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 Abstract:   
 

Integrated steel plants in general, produce large amounts of solid wastes during steel making 

process , in world have already taken up innovative measures for 100% utilization of these 

wastes .This not only reduces the cost of waste disposal and environmental pollution but also 

gives substantial amount of iron ore flux material as well as fuel rate benefits to the existing 

process, thereby conserving matching amounts of raw materials Disposal of large quantities of 

slag becomes a big environmental concern. Thus, recycling of LD Slag and HMDS slag through 

the sintering process recovers lime, iron and magnesia and thereby saving of flux material and 

iron ore in future. Detailed investigation was carried out through lab scale studies for estimating 

the maximum permissible limits of usage of LD Slag and HMDS slag in sinter making and to 

know the influence of addition on sinter productivity and properties. Experiments were conducted 

using the LD Slag and HMDS slag in sinter making from 0 to 60 kg/t of sinter. From the test 

results it was found that 35 to 40 kg HMDS slag can be used per ton of sinter to get desired 

properties of the sinter other than LD Slag. Based on lab scale results plant trails have taken and 

optimized to reduce the cost and also to reduce the burden at slag yards. 

Index Terms - HMDS, Optimization, HMDS-hot metal desulphurization station, BOF-Basic 

Oxygen Furnace, LD –Linz and Bonavitz   
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Introduction : Slag is a by-product generated during manufacturing of pig iron and steel. It is 

produced by action of various fluxes upon gangue materials within the iron ore during the process 

of pig iron making in blast furnace and steel manufacturing in steel melting shop (Indian 

Minerals year Book 2015). Primarily, 

the slag consists of calcium, 

magnesium, manganese and aluminum 

silicates in various combinations 

(Darshan et al 2018 and Thakur et al 

2017). The Indian integrated iron and 

steel industry poses serious challenges 

to environment through its inherent 

complexity (Pandey et al., 1996) and 

may hazardous to environment (Khan 

and Shinde, 2013). Chaudhary and Pal 

(2002) have been reported that, 50 

percent or less of the blast furnace (BF) 

slag is utilized for different purposes 

and the major amount is dumped (Chaudhary and Pal, 2002). Open dumping and landfills are 

some common management practices that are adopted for disposal of industrial wastes, thus 

resulting in environmental pollution in the form of dusts and leachate apart from huge economic 

accountability (Sarkar and Mazumder, 2015; Khan and Shinde, 2013). Among all the solid/liquid 

wastes, slags generated at iron making and steel making units are created in the largest quantities. 

With increasing capacities, disposal of large quantities of slag becomes a big environmental 

concern and a critical issue for steel makers the production of crude steel illustrated in the Figure 

1. However, slag generation remains inevitable and emphasis on its recycling remains the greatest 

concern as illustrated in Figure 2 in Steel Plant supply chain Iron and Steel Making are the 

contributors for Slag generation. Typically, for ore feed containing 60 to 65% iron, blast furnace 

(BF) slag production ranges from about 300 to 540 kg per tonne of pig or crude iron produced. 

Slags generated at iron making and steel making units are the largest quantities among all the 

solid/liquid wastes. Over the past decades, the steel production has increased and, consequently, 

the higher volumes of by-products and residues generated have driven to the reuse of these 

materials in an increasingly efficient way. The slag will be reused for different commodities 

which was explained in Figure 3. At the same time, the re-use of iron and steelmaking slags has 

also been expanded, and has led to a significant reduction in the environmental impact of these 

Figure 1 – Crude Steel Production  

Agglomeration Iron Making Steel Making Mills Customer

Figure 2 Supply chain of Steel plant 
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by-products (Reeves et al 2000, Murphy et al 1997). However, slag generation remains an 

unavoidable step and focus on its re-cycling remains the greatest concern. Steel plant slags mainly 

include, blast furnace slag and steel melting 

slag (LD process slag). HMDS Slag is a by-

product of steel industry, which is generated 

during pre-treatment of Hot Metal before it 

is charged into LD converters for Steel 

Making. The by-products usually contain 

considerable quantities of Oxides of other 

elements like Fe, Si, and Mn & CaO which 

is illustrated in the Figure 4. Most of the 

materials of Steel plant wastes are recycled 

through sinter making in most of the 

countries. Because of its physical, chemical 

and mineralogical properties, it can be used 

as raw material in process like sintering. 

Recycling of LD Slag & HMDS Slag has the 

highest cost implication on sintering process. 

