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ABSTRACT 
Pickling is a very important process in steel industry and leads to generation of acidic effluent 
which forms sludge when neutralised. The sludge generated contains high concentration of 
metals like Fe, Ni, Ca and thus is hazardous, making it difficult to dispose. Recovery of  
industrially useful metals like nickel is essential from economic as well as environmental point 
of view. The sludge contains around 8.93 % nickel, which was recovered as sulphate salt, 8.89 g 
of NiSO4.6H2O recovered from 25 grams of sludge. Calcium sulphate (gypsum) was obtained as 
a by product (22.32 g) in the procedure. In this method, about 97% pure nickel sulphate               
hexa hydrate was obtained. The overall process was found to be techno-economically feasible. 
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INTRODUCTION 
Industrial development is the prime indicator of 
the economic development of any nation and 
steel industry plays a vital role in the economic 
as well as infrastructural development of any 
nation. However, rapid industrialisation causes 
release of large volumes of waste into the envir-
onment leading to health hazards.1 In steel Indus-
tries, large amount of sludge is generated during 
the neutralisation of pickling effluent which 
causes severe disposal problem. Disposal of this 
sludge according to the Hazardous Waste (Man-
agement & Handling) Rules, 1989 is very cum-
bersome. Transportation of the sludge and 
construction of lined disposal sites create severe 
problems. 
Usually, the sludge is disposed of at the sides of 
roads and railway tracks to fill low lying areas or 
is sent to a secure TSDF site in either case this 
practice has serious environmental and health 
implications.2-5 Also, the leachate from land fill 
also causes serious water pollution problems. 
The generation of sludge occurs when annealed 
steel is passed through acid bath containing 
H2SO4, HF, HNO3 and HCl (in various 
compositions depending upon the quality of the 
steel) for de-scaling of the superficial layer.     
The   spent   acid effluent is then neutralised with  

hydrated lime which leads to formation of a thick 
slurry. The slurry is then passed through a filter 
press to remove excess water and a brown 
coloured sludge is generated which is sent to 
dispose. The sludge is rich in metals like iron, 
nickel and calcium which could be re-used or re-
processed. Recovery of useful constituents from 
waste is the need of the hour5 and has been one 
of the focus areas of recent research activities.6-8 
Though several upcoming technologies are being 
used for this purpose, chemical precipitation still 
remains at the forefront of the recovery processes 
due to its low cost and high efficiency.9-11 
Recovery of metals from pickling sludge has 
been attempted to a very limited scale, and 
hence has a lot of scope to explore.  

AIMS AND OBJECTIVES 
In the present work, we propose a simple yet 
efficient method for recovery of valuable metal 
salts from hazardous pickling sludge. 

MATERIAL AND METHODS 
Pickling sludge 
Pickling sludge was obtained from a local steel 
manufacturing plant and had physical 
appearance as brownish red lumps (Fig. 1). 
Analysis of the sludge was carried out to 
estimate metal content and other physico-
chemical characteristics. *Author for correspondence 
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Fig. 1 : Pickling sludge 

Chemicals 
Sulphuric acid (98%) (Merck Ltd.), double 
distilled water and ammonium hydroxi 
Pre-treatment of sludge 
The sludge was dried at 103 °C in hot air oven 
(A-One, Durga Scientific Co. Ltd, India) to 
remove moisture and convert it into a free-
flowing powder, this enhances the reactivity of 
the sludge. 
Procedure for recovery of Ni 
200 ml dilute H2SO4 was prepared by 
dissolving accurately measured concentrated 
H2SO4 and was taken in a 500 ml glass beaker. 
To this acid solution 25 g of dried powdered 
sludge was slowly added with constant stirring 
using a magnetic stirrer (REMI, 2MLH). 
After 20 minutes the precipitate formed was 
filtered, washed with distilled water to remove 
adhering solution and was then dried at 1030C 
in a hot air oven (A-One, Durga Scientific Co. 
Ltd, India) and was analysed separately. The 
filtrate was collected and was subject to 
evaporation in a fume hood and the product 
obtained was collected and weighed. The 
nickel sulphate thus obtained was crude and 
purified further. 
Optimization of H2SO4 concentration 
To to get the maximum efficiency of nickel 
recovery, the concentration of H2SO4was taken 
as 2%, 4%, 6%, 8% and 10%. The volume was 
kept constant at 200 ml and mass of sludge 
taken was 25 g. The amount of nickel sulphate 
obtained was measured. 

Purification of crude nickel sulphate 
10 g of crude NiSO4 was dissolved in 50 ml 
water, to this solution 7.5 ml of 25% 
Ammonium hydroxide (NH4OH) solution is 
added slowly. The pH was maintained between 
7 - 7.5. The precipitate obtained is nickel 
hydroxide (Ni(OH)2), which is insoluble.12-14 
The precipitate is filtered and washed 
thoroughly washed with water to remove 
traced of impurities like ammonium sulphate. 
The Ni(OH)2 precipitate thus obtained was 
then suspended in 25 ml of 4% H2SO4 solution, 
filtered to remove insoluble impurities. The 
filtrate was then subject to evaporation and 
crystals thus obtained were weighed. 

RESULTS AND DISCUSSION 
Analysis of pickling sludge 
Thorough analysis of pickling sludge indicated 
that the sludge has high percentage of calcium 
along with considerable amount of nickel 
(Table 1). Also the sludge was found to be 
sparingly soluble in water. 
Optimization of H2SO4 concentration 
The results obtained from the optimization 
experiments are depicted in Fig. 2. From the 
above results it is fairly clear that increasing 
the concentration of H2SO4 beyond 4 % has no 
significant effect on the formation of NiSO4 
and hence the scale up was conducted with 4% 
of H2SO4. 
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Table 1 : Chemical composition of Pickling Sludge 

Parameter Values 
Solubility in water Sparingly soluble 
pH (10% solution) 7.40 
Moisture (%) 15.55 
Calcium (%) 26.65 
Nickel (%) 8.93 
Iron (%) 11.3 
Copper (%) 1.2 
Zinc (%) Absent 

 

 
Fig. 2 : Effect of H2SO4 concentration on recovery of Ni(II) 

 
Purification of NiSO4 
Purification of 10 grams of crude NiSO4 
yielded 8.5 g of pure crystalline NiSO4.6H2O 
which was further analysed for purity which 
was found to be around 97%. 
Analysis of precipitate 
The precipitate obtained during the reaction 
between picking sludge was analysed and it 
was found to be sulphate salt of calcium which  

is sparingly soluble in water.15-18 From the 
above results it is fairly clear that the optimum 
concentration for recovery of both Ni(II) and 
Ca(II)is 4% and increasing the concentration 
of H2SO4 has a very less effect on the 
production of NiSO4.6H2O and hence the scale 
up was conducted with 4% of H2SO4. Fig. 3  
depicts the recovered purified crystalline 
nickel sulphate. 

 
Fig. 3 : Recovered NiSO4.6H2O 
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CONCLUSION 
From the above experiments, it is quite evident 
that recovery of nickel as NiSO4.6H2O in 
highly purified form is possible from pickling 
sludge a hazardous waste, by chemical 
methods. Increasing the concentration of 
H2SO4 from 4% to 10% did not have any 
significant effect on the recovery of nickel. 
Purification of crude NiSO4 using ammonium 
hydroxide solution yielded a crystalline 
NiSO4.6H2O which was found to be around 
97%. The above method is viable for the 
recovery of nickel in well as calcium as their 
respective sulphates from pickling sludge. 
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