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ABSTRACT

Nanometre-sized iron particleswith diametersin the range 5-8.5 nm have
been grown within a30Na20-60Si02-10B203 glassmatrix usng a3Nat <>
Fe* exchange reaction followed by reduction treatment in hydrogen for
different temperatures. Electron diffraction pattern shows the presence of
FeO and a-Fe particles. Thermal characteristicswere studied by DSC while
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the nanoscal e-rel ated magnetic propertieswere investigated by VSM. The
results show depression of magnetization as a function of temperature.
This behaviour indicates the occurrence of spin-wave fluctuation in iron

core of the studies samples.

INTRODUCTION

Themagnetic properties of nanoparticlesare de-
termined by many factors, the key of theseincluding
the chemical composition, thetype and the degree of
defectivenessof thecrystd | attice, theparticlesizeand
shape, themorphol ogy (for structuraly inhomogeneous
particles, theinteraction of the particlewith the sur-
rounding matrix and the neighbouring particles. By
changing the nanoparticlesize, shape, compositionand
structure, one can control the magnetic characteristics
of thematerial based on them. However, thesefactors
cannot always be controlled during the synthesis of
nanoparticlesnearly equa insizeand chemical compo-
gtion; therefore, the properties of nano-materidsof the
sametype can be markedly different. Therefore, mag-
netic behaviour of nanoparticlesof both ferromagnetic
and ferrimagnetic materialshas attracted considerable
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attentioninrecent yeard4. Suchinterest emanatesboth
from new physicsexpected from these systemsaswell
asther possibleapplicationsin high-density magnetic
recording domain and as aconsequence exhibit phe-
nomenalike superparamagnetism, quantum tunndlling
of magnetization, enhanced coercivitiesand giant mag-
netoresi stance®®. A number of techniques have been
devel oped to synthes ze magnetic nanoparticles. Some
of thesearethe colloidal chemica method, high-pres-
sure sputtering, inert gas condensation, layer deposi-
tion, mechanicd attrition, and the sol vated-meta-atom
dispersion method™4. Oneof theintriguing features of
these particlesisthe observed reduction in saturation
magnetization M g3, Aninteraction between the sur-
face spinsand thosein the core has been used to ex-
plainthisbehaviour®. Morerecent investigationshave
concentrated on the properties of heterogeneous sys-
temscong sting of aferromagnetic metaliccoreand an
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antiferromagnetic oxide shel 6149, Nanocomposite
materia scomposed of nanometric metal or metal-ox-
ide particlesembedded in amorphous matri ces, present
avariety of interesting magnetic, electric, and catadytic
propertiesthat are strongly dependent on nanoparticles
sizeand ontheir distribution within the matrix617,

Inthiswork, wehaveused a3Na' = Fe** exchange
reectionto preparenanosized metdlic particlesand sud-
iedingdeaglassmatrix thegrowth mechanism associ-
ated with thereduction temperature trestment process.
Thismethod was used to grow nanoparticles of a-Fe
FeOin asodium-boron-silicaglassy medium.

EXPERIMENTS

Theglassy regionin theternary sodium-borosili-
cate system®® iswideasshowninFigure 1.
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Mixtures of the formula 30Na20-60SiO2-
10B203 (mol %) were prepared of chemically pure
Na2CO3, Si02 and B,O, whichwerecalcinedfirst to
removemoisture. Na2CO3 and SIO2 werecal cined at
180°Cfor 4 hours. The gppropriate quantity of themix-
turewasground and melted in platinum crucibleinan
electric furnace, at atemperature of above 1450 °C.
Themolten glasswas poured into aspecidly prepared
steel mould. The obtained compound wasthen placed
in atemperature of about 450°C in order to accom-
plishtheanneding process. Samplewasmaintainedin
thistemperaturefor 1 hour and cooled to the ambient
temperature by stepsof 1 °K per minute.

The chosen composition (30Na20-60Si0O2-
10B203) for our studiesisjustified by:

I Thefact thiscomposition doesn’t show any phase
mixtureand thereforeahomogenousdistri bution of

30Na,0-608i0,- 10B,03

Bal): o 0 30 M 50 o0 70

n SiOs

Figurel: (S02-B203-Na20) phasediagram

nanoparticlescan takeplaceinsgdethe matrix.

i InNa20-B203-SiO2 glass system, when Na20O
exceeds .., Somethreefol d-coordinated B (trian-
gular) areleftintheglass, with theNa+ distributed
between (BO4) tetrahedral and nonbriding oxy-
gent®,

According to thesefacts, the glass samples pre-
pared as mentioned above were pulverized to form
micrometric particles. Theobtained glassy fine powder
was mixed to an appropriate quantity of FeCl,, and
heated up to 300°C for 72 hours in a sealed Pyrex
container. Aswe mentioned abovetheglassy composi-
tion contains Na' distributed between (BO4)- tetrahe-

dra and nonbriding oxygen.

