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Abstract  

 

Project Code : MRG5280158 

Project Title : Preparation of Lake by Electrocoagulation Method 

Investigator : Neeranuch Chairungsi  Chiang Mai Rajabhat University 

E-mail Address : neeranuchc@yahoo.com 

Project Period : 2009-2011 

 

Electrocoagulation method was applied to prepare aluminium lake from 7 

standard dyes namely tartrazine, allura red, sunset yellow FCF, erythrosine, neucocine, 

carmoisine and amaranth. The result showed that in ethanolic solution when 

concentration of starting standard dye solution was increase the dye content in lake was 

increased proportionally. The dye content in the lake range between 2-17%. In aqueous 

solution only erythrosine aluminium lake could be prepared, dye content decreasing 

when dye concentration increase. 

Three commercial grade of aluminium lake were studied compared with 

tartrazine, allura red and sunset yellow FCF aluminium lake. The result showed that 

their IR spectra, GC chromatogram were similar. When SEM technique was used for 

determine the surface area the result showed that ec aluminium lake have rough 

surface and contained more aluminium than the commercial product. 

Electrocoagulation was applid to prepare aluminium lake from natural sources 

and successfully prepared many shade of colors, development of products will be study.  

 

Keywords: lake, lake pigment, aluminium lake, electrocoagulation. 

 

 

 

 

 

 



6 

 

Preparation of Lake by Electrocoagulation Method 
 

 (electrocoagulation)  

      

 

  

 (stevioside, D-pinitol, asiaticoside)   (   

)  (        

  )   

 

  

  

 (lake  lake pigment)  

      

   

 

   

 

 

  

   

   

  

 

  

   

 

 

 

 

 



7 

 

 

1.1   (

,2551)        

 (Coagulation) 

  

(Counter ion)  

 

 (Van der waals force) 

  

  

   

 ( ) 

 

 (1)    

 (2)    

 (pH) 

  (Functional group)  

    

  

 

 :  

  pH   Al3+   Al(OH)2+  pH  

Al(OH)3  polymerize  Aln(OH)3n      

  

   Al(s)       Al3+
(aq)   +   3e-   (1) 

   Al3+
(aq) + 3H2O (aq)         Al(OH)3   

  + 3H+
(aq)  (2) 

   nAl(OH)3         Aln(OH)3n   
     (3) 

 

  (Al(OH)3) 

 (Adsorption) 

  (Phenol)  2.9  

   (Aluminium triphenolate; Al(OAr)3) 

(Weerachai phutdhawong, et al., 2000)  Al(OH)2+, Al2(OH)2
4+  
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 Al(OH)4-      pH  

  multimeric hydroxo Al3+ species 

 dimeric  polymeric Al3+ hydroxo complexes  

(Yousuf, Mollah, Schennach, Parga,  Cocke, 2001) 
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1.2   

         (1) 
 

  1,2-dihydroxy  1,2,3-trihydroxy phenolic  
  1,3-

dihydoxyl, 1,3,5-trihydroxyl and 1,4-dihydroxyl  25% 

  
      (2) 

 polyphenolic  (flavonoids)  (monosaccharides) 
 (disaccharides)  (starch)  polyols  

   fisetin, quercetin,  myricetin 
 

 naringenin  morin  
 

       
      

(3) 
 

 antioxidant  
       glycyrrhizic acid  
Glycyrrhiza radix.  D-Pinitol (1D-3-O-methyl-chiro-inositol)  Cassia siamea. 

 3     
  (4,5) 

     (6,7) 
      

-  (15-75%)  
 

  
 

 
  (8-9)  8   6  

    3  
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Tartrazine      Sunset yellow FCF 

    
Neucoccine        allurared 

        
     amaranth       carmoisine 

 

 1.3  monoazo dye  
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1.3   (  , 2552) 

    (pigment) 

    

    

        

   

   

 

(1)     (chlorophyll)  

  2   

   3:1 

  C55H72O5N4Mg   

C55H70O6N4Mg  

             2.2 

 

   
          (A)                     (B) 

 1.4  (A)   (B)   

 : http://commons.wikimedia.org/wiki/File:Chlorophyll_a.svg 
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(cell sap)  (fungi) (lichen)  

  200   
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  -  (curcuminoid)  

