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Abstract 

India is thea fourth-largest manufacturer of steelafollowing China, Japanaand the US. 

Presently inaIndia, due to limitedamodes of practicesaof utilization, hugeaamount of iron and 

steel slagadumped in yards ofaeachaproductionaunit leading to graveapollution toawhole 

environment. An efficient approach to overcome these problems is the slag utilization. 

Presently in India the LD slag is only being utilized for cement, concrete, road  & sinter 

making which is not enough. Therefore in this project an attempt has been made to utilize LD 

slag for making ceramic tiles & also for CO2 capture which will serve the dual purpose of  

reducing air pollution & producing  CaCO3.    
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INTRODUCTION 

S lag is a by-product generated byaaction of various fluxesaupon gangue materials present in 

the iron oreaduring the process of pig iron making in blastafurnace and steelamanufacturing 

in steelamelting shop. Generally, the slag consists of   various combinations ofacalcium, 

magnesiuma manganese andaaluminium silicates. The coolingaprocess of slag isaresponsible 

mainlyafor generatingadifferent types ofaslags requiredafor variousaend-useaconsumers. The 

cooling process does not alter the chemical composition of slag greatly but physical 

propertiesavaryawidelyawith the changing processaof cooling. 

The slag producedaat blast furnace during pigairon manufacturing is calledablast furnace 

slag. Theaslag produced atasteel melting shop withathe help of LD convertor  is known as LD 

slag. Slagaoutput obtainedaduring pig iron andasteel production isavariable andadepends 

mainlyaon composition of raw materialsaand type ofafurnace. Typically, for ore feed 

containinga60 to 65% iron, blast furnace (BF) slag production rangesafrom abouta300 to 540 

kg per tonne of pig oracrude iron produced [1]. Lower grade oresayield much higher slag 

fractions, sometimesaas high as one tonneaof slag per tonne of pig iron produced. Steel slag 

output is approximatelya20% by mass of the crudeasteel output. 

 Generation of LD slag 

As mentioned earlier LD slag is generated In SMS during crude steel making with the help of 

LD convertors. The primary raw materials usedahot metal from blast furnace and the scrap. 

The scrap proportionaain conventional LD convertor is restricted  toa20-30% of the total 

charge  

The LD- vessels areaeccentric in shape. After theavessel is pre-treated to a white heat, it is 

ready to take the charge. The LD section is provided with overhead hot metal charging cranes 

for charging the hot metal in thea to the converters, semi-portalascrap charging cranes, a gas 

cleaning plant to clean theaLD gases from dust and toalet the clean gas to the atmosphere. 

Each converter is havingaa tilting mechanism, for oxygenalances and the lance lowering and 

rising mechanismaarrangement, bins to storeathe raw materials, a scaleacar to collect the raw 

materials from the bins, ato weigh and chargeathem into converters through the chutes 

provided in the hood above theaconverters. The charging starts withathe addition of a few 

hundred kilogram ofacalcinated lime or dolomiteathrough the overheadachutes which protect 

the liningaof the converter. Oxygen ofa99.5% purity and at a pressure ofa10-12 
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kg/ cm2 is blown into the bath at the rate ofa7,000-10,000 Nm3/ hr. Immediately ignition 

takes place andapreferential oxidation starts. A chemical reactionaoccurs, whereathe oxygen 

reacts withacarbon and silicon generatingathe heat necessary to meltathe scrap and oxidize 

impurities.  

Some typical reactions taking place in the converter are as follows: 

Fe+[O]=FeO 

2(FeO)+1/2O2(g)=Fe2O3 

[C]+[O]=CO(g) 

C+(FeO)=CO(g)+Fe 

[Si]+2[O]=SiO2 

CaO+SiO2=CaSiO3 

[Si]+2(FeO)=SiO2+2Fe 

[Mn]+[O]=MnO 

[Mn]+(FeO)=MnO+Fe 

(MnO)+(SiO2)+1/2O2=MnO2.SiO2 

. 
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PROPERTIES OF LD SLAG 

The chemical & physical properties of LD slag is summarized in the following tables 

Table1: Chemical Compositionaand Major Phasesaof TypicalaLD Slag  

 

Table 2: Composition of several phases in LD slag 

 

 

 

 

 

 

 

 

Sl Chemical composition Major phases& wt% 

1 SiO2-12.16% Tricalciumasilicates-0-20% 

2 Al2O3-1.22% Dicalciumasilicates 30-60% 

3 FeO-26.30% Other silicates-0-10% 

4 CaO-47.88% Magnesiocalciowustitea15-30% 

5 MnO-0.28% Dicalciumaaluminoferrite 10-25% 

6 MgO-0.82% Lime-0-15% 

7 P2O5-3.33% Periclase 0-5% 

8 Na2O-0.036% Flourite 0-1% 

9 K2O-0.071%  
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Table 3:- Physical Properties of Indian Steel  Slag 

 

 

 

Table 4: Characteristics and applications of steel slag[11] 
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UTILIZATION TREND OF LD SLAG IN INDIA 

1.Cement Making 

. LD-slag is used asacement making for replacement ofaclinker. Although LD-slag usage in 

cement making is commercialised in China, aIndian cement manufacturers are still unwilling 

to take advantageaof the low cost raw materialafor cement manufacture'''. LD-slag hasahigher 

CaO content in comparisonato BF-slag, awhich acts as anaactivator and givesabetter strength. 

