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Abstract: Treatment of Tannery effluent is challenging task as it is a biogenic matter of hides and a large variety of organic and 
inorganic chemicals. The objective of this present work is to study the application of aluminum anodizing mud as coagulant for 
the treatment of tannery wastewater. The anodizing mud was tested in two different forms: as powder and as mud suspension. A 
series of coagulation / flocculation tests were made, with subsequent optimization of important parameters such as pH, coagulant 
dose, stirring conditions (time and speed) and settling time. The effective coagulant capacity of the anodizing sludge was verified 
based on the pollutant i.e. total solids 59.8%, total dissolved solids 53.6%, total suspended solids 87.4%, grease and oil 100%, 
sulphate 32.9%, sulfide 100%, chromium 99.1%, C.O.D 70% and B.O.D 66.5% on composite sample was removed of the 
supernatant sample as a function of the coagulant dose and pH and found very effective method.  
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Introduction: 
Tannery wastewater treatment is a significant ecological and environmental issue, mostly in the developing countries delivering 
the majority of global leather production for the past two decades (Iqbal et al., 1998). Beam house operation, tan-yard processes, 
re-tanning, and finishing are the stages of the tanning process that finishes leather; the process generates different kind and 
amount of wastewater depending on end products (K. Cooman, et al., 2003; G. Lofrano et al., 2013). Chemical oxygen demand 
(COD), suspended solids (SS), Cr, sulphide, oil and grease, total kjeldahl nitrogen (TKN), and pH ranges reported in the related 
literature to characterize wastewater from tannery industry varied greatly across and within the countries. 
The use of aluminum in the clarification of water is common practice in wastewater treatment (Yu Zhou et al., 2008). When 
aluminum salts are dissolved in water, dissociation into the constituents occurs. These ions are submitted to hydration reactions. 
The products of the hydrolyze reactions of the aluminum salts are the effective coagulant agents (Pratheesh, 2014). 
 
 
Anodizing is a process for producing decorative and protective films on articles made from aluminum and its alloys. It is 
essentially a process where a thick film of aluminum oxide is built up on the surface of the aluminum through the use of a direct 
current electrical supply through an acid electrolyte bath in which the aluminum is immersed (Juan et al., 2014).  
Large quantities of waste (anodic mud) are generated in the manufacturing of refractory bodies, and the synthesis of useful 
minerals from the wastewaters arising from the etching, anodizing and brightening processes. In the industrial facilities there are 
normally two kinds of effluents clearly differentiated concentrated solutions, as well as washing waters. In most cases there are no 
treatments facilities in industries i,e recovery of caustic, sulphuric acid and the wastes are discharged directly in sewer or on land 
(Mihaela et al., 2014; Ankur Pyasi., 2014). This anodic sludge is a big problem for many countries because it is relatively difficult 
to manage due to its complex nature. 
 The anodizing mud, which has a variable composition but contains three main constituents: aluminum hydroxide, oxy-
hydroxides and basic sulphate, mainly of aluminum. Testing of mud mentioned in Table-1.  
At present time the common practice in the Aluminium industries is that, if concentration of aluminum increase in the anodizing 
bath i,e 20 to 25% and in etching bath 50 to 60% than the 70- 80 % of volume dispose of in direct sever and huge quantity of mud 
formed and blockage of sever line and the cost of open sever line is high. Now a day this situation represents a really great 
environmental problem which must be resolved on urgent basis.  
 The use of aluminum mineral salts in wastewater treatment is much spread. "Coagulation-flocculation process could be 
considered as one of the most typical physicochemical processes used in water and wastewater treatments due to its easy 
operation, relatively simple design and low energy consumption (Teh and Wu, 2014; Feng-shan  et al., 2015; Abd-el-Kader  et 
al., 2014; Indrani et al., 2014; Eduardo  et al., 2014; Varank et al., 2014; Om and Kumar, 2014; Chai Siah et al., 2014; 
Bartolomeu  et al., 1996). Research on aluminum as a coagulant is since long. In the current work we have studied anodizing 
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sludge from one facility in the treatment of tannery wastewater instead of the conventional inorganic coagulants. In the same 
work anodizing sludge was selected due to its chemical composition of aluminum and two forms of the coagulants were tested: 
powder and mud suspension. 

