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ABSTRACT

This paper is primarily focused on the characterization of iron and cobalt

KEYWORDS
Thermal treatment;

nanoscale oxides synthesized by a method based on reaction of fine- Fe;

dispersed Al flakeswith dichloroethane in paraffin mediumin the presence
of iron and cobalt chlorides at different calcined temperatures forming
catalytic complexes. This chemical-based synthesis route is briefly
described, and the feasibility of obtaining such oxides. Characterization

Co-containing catalysts;
XRFM;
XRD;
SEM.

wasdone by X-ray fluorescence microscopy (XRFM), X-ray diffractometer
(XRD), and scanning electron microscopy (SEM) studies which revealed,
respectively, the presence of oxides and their nanoscale structures,
including the elemental distribution and mass thickness of the these

elements over the layers.

INTRODUCTION

Trangtion meta sprovideadistinct advantage over
precious metal sbecause of their decreased costs. In-
terest iniron nanoparticlesoriginatesfromiron’s mag-
netic properties, itsready availability and low cost, and
itshigh reactivity, particularly in reducing atmospheres®
7. Iron oxidesin nano-scal e have exhibited great po-
tentia for their applicationsascatalytic materids, pig-
ments, flocculants, coatings, gas sensors, ion exchang-
ers, magnetic recording devices, magnetic datastorage
devices, tonersand inksfor xerography, magnetic reso-
nanceimaging, bio separation and medicineNo long-
rangemagnetic order wasdetectedin FeAl O, athough
the magneti c susceptibility reved samaximum closeto
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12 KB, The preparation of FeAl, O, isgaining impor-
tanceduetoitspotentia application asamagnetic ma-
terial. However, most of the studieshave been doneon
bulk samples and there are almost no reports on
nanocrystalline FeAlO,. cobalt oxides (CoO and
Co,0,) have received awidespread attention dueto
their appealing multi-functional propertiesof techno-
logical interest. Tothisregard, actud challengingissues
concernthedevising and optimization of synthetic Srat-
egiestowards high purity nanomaterial swith specific
features, opening new frontiersnot only for understand-
ing their fundamenta properties, but asofor develop-
ing new generation nanodeviceswith improved perfor-
mances®, The literature is replete with synthetic
routesto cobalt oxides, and coba t-contai ning materi-
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asespecidly for compositionsalong the CoO ~ALQO,
systems. Thestandard method isviaasolid-state reac-
tion of the parent oxides. Other synthesismethodsin-
clude sol—gel™>19, co-precipitation*”8, hydrother-
mal*¥, polymeric precursor?? and vapor deposition
processing’?. Inthiswork our study isfocused onin-
creasing theactivity of the nanostructured aluminama:
teridsby modifyingitinthemodeof «in situ» with metal
chloridesof Fe(l11) and Co (I1) under |aboratory con-
ditions and after thermal treatment to produce new
phasesof theformed cata ytic systemsto begpplicable
indifferent fields as mentioned above. To identify the
nature of activesitesof the catalyst system and thedif-
ferent oxideswhichformedin our system after different
cacinations, it hasbeeninvestigated usingthemethods
of X-ray diffractometer (XRD), X-ray fluorescence
microscopy (XRF) and scanning € ectron mi croscopy
(SEM).

EXPERIMENTAL

Synthesisof thealuminamatricescontaining F€",
Ca'ions

Theaduminamatricescontaining Fe'" and Co'" ions
were synthesized depending on theinteraction of alu-
minumwith dichloroethaneasacatayticcomplex CTC
modified with metal chloridesof Fe(l11) and Co (11)22
inlaboratory conditionsunder atmospheric pressurein
asolvent inthe mode of «in situy, at a certain ratio of
initia componentsin around bottom flask (reflux sys-
tem) at temperature 75-80 "C for 22-25h. The obtained
gel was dried at 100-110°C. The obtained dried
xerogels (designated asFe/CTC -110, Co/CTC-110)
was submitted to thermal treatment at 400, 600, and
850°Cfor 2h, 4hinair, furnishingthematerialsdesig-
nated asfollowing:

complexes 400°C
Fe/CTC
ColCTC

600 °C 850°C
Fe/CTC-400 Fe/CTC-600 Fe/CTC-850
Co/CTC-400 Co/CTC-600 Co/CTC-850

RESULTSAND DISSCUSSION

X-ray fluor escence microscopy (XRFM) char ac-
terization

Elemental analysisof the sampleswas performed

by using X-ray microscope XGT-7000, Horibawith
accel erating voltage of X-ray tube 50KV. For samples
after calcinations at 400,600,850 “C for 2hin air as
showninTABLE 1, at 400 °C thedistribution and mass
thickness of chloride decreased dueto the decomposi-
tion of Cl, reports on decomposition of nickel chlo-
rideswere given by otherd?! and stated that decom-
position characteristicsdependoninitid ingredient. The
percentage of the chemical composition of the samples
giveninoxidesat different calcined temperatureshas
not adistinct behavior; it dependson thestability of the
formed oxides. For the complex CTC modified with
iron chloride the red ferric oxide mixed with black
ferrious oxide wereformed at 400 °C, after calcina-
tionsat 600 and 850 ‘Cinair for two and four hours
for thiscomplex theiron (I1) duminate, Al FeO, phase
wasformed. Whilefor the other complex CTC modi-
fied with cobalt chloride the cobalt (I1) auminate
(CoAl0,) phaseswasformed mixed with grayish co-
balt (11) and (111) oxidesasshown in Figures 2. For the
volatile materials percentageat calcined temperatures
hasthefollowing arrangement Fe/CTC<Co/CTC and
for ash% hasthe opposite arrangement that isrefersto
thereaction conditions. Thedatain TABLE 2 showed
that, thereare no changein the chemical composition
andthedigtribution of d ementsfor theinvestigated com-
plexesafter cacinationsat 600 °C for the Fe/CTC, this
means that the formed oxides at thistemperature of
higher stability. Alsoit has been observed that the per-
centage of the chemical composition of FeO, for the
Fe/CTC complex decreasein the case of calcination
for 4hthan those obtai ned after 2h. Thisdueto, the Fe/
CTC complex formed mixed oxidesof ironinthecase
of calcinationfor 2h, but after 4 hoursthe stable oxide
of iron wasremained. Also it was observed that the
percentage of the chemical composition of CoO, for
the Co/CTC complex increasein thecase of calcina-
tionfor 4h than those obtained after 2hwith regardto
the percentage of AIXOy. Thisdueto, theCo/CTC com-
plex formed Co,O, phase which is more stable than
the CoO or Co,0, phasebelow 925°Cinair?4. From
theoptica image (Figurel, 2), it wasobserved that the
color of the Fe/CTC and Co/CTC complexeschanged
by changing in theformed phases, theseresultswere
confirmed by XRD whichwill bediscussed |ater. The
distribution of the Co and Fe elementsover depth at
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thedifferent calcined temperaturesare higher than that
of Al element that isfor the higher synthetic ratio of
cobalt andiron chloridesrather thanAl flakes. Also the

== Fyl] Peper

digtribution of Co and Feelementsat 600 ‘C arehigher
thanitsdistribution at other calcined temperaturesdue
to the mixed oxideswhich areformed at 600 °C.

TABLE 1: Theelemental and chemical composition of thesamplesand their distribution of elementsover thedepth after

calcinationsin air: 400, 600, 850 °C for 2h.

Chemical

Thedistribution of

S?]r:rf]lf composition (wt. %) Elements (wt. %) Vo(I;;tiIe Ao/soh elementsover the depth
ALO, FgO, CoO, CI Al *C Fe Co O CI Al Fe Co Cl

Fe/lKTK-400 46.6 494 - 41236 41331 - 353 39 53 469 0.212 0.361 - 0.018

Co/KTK-400 582 - 279 54 29528 - 198 34150 634 36.7 0028 - 0.133 0.011
Fe/KTK-600 349 64.2 - 0917939436 - 346 08 632 368 0.038 0773 - -
Co/KTK-600 67.6 324 0.7 33854 - 241 36.7 06 772 227 0.032 - 0.213 -
Fe/KTK-850 66.5 335 - 338 39 225 39.7 - 575 425 0.175 0.267 -
Co/KTK-850 78.7 - 213 - 39454 - 158 393 - 66.7 333 0134 - 0175 -

TABLE 2: Theelemental and chemical composition of thesamplesand their distribution of eementsover thedepth after

calcinationsin air: 600,850 °C for 4h.

Samples comp%gttairg:z\?it. %) Elements (wt. %) Volatile  Ash de-L]hei?sli\r/:B?Litt:g%g:)th

name ALO, FeO, CoO, Al *C Fe Co o ° % 7p Fe Co
FCTC-600 823 179 - 418 39 120 - 423 718 282 0020 0032 -
Co/CTC-600 47.8 - 522 238 54 - 388 318 692 308 0.064 . 0.223
FICTC-850 822 178 - 418 36 120 - 423 735 265 0014 0027 -
CJCTC-8%0 542 - 459 27 54 - 342 334 715 284 0085 . 0.223

*C content was determined by the balance of the treatment of the samples at 400,600and 850°C for 2h, 4h.

Figurel: EDRF analysisand optical imageof (a) Fe/CTC-
400 for 2h (b) Fe/CTC - 850for 4hin air.