()-Na
=si 7 \B=

Thereaction under temperature of such spiceswith
(Fe*, 3Cl) liberates Fe** ionsin the sample. The ob-
tained compound isthen deaned out using ditilled water
and submitted to ahydrogen reduction at temperature
in the range of 550°C to 650°C during time periods
taking20 minand 1.5 hours.

The microstructures of these powders were stud-
ied by aJEM 200CX transmission e ectron microscope.
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Trangtion temperatures (Tg) weredeterminedusingan
Sl Setkoinstrument (SSC/5200) differential scanning
caorimeter (DSC) at heating rate of 10 K/min. Mag-
netic measurementswerecarried out withthevibrating
samplemagnetometry (VSM :Digitdl Messurement Sys-
tem HP model 1660) in the temperature range 20 to
300 K.

RESULTSAND DISCUSSION

Sructure

The presence of metallic iron particles has been
checked out by el ectronic transmission microscopy
(TEM). Figure 2a, showsthetransmission electron mi-
crograph for aspecimenwhose hydrogen reduction pro-
cess has been made at 650°C during 20 min; while
Figure 2b, the corresponding el ectron diffraction pat-
tern.

Thesearetypica of all thesamplesin the present
studied system. Thevaluesof interplanar spacingd,
were cal culated from the diameters of therings shown
inFigure2b.

INTABLE 1theexperimenta d,  vauesarepre-
sented and compared with standard (ASTM) datafor
a-Fe and FeO.

Itisevident that the particles are composed of iron
and that themost of the observed spicesbelongsto the
a-Fe phasewhilesomeof them belong tothe FeO phase.
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Figure2b: Electron diffraction patternfor Figure2a

Thesameresultshave beenfound out for dl thestudied
samples.

TABLE 2, reportsthemean size of the particlesas
function of thereduction temperature under hydrogen
amosphereaswell astimetreatment.

It emergesfrom these datathat the size of the par-
ticlesincreaseswith the reduction temperature and/or
withthetrestment time (F gure 2c). Thisbehaviour agrees
with the growth processof metdlic particlesby “con-
trolled process” inside a glassy matrix(?4,

TABLE 1: Comparison of inter planar spacingsfor specimen

reduced in hydrogen atmospher e at 650°C during 20 min
with sandard ASTM datal®

Observed dpy dna ASTM standard (nm)
(nm) o-Fe FeO
0.216 0.2153
0.203 0.2027
0.143 0.1433
0.124 0.1243
0.117 0.1170
0.101 0.1013
0.091 0.0906 0.963
0.083 0.0827

Temperaturetransition

Figure 3, showsatypical DSC curverecordedin
the studied samples and from which we deduced the
glasstemperaturetransition Tg and thethermal stable
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TABLE 2: mean sizeof theparticlesasfunction of thereduc-
tion temperatureunder hydr ogen atmosphereaswell astime
treatment

Sample Reduction temperature under _ Mean
hydrogen atmosphere diameter (nm)
1 550 °C during 20min 55
2 600 °C during 20 min 6,5
3 650 °C during 20min 71
4 650 °C during 40min 7,7
5 650°C during 1,5 h 8,5

I
1

Sample number

1 T . 1 b T 1 ¥ T 1
5 a 0 5 80 85

Particle diameter (nm)
Figure2c: Evolution of theiron particlesize. Samplenum-
bersreferred totemperatureand timetreatment

domain of the compounds.

The recorded data are treated by Origin Pro6.1
Seria: G73$4-6489-7483215 programme. The de-
duced transition temperatures (Tg) are listed in the
TABLE 3. Itisshown that theglassmatrix isstablein
largetherma domain.

Magnetic properties
M agnetic measurements have been carried out us-
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ing aVibrating Sample Magnetometer (VSM). This
techniqueisbased on vibrating asamplein amagnetic
field to produce an aternating el ectromagnetic force
(emf) withinaset of suitably placed pick-up or sensing
coils. Thisinduced emf isdirectly proportiona to the
magnetic moment m or magnetization M of thesample
under test.

Sincethetested specimensare powder like, apow-
der holder isused. Thisholder isaninjection molded
plastic part that snapsinto the brass trough. Sample
massof 1 mg of powder isput into theopening. A sec-
ond piece compressesthe powder and sealsthe com-
bination. Theassembly snapsinto thebrasstrough for
asecure pressfit. Thismateria coverstheentiretem-
peraturerangefrom 20K to 400 K.