Coagulation is a well-known process associated with solid-liquid separation process. It is the removal of turbidity, color 
or micro-organisms that are present in the wastewater as colloidal suspensions (H. Effendi et al., 2015; N. Muralimohan et al., 
2014; Sunita et al., 2014; Priyanka et al., 2014; Swathi  et al., 2014; Edris et al., 2013; Brian and Charles, 1984). These 
suspensions are heterogeneous mixtures of particles with different size, shape and chemical composition. A colloid has been 
defined as a dispersion of distinguishable particles in the size range of 0.01-10 mm in a medium that may be regarded as a 
structure less continuum. Colloidal systems will usually scatter light, i.e. they exhibit turbidity, which is related to the sizes of the 
particles involved. Colloidal suspensions in aqueous media appear cloudy. The observed turbidity depends on both the particle 
size distribution and the mass concentration present. This type of particles tends to remain in suspension for a long period of time 
and due to its great stability colloids do not form aggregates (Er. Devendra et al., 2014; Edris et al., 2014; N.B.Prakash et al., 
2014; T. Sugumaran et al., 2014).  

The most important interactions affecting suspension stability are electrostatic repulsion and Van der Waals attraction. According 
to O’Melia (O’Melia C. 1972) four mechanisms of coagulation are recognized: compression of the diffuse layer, adsorption to 
produce charge neutralization, enmeshment in a precipitate and adsorption to permit inter particle bridging (B.Lekhlif et al., 
2014). The destabilization of colloids in water and wastewater is probably accomplished by adsorption of oppositely charged 
soluble and insoluble coagulant hydrolysis species on the colloid and subsequent destabilization, enmeshment of colloid within 
hydroxide or carbonate precipitates or both (Muhammad et al., 2014; Asha et al., 2011). 
 Apart from using aluminum salts as a coagulant, several natural coagulants, such as rice husk, rice starch (Swathi et al., 
2014; Teh et al., 2014a; Teh et al., 2014b), Cassia obtusifolia seed gum, Moringa Oleifera Seed (Aminu et al., 2014; Shak et al., 
2014; Subramonian et al., 2014), mustard seed extract (Bodlund et al., 2014), Plantago major L (Chaibakhsh et al., 2014) and 
others, were attempted in wastewater treatment. Several hydrolysis species can be formed depending on the pH, temperature and 
the concentration of mineral salts (Raul et al., 2014; B.Lekhlif et al., 2014; Rasha, 2014; Bhaskar et al., 2014). These hydroxy-
metal complexes adsorb on the particle surfaces and the charges they carry may cause charge reversals of the surfaces they adsorb 
on, contributing to the destabilization of the suspension. The hydrolysis reactions have a great tendency to release H+, lowering 
the pH. A different but important effect of the coagulation characteristics of aluminum is the formation in the alkaline range of a 
hydroxide precipitate that appears as a fine colloidal dispersion. These particles tend to aggregate, forming hydroxide floc and 
then enmesh the colloidal particles present in the wastewater will occur depends on the concentration of aluminum and pH, as 
observed by Gregory (Gregory, 1978). It can be seen i.e. acid range predominates the coagulation mechanism of adsorption and 
charge neutralize and in alkaline range it happens the mechanism of sweep floc with formation of a precipitate and drags the 
suspended particles.  
Experimental 
Apparatus 
A model 3510 pH meter Genway with glass electrodes was used for the pH 
DR-4000, HACH Spectrophotometer was used. 
Hot plate with stirrer (HS 10_2, Torry Pines Scientific, USA) was used for stirring. 
Chemicals and reagents 
All chemicals employed in this study were analytical grade. All solutions were prepared in distilled/de-ionized water made on 
each experimental day. Glassware used in this work was soaked with HNO3 (~10%) for 24 h, and rinsed with distilled/de-ionized 
water prior to drying. Hydrogen per oxide used, was of analytical grade as 30% by wt.  
Sampling 
For the present investigation, the fresh mud was prepared and collected anodizing and etching solution from one industrial facility 
located at SITE Industrial Area Karachi. 
Two different anodizing aluminum process baths were selected i.e. from etching and anodizing mixed in the ratio 1:1 which 
formed an anodizing mud. The etching wastewater is composed of caustic soda and aluminum whereas wastewater from 
anodizing consists of sulphuric acid and aluminum. 
Analysis of physico-chemical parameters 
All the pollutant parameters were analyzed following the procedure:  