Howevera presenceaof P,05 results inacorrosion ofareinforced materialsain concrete 

structure. If onlya10% LD-slag is used in cement, athe P,O, content will be arounda0.3% 

which is not so harmful inaportland slag cement (PSC), because lowaP,05 in PSC react; with 

alkali in slagacontributing little strengthaof cement'''. Therefore, amore than 10% LD-slag use 

in PSC is not possible. 

At Tata Steel, a project has been initiated in collaboration with Lafarge India to make a use of 

LD-slag in cement making The bench scale trial is being conducted at the Jojobera Cement 

Plant of Lafarge 

Road / Concrete making 

  

In India, huge amount of natural resources like soil and aggregates are being utilized for 

development of road projects like National Highway Development Program (NHDP), 

PMGSY (Pradhan Mantri Gram Sadak Yojana) and CMGSY (Chief Minister Gram Sadak 

Yojana) programs. This leads to resource exploitation of naturally available materials. In the 

20th century, steel slag was found to be excellent aggregate as road paving material[2]. Air 

cooledablast furnace slag, as aasubstitute of store aggregate /chips, hasabeen acceded by the 

Indian Road Congress (IRC) aand Bureauaof Indian Standards (BIS) foraroad 

construction[7]. On the other hand, Steel slag could becomea unstableabecause of its freea 

lime (CaO) and free magnesiaa (MgO) with the consequentarisk of expansion aThus their use 

is limited in roadaconstruction and is virtuallyaexcluded from useaasafill underastructures. 

Steel slag, asaconstruction aggregate, isarecommended only inathose situationsawhere the 

expansion isaunlikely, as in theacase of dense bitumenamacadam, or inathe places where 

expansionadoes not cause a serious problem. Their main use, atherefore, is in the upper 

bituminousalayers of the road structure or inathe surfaceacourse [5]. Abrasion value, Impact 

value, crushing value and CBR values of the steel slag aggregates was found to be 30 percent, 
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13.90 percent, 5.20 percent, 8.27 percent and 15.57 percent respectively, well within 

permissible limit as per IS standards [13].  

It was reported that the steel industry waste product is suitable and economical material for 

use in the road construction and the optimal mix is 15% steel slag mix in sub grade and in sub 

base for road construction[9]. It was also concluded in an investigation that slag may be 

utilized in the building of sub-grade and embankments. About 40 to 50% of slag material 

could be used to replace conventional aggregate for constructing layer of granular sub-base 

(GSB) and for bituminous layers it is not suitable [8]. Granulated blast furnace slag (GBFS) 

should be able to use as a partial replacement of unmodified aggregate up to 20-30% in the 

construction of granular sub base layers, also maximum un-soaked California Bearing Ratio 

(CBR) value was increased by 40.78% when 20% replacement with GBFS, whereas the 4-

day soaked CBR value was increased by 46.60% [8].  

The public works department (PWD) has permitted the utilization of iron and steel slag in 

construction of paved roads. In Bellary district, aIndia, the first use of steel slag was 

exercised where a mega steel plantsa is situated[8]. Because of its expansive character due to 

hydration of freea lime (CaO) or free magnesia (MgO), steel slag must be allowed for the 

weathering process before using asa an aggregate in construction[18]. Slag can be used for 

rigid pavement constructionain the equal ratio with combination of manufactured sand or 

river sand. But it is not recommended as aa100 percent replacement of natural sand for rigid 

pavement works  

 

Sinter Making 

] 

LD-slag does not demand heat for calcination when used in sintering. It contains a substantial 

amount of calcium silicates. Pure di-calcium silicates are high melting compounds (2403K) 

and so are the solid solutions rich in calcium silicates. This temperature is not attained within 

a sintered bed. However the presence of iron oxide environment around calcium silicates 

prevailing in a sinter bed changes the situation. A mixture of 23% di-calcium silicate 

(2CaOSiO,) and 77% FeO would melt at around 1553K only. Similarly, the lime rich phases 

having melting ranges over 2273K, when adequately mixed with iron oxides can have 

liquidus  temperatures of the order of 1473K. Microstructural observation of laboratory sinter 
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and plant sinter were taken up and found that characteristic  microstructural feature of LD-

slag could not be detected in any of these samples. Therefore, it can be said that for all 

practical purposes, LD-slag got completely assimilated during the sintering. Incorporation of 

LD-slag has not been found to affect the quality and properties of sinter in terms of size, 

strength and RBI even up to 40kg per ton of sinter. 

 

 

soil stabilization and soil conditioner 

Steel LD slag has been used as a liming agent for pasture in Northern Spain. Use of LD slag 

has been shown to increase the soil pH. Experiments have found that applicationaof LD 

increased the soilapH linearly. The soil pH increased froma5.3 to a6.4 with the use 

ofa7500Kg of slag/hectare, athe second yeararesponse being higher i.e. a41% increaseain soil 

pH witha3000Kg slag/hectare . In soilaconditioning slags are efficient in soilaneutralisation. 

In additiona the siliceous limingamaterials improve soilastructure and reduce fungal 

infections. Blastafurnace slag can beaused also inaagriculture because of its high sorption 

capacityaof phosphorus, which remains into theaavailable form for the plants. aNegative 

effects, resultingafrom steel slags use, acould derive from theiraheavy metal concentrations, 

butasuch metals tend toabound to the slag matrixaand thus they are notaavailable for plants. 

