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Abstract

Coal ash is a waste material produced by combustaf coal in a
thermal power station, In this paper, an attemptshheen made to modify the
micro sized coal ash into nano structured coal agking High Energy Ball
Milling. The smooth, glassy and an inert surface tfie coal ash can be
altered to a rough and more reactive state by tteshnique. Ball milling was
carried out for the total duration of 30hrs. The sgle was taken out after
every 10 hours of milling for characterizing. Theamostructure coal ash was
characterized for its crystallite size, using X-Rédiffractometer. It was found
that after 30 hrs of milling, percentage crystabitsize of quartz phase present
in the coal ash was reduced from 63% to 37% foedh coal ash and 30hr
ball milled powder respectively, thus increasingetamorphous domains in it.
The size, shape and texture of the fresh as welhaso structured coal ash
were studied using Scanning Electron Microscopy (8k The fresh coal ash
particles were found to be spherical in shape, wvehthe shape of the 30hrs
milled particles was found to be irregular and theurface morphology was
also rough

Keywords: Coal Ash; High Energy Ball milling; Nanomaterialarbon nanoparticles; XRD- analysis; Electron
Microscopy.

1.0 Introduction

Carbon-based nanomaterials have attracted greae#tin recent decades. Understanding their ptiepemnd exploring their
promising application have led to an explosion edearch worldwide. In particular, carbon nanoplatihave attracted
much attention due to their significant role infelient fields, from arc generated soot and vacueposited thin films to
interstellar dust [1]. One type of carbon nanophesi, carbon black, has been widely used as iillenbber, dye in paint, and
catalyst carrier in chemistry for centuries. Pasdmewly found applications of carbon nanopargcbecur in such diverse
areas as protective coatings, electronic devidels, €mission devices, super capacitors, micro@epieconcentrators, and
nonlinear optical devices, further prompting mareensive research [2]. A variety of ways have begorted to synthesize
nano level materials such as plasma arcing, chémiapor deposition, electro deposition, sol-gel thgsis, flame
combustion (pyrolysis) high energy ball milling etthese methods have been used successfully tcarpregarbon
nanoparticles in different ambient. Among thesehmés high energy ball milling has advantages ofigpsimple, relatively
inexpensive to produce, applicable to any classnaferials and can be easily scaled up to large tiigaf2]. In this
mechanical treatment, powder particles are sulijecte severe plastic deformation due to the répettompressive loads
arising from the impacts between the balls andpivder. This produces novel crystalline and amoughmaterials with
crystallite sizes at the nanometer scale[3]. Mesearch in this area is clearly needed to fullyaepthe possibilities offered
by these materials. In this work an attempt haslmeade to modify the coal ash by transforming theransized coal ash
into nano structured coal ash using high energlyrbling. The smooth, glassy and an inert surfat¢he coal ash can be
altered to a rough and more reactive state bytekisnique [4].

2.0  Experimental Procedure

21 Preparation of The Coal Sample Material for High Energy Ball Milling
The coal ash material which was obtained from Riier power station was washed in distilled wated the carbon that
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creamed up during washing was removed. It was thizd at 100 °C for 5 hrs to remove water. Driedl coaterial was

sieved using British Standard Sieve (BSS). Coalpdamaterial fractions that passed through mestii0, but got retained
on mesh no. 240 were collected and magnetic sépanats carried out to remove the magnetic impesitiTrhen the sample
was taken for ball milling.

2.2 High Energy Ball Milling

The reduction in particle size of the coal ash fnamgron level to the nano level was carried ouhgsa high-energy ball
milling machine in a stainless steel chamber ofacép 5kg/hr using metal balls 0f0.21 m sizes retipely. The total
duration of milling was 30hrs. The rotation speédhe planet carrier was 82 rpm. The milled sang@de/der was taken out
at a regular interval of every 10hrs of milling.éFhthis milled powder was dried in an oven &G3fbr 2hrs. This dried
powder was then taken for characterization. Theh legergy ball milling was done at the material andtallurgical
laboratory department, Federal University of Tedbgy Owerri (FUTO) Imo state.

3.0 Results and Discussion

3.1 Morphology Studies with (SEM)
A Scanning Electron Microscope (SEM) was used @iuate the texture, morphology and elemental coitippsof fresh
and ball milled coal ashes. The images were takesuitable accelerating voltages for the best pesgiesolution using
secondary electron imaging.

The size, shape and texture of the fresh coal askedl as nanostructure coal ash were studied USewpndary Electron
Imaging mode of Scanning Electron Microscopy (SEMyure 1 shows the SEM image of fresh coal agimfthe SEM
image, it can be observed that the fresh coal adiicles are mostly spherical in shape. This ia assult of the combustion
temperature and cooling rate in the thermal powantfs]. Figure2 shows the SEM image of 10hrs balled coal ash. Here
the spherical structure of fresh coal ash has destroyed, this is as a result of the cold weldiogdition the material was
subjected to, and hence the particles appear tikeged flakes [6]. These large flake shaped destiare further crushed by
intense impacts of the balls, hence the decreapariitle size occurs with increasing milling timg shown in Figure3, and
figure 4 the SEM images for 20hrs, and 30hrs, bullled samples of which the structural breaks @rarit can also be
observe that at these respective times, the sHape particles became irregular and the surfacephwogy became rough,
which makes them more compatible with various nietahd polymeric matrices, resulting to a moreddaal application
such as particulate nano filler in polymeric or afiét matri_g_:es[?].
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Figure 1: The SEM ima of fesh coaash. The fresh coapasticles are mostly spherical in shape.
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Fig 3: The SEM images for 20hrs, ball milled sampkeof which the structural breaks is more.

