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Abstract— This exploration work is an effort to develop the 

awareness & importance of industrial waste management & 

its utilization in productive manner in construction industry. 

In today’s more environmentally-conscious world, a more 

responsible approach to the environment is to increase the 

use of by-products of one industry which is disposed off as a 

waste but can be used as a raw material for some other 

industry. Traditionally materials like clay, sand, stone, 

gravels, cement, brick, block, tiles, etc. are being used as 

major building materials in construction sector. All these 

materials have been produced from the existing natural 

resources and will have intrinsic distinctiveness for 

damaging the environment due to their continuous 

exploitation and increasing cost incrementally. Hence it is 

essential to find functional substitutes for conventional 

building materials in the construction industry. For above 

purpose the exploration study is carried out for 

understanding and determining the scope of utilization of 

waste from metal industry such as silica fume, copper slag, 

foundry waste sand and ground granulated blast furnace slag 

(metal industry) in construction industry. In our country 

annually huge quantities of wastes are produced by the 

industries. Instead of disposing-off these wastes if they are 

utilized in such a manner then it will provide an eco-friendly 

solution, simultaneously solving the problem of pollution 

and raising the step towards economy & obviously towards 

progress of the nation. 

Key words: Steel Industry, Copper Slag, Silica fume, 

Foundry sand, Ground Granulated Blast Furnace Slag 

(GGBFS) 

I. INTRODUCTION 

Steel industry is complex and highly pollution intensive. 

Way ahead, the sector is growing rapidly, so at every stage 

of steel making, better efficiency and pollution control is 

inevitable. Indian steel sector is a strong element of the 

Indian economy. Since its commercial beginning, the 

industry has come a long way to reach a production of above 

70 Mt steel today. The sector has seen a phenomenal growth 

after economic liberalization in 1991. It is growing at an 

annual rate of 8% since then. At this rate, the sector is 

expected to produce nearly 325Mt of steel by 2030 (Green 

Rating Project, 2012, CSE). The conventional blast furnace-

basic oxygen furnace (BF-BOF) route of steel making which 

is relatively efficient, currently accounts for 49% of the total 

steel production of the country and is growing at an annual 

5.5% rate since last three decades. Relatively inefficient and 

highly polluting sponge iron-electric arc or induction 

furnace (DRI-EAF/EIF) route which accounts for the 

remaining steel production, is growing at 11 percent per 

year. 

 Indian steel sector is one of the highest energy 

consuming and carbon dioxide (CO2) emitting industry 

designated as one of the 17 highly polluting industries in 

India. It is highly raw material intensive which requires 3.5-

5.0 tonnes of raw materials to produce only one tone of 

crude steel. The balance amount of material (2.5-4.0 tonnes) 

from the process either comes out as by-products, wastes or 

emissions in air and water. 

II. COPPER SLAG 

Copper slag as shown in Figure is a blackish granular 

material similar to coarse sand. It is a by-product created 

during the copper smelting and refining process. As 

refineries draw metal out of copper ore, they produce a large 

volume of non-metallic dust, soot, and rock. Collectively, 

these materials make up slag, which can be used for a 

surprising number of applications in the geotechnical, 

building and industrial applications. The use of waste 

materials in the road construction industry is gradually 

gaining significance in India, considering disposal and 

environmental problems and the gradual depletion of natural 

resources. 

Copper slag is an industrial by-product obtained 

during the matte smelting and refining of copper. The 

density of copper slag is relatively higher since it has a 

higher composition of Iron oxide. 

 
Fig. 1: Copper slag 

 Source: A report on Utilization of copper slag to improve 

Geotechnical properties of soil by Yogendra K. Tandel, 

S.V.N.I.T., Surat 

It is assumed that about 25 million tons of copper slag is 

generated in India every year. Copper slag is widely used for 

sand blasting, rail road ballast, cement and concrete 

industries. Several researchers have investigated the possible 

use of copper slag as fine and coarse aggregates in normal 
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concrete and its effect on different mechanical properties of 

mortar and concrete. 

A. PHYSICAL PROPERTIES OF COPPER SLAG 

 
Table. 1: A Physical properties of Copper Slag 

Source: A report on Utilization of copper slag to improve 

Geotechnical properties of soil by Yogendra K. Tandel, 

S.V.N.I.T., Surat 

B. CHEMICAL COMPOSITION OF COPPER SLAG 

 
Table. 2: Chemical composition of Copper Slag 

Source: A report on Utilization of copper slag to improve 

Geotechnical properties of soil by Yogendra K. Tandel, 

S.V.N.I.T., Surat 

C. APPLICATION 

1) Pavement 

Fine copper slag has reportedly been used in hot mix asphalt 

pavements in California and granulated copper slag has been 

incorporated into asphalt mixes in Georgia to improve 

stability. Although it is rarely used, Michigan Department of 

Transportation Specifications consider reverberatory copper 

slag to be a conventional coarse and fine aggregate for hot 

mix asphalt pavement. 