The pH value, total solids, total dissolved solids, total suspended solids, oil and grease, sulphates, sulfide, chromium, 
Chemical oxygen demand (COD) and Biological oxygen demand (BOD) before and after treatment of tannery effluent were 
determined according to Standard Methods for the Examination of water and wastewater 20th edition 1998.  
 In dry and suspension mud 1% solution was prepared and proceed to determine pH value, total sulphate%, total 
aluminum%, sodium%, calcium%, tin%, total chromium in mg/kg, chromium( VI) in mg/kg. the APHA methods were used 
respectively measured in HAACH DR-4000 spectrophotometer (HACH 1992).  
Methodology 
Chemical coagulation 
 For the preparation of anodizing mud (Fig. 1) selected from two different facilities having the operations of etching and 
anodizing aluminum bath, were well mixed and homogenized. The anodizing sludge was characterized and the results obtained 
are presented in the Table 1. It was observed that aluminum is one of the major constituents of the compositions of in the sludge 
along with the total sulphates.   
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 When using the sludge as mud suspensions, water was added to the fresh mud in a way that the solids percentage was 
known. The total solids, in the mud suspension tested, was 19% of sludge. 
 In order to stabilize the anodizing sludge it was dried at room temperature for several days. The time needed for the 
stabilization process was dependent on particle / cake size, room temperature, air humidity and sludge moisture. Finally it was 
kept in an oven at 1100C for six hours till constant weight is achieved. Then the dried sludge was grinded and passed through a 
screen of 292 mm so that a homogeneous powder of constant characteristics in stabilized form was produced for the treatment of 
tannery wastewater experiments. 
Coagulation and precipitation studies were performed in a six-place conventional jar-test apparatus, equipped with 6 beakers of 
2000 ml volume. Before coagulation process (Fig. 2) tannery wastewater sample was thoroughly shaken to avoid possibility of 
settling solids. The experimental process consisted of the initial rapid mixing stage that took place for 10 min at 300 rpm, the 
following slow mixing stage for 45 min at 100 rpm and the final settling step for 2 h. After 2 hour settling period, samples were 
withdrawn from supernatant for analyses (Muhammad et al., 2014). 
 
Results and Discussion: 