All theseafactors contribute ato underline positive effects of using slagaas liming materials 

that lead to better yield of the crops, asoil protection and reductionaof natural 

resourcesaconsumption.  NILANCHAL Refractories, a Tata group company manufacturing a 

soil conditioner-Growell. Growell is essentially enriched slag used as a soil conditioner or 

liming agent to acidic soils. Growell has been made by using the TISCO basic slag and it 

contains calcium, phosphates and other elements[21]. The product has been certified by the 

Union Ministry of Agriculture and the Fertilizer Association of India. It has been noted that 

application of Growell in acidic soil increases the yield by 25% and above, According to the 

results LD slagaappears to be a useful limingamaterial for correcting theaacidic condition of 

soil. This is inanatural rangeaand showaa positive effectaon mustard andawheat seedling 

growth. Thusathis can be used as aarural biotechnologya for better plant growth. 

aGovernment of India, aMinistry of Financeahas notified that LD slagacan be used as soil 

conditioneraafter its crushing, awashing and adding witharock phosphates etc. aLD slag 

containsa29% calcium in formaof CaO. Slag is principally a lime based material that absorbs 
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the oxides and trace elements arising from refining of iron. LD slag also contains 

phosphorous in the form of P2O5. So, LD slag has a limiting to ground lime stone and is used 

regularly to regulate the need of liming on acidic soil. Many field trials and experiments have 

shown significant improvement in crop yield and pasture quality. 

Steel slag also has been used as amendment for metal contaminated soils.[3] The use and 

environmental assessment of LD slag is more recent   P-spiked LD slagawas used as a soil 

additive to improveaphysico-chemicalasoil propertiesaand in situastabilization of Cu and 

other traceametals in aasandy Cu-contaminated soil. Thearesultafound thatasoil pH increases 

withaincrease inaincorporationarate ofaLD slag.. 

 

fertilizer in agriculture 

Steel LD slag can also be used in fertilizers for agricultural applications The efforts have 

been made in Tata steel that LD slag after grinding to 300 mesh, can be used as a soil 

conditioner in paddy field, tea gardens etc. Nippon KokanKk Corporation (NKK) inaJapan 

has developedaa processatoaproduceaeco-friendlyaslow releaseapotassiumasilicateafertilizer 

from the slagawhichais generated during theadesiliconisation processaof hot metal at steel 

mill. Using of slag’saingredient is the basic ideaaof NKK. In this process potassium 

carbonate pellets areaadded to moltenaslag, containing siliconadioxide as main ingredient in 

hot metal ladle and meltedauniformly at 1673K. The molten mixture is collectedafrom ladle, 

cooled and pulverized inato granular fertilizer. The produced fertilizer which isabrackish gray 

in colour and comprises ofavitric potassiumasilicate as its mainaingradient and exhibits 

slower releaseaeffects thanaconventional quick actingachemical fertilizerasuch as potassium 

chloride, potassiumasulphate and urea ( NKK 2000). Many studies have been done for 

production of fertilizes from LD slag, semi-calcined dolomite andaammonium sulfate and 

theiraagriculturalaapplicationsafor agro-forestry, apasture farming. aThe influence of these 

materialsaon chemicalacompositionaof soilaandagrass to potentialaeconomic benefits of 

applying thisanew fertilizer toathe soil wereaevaluated. According to soil type and 

agricultural useaby adding aaconcentration of LD slagabetweena1.5 and 5.0t/ha, it is possible 

to achieve increase inasoil pH and improveathe soil quality and also aproductivity. The 

experimental works wereacarried out using pulverizedaLD slag for growingadifferent 

vegetablesaand crops likeatomato, apotato, onion, aspinach and a wheat in acidic soil. Steel 

slag contains fertilizer componentsaCaO, SiO2, and MgO. In addition to these three 
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components, it alsoacontains components such as FeO, MnO, and P2O5, so it hasabeen used 

for a broad rangeaof agricultural purposes. Its alkaline propertyaremedies soil acidity. In 

developed countries such asaGermany, aUSA, France andaJapan, aconverter slag is used to 

produce siliceousafertilizer, aphosphorus afertilizer and micronutrientafertilizer 

. 

Experiments have found that application of LD increased the soil pH linearly. Theasoil pH 

increased froma5.3 to 6awith the use ofa7500Kg of slag/hectare, the second year response 

being higher i.e. a41% increase in soil pH witha3000Kg slag/hectare [19]. In soil 

conditioning slagsaare efficient in soilaneutralisation. In addition, athe siliceous liming 

materialsaimproveasoil structureaand reduce fungalainfections.[20] 

As  it was pointed out earlier, even with all these types of utilization of  LD slag, still the 

problem of  slag dumping persists which results in serious environmental degradation. So 

there is an urgent need to utilize these slags in other applications also. 
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Literature Review 

Statement ofathe problem 

Management of solidawaste is a challenge foraefficient and cost-effective operation at any 

Steel Plant becauseathe actual ofawaste generation is more than anyaother plants in India. 