LD Slag & HMDS Slag contains high amount of CaO, iron, and Mgo, thus recycling it through 

sintering process helps in the saving of flux and iron ore. The recycled wastes have some effect 

on sinter quality, strength and productivity. JSW Steel Limited is a 13.0 Mtpa integrated steel 

plant and produces 1400 to 1500 tons of LD Slag & HMDS Slag per day. Laboratory pot grate 

sintering experimentation has been carried out to study the effect of LD & HMDS Slag addition 

on sinter productivity, and physical and metallurgical properties. The LD Slag & HMDS Slag in 

Uses of steel 
making slags 

Cement plant 
as substitute 
to limestone 

HMDS Slag 
usage in 

Sinter making 

Micro 
Pelletisation 

Used in 
treating acidic 

water 
discharge in 
abandoned 

mines 

Road Making 

Barrier 
Material

Figure 3 Uses of Slags  

Figure 4 Chemical composition of LD Slag and HMDS Slag 
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the sinter mix was varied from low level 0 Kg/Ton to High 60 kg/t of sinter. HMDS Slag found 

better than LD Slag due to its High Cao and TI %. 

 

1. HMDS and LD Slag generation at JSW Steel: 

 LD and HMDS Slag is a waste material (by product) generated in process of steel making.  

Figure 5 shows the Steel making process and LD and HMDS Slag generation at JSW Steel 

limited. JSW Steel Limited is a 13 Mtpa integrated steel plant and produces 8030 tons of steel 

making slag per day. This LD & HMDS Slag consists of as illustrated in the figure 4.  Thus, 

recycling of LD & HMDS 

Slag through the sintering 

process recovers lime, iron 

and magnesia and thereby 

saving of flux material and 

iron ore. Due to high 

content of CaO one can 

replace HMDS Slag by 

limestone in sintering 

process. At present most of 

the steel plants in the world 

are reusing HMDS Slag as 

a flux instead of limestone 

in sinter making. At JSW 

Steel Limited steel making 

slag is completely dumped 

or used for ground filling 

Figure 5 Steel Melting Shop overview 

Figure 6  Steel making Shop-1 process and HMDS Slag generation 
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after crushing. Based on the earlier trials at JSW steel making slag is being used up to 40 kg/t in 

COREX and 50 kg/t in blast furnace. However, with the increasing capacities, amount of disposal 

of huge amount of steel slag is a real challenge. To utilize HMDS Slag in sinter making basic 

studies are required to know the 

influence of HMDS Slag addition on 

sinter chemistry, productivity and 

sinter properties. The higher 

phosphorus content in the HMDS 

Slag is the main restricting factor for 

utilizing in the sinter making. To 

optimize the HMDS Slag in sinter 

making trials have been planned in 

lab scale and varied the HMDS Slag 

in the sinter mix from 0 to 60kg/t of 

sinter. Pot grate sintering experiments 

were carried out in laboratory by 

using the same raw materials which 

are used in the sinter plant. The 

crushed LD & HMDS Slag of -6 mm size was collected from the slag yard of steel making shop. 

The coke breeze which is a byproduct of coke oven plant is used as fuel. In total 7 experiments 

were carried out by varying the LD & 

HMDS Slag addition from 0 to 

60kg/t in sinter base mix. The 

basicity and MgO was kept 

constant for all experiments. Small 

piles were prepared by layering the 

iron ore fines, coke breeze, 

limestone, dolomite, burnt lime and 

return fines and HMDS Slag on 

weight basis. All these constituents 

were thoroughly mixed. After 

ensuring proper mixing of these 

raw materials, the base was 

transferred to the granulation drum. 

Granules were prepared in the 

granulation drum by maintaining a 

granulation time of 7 minutes. The 

time required for different actions in 

the granulation cycle is as follows: 

Dry mixing – 2 min; water 

addition: 2 min; granulation – 3 min. The raw mixture having a weight of 70 kg was granulated 

with 8% moisture. After granulation, the material from the granulation drum was transferred to 

Figure 6 Disposed LD & HMDS slag at slag yard 

Figure 7 Pilot Scale Pot grate sintering machine 
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the sinter pot having an inner diameter of 300mm and a height of 600mm and subsequently 

sintered in the pot under a suction of 1300mm of WG. The sintering conditions were kept constant 

for all the experiments. The pot grate test conditions are given in Table 1 & 2 and the 

experimental setup is shown in Figure 7. Chemical analyses of the raw material as well as sinter 

products were carried out by using XRF. 
 

