ISSN : 0974 - 7443 Volume 9 Issue 1

CHEMICAL TECHNOLOGY

A Judian Joarnal

—= Ful] Paper

CTAIJ 9(1) 2014 [27-31]

Characterization of Bangladesh sand for possible high-tech
applications

Marzia Hoque Tania, A.SW.Kurny, Fahmida Gulshan*
Dept. of M aterialsand M etallur gical Engineering, Bangladesh Univer sity of Engineering and
Technology, Dhaka, (BANGLADESH)
E-mail : fahmidagulshan@mme.buet.ac.bd

ABSTRACT

Sand samplesfrom 5 depositsin Bangladesh was characterised on the basis of parametersthat include composition,
size, density, sphericity, moisture content, material composition and crystallinity for possible usein the production
of silicon for high-tech applications. The results have been presented and discussed.

© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Bangl adesh i s undertaking ambitious programmes
to increase the use of off-grid, renewable energy
technologies!. A photovoltaic system probably repre-
sentsthe shortest routeto an affordable € ectricity op-
tionfor remoteand difficult to accessvillages. Thedomi-
nant materid usedin PV cdlsissilicond. About 95%
of thecurrent solar cell modulemarket isbased on Sli-
con asraw materid®. Silicon, themain constituent of
slicadoesnot occur infreetate, but silicon compounds
are abundantly available and constitute about 28% of
theearth’s crust.

In nature, silicaoccursin different formssuch as
guartz, sandstone, quartziteand silicasand. High pu-
rity silicasand for high-tech applicationsis currently
sourced from afew locations situated in USA, UK,
Germany, Bdgium, France, and Brazil*9. In Bangladesh
94773 tons of glass sand has been exploited during
1975-93". Geological Survey Bangladesh hasidenti-
fied new depositsof silicasand. However, systematic
characterization of sands of these depositsisyet to be
undertaken. Thiswork amsat eva uating slicaof some
depositsin Bangladesh for possible high-tech applica

tionsincluding the production of solar gradesilicon.
MATERIALSAND METHODS

Sudy area

Samples of silicasand were collected from 5 dif-
ferent locationsin Bangladesh (TABLE 1).

TABLE 1: Location of thestudy area

Sample - L ocation Latitude Longitude

SU - H H o o

digrict Digtrict  (°N) (°E)
Dalia Jaldhaka Nilphamari 26.15 89.03
Kuakata Kalapara Patuakhdli 21.82 90.12
Patgram  Patgram Lalmonirhat  26.35 89.02
Bipinganj Durgapur Netrokona 25.11 90.67
Sylhet Jaintiapur Sylhet 25.13 92.12
Experimental

The sampleswere characterised onthebasisof pa-
rametersthat include composition, size, density, sphe-
ricity, moisture content, materia compositionand crys-
tallinity. Themineral ogical composition of thesamples
was determined by x-ray fluorescence analysis. Par-


mailto:fahmidagulshan@mme.buet.ac.bd

28 Characterization of Bangladesh sand for possible high-tech applications

CTAIJ, 9(1) 2014

Full Paper ==

tideszedigributionwasanaysed by Taylor seveanay-
sis. Thebulk density was determined by acalibrated
pycnometer. Thesphericity of theparticlesinthesamples
wasdetermined by using thefollowing formula
Sphericity=(a+b+c)/3: a

wherethelongest diameter isa, diameter perpendicu-
lar to thelongest diameter isb and diameter intersect-
ing the other two at 45° is ¢ (Figure 1).

Figurel: Sphericity M easur ement

To determinethe organic matter content, acertain
quantity of oven dried samplewas placed on an empty,
cleanand dry porcelain dish and theweight of thedish
and sand specimen was determined. Thedish wasthen
placed in amufflefurnace and thetemperature of the
furnacewasgradualy increased to 440°C and the speci-
men was| eft there over-night. Thenthedishwasre-
moved, allowed to cool to room temperature and the
mass of the dish containing burned sand was deter-
mined. Thedifferenceinwe ght gavetheorganic matter
content®®. The phases present inthesampleswereiden-
tified by x-ray diffraction analysis. The sampleswere
finely ground in an agate mortar beforethe x-ray dif-

(f)
Figure2: Sereo-microscopic view of (a) Dalia, (b) Kuakata, (c) Patgram, (d) Bipinganj and (€) Sylhet sand and Polarizing
micr oscopic view of (f) Dalia, (g) Kuakata (crossed polarized), (h) Patgram, (i) Bipinganj (crossed polarized) and (j) Sylhet
(plane-polarized)
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fraction patternswererecorded. Thermogavitimetric
analysis(TGA) was performed to determinethether-
mal effects- to tracetheloss of combined water and/or
to observe if any polymorphic transformation took
place. The sampleswere heated to 1000°C at arate of
20°C/ min. Thermogravimetric andysiswas performed
again on the same sand samples heated for one hour at
580°C.

