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ABSTRACT

Spintronics materials, which combine ferromagnetic with semiconductors
to take advantage of not only the charge of electrons but their quantum-
mechanical ‘spin’ together, are promising materials. Co-Zn oxide
nanoparticles as a diluted magnetic semiconductor (DMS) material is a
potential spintronic material and expected to play animportant rolein mag-
netic, magneto-optical, and magneto-electric fields. In this study, a self
flash combustion method was used to produce Co-Zn oxide nanoparticles.
Thermal analysis (TGA and DTA), X-ray diffraction, TEM, and magnetic
measurements have been used for characterization of the prepared samples.
The influence of the prepared Co-Zn oxide on the degradation of phenol
was also studied by using UV/VIS/NIR- spectrophotometer. Results showed
that a Co-Zn oxide nanoparticle (77nm) was successfully prepared by a self
flash combustion from acetate precursors at low temperature. The values
of remnant magnetic flux density (Br), saturation magnetic flux density (Bs)
and coerciveforce (Hc) (measured at 16°C) are 0.03262emu/g, 0.5769emu/g
and 83.170e respectively. The degradation of phenol containing Co-Zn
oxide showed that the concentration of phenol decreased gradually with
time and reach to avalue near zero at around 67 hours and the degradation
of phenol agueous solution followed first order rate kinetics.
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INTRODUCTION

Information technol ogy isbased on both semicon-
ductor devicesmaking use of the charge of electrons
and magneti c materia sused for recording applications
involving e ectron spin. For thelast two decades, there
has been muchinterest in aninnovativetechnique, now

referred to as ‘spintronics’, which combine ferromag-
netic materialswith semiconductorsto takeadvantage
of not only the charge of ectronsbut their quantum-
mechanicd ‘spin’ together. Diluted magnetic semicon-
ductors (DMS) are therefore extensively studied as
potentia spintronics materialsand expectedto play an
important rolein magnetic, magneto-optical, and mag-
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neto-electricfiedsby redizing new functiondity that has
not separately existed in magnetic material sor semi-
conductorg*4. Diluted magnetic semiconductors
(DM Ss), referred to as semiconductor dloysinwhich
magnetic alomsarerandomly introduced inthelattice,
have attracted much attention as promising materials
for spintronicsbecause they have charge and spin de-
grees of freedom inasingle substance®®. The substi-
tution of thecationsof 111-V or 11-VI nonmagnetic semi-
conductors by magnetic transition-metal ionssuch as
Mn, Fe, and Co alows the existence of charge and
spin degree of freedom in asingle substance, which
leadsto anumber of magnetic, optical, and magneto-
transport phenomena. The development of magnetic
semiconductorswith practical ordering temperatures
could lead to new classes of device and circuits, in-
cluding spintrang stors, and ultradensenonvol atile semi-
conductors memoryt12,

Fukumuraet d . reported thefirst successful growth
of aZnO-based DM Sby pulsed laser deposition (PLD)
technique, namely Zn,, Mn O, whichwasfound to ex-
hibit no ferromagnetic ordering. WhileJin et a .** de-
tected noindicationof feromagnetisminZn, Co Ofilms.
Theferromagneticfeatureswith acurietemperatureas
high as 300 K was observed in some of pulsed |aser-
deposited Zn, . Co, Ofilms, athough thereproducibility
waslessthan 10% 4, Prellier et a ™ report the synthe-
sisof high-quality Co-doped ZnO thinfilmsusing the
pulsed |aser deposition technique on (0001)-Al,O, sub-
stratesunder an oxidizing aamosphere, usng Znand Co
metallictargets Theformed Zn Co Ofilmsexhibit fer-
romagnetismwithacurietemperatureclosetoroomtem-
peraturefor x =0.08 and at 150K for x =0.05. Diniaet
al . used magnetron Co-sputteringtogrow Zn .Co, .
magnetic semiconductorson SO,/S substrateat 4004
C. Optical absorption measurements have been per-
formed and showed three absorptionsbands. M agneti-
zation measurementshave been performed a roomtem-
peratureand shown the presence of theferromagnetism
with asaturation magnetization of about 0.2u,/Co. Irrar
diationwith Heionsat 520°C have been performed on
the as-deposited film. For adose of 6x10'° cm2ahuge
increase of the magnetic moment upto 0.37p/Cohas
been observed and accompanied with animprovement
of thecrystalinequaity. For higher dosesthemagnetic
moment isstrongly reduced downto 0.13u,/Co. Thisis
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attributed to the changein thefreecarriersdensity inthe
ZnO hogt!™.

