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Abstract: Problem statement: This study involved an investigation to ascertdi@ dliffusion of NiO
and ZnO into the tetrahedral and octahedral sig#sgumechanical alloying method. The effect of
mechanical alloying towards particle size was alsported. Approach: NiO, ZnO and FgO;
precursors were mechanically alloyed to synthedisafine powders of NisZn,sFe,0, Various
milling times were employed to study the effectafling time on the materials. The ultrafine powder
was sampled after each milling time and furtherati@rized using XRD to investigate the phases of
the powder and the crystallite size, SEM for thephology and TEM for particle size investigation.
Results: The XRD spectra indicated the precursors reacteohgl milling with the diffusion of ZnO
and followed by NiO into their respective crystgllaphic sites. SEM micrographs showed the
agglomeration of powders due to high energy millamgl TEM images proved the particles of the
materials were of nanosiz€onclusion: It was concluded that samples prepared using mécdla
alloying technique appear to be a potential mefbotarge production due to the possible reductibn
cost and also reduction of particle size againditngitime.
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INTRODUCTION occupied by Zf" and F& ions whereas octahedral (B)
sites are occupied by Kiand F&" ions.

Development in the electronic sectors has put a Magnetic properties of NiZn ferrites rely heavily
pressure on the manufacturers to develop smallér aron the chemical composition and are also sensitive
lighter products. A reduction in size and weight ¢®  their microstructuré?. There are a few factors that
achieved by focusing on the development of nandsizedetermine the microstructure of ferrites such as th
particles by various techniques. Recent intereshéen quality of raw materials, the calcinations tempemat
study of soft ferrites has helped to ease this émurd the miling procedure and the sintering reditne
Among the different soft ferrites is NiZn ferritehieh ~ Generally, the parameters of microstructure are the
is the most versatile magnetic materials and ha&s be grain size, the pore size, the porosity and thesitign
used for many years. The useful properties of NiZnintra-granular and inter-granular distribution afres
ferrites in low and high-frequency equipment aneirth and grains. The quantity, size, shape and distabudf
roles in microwave devices, power transformers, rodoth crystal grains and pore of a ferrite will vamith
antennas, read/write heads for high speed digis¢s  different preparation conditions and technidtie©ne
has attracted much interest for the researcher@argm of the various techniques for synthesizing magnetic
the interesting properties of NizZn ferrites are ihgv materials is mechanical alloying which is used to
small eddy current loss even operating at highereduce grain size, mix powder uniformly and make
frequencies (10-500 MHz), high resistivity, chenhica non-equilibrium  structure  materials, including
stability, low dielectric losses, moderate mechahic nanocrystals, quasicrystals and amorphous alloys.
hardness and high Curie temperature. This mixathbpi Mechanical alloying via high-energy ball milling ha
formula AB,O, has tetrahedral (A) sites which are now become one of the conventional methods for
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producing nano/non-crystalline materials. DuringWhere:

mechanical alloying, materials in powder form will B=FWHM (Full width at half maximum) of the

undergo severe collisions between balls and ball an broadened diffraction line on th® &cale (radians)

vial wall of the grinding media by the process @tk t = Diameter of the crystallites

energy collision. In the course of milling, various o

attempts have been made to improve the structural, BY scrutinizing the graph, we could see 3 stades o

magnetic and frequency properties. crystallite size attainment from the milling of #ee
In this study, a ternary system material was miille Sa&mples. Mechanical alloying of these samples fiem

to study the effect of milling time on the compisit 4 h shows the variation of sizes from 33.33-44.44 n _

and particle size of the samples. 12 h and up to 30 h shows second stage of crygtqlll

size ranges from 11.12-22.22nm. Above 30 h of nglli

shows no changes in crystal size. The crystalite sf

Fe0, pellet (Sample B) using Eq. 1 is 53.62 nm.
Further studies were carried out on the paride

. ' _ of the samples using SEM and TEM. Two samples
Nio sZno sF€,04 was prepared by mechanical alloying of |66 selected which were from 12 and 24 h of ngllin

a mixture of metallic oxides. The materials usedewe Figure 3 shows SEM images of Nizn ferrite after
Fe0O; (Alfa Aesar) (99.95%), NIO (Alfa Aesar) peing milled for 12 and 24 h. The size ranges frd@-
(99.99%) and ZnO (Alfa Aesar) (99.99%) weighed ;01 nm with an average grain size of ~87 nm foh12
according to the composition formula. The chemicalsyt mjjling. The powders obtained after the milling
were mixed with chosen molar ratio of 1:0.5:0.5gMi = gp\yed high agglomeration of the materials as feen
energy milling was carried out in a SPEX 8000D €hak e SEM micrograph. Further milling up to 24 h skow
mill in ambient atmosphere for 1, 4, 8, 12, 16, 24, smaller region of size distribution of the matesjal

30, 36, 42 and 48 h. The ball-to-powder mass-charggich is due to the high impact of the milling. Téiee
ratio (BPR) was approximately 10:1. Another sample,ranges from ~62-~104 nm.

