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ABSTRACT

Chemical analysisof 150 samples, which werelocally sourced, wascarried
out using gravimetric, titrimetric, flame photometry and UV-visible spectro-
scopic methods. Based on the correlation study on the analytical results of
some of the locally sourced samples were found to match with the specifi-
cationsrecommended for limestonesfor industrial applications. Limestone
ischiefly made up of calcium carbonate (CaCO,), its percentagein samples
analyzed wasfound to range from 82.24+0.65 to 96.67+0.28 with a percent-
age mean value of 93.01+4.47. The results show that some of the limestone
samples were found to meet some industrial raw materials specifications
used in the cement, agriculture, poultry, paint, pharmaceutical, ceramics,
glass, Silicabricks, metallurgical purification processesin the steel industry
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INTRODUCTION

LimestonesY areknownto include organic, marl
and chalk. It may also include layersof clay or sand
which form the attractive flow bandings and the col -
orsfound in decorative marbles. Calcium carbonate
(CaCO,) isan abundant mineral comprising approxi-
mately 4% of the earth’s crust. It is also a common
sedimentary rock composed predominantly of carbon-
ates of calcium and magnesium. These are the most
voluminousof thenon-gliciclastic sedimentary rocks.

In the strict sense, limestones refer to sedimentary
rocks composed of mineral calcite. Asan inorganic
minerd itiswidely utilized both by humanity and na-
ture. The CaCQ, hasreceived much attention owing
toitswide application? in such industrial fieldsas
paper, rubber, plastics, paint, in dentrifiers,
deodordants, in face powder etc.

Inaddition, lime stones and dolomitesareimpor-
tant reservoirsfor oil and gas and are the hosts for
important mineral depositsincluding Pb, Zn,Ag, and
fluoriteathough most of thelime stonesaresimilarin
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chemica and mineralogical composition, the complex
organic and chemical origins of carbonate sediments
lead to awide range of texturesand fabricsfinding
wideapplicationinindustrid fieldsintheresultinglime
stones.

The State of Tamil Nadu ranksseventhin Indiain
termsof production of Limestone Thereare 12 major
cement plantsfunctioning in the Statethetotal lime-
stonereservesareabout 1,473 milliontones. Thecrys-
talinelimestones of Tamil Nadu are perhapsthe ol d-
est 2660 million yearsof limestonesintheworld. The
crystallinelimestonesin Tamil Nadu arefound associ-
ated with quartzite, calc-silicaterocksand garnetifer-
ous-slimanite-gneiss.

Researchers concisely described many complex
rel ations between metamorphic rocks dueto intense
metamorphism coupled withintrusiveactivitiesthisfor-
mation seen as heterogeneous assembl ages of meta-
morphicfaciesin comparison with smilar featuresob-
served in Greenland by the geol ogists. Smal amounts
of the arenaceousfacies are represented by quartzite
and garnetiferous gneiss. A number of impersi stent
bands are observed inter-banded with quartzitesand
garnetiferous gneisses.

The Pattamada and Ambasamudram bandswhich
form the southern most units occur within the
khondaliterocksin Tirunelveli district and further ex-
tendsinto north-west south east directioninto Kerala,
the neighbourimg state of Tamil Nadu The charnokitic
rocks occur inter banded with the meta sedimentary
rocksin southern Tamil Nadu.

The chemical and physical analysisof limestone
areincreasingly important to the consumer asameans
of evaluating the specific type/grade product required
for optimum performance among the numerous uses
in which these products are consumed owing to the
widerange of these chemicalsand physical charac-
teristicsmany individua specification and tolerance
have been devel oped for lime stones.

ThelIndian StandardsInstitution (1SI) hasso far
formulated afew specificationsfor limestonein vari-
ousimportant industries. These specifications have
been more useful to the small and medium scale pro-
ducersof the country and have made possiblethe best
utilization of theavailableindigenousresources.
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EXPERIMENTAL

Apparatus

A flame emission spectrophotometer Systronics
Moddl-125 was used to measuretheemisson intensi-
ties of the test samplesin comparison with standard
solutions,

A SygtronicsUV-vis blespectrophotometer, Model
106 was used for the determination of iron, and tita-
nium at 480nm, 410nm wave engths respectively.