The present work studiesthe preparation of Co-Zn
oxide nanoparticles by anovel self flash combustion
method. The prepared Co-Zn oxide nanoparticlesare
investigated for their magnetic properties. Ontheother
hand, catalytic degradation of organic pollutantsisone
of themost promising green chemistry technol ogy*58.
Phenolic compounds are common pollutantsthat are
present inindustrial waste-water and hencemany stud-
ieshave been reported on the catal ytic degradation of
phenolg**%1, So, theinfluence of the prepared Co-Zn
oxideonthe degradation of phenol wasstudied.

EXPERIMENTAL

Pure Zinc acetate (Zn (CH,COQ),.2H,0) and
pure cobalt acetate (Co (CH,COO0),.4H,0) were used
to prepare zinc oxide, cobalt oxide and nanoparticles
diluted magnetic materialsof zinc— cobalt oxide mix-
tureby asdf flash combustion method. For the prepa-
ration of zinc— cobalt oxide mixtures, one mole of pure
zinc acetatewaswell mixedinaball mill with aspeed
170 r/mfor 6 hours with one mole of cobalt (I1) ac-
etate tetrahydrate. The mixture was then heated at
200°C for 16 hoursto be sure of compl ete decompo-
sition. Sampleswerethen calcined inair at 300 and
500°C for 1 hour to obtain zinc oxide, cobalt oxide
andzinc—cobalt oxide particles. The different nanosizes
wereidentified by X-Ray diffractiontechniqueusinga
JSX-60PJEOL diffractometer. Theaverage crystal-
liteszewascd culated fromthe X -ray diffraction pesks
using thefollowing Scherer’s as shown below:

d =0.9\/pcoso

Wheredisthecryddlitesze, ListheX-ray wavelength,
B ishdf-intensty width of thereevant diffractionand 6
isthediffractionangle.

Themagnetic propertieswereinvestigated by aVi-
brating Sample M agnetometer model 9600 whilethe
thermal analysiswas performed using MAC-Science
model DTA-TGA 2000. FTIR JASCO 410 was used
for IR solid phase spectra. In order to measurethe cata-
lytic degradation of phenol by the prepared Co-Zn
oxide, 1 gm of the samplewasadded to 10 ppm phe-
nol solution (100 ml) and analyzedusingaUV/VIS
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NIR- spectrophotometer (Jasco V 570). During the
procedure, theinitial absorbance of the phenol inthe
absence of Co-Zn oxidewasmeasured a 230nm wave-
length whilethe changein the absorbance was mea-
sured with theincrease of timefor the 10 ppm phenol
aqueous solution containing 1 gm of Co-Zn oxide.

RESULTSAND DISCUSSION

TGA and DTA curvesrecorded on heating ZnAc,
CoAc, and their mixtureat 20°C / min in a dynamic
atmosphereof air, are shownin Figure 1 and 2 respec-
tively. They indicatethat Zn Ac decomposesviatwo
endothermiceventsoccurring a 104 °C (Ia) and 294°C
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Figurel: TGA curvesof ZnAc, CoAcand their mixturein

dynamicair flow
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Figure2: DTA curvesof ZnAc, CoAcand their mixturein
dynamicair flow

(I18). Processlaisan endothermic weight loss (WL)
maximized at 104°C and accompanied by a 16.4% WL
whichisclosetothat expected (17.1%) for releasing 2
molesof water. Process|laappearstoinvolvean en-
dothermicweight-invariant reaction maximized at 261°C
whichisdueto melting and another endothermic WL
process occurring at 343°C brings a total WL up to
46.46% whichisvery closeto theexpected (47%) for
decomposition of Zn acetateto ZnO
(CH,C00),Zn.2H,0 (CH,C0O0),Zn »Zn0 + CH,COCH,
+CO,

