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ABSTRACT: 

Ferrous sulfate heptahydrate (copperas) was recovered by treating spent pickle 

liquor with tertiary butyl alcohol. Yields of crystallized ferrous sulfate heptahydrate 

were calculated for different concentrations of liquor at temperature of 25 & 35°C. It is 

concluded that for the most complete recovery of ferrous sulfate heptahydrate from 

waste rickle liquor by adding tertiary butyl alcohol, the HzS04 concentration should be 

as low as possible, the FeS04 concentration as high as possible, the alcohol to liquor 

volumetric ratio of 2:l and temperature of 25°C. For a liquor containing 135 g/l of 

FeS04 and LO g/l of &SO4, the yield was 94.2% using 2: 1 volumetric ratio at 25OC. 
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INTRODUCTION: 

Steel pickling waste liquors are considered a water pollutant. The recovery of 

steel pickling waste liquors['] is one of the main environmental aspects that the 

steelmaking industq must resolve. There are [21 several processes for the treatment of 

sulfuric liquors. Conunuous recovery of pickle liquors saves acid and reduces waste 

treatment expenses as well as providing a means of decreasing pickling times. 

Acid pickling [3-141 of steel is considered a preliminary chemical process carried 

out to remove iron oxidts from steel surfaces, prior to coating processes such as 

painting, electroplating, phosphating, enameling etc. Most steel products are pickled 

using acids such as sulfuric acid, hydrochloric acid, phosphoric acid and hydrofluoric 

acid. Sulfuric acid has traditionally been the pickling medium for descaling steel. Steel 

products are treated with a dilute sulfuric acid for a few minutes sufficient to dissolve 

the surface oxides. The effectiveness of sulfuric acid pickling liquor is reduced as 

ferrous sulfate is formed. Fresh sulfuric acid must be continuously added to restore the 

activity of the pickling solution. Over time, the activity of the pickling liquor becomes 

weak such that it needs to be btally replaced with fresh acid. Waste pickle liquor [15' 

contains about 134 g/l ferrous sulfate and 33 g/l sulfuric acid. 

Previous studied showed that ferrous sulfate was recovered by heating or cooling 

waste pickle liquors [lb211. Treatment of waste pickle liquous with acetone [22"61, ethyl 

alcoholp71, iso-propyl and 1 -propanol[2g1 were studied to crystallize ferrous 

sulfate heptahydrate. The object of the present work is to crystallize FeS04.7H20 by 

addition of tertiary butyl alcohol. 

EXPERIMENTAL: 

The liquors used throughout this work were prepared by dissolving the required 

amounts of sulfuric acid md ferrous sulfate hepatahydrate in distilled water. The 

concentrations studied wae 27,54,8 1, 108, 135 and l62gA ferrous sulfate in presence 

of 10, 20, 40, 60 and 80 g/l of sulfuric acid. To a certain volume of the liquor tertiary 

butyl alcohol was added slowly with stirring during addition. The time of additiod was 

about two minutes, the crystallized ferrous sulfate heptahydrate crystals were then 

filtered. The factors studied which inay affect the yield of crystallized ferrous sulfate 

heptahydrate during crystallization were the concentration of the liquors, tertiary butyl 

alcohol to liquor volumetric ratio and temperature. The variations in the volumetric ratio 



of tertiary butyl alcohol to liquor affect the yield of crystallized product ferrous sulfate 

heptahydrate. The volumetric ratios studied were 1 : 1,2: 1 and 3: 1. Crystallization was 

carried out at 25 and 35 OC at different concentrations and different volumetric ratios. 

After filtration, ferrous sulfate was analyzed to determine its yield and the water 

content of the crystals. Ferrous and sulfate ions were determined according to standard 

methodsp0'. It was found that water content is seven moles of H20 per mole of FeS04 

and thus the ferrous sulfate produced was heptahydrate in all experiments. The results 

of the experiments are shown in figures (1 -1 5) 

RESULTS AND DISCUSSION: 

Effect of suI$uric acid concentration:- 

The results shown in figures (1 - 14) indicate that the yield of crystallized ferrous 

sulfate heptahydrate is dependent on the acid concentration. It was found that increasing 

the acid concentration decreases the yield of FeS04. 7H20 at constant volumetric ratio, 

constant ferrous sulfate concentration and constant temperature. For a liquor of 135 g/l 

FeS04, using 2: 1 volumetric ratio and temperature of GOC, the percentages of recovery 

vary in the order 96.2,95.1 94.2,92.4 and 91% at acid concentrations of 10,20 40,60 

and 80 g/l respectively. It is known that waste pickle liquor is removed at about 40 g/l 

H2SO4, SO it is practically to crystallize ferrous sulfate at this acid concentration. 

