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ABSTRACT

Lime stone is the most common type of rock founehaih’s surface. During the process of manufactaréck lime is produced
in many sizes in the kilns. Large sized pieces ds&lfor construction purposes, food processingraady more however, finer
fractions find less utility. Such material is mgsdumped for earth filling. Suitability of such wastas evaluated as it was found
to be rich source of Calcium. Lime stone processuagte was further processed to find out which foactould be used to
prepare mineral supplement for livestock as it wala source of Calcium. As physical attribute oftemils affect its solubility
and bioavailability of the element. The waste frawtof industry was fractionated into 3 fractions wiith particle size >1 mm,
0.25-1 mm and <0.25 mm. Solubility of each fractiaas observed in water and in HCI (0.04N, 0.08N, 0.1&d)ts of Calcium
(Calcium Chloride, Rock phosphate, Di Calcium phosph@ti Calcium phosphate, Calcium hydroxide and Catcigulphate)
were also tested for their solubility. Solubility lohestone fractions improved with decrease in patsize. Solubility of salts
and fractions of limestone waste improved with insesiin normality of HCI. Results indicate significR£0.0001) increase in
solubility of lime stone fractions in water with dease in particle size (8.62, 20.20, 32.50%). Insesi@ solubility increased pH
significantly (P<0.05) from slightly acidic 6.27 with higher particize to 7.36 with lowest particle size. The resefiect that
fractions with lower particle size have an advantadge to their solubility in dilute HCI and even withtesaas solvent and they
have excellent flow property, which could prove uskfupreparation of mineral supplements as welleeasixing in the feed
mixtures. Thus major fraction out of the limestareste can find its use as a mineral supplementarattimal feed industry.
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INTRODUCTION

The chemical form of a mineral is an important dadn its absorption and bioavailability, as thenfioin which
minerals are ingested affects absorption. Parsiide, surface area, and solubility of a substafifeetats dilution
rate. In many solid foods, elements are not freg,fiomly bound in the food matrix [11]. Mineral Ismare often
referred as "natural”, but they are not food mitgernslineral salts are normally inorganic molecudampounds that
look like rocks [14]. Mineral salts are a compouwahtaining a mineral element, normally listed osupplement
label, and some other substance it is chemicalljndo. Mineral salts are either rocks (e.g. Ca€gists as rock
commonly known as limestone) or they are rocks #rat chemically-altered. Mineral salts are nattioald for
plants which can chemically change and detoxifys¢hfil6]. Chemical and physical form of the elem#gpends
upon its processing. Quicklime is produced in iheelkiln through calcinations of limestone (Calciwarbonate).
Whole process of processing of limestone [9], iatés that reaction (CaG@ heat— CaO + CQ) takes place at
900°C (temperature at which the partial pressur€©f is 1 atmosphere), but a temperature around 10Q&rC
which temperature the partial pressure of,G©3.8 atmospheres) is usually used to make thetioe proceed
quickly. Excessive temperature is avoided bec@ys®duces unreactive, "dead-burned" lime. Aftesgessing of
lime in the lime kilns, major fraction is utilizediowever, substantial quantities ranging from 1@s2fEmain
underutilized. This fraction is mostly dumped farth filling and is a cause of air pollution. Thaste fraction of
lime is a rich source of Calcium, which has theeptital for its use in animal feeds. A study on fésibility to use
Limestone waste as a mineral supplement was coeditctevaluate physical and chemical attributesasftes from
industry.
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EXPERIMENTAL SECTION