TABLE 1 RAW MATERIAL MIX PROPORTION 

 

HMDS Slag 

% IRON ORE LIME STONE DOLOMITE CALCINED LIME COKE BREEZE HMDS SLAG 

0 50.32 8.39 7.12 0.90 5.27 0.00 

10 50.09 8.07 6.87 0.90 5.30 0.77 

20 49.87 7.79 6.57 0.90 5.31 1.56 

30 49.55 7.59 6.29 0.90 5.34 2.33 

40 49.32 7.33 5.97 0.90 5.35 3.15 

50 49.12 7.06 5.68 0.90 5.36 3.88 

60 48.84 6.81 5.34 0.90 5.38 4.73 

LD Slag 

% IRON ORE LIME STONE DOLOMITE CALCINED LIME COKE BREEZE LD SLAG 

0 55.91 9.31 7.91 1.00 5.86 0.00 

10 55.65 8.97 7.63 1.00 5.89 0.86 

20 55.41 8.66 7.30 1.00 5.90 1.73 

30 55.05 8.43 7.00 1.00 5.93 2.59 

40 54.80 8.14 6.63 1.00 5.94 3.50 

50 54.58 7.84 6.31 1.00 5.96 4.31 

60 54.27 7.57 5.93 1.00 5.97 5.26 

 

Table 2 Pot Grate Sinter Test Conditions 

 

Parameter Magnitude 

Bed height, mm 600 

Hearth layer, mm 50 

Suction, mm of WC 1300 

Ignition Temperature, oC 1150 

Ignition time, sec 120 sec 

Moisture content, % 8 

 

2. Results and Discussions 

1. Tumbler index decreased and abrasion index increased with increase in addition of LD 

slag and vice versa with HMDS Slag addition on Tumbler Index. This is due to High CaO 

available in HMDS Slag which helped in improvement of Tumbler Index.  

2. Strength of sinter mainly depends on the phases present in the sinter and melts available 

for formation of sinter.  
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3. Usage of limestone in the sinter base mix provides free CaO after calcination for melt 

formation and calcium ferrites formation takes place. The availability of CaO phase for 

assimilation and for melt formation decreases with increase in addition of LD slag.  

4. Decrease in availability of free CaO for melt formation and assimilation leads to formation 

of less calcium ferrites and poor bonding. Proper assimilation of fluxes with hematite 

during sintering process gives good mechanical strength (Bhagat et al 1989).  

5. Calcium ferrite is the major mineral constituent of the sinter structure and it imparts 

strength to the sintered mass. High content of calcium ferrites favors the tumbler strength 

of the sinter (Shigaki et al 1982, Pimenta et al  

6. From the test results it was found that maximum 2.5 to 3.0 % (30 to 35kg/t of sinter) HMDS 

Slag can be used in the sinter making to achieve desired properties of the sinter as per the 

customer requirement.  

7. Plant scale trails were carried out and results were validated through Hypothesis testing 

(Two sample T Test). It is found on Tumbler Index & Phosphorous HMDS Slag which is 

significant factor compared with LD Slag and vice versa with Sulphur  

 

Results validation through Two Sample T Test (Hypothesis Testing) 
 

1) Two-sample T for LD Slag vs HMDS Slag on Tumbler Index 

                                                      N     Mean     StDev   SE Mean 
LD Slag TI (6.3mm), %               18   76.526    0.800    0.19              
HMDS Slag   TI(6.3mm), %        18   77.136    0.736    0.17 
Difference =  μ (TI (6.3mm), %) −  μ (TI (6.3mm) %) 
Estimate for difference:  − 0.610   
95% CI for difference                  ∶   (−1.131, −0.089) 
T − Test of difference = 0 (vs ≠): T − Value =  −2.38 𝐏 − 𝐕𝐚𝐥𝐮𝐞 =  𝟎. 𝟎𝟐𝟑   DF =  33 
 

 

2) Two-sample T for LD Slag P % vs HMDS Slag on P % 

                               N       Mean      StDev     SE Mean 
LD Slag P %         18     0.08318   0.00483   0.0011 
HMDS Slag P %   18     0.07531   0.00660   0.0016 
Difference =  μ (P %) −  μ (P %_1) 
Estimate for difference:  0.00787 
95% CI for difference: (0.00394, 0.01180) 
T − Test of difference =  0 (vs ≠): T − Value =  4.08   𝐏 − 𝐕𝐚𝐥𝐮𝐞 =  𝟎. 𝟎𝟎𝟎 DF =  31 
 

3. Conclusions 

 

1. The FeO content of the sinter decreased with increase in HMDS Slag addition due to 

decrease in sinter bed temperature. 
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2. The phosphorous content of the sinter increased with increase in addition of LD Slag 

because LD Slag consists of high phosphorous where p value is <0.05 

3. The Sulphur content of the sinter increased with increase in addition of HMDS Slag 

because HMDS Slag consists of high Sulphur but in Two Sample T Test it is found in 

LD Slag also it exists where p value is 0.502. 