It can be concluded that to obtain maximum recovery of ferrous sulfate 

heptahydrate, liquors of minimum acid concentration must be used. 

Effect of ferrous sulfate concentration:- 

The results shown in Figures (1 - 1 5 )  indicate that increasing the ferrous sulfate 

concentration increases the yield of crystallized FeSO4.7H20. Using 2:1 volumetric 

ratio, the percentages of recovery vary in the order 63.2,80.8,89.0,91.4,94.2 and 95% 

for liquors of 27, 54, 81, 108, 135 and 162 g/l FeS04 respectively at.25"C and acid 

concentration of 40 g/l for all liquors. 

It was found that, liquors with low ferrous sulfate concentrations give low yield 

of crystallized FeS04.7H20. The yield increases sharply, then slightly with increasing 

of ferrous sulfate concentration. The results show that the percentages of recovery are 

nearly independent on concentration for high ferrous sulfate concentrations. 



Effect of tertiary butyl alcohol to liquor volumetric ratio:- 

It is clear from figures (1 - 15) that, increasing the volumetric ratio increases the 

recovery of ferrous sulfate hepatahydrate. The increase of volumetric ratio in the order 

1 : 1, 2:l and 3: 1, the pxcentages of recovery increase in the order 66.9,94.2 and 96.5% 

for a liquor of 40 g/l HB04 and 135 gll FeS04 at 25OC. From these results, it is shown 

that, increasing volumetric ratio from 1 : 1 to 2: 1 increases the percentages of recovery 

remarkably, but from 2: 1 to 3: 1 the recovery is increased slightly. The increase of 

recovery with increasing volumetric ratio may be attributed to the decrease of solubility 

of ferrous sulfate hepathydrate ir the system (CI.13)3COH.H2S04. FeS04.H20. 

Effect of temperature:- 

It is clear from Figure (13) that increasing the temperature of crystallization 

decreases the yield of crystallized FeS04.7H20. The decrease at low ferrous sulfate 

concentrations is greater thzn that at high concentrations. For liquors of 108 gll FeS04 

and acid concentrations of 10, 20, 40, 60 and 80 gll, the percentages of recovery are 

95.7, 94,91.3, 89.7 and 88.9% at 25OC, but the percentages are 90.1, 89.2, 86.5, 83.6 

and 80.5% at 35OC usi3g volumetric ratio of 2:l. Because of the waste pickle liquor is 

removed at about 140 g/l ferrous sulfate, the suitable temperature for crystallization of 

FeS04. 7H20 is 25°C. 

CONCLUSION: 

From the previous discussion of results, the recommended conditions for 

crystallization of ferrous sulfate heptahydrate using tertiary butyl alcohol are:- 

1 - Ferrous sulfate concentration between 135 and 162 g/l. 

2- Sulfuric acid concentration between 20 and 40 g/l. 

3- Tertiary butyl alcohol to liquor volumetric ratio of 2: 1. 

4- Temperature of 25°C. 
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Ferrous  sulfa:^ conc. : 54 211 
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Fig. (9): Effect ol'concentration of 
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Fig. (1 1): Ef ic t  of concentration of 
sulfuric acid and tertiary butyl alcohol to 
liquor \.olumctric ratio on recovery of 
ferrous sulfate heptahydratc. 
Conditions: 
Ferrous sulfate conc. : 135 211 
I'empcrature :3 j ~ c  
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Fig. (10): Effect of concentration of 
sulfuric acid and tertiary butyl alcohol to 
liquor tpolumetric ratio on recovery of 
ferrous sulfate heptahvdrate. 
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Conditions: 
Ferrous sulfate conc. : 10s g/1 
Tenlperature :3j0C 
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Fig. (12): Effect of concentration of 
sulfuric acid and tertiary butyl alcohol to 
liquor \.olumetric ratio on recovery of 
ferrous sulfate heptahydrate. 
Conditions: 
Ferrous sulfate conc. : 162 g/l 
Temperature :3S0C 
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Fig. (13): Efect of concentration of 
sulfuric acid aad tenlpcrature on recovery 
of ferrous sulfdc heptahydrate. 
Conditions: 
Ferrous sulfate canc. : 108 g/l 
Tertiary butyl alcohol to liquor ratio: 2: 1 
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Fig. (14): Effect of concentration of 
sulfuric acid on recovery of ferrous sulfate 
heptahydrate at different ferrous sulfate 
concentrations. 
Conditions: 
Tertiary butyl alcohol to liquor ratio: 2: 1 
Temperature :2j°C 
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Fig. (15): EfSect of tertia!? butyl alcohol to liquor volumetric ratio and temperature on 
recovery of ferrous sulfare heptahydrate. 
Conditions: 
Ferrous sulfate conc. : 135 211 
Sulfuric acid conc. : 40 211 