 A series of tests were programmed, being controlled important parameters such as coagulant dose, mixing and 
flocculation conditions (stirring time and speed and settling time). The coagulation process was effective for the tested mud and 
the two different forms, powder and mud suspension. The formations of flocs that settle rapidly were visible. The tests performed 
have demonstrated the efficiency of the anodizing mud as a coagulant being the optimal dose. The laboratory tests were 
performed using samples of 2000 ml of tannery wastewater in each experiment. The representative samples of tannery wastewater 
used in this study were collected from Korangi Industrial Area, Karachi at the entrance of treatment plant which recovers the 
tannery wastewater corresponding to 130 tanneries. The knowledge of the constituents of the tannery wastewaters is important for 
the quantification of the pollutants removal after the treatment. For this work, three different samples of tannery wastewater were 
collected in different time and dates. Relevant parameters of the tannery wastewaters were determined and prepare one composite 
sample presented in the Table 2. All parameters were tested in duplicates. 
 Coagulation / flocculation process consists in three steps: coagulation of the suspended solids, growing of the micro flocs 
and elimination of the floc aggregates formed as shown in (Fig. 3).  
 The degree of clarification obtained when chemical aids are used in tannery wastewater treatment depends on the 
chemicals quantity and in the control and monitoring of the process (G. Shebang. 2014; 2015). The use of aluminum salts in the 
treatment of wastewater is a common practice and the quantity added usually ranges between 0.05 and 0.3g/l. 
In this work the coagulant dose varies between 0.5 and 5.0 g/l, stirring at 300 rpm and left over night, in order to detect the effect 
of the used dose in the coagulant performance (Djamel and Ahmed, 2015). The mud used greater than the recommended for 
aluminum salts, but this is due to the fact that the mud has aluminum in its composition but aluminum salts are not the only 
constituents in the mud.  
 In all performed tests the supernatant pH was greater than 7.8 for all the coagulant doses and for all the mud tested. Since 
the final pH is in alkaline range we have concluded that the predominant coagulation mechanism was the mechanism of sweep 
floc with formation of precipitate that involves and drags the suspended particles. During the wastewater treatment process 
hydroxide precipitates are formed. The suspended contaminants are removed by hetero coagulation or are enmeshed by the 
precipitates; destabilization mechanisms also mentioned by Brian Dempsey. The soluble contaminants are adsorbed on the 
precipitates.  
 The composite tannery wastewater tested has a COD, 4912 mg/l, BOD, 2690 mg/l and content in suspended solids 
ranged from 3312 mg/l. It is clear from the Tables 3 and 4 that the anodizing mud tested have effectively, through coagulation 
process contributed the removal of the wastewaters total solids, total dissolved solids, total suspended solids, grease and oil, 
sulphate, sulfide, chromium, C.O.D and B.O.D reaching the removal of pollutants to maximum values 59.9%, 53.8%, 87.1%, 
100%, 34.1%, 100%, 99.0%, 70.3% and 67.0% respectively. 
The optimum pH ranges for anodizing mud, for treating tannery wastewater were 7.81 to 8.22. 
For statistical validation it has been mentioned Fig. 4 and 5. 
This coagulation process was effective and it was visible the formation of flocs which settled rapidly. The size of the flocs formed 
depends on the agitation conditions and mud dose used. The coagulation process observed with the mud occurred in pH zone 
between 7.8 and 8.22, which according to the coagulation diagram for aluminum salts proposed by Lofrano (Lofrano et al 2006), 
is the pH zone, there is predominance of the mechanisms in a precipitate.  
 The precipitate mechanism will act in the following way: precipitation of the metal hydroxide and contaminants removal 
by enmeshment in this precipitate. Soluble contaminants are adsorbed on the hydroxide and particles are removed by hetero 
coagulation (Duan and Gregory, 2003).  Also according to Amirtharajah (Amirtharajah and Mills 1983) (the hydroxide is 
positively charged when the pH is less than 8.0, so, in the range of the tests the precipitate is positively charged and the 
enmeshment mechanism is enhanced by hetero coagulation between the precipitate and the negatively charged suspension.  The 
sweep flocculation mechanism gives improved particle removal comparatively with the mechanism of charge neutralization. 
Hydroxide precipitates have a rather open structure having a higher probability of capturing other particles. This can explain the 
high removal rates achieved in the flocculation experiments with the anodizing sludge. All experiments were carried out in 
duplicates.  
 The results for the suspension mud that the same conditions of stirring, settling time and supernatant reduction. This is 
the fact that when dealing with a powder, the dissolution process is very important to ensure that the aluminum present acts as 
coagulant, and to make the maximum use of the coagulation substances present. The presence of a considerable percentage of 
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aluminum in the chemical composition of the sludge solid fraction is the main factor that contributes to the sludge coagulation 
capacity.  
Conclusion  
 This research presented results of an experimental study of flocculation/coagulation process used in tannery wastewater 
treatment. Coagulation efficiency was determined by COD, BOD, Suspended Solids, Sulfide, Oil & Grease and Chromium 
measuring of the supernatants in the Jar test. It was found that anodizing mud were more efficient as coagulants.  
It is the least effective since 5.0 gm of the anodizing mud through the experimental work.  
Floc formation is observed and flocs are easily separated from the supernatant by settling, when the amount of anodizing mud 
increased 5.0 gm, the floc settling times increased. 
 Also, for two tested sludge, the coagulant in suspension form presents better results for contaminants reduction. 
The treated tannery wastewater was not suitable for discharge into receiving waters as the many residual pollutants greater than 
NEQS limits. Tannery wastewater efficiency was not achieved by anodizing mud. Therefore, further advanced or biological 
treatment is needed for tannery wastewater.  
 The work was carried out at lab scale and may be extended to large scale. The use of anodizing mud for treatment of 
tannery waste water will act as an effect coagulant on one hand and will prevent under discharge of the anodizing mud in sewer 
on the other hand.   
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Table – 1 
Analysis of anodizing mud Suspension 

(All analytical analysis was performed in duplicate) 
 

Parameter Results 

Moisture% 81 

Ph 7.4 

Sulphate, total (SO4) (%) 14 

Aluminum, total (Al) (%) 22 

Sodium, (Na) (%) 0.17 

Calcium, (Ca) (%) 0.062 

Tin, (Sn) (%) 5.0 

Chromium total (Cr) (mg/ kg) 4.5 

Chromium VI (Cr) (mg/ kg) 3.2 

 
Table – 2 

Analysis of tannery wastewater 
(All analytical analysis was performed in duplicate) 

 
 

Parameter 
Results in ppm except pH NEQS Limits Value 

(National Environmental Quality 
Standards) 

1st Sample 2nd Sample 3rd Sample  
Composite 

pH value 8.36 8.35 8.12 8.28 6 – 10 

Total solids 29878 12258 11654 17966 - 
Total dissolved solids 23306 10560 10123 14654 3,500 mg/L 
Total suspended solids 6275 1698 1531 3312 150 mg/L 

Grease and oil 24 20 15 21 10 mg/L 
Sulphate 6450 6302 5988 6376 600 mg/L 
Sulphide 200 175 140 165 1.0 mg/L 

Chromium 2052 1903 1862 1924 1.0 mg/L 
COD 5360 4720 4585 4912 150 mg/L 
BOD 3030 2860 2360 2690 80 mg/L 
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Table – 3 

Influence on removal of pollutants from the Tannery effluent’s composite sample with increasing dose of coagulant mud 
dry. 