Zingiberaceae      (curcumin) 
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 (Tartrazine ) 

 (Erythrosine ) 

   (Sunset Yellow FCF)  

   4  (Neucoccine or Ponceau 4R) 

  (Allura red) 

 (Amaranth) 

   (Carmoisine or Azorubine) 

 

 -   

 

(1)   (Regulated DC Power supply), TES 6201  

 0-30V 3A, Tiwan 

(2)   (Hot air oven), LABEC, Australia 

(3)   (Vacuum pump), ABM, 4EKF63CX-4, Germany 

(4)   (Balance), Mettler, AG245, Swiserland  

(5)  -   (UV-VIS Spectrophotometer), 

Shimadzu, UV 1600, Japan 

(6)   (Centifuge), Heffic, Universal 32, Germany 

-  

 (1)   (Aluminium plate) 

(2)   (Filter paper Whatman No.5) 

(3)   (Magnetic bar and stirrer) 

      (4)   (Buchner Funnel) 

(5)   (Hot plate) 

 

     (1)   (NaCl), assay 99.9%, MW 58.44 , AJAX 

(2)   (Ethanol, C2H5OH), assay 99.9%, d 0.88 g/mL , MW 46.07, 

Merck, Germany 
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  3  

 1   

1.1    

 7    

monoazo dye 6    (Tartrazine )    (Sunset 

Yellow FCF)    4  (Neucoccine or Ponceau 4R)   

(Allura red)  (Amaranth)    (Carmoisine or 

Azorubine)   (Erythrosine ) 

 

 2 

 3 

 

 0.05 g +  250 mL 

NaCl 0.5 g (0.2% w/v) 

( ) 

 

 

(  4 x 16 cm.  3 cm.  

5cm.  0.3 A (0.6, 0.9  1.2 A )  2 ) 
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   ( )          ( )         ( ) 
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 1   

  (85%)  

  

( ) 

 

( )  

 

( ) 

 

( )  

Tartrazine 0.9-1.2 60 ** 0.3 60  

Erythrosine 0.6 

0.9-1.2 

75 

60 

 

 

0.3 120 * 

Sunset 
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0.6-0.9 

1.2 

45 
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** 
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  Sunset Yellow FCF, Ponceau 4R, Allura red, Carmoisine  

Amaranth  30   
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 ( ) 

  

 7  

   

 

1.2   

 

 

 0.05 g  200 mL (0.025% w/v)  400 mL 

 0.4 g (  0.2% w/v)  

  4 x 16 cm.   3 cm. 

 5 cm.  (  3 A)  2  

 (centrifuge) 15  

 UV-Vis spectrophotometer  200-800  

 ( max)  15  

 4 mL  centrifuge 

 max  

 

  0.025%  0.050, 

0.075, 0.100  0.125% (w/v)   

 6  (

  85%  

 

 0.3-3.0 A) 
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 12   0.025, 0.050, 0.075 
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13 .  0.025, 0.050, 0.075 

0.10% (w/v) 85%   

 

  

  (0.3 -

0.5 A   3 A )   

(  25-85 %   

 

  2   

 

 

 

(% w/v) 

 

( ) 

 

(%) 

 0.100 60 12.6 

 ( ) 0.025 30 5.1 

  0.100 30 11.5 

 0.100 120   7.3 

  0.025 120 2.6 

 0.025 120 4.4 

 0.025 15 10.3 

 0.10 105 16.5 

 

  

 ( )  

 ( )       0.025% w/v   

0.10 % w/v        
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  2-17 % 

   (2.64)   (16.55) 

 

  

 

 

  

  

  

 

 

  

 

  

  

 

1.3  

 

 

 0.05 g  200 mL (0.025% w/v)  400 mL 

 0.4 g (  0.2% w/v)  

  4 x 16 cm.   3 cm. 