RESULT AND DISCUSSION

Optical microscopy

The colour, size and shape of the samples were
observed under astereo-microscope (Figure 2 (a-€)).
Then the prepared grain slideswere observed under a
polarizing microscope (Figure 2(f-j)).

Polarizing microscopicimagesindicated high silica
content in the Bipinganj sand. An analysis was per-
formed onall sampleswiththeMichel-Levy interfer-
ence colour chart®9. The presence of feldspar, iron
oxideetc. could aso befound inthesamples. There-
sultsof analysisfor S0, aregiveninTABLE 2.

Material composition

X-ray fluorescenceandyssof thesamplesisshown
inTABLE 3.

It can be seenthat the SIO, content areintherange
65-97%. Results obtained through Michel-Levy inter-

Au Tudian Yournal



CTAIJ, 9(1) 2014

Fahmida Gulshan et al. 29

TABLE 2: PolarizingMicroscopedata

Sample location % of Si0,
Dalia 74.82
Kuakata 60.5
Patgram 81.18
Bipinganj 94.10
Sylhet 85.49

—= Full Paper

from TABLE 2 presence of phosphorus as P,O can
be seen.
Grainsize

Theresultsof seveandysis(TABLE 4) show that
morethan 85% of Daiasandsaresized within 212 ym
to 600 um. Theresult showsamong all five samples

Kuakatasand sizeismost tightly distributed, around
84% is 106 um (>75 um). Sylhet sand is also quite

TABLE 3: Sand Sample Composition (XRFAnalysis)

Content (Weight %) Dalia Kuakata Patgram Bipinganj Sylhet
SO, 75.06 65.23 75.52 97.04 86.85
NaO 174 1.56 1.80 0.05 0.41
MgO 1.16 242 1.21 0.05 0.31
AlLO; 1194 11.55 12.05 0.90 5.62
P,Os 0.08 0.57 0.06 0.01 0.05
K,0 3.15 1.95 3.26 0.04 2.07
Cao 113 6.20 0.99 0.06 0.38
TiO, 0.29 113 0.27 0.19 0.26
Cr,05 0.58 0.43 0.49 0.43 0.69
MnO 0.08 0.20 0.07 0.01 0.04
Fe,0; 4.62 8.52 412 112 3.17

ference colour chart (TABLE 2) arein good agreement
withtheresultsof x-ray fluorescenceandysis(TABLE
3).

Theanaysesshow that Bipingan] sand hasthehigh-
est Si0, content (~97%), whereas Kuakata sand has
thelowest S0, content. It containsaround 35% of ox-
ides other than silica, including oxidesof iron, alumi-
num, titanium etc. All samples, except the Bipingan] sand,
contained Al O, ingood quantity. Aluminum, calcium
and other metal oxidesareundesirableinthesilica!
for hightech applications. The most troublesomeele-
mentsintheuseof theslicafor themanufacturing of the
photovoltaic cells are boron and the phosphorus*?;

tightly distributed. Around 93% of sylhet sand issized
within 425 um to 106 pm, where 60% of Sylhet sand
issized around 212 pm (>106 pm).

Figure 3 showsnon-uniformity in Dalia, Patgram
and Bipinganj sand. If equa sizedistribution becomes
necessary for subsequent processing, thesethree sand
sampleswill requiregrinding and/or screening.

Bulk density

Thebulk density of al fivesamplesmeasured a a

room temperature of 20°Cisgivenin TABLEDS.

