
IJIRST –International Journal for Innovative Research in Science & Technology| Volume 1 | Issue 12 | May 2015 
ISSN (online): 2349-6010 

 
All rights reserved by www.ijirst.org 246 

A Review on Utilization of Waste Material 

“Copper Slag” in Geotechnical Applications 

  

Prof. Jinka Chandrshekhar Timir A Chokshi 

Assistant Professor M.E. (Transportation) 

Parul Institute of Engineering & Technology, Waghodia Parul Institute of Engineering & Technology, Waghodia 
  

Darshak V Chauhan 

M.E. (Transportation) 

Parul Institute of Engineering & Technology, Waghodia 
 

Abstract 

 

Use of waste materials in road construction has been in vogue in India for quite sometime. This is particularly necessitated by the 

problems of disposal associated with it. Otherwise, these materials would cause problems to the environment. Copper slag is one 

of the waste materials that are being used extensively in the civil engineering construction industry. Copper producing units in 

India leave thousands of tonnes of copper slag as waste every day. Large quantities of the accumulated slag is dumped and left 

on costly land, causing wastage of good cultivable land. Based on U.S. environmental protection agency regulations, governing 

solid waste characteristics, copper slag can be classified as a non-hazardous material. Granulated copper slag is more porous and, 

therefore, has particle size equal to that of coarse sand. In this paper, a review of the previous research studies carried out by 

various researchers on utilization of copper slag in geotechnical applications is discussed and presented. 
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I. INTRODUCTION 

“With increasing scarcity of river sand, soil and natural aggregates across the country, there is a need to replace soil and sand 

with alternate materials which are stable and economical”. 

Copper is one of the basic chemical elements which is a soft and ductile metal, known for its high thermal and electrical 

conductivity and has a reddish-orange surface in its pure state. It is commonly used in electrical, construction and transportation 

industries. Pure copper is rarely found in nature, but is usually combined with other chemicals in the form of copper ores. 
The process of extracting copper from copper ore varies according to the type of ore and the desired purity of the final 

product. Each process consists of several steps in which unwanted materials are physically or chemically removed, and the 

concentration of copper is progressively increased. 
Once the waste materials have been physically removed from the ore, the remaining copper concentrate must undergo several 

chemical reactions to remove the iron and sulphur. This process is called smelting. The recovery of sulphuric acid from the 

copper smelting process not only provides a profitable byproduct, but also significantly reduces the air pollution caused by the 

furnace exhaust. Copper slag (CS) is a waste product which comes out from the smelting process. 
It has been estimated that the production of one tonne of blister copper generates 2.2 tonnes of slag, then if world smelter 

copper production was 15,900,000 metric tonnes as of Nov 2010, about 34,980,000 metric tonnes of slag was generated in the 

world (Copper Statistics, U.S. Geological Survey). Metal industry slag, mine stone and mining waste are generally suitable for 

recycling or reuse and the use of these inorganic wastes as alternative materials in building, road and geotechnical applications 

material. 
Some of the recent efforts made by few researchers has explored the suitability of granulated copper slag, produced as waste 

from roasting of copper, being successfully used as highway construction material. It has found its applicability in various layers 

of the pavement, both flexible and rigid, in combination with the local soils or some other waste materials. However, mass 

utilization of fine copper slag for road construction and land filling activities yet need proper investigation through carrying 

various laboratory and field experiments. Waste is directly linked to human development, both technological and social. The 

compositions of different wastes have varied over time and location, with industrial development and innovation being directly 

linked to waste materials. 

Copper slag, upon mixing with soil, can be used as an effective stabilizing agent for the improvement of problematic soils for 

use in highway embankments, sub-grades and sub-bases. Also, by mixing it with fly ash, it becomes suitable for embankment fill 

material. Slag, when mixed with fly ash and lime, develops pozzolanic reactions . Fly ash has been widely accepted as 

embankment and structural fill material . Copper slag mixed with fly ash and local soils (available near Delhi) in different 

proportions showed effective results with the suitability in embankment, sub base and base of a road pavement. 
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Comparison of values shows that the behaviour of copper slag is similar to that of medium sands and that it can be used as a 

construction material in place of sands, such as backfill of retaining walls and landfill for the construction of shallow 

foundations. Copper slag has high angularity and friction angle (up to 52
0
) of aggregates contribute to the stability and load 

bearing capacity. Also copper slag aggregates tend to be free draining and are not frost-susceptible. Copper slag can be used as 

an alternative aggregate in bituminous mixes [11]. Mroueh et al [12] carried out life-cycle analysis for the use of industrial waste 

slag in road and earth constructions which yielded effective conclusions for the reuse of waste by-product.  
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 building and industrial and Road infrastructure 

Copper slag is a waste material during extraction of copper from high concentrate copper ore by floatation and filtration 

processes. At present ,the accumulated fine copper slag is about 3 lac metric tons (MT),while its annual production is about 2.5 

lac tons. 

Copper slag is a by-product obtained during the matte smelting and refining of copper. SIL is producing Copper slag during 

the manufacture of copper metal. Currently, about 2600 tons of Copper slag is produced per day and a total accumulation of 

around 1.5 million tons. 