TGA and DTA curvesfor heating Zn Ac and CoAc
mixture, at 20 °C/min in air indicate that the mixture
decomposesvia2 weight loss stepsand 3 endothermic
processesat 104, 241, and 352 °C. Step Im shows an
endothermic processmaximized at 104°C and accom-
panied by a23% WL whichiscloseto the expected
valueof 22.9%for releasing 6 molesof H,O
(CH,C00),Zn.2H,0 +(CH,CO0),Co.4H,0 =(CH,COO0),Zn
+(CH,C00),Co+H,0

Step |1 appearsto invol ve two endothermic processes.
A weight-invariant endothermic step at 241°C which
representsamelting of acetate saltsand theother isan
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Figure3: FTIR spectrafor (a) uncalcined Zn acetateand Co
acetatemixture, (b) mixtureof Coand Zn acetatescalcined at
300°C and (c) mixtureof Coand Zn acetatescalcined at 500°C
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endothermic step at 352 °C which indicates total WL
upto45.9% whichiscloseto that expected (47%) for
decomposition of acetatesto give (Zn, Co)O.
(CH,C00),Zn +(CH,CO0),Co~(Zn, Co)O + CH,COCH, +
C,H,+3CO,

Figure 3(a, b) show IR spectraobtained for the solid
phase of uncalcined Zn acetate and Co acetate mixture
and amixtureof Coand Zn acetatescal cined at 300°C
respectively. It displaysbandsat 1342, 1053, 621 and
482 cm?, which areassignableto the vibration modes
of acetates?®. ThelR spectrum of the solid product of
mixture of Co and Zn acetates calcined at 500°C dis-
plays bands due to metal oxygen at 1407, 671 and
578 cm™,
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Figure4: XRD patternsof starting mixtureand combusted
products. (e zinc acetate hydrate, A cobalt acetatehydrate,
mzincoxideand & cobalt oxide)
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Figure4 shows XRD patterns of the starting mix-
ture and the combusted products obtai ned after firing
at 300 and 500°C for 1 hour in air. The patterns of
gtarting mixture giveidentified peaks corresponding to
both zinc and cobdt hydrated acetates. The patterns of
fired samples show characteristic peaksfor zinc oxide
(hexagondl structure) with short peaksfor cobat oxide
(Co,0,) phasefor the sample calcined at 300°C indi-
cating that incompl ete formation of (Zn,Co)O at this
temperaturewhiletheintensity of thesespesksincreased
for themix sample calcined a 500°C. Thisfindingisin
agreement withthe DTA and TG resultswhich showed
that decomposition of acetateto give(Zn,Co)Owasat
352°C. So, cobalt — zinc oxide mixtures can be clearly
obtained by firing the Co-Zn acetate mixture a 500°C.
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Theaveragecrystalite size, caculated fromthe XRD
patternsusingthe Scherer’s formula, are 89.3 and 77nm
for zinc-cobalt acetate mixturesfired at 300 and 500
°C, respectively. Figure 5 shows the TEM image of the
zinc-cobalt oxideprepared by self flash combustion at
500°C from acetate precursor. The image shows ho-
mogenous nanoparticleswith particlesizes~75nm.

TABLE 1: Magnetic propertiesof fired and unfired samples
Br (emu/g) Bs(emu/g) Hc(Oe€)

Zn (Ac) 500°C 0.01774 04462  53.37
Co (Ac) 500°C 0.02462 0.7259 53.4
Mix heated 500°C  0.03262 05769  83.17

C/Co

Time (h)

Figure 8 : Normalization concentration profile of phenol
duringthecatalyticdegradation by (C0,Zn)O powder

