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Abstract 

        This study concerned with the leaching Alum(LA) from surface water 
treatment solid waste using different concentration of sulfuric acid. Surface 
water treatment solid waste samples was collected from representative  
samples from a certain station as usual in all stations ,the factors affecting 
on productivity of leached Alum (Al2O3 ) such as the sulfuric acid 
concentration, pH, flow rate of H2SO4, and reaction time were studied , the 
obtained Alum  is used in drinking water treatment and sewage waste water 
treatment from one side and to get rid of water waste from the other side. 
The experimental results revealed that there are no significant variations in 
water quality between treatment with LA  from solid waste and commercial 
Alum (CA) running coagulant  and all comply with regulations, the removal 
percentage of sewage waste water pollutants TSS, COD and BOD reached 
100, 82, and 79% respectively using LA respectively, while the removal 
percentage of sewage waste water pollutants TSS, COD and BOD reached 
85,81 and 100% respectively using CA.    
Finally, the prepared Alum from solid waste should be used as low cost 
coagulant in water treatment for its quality in coagulation beside its uses in 
an  environment protection. 
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 1.  Introduction 
 

         Sludge is inevitable by-product of water and wastewater purification, 
the world is currently undergoing a rapid increase in sludge production 
from increasing the capacity of drinking water and waste water that is 
expected to increase during the next years and it would be necessary to find 
new uses for these residues. This search is concerned with sludge produced 
as a waste from conventional drinking water. The conventional uses of this 
type of sludges include mainly drainage in river (at distance 3 km 
downstream or 1 km upstream from intake of drinking plant [1] if this waste 
analysis agree with Egyptian law of industrial waste which is drained in 
River Nile or its branches.(the analysis of this waste is followed up by 
ministry of health by taking periodic sample) , or landfill  . Landfill has 
been a major option in disposal of sewage sludge for a long time, but it is 
not sustainable due to the increasing competition for landfill space, higher 
costs and more stringent environmental standards applied, especially in the 
European countries [2]. 

Coagulation Sludge contains a large amount of coagulant, so the sludge as 
resource recovered from drinking water and Chemically enhanced primary 
treatment (CEPT) for municipal wastewater treatment CEPT could be an 
effective way to reduce the disposal sludge volume as well as save the 
dosage cost[3]. Generally, four ways of coagulant recovery employed for 
water treatment in recent years are acidification, basification, ion 
exchanging, and membranes. The principle of coagulation involves adding 
coagulant which form aluminum hydroxide and within the flocs of the 
hydroxide, the destabilized colloids are enmeshed, and acidification 
involves neutralizing these flocs of hydroxide to release aluminum salt back 
in the solution including the release of some parts of the contaminants/ 
heavy metals/TOC, etc. Acidification is a high efficiency and low cost 
method for the recovery of coagulants among the four methods mentioned 
above. It is used firstly to recycle metal ions from water treatment sludge at 
a low pH value [4-9]. It mainly contains three steps [6, 7]. Dewatering, 
acidification and separation. Some researchers claim that the efficiency of 
acidification to extract Alum salt from sludge is high when pH is low [5].in 
this search drying of sludge in sun light is instead of dewatering. Some 
researchers focused on the recovery of coagulants from drinking water 
treatment and its reuse in drinking water treatment several years ago[9,10]. 
Using of commercial co agulant and poly inorganic coagulant especially 
poly in organic impregnated with activated silica derived from rice husk in 
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waste water treatment[11-12] or use Alum itself after leaching in sewage 
waste water [13-15]. However, as the quality requirement for drinking 
water is stringent, and harmful substances are increased during coagulant 
recycling, it is rare to use the recovery method for drinking water treatment 
nowadays, unless the quality of raw water is high, Nile River water in 
Upper Egypt has high quality (especially in area under study) which will be 
illustrated later in analysis, there for the objective of this study was to focus 
of the preparation of LA coagulant from solid waste of drinking water, as 
well as the characterizations in addition to their applications in drinking and 
sewage waste water treatment. To re-use the treated water in agricultural 
drip irrigation systems, where, the treatment depends on precipitation, 
coagulation and adsorption techniques by inorganic coagulants (IC). 

 
2.  Material and Methods 

 
      All chemicals used are of commercial grade except sodium hydroxide is 
an analytical grade product. Deionized water was used to make all 
solutions. The dried sludge after separation from drinking water treated 
with H2SO4 acid solution. Factors affecting in productivity of Alum(Al2O3 )   
are studied such as H2SO4 acid concentration;1M,2M,3M,other parameters 
are constant (flow rate 2ml/min., stirring velocity 500rpm , time of reaction 
is 1.5 hr and final pH=2 . Effect of reaction time: 0.5,1 and 1.5 hour. Other 
parameters are constant (flow rate 2ml/min., stirring velocity 500rpm, 3M 
H2SO4 soln.  and final pH=2), Effect of flow rate: 0.5,1 and 2 ml/min. other 
parameters are constant (time of reaction is 1.5 hr, stirring velocity 500rpm 
, 3M H2SO4 soln. and final pH=2), Effect of pH: other parameters was 
constant (time of reaction 1.5 hr and stirring velocity 500 rpm ).  then select 
the optimum conditions on bench scale water treatment(Jar Test) in surface 
water treatment :raw water (from Nile River area under investigation) , in 
waste water treatment: waste water  used in this experiment was collected 
from certain waste water purification plant , this plant treat waste water 
mainly with oxidation ponds system   

      The samples of prepared Alum from solid waste used for the removal 
of some pollutants such as turbidity in addition to representative samples 
obtained from a certain intake. It was also applied for the removal of BOD, 
COD and TSS from sewage waste water. Each sample was  mixed with 25-
75 ppm of prepared and commercial Alums and agitated for 1 minute rapid 
mixing (350 rpm), followed by slow mixing for fifteen minutes (15 rpm) 
and 20 minutes standing time. The concentrations of pollutants were 
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measured in ore samples and in the filtrate according to ASTM methods 
[13]. 