After processing in the lime kilns, samples of thaste fraction were collected from industrial un86 each from
four districts of western arid zone namely Bikardkaisalmer, Nagaur and Jodhpur. Each sample ofdiagesieved
through 1 mm and 0.25 mm; resulting in three factvith particle size more than 1 mm, particle 225 to 1 mm
and patrticle size lower than 0.25 mm. Each sultilaavas weighed to observe proportion of differpatticle size
to identify which fraction could be used directlyr fporeparation of mineral supplements. Known quardf each
sample was taken in pre weighed glass Petri disb.SEmple was dried in hot air Owen at°@fbr 8-10 hours to a
constant weight. Petri dish along with sample wasled in the desiccators and then weight was recbrdoss of
weight was expressed as moisture content from wttiehdry weight percentage was derived by dedudfireg
former from 100. Weighed 0.5g of waste fractiondexdl it to a beaker containing 50ml of distilled eraét a room
temperature of 2&. Contents of beaker were stirred with glass filtdred through Whatman filter paper No 1 (19
observations recorded from each category), and pireof filtrate was recorded. Filter paper contaginsoluble
fraction was put into pre weighed beaker, Owendlae8GC for three hours and then weighed again to redoyd
weight of contentsThe weight of sample taken was also correctedstdrig weight by drying known quantity of the
sample in a pre weighed crucible. Later the sampkse tested for their solubility in HCI in whichaate fractions
of different size of Lime stone were tested. Simhlasalts of Calcium/ Phosphorus (Calcium ChloridRgck
phosphate, Di Calcium phosphate, Tri Calcium phasphCalcium hydroxide and Calcium sulphate) wdse a
tested (6 observations of each salt) for theirlsbtty in HCI. 0.5g of weighed waste fraction ofrle/ salt sample
was added to a beaker containing 50 ml of HCI vayyin normality (0.04N, 0.08N, 0.16N). The beakesye
warmed in a water bath containing luke warm waterS minutes, the contents were shaken well bytingtahe
beaker and then the contents were filtered thraMpatman filter paper No 41. Filter paper containingoluble
fraction was Owen dried at 8D for 3 hours in a pre weighed beaker and weiglgaihaTo find the angle of repose
fixed funnel method was used in which the mateniak poured through a funnel to form a cone. Theotithe
funnel was held close to the growing cone and slaaised as the pile grows, to minimize the impafctalling
particles. Pouring of the material was stopped when pile reached a predetermined height or thes lzas
predetermined width. To measure the angle of time ctirectly, the height of cone was divided by hiaé width of
the base of the cone. The inverse tangent of #is is the angle of repose. Tan¢ us Where:ug is the coefficient
of static friction and is the angle of repose [8]. Data generated dutiegexperiment was tabulated and analyzed
statistically by randomized block design [13].

RESULTSAND DISCUSSION

The results indicate that moisture level was beld# (Table 1), which was appropriate for storage @wadsport.
No difference was observed in moisture content gneamples collected from different districts. Obations on
the waste fraction of limestone industry collechaxin different districts revealed that processiridimmestone was
almost similar in all the industries. Particle sgreater than 1 mm was present between 4.9 to 942%;to 1.0 mm
was 85.9 to 86.8% and with particle size less thad mm it was between 8.1 to 8.8%. No variati@as wbserved
among different districts reflecting that raw métkin the western arid zone was of near similaalify

Table 1 Moisture content and fractionation of limestone waste samples

District Bikaner | Jaisalmer | Nagaur | Jodhpur

N 30 30 30 30 | EM | Pvalue
Dry matter (%) 99.18 99.20 99.11 99.2(] 0.001 0.118
Sample weight (g) 2403.0 2521.0 25660 2503.0 3578.518
Particle size (mm) Proportion of sample (%)
<0.25 8.3 8.4 8.5 8.7 0.016  0.896
0.25-1.0 86.4 86.6 86.3 86.2 0.021  0.917
>1.0 5.3 5.0 5.2 5.1 0.011 0.78

Table 2 Effect of particle size on flow measurements of materials

PartlcNIe size | Pile Has%ht (cm) | Pile Ra(;l(l).ls (cm) He|ght/Ra3%|us ratio Angle of Repose
<0.25mm 0.98 3.09 0.328 17.93
0.25-1.0mm 0.98 1.86 0.551 28.73
>1.0mm 1.08 1.70 0.708 34.43
SEM 0.002 0.010 0.002 0.105
P Value 0.085 0.000 0.000 0.000
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Table 3 Effect of particle size on distribution of sampleswith respect to angle of repose

Particlesize (mm) | <0.25 | 0.25-1.0 | >1.0
11to 15 10
16 to 20 12 2 2
21to 25 7 6 7
26 to 30 1 10 1
30to 35 11
36 to 40 1 7
41to 45 13
Total 30 30 30

