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Defluoridation Practices in Ethiopia 



New Filter Material for Fluoride Removal 

Aluminium Hydroxide: AO 
 
- produced from locally available materials 
   (Aluminium Sulfate and Sodium Hydroxide) 
 
-    Could be easy to produce AO in large scale 
 
- Laboratory tests have already shown that it has a high uptake 

capacity  (23.7 mg F-/g)(Shimelis et al., 2006) 
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Laboratory Scale Product Development  

Sun dried 

Furnace 300 oC, 1 hr 

AO 

Dissolution of Alum Filter cake 
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Material Characterisation 

XRD : amorphous 
SEM: nano particles (200-300 nm) 
 

Possible formulation:   Al4(SO4)(OH)10
.5H2O / Al(OH)3  

   mixtures 

  Al SO4 Na SA 
m2/g 

PZC Density 
(g/cm3) 

mmol/g 10.7 1.6 1.35 
 37.7 9.6 2.39 

mmol/g Na2SO4 0.68 

mmol/g Al-SO4 0.94 
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Fluoride-binding sites as a function of OH:Al synthesis ratio 
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Synthesis OH:Al ratios 

Surface sites

Acidity

F uptake

Fluoride uptake test: 1.6 g/L AO in a solution with 20 mg F-/L, shaken for 1 h at 25°C 
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Hypothesized Reactions with Fluoride 

• Sulfate Release: 

 Al4 (SO4)(OH)10 + 2 F-   Al4(F)2(OH)10 + SO4
2-    

 

   Solid acidity = 1.8 meq/g 

• Surface Reactions: 
S  AlOH2

+    S  AlOH + H+ 

S  AlOH    S  AlO- + H+ 

S  AlOH + F-   S  AlF + OH-  
           
    Surface site concentration = 0.5 meq/g 
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Mini-Column Laboratory Study 

Schematic design of the column unit for laboratory scale experiments 
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Release of Potential Contaminates from AO 

 
 Al (> 0.2 mg/L) 
 pH (4.7 - 8.5) 
  Fluoride uptake capacity (9.2 mg F/g) 

KEY 
pH,    
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Release of Potential Contaminates from AO 

 
 Al (< 0.2 mg/L until Fluoride breakthrough, 1.5 mg/L) 
 SO4 ( < 500 mg/L after 8 eBV) 
 pH (7.5 - 8.5) 
  Fluoride uptake capacity (7.7 mg F/g) 

KEY 
pH,    
Al,     
SO4,  

F,       
Ca,    
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Field Testing 

Mass production of AO 

Aluminium Sulfate, 10.2 Birr/Kg Caustic Soda, 20 Birr/Kg 
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Mixing, Filtration, Washing and Drying 
 

Mixing Filtration and washing 

Filter cake 
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Calcination at 300 oC and Sieving 

Home made oven 

The required product with 
defined particle size  range 
(1-2 mm) 
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Calcite, CaCO3 
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Community Defluoridation Plant  
 
Community Defluoridation Plant Based on AO at Tsuchigragona by 
MoWE/AAU/EAWAG (MOU Signed between the three institutions) 

Wind mill 

Storage tank (Raw water) 

Tank A 
Tank B 

Storage tank (Treated water) 

Windmill water point 

About 3000 Direct 
Beneficiaries 

The Fluoride Level is 
reduced from 9.0 to 
< 0.1 mg/L 

No complaint from 
the community  
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Field Implementation Results 
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Fluoride uptake capacity (mg/g): Field Test 2011 = 1.67 
                                                             Field Test 2012 = 2.54 
     Lab  =  7.73 
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Field: 
[F]=9-10 mg/L 
[HCO3]= 8 mM 
 
Laboratory: 
[F]=20 mg/L 
[HCO3]= 10 mM 
 
 



Differences Between Lab and Field 

1. Differences in synthesis for laboratory and field  

2. Lack of uniformity of particle size for field adsorbent 

3. Non-ideal filter dimensions of community filter 

4. Washing the adsorbent (AO) with raw water (10 % F- 
adsorption, 10 % neutralisation with HCO3

-)  

5. Influence of competing ions? 
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Influence of Other Anions 
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Comparison with Conventionally Used Adsorbent 

Sample Surface area , 
m2/g 

F- Uptake capacity, 
mg/g, fresh material 

Activated alumina (AA) (CompaloxR AN/V-812), 

Germany 
250 2.00 

Aluminium hydroxide (AO), Ethiopia 37.7 10.6 
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Repeated Regeneration 
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Conclusion 
Pros 

• Local availability of materials  

• High capacity 

• Management convenience/ Simplicity for operation 

• No electricity required during operation 

• Acceptability by communities 

• Water quality of treated water 

Open issues 

• Costs 

• Life span in field 

• Waste management  

 
22 



Acknowledgements 
• Dr. Feleke Zewge 

• Dr. Annett e Johnson 

• Prof. B. S. Chandravanshi  

• Mr. Lars Osterwalder  

• Mr. Hermann Moench 

• Mr. Michael Simmler 

• Mr. Marcel Mathis 

• Ambo University, Ethiopia  

• Addis Ababa University, Ethiopia 

• Swiss Federal Institute of Aquatic Science and Technology (EAWAG), Switzerland 

• Ministry of water and Energy (MoWE) 

23 



 

 

I Thank You! 

24 



 

25 



Potential of AO for Uptake of Other Contaminant Ions 
 (U, As, and Se) 
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Fluoride Breakthrough Curves 
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Re-use of Waste AO Powder 
1. Granulation 

 

 

 

 

 

 

 

 

 
2. Blending AO with Nalgonda  30 



Design Change 
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