 
3.  Results and Discussion 

 
3.1 Factors affecting in productivity of Al2O3:  
3.1.1 Effect of H2SO4 conc. Solution: 
 
Fig (1): shows the effect of different concentration of  3 conc. of  H2SO4 
soln. used 1M,2M,3M, other parameters are constant (flow rate 2ml/min.,   
stirring velocity 500 rpm, time of reaction is 1.5 hr and final pH=2) as 
strength of acid increases the yield content of alum increases and reached to 
upper limits 
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Fig.1 Effect of H2SO4 conc. Solution on Al2O3 content 

 
3.1.2 Effect of reaction time 
Fig (2): shows the effect of three reaction times was experimented 0.5,1 and 
1.5 hour. other parameters are constant (flow rate 2ml/min., stirring velocity 
500rpm, 3M H2SO4 soln. and final pH=2) as time increases the content of 
Al2O3 increases 
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   Fig.2 Effect of reaction time on Al2O3 content. 
 
3.1.3 Effect of flow rate 
Fig (3): shows the effect of four different flow rates addition of  H2SO4  on 
sludge sample was experimented 1,2,3 and a ml /min as flow rates increases 
the content of Al2O3 decreases  
The previous figures showed that the optimum conditions which gives the 
best conc. of Al2O3(7.8 %) are conc., H2SO4 3M,flow rate 1 ml/l  and 
reaction time 2 hr, which named as LA , LA characterized and then used as 
coagulant in water and sewage waste water treatment.  
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  Fig.3 Effect of reaction time on Al2O3 conc. 
 
3.2 characterization of  LA and SA 
 Table (1) it showed that Al2O3 content was half of percentage of solid 
content and iron content is 1.79% which enhances of the coagulation 
activity    
 

 

Table( 1):  physical and chemical properties of LA and CA 

Parameters  (LA)  (CA) 
Specific gravity 1.4 ---- 
Al2O3 % 7.8 16.13 
Al conc. % 4.1 8.54 
Fe conc. % 1.79 0.0 1 
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3.3 Application  
  3.3.1 Surface water treatment  
The data listed in Table (2) are summarized the variations of 
physicochemical properties of water before and after treatment in area 
under study. It was found that, the surface water in this area has high 
quality especially, no detection (n.d) of organics compounds and low 
content heavy metals. In addition there is no industrial waste before these 
plants and no hazardous sludge produced from this plants. And comply with 
Egyptian regulations, and also shows turbidity after treatment with LA or 
CA within limits of Egyptian standards (optimum dose is 8 ppm).  
 

Table (2): Variations of some physicochemical parameters of water 
before and after treatment of area under study 

           Coagulant  
Parameters 

Before 
treatment 

After treatment 
Permissible 

limits LA CA 

TDS           mg/l 118 130 135 < 1000 

Turbidity  NTU 4 0.9 0.8 < 1 

pH 7.65 7.45 7.47 6.5-8.5 

Fe++          mg/l 0.054 n.d n.d < 0.3 

Endrine     mg/l n.d n.d n.d < 0.2 

Dialderine  mg/l n.d n.d n.d 0.03 

Aldrine      mg/l n.d n.d n.d 0.03 

DDT           mg/l n.d n.d n.d 0.001 
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3.3.2 Sewage waste water  
Table (3) showed the that no variation of optimum  dose needed from LA 
and SA and the maximum percentages  removal of COD, BOD and TSS in 
sewage waste water reached 82,79  and 100% respectively using LA, and 
the maximum percentages  removal of COD, BOD and TSS in sewage 
waste water reached 85,81and 100% respectively using CA where as 
removal of COD, BOD and TSS in sewage waste water reached 85%,81% 
and 100% respectively using CA 90,92,93% using poly inorganic coagulant 
based on silica [12] as well as all parameters after treatment were 
compatible with international and Egyptian standards. 

 
Table (3): Effect of LA and CA on sewage waste water 

  
coagulant 

Parameters Before 
treatment 

After treatment 
Permissible limits 

 LA CA 

TDS          mg/l 1550 1620 1655 < 2000 

TSS          mg/l 210 0 0 < 50 

pH 7.5 7.21 7.15 6.0-9.0 

COD        mg/l 361 60 55 < 80 

BOD       mg/l 217 45 38 < 50 

 
4.  Conclusion 

 
Acidification can effectively recover (leach) alum from sludge of water 

treatment. The optimum condition of reaction between dried sludge and H-
2SO4 which yield leached alum with good conc. of Al2O3 (7.8% which is 
very close to Egyptian standard for commercial alum LA and CA are used 
in removal some pollutants such as turbidity in drinking water; COD, BOD, 
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TSS in sewage waste water, no variation of removal percentages in the case 
of LA or CA, the values of pollutants after treatment are comply with 
Egyptian standards for drinking and sewage water regulations and no 
considerable variation of dissolved solids and pH after treatment and all 
within limits of regulations. Finally study showed be a better way to reuse 
sludge of water treatment as coagulant which leading to reduce landfill 
disposal, cost effectiveness. And hazardous emissions as well as saves 
precious natural resources, energy, time and money 
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