X-ray diffraction (XRD) characterization

XRD patterns were obtained using TD-3500
diffractometer a roomtemperature. Diffraction paterns
were obtai ned with none-filtered Cu Ko radiation (1 =

Spectrum 5

kev
Figure2: EDRF analysisand optical imageof (a) Co/CTC-
400 holding complexesfor 2h (b) Co/CT C-850 holding com-
plexesfor 4hin air.

0.15418 nm), monochromatic X -ray beam, and X -ray
tube parameterswith 35 kv and 25 pA. To investigate
the crystalline structure of the product, powder XRD
measurementswere taken at room temperature. The
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X-ray diffraction patternsof the catal ytic complexesFe/
CTC, Co/CTC obtained withthermal treatment at 850
‘Cfor2zhand4hinair areshowninFgure3, 4,5. Smdl
anglesXRD, SAXRD patternsof the same set of mate-
ridsareinsarted, and thereareno characteristic pegksin
thisregion. The patterns showed that, an amorphous
structurewasformed for the Fe/CTC complex at these
treatments, but after calcinationsat 850°C for 2h crys-
talline phaseswere obtained asshowninFigure 3. The
cubicAlO, wasobtaned for Fe/CTC and mixed phases
of iron oxides FeO (20=61), synthetic magnetite
Fe?Fe0, (20=35°) and synthetic hematite Fe,O,
(20=23°,33°, 49°, 54° and 64° files no. 06-0711, 19-
0629 and 33-0664) wereformed. Also theiron alumi-
nates, Fe"?Al O, phase was formed for the Fe/CTC,
with characteristic pesksat 260=31°, 37°, 58°, and 65°
(fileno. 34-0192), theintensity of these peaksincreases
by increasing the cal cined temperaturesand by increas-
ing theholding timeof these complexesat theinvesti-
gated temperatures. For the Co/CTC complex, thepesks
inthewideanglesarewd | indexedinto cubicAl O, struc-
ture(fileno. 29-0063). Threediffraction peaksobserved

at 260=37.4°, 45.6 ° and 65.4 ° in both the samples
correspondsto (311), (400) and (440) planes, respec-
tively. Also the cobalt aluminates, Co*?Al, O, (fileno.
10-0458) and Co,O, phases (file no. 42-1467) were
observed and showed peaksat 20=32°,37°, 39 °, 44.6
°and 65 ° corresponds to (220), (311),(222), (400)
and (440) planes. The phase composition changesgradu-
aly from cubicAl,O,to Co,O, and cobalt duminates
phases after thermal treatments of the samplesat 600
and 850 "C. The broadening of powder XRD peaks
indicatesthat the particle sizesarein nanometer range.
Clearly, thepeaksin Figure5b arealittle broader than
that in Figure5cindicatesthat theparticlesdecreasedin
gzedter thermd trestmentsat higher temperatures. Thee
broad peaksfirst appear at 400 ‘C Figure5ainair for
2h and giveway to sharper, better defined peaksasthe
correct stoichiometry isreached. The expected cubic
Co0O phasewasnot observed becausethethermd treat-
ments occurred in air -rich atmospheres. The excess
oxygenfavorstheformation of Co 31, whichinturnfa
vors the formation of the spinel [Co(Il)- Co,(I1)O,]
structure, which detected by XRD.
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Figure3: XRD patternsof Fe/CTC at 850 °C in air for 2h.
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Figure4: XRD patternsof Fe/CTC at 850°C in air for 4h.
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TABLE 3: Thevaluesof the crystallite size of complexes =4
after calcinationsin air: 400, 600, 850 °C for 2h and 4h. 1 . ﬂ*CO/CTCI
304 / —e—Fe/CTC
Holding crystallite size (nm) ] /
Complexes .. - . i
time  First peak Second peak Third peak 25+ /
Co/CTC-200 2h 0.74 0.55 - — /
FCTC-200 2h 081 1.02 - 0 / /
Co/CTC-400 2h - 0.74 - % gl / ;
Fe/CTC-400 2h - 0.97 - Y 4 =
Co/CTC-600 2h 47 3.2 2.6 ol i i i /
Fe/CTC-600 2h - 1.97 - el b et T
Co/CTC-850 2h 1.2 14 12 —_—t
FdCTC-850 2h 47 13 15 100 200 300 4;0 50(: 06((10 700 800 900
emperature, C
Co/CTC-850  4h 17 16 15 Figure6: Averagesizeof (a) Co/CTC and (b) Fe/CTC com-
Fe/CTC-850  4h 17 12 14 plexesat varioustemper atur es.
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Figure7: XRD patternsof Fe/CTC at 850°C in air for 4h for calculated grain size.

