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1. Title of Thesis & Abstract 

 

 Title:  

INDUSTRIAL EFFLUENT TREATMENT BY MULTISOLUTE ADSORPTION 

USING LOW COST ADSORBENTS 

 

 Abstract: 

 The conventional process for Industrial waste water treatment used by most of the 

industrial units includes primary treatment, followed by secondary and tertiary 

treatments. During primary treatment, viz. Neutralization of the wastewater, the salt 

concentration increases substantially and salts in high concentration inhibit biological 

activity in the subsequent stages and may cause an increase in non settleable suspended 

solids in the treated wastewater. Thereby here an alternative flow sheet is proposed, 

wherein adsorption with adsorbents could be employed prior to the conventional primary 

treatment for increasing efficiency of the biological treatment. Experiments have been 

performed with adsorbents – Activated Carbon & Lignite on Acidic and Neutralized 

streams of effluent samples from two Industrial Units , namely Reliable Dye Chem ( 

effluent from Vinyl Sulphone unit/plant ) and Mayur Dyes ( effluent from H-Acid 

unit/plant ). The results obtained are highly motivating as the Chemical Oxygen Demand 

(COD) reduction is found to be much better in this modified route for the both 

adsorbents. Further, the exhaustive experimental data obtained and the tabulated results 

are extremely optimistic and suggest that the proposed flowsheet gives better results in 

less time. Therefore, it can be concluded that changing the conventional flowsheet to the 

proposed modified flowsheet for CETP will lead to increased capacity of the existing 

waste water treatment facility. Further, Lignite also gives comparable adsorption capacity 

in comparison to activated carbon. Lignite being much cheap adsorbent in comparison to 

Activated Carbon, it is expected to be a  highly cost-effective proposal. Thus, Lignite can 

replace Activated Carbon, and conventional CETP flowsheet can be modified to have 

increased output and double cost benefits. 
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2. Brief Description of the Research Topic 
 

The Industrial waste water is a complex mixture of many compounds, depending on the type of 

industry and the process followed. The treatment of such waste water is a fundamental need and 

at the same time is a hard to make choice. The difficulty lies not in the treatment method , but in 

the selection of the most appropriate method. There are various methods available and as the 

technology advances, many new methods are being discovered and many new claims made, but 

the basic issue still remains, i.e. to select the most appropriate method. The most common 

treatment method used in majority of the Common Effluent Treatment Plants (CETPs) consists 

of 3 steps, viz: Primary Treatment, Secondary Treatment and Tertiary Treatment. 

 

Generally the Industrial waste water are of widely varying pH. For simplification and for ease of 

further treatment stages, it has been traditionally subjected to a process called Neutralization, 

which constitute the Primary step. The Secondary stage includes various Physical/Chemical/ 

Biological treatments like Activated sludge treatment, flocculation, filtration, chemical dosing 

etc. The final or Tertiary stage includes the adsorption step where different adsorbents are used 

to adsorb various components from the waste water which reduces its Colour, Chemical Oxygen 

Demand (COD), Biological Oxygen Demand (BOD) and some other parameters. This is the 

general route followed by most of the CETPs across the globe since a long time.  

 

Now there are some points in the above process which needs to be discussed upon. Firstly, The 

Neutralization step that we carry out preliminarily brings the pH of the wastewater to neutral 

range, but in the process it produces salts, which leads to increased salt concentration in the 

water in the form of settleable as well as non settleable solids. Now they play a detrimental role 

in the subsequent steps which is noteworthy. These salts inhibit the Biological activity of the 

Activated sludge in the Second stage as a result of which the efficiency of the Activated sludge is 

greatly reduced. Further in the tertiary treatment by adsorption, these salts deposit on the 

adsorption sites of the adsorbents and reduce the adsorption capacity of the adsorbents, thereby 

further decreasing the performance of the treatment process.  Thus the impact of the salt 

produced in the first step creates a detrimental impact on the consequent steps, which is of course 

an inevitable byproduct. An appropriate reason for carrying out the Neutralization step in the 

beginning is to mask the deteriorating effect of the highly acidic waste water on the biological 

step. Considering the above facts an alternative flowsheet has been proposed wherein Adsorption 
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is carried out in first place , followed by Neutralization and then Physical/ Chemical/Biological 

treatment. This sequence maintains the basic requirement of neutral pH for the Biological 

treatment step.   

 

Wastewater 
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Biological 

Treatment 
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Treated 

Wastewater 

 

Conventional Flowsheet 
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Fig 1: Conventional flowsheet and Modified flowsheet for Effluent treatment plant 

 

The industrial waste water being highly complex and varying widely in the absorbability of the 

compounds present, the detailed analysis of such wastewater streams and study of their 

adsorption on different adsorbents is very complex. It was therefore decided to consider COD 

as the measured parameter, which reflects the practical aspects of overall wastewater 

treatment on the industrial scale. Thus such a study should be of very high relevance to the 

industry in selecting cost effective wastewater treatment technique for complying with the 

statutory regulations. The common trend that we generally find is of preparing a synthetic 

mixture of known solutes and then carrying out adsorption on conventional or newly 

synthesised adsorbents. This restricts the application of these results to industries as the 

Industrial effluent is highly complex and is multisolute. The multiple solutes present in the 

effluent leads to various synergistic effects which make the results obtained from synthetic 

single solute samples highly erratic when applied.  



