measure theirshown inFig. 4, we label the peak intensity of the maxi-

Curie point.

mum peak (102) of h-YFe®as |4, that of the maximum

Fig. 8shows Fe/Y of the synthesized particles versus Fe/Y peak (444) of YF&+x)O1504+x aslp, that of the maxi-

of the precursor. For Fe/¥= 2.4 of the precursor, Fe/=

mum peak (122) ot-FeO3 aslz, and that of the maxi-

2.7 of the synthesized particles. The difference between Fe/Y mum peak (311) of/-FeOz asl4. The ratioslq/l», 13/l2,

of the precursor and of the particles was typically less than and I4/1, are therefore the relative quantities of h-YReO
12.5%. We therefore consider that Fe/Y of the synthesized ¢-Fe,03, andy-Fe, O3, respectively, in the synthesized parti-
particles was close to that of the precursors.

For FelY of the synthesized particles shownFigy. 8,

cles.Fig. 10shows the relative peak height ratio versus Fe/Y
for 11/l2, 13/l2, andl4/l». 11/l2 decreases as FelY increases,

Fig. 9shows the saturation magnetization of the synthesizedwhich indicates that the relative quantity of h-YFe@e-
particles at room temperature. For increasing Fe/Y, the satu-creases with increasing Fe/Y. On the other hdgd, and

4.0

»
=
T

Saturation magnetization ( emu/g )
o N
=) =)
T T

|

|

|

|

|

|

0.0
2.6

Fig. 9. Saturation magnetization vs. Fe/Y ratio of particles.

2.8

3.0

3.2

34

3.6
Fe/Y ratio of product (-)

3.8

4.0

I4/l2 increase with increasing Fe/Y. We determined that al-
thoughe-Fe,O3 only weakly affects the saturation magneti-
zation at room temperature of the rare earth element-Fe-O
compound, for particles synthesized by the thermal plasma
evaporation method;-Fe,Os3 strongly affects the saturation
magnetizatiorj8]. The tendency ofy4/l, increasing with in-
creasing Fe/Y is similar to that of the saturation magneti-
zation shown inFig. 9. This indicates that for the Y-Fe—O
system as well, that for particles synthesized by the thermal
plasma evaporation method, that changing Fe/Y of the pre-
cursor affects the quantity @fFe;O3 in the particles, which
also affects their saturation magnetization at room tempera-
ture.

Fig. 11 shows the saturation magnetization versus tem-
perature for the Curie point measurement of the particles
collected at location S for Run E405, where the synthe-
sized YFegs;.)O154+x) Was the closest to its pure, single
phase. The measurement was done under atmospheric pres-
sure. As shown irFig. 11, the Curie point ok-FeO3 was
210°C [11], whereas fory-FeOs it was 577°C [13]. An
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0 100 200

300

400 600
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Fig. 11. Saturation magnetization vs. temperature from Curie point measurements.

inflection point also exists at 38C, which indicates that
either a ferri- or ferromagnetic compound with a Curie point
of about 450C may exist in the particles.

3.6. XRD, VSM, and Méssbauer analysis of magnetic
properties of YFgx)O154+x)

By using XRD, VSM, and Mdssbauer spectrometry, we
determined whether Ykg.)O1544y) is either a ferri- or
ferromagnetic compound.

Fig. 12 shows XRD patterns of the particles collected
at location S for Run E405 and those collected at loca-
tion PT for Run E508. The XRD shown irig. 12indicate
that for the particles collected at location S for Run E405,
YFea+x) 0154+ IS synthesized close to a single phase. A

FelY=17

PT E508

Intensity (a.u.)

SE405 Fe/lY=3.7
v
v
L~ A= N
10 20 50 60 70
20 (degree, CuKa)
¥ YFeswOis@4ty O h-YFeOs A y-FexOs
® &FeOs3

Fig. 12. XRD patterns of products containing Y#&)O154+r and
h-YFeG;.

small quantity of by-products are also indicated, such as
h-YFeG;, y-Fe03, ande-Fe,0s3. For the particles collected
at location PT for Run E508, h-YFe@vas the main product
and a small quantity of Yke;.)O1.54+y) is also indicated.
From the XRD of the particles collected for Run E508, only
the peaks of h-YFe®and YFg3,,)O1 54+ Were identi-
fied.