4. Limestone percentage in the sinter mix decreased with increase in HMDS Slag addition 

because the high content of CaO in the HMDS Slag replaced part of limestone as fluxing 

material it is statistical proved through Hypothesis testing Two Sample T Test where P 

Value is <0.05 

5. Tumbler index decreased and abrasion index increased with increase in addition of LD 

slag. This is due to less availability of free CaO phase for assimilation and melt formation 

results in poor bonding. 

6. Usage of HMDS Slag up to Mid-level 30 to 35kg/t of sinter (<2.33 to <3.15%) in the 

sinter through micro pellet route gives better physical and metallurgical properties of the 

sinter as per customer requirement and also it will reduce the cost of production 

alternative for limestone. 

ACKNOWLEDGMENT 

Authors are thankful to JSW Steel Limited  management for all support, encouragement and 

permission to publish this article 

 

REFERENCES 

[1] Darshan C. Sekhar , Sitaram Nayak “ Utilization of granulated blast furnace slag and 

cement in the manufacture of compressed stabilized earth blocks” Construction and 

Building Materials Volume 166, 30 March 2018, Pages 531-536. 

[2] Abhilash Thakur 1 & Ravi Kumar “Effect of Partial Replacement of Sand by Iron Slag On 

Strength Characteristics of Concrete” International Journal of Engineering Researches and 

Management Studies [Thakur, 4(3), March, 2017 

[3] Pandey, H.D., Bhattacharya, S., Maheshwari, G. D., Prakash, O. And Mediratta, S. R. 

(1996) Research Needs in Environmental and Waste Management in Iron & Steel 

Industries, Proceedings: Ns-EWM1996 @NML Jamshedpur, pp. 1-21 

[4] Khan, R. and Shinde, S. B. (2013) Effect of unprocessed steel slag on the strength of 

concrete when used as fine aggregate, International Journal of Civil Engineering & 

Technology, vol. 4, no. 2, pp. 231–239, 2013. 

[5] Chaudhary, P. N. and Pal, J. (2002) An Overview of Treatment of Steel- Making Slag for 

Recovery of Lime and Phosphorus Values, http://eprints.nmlindia.org/4220/1/186- 190- 

PN_chaudhury.PDF - accessed on 22 June 2016 

[6] Sarkar, S. and Mazumder, D. (2015) Solid Waste Management in Steel Industry - 

Challenges and Opportunities, World Academy of Science, Engineering and Technology 

International Journal of Social, Behavioral, Educational, Economic, Business and 

Industrial Engineering Vol:9, No:3, 2015. 

http://www.ijcrt.org/
https://www.sciencedirect.com/science/article/pii/S095006181830148X#!
https://www.sciencedirect.com/science/article/pii/S095006181830148X#!
https://www.sciencedirect.com/science/journal/09500618
https://www.sciencedirect.com/science/journal/09500618
https://www.sciencedirect.com/science/journal/09500618/166/supp/C


www.ijcrt.org                                         © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1812429 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 76 

 

[7] Mr. Sharanappa Kalshetty, Prof Rudramuniyappa MV, Mr. Ratnakar Bonda, Mr. Sekhar 

VR “Improving the physical properties of sinter by usage of Hot metal desulphurization 

slag, International Journal of Engineering Research and Technology “IJERT Publication, 

June 2017.  

[8] Mr. Sharanappa Kalshetty, Prof Rudramuniyappa MV, Mr. Ratnakar Bonda, Mr. Sekhar 

VR “Optimization of Hot Metal Desulphurised slag and Basic oxygen furnace slag usage 

in sinter making at JSW Steels limited, International Journal of Engineering Research and 

Technology “IJERT Publication, September 2017.  

[9] Mr. Sharanappa Kalshetty, Prof Rudramuniyappa MV, Mr. Ratnakar Bonda, Mr. Sekhar 

VR “Utilization of Hot Metal De Sulphurized Slag in Sinter making at JSW Steel Limited 

International Journal of Advanced Research (IJAR) Volume No 5, Issue No 6, June 2017. 