Fe;0, (magnetite), was prepared via the conventional
ceramic processing method as a micro-structuralable 1: List of crystallite size of NiO, ZnO ané;®; mechanically

MATERIALSAND METHODS

A nominal composition of powder for

reference sample (Sample B), which was preparexd in—_alloyed with various milling times ,
pellet form and sintered at 1200°C for 4 h. All the Milling time () ﬂ)ﬁal size (nm)
samples were examined with X-ray diffraction (Rp8l 4 33.33

Expert Pro PW3040) using CaKThree samples were 8 33.33
selected which are of 12 and 24 h of milling andié ‘21;':‘2“21

Sample B were sent for Scanning Electron Microscopeo 26.68

(SEM) images (JEOL 6400). The former two samples24 16.67

were examined under a Transmission EIectrorgg }éjﬁ
Microscope (TEM) (LEO 912AB). 42 13.44

RESULTS o

Figure 1 shows the XRD powder patterns recorded e
from unmilled and mechanically alloyed (BPR = 10:1) =
homogeneous powder mixtures. From the spectra<
shown above, the unmilled powder mixture shows only %
individual reflections of NiO, ZnO and [@; phases. =
Further milling up to 48 h resulted in the disappeae
of starting materials phases completely and theiNi-

B000

4000

ferrite phase began to appear. 000 (:T)) o — =
The crystallite sizes in the mechanically alloyed 1 oy
samples are shown in Fig. 2 and Table 1. The Seherr . L o0 NN Samgle 8

equation, shown below, was used to give the ciitstal ® R, * "
size of these samples:
Fig. 1: XRD spectra of Ni-Zn-ferrites powder pregr
_ 0.9\ 1) by mechanical alloying and k&, pellet
" tcos9 (Sample B) prepared by conventional method
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Fig. 5: TEM picture of nanosized NiZn ferrite powde
milled for 24 h and the corresponding particle
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Fig. 2: Graph showing the crystal size of NiO, ZnO
and FgO; mechanically alloyed with various
milling times

it : - & ol > e vy - > ! ":-
e m"’
Fig. 3: SEM micrograph of milled powders after o o i N e
(d): 12 hand (b): 24 h ) .
Fig. 6: SEM micrograph of E®, pellet (Sample B)
is showing the grain boundary of the sample after

sintering at 1200°C

Frequenay (%)
S

shows the particle size of 24 h of milling becomes
bigger than 12 h of milling implying that the palés
1] 1] started to agglomerate after 12 h of milling due to
7 1013 16 19 23 3% 38 31 5437 40 45 3% prOIOﬂged mllllng The minOgraph of & pellet
Batfciosice (] (Sample B) in Fig. 6 shows clearly the size of gnain
boundary at about 0.5-10m after being sintered at
1200°C for 4 h.

100 nm

Fig. 4: TEM picture of nanosized NiZn ferrite posvd
milled for 12 h and the corresponding particle