Table4 Flow of materials

Flow property Angle of repose (degr ees)
Excellent 25-30
Good 31-35
Fair-aid not needed 36 —40
Passable — may hang up 41 — 45
Poor — must agitate, vibrate 46 — 55
Very poor 56 — 65
Very, very poor >66

Table5 Fractions obtained after sieving of industrial lime wastes (%)

Sieve Description <025mm | 0.25-1.0mm | >1.00 mm
n 7 7 7

10 Very coarse 19.59 0.12 0.17
22 Coarse 23.29 0.54 1.42
44 Moderately coarse 0.69 1.76 0.00
60 Coarsely fine 2.51 2.58 39.25
85 Moderately fine 25.48 23.58 0.90
100 Fine 5.66 16.94 5.00
120 | Very fine 3.75 15.99 2.27
Pan | Receiving pan 19.02 38.49 51.00

Table 6 Mean solubility (%) of different fractions of lime

Particlesize 0.04N HCI | 0.08N HCI | 0.16N HCI
<0.25 mm 45.79 48.85 58.72
0.25-1.0 mm 29.31 35.63 54.05
>1.0 mm 28.51 33.62 50.86
SEM 2.35 245 2.53
Dependent MSE F value P value
Intercept 300.742a 104.365 0.009
Normality 200.020b 31.053 0.004
Particle size 200.020 15.017 0.014
Normality X Particle size 311.701g 0.642 0.634

Table 7 Effect of normality of HCI on solubility of different salts

Normality of HCI 0.04N | 0.08N | 0.16N
Calcium chloride 81.6 100.¢ 99.4
Rock Phosphate 72.0 88. 96.4
Di Calcium Phosphate] 65.2 82.8 98,
Tri Calcium Phosphaté 41.2 53.0 68.[7

[ee)

Calcium hydroxide 37.2 52.4 58.9
Calcium Sulphate 38.4 44.8 54.8
SEM 3.93 4.17 3.87
Overall mean 55.93 70.30 79.52
P value 0.000| 0.000 0.00D

Table 8 Effect of particle sizeon pH and its solubility in water

Particle size (mm) pH Solubility (%)
>1mm 6.34 8.62
0.25-1.0mm 7.17 20.20
<0.25mm 7.36 32.50
SEM 0.016 0.186
P value 0.000] 0.000
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Fig 1 Solubility of limestone (%) in water
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Studies on flow measurements of different limestfmagtions (Table 2) indicated that increase intipkr size
decreased Pile radius, thereby increasing heigtadius ratio as well as angle of repose increa@edribution of
particles indicate that within the gambit of sameniber of samples higher number of finer samplesvpeesent
(<0.25 mm) and >1.0 mm had higher number of coaamples (Table 3).Thus increase in particle sex@ahsed
the ability of particles to flow with ease. Testlddmogeneity of Variances also reveals signifiagatationship of
height to radius ratio and angle of repose on filwaperty of materials. Angle of repose of solideat that values
up to 25-30 have excellent flow (Table 4); thusdstone waste with particle size below 1mm can lesl der
preparation of mineral supplement, this would easeng with other salts/ feed ingredients. The t&salso reveal
low particle size<£0.25 mm) materials from limestone processing candael very effectively for mixing with other
salts to prepare mineral supplements as they wead# proper mixing of other materials / salts, h@wveertain
standards need to be followed [1] to maintain appate mineral concentration. For industrial apgtiicns there is
need to have materials which need lower processingder to reduce cost of production in the indust

Further when samples of industrial limestone wastee passed through different sieves to get anafléaeness of
the material (Table 5), it could be inferred thithvdecrease in fineness of samples less mateasalraceived in the
pan. Since proportion of coarse particles decreastiduse of sieve with smaller size thus largetipls can be
sieved manually/ mechanically. Properly sieved nite with particle size < 1.0 mm could be usedptepare
mineral supplements.