[10] Mr. Sharanappa Kalshetty, Prof Rudramuniyappa MV, Mr. Ratnakar Bonda, Mr. Sekhar 

VR Utilization of Hot Metal Desulphurised Slag in Sinter Making at JSW Steel Limited 

publication date Nov 2017 publication description 55th National Metallurgists Day & 71st 

Annual Technical Meeting  (NMD-ATM 2017) Goa. 

[11] Mr. Sharanappa Kalshetty, Prof Rudramuniyappa MV, Mr. Ratnakar Bonda, Mr. 

Somasekhar P, Mr. V Prabhu, Mr. Sekhar VR, Mr. Ghorui PK, RSM Modeling for 

optimizing the physical properties of sinter by usage of HMDS Slag Case Study at JSW 

Steels limited, International Mineral Processing technology, Chennai, February 2-3, 2016. 

[12] Khan, R. and Shinde, S. B. (2013) Effect of unprocessed steel slag on the strength of 

concrete when used as fine aggregate, International Journal of Civil Engineering & 

Technology, vol. 4, no. 2, pp. 231–239, 2013. 

[13] K. M. Goodson, N. Donaghy and R. O. Russell: Steelmaking Conf. Proc., 481–485; 

1995, ISS. 

[14] C.-J. Liu, Y.-X. Zhu and M.-F. Jiang: Iron Steelmaking, 2003, 30, 36–42. 

[15] T. Emi: Proc. 6th. Int. Conf. on ‘Molten slags, fluxes and salts’, Stockholm, June 2000, 

paper 001. 

[16] R. Dippenaar, Iron making and Steelmaking, 2005 Vol 32, No 1, p 35. 

[17] T. W. Miller, J. Jimenez, A. Sharan and D. A. Goldstein: in ‘Making, shaping and 

treating of steel: Steelmaking and refining volume’, 11th edn, 514; 1998, AISE Steel 

Foundation. 

[18] B. J. Reeves and W.-K. Lu: Proc. 6th. Int. Conf. on ‘Molten slags, fluxes and salts’, 

Stockholm, June 2000, paper 201. 

[19] Francesco Memoli, Osvaldo Brioni, AISTech 2006 Proceedings - Volume II, p 1171 

[20] W. T. Lankford, N. L. Samways, R. F. Craven and H. E. McGannon (eds.): ‘Making, 

Shaping and Treating of Steel’, 10th edn, 333; 1985, Pittsburgh, PA, United States Steel. 

[21] Sharma KK, Swaroop S, Thakur DS. Recycling of HMDS Slag through sinter route on 

direct charging in blast furnace at Bhilai Steel Plant. In: Proceedings of national seminar 

on pollution control in steel industries; 1993. p.72–9 

[22] J. N. Murphy, T. R. Meadowcroft and P. V. Barr: Can. Metall. Q., 1997, 36, 315–331. 

[23] B. Das, S. Prakash, P.S.R. Reddy and V.N. Mishra: An Overview of utilization of slag 

and sludge from steel industries”, Elsevier, Vol 50, (2007), No 1, PP 40-57. 

http://www.ijcrt.org/


www.ijcrt.org                                         © 2018 IJCRT | Volume 6, Issue 2 April 2018 | ISSN: 2320-2882 

IJCRT1812429 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 77 

 

[24] Mukherjee, A.K., and Chakra arty, T.K., “Environment and Waste Management in Iron 

and Steel Industries,” 1999, National Metallurgical Laboratory, Jamshedpur, India, pp. 37–

49. 

[25] Manor Kumar choudhary and Bikash nandy: Tata search, 2006, pp 135-139. 

[26] R.P. Bhagat et al, “Heat transfer consideration for improvement in reducibility and RDI 

values of sinter” Iron making conference proceedings, 1989, Pp481-490. 

[27] I. Shigaki, M. Sawada, M. Meakawa, and K. Narita: Trans. Iron steel Inst. Jpn., 22 

(1982), pp 838. 

[28] N. Sakamoto, H. Fukuyo, Y. Iwata and T. Miyashita: Testu – to – Hagane, 70 (1984), 

pp 40 

[29] H.P. Pimenta and V. Sheshadri, Iron making and Steelmaking, 29 (2002) 

[30] Indian Mineral Year Book 2015 by Indian Bureau of Mines. 

[31] World Steel Association 1967-2017 (world steel.org) 

http://www.ijcrt.org/