The result shows Kuakata sand sample hasthe
highest density (2.9 g/cc). Thereason for thiscan be

TABLE 4: Sieveanalysisof sand samples

Mesh Size Size (um)

% of Sand retained

Dalia Kuakata Patgram Bipinganj Sylhet
6 3.35E03 0.83 Nil 155 0.88 0.42
12 1.70E03 3.88 0.03 4.53 3.30 0.65
30 600 29.88 0.01 32.75 23.08 3.44
40 425 26.44 0.01 2547 15.32 11.53
70 212 29.32 0.66 27.88 29.93 59.96
140 106 7.30 84.46 5.60 20.03 21.50
200 75 0.86 12.34 0.85 3.25 1.26
270 53 0.97 2.47 0.70 213 0.65
Pan Pan 0.52 0.02 0.67 2.09 0.60
AFS Grain Fineness No 40.78 107.06 38.61 59.46 60.53
—————=— CHEMICAL TECHNOLOGY
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Figure3: Particle Size Distribution

served that Patgram sand isdightly moist (than TABLE
5) in winter. It may be necessary to dry it prior any
further processing.
Phaseidentification

Thex-ray diffraction patterns showed the presence
of largeamount of quartz-form of silicainthesamples

(Figure4). Theresult shows samplesof Bipinganj and
Sylhet containonly quartz. The other three samplesaso

TABLE5: Sample Char acterization

Sample Moisture % Density (g/cc) Organic Material % Sphericity
Dalia 0.49 2.58 0.39 0.83
Kuakata 0.98 2.90 0.63 0.838
Patgram 0.59 2.57 0.50 0.84
Bipinganj 0.58 2.60 0.07 0.859
Sylhet 0.78 2.69 0.55 0.86

understood from XRF result (TABLE 2), which shows
presence of heavier materialsin Kuakatasand. The
density of thepure SIO, isintherange2-2.3 g/cc and
the density of pure quartz is 2.65 g/cc; cristobalite
and tridymite have much lower densitiesbecausethese
two have comparatively open structures, whereasthe
atomsin quartz are moreloosdly packed™*®. The col-
lected samples show slight deviation from the ideal
vaue.

Organicmatter

Thepercentageof organic contentislisedinTABLE
5. Theresult shows presence of negligible amount of
organic matter in al five samples. Thehighest content
of only 0.07% wasfound in Bipingan] sand; thisminor
percentage may befromthedry leaves’ particle mixed
inthe sand. Theseresultsarein good agreement with
theresultsof thermal analysis.

Roundnessand sphericity

Though thefive sampleswere collected from dif-
ferent locations the sphericity measurement shows
(TABLES5) smilar vaues. Thisindicatesthat thesamples
have gonethrough similar amount of erosion.

Moisture

TABLE 5showsthat dl fivesamplescontain negli-
gibleamount of moisture, which reducethe necessity of
dryingthesand prior beneficiation step. Theresult shows
Daliasand sample contains|east amount of moisture
whereas K uakata sand containsthe highest. 1t was ob-

showed tracesof phasesother than silica. The uniden-
tified peaksmay be of feldspars’ or other silicate min-
erds
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Figure4: X-Ray Diffraction paztﬁ[?rans (a) Dalia, (b) Kuakata,
(c) Patgram, (d) Bipinganj and (e) Sylhet sand
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Dependenceon temperature

All five of the samples show peaks at ~ 573°C
indicating atransformation. It iswell-known that a-
quartz transformsto B-quartz at that temperature 4.

Inthe patternsof Sylhet sand, thereweretwo ad-
ditional peaksat 450°C and 810°C (Figure5). These
peaks could be dueto loss of combined water and/or
carbon dioxide, change of polymorphicform, recom-
bination of the dementsinto adifferent compound. To
clearly identify the reason, the samplewas heated at
580°C for anhour and DTA wasperformed again. This
time other than peak at ~573°C no additional peaks
werefound (Figure6), which confirmsthat thereisonly
one changein polymorphic form of the samplesunder
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Figure5: Differential thermal analysis
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Figure 6 : Thermogravimetric analysis of (a) Sylhet, (b)
Bipinganj, (c) Dalia, (d) Patgram and (e) K uakata sand

investigation (i.e. from a-quartz to f-quartz).
CONCLUSIONS

This study showsthat Bipinganj sand with about
97% quartz, low moisture content, negligibleclay binder
and least organic matter isthe most serious contender
for usefor the production of siliconfor high-tech appli-
cation. Sylhet, Patgram and Daliasands, with certain
limitations, dso havegood potentid. Kuakatasand has
theleast silicacontent. Studiesmay be undertakento
further upgrade the samplesfrom Bipinganj, Sylhet,
Ddiaand Patgram.
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