Solubility of lime fractions in HCI indicate (Tabl) that solubility of lime increased significanthyith decrease in
particle size, at all the concentration of HCI $tdd Solubility of lime increased significantly Wwiincrease in HCI
concentration in all particle size combinationsluBiity of different salts in HCI (Table 7) incread significantly
(P<0.01) with increase in concentration of HCI. Sigmint differences (R0.01) were also observed among
different salts with respect to solubility, Calciu@hloride was found to be most soluble followed Rgck
phosphate, Di Calcium phosphate, Tri Calcium phasghCalcium hydroxide and the least was Calciulphste.
Solubility of lime fractions in water (Table 8) imased with decrease in particle size from >1.00tog0.25 mm;
observed figures were 8.62, 20.20 and 32.50; diffees among values were highly significartQ®001). Increase
in solubility increased pH from slightly acidic &.2vith higher particle size to 7.36 with lowest tde size;
differences among values were also significantO(B5). The results reflect that fractions with lovparticle size
have an advantage due to their solubility even wigtter as solvent, which could prove useful forparation of
mineral supplements. Regression of solubility oniptHcate that pH of filtrate was significantly<@.001) related
to the solubility of lime stone fractions. Corrébet between solubility in water and pH concentnat{&ig 1) was
highly significant (R0.001). Thus reflecting ease in its mixing whenduas an ingredient in mineral supplement.
Calcium solubility from different sources has besstimated [3, 15] by varying pH concentration. e fpresent
study solubility was tested in water as well astéking HCI of different normality. HCI is secretéy normal
stomach which aids to solublize many food constitsieThe test materials were soluble in water &edsblubility
improved with increase in concentration of HCI uded the study. Gastirc acid is a digestive fluidimed in
stomach, it has pH of 1.5 to 3.5 [6] and is compasehydrochloric acid (around 0.5% or 5000 pass ipillion) as
high as 0.1M and large quantities of Potassium @idoand Sodium Chloride. The highest concentrathoat
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gastric acid reaches in the stomach is 160mM irc#maliculi. The lowest pH of the secreted acif.&[2] but the
acid is diluted in the stomach lumen to a pH betwkand 3.

Due to economical considerations, various typesre$, rocks and other locally available naturabueses are used
as sources of Ca and P in the manufacture of \anoimeral supplements in India [3]. This not ondgults in
compositional variability of the final product btitese products also do not meet the standardsSibility of
Calcium has been found to increase progressively décrease in pH concentration whereas changel idigh not
markedly influence solubility of phosphorus in difént sources of phosphorus [5].

Earlier reports [12] indicate that solubility of @ad Mg in the gastro intestinal tract of sheep inasrsely related
to the pH of gut content. Variability in the minkraixtures are commonly observed [7], in variousirtinies and
attention has thus been focused about the diffeeemchich need looked to optimize the quality. Thexibility
needed in formulation requires more concentratattces of one or more mineral elements to rectifgtaty
deficiencies. Thus there is need to closely monite quality assurance of commercial mineral supplas
available vis-a-vis BIS standards [10].

Rajasthan state has nearly 10% share of total {oneseserves amounting to 9793 MT of all gradess & large
proportion of wastes are generated while procesdingestone waste was found to contain 38.5% Caiciu
reflecting to be a rich source for use in the mahsupplements at least for use in livestock feekisthe present
study solubility of different salts of Calcium atithestone dust was studied in Hydrochloric acidhwibrmality
ranging from 0.04 to 0.16. Concentration of HCktomach also increases up to 0.1M which is in @mge of the
present study and simulates conditions in the stbm#@hus the results have significance in contexits use.
Results indicate that solubility of both lime inased significantly with decrease in particle siZelimestone
fraction. It can be inferred that particle sizetapl mm could be used effectively in the minergldaments also
due to better flow property of the material. Amatifferent salts containing Calcium, solubility o&lCium chloride
was maximum followed by rock phosphate. Most of thigoratory grade salts are expensive comparetieio t
commercial grade versions and use of Rock phosphéiteited due to presence of Fluorine, thus litoee waste is
a potential resource which could be prevented fitsnuse as earth filler but could be used as chelaea rich
source of Calcium in the dietary supplements notrdan but for animals, specially to meet requiretsi@h milking
animals, wherein large quantities of Calcium anddphorus from animal body are secreted into milk.

CONCLUSION

Results of the present study indicate that Limestwaste can be utilized for preparation of minstgdplements for
livestock due to its solubility, flow property dig material from the industry and being a rich sewf Calcium, it
would ease mixing in feeds. It would also helpeduce pollution arising due to its dumping/ eaittin§.
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