Figure 4, showsan example of the magnetization
(M) vs. Magneticfield (H) hysteresiscurvefor speci-
men no. 3at 20K and 300 Ki?1. Thevaluesof Hc, in
al thesamplesarehigher than that for bulk iron. Such
vauesarisedueto thefact that the particlesizeof a-Fe
isof theorder of domain sizel>®l.

Inthe other hand thevariation of the coercivefield
(Hc) asfunction of particle sizeand temperaturetreat-
ment isreportedin Figureb.

Thecoercivefieldisincreasingwith size particle
decreasing whileit decreaseswhen thetreatment tem-
peratureincreasesfor aparticleof agivensize.

In order to understand such behaviour, we ana-
lyzed the variation of the coercivefield asfunction of
temperaturein the case of anon-interacting ferromag-
netic particle system. For ferromagnetic particles of
nanometer dimens onand having nointeraction between
them the coercivity Hcisgiven by

E0O 300

1 1 1

Figure3: Typical DSC curvesrecorded in thedifferent studied samples
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TABLE 3: Tgtemperaturesdeduced from DSC measure-

ments
Sample Tgtemperature°C
1 489
2 456
3 456
4 478
5 378
T \\ 2
H =H,1-|—|
T 0

WhereHc,isthecoercivity at T=OK, T isthetem-
perature of measurement and T, theblocking tempera-
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ture above which superparamagnetism setsin. TB is
correlated to the effective ani sotropy constant, K and
totheferromagnetic particlevolumeV:
Ty = ;, % @
(k isthe Boltzmann constant)
Anincreaseinthevaueof V should dsoincrease
TB. From Eq. (1) thereforeit followsthat the val ue of
Hc should show an increase as the particle size be-
comessmaler. Thisiscons stent withthe observed re-
sults. In other side wefitted the Hc dataasfunction of
temperature (Eq. (1)) by using , ,and TB asfit param-
eters. TABLE 4, resumethecalcul ated val ues.
We calculated K valuesfor different particlesize

Sample3

H (kKOe}
Figure4: M agnetization vs. magneticfield hyster esisloop for specimen no. 3at 20 and 300 K
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Figure5: Coercivefied asfunction of temperaturetreatment for different particlesize
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TABLE 4 : Calculated parameters

sampleN°: Hc0(Oe) TB(K) K (erg/em®)(x10)
1 518 1018 4,0
2 548 913 2.2
3 369 969 1.8
4 324 1121 0.5
5 218 1084 0.4

by substituting the particleradiusand the Obtained T,
vaueineguation:
KV
Z 25k
Theobtained K vauesaremuch larger than that for
bulk iron (K=4, 2 x 10° erg/lcm®). Therefore theiron
particleswith nanometric dimension grownintheglassy
matrix show alargemagneto crystaline anisotropy.
Thevariation of saturation magnetizationM asa
function of temperaturefor specimenno. 3isshownin
Figure 6. The M values were determined by the ex-
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trapolation of H1—0.

Thevariation of magnetisation (M) asfunctiontem-
perature can be described by®:

M (T)=M (0) [1-BT"] 3
Where B isthe Bloch constant and b isthe Bloch ex-
ponent. Such behaviour can be ascribed to spin-wave
fluctuationd®! asd so reported in the case of nanosized
iron particles®.

The studies of magneti zation as function of tem-
perature show atransition when increasing tempera
ture. Inthe case of sampletreated at 650 °C during 20
min (sample 3) thetemperaturetransitioniscloseto
150°C. This behaviour can be explained by the fact
that our samples contain FeO species. Therefore, the
observed transition could correspond tothe Nedl tem-
perature?>?l, But in order to make clear thisobserva
tion, intensestudiesof theinfluence of theparticlesize
areplaned. Such studieswill cover particlesizefrom
nanometric to micrometricdimension.

— i

T
0 a0 100

T La T LE

200

] " L i T L.
150 £30 S00

Tempemture (H)

Figure6: Variation of magnetization asfunction of temperature(sample3)

CONCLUSION

Iron metallic nanoparticles with o-Fe and FeO
phases have been grown within a30Na20-60Si02-
10B203 (mol %) glass matrix using anionic (3Na"
+—>Fe**) exchangereaction. The depression of magne-
tization asafunction of temperatureindicatesthe oc-

currence of spin-wavefluctuationinironcore. Thisis
ascribed to an exchangeinteraction between theferro-
magneti c core of the nanoparticles and the oxide sur-
face with disordered spins. The strong temperature
dependenceof coercivity isbelieved to arisedueto the
fact that thefrozen surface condtitutesastrong hindrance
tothereversal of magnetic moment of theferromag-
netic phase. Also, owingto thesmall size of theiron
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coresome particlesmay be superparamagnetic at room
temperaturewhichwould result in afurther decrease of
Hc.
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