Procedure

One hundred and fifty (150) sampleswere col-
lected from the Southern Zone of Tamil Nadu, India
during the course of theinvestigation and these were
later on analyzed in thelaboratory and the chemical
composition of thelimestonewere determined.

Chemica andysd¥ of sdlected limestone samples
were carried out by conventional methods and the
range of parameter determined wereasfollowsMois-
ture, Lossonignition (LOI), Silica(S10,), Oxides of
Iron (Fe,0,), Titanium (TiO,), Aluminium (Al,O,),
Calcium (Ca0), Magnesium (MgQ), Sodium (Na,0),
Potassium (K,0) and Total Carbonates. Gravimetric
methods* were used for the determination of thepro-
portions of insoluble matter, combined oxidesin the
samples.

Flame emission techniqueswere employed for the
determination of the composition of Sodium (Na,0)
and Potassium (K,0). A flame emi ssion spectropho-
tometer Systronics Model-125 was used to measure
theemissionintensitiesof thetest samplesin compari-
sonwith standard solutions. A SystronicsUV-visible
spectrophotometer, Model 106 was used for the de-
termination of iron, and titanium at 480nm, 410nm
wavel engthsrespectively.

Jeffery et al.® described methodsto carry out the
determination of iron, thiocyanate method and for the
determination of titanium, peroxide method. Theab-
sorbance of the test sampl e solutionswas compared
to those standard sol utions similarly measured.

Percentage of carbonate in these limestone
sampleswasroughly determined® during LOI analy-
sis, but that was not enough to providethe actual car-
bonate/ carbon dioxide content va uesof thesesamples
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sinceakali carbonates do not decompose on hesating.
Assuch adifferent method was employed to deter-
minethe actua percentage of carbonate composition
inthelimestone samples. Thereaction of the carbon-
ate sampleswith excess hydrochloric acid to produce
CO, was utilized to ascertain the carbonate level s of
thelimestone samples.

Gaslaw cd culationsincluding correction for wa-
ter vapour, gas solubility and Dalton’s law of partial
pressurewereall used to determing” the correct vol-
ume of CO, evolved from each sample at |aboratory
conditions. Theefficiency of thismethod wastested
withanalar (AR) grade CaCO.,.

RESULTSAND DISCUSSION

Limestoneisaversatile materia, which can sup-
port awiderange of chemical and other industriesin
thestate. Any limestonewith CaCO, in excessof 75%
can find someindustrial use or other and therefore
warrants geol ogical prospecting in order to make an
assessment of reserves and quality and to determine
theindudtria possibilities. Theusua compositiond dis-
parities between the samplesimposed corresponding
differencesinther industrial and economic utilization.
For such reasons, it iswithin the scopeof thisresearch
work to assessthe composition and possibly charac-
terizethelimestone samples obtai ned fromthe selected
zones of Tamil Nadu, to assesstheir suitability and
potentid for industrial purposes.

Even though these sampleswere sourced fromthe
same zone of Southern Tamil Nadu variations still ex-
isted dueto the complex organic and chemical origins
of carbonate sedimentsleading to awiderange of tex-
turesand fabricsfinding wide applicationinindustria
fields. Most of thelimestone sampleswere found to
meet someindustria raw material specificationsused
inthecement, agriculture (liming of soil and fish ponds),
ceramics, glass, slicabricks, pharmaceuticd, cod dust
firedampener, paint, poultry, cosmeticsand other filler
applications.

Samplescollected from certain areas of Pillaina-
tham villagein Sankarankoil taluk, Tirunelveli district
showed cal cium content ranging from 45-55%to be
of moreindustria utility. Analytical resultsof samples

ESAIJ, 5(1) February 2010

collected from llankulam and Parapadi villages show
the presence of low CaO content being prevalent in
thisparticular area, thelimestonesaretoo impureto
be of any value.

Analytical results of 25 samples collected from
Kilakadavetti, Singikulam, Gangainadankulamvillages
of Nanguneri, Palayamkottai tal uk show composition
of ggnificantindustriad utility.