2) Concrete 

American concrete institute used the copper slag from 

Bahia, Brazil as construction materials. They observed that 

the characteristic of the material was equivalent to the 

traditional ones or even better. So copper slag can be a 

potential alternative to the admixtures used in concrete and 

mortars. 

From mortar strength tests with cement/ slag/water ratio of 

1/2/0.55 the ball milled slag gave higher strength. The 

effects of several kinds of slag in mortar and concrete on 

alkali aggregate reaction, reinforcing steel corrosion, 

abrasion, workability and slump,   shrinkage and freezing-

thawing characteristics were examined. They described the 

strength, setting time and durability of concrete with copper 

slag. 

3) Roofing granules, asphalt concrete aggregate and 

cement 

Copper slags  have  been  used  as  granular  base  and  

embankment  materials, aggregate   substitutes  in  hot  mix  

asphalt,  mine  backfill  materials,  railway  ballast materials, 

grit blast  abrasives, roofing granule material, and in the 

manufacturing of blended cements (granulated copper slags) 

Copper slag has been used as aggregate substitutes in hot 

mix paving. Air cooled slags can be used as coarse or fine 

aggregate, while granulated slags can be used as fine 

aggregate. Use of copper slag (15% mass) as a Portland 

cement replacement was reported by Arino-Moreno and 

Mobasher (1999). It affects the strength and toughness of 

the mixture. 

D. ADVANTAGES 

1) Reduces the construction cost due to saving in material 

cost.  

2) Reduces the heat of hydration.  

3) Refinement of pore pressure.  

4) Reduces permeability.  

5) Reduces the demand for primary natural resources.  

6) Reduces the environmental impact due to quarrying and 

aggregate mining. 

III. SILICA FUME 

Silica fume (SF) is a byproduct of the smelting process in 

the silicon and Ferro-silicon industry. The reduction of high-

purity quartz to silicon at temperatures up to 2,000°C 

produces SiO2 vapours, which oxidizes and condense in the 

low-temperature zone to tiny particles consisting of non-

crystalline silica. By-products of the production of silicon 

metal and the ferrosilicon alloys having silicon contents of 

75% or more contain 85-95% non-crystalline silica. The by-

product of the production of ferrosilicon alloy having 50% 

silicon has much lower silica content and is less pozzolanic. 

Therefore, SiO2 content of the silica fume is related to the 

type of alloy being produced. Silica fume is available in two 

conditions: dry and wet. Dry silica can be provided as 

produced or densified with or without dry admixtures and 

can be stored in silos and hoppers. Silica Fume slurry with 

low or high dosages of chemical admixtures are available. 

Total worldwide production is estimated at about 1.1 million 

tons. 

 
Fig. 2: Silica fume 
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Source:https://www.google.co.in/search?newwindow=1&hl

=en&biw=1366&bih=677&site=imghp&tbm=isch&sa=1&q

=silica+fume&oq 

A. PHYSICAL PROPERTIES OF SILICA FUME 

 
Table. 3: Physical Properties of Silica Fume 

Source: www.springer.com/978-3-642-17865-8 

B. CHEMICAL PROPERTIES OF SILICA FUME 

 
Table. 4: Chemical Properties of Silica Fume 

Source: www.springer.com/978-3-642-17865-8 

C. APPLICATION OF SILICA FUME (SF) 

1) High Performance Concrete (HPC) containing silica 

fume 

For highway bridges, parking decks, marine structures and 

bridge deck overlays which are subjected to constant 

deterioration caused by rebar corrosion current, abrasion and 

chemical attack. Silica fume will protect concrete against 

deicing salts, seawater, and road traffic and freeze/thaw 

cycles. Rebar corrosion activity and concrete deterioration 

are virtually eliminated, which minimizes maintenance 

expense. 

2) High-strength concrete enhanced with silica fume 

IT provides architects and engineers with greater design 

flexibility. Traditionally used in high-rise buildings for the 

benefit of smaller columns (increasing the usable space) 

high-strength concrete containing silica fume is often used 

in precast and prestressed girders allowing longer spans in 

structural bridge designs. 

