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ABSTRACT

The paper presents a new simple and cheep method to synthesize hema-
tite-magnetite nanocomposite. Low voltage dc arc is exerted into the el ec-
trochemical cell betweentwoirontip electrodesindifferent solvents. The
results of this works show that polar solvents such as water and
dimethylformamide can be used as suitable mediato establish alow volt-
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age dc arc in small distance between two needle electrodes. In the polar
solvents, lower dc voltage can make alow current arc between two elec-
trodes with 2 mm distance. The synthesized iron oxide nanomaterials are
in hydrated and amorphous form. The synthesized nanomateria can con-
verted into crystalline iron oxides. The morphology and the composition
of theiron oxide samplesare characterized by SEM and XRD.
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INTRODUCTION

During 20 yearsago, nanomaterialshavereceived
steadily growinginterestsinal sciencespecia inmate-
rial science, physics, chemistry, environmenta science,
aswell asinall engineeringfields, duetotheir peculiar
and fascinating properties, and potentia applications.
Amongthenanomaterids, iron oxide nanoparticlesex-
hibit unique characteridtics, such ashdf-ferromagnetism,
large gpecific area, nontoxicity and biocompatibility, and
hasavariety of potentid applications, suchasferrofluids,
cadyds, high-denseinformation storage, contrast agent,
targeted drug ddlivery, solid phase extraction and other
chemical and biomedical applications. Accordingly,
preparation of iron oxide nanoparticleshasbecomean

interest and activeresearch field. Varioustechniques
have been devel oped uptill now, such asarc-discharge,
chemical precipitation™, hydrothermal’?, reverse
microemulsion®, sol-gel, e ectrochemical®, pulse
electrosynthesig®, and etc. However, large-scale, low-
cost and environmenta friendly synthesisof iron oxide
nanoparticles, especialy withgood size controllingand
narrow sizedidribution, isgtill very difficult. Therefore,
developing a new method to synthesize iron oxide
nanoparticlesisnecessary andinterest. Arc-discharge
inwater isanewly developed method for preparing
carbon nanomaterid sand nanooxides™. Inthe present
work, anew dc arc method hasbeen appliedin differ-
ent solvents to prepare hematite-magnetite
nanocomposite.
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EXPERIMENTAL

All materialsand reagents were purchased from
Merk or Fluka. Doubledistilled water wasusedin all
experiments. All thed ectrochemica experimentswere
carried out by an e ectrolyzer equipped with pulsesys-
tem (BTE 04, Iran). A scanning electron microscope
(SEM) from Philips (XL30, Netherlands) wasused for
the studying of morphol ogy and particlessizesof the
samples. X-ray diffraction (XRD) studieswere per-
formed by aDecker D, instrument.

RESULTSAND DISCUSSION

When thearc-dischargemethod isused to synthe-
Szenanomaterids, it hassomefactorswhich can affect
onthemorphology, particlessizesand thecomposition
of the synthesized sample. The effectivefactorsof the
dcarc-discharge synthesismethod include arc voltage,
solvent, electrode material, the di stance between an-
ode and cathode and sol vent temperature. When the
arcisdischarged between e ectrodes, the solutiontem-
peratureisincreased. Theamount of flowed heat from
discharged arcisdepended on solvent dielectric, dis-
tance between el ectrodes and applied voltage. There-
fore, theapplied voltageand theelectrode distanceare
themainfactors. Thefollowing text describesthe ex-
perimenta proceduresthat used to investigatethe ef-
fects of theimportant factors on the morphology and
the composition of the samples. Figure 1 showsthe
experimenta set up.
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Figurel: Experimental set up.

Based ontheinitial studies, the distance between
anodeand cathodeisan important factor aswell asthe
applied voltagethat can control thee ectrica current of
the discharged arc. We checked different amounts of
thisfactor from O up to 10 mm. At distancesmorethan
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2 mm, discharging process need avoltage higher than
100V. Wetriedto establishadc arc by using avoltage
lower than 100 V. Therefore, we decreased the el ec-
trodedistancefrom5 mmto 1Imm. By using Immdis-
tance between anode and cathode, dc arc can be es-
tablishedin polar solvents.

After optimizing the electrode distance, 80V dc
arcwasexerted into thedifferent solventsincluding ac-
etone, acetonitrile, dimethyl sulfoxide (DM SO),
tetrahydrofurane (THF), ethanol, methanol,
dimethylformamide (DMF) and water. Theamount of
the established arc current was used asacontrolling
parameter to select the suitable sol vent. No consider-
abledischarge current was seen for methanol, ethanol,
acetone, acetonitrile, DM SO and THF. Thedischarg-
ing arcinwater and DM F showed acceptable currents
(0.1and 1 A for DMF and water, respectively). The
synthesized sampleswere studied by SEM. Figure 2
showsthe SEM images of the samplessynthesizedin
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Figure2: SEM imagesof theiron oxidesamplessynthesized
in DMF (a) and water (b).
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Figure3: XRD patternsfor the synthesized ir on oxidesamplesin DM F (a) and water (b).
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Figure4: TGA/DTA analysisof theiron oxide samplesynthesized by ar c dischar gein water solvent.

water and DMF solvents.
Asit canbeseeninFgure2, thesamplesyntheszed
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inwater has uniform morphol ogy and the smaller par-
ticles(30nm averagediameters). Therefore, thewater is
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more suitable solvent to synthesize iron oxide
nanoparticles. Thecompositionsof the sampleswere
identified by XRD patterns(Figure 3). The XRD results
showed that the synthesi zed samplein DM F hasaccept-
ablecrygdlinity, but thesynthes zed sampleinwater has
low crystalinity. To obtain suitabletemperaturetoin-
creasesamplecrystdlinity, the samplewasana yzed by
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TGA/DTA (Figure4). Figure4 showsthatiron oxidein
magnetiteform are stable at 650 °C and lower. There-
fore, to increase sample crystalinity, the sample was
heated to 500 °C for 2 h. The heated sample was ana-
lyzed againby XRD. Figure 5 showsthe XRD patterns
of thesample. Asitisobviousin Figure5, the heated
sampl e shows acceptablecrystallinity. Thesamplein-
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Figure5: XRD patter nsof theiron oxide samplesynthesized in water after heatingin 500 °C for 2 h.

cludes1:1 hematiteand magnetite nanocomposite.
CONCLUSIONS

Dcarc dischargein water can be used asaconfi-
dent and controllablemethod to prepare hematite/mag-
netite nanocomposite. Inthismethod, electrode dis-
tance, voltage and solvent type are effective param-
etersthat can change themorphol ogy and the particles
sizesof thenanocompositesamples.
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