Crystallitesizeanalysis

Crystallitesizeisdirectly related to the relevant
physical and chemical propertiesof materids. There-
fore, it’s of great significance to measure the average
grainsize(primary aggregation) of materias. Theaver-
agecrystallite s zewasdetermined from thefull width
at half maxima (FWHM) of thediffraction peaksas
shownin Figure7 using Debye-Scherrer formuld®27,

_ KA
B cosO @)
Where is the wave length of the x-rays, 3 is the full

width at half maximum of the peak, & isthe Bragg’s
angle and K is the shape factor. According to the
Scherrer formula, the cal cul ated resultsfor theaverage
size of Fe/CTC and Co/CTC nanoparticlesafter ther-
mal treatments at 200,400,600 and 850 ‘C are shown
inFigure6. Thevauesaretabulated in TABLE 3and
the powder XRD analysesdemonstrateadramaticin-
creasing trend of thegrainssizewith themodification of
the complex CTC with cobalt. Such increase of the
szeisattributed to the bigger size of Co atomin com-
parison to that of Featom. Thesize of Co/CTC com-
plex increases slightly from 200 to 400 °C. After that
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sharpincreaseto 3.2 nmat 600 “C, Thisindicatesthat
atinitia stateat 200 "CtheAl O, act asabarrier and
prevented the oxidation of Co nanoparticles; after that
at 600 "C, the phase of CoAl. O, was formed mixed
with Co,O, and the averagesize of Co,0O, wasbigger
than the size of Co, since the Co nanoparticleswere
oxidized into Co,O,”®. However, theAl O, nolonger
acted asabarrier to effectively prevent the oxidation of
Co. The size of the complex reduces signiticantly at
850°C, also the sametrend was al so obtained in case
of the Fe/CTC complex which attributed to theforma-
tion of Fe?Al,O, and CoAl, O, phaseswhicharemore
stablethan other oxides, and thiswas notably observed
from the chemica composition of theformed oxidesof
Fe O, and CoO, which decreased from 600to 850°C
inair for 2h (TABLE 3). Thesametrend was obtained

e
]

£

s

T
P 3

0.2 pm 000041
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after therma treatmentsfrom 600to 850°Cinair for 4
hours.

SEM analyses

The morphology of the tested samples was ob-
served by using scanning el ectron microscope (JEOL,
model 5300). SEM analysisreveasthat the synthe-
sizediron and cobdt nanoparticles(Figure8) areranged
insizefrom 50-100 nmwith calcul ated average size of
100 nm. Theimages also reveal that thereisno great
modificationwasrecognized for themorphol ogy of the
Feparticles. Infact Ssmilar aggregation and agglomera:
tion which observed for Co particleswere observed.
Thereisamixtureof nanoparticlesof iron, cobat with
sphericd dhagpeand duminum oxideswithrhombic shape
and with different particlesizeasreferred inimages.

Figure8: SEM micrographsof samplesa)Fe/CTC b)Co/CTC calcined at 850°C in air for 4h.

COCLUSIONS

Thefollowing conclusions have been drawn from
the present study:

1. Thispaper aimsto introduce aunique processfor
preparing cata ytic complexesof Fe/CTC and Co/
CTC. Thisprocessrequiresonly thermd treatments
of thesemateriasand useslow cost starting mate-
rids.

2. Bythetherma treatmentsat different temperatures
and different holding timewe can control themeth-
odsof obtaining desired materidsto beused indif-
ferent gpplicablecatal ytic processes.

3. Inthiswork it had been confirmed the synthesis
and investigation of mixed iron oxides (FeO,
Fe?Fe0,, Fe,0,) at 850 ‘C for 2h from the cata-

Iyticcomplex CTC modified usingironchlorideby
the characteristictechniques.

4. Thesamecomplex after calcinationsat 850°C for
4h we proposed the preparation of Fe,O, and con-
firmedthe presence of Fe"?Al. O, phaseby XRFM
and XRD.

5. Thedifferencein the color of Fe/CTC complex
from black color a 400°C, then mixed color (black
and brown) at 600°C, then brown color at 850 'C
for 2h after that light brown color at 850 °C for 4h,
also for the cobalt phases at 600 "C of CoAlO,
mixed with Co,0,, thisdifference confirmed the
preparation of thedifferent mentioned oxides.

6. Thedifferenceintheszeof thecadyticcomplexes
Co/CTC and Fe/CTC &fter heat treatment from
20010 600 ‘C wasduetothe presenceof Al,O, as
a barrier prevented the oxidation of Co and Fe
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nanoparticles, thisdifference confirmed the pres-
ence of thedifferent mentioned phases.

7. Theincreasing of temperature and timeholding of
these complexeslead to increasetheintensity of
XRD peaks, and thisattributed to theincreasein
thedegree of ordering of the particles.

8. SEM studies confirmed the presence of mixture
phasesof ironand duminum oxidesfor Fe/CTC and
cobdt and duminum oxidesfor Co/CTC complexes.
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