3)  Silica-fume Shotcrete 

IT delivers greater economy, greater time savings and more 

efficient use of sprayed concrete. Silica fume produces 

superior shotcrete for use in rock stabilization; mine tunnel 

linings, and rehabilitation of deteriorating bridge and marine 

columns and piles. Greater bonding strength assures 

outstanding performance of both wet and dry process 

shotcreting with less rebound loss and thicker applications 

with each pass of the shotcrete nozzle 

4) Oil Well Grouting 

whether used for primary (placement of grout as a hydraulic 

seal in the well-bore) or secondary applications (remedial 

operations including leak repairs, splits, closing of depleted 

zones); the addition of silica fume enables a well to achieve 

full production potential. Besides producing a blocking 

effect in the oil well grout that prevents gas migration, it 

provides these advantages such as (i) Improved flow, for 

easier, more effective application; (ii) dramatically decrease 

permeability, for better control of gas leakage; and (iii) 

lightweight 

5) Repair Products 

silica fume is used in a variety of cementitious repair 

products. Mortars or grouts modified with silica fume can be 

tailored to perform in many different applications— 

overhead and vertical mortars benefit from silica fume’s 

ability to increase surface adhesion. Silica fume 

significantly improves cohesiveness making it ideal for use 

in underwater grouts, decreases permeability in grouts used 

for post-tensioning applications and increases the resistance 

to aggressive chemicals. 

D. ADVANTAGES OF SILICA FUME (SF) 

1) It improves both strength and durability of concrete to 

such an extent that modern designs rule call for the 

addition of silica fume. 

2) Silica fume can be used to increase the compressive 

strength of lightweight concrete as well as conventional 

concrete. 

3) It reduces the wall thickness or other dimensions product 

and overcome transportation limitations. 

4) Silica fume particles pack around the aggregate more 

efficiently, modifying the paste structure and preventing 

bleeding. 

5) Silica fume ultimately reduces the porosity of the 

hydrated cement matrix through improved particle 

packing. 

6) Silica fume fills the voids between cement particles just 

as cement fills the voids between sand and coarse 

aggregate. 

E. DISADVANTAGES OF SILICA FUME (SF) 

1) Silica fume is typically more expensive than cement. 

2) The material is difficult to handle because of its extreme 

fineness. 

3) It’s easy to become airborne, thus raising health issue 

concerns. 

4) Silica fume concrete is slightly darker in color and has 

been reported being “sticky” during finishing. 

5) Due to its small size and high surface area (20,000 

m2/kg), silica fume minimizes bleeding, which may lead 

to plastic shrinkage cracking. 

6) Water demand is higher because of its high surface area. 

IV. FOUNDRY SAND 

Foundry sand is high quality silica sand with uniform 

physical characteristics. It is a by- product of ferrous and 

nonferrous metal casting industries, where sand has been 

used for centuries as a molding material because of its 

thermal conductivity. It is a byproduct from the production 

of both ferrous and nonferrous metal castings. 

India ranks second in the world based on the number of 

foundry units present (4550 units) - after China – and fourth 

in terms of total production (7.8 million tonnes) (42nd   

Census of World Casting Production – 2007).  Apart from 

the registered 4550 units there are several unregistered units, 
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which according to various sources range approximately 

from 1500 to 5000 units. 

 
Fig. 3: Foundry Production in World   

 Source: Census of World Casting Production 
As per the IREDA- CII Report 2004, there are around 

10,000 foundry units present in India including registered 

and unregistered units. Two general types of binder systems 

are used in metal casting depending upon which the foundry 

sands are classified as:  clay bonded systems (Green sand) 

and chemically- bonded systems.  Both types of sands are 

suitable.  for  beneficial  use  but  they have different 

physical and environmental characteristics 

1) Green sand molds are used to produce about 90% of 

casting volume in the U.S. Green sand is  composed of  

naturally occurring materials  which  are  blended 

together; high quality silica sand (85-95%), bentonite 

clay (4-10%) as a binder, a carbonaceous additive (2-

10%) to improve the casting surface finish and water (2- 

5%). Green sand is the most commonly used recycled 

foundry sand for beneficial reuse. It is black in color, due 

to carbon content, has a clay content that results in 

percentage of material that passes a 200 sieve and 

adheres together due to clay and water. 