Presently, India is theafourth-largest manufacturer of steel following China, aJapan and the 

US. Presently in India, athe generationaof industrialasolid waste by integrated iron and steel 

plants is nearlya270 million tonnes while, autilisation is onlyaof 30%[4] 

Slag generated during steelmaking in basic oxygen converter (LD-Converter) is one of the 

important waste materials in an integrated steel plant. Production rate of LD-slag is 150- 

180kg per ton of crude steel.[5] Total generation per annum is 0.98 million tonne  in Tata 

Steel, about 1.28 million tonne in SAIL and worldwide generation is about 47 million tonne 

per annum 

Considering an average of last three years,  Steel  plants in India hasagenerated about 2.77 

millionatones of solidawaste for anaaverage production levelaof 4.0 millionatones of crude 

steel. Out of the totalawaste generationaof 2.77 million tones, a0.68 million tones(24.8%) 

was sold, a0.41 million tones was recycled (14%) and resta1.67 million tones (60%) was 

dumped inadump yards. The dataashows that theatotal generation of solid waste is 

abnormally high, athe percentageaof recycling/ reuse is veryalow andapercentage of dumping 

is veryahigh. Collection, atransportation andadumping of waste areavery expensive and a 

large areaaof land is needed. Steel Plants in India aare  facing space constraintsadue to filling 

up ofaold dump yardsaand limitedasite area availableafor openingaof newadumping space. 

Moreover, highacost ofadumping due ta longer lead distanceafor future sites adds toathis 

predicament. 

Moreover dumping of slag has also creates a lot of environmental concerns. Porosity and 

permeability of soil can be reduced by iron and steel slag Leachate generation can be of great 

environmental concern from huge dumping of steel slag[5]. The major issue of concern for 

steel slag is its unscientific dumping sites neighbouring very close to the populated area due 

to leachate generation. These industrial solid wastes are environmentally hazardous in nature, 
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mainly due to release of leachate, to the human beings and also pollute soil and water [6]. 

Steel slag utilization for agricultural purposes arises the possible leaching of heavy metals 

and consequently the change of soil properties affects the plants  [7]. Enormous quantities of 

steel slag are deposited in Indian slag yards, may cause environmental pollution[8]. The 

unscientific dumping of iron and steel slag by the generators can also have harmful effects 

upon the aquatic environment  in the vicinity of the increase in pH of water sources, leaching 

of heavy metals, and rapid rates of calcite precipitation which suffocate benthic habitats  

 

OTHER MODES OF UTILIZATION OF LD SLAG 

  LD slag can also be utilized for: 

1. Tile making 

2. Calcium Carbonate formation & CO2  capture 

 

The table given below lists the papers where slag was used for above 2 applications. 

Table5: Utilization of LD slag for tile making & CO2 capture 

Sl  NAME OF 

PAPER 

MATERIALS 

USED 

EXPERIMENTAL 

PROCEDURE 

KEY FINDINGS     

1 [4] EAF slag  

 Ball 

clay(SiO2-

48%, Al2O3-

36%) 

Silica & 

feldspar  

Slag 

Composition 

SiO2-20 

Al2O3-8.3 

CaO-29 

Fe0-32 

 Wet Mixing of raw 

materials in various 

proportion in a mixture for 

60 min  

 Drying in oven at 105
o
C 

for 24 hrs 

5-6 wt% of water added & 

compacted in hydraulic 

press under 40MPA 

pressure  

Drying in an oven at 

105
o
C for 24 Hrs before 

sintering at 1150
o
C for 1 

hr 

 

Max Wt % of slag that can 

be used is 40 wt% 

Silica & feldspar reduces 

porosity  & increases 

flexural strength due to 

higher amount of anorthite 

phase formed 
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2 [6] BFS waste 

product  

Clay, Kaolin & 

Sand 

Slag 

composition 

SiO2-41.2 

Al2O3-14.3 

CaO-32.7 

MgO-7.3 

FeO-0.8 

 

 milling using a ball mill 

dried at 110
o 
C,7 wt%  of 

water is added. 

The humidifieda mixture 

were pressed aat 130 bar 

pressure ausing press and 

formed ainto tiles.aThe 

wall tilesawere dried at 

110 
o
C and fired in anakiln 

(1130 
0
C for42min). 

BFS usageaincreases 

anorthiteaformation, 

increasesa strength and 

lowersaTEC of 33% of 

BFS in ceramicawall tiles 

results in anaalmost 25% 

incrementain fired strength 

 

3 [12] electric arc 

furnace 

slagaquartz 

powder ( 

T-clay a, B-

clay a 

aand feldspar  

EAF slag 

composition: 

SiO2-20.3 

Al203-7.3 

CaO-22.8 

Fe2O3-42.4 

Mg0-8 

Oneakilogram batch of 

each compositionawas 

prepared byawet milling in 

a pot millafor 6 h at a 

speedaof 35 rpm.aThe 

slurriesawere dried and 

disintegrated. 

Dry powders were 

thoroughly 

mixedawith 5–6 wt.% 

water and rectangular bars 

(100 × 15a× 6 mm)aand 

tiles (100 × 100 × 6 mm) 

were preparedausing 

uniaxialacompaction at a 

specific pressure 

ofa25aMPa 

The compacted barsawere 

dried at 110°Catill the 

moisture content was 

reduced toa< 0⋅5 wt.% and 

then 

fired in theatemperature 

1.Increase inafiring 

temperatureaincreases the 

shrinkageaand density and 

reducesathe apparent 

porosityaand water 

absorption values foraall 

theacompositions 

2.zero percent water 

absorption (vitrification) 

temperature reduces with 

increase in feldspar 

3.strength increasesawith 

increase inathe 

firingatemperature but the 

increase is much 

significantaabove 1125°C 

firing.  