 5 cm.  0.3 A  30  

    

 

  0.025%  0.050, 

0.075, 0.100 0.125 0.150 0.1875, 0.200  0.225% (w/v) 

  85%   6 

  

 

 

 30   0.3 A  

 40-60 % 
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1.4   

 25   40 mL  90-100 oC  

0.5   3  

 (  15  30 mL) 

     

        

   

 

 3  

 

 

 

  

 0.5001 7.1044 7.03 46.46 

 0.5001 6.5580 7.63 38.36 

  0.5005 7.6359 6.62 45.75 

 0.5000 4.3989 11.36 50.64 

  0.5005 7.5505 6.55 45.69 

 0.5000 9.1236 5.48 44.92 

 0.5000 9.4044 5.31 56.52 

 

 

 5-12  

 38-57  

 

 (

)  

 4 
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0.05 2 2.6 0.5 3 6.6 
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  3 

 

 3         

 3  

  

 

 

  4     (Propylene glycol) 

 (paraffin)   95%   

    

 

  

(dissolve)  (disperse) 

 

 

  
 

 17     

   (yellow #5)  

 ec ( ) 

 

IR spectrum  GC chromatogram 

 IR   GC 

  18 -21 

 

 



34 

 

 

 
 

 18  IR spectrum  

 

 

 

 

 

 

 

 



35 

 

 

 

 

 

 

 

 

(19a) 

 

 

 

 

 

 

(19b) 

 19  GC Chromatogram  FD&C Red#40 aluminium lake (19a)  
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(20a) 

(20b) 

 20  GC Chromatogram  FD&C Yellow #5 aluminium lake (20a) 
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21a 

21b 

 21  GC Chromatogram  FD&C Yellow #6 aluminium lake (21a) 

 sunset yellow lake pigment (21b)  
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6a     6b 

   
6c     6d 

   
6e     6f 

 22 SEM micrographs of  lake surface FD&C Red#40 aluminium lake (6a), allura red 

lake pigment (6b) FD&C Yellow #5 aluminium lake (6c) and tartrazine lake pigment (6d) 

FD&C Yellow #6 aluminium lake (6e) and sunset yellow lake pigment (6f) 

 



39 

 

  

 6   

 

 

EC 

 

 19.11 25.15 8.08 

  15.12 38.19 8.73 

   11.91 11.68 33 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Out put  

 PREPARATION OF 

ALUMINIUM LAKE FROM FOOD DYE BY ELECTROCOAGULATION METHOD  

    * Alissa Tapern and Neeranuch Chairungsi* 35th 

Congress on Science and Technology of Thailand 1 (Poster presentation) 



40 

 

 

(1) W. Phutdhawong, S. Chowwanapoonpohn, and D. Buddasukh, 

Electrocoagulation and subsequent Recovery of Phenolic Compounds,  J. 

Anal Sci., 2000, 16, 1083-1084. 

(2) S. Chowwanapoonpohn and D. Buddhasukh, Electrocoagulation of certain 

organic substances, J. ACGC Chem Com., 2002, 14, 70-75. 

(3) S.Chowwanapoonpohn, S.Chewchanwuttiwong, M.J. Garson and D. 

Buddhasukh, Electrocoagulation and recovery of tannins from tree barks, J. 

Appl.Electrochem., 2003, 33, 647-650. 

(4) W. Phutdhawong and D. Buddhasukh, Simple isolation and purification of D-

pinitol from Cassia siamea. by electrolytic decolorization, J. ACGC., 2000, 10, 

61-62. 

(5) W. Phutdhawong and D. Buddhasukh, Simple isolation and purification of 

glycyrrhizic acid Chiang Mai J. Sci, 1998, 25(2), 87-91. 

(6) N. Chairungsi, K. Jumpatong, W. Phutdhawong and D.Buddhasukh, Solvent 

Effets in Electrocoagulation of Selected Plant Pigments and Tannin, 

Molecules., 2006, 11: 309-317. 

(7) N. Chairungsi, K. Jumpatong, P. Suebsakwong, W. Sengpracha,W. 

Phutdhawong and D.Buddhasukh, Electrocoagulation of Quinone Pigments, 

Molecules., 2006, 11: 514-522. 

(8) N. Phutthawong, K. Jumpatong, N. Chairungsi, S. Wangkarn and D. 

Buddhasukh, Application of Electrocoagulation to the Isolation of Alkaloids, 

Chiang Mai J.Sci, 2006, 34(1) : 127-133 

(9)  , “ ” ,

 , 2549, 90  

(10)  , “ ”, 

 , 2550, 73  

(11) W. Phutdhawong and D. Buddhasukh, Application of Electrocoagulation 1st 

edition, Chotana Print Co.Ltd., Chiang Mai, 2007 

(12) Powell Water System, INC. Electrocoagulation Technology [Online]. Available 

at http://www.powellwater.com/ec-technology.htm. 