6 
 

Adsorption being the most commonly used Industrial waste water treatment requires a very good 

adsorbent for its fulfillment. Activated Carbon (AC) has served this purpose since long, which is 

very costly as compared to other adsorbents. Of late the researchers have found that other 

substances and in particular colonial cousins of Activated Carbon like Lignite (LG) also have 

good adsorption properties and are at the same time much cheaper than AC. Lignite has been 

considered a cheap alternative to costly conventional adsorbent- Activated Carbon ( AC)  and its 

performance has been investigated  in detail for two industries under consideration, i.e. Reliable 

Dye Chem ( effluent from Vinyl Sulphone unit/plant ) and Mayur Dyes ( effluent from H-Acid 

unit/plant ).The manufacturing processes for the above two industries, are given on next page 

with relevant flowsheets for manufacturing process and effluent generated for various places in 

both plants. 

3. Definition of the problem 
 

There is a considerable amount of Literature available for Adsorption treatment of Industrial 

wastewater. Different types of adsorbents are synthesized, low cost adsorbents are used, effect of 

contact time and quantity of adsorbent are studied and so on, but there underlies a very basic 

limitation in all these: whereas the Industrial wastewater is a complex mixture of many different 

compounds, the experiments conducted have used synthetic waste water sample, with single 

solute as the adsorbate material. So in actual sense the data gives us the relation between the 

single solute and the adsorbent, which is entirely different than the Industrial waste water. The 

Industrial wastewater contains many different solutes which contribute to the COD, also another 

important factor that we need to consider is the effect of one solute on the other, which is known 

as the ‘Synergistic Effect’. This gap is the reason why the data obtained in such synthetic sample 

containing experiments give highly erratic results when applied to the real Industrial waste water. 

In this work, the samples used are actual wastewater samples from Industries, hence the term 

used in the title of thesis is ‘Industrial Effluent  treatment  by Multisolute adsorption’. 

Activated Carbon used in the adsorption process is very costly as compared to other common 

adsorbents. A need to find alternative low cost adsorbents  is thus imperative to bring down the 

cost of the treatment process, which can be achieved by striking a balance between the cost of 

the adsorbent and its adsorption properties. In this research work we have explored Lignite as a 

‘Low cost adsorbent’ and compared it with Activated Carbon. 
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Flowsheet for manufacture of H-Acid: 

 

Reaction starts with Naphthalene as the raw material and by using Sulphonation, Nitration and 

Neutralization, the solid mass produced is reduced by using Fe and HCl to give Koch Acid. It is 

followed by Alkali fusion and sulphonation to produce H-Acid. 

Flowsheet for manufacture of Vinyl Suphone base dye: 

 

Starting with raw material Acetic Anhydride and p-crisidine, by performing Acetylation, Sulphonation, 

Reduction and finally Ethoxylation and Esterification will produce Vinyl Sulphone which is then 

pulverized and packed. 
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4. Objective and scope of the work 

 

Conventional flowsheet for treatment of Industrial effluent can be modified by shifting Unit 

operation-Adsorption in the beginning so that higher rates of COD reduction/ BOD reduction can 

be achieved in Industrial practice. Further conventional adsorbent- AC which is very costly can 

be replaced by cheaper adsorbent like LG and relevant data can be obtained using conventional 

flowsheet as well as modified flowsheet shown in Fig1. Hence this Industrial effluent treatment 

by Multisolute adsorption using Low cost adsorbents is undertaken to achieve following 

objectives. 

Objective: 

 To find the effect of adsorption on Acidic stream and neutralized stream using 

Activated Carbon and compare the results. 

 To find the effect of adsorption on Acidic stream and neutralized stream using 

Lignite and compare the results. 

 To find a suitable Mathematical Model, which can predict the Adsorption 

characteristics of Activated Carbon. 

 To find a suitable Mathematical Model, which can predict the Adsorption 

characteristics of Lignite. 

 To compare the adsorption performance of Activated Carbon and Lignite for 

Acidic stream. 

 To compare the adsorption performance of Activated Carbon and Lignite for 

Neutralized stream. 

Scope: 

 Wastewaters from 2 different Industries are collected, one is Vinyl Sulphone base 

and another is H Acid based. 

 The performance of Adsorbents can be measured in various terms viz. Colour, 

Odour, Chemical Oxygen Demand ( COD) , Biological Oxygen Demand (BOD) 

etc, but here we have considered COD reduction as the performance measurement 

parameter, as it gives a very reliable picture of the adsorption characteristics. 

 The Industrial wastewater is a complex mixture of many different solutes, and 

their overall reduction is investigated here. 
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  Here two adsorbents namely Activated Carbon ( conventional adsorbent ) and 

lignite (low cost adsorbent) have been selected owing to its easy availability and 

comparable performance with AC. 