4.For batches with higher 

feldspar content,astrength 

decreases above 1125
o
C 

due to over firing, grain 

growth and re-

crystallization. 
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rangeaof 1100–1150°C for 

a soaking periodaof 1 h in 

an electricafurnace 

 

 

4. [11] BF slag 

composition 

SiO2-33-35 

MgO-7-17 

Al2O3-11-15 

Fe2O3-0.7-2 

 

 

 

The fiveaslags were mixed 

withaclay, whiting, 

feldspar andaquartz 

powder 

inavariousaproportions 

after which the 

mixturesawere dry-

milledato a fineness such 

thatapractically all the 

material passedaa 200-

meshaTyler screen. 

10% awater was mixed 

and pressed 

undera20N/mm
2 

Afteradrying at 100
0
C afor 

approximately 16 hours 

the tiles wereafired in a 

globaraelectric furnaceato 

temperatures 

rangingabetween 1200° 

anda1250
0
C depending on 

the slag  asawell as onathe 

composition for 4-5 hrs 

 

Slag tiles areadenser and 

have lowerawater 

absorptionaand higher 

resistance to abrasion than 

conventional split & 

quarry tile. 

  

5. [18] BOF slag from 

2 different 

steel plant of 3 

different 

particle size 

range 

dehydrated at 

105
o
C  for 24 

hrs 

0.5, 2,aand 5 gaof slag was 

mixed ina300 ml of water 

at atmospheric pressure & 

temperature of 

a25,50,90
0
C for 240 hrs 

The slurry collected at 

specific time interval was 

filtered & filtrate was 

diluted in HNO3  & 

Ca leaches the most & Al 

least 

Rate of dissolution 

decreases with time 

Al conc of filtrate reaches 

aaminimumalevel by the 

end ofa240 h due to athe 

precipitationaof secondary 



14 | P a g e  
 

 

 

 

 

 

 

Experimental Procedure 

Materials used 

LD slag from Tata Steel is the main material used. It was crushed using ball mill & sieved 

below 100 micron size. SRK clay, Silica & feldspar is also used for making pellets of tiles. 

 

3.2 Instruments used in the study 

In this study instruments were used which are described below. 

3.2.1 Ball mill 

Sample was received as bulk, so grinding was performed using ball mill followed by 

sieving and get different sizes of sample. After grinding, the powder was sieved in 

different size fractions but the work has been done on sample size 150 mesh sizes 

(100 microns) for experiments 

analyzed with ICP-AES compoundsasuch 

asaH4Al2O5 

  

minimuma120 h of 

carbonation is required 

under standardaoperating 

conditions toastabilize the 

steel slagabefore itsausage 

in landfills & 

industrialapurposes 
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Fig 1: Ball mill 

 

 

 

3.2.2 Muffle Furnace 

A proportional integral derivative controlled muffle furnace was used in this study as 

shown in Fig 3.2. Uniform heating mechanism has been carried out in this furnace. 

And the furnace have the outer dimensions of 24’’ x 16” x 14” (Fig.3.2). 

The furnace consisted of heating zone of dimensions of 9” x 6” x 6”and the heating 

temperature range was from room temperature to 1200 deg C.  

The furnace was well insulated in and there was no loss of heat during heating. Heating rate 

of the furnace was 20ºC/minute. 
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Fig 2: Muffle furnace 

 

 

 

 

 

 

3.2.3 Glass wares 

The beakers of 250 ml, measuring cylinders of various volumes (10 ml, 25ml, and 

100ml), conical flask of 250ml, funnel of 40 mm diameter, and culture tubes of 15 ml 

used in this study were made up of borosilicate glass.  

These beakers could sustain the temperature up to 250ºC and were used mainly for 
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leaching of the samples. Conical flasks were used for the filtration after leaching. 

Glass funnel was used for filtration and culture tubes were used for keeping the 

prepared solution after dilution for flame photometer analysis 

 

Fig 3: Glasswares 

 

 

3.2.4 Magnetic stirrer, filter paper and Parafilm 

Magnetic stirrers with ceramic hotplate (Cole Parmer) were used throughout study. 

These stirrers have the stirring speed of maximum 1500 rpm and temperature up to 

250 deg C. Magnetic stirrer, filter paper and Parafilm are shown in Fig.4. 

Parafilm was always used for covering the beaker during leaching to avoid any 

material loss during leaching. Whatman filter paper grade 1 having 110 mm diameter 

was used to filter the solution after leaching. All the leaching experiments were 
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carried out in a 250 ml glass beaker placed on a magnetic stirrer with controlled 

temperature environment. All leaching experiments were carried out at atmospheric 

pressure with appropriate leaching media under continuous stirring at 900 rpm. 

 

 

Fig 4: Magnetic stirrer, filter paper and Parafilm 

 

 

3.2.5 Flame Photometer 

Flame photometer is used to analyze the elements dissolved in the dissolution. Flame 

photometer of the solution has been carried out in systronics flame photometer. 

Elements which are sensitive to flame color. These elements are Ca, Li, Na, K and 

their presence in the sample changes flame color. 

The systronic flame photometer (Fig.3.5) with compressor was used in this study. 