It is a by-product obtained during the matte smelting. 
Table – 1 

Observed Properties of Copper Slag 

Property (% wt) 

Iron Oxide – Fe2O3 42 – 48 

Silica – SiO2 26- 30 

Aluminium Oxide – Al2O3 1 – 3 

Calcium Oxide – CaO 1.0– 2.0 

Magnesium Oxide – MgO 0.8– 1.5 

(Ref. Birla Copper Unit, Hindalco’s Industries Ltd, Dahej, 

Gujarat, India)  

Table - 2 

Physical Properties of Copper Slag 
Property Analysis 

Hardness, Moh’s Scale 6 – 7 

Specific Gravity 3.49 

Plasticity Index Non-Plastic 

Swelling Index Non-Swelling 

Granule Shape Angular, 

 Sharp 

 Multifaceted 

Grain Size Analysis  

Gravel (%) 1.00 

Sand (%) 98.90 

Silt + Clay (%) 0.05 

II. REVIEW OF RESULTS AND DISCUSSION 

A. Specific Gravity 

The specific gravity of Copper slag is found to be 3.49 which is relatively high due to presence of iron oxide in substantial 

amount. 

 



A Review on Utilization of Waste Material “Copper Slag” in Geotechnical Applications  
(IJIRST/ Volume 1 / Issue 12 / 041) 

 

 
All rights reserved by www.ijirst.org 248 

Fig. 1: mass of water and fine copper slag 

B. Grain Size Distribution 
The grain size distribution of Copper Slag is essentially a coarse grained material with around more than 95% sand size particles. 

And it is classified as poorly graded sand as per the Indian Standard Classification.  classified Copper slag as well graded sand. 

As per the Ministry of Road Transport and Highways (MORTH) specifications  it was observed that 30% of sand size fine 

aggregates and 4% of silt size materials are required to arrive at the desired gradation. As copper slag and fly ash are sand and 

silt size materials respectively, they can be mixed in different proportions to get the specified gradation for Wet Mix Macadam. 

Also in the bituminous macadam, CS can be used as a base course layer below the wearing course. 

 Effect of Copper Slag on Plasticity Index 1)

Copper slag, when mixed with locally available soil in a proportion of 60% CS and 40% soil, the plasticity index of the soil was 

reduced by 40% . Copper slag with  and local soil (available near bhruch) mixes were found to be non-plastic in nature [10]. 

Decrease in plasticity index shows that the copper slag when mixed with soil and the additives  reacts on hydration and is 

considered to be pozzolanic. 

 Effect of CS on Free Swell Index 2)

Free swell Index decreases  for the local soil (bharuch) when mixed with 60% of CS with the addition in soil There is a 

considerable reduction in the free swell index with copper slag when mixed with local soil (available at bharuch) due to the 

coarse fraction present in it. Copper slag can be used in controlling the swelling properties of expansive clays. The reduction in 

free swell index was observed to be 20% to 30% when solid wastes like copper slag were used in expansive soils. 

 Effect of CS on Compaction Properties 3)

Maximum dry density of the copper slag  were observed to be 1.90 kN/m
3
 . The soil mixed with CS and showed increased MDD 

and decreased OMC. Voids of Coarser particles are filled by the finer particles and the unit weight increases as a result causing 

an increase in the maximum dry density and a decrease in the optimum moisture content which can give effective results for the 

sub-grade and sub-base applications. 

 
Fig. 2: Proctor mould 

 
Fig. 3: 

C. Effect of CS on California Bearing Ratio (CBR) 
CBR test results reviewed from the finding data on copper slag-treated soil showed good increase in the CBR value with an 

increase in the copper slag content for all mix proportions. The CBR values of  mixed soil There is a reduction in swelling 

characteristics and increase in density results in an increase in the CBR values. Increase in CBR values is essential in poor sub-

grade soils and for the application in rigid pavements laid in problematic soils. 
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Fig. 4:  

D. Effect of CS on UC Strength 
Shear strength of the soil is one of the most important properties in geotechnical applications. The effect of CS on shear strength 

was studied by conducting the unconfined compressive strength test on mix of local soil (available at bharuch). The UC strength 

of the mix increases up to 50% when CS is added and there after decreases. The increase in the unconfined compressive strength 

is because of the high internal friction of the copper slag. 

III. RESULTS AND DISCUSSION 

At present about 33 million tonnes of copper slag is generating annually worldwide among that India contributing 6 to 6.5 

million tonnes. 50 % copper slag can be used as replacement of natural sand in to obtain mortar and concrete with required 

performance, strength and durability.  In India a study has been carried out by the Central Road Research Institute (CRRI) shown 

that copper slag may be used as a partial replacement for river sand as fine aggregate in concrete up to 50 % in pavement 

concrete without any loss of compressive and flexural strength and such concretes shown about 20 % higher strength than that of 

conventional cement concrete of the same grade. 

The slag is black glassy particle and granular materials in nature and has a similar particle size range like sand. The specific 

gravity of the slag is 3.49. The bulk density of granulated copper slag varies from 1.9 to 2.0 kg/m3 which is almost similar to 

bulk density of convectional fine aggregate. The hardness of the slag lies. The free moisture content present in slag was found to 

be less than 0.5%.The presence of silica in slag is about 26% which is desirable because it is one of the constituents of the natural 

fine aggregate used in normal concreting operations. 

IV. CONCLUSIONS 

 Copper slag has the potential to use as admixture to improve the properties of problematic soils.  

 Copper slag with 30% to 60% can be mixed with problematic soils to improve or modify the soil characteristics.  

 Copper slag can be recommended for sub-grade, sub base, bitumen mixes. Engineering behaviour of expansive soils can 

be improved by utilizing 60% of the copper slag along with40% soil  for embankment construction, land reclamation 

and for improving sub-grade soil conditions. 
 The grain size distribution and properties of copper slag are similar to that of medium sand and it can be used as a 

construction material in place of sand used in backfill for retaining walls and shallow foundations.  

 By utilizing and reusing the industrial waste product, namely, copper slag, wastage of good cultivable land can be 

avoided when large quantities of the accumulated slag is dumped and left on costly land. 
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