 
Fig. 4: chemically bonded sands 

Source: foundry industry, GIDC, Vallabh Vidyanagar 

2) Chemically bonded sands are used both in core making 

where high strengths are necessary to withstand the heat 

of molten metal, and in mold making. Most chemical 

binder systems consist of an organic binder that is 

activated by a catalyst although some systems use 

inorganic binders.  Chemically bonded sands are 

generally light in color and in texture than clay bonded 

sands. 

A.  TYPICAL PHYSICAL PROPERTIES OF SPENT 

GREEN FOUNDRY SAND 

Property Results 

Specific Gravity 2.39-2.55 

Bulk Relative Density, kg/m3 (lb/ft3) 2589(160) 

Absorption, % 0.45 

Moisture content, % 0.1-10.1 

Clay Lumps and Friable Particles 1- 44 

Coefficient of Permeability (cm/sec). 10-3-10-6 

Plastic Limit/Plastic Index Non plastic 

Table. 5: Typical Physical Properties of Spent Green 

Foundry Sand 

[American Foundry man’s Society, 1991] 

Source: R. Siddique, Waste Materials and By-Products in 

Concrete, Springer-2008 

B.  CHEMICAL COMPOSITION OF FOUNDRY SAND 

CONSTITUENTS VALUES (%) 
SiO2 83.930 

Al2O3 0.0210 

Fe2O3 0.9500 

CaO 1.0300 

MgO 1.7700 

SO3 0.0570 

Other(Na2O3,K2O,TiO2,SrO) 10.052 

LOI(loss on ignition) 2.1900 

Total 100.00 

Table. 6: Chemical Composition of Foundry Sand 

Source: Geo Test House (Govt. Approved) NABL 

Accredited Testing Lab ISO: 17025 Baroda. 

C. APPLICATION OF FOUNDRY SAND 

1) In Embankments 

2) In Barrier layers construction 

3) In Flowable fills 

4) In Road way construction 

5) As Soil reinforcement 

6) In Hot mix asphalt 

7) In Portland cement concrete 

Other Engineering Application: 

1) Portland cement manufacturing 

2) Mortars 

3) Agriculture /soil amendments 

4) Verification of hazardous materials 

5) Smelting 

6) Rockwool manufacturing 

7) Fiberglass manufacturing 

8) Landfill cover or hydraulic barriers 

D. ADVANTAGES 

1) Reduces the cost of construction. 

2) ISO 9001 Certified 

3) High strength, superior casting finishes in all binder 

systems and metals 

4) The low initial cost advantage of foundry sand. 

E. LIMITATION 

1) Foundry sand is black. In some concretes, this may 

cause the finished concrete to have a greyish/black 

tint, which may not be desirable. 

2) A 15% fine aggregate replacement with foundry  
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sand produces a minimal color change.  

3) Also, the foundry must be able to meet the quantity 

requirements of the precast manufacturer. 

4) Foundry sand reduced workability of concrete. 

V. GGBFS 

Ground granulated blast furnace slag (GGBFS) is another 

excellent cementitious material. It’s a byproduct of 

industrial process; in this case the steel industry. GGBFS is 

formed when molten iron blast furnace slag is rapidly 

chilled by immersion in water. It has limited crystal 

formation, highly cementitious in nature and, ground to 

cement fineness, hydrates like Portland cement. 

 
Fig. 5: GGBFS 

 Source: https://www.google.co.in/search?newwindow 

Although Portland blast furnace slag cement, which is made 

by inter grinding the granulated slag with Portland cement 

clinker (blended cement), has been used for more than 60 

years, the use of separately ground slag combined with 

Portland cement as admixture did not start until late 1970s. 

For many applications it is now recommended to use a blend 

of Portland cement, fly ash, and GGBFS. Yet, slag is not as 

widely available as fly ash.  

A. CHEMICAL COMPOSITION 

Chemical Constituent Portland GGBS 

CaO 65% 40% 

SiO2 20% 35% 

AI2O3 5% 10% 

MgO 2% 8% 

Table. 7: Chemical Composition 

Source: www.scirp.org 

B. PHYSICAL PROPERTIES 

Colour Off-white powder 

Bulk density (loose) 1.0–1.1 tonnes/m
3
 

Bulk density (vibrated) 1.2–1.3 tonnes/m
3
 

Relative density 2.85–2.95 

Surface area 400–600 m
2
/kg Blaine 

Table. 8: Physical Properties 

Source: www.scirp.org 

C. APPLICATION 

1) GGBS is used to make durable concrete structures in 

combination with ordinary Portland cement and/or other 

pozzolanic materials. GGBS has been widely used in 

Europe, and increasingly in the United States and in 

Asia (particularly in Japan and Singapore) for its 

superiority in concrete durability, extending the lifespan 

of buildings from fifty years to a hundred years. 