size histogram
DISCUSSION

Figure 4 and 5 show the TEM picture of the ferrite

powder obtained from the milling processes for bd a It is evident from the spectra shown in Fig. 1ttha
24 h respectively. After being sonicated in acetthree  in the course of milling of these three individual
materials were dispersed uniformly on the coppét gr powders, the Ni-Zn-ferrite phase was formed and its
and showed a significant difference in size distitm.  amount increased gradually with increasing milling
The particle size distribution obtained from TEM time. A significant change after 1 h of milling ike
micrographs (Fig. 4 and 5) shows that the sizereduction of the ZnO phase to a large extent coatpar
distribution is not too narrow as various partickesre  to the NiO and F#; phases which vanished after 4 h
obtained. For 12 h of milling, the particle sizengas  of milling. It shows that the ZnO phase is much enor
from ~3-~47 nm meanwhile after 24 h of milling the prone to deformation fault as all the reflections a
distribution becomes smaller which ranges from ~5sufficiently broadened in comparison to the otheo t
~21 nm. Further milling up to 24 h has contributedphases. It could be deduced that the rate of stditt
elimination of bigger particles and narrow size diffusion of ZnO into FgO; lattice is higher than that of
distribution. Comparing the histogram of Ficad 5, NiO. From the spectra, it suggests that ZnO diffuse
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into FeO; and the Zn-Fg®; phase is formed. This a powder material is as big as its crystallite ,site
reaction was then followed by NiO diffusion as NiO shows that the material is a single crystal. Howeéne
phase diffused slowly into the Znf® in the course of our case, the TEM results for the mechanicallyyaitb
milling and little Ni-Zn-ferrite is formed. A studpy  materials showed a smaller crystallite size thaat th
Bid et al.”! showed the formation of Znp@, could calculated from the Scherer equation. We spectitige
occur within only 30 minutes of ball milling with is due to an instrumental error of the XRD machine.
homogeneous stoichiometric (1:1 mol%) powderO’Connoret al.l”) reported the instrumental factors that
mixture of ZnO and F©; phases. The reduction of governed the line broadening of the FWHM for
intensities of the starting materials in the coucde particle size above 0.1 um. Their result shows that
milling shows the contents of starting phases werd~WHM contribution due to particle size is dominated
reduced considerably within the time of milling. €rh by instrumental factors for the size range con&der
broadening effect due to mechanical alloying inisa 5.0 um down to 0.1 um. The particle size should not
nanocrystallite particles contained a huge amount ocause troublesome smearing of the X-ray powder
lattice strain arising from the high-energy milling  diffraction lines if the particles are formed from
could also be attributed to very small particleesiz component single crystal domains of size substhntia
produced by this mechanical alloying. A closer l@ik below 0.1 prf. All diffraction lines have a measurable
the XRD spectra of 48 h milling reveals 3 peakdaf  breadth, even when the crystallite size exceed® 200
Zn-ferrite which are (311), (400) and (440) at 35.5 due to such causes as divergence of the incidearh be
43.32 and 62.58° respectively. Since 3 strong peak and size of the sample and width of the x-ray st
the Nizn ferrite phase were detected, it can baliffractometersy. The breadth B in Scherrer equation
concluded that the phase can be formed by puresfers, however, to the extra breadth, or broadgmine
mechanical alloying. to the crystallite-size effect alofleIn other words, B is
By scrutinizing Fig. 2, we can see 3 stages ofessentially zero when the crystallite size excedunut
crystallite size. The first stage of crystalliteesiwhich 1000 A. The experimental difficulties involved in
ranges from 11.33-44.44nm due to mechanical altpyin measuring crystallite size from line broadening éase
shows ZnO diffusion into K®; is very significant with the size of the crystallite measured. Roughly
compared to NiO. This could be explained by lookingspeaking, relatively crude measurements sufficthén
at the preferences of Znons into the tetrahedral site. range 0-500 A, but very good experimental technigue
An intermediate phase of the second stage (crigstall needed in the range 500-1008' Awith diffractometers,
size ranges from 11.12nm-22.22nm) showing that thé¢he upper range limit can approach 2008.Avery
powder is evolving towards a complete phase. 3@ h ocareful work is required and back-reflection lire®
milling and above reveals no changes in crysta aimd  employed, since such lines exhibit the largest
it remains constant till the end of the milling. €rh crystallite-size broadening, as shown by using B8ehe
constant crystallite size from the longer millinge is  equation. The reference sample,;@Ge (Sample B),
a reflection of the lattice strain which no longer micrograph shows a large crystallite size whichsdoe
increases and remains almost constant till the afnd not tally with that deduced from the XRD measuretnen
milling. This shows that high-energy impact prodsice We attribute this to the limitation of Scherrer atjon
enormous amount of lattice imperfections to theam which is not suitable for materials with crystalisizes
From the graph plotted (Fig. 2), further millingasle  above 1000 A.
30 h did not reduce the crystallite size anymore.

The particle size obtained using TEM for both 12 CONCLUSION
and 24 h (Fig. 4 and 5) of milling are smaller thha
crystallite size obtained from the XRD pattern irapl Nanosized NizZn ferrite powders were synthesized

that the particles exist as nonporous aggregatestal using the mechanical alloying method with a molar
their high surface enerlyy From the XRD spectra in ratio of 1:0.5:0.5. The XRD spectra indicate the
Fig. 1, Sample B was deduced to have an averagdiffusion of ZnO into the tetrahedral sites follavby
crystallite size of about 53.62 nm which is noaiigood  NiO into the octahedral sites. The diffusion ocedrr
agreement with the micrograph shown in Fig. 6. Theduring the early stage of the milling process. The
Scherer equation used in deducing the crystallte s crystal size calculated exhibits the nano sizedhegf
may also contribute some error to the calculationspowder due to high energy of ball milling and sh@vs
Additional effects such as crystal strain or defexdn crystal-size attainment stages of the materialse Th
make significant contributions to line broadenirigh®e  micrograph of SEM shows the synthesized powders
FWHM value$’. It is known that if the particle size of were agglomerated with sizes ranging from ~82-~101
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nm for 12 h of milling and ~62-~104 nm for 24 h of 4.
milling. TEM pictures however proved that the povgle
are of nanosize after sonication and dispersion.
Prolonged milling after 12 h caused powder to start
agglomerating, though narrowing the particle size
distribution.
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