The instruments have two modes of analysis i.e. high concentration mode and low 
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concentration mode. In high concentration mode, the standard solution of 

concentration should be in between 10- 100ppm whereas in case of low concentration 

mode standard solution should be in between 1-10 ppm for calibration. The high 

concentration mode was mostly used in this study to analyze the potassium content in 

the sample. 

 

Fig 5: Flame Photometer 

 

3.2.6 Scanning electron microscope 

SEM having very high resolution (10nm), so it can be used to find the morphology, 

chemical composition, structural alteration of feed  (FE-SEM Quanta 200 FEG) is shown in 

Fig.3.7. 
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Fig 6: SEM 

3.2.8 X-Ray diffractometer 

The X-ray diffraction study of the powdered sample was carried out using a RIGAKU 

Smart Lab X-ray diffractometer (Fig.7) using Co Kα (wavelength 0.154 nm) 

radiation. 

 

Fig 7: XRD 

3.2.8 Carbonation setup 

Since mineral carbonation is the reaction of carbon dioxide (CO2) with 

basic minerals to form harmless solid carbonates. So, in this setup 2L capacity glass 

reactor consists of one inlet (CO2 gas supply) one outlet and another outlet which goes 
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to manometer (pressure reading) shown in fig. 8 

 

Fig 8: Carbonation Set up 

 

 

X-ray Fluorescence 

Major and minoraconstituentsaof variousaslag samples were analysed byaXRF  spectrometry 

on Phillips (PW-1400) X-rayaspectrometer with Scandium and Rhodium targets 

usingapentaerythritol (Al, Si), Thallium AcidaPathalate (Na, Mg), aGermanium (P) and 

Lithium Fluoridea (for heavier elements) asaanalyzing crystalsain vacuum medium. 

International and in-house standarda of appropriateacompositionsawere usedafor calibration. 

Both major and minoraelements wereadetermined byapressedapowered pelletatechnique. 

Methodology 

Calcium Carbonate Formation& C02 capture: 

 

1. LD slag was crushed in a ball mill below 75 microns size 
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2. Leaching of  LD slag was  done in water, acetic acid, citric acid & Hcl 

3. Filtration of  the solution was done.  

4. Ca content of the filtrate was found out by flame spectrometer. 

5. Carbonation of the filtrate for 30 min at room temperature & normal pressure 

6. Filtration of the carbonated solution. The solid amorphous powder filtered out is 

sent for XRD analysis 

 

Tile making: 

The majoraraw materials usedawere: 

1. LD  slag,  

2. SRK clay, 

3.  Silica 

4. Feldspar 

 

1. First, LD slagafrom Tata Steel was crushedainto powder, with particle sizes of a200 

mesh sizea& below, in a ball millafor 15 min. The chemical composition of  the raw 

materials are determined by XRF & Wet chemical analysis( for LD slag) 

2. Initially, LD slag was well-mixed with SRK clay, K-feldspar  (potash feldspar) and 

silica . In thisaprocess, theaweight percentageaof each raw materialawas varied as 

shown in table 6. 

 

 

 

 

 

 

 

 

BATCH  WT PERCENTAGE(%)  

LD SLAG  SRK CLAY  QUARTZ  FELDSPAR  
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A  60  40    

B  50  50    

C 40  40  10  10  

D 40  30  20  10  

 

3. After mixing, athe mixture wasadried in an oven ata110 _C for 24 h. The dried 

mixture wasathen re-crushed using mortar. 

4. powder mixture wasagranulated and moistened aby water. The amountaof moisture 

introduced wasaapproximatelya5–6 wt.% per sample. 

5.  Granulated mixtureaof eachacompositionawas compacted byahydraulic press with 

pressureaof 2.5,5,7.5 T/inch
2
, ayielding a circular pelletaof tile of diametera20mm. 

6. The compacted body wasadried in anaelectric ovenaat 110 _C fora24 h before 

             sintering ata1100 
o
C fora1 h.  

7. Finally, the naturallyacooled samplesawere characterizedain termsaof bulk density, 

wateraabsorption, phaseapresent and the chemicalacomposition. 

 

Measurnment of  Water Absorbtion Rate : 

  

The measurnments are done according to IS-13630 code for ceramic tiles. Following 

procedure was followed 

 

1.  The pellets of  tiles are placed in the oven at 110±5
0
C, until it attains constant mass,  

2. The pellets of  tiles are cooled the tiles to room temperature. 

3. Each tile specimen is weighed and the weight of individual test specimen (i.e. m1) is 

recorded in the observation sheet. 

4.  The pellets of  tiles are placed vertically, with no contact abetween them, in water in 

the water bathaso thatathere is aadepth ofa50 mm water aboveaand below the tiles.  

5. The water is heated until boilingaand continue to boilafor 2 h. After 2 h, athe source 

of heat is switched off aand allow the tilesato cool, still completelyaimmersed in this 

water, over night. 

6. The weight of the tile still suspended in water was also recorded(m3) 
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7. The pellets  tiles from theawater bath andaremove theasurface water from the tiles 

pieces byachamois leather. 

8. Immediately weigh each tileaand record the weight (i.e. m2) in theaobservation sheet. 

9. Now placeathe specimens inathe wire basket that isaimmersed in water and determine 

the weight of each specimenato the nearesta0.01g. 