(13) Mollah M.Y.A., Schennach R., Parga J.R., Cocke D.L., Electrocoagulation 

(EC)-science and applications, J. Hazard.Mat., 2001, 84, 29-41. 



41 

(14)  , ,
 ,  

, 255 , 97  

(15)   , 

,  , 

 , 2551 , 137  

(16)   ,  

,  , 

 , 2551 , 115  

(17)  , , 

 ,  

, 2552 , 150  

(18)   , , 

 ,  

, 2553, 119  

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



43 

  2555  

 Journal of applied Electrochemistry 

(Impact factor  2010 1.494)  

http://www.springer.com/chemistry/electrochemistry/journal/10800 

 2   

1.  Preparation of Aluminium lake pigments from organic dyes by electrocoagulation 

method 

2.  Preparation of Aluminium lake pigments from natural material by electrocoagulation 

method  ( ) 

Preparation of Aluminium lake pigments from organic dyes by 

electrocoagulation method 

Chairungsi, N.1*, Pradabkham, P.2, Buddhasukh, D.3 

1Department of Science, Faculty of Science and Technology, Chiang Mai Rajabhat 

University, Chiang Mai, 50300, Thailand  

2Kled-Lin School, Nakhonratchasima, 30120, Thailand,  

3Maejo University, Chiang Mai, 50292, Thailand 

(* author for correspondence,fax: +66 53 885620,e-mail neeranuchc@yahoo.com 

Abstract:  In this research work lectrocoagulation was used for preparation of 

aluminium lake from 7 standard dyes, viz,. Tartarzine, Allura Red, Sunset Yellow FCF, 

Erythrosine, Neucoccin, Carmoisine and Amaranth. 

Keywords: lake, lake pigment, aluminium lake, electrocoagulation. 

1.  Introduction  

Pigments are water-insoluble dyes which are applied to a multitude of materials by 

various means. Lake pigments or lakes are a class of pigments used for the paint, 

lacquer, printing industries and can also be used as food drug and cosmetics colors. 

For this purpose the water-soluble dye is precipitated as water-insoluble color lake by 

the addition of metal salts e.g. Al, Ba, Ca, Sr, etc. Some lake pigments as shown in 

figure 1.  
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(a)       (b) 

 
(c) 

Figure 1 Structure of (a) FD&C Red#40 aluminium lake (allura red) (b) FD&C Yellow 

#5 aluminium lake (tartrazine) and (c) FD&C Yellow # 6 aluminium lake (sunset yellow) 

 

The azo dye are the largest class of organic dyestuffs it could be classified by the 

number of azo bridges contained in the molecule to monoazo, disazo triazo etc. 

Monoazo dyes are very numerous and when free of slubilizing groups are used for the 

coloring of oils, waxes, lacquers, gasoline and plastic.[1] 

In the previous work [4] our group has successfully to prepare 5 lake pigments by a 

simple method, electrocoagulation, which requires a lower temperature and much 

shorter preparation time than the conventional method. In this study 7 aluminium lake 

pigments were prepared from 7 organic dyes (almost are monoazo dyes) by 

electrocoagulation method in which concentration of standard dyes varying. In addition, 

three lake pigments were prepared and studied compared with three commercial 

aluminium lakes viz FD&C Red#40 an aluminium lake of allura red, FD&C Yellow#5 an 

aluminium lake of tartrazine and FD&C Yellow#6 an aluminium lake of sunset yellow. 

 

2. Material and Method 

2.1 Chemicals and apparatus 

All of the tested dyes used were of standard reagent grade, and were used as received. 

Standard dyes of tartrazine (acid yellow 23), sunset Yellow FCF, allura red, erythrosine 

neucocine, carmoisine (azorubine) and amaranth were purchased from Sigma-Aldrich. 