Sampl es collected from Venkatarangapuram of
Ambasamudram taluk were found to contain about
45-53 % of Ca0, suitablefor widerange of applica
tioninindustries. The analytical results of samples
collected from Karisal apatti, Pillaikulam, Ganga-
narkulam and Pattankadu vill ages of Ambasamudram
tauk of Tirunelveli digtrict reved the presence of CaO
content in the range of 45-50 % being prevalent in
thisparticular area.

Alsotheandytica resultsof samplescollected from
Iraipuvari village show the presence of CaO content
intherangeof 1-25 % being preva ent. In the north-
western part of Nanguneri taluk the limestones are
too impureto be of any value.

Asregard to theindustrial utility of samples at
Tuticorin district, based on the analytical report on
samples collected in and around Pannamparai and
Sathankulam villagesof Tuticorindistrict, it may be
concluded that thekankary limestonesavailableinthis
areaseemsto be of cement grade’®¥. They arefound
to contain only small amounts of CaO, Fe,O, and
MgO and highsilica(SiO,) contents. Theselimestones
could bemade useful for cement production by blend-
ing substantial quantity of high-gradelimestonewith
high calcium and very low silica, (more than 95%
CaCO, and less than 3% SiO,) in suitable propor-
tions.

Itisimperative that many research and devel op-
ment programme should be undertaken for the proper
utilization of existing deposits. Since many of the ap-
plications have either not devel oped or only estab-
lished to asmall extent, thereisatremendous scope
for the establishment of ahost of new industriesemerg-
ing including therecently devel oped Ca-batteriesin-
dustry. A careful search for the new depositsadopting
modern methods of prospecting and explorationis
essentid . After fixing thenew finds, they may besorted
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accordingtotheir suitability for thedifferent indus-
tries; the recent technol ogical innovationsin cement
manufacturing theworld over have dso provided ways
and meansof utilizingre atively impurevarietiesof lime-
stonefor cement production.

Analytical method suitableforthe complex suite
of phases contained within portland cement using on-
lineX-ray diffractionfor quantitative phase andysig*?
have been recently developed. X-ray diffraction
(XRD) analyzer capable of continuously monitoring
phase abundancesfor usein processplant control have
been developed The slags from blast furnace (iron
making) and converter (steel making) after magnetic
separation are mixed with l[imestone of six different
compositions**2, Blending 10% extraironsagtoa
cement composed of 49% iron slag, 43% calcined
lime, and 8% stedl slag have been found to the com-
pressive strength of concrete above standard values
for ordinary portland cement. Effectivewaysof blend-
ing and enrichment techniques*® would increasethe
utility value of theimpurelimestone deposits.

CONCLUSIONS

In this study, based on the analytical resultsthe
samples collected from certain areas of Pillainatham
villagein Sankarankoail taluk, Tirundvdi digtrict showed
cal cium content ranging from 45-55% to be of more
industrid utility.

The Samplescollected from Venkatarangapuram
of Ambasamudram tal uk werefound to contain about
45-53% of Ca0O, suitablefor widerange of applica-
tion inindustries. Also the samples collected from
Karisalapatti, Pillaikulam, Ganganarkulam and
Pattankadu villages of Ambasamudram taluk of
Tirunelveli district reveal the presence of CaO con-
tent in the range of 45-50% being prevalent in this
particular area.

Kilakadavetti, Singikulam, Gangai nadankulamvil-
lages of Nanguneri, Palayamkottai taluk show com-
position of sgnificantindugtrid utility. Thesamplescol-
lected in and around Pannamparai and Sathankulam
villages of Tuticorin district, based on the anal ytical
report itisconcluded that thekankary limestonesare
availablein thisarea seemsto beof cement grade.
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Theaforementioned areahas only small amounts
of CaO, Fe,0,and MgO, but it contains high SiO,
contents. Theselimestones could be made useful for
cement production by blending substantia quantity of
high-gradelimestonewith high CaO caciumand very
low SIO, insuitable proportions.

A thorough research to explore the possibility of
adopting devel oped techniqueson certain relatively
impure depositswould enhance the limestone utility
level inindustriesto agreater extent. It has been pro-
posed to do further study on theindustrial utility of
lime stone samplesin certain other zones of Tamil
Nadu. Further studiesonthelimestone samples sourced
within Tamil Nadu when carried out should also be
with aview to their meeting the specificationsfor phar-
maceutical useand sugar refining.
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