(All analytical analysis was performed in duplicate) 
 

Paramet
ers 

Fresh 
Compos
ite 
Sample 

Results in ppm except pH  
Coagulation dose (Dry) 

 
0.5 
gm 

 

 
Remov

al 
% 

 
1.0 
gm 

 
Remov

al 
% 

 
2.0 
gm 

Remov
al 
% 

3.0 
gm 

Remov
al 
% 

4.0 
gm 

Remov
al 
% 

5.0 
gm 

Remov
al 
% 

 
pH value 

 

 
8.28 8.09  8.01  7.96  7.91  7.86  7.81  

 
Total 
solids 

 

 
17966 1485

6 17.3 141
43 21.2 1265

6 29.5 105
47 41.3 8371 53.4 7220 59.8 

 
Total 

dissolved 
solids 

 

 
 

14654 1237
6 15.5 119

16 18.7 1110
4 24.2 935

9 36.1 7635 47.9 6812 53.5 

 
Total 

suspende
d solids 

 

 
 

3312 2480 25.1 222
7 32.7 1552 53.1 118

8 65.6 736 77.7 408 87.7 

 
Grease 
and oil 

 

 
21 No  

Trac
es 

100 
No 
trace
s 

100 
No 
Trac
es 

100 
No  
trace
s 

100 
No  
Trac
es 

100 
No  
Trac
es 

100 

 
Sulphate 

 

 
6376 6091 4.4 582

6 8.6 5542 13.0 524
5 17.7 5069 20.5 4372 31.4 

Sulphide 

 
165 

 
No 
trace
s 
 

100 
No 
trace
s 

100 
No  
Trac
es 

100 
No 
trace
s 

100 
No 
trace
s 

100 
No 
trace
s 

100 

 
Chromiu

m 
 

 
1924 1456 24.3 243 87.4 122 93.7 61 96.8 42 97.8 14 99.2 

 
COD 

 

 
4912 4350 11.4 383

6 21.9 2945 40.0 187
4 61.8 1539 68.6 1489 69.7 

BOD 
 

2690 
 

2374 11.7 198
6 26.2 1678 37.6 969 64.0 939 65.1 911 66.1 
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Table – 4 

Influence on removal of pollutants from the Tannery effluent’s composite sample with increasing dose of coagulant mud 
suspension. 

(All analytical analysis was performed in duplicate) 
 

Paramet
ers 

Fresh 
Compos
ite 
Sample 

 
Results in ppm except pH 
  

Coagulation dose (Suspension) 
 

0.5 
gm 

 

Remov
al 
% 

1.0 
gm 

Remov
al 
% 

2.0 
gm 

Remov
al 
% 

3.0 
gm 

Remov
al 
% 

4.0 
gm 

Remov
al 
% 

5.0 
gm 

Remov
al 
% 

 
pH value 

 

 
8.28 8.19  8.07  8.0  7.93  7.87  7.82  

 
Total 
solids 

 

 
17966 1496

5 16.7 1413
3 21.3 1272

5 29.2 1072
4 40.3 836

0 53.4 719
5 59.9 

 
Total 

dissolved 
solids 

 

 
 

14654 1234
6 15.7 1190

6 18.7 1116
1 23.8 9539 34.9 761

7 48.0 676
9 53.8 

 
Total 

suspende
d solids 

 

 
 

3312 2619 20.9 2227 32.7 1564 52.7 1185 64.2 743 77.5 426 87.1 

 
Grease 
and oil 

 

21 
No 

trace
s 

100 
No 

trace
s 

100 
No 

trace
s 

100 
No 

trace
s 

100 
No 
trac
es 

100 
No 
trac
es 

100 

 
Sulphate 

 

 
6376 6112 4.1 5792 9.1 5388 15.5 5192 18.5 465

1 27.0 420
1 34.1 

Sulphide 
 

165 
No 

trace
s 

100 
No 

trace
s 

100 
No 

trace
s 

100 
No 

trace
s 

100 
No 
trac
es 

100 
No 
trac
es 

100 

 
Chromiu

m 
 

 
1924 1691 12.1 280 85.4 146 92.4 72 96.2 48 97.5 19 99.0 

 
COD 

 

 
4912 4509 8.2 4185 14.8 2947 40.0 2067 57.9 156

5 68.1 145
7 70.3 

 
BOD 

 

 
2690 2347 12.7 2080 22.6 1725 35.8 1091 59.4 934 65.3 887 67.0 
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Figure -1: Anodizing Mud (suspension) 
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Fig. 2 

Stirring Machine 

 
 

 

 

Fig. 3 

Coagulation Process 
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