Fig 4: The SEM images for 30hrs, ball milled sampkeof which the structural breaks is more and rough
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3.2 X-Ray Diffractometer (XRD) Result

X-ray diffraction measurements were carried ouinigestigate the structural changes and phase tnanafions of coal
powders that occurred during mechanical millinge Dtrray diffraction measurements were carried oitih whe help of a
Goniometer model PW3050/60using Cu Kadiation { = 1.54060 A) at an accelerating voltage of 40 kid a current of 30
mA. The samples were scanned in the range frono 0@ in the 2 range and analyzed for crystallite size, peakhiemnd
crystallinity.

The X-ray diffraction (XRD) pattern of fresh coalaas well as the ball milled ash is shown in Fégus, 6, 7, and 8, which
show the phases present in the fresh coal ashlaasate ball mill coal ash for 10hrs, 20hrs, &@thrs respectively. These
phases are largely quartz (Silica (§)Qwhich is the major phase, kaolinite {Ai2Q,.(OH),), and calcite (CaGy. Also
their strongest peaks as well as their d-spacihgesacan equally be seen from the diagrams. Qpadses exhibits strong
peaks at 26.648726.62108, 26.6246, and 26.60002-theta values and corresponding (d-spacing) 84310, 3.34580,
3.34540, and 3.34840fp for each of fresh, 10hr, 20hr and 30hr millirespectively. The kaolinite phase shows strong
peaks at 20.883024.8446, 24.8446, and 24.87302-theta values and corresponding (d spacing)2838, 3.5809, 3.5809,
and 3.5768 (A. For each of fresh, 10hrs, 20hrs and 30hrs milliespectively. Also the calcite phase shows a @eak
29.3950, 29.3906, and 29.39002-theta values and corresponding (d spacing3.6861, 3.0366, and 3.0366%Afor each
of 10hrs, 20hrs and 30hrs milling respectivelyclAse observation on the XRD pattern of the varicaml samples show
that The quartz Silica ( Spphase is the maximum sufferer during millingnée with increasing the milling time SjO
peaks shifts slightly to the lower angels and alismadening of the diffraction pattern occurs legdio an increase in lattice
strain with increase in milling time, this is besauwluring ball milling the intense mechanical defation experienced bythe
coal ash powder leads to generation of latticeirstracrystal defects and this plus the balance &etwcold welding and
fracturing operations among the powder particlexgected to affect the structural changes in tveder[8].

The average crystallite size was determined byRié Width at Half Maximum (FWHM) of the X-ray diffction peak
using Scherrer’s equation

t = kABcoD(1)

Where t is the particle diametarjs the X-Ray wavelengtlf, is the FWHM of the diffraction peaR,is the diffraction angle
and k is the Scherrer's constant of the order afyufor usual crystals. Figure9 illustrates the iadon in percentage
crystallite size of the coal ash with the millirighé. A close look at the graph shows a steady dserén the percentage
crystallite size of quartz phase present in thd samples which got reduced from 63% to 37% forr8Ghilling time. The
measurement of crystallite size in the mechanicaliiled powders is very important since the phaeasttution and
transformation characteristics appear to be cligiceepending on them[8].
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Fig 5: The X-ray diffraction (XRD) pattern of fresh coadha showing the phases present, their respectiakspand d-
spacing (A).
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Fig 6: The X-ray Diffraction (XRD) pattern of 10hrs ballillad ash, showing the phases present, their réispgueaks and
d-spacing (R)
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Fig 7: The X-ray Diffraction (XRD) pattern of 20hrs balliltad ash, showing the phases present, their réispgueaks and
d-spacing (A)
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Fig 8: The X-ray Diffraction (XRD) pattern of 30hrs balliltad ash, showing the phases present, their réispgueaks and
d-spacing (A)
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3.3 Crystallinity

Crystallinity refers to the degree of structuraderin a solid. Crystallinity is usually specified a percentage of the volume
of the material that is crystalline [8]. The de@®an crystallinity of fresh coal ash with ball himfy hours is shown in
Figure9. This decrease was observed from 63% to f8r$tesh coal ash and 30hr ball milled powdepestively. Looking
at the graph, we can see that increasing the milime decreases the crystallinity of the coal d@khs increasing the
amorphous domains in it[8]. This change is benaffiGdr the applications such as particulate nafierfin polymeric or
metallic matrices. The enhanced amorphous conseviéry encouraging as it may lead to better corbifiafi with various
metallic and polymeric matrices.

Tablel1:%Crystallite size of quartz phase in fresh ad ball milled coal ash.
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Fig 9: Variation in crystallite size of the coal ash wiktie milling time.

4.0 Conclusion

The size reduction of coal ash from micrometer liégwaano meter levels has been achieved by highggrball milling for
theperiod of 30 hrs. The coal ash becomes more@mas and the process equally converts the sunfdcerough and
reactive one. The lattice strain was increased initheasing the milling time. The coal ash has bezoore amorphous and
the crystallite size of the quartz phase has bednced drastically. The spherical shape and snmoface texture of the
coal ash have been changed into irregular shapeoagth surface by ball milling which is evidencedri SEM studies.
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