2) Two major uses of GGBS are in the production of 

quality-improved slag cement, namely Portland 

Blastfurnace cement (PBFC) and high-slag blast-

furnace cement (HSBFC), with GGBS content ranging 

typically from 30 to 70%; and in the production of 

ready-mixed or site-batched durable concrete. 

3) Concrete made with GGBS cement sets more slowly 

than concrete made with ordinary Portland cement, 

depending on the amount of GGBS in the cementitious 

material, but also continues to gain strength over a 

longer period in production conditions. This results in 

lower heat of hydration and lower temperature rises, 

and makes avoiding cold joints easier, but may also 

affect construction schedules where quick setting is 

required. 

4) Use of GGBS significantly reduces the risk of damages 

caused by alkali–silica reaction (ASR), provides higher 

resistance to chloride ingress — reducing the risk of 

reinforcement corrosion — and provides higher 

resistance to attacks by sulphate and other chemicals. 

D. ADVANTAGES 

1) Reduce expansion caused by alkali-aggregate reaction. 

2) Like fly ash, GGBFS improve mechanical and 

durability properties of concrete and generates less heat 

of hydration. 

3) The rate and quantity of bleeding is less because of the 

relatively higher fineness of slag. 

4) The higher fineness of slag also increases the air-

entraining agent required, compared to conventional 

concrete. 

5) GGBFS improves workability and decreases the water 

demand due to the increase in paste volume caused by 

the lower relative density of slag. 

6) Flexural strength is usually improved by the use of slag 

cement, which makes it beneficial to concrete paving 

application. 

7) Slag unlike fly ash does not contain carbon, 

which cause instability and air loss in concrete. 

8) Helps in the transformation of large pores in the paste 

into smaller pores, resulting in decreased 

permeability of the matrix and of the concrete. 

9) Significant reduction in permeability is achieved as the 

replacement level of the slag increases from 40 to 65% 

especially by mass. 

10) Because of the reduction in permeability, it requires less 

depth of cover than conventional concrete 

requires protecting the reinforcing steel. 

11) Setting times of concretes increases as the slag content 

increases. 

12) This delay can be beneficial in large pours and in hot 

weather conditions where it prevents the formation of 

"cold joints" in successive pours. 

13) Slag is effective in preventing damage due to ASR 

(alkali silica reaction) due to reduction of total 

alkalies in the cement-slag blend, the lower 

permeability of the system, and the tying up of the 

alkalies in the hydration process. 
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E. DISADVANTAGES 

1) Scaling resistance of concretes decreases with 

GGBFS substitution rates greater than 25 %. 

2) The necessity of proper curing should be emphasized 

with the use of ground granulated blast furnace slag. 

3) Concretes containing ground granulated blast furnace 

slag may be more susceptible to cracking caused by 

drying shrinkage. 

4) At low temperatures, the strengths are substantially 

reduced up to 14 days, and the percentage of slag used 

is usually reduced to 25-30%. 

5) Setting times of concretes increases when the slag 

content increases. 

6) Increase of slag content (35 to 65%) can extend the 

setting time by 60 minutes. 

7) Additionally, the set retardation caused by ground 

granulated blast furnace slag is temperature 

sensitive and becomes more pronounced at lower 

temperatures. 

8) In the absence of special circumstances or mix specific 

data, the substitution of GGBFS limited to 50 percent 

for areas not exposed to deicing salts and to 25 percent 

for concretes exposed to deicing salts. 

VI. CONCLUSION 

Referring to the contents mentioned above in the paper the 

brief understanding about the materials having potential to 

be utilized as a substitute to the natural resources in one of 

the most commonly used civil engineering material, i.e. 

concrete, can be highlighted. Apart from the concrete the 

vision for utilizing such wastes can be extended to the other 

consumer products in construction, such as mortar for 

binding, mortar for finishing, BBC in footings for 

conventional structures, et. al. for view point of preserving 

natural resources and hence the sustainable development, 

better performance due to pozzolanic properties and other 

physical and chemical properties, better economy as all this 

are wastes and hence having low cost as compared to natural 

resources, preserving the mother nature from the side effects 

from disposing off  these wastes to the environment. Many 

prospective can be considered in this regard and many 

researches can be carried for searching the scope of utilizing 

these wastes into construction industry apart from the 

concrete so as to minimize the disposal problems of such 

increasing wastes with increase in development of nation 

and metal industry. 
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