Sodium chloride (NaCl) AR grade was purchased from Labscan (Thailand). Absolute 
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ethanol (C2H5OH) was purchased from E.Merck (Darmstadt, Germany). Parafin (Lab 

grade) was purchased from Ajax Chemical Co.(Sydney, Australia). Ethanol 95% and 

propylene glycol were a commercial grade was purchased locaaly.  Aluminium 

potassium sulfate (KAl(SO4)3.16H2O 97% was purchased from BDH (England). Sodium 

carbonate anhydrous (Na2CO3), 99.7%, RPE grade was purchased from Carlo Erba. All 

of the standard lake pigments used were of commercial grade. FD&C Yellow No.5 

aluminium lake (4,5-dihydro-5-Oxo-1(4-sulfophenyl)-4-sulfophenyl-Azo]-1H-Pyrazole-3-

Carboxilic Acid) with 15.0% dye content, FD&C Yellow No.6 aluminium lake (6-hydroxy-

5-[(4-sulfophenyl)Azo]-2-naphthalenesulfonic Acid) with 40% dye content and FD&C 

Red No.40 aluminium lake (6-hydroxy-5-[(2-methoxy-5-methyl-4-sulfophenyl)Azo]-2-

naphthalene sulfonic Acid) with 40% dye content were purchase from Sunchemical. For 

electrocoagulation set up, aluminium plates were purchased locally. Direct current was 

sustained by a TES 6210 DC power supply (Taiwan). Absorbance was measured on a 

UV 1600, Shimadzu (Japan). 

2.2 Electrocoagulation of standard dyes 

200 mL of dye solution of tartrazine, sunset Yellow FCF, allura red, erythrosine 

neucocine, carmoisine and amaranth ( 0.025 - 0.25 %w/v) were prepared in distillation 

water and ethanolic solution (up to 85% v/v) then subject to electrocoagulation, a 

procedure is as follows. Two aluminium plates (dimension 14x5 cm) were used as 

electrodes. These were spaced 3 cm apart and dipped 5.5 cm deep into a magnetically-

stirred dye solution (200 mL) contained in a 400-mL beaker. Sodium chloride was 

added to the solution as supporting electrolyte at a concentration of 0.2% (w/v). Direct 

current (about 0.3-3.0 A) was passed through the solution via the two aluminium 

electrodes until the dye solution was colourless or very pale in colour (1-2 hours). The 

resulting precipitate was filtered and dried to afford the lake pigment. Percentage dye in 

lake were calculated by (weight of standard dye – weight of lake pigment obtained) x 

100. The result was shown in Table 1 and 2 for experiment in aqueous solution and 

ethanolic solution respectively. 

2.3  Aluminium lake preparation by standard method [5 ] 

 25 g  of aluminium potassium sulfate (KAl2(SO4)3) was dissolved in 40 mL deionized 

water at 90-100 °C, 0.5 g of standard dye* was added, the mixture was heated for 3 

hour and  treated with a solution of 15 g anhydrous Na2CO3 in 30 ml deionized water. 

After cooling, the aluminium lake was filtered off then washed by deionized water and 

dried at room temperature. Percentage dye content in lake was calculated and 
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compared with 3 aluminium lake which were prepared in section 2.2 the result as 

shown in table 3. * tartrazine, allura red and sunset yellow FCF  

2.4  Test of aluminium lake  

0.01 g of aluminium lake was added in 10 mL of deionized water, ethanol, propylene 

glycol and mineral oil respectively, solubility of lake pigment was observed. The infrared 

spectra were recorded as KBr discs on a Bruker FTIR Tenser27.  Gas chromatographs-

Mass spectra were obtained on a . Scanning Electron Microscope 

  

3.  Results and Discussion   

Aluminium lakes from 7 standard organic dyes could be prepared by 

electrocoagulation in ethanolic solution. As show in Table 1 and 2, in case of aqueous 

solution only erythrosine lake could be prepared when the concentration increases the 

percentage dye in lake decrease proportionally. In the other hand, when 

electrocoagulation proceduer was done in ethanolic solution, with increasing of standard 

dye concentration the dye content in lake increases. The dye content in the lake ranges 

between 2-17%. In aqueous solution, due to the high voltage was generate through the 

reaction chamber, almost of preparing lake were colorless.  
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Table 1. Results of preparation of azo lake pigments by electrocoagulation (in aqueous 

solution) 

Dye Used Dye concentration in 

electrolysed solution 

Time for complete 

coagulation (minutes) 