 

 

Calculation 

1.     Water Absorption 

For each tile, calculate the water absorption in percentage (to the first decimal place) of the 

dry mass using the following formula. 

Water absorption (%) = [(m2 – m1) / m1] * 100 

Where, 

m1 = mass of the dry tile, in g 

m2 = mass of the wet tile, in g 

Calculate the average water absorption of the sample as the average of the individual result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. RESULTS & DISCUSSIONS 

 

4.1CHARACTERIZATION OF LD SLAG 

 

4.1.1CHEMICAL COMPOSITION: 
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The chemical composition of  LD slag was found out by both XRF & Wet Chemical 

Analysis. Its chemical composition is shown in the table given below: 

 

 

 

 
Table 7: Chemical composition of LD slag 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the above table it is clear that 

1. LD slag is generally a mixture of various oxides. 

2. Almost 50% of the oxides present in  LD slag is Calcium oxide. 

3. LD slag also contains appreciable amount of silicon & iron oxides. 

4. Trace amount of aluminium, phosphorus &magnesium oxides are also present 

 

4.1.2XRD ANALYSIS: 

 

 LD SLAG  

 XRF  WCA  

SiO2  12.50 11.25  

Al2O3  1.83  0.97  

Fe2O3  18.99  9.91  

CaO  58.24  42.19  

MgO  2.985  5.16  

Na2O  0.087  0.26  

K2O  0.075  0.06  

P205  2.06  2.12  
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Fig 3: XRD analysis of LD Slag 

From  the above XRD analysis we can see thata the major phasesapresent in the LD slagaare: 

1. Calciumahydroxide 

2.  Tri-calcium silicate 

3. Di-calcium silicate 

4. Magnesium silicate 

5. Calcium iron oxide. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.3SEM EDAX ANALYSIS 
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Fig 4: SEM- EDAX analysis of LD Slag 

 

. 

The EDAX analysis shows that oxygen is the main element present in LD slag. It is expected 

since LD slag is basically a mixture of oxides. It also has got appreciable amount of Si & Ca 

 

 

 

 

4.2LEACHING OF SLAG  

Leaching of the slag is done to extract calcium from the LD slag , first by water & then by 

acids. The 3 acids used are hydrochloric acid, acetic acid & citric acid. 

The reactions of Calcium silicates present in LD slag with water & acids taking place during 

the leaching are: 

Ca2SiO4 + H2O = Ca(OH)2  + SiO2 

ELEMENTS WT%  

O  45.71  

Mg  1.65  

Al  0.58  

Si  4.2  

Ca  40.21  

Fe  6.86  
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Ca2SiO4 + CH3COOH = Ca(CH3COO)2 + H2O + SiO2 

Ca2SiO4  + HCl  = CaCl2 + H2O + SiO2 

Ca2SiO4 + C6H8O7 = Ca3(C6H5O7)2 + H2O + SiO2 

Similarly  the magnesium silicates & iron oxides present in LD slag also reacts with water & 

acids during leaching: 

MgSiO3 + H2O = Mg(OH)2  + SiO2 

MgSiO3 + CH3COOH = Mg(CH3COO)2 + H2O + SiO2 

MgSiO3 + HCl  = MgCl2 + H2O + SiO2 

MgSiO3 + C6H8O7 = Mg3(C6H5O7)2 + H2O + SiO2 

 

Fe2O3 + H2O = Fe2(OH)2  + SiO2 

 Fe2O3 + CH3COOH = Fe(CH3COO)2 + H2O + SiO2 

Fe2O3 +  HCl  = FeCl3 + H2O + SiO2 

Fe2O3+ C6H8O7 = Fe(C6H5O7) + H2O + SiO2 

These 3 acids are selected because of the higher solubility of calcium salts in water compared 

to the magnesium & iron salts so that the leaching of calcium can take place from LD slag. 

Iron salts are hardly soluble & a negligeable amount of magnesium is present.  So after 

filtration, calcium will get extracted into the filtrate. 

 

After that filtration was done & Ca content of the filtrate is determined with the help of the 

flame spectrometer. Then the Calcium extraction efficiency is determined with the help of the 

following formula: 

Ca extraction efficiency= ( amount of Ca in the filtrate) 

                                          (amount of Ca in the slag) 

Amount of Ca present in the slag can be found out from the XRF analysis of LD slag. 

The table given below gives the result of the leaching in water & acids. 

Table 8: Leaching in water 

S/L ratio (g/ml)  Stirring speed 

(rpm)  

Temp   

(deg C)  

Time (hr)  Ca extraction efficiency 

(wt%)  
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We see from the above table that leaching by water is not suitable as amount of Ca leached is 

very low 

 

Table 9: Leaching of Slag by Acids 

SOLVENT  CONC  

(M)  

S/L 

RATIO 

(g/ml)  

TEMP  

(
o
C)  

STIRRING 

SPEED 

(rpm)  

TIME 

(Hr)  

LR/ FEED 

SAMPLE  

PH  Ca 

EXTRACTION 

(%)  

ACETIC 

ACID  

1  1:50  50  700  1  0.3225  3  36.771  

CITRIC ACID  1  1:50  75  700  1  0.424  1  17.32  

HCl  1  1:50  RT  700  1  0.142  1  60.741  

 

So we see that leaching by Acetic Acid & HCl has got a very high calcium extraction efficiency. But 

the colour of Hcl filtrate is not found to be white. So that means that iron has also got leached out into 

the filtrate.  So the filtrate of acetic acid is used for PCC formation. 