Fig. 13 shows Mdssbauer spectra of the individual par-
ticles collected at location S for Run E40Bi¢. 133 and
collected at location PT for Run E50Bi. 130. Two types
of quadrupole and magnetic splitting appear in the spec-
trum of Fig. 133 whereas only two types of quadrupole
splitting appear inFig. 13bh Assuming that a single type
of quadrupole splitting corresponds to a single paramag-
netic compoundFig. 13aindicates that YFg, ) O1.54+x)
and h-YFeQ@ are paramagnetic compounds corresponding
to the two types of quadrupole splitting, whereagse,O3
ande-Fe O3 are ferrimagnetic compounds corresponding to
magnetic splitting. The spectrum shown kiig. 13bindi-
cates that YF@, x)O154+x and h-YFeQ are paramagnetic
compounds corresponding to two types of quadrupole split-
ting.

Table 3shows Mdssbauer parameters obtained by divid-
ing the individual spectra into Lorenz functions. The column
areaindicates the peak area rati§ is the isomer shiftQS
is quadrupole splitting, ankfF is the internal magnetic field
strength. The magnetic splitting of the spectrum of the par-
ticles collected at location S for Run E405 was divided into
three Lorenz functions. Assuming that YEg,)O1504+x)
is a paramagnetic compound corresponding to a single
type of QS the values oS and QS shown inTable 3in-
dicate that the valence of Fe in Yge)O154+y IS +3.
The stoichiometry of YF@,.x)O154+x) Was determined by
assuming that the valence of Fe-s3, because the com-
pound was formed in a plasma where high-concentrations
of oxygen existed. A valence o3 also assumes that
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N
E 1.00 s Magnetization ( emu/g )
=)
8
o 1.0
8

3 2 -1

3

% 0.95 o0
e
Qo
.% _
T, I | 1 1 1
~ -10 -5 0 5 10 - 1.0
(a) Velocity, v/ mm §! L
ey
g T T T T T -2.0
-g 1.00F ] Fig. 14. Measured magnetization vs. magnetic field strength for particles
= collected at location S for Run E405 and containing 8EgO1.5(4+x)
5 and h-YFeQ.
B
E 0.98- i The particles were composed of either ferri- or ferromag-
_g netic compounds, and exhibited a magnetic hysterisis curve
= . with a saturation magnetization of 0.37 emu/g at room tem-
& 10 perature. This behavior contradicts the result that no mag-

netic splitting appears in the Méssbauer spectrum shown in
Fig. 13hb In the XRD shown irFig. 12 of the particles col-
lected at location PT for Run E508, distinct peaks corre-
sponding to YFg ) O1.5(a+x) €Xist. It is therefore possible
that because YRg,)O154+yx) iS either a ferri- or ferro-
magnetic compound whose saturation magnetization is very
small, that the magnetic splitting is hidden in the background
single type 0fQS noise of the Mossbauer spectrum. On the other hand, it is

Fig. 14shows the measured magnetization at room tem- IS0 Possible that Yk, O154+.) iS @ paramagnetic com-

perature of the particles collected at location S for Run pound and that a small quantity of other ferri- or ferromag-

E405. The particles were composed of either ferri- or fer- NEtiC compounds exist in the particles. In the XRD shown

romagnetic compounds, and exhibited a magnetic hysterisisin_F19- 12 for particles collected at location PT for Run
curve with a saturation magnetization of 1.52 emu/g at room E208. the peaks of h-YFeQare broad. This implies that
temperature. This coincides with the Mossbauer spectrum € Peaks of these ferri- or ferromagnetic compounds are
shown inFig. 13a which exhibits magnetic splitting. Be- hidden.
causey-Fe03 strongly affects the saturation magnetization,
we also assume thatFe, O3 also affects magnetic splitting
in the Mdssbauer spectrum.

Fig. 15shows the measured magnetization at room tem-
perature of particles collected at location PT for Run E508.

Velocity, v/mm s

z

Fig. 13. Mdssbauer spectra of products containing (¥5§01 54+ and
h-YFeQ; for particles collected at (a) location S for Run E405 and (b)
location PT for Run E508.

YFea+xO154+x) IS a paramagnetic compound with a

Magnetization ( emu/g ) R.T.

04 [~

Table 3 3 2 -1

3

Mossbauer parameters of products containing ¥5§O0154+, and L 1 L 1 L
h-YFeQ;
Sample Partial  Area (%) IS (mm/s) QS(mm/s) IF (T) 02
S E405 1 54.3 0.35 0.85 -

2 29.2 0.32 1.59 - I

3 8.8 0.33 —0.04 44.8 L -0.4

4 5.1 0.41 0.04 39.0

5 2.6 0.16 0.25 27.9
PT E508 1 65.7 0.28 202 _ Fig. 15. Measured magnetization vs. magnetic field strength for particles

2

34.3

0.33

0.99 -

collected at location PT for Run E508 and containing $EgO1.54+x)
and h-YFeQ.
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