Zn acetate, Co acetate and their equimolar ratio
were heated at 500°C for 1 hours. The products were
Zn0O, CoO and amixture of (Zn, Co)O with traces of
Co,0,. Themagnetic properties of them wereinvesti-
gated at 16°C using vibrating sample magnetometer at
5kOe. Aferromagnetic hysterisisloopisshowninFig-
ure 6 and the values of remnant magnetic flux density
(Br), saturation magnetic flux dendity (Bs) and coerecive
force (Hc) are summarized in TABLE 1. The B-H
hysterisisof Co- doped ZnO showed hysterisisloop of
Hc=83.10ewhichis greater than that for pure ZnO
and CoO. Bs of the doped sampleis estimated to be
0.5769 emu/g which was shown to begreater than cor-
responding valuesfor ZnO and lessthanthat CoO. The
decreasesof the Bs of themixture than that of the CoO
can beattributed to contribution of the non-magnetic
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Figure9: A plot demonstrating thefirst order reactionrate
character of phenol degradation in thepresenceof (Co,Zn)O

materia (ZnO). Itiscommon in DM S not to recover
full magnetization and thisusudly attributed to antifer-
romagneti c coupling between neighboring magneticions
dueto super exchangeinteraction. However, dl values
areshowntolieintherangeof diluted magnetic mate-
rids(DMS).

The degradation of phenol wasinvestigated by us-
ing the prepared Co-Zn oxide asacatalyst. The UV-
vis absorption spectrum variation of 10 ppm phenol
agueous solutionisshownin Figure 7. The aqueous
solution of phenol (10 ppm) showsamajor absorption
band at 210 nmin the absence of (Co,Zn)O. Thenor-
madization degradetion profilesof phenol containing 1gm
of Co-Zn oxideascatalyst isshowninFigure 8, where
cistheconcentration of thecompound at timetand C,
theinitial concentration of the parent compound. The
graph showsthat the concentration of phenol decreased
gradually with timeand reach to avalue near zero at
around 67 hours. Morethan 20% of theinitia concen-
tration of the phenol was decomposed within 2 hours
of degradation. Figure9isaplot demongrating thefirst
order reaction rate character of phenol degradationin
the presenceof (Co,Zn)O. So, thedegradation of phenol
aqueous solution followed first order ratekinetics. It
was reportedi?”? that degradation of phenol depends
onthegeneration of freeradicals. Freeradicdsaregen-
erated when phenolsreact with hydroxyl speciesor any
el ectron donor adsorbed at the surface of the catalyst.
The presence of nanosized (Co,Zn)O powder activate
the generation of hydroxyl radicals. Theformed reac-

Au Tudian Yourual



MSAIJ, 9(1) 2013

M.M.Hessien 29

tive hydroxyl radical sarethen used to carry out chemi-
cal oxidation or to degrade the phenol in waste water
treatment. The resultant hydroxyl radicalsreact with
phenol intheortho-, and somepara-, positionstoform
catechol and hydroquinone, respectively?8. Further
oxidation of thelatter compound then occursto pro-
duce benzoquinone, which ishydroxylated/oxidised
againand ultimately formscarbon dioxideand water.

CONCLUSION

Co-Zn oxidenanoparticles(77nm) asadiluted mag-
netic semiconductor (DM S) materia was successfully
prepared by anove sdf flash combustion from acetate
precursorsat S00°C. From the thermal analysis (TGA,
DTA) and IR spectra, the thermal decomposition of
CoAc, ZnAc, and the mixture of them wereviathree
endothermic steps. Thefirst step representsreleasing of
water, the second step representsthe melting of acetate
sdtswhilethethird step representsthe decompaosition of
acetateto givethe oxides. M agnetic measurements of
Co- doped ZnO showed Coercivity (Hc) 83.10ewhich
isgreater than that for pure ZnO (53.37 Oe) and CoO
(53.4 Oe). Bs of the doped sampleis 0.5769 emu/g,
whichwasgreater than corresponding valuesfor ZnO
and lessthanthat CoO. Co- doped ZnO showed acata
Iytic effect on the degradation of phenol and the concen-
tration of phenol reach to avaue near zero at around
67h. Thedegradation of phenol aqueoussolution fol-
lowedfirst order ratekinetics.
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