 

 

 

 

 

 

XRD OF LR 

 

 

 

1:50  700  RT  6  2.128  

1:50   RT  6  2.125  

1:125   RT  30  2.246  

1:50   RT  30  2.571  

1:50  700  95  1  3.63  
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Fig 9: XRD of LR 

 

XRD of the LR was done to find out which Ca bearing phase is getting leached out by acids & 

water.  We find that Ca(OH)2 phase is the most easily leachable phase  but it still cant be 

leached out by water. 

 

 

 

 

 

 

 

 

 

 

 

 

CARBONATION OF ACETIC ACID FILTRATE 

The reaction taking place during Carbonation reaction are: 

Ca(CH3COO)2 + H2O +CO2 = CaCO3 + CH3COOH 
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So from the above reaction we see that we not only form Calcium Carbonate, but we can also 

recycle the acetic acid back. 

So after carbonation, filtration was done &  XRD of the residue left was done 

 

Fig10 : XRD of the Residue 

From the above XRD analysis  it is clear that we can get CaCO3 with this process. The 

chemical formula of the 3 phases formed are same but their structure is different. Vaterite 

belongs to the hexagonal crystal system, whereas calcite is trigonal and aragonite is 

orthorhombic. 
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CHEMICAL ANALYSIS OF RAW MATERIALS FOR TILE MAKING 

The table given below shows the chemical composition of raw materials for tile making 

Table9: Chemical Analysis of raw materials 

 LD SLAG  SRK 

CLAY  

QUARTZ  FELDSPAR  

 XRF  WCA     

SiO2  12.50 11.25  49.7  98.11  65.99  

Al2O3  1.83  0.97  34.94  0.41  17.45  

Fe2O3  18.99  9.91  0.57  0.07  0.33  

CaO  58.24  42.19  0.735  0.03  1.98  

MgO  2.985  5.16  0.360  ___  0.2  

Na2O  0.087  0.26  0.97  ___  2.96  

K2O  0.075  0.06  6.07  ___  8.46  

P205  2.06  2.12  ___  ___  ___  

 

SRK clay & feldspar used is high in silica & alumina content. 

Quartz used is about 98 % SiO2 

 

 

XRD ANALYSIS OF PELLETS OF TILES 

 

. 
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a-anorthite

w-wallastonite

h- haematite

m-magnetite

The 4 main phases present in the pellets of tiles are: 

1. Anorthite (Al2O3. CaO .2SiO2) 

2. Wallastonite(CaO.SiO2) 

3. Haematite ( 

4. Magnetite 

formation ofaanorthite andawollastonite inceramicacould be associatedawith the reactions 

below: 

CaO + Al2O3.2SiO2 (metakaoliniteafrom clay)=Al2O3. CaO .2SiO2(aanorthite) 

CaO + SiO2(fromaclay andasilica) =CaO.SiO2 (wollastonite) 

 

XRF OF PELLETS OF TILES 

 

Table 10: XRF OF PELLETS OF TILES 
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 A  B  C  D  

SiO2  31.02  34.12  42.98  49.7  

Al2O3  17.95  21.2  17.12  15.6  

Fe2O3  9.65  7.6  7.53  5.4  

CaO  29.05  23.2  20.2  17.4  

MgO  2.54  2.94  1.88  1.34  

Na2O  0.95  1.1  1.05  0.77  

K2O  0.54  0.43  0.33  0,12  

 

From the above table we can see that the tiles have got a high percentage of silica, alumina & 

calcium oxide 

 

 

 

 

Water Absorbtion Rate Of Pellets of Tiles 



35 | P a g e  
 

 

W1- Wt of Pellets 

W2- Wt of Pellets saturated with water 

WA%( Water Absorbtion Rate)= (W2-W1)/100  

From the above table it is clear that Batch D has got the lowest water absorbtion rate. So its 

porosity is very low. 

 

 

 

 

 Mass W2  WA%  AVG  WA%  

A  2.52  2.94  17.1  17.6  

2.54  3.02  19.2  

2.6  3.02  16.5  

B  2.48  2.81  13.5  14.33  

2.54  2.89  14.1  

2.56  2.95  15.4  

C  2.5  2.68  7.2  8.63  

2.58  2.84  10.2  

2.55  2.76  8.5  

D  2.6  2.74  5.4  5.26  

2.52  2.63  4.5  

2.57  2.72  5.9  
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SUMMARY 

1. In the present case scenario, utilization of steel slag has become matter of prime 

importance to avoid environmental concerns. 

2. An effort has been made in this project to utilize LD slag for tile making & CO2  

capture. 

3. LD slag consists of SiO2, CaO, & iron oxides . The phases present in it are calcium 

hydroxide, calcium & magnesium silicates & calcium iron oxides. 

4. Leaching of LD slag with water results in very low calcium extraction 

5. Leaching of LD slag with acetic acid & HCl results in very high calcium extraction 

6. The filtrate of Acetic acid leaching can be used for CO2 capture & calcium carbonate 

formation 

7. Tiles made LD slag consists of phases like anorthite, wallastonite, silica & iron 

oxides. 

8. Tiles made with 40% LD slag, 30% clay, 20% quartz & 10% feldspar has got the 

lowest porosity. 
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