% Dye in lake 

0.025-0.100 120 -*  

Tartrazine 0.125 120 Precipitation not 

complete 

0.025-0.100 120 -*  

Allura Red 0.125 120 Precipitation not 

complete 

0.025-0.20 120 -*  

Sunset Yellow 

FCF 

0.25 120 Precipitation not 

complete 

0.025 30 5.1 

0.050 45 3.3 

0.075 45 2.1 

0.100 120 2.1 

 

 

Erythrosine 

0.125 120 Precipitation not 

complete 

0.025-0.100 120 -* Neucocine 

0.125 120 Precipitation not 

complete 

0.025 120 -* Carmoisine  

0.05 120 Precipitation not 

complete 

0.025-0.075 120 -*  

Amaranth 0.10 120 Precipitation not 

complete 

*colorless precipitate  
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Table2. Results of preparation of azo lake pigments by electrocoagulation (in aqueous 

ethanol solution) 

Dye Used Dye concentration in 

electrolysed solution 

Time for complete 

coagulation (minutes) 

% Dye in lake 

0.025 45 4.8 

0.050 45 5.6 

0.075 60 10.8 

0.100 60 12.6 

Tartrazine 

0.125 120 Precipitation not 

complete 

0.025 120 4.4  

Allura Red 0.050 120 Precipitate not 

complete 

0.025 120 2.6 Sunset 

Yellow 0.050 120 -* 

0.025 30 2.1 

0.050 30 4.8 

0.075 45 3.1 

0.100 45 11.5 

 

 

Erythrosine 

0.125 120 Precipitation not 

complete 

0.025 105 2.5 

0.050 120 4.3 

0.075 120 5.4 

0.100 120 7.3 

 

 

Neucocine 

0.125 120 Precipitation not 

complete 

0.025 15 10.3 Carmoisine 

0.050 120 Precipitation not 

complete 

0.025 60 4.8  

 0.050 60 5.8 
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0.075 75 9.8 

0.100 105 16.5 

0.125 120 13.9 

 

Amaranth 

0.150 120 Precipitation not 

complete 

* Colorless precipitate 

By using electrocoagulation method, aluminium lake of tartrazine could be 

prepared in a higher dye content than that obtained by a standard method [5]. However, 

the other two aluminium lake pigment although have a lower dye content but the ec 

method consume a lower amount of standard dye. 

Table 3. dye content in aluminium lake from electrocoagulation method and standard 

method. 

Electrocoagulation method  Standard method Dye used 

 

Weight  

of 

standard 

dye 

(g) 

Preparation 

Time 

(Hour) 

Dye 

content 

(%) 

Weight  

of 

standard 

dye 

(g) 

Preparation 

Time 

(Hour) 

Dye 

content 

(%) 

Tartrazine 0.20 1 12.6 0.50 3 7.0 

Sunset 

yellow 

FCF 

0.05 2 2.6 0.50 3 6.6 

Allura red 0.05 2 4.4 0.50 3 6.6 

 

 

 

 

 



50 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  IR spectra of commercial lake pigment and ec lake pigment 
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(3a) 

 

 

 

 

 

 

(3b) 

Figure 3 GC Chromatogram of FD&C Red#40 aluminium lake (3a) and allura red lake 

pigment (3b) 
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(4a) 

 

 

 

 

 

 

(4b) 

Figure 4 GC Chromatogram of FD&C Yellow #5 aluminium lake (4a) and tartrazine lake 

pigment (4b) 
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5b 

Figure 5 GC Chromatogram of FD&C Yellow #6 aluminium lake (5a) and sunset yellow 

lake pigment (5b) 
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   6a     6b 

   

   6c     6d 

   

   6e     6f 

Figure 6 SEM micrographs of  lake surface FD&C Red#40 aluminium lake (6a), allura 

red lake pigment (6b) FD&C Yellow #5 aluminium lake (6c) and tartrazine lake pigment 

(6d) FD&C Yellow #6 aluminium lake (6e) and sunset yellow lake pigment (6f) 
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4. Conclusion   

In this study we successfully prepared 7 aluminium lake pigments by 

electrocoagulation in ethanolic solution. The dye content ranges between 2-17% this 

number is higher than the standard method but far from the dye content in commercial 

lake pigment which has 15% and 40%.  There is a high percentage of aluminium in lake 

pigment obtained by this technique due to the aluminium hydroxide which generate 

during the procedure.  
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