 Mathematical modeling also has to be performed for estimating rates of COD 

reduction and  to evaluate the performance of adsorbent. 

5. Original contribution by Thesis 
 

The experiments performed have shown some astonishing outcomes. The Adsorbents have given 

better adsorption in raw Acidic stream than the neutralized stream. This points towards a dual 

advantage in proposing the alternative flow sheet, where adsorption is carried out prior to 

neutralization, the first being that the expected neutral pH being attained, it will not hamper the 

Biological Activity of the sludge and secondly, the improved  performance of adsorbent in 

Acidic stream than the Neutralized stream.  

Based on these we can conclude that the implementation of the proposed flowsheet will not only 

lead to improved adsorption in the first stage but will also enhance the Biological treatment in 

the final stage. A comparison is also drawn between both the adsorbents, viz. Activated Carbon 

and Lignite. Experiments have been performed with Industrial wastewater from two different 

industries. Two set of samples have been prepared, one the raw acidic effluent and second the 

neutralized effluent. When we compare all the results we conclude that the adsorption results 

given by Lignite for one industry is very close to that of Activated Carbon, but for the second 

Industry, Lignite gave slightly better results that Activated Carbon, which was surprising. Also, 

for both the Adsorbents, better adsorption was obtained in Acidic stream than Neutralized 

stream. 

6. Methodology of Research, Results and Comparisons 

 

Two Industries producing two different type of dyes were considered for the experimentation: 

Reliable Dye Chem, which used Vinyl Sulphone as the base and  Mayur Dyes which used H 

Acid as the base. For the COD experiments, four waste water samples from both the industries 

were collected in labeled carboys and the carboys were then sealed. The samples are of Acidic 

stream and neutralized stream. These samples were directly from the process plant streams  
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before these had any chance of getting mixed with any other stream. In most of the cases these 

were concentrated streams, often referred as mother liquor. During experiment 250 ml of sample 

was taken from the respective carboy in a cylindrical flask. In which 1% (2.5gm) Activated 

Carbon (AC) was added in to the flask and magnetic stirrer was started. 5-10 ml of sample was 

drawn in time interval of 10, 30, 60, 90, 120 min from this mass. Then Filtered on filter paper 

and the filtrate analyzed for COD. At the end of 2hr the stirring was stopped and the experiment 

was terminated. The experiments were repeated with 2% A/C, 3% A/C and 4% A/C, and similar 

procedure follow for Lignite adsorbent. All the experiments were carried out at room 

temperature of around  30
o
C. The observation table shows the change in COD and % COD 

reduction with time for Acidic and Neutralized stream, by using Activated Carbon and Lignite as 

adsorbent. 

 

Reliable Dye Chem ( Vinyl Sulphone ): 

Following are the observation tables for the experiments conducted for Reliable Dye Chem         

( Vinyl Sulphone ) using Activated Carbon ( AC) and Lignite (LG) for 1%, 2% , 3% and 4%. 

 

  

Time Acidic % COD Red

Initial 95000

10 76500 19.47

30 67000 29.47

60 56500 40.53

90 52000 45.26

120 48000 49.47

Neutralised 

Initial 101000

10 85000 15.84

30 75500 25.25

60 66000 34.65

90 60000 40.59

120 55500 45.05

1% AC

Time Acidic % COD Red

Initial 95000

10 89000 6.32

30 77500 18.42

60 64000 32.63

90 60000 36.84

120 57000 40.00

Neutralised 

Initial 101000

10 94000 6.93

30 84500 16.34

60 77000 23.76

90 69500 31.19

120 67000 33.66

1% LG
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Time Acidic % COD Red

Initial 95000

10 75000 21.05

30 65000 31.58

60 54000 43.16

90 49000 48.42

120 42000 55.79

Neutralised 

Initial 101000

10 84000 16.83

30 75000 25.74

60 65000 35.64

90 58500 42.08

120 53500 47.03

2% AC

Time Acidic % COD Red

Initial 95000

10 87000 8.42

30 75000 21.05

60 62000 34.74

90 57000 40.00

120 51000 46.32

Neutralised 

Initial 101000

10 93000 7.92

30 83500 17.33

60 75000 25.74

90 68000 32.67

120 65000 35.64

2% LG

Time Acidic % COD Red

Initial 95000

10 73000 23.16

30 63000 33.68

60 51500 45.79

90 47000 50.53

120 39500 58.42

Neutralised 

Initial 101000

10 82000 18.81

30 73000 27.72

60 63000 37.62

90 55500 45.05

120 51500 49.01

3% AC

Time Acidic % COD Red

Initial 95000

10 85000 10.53

30 72500 23.68

60 58000 38.95

90 54000 43.16

120 47000 50.53

Neutralised 

Initial 101000

10 91000 9.90

30 82000 18.81

60 73500 27.23

90 65000 35.64

120 64000 36.63

3% LG

Time Acidic % COD Red

Initial 95000

10 72500 23.68

30 62000 34.74

60 50000 47.37

90 46500 51.05

120 38000 60.00

Neutralised 

Initial 101000

10 81500 19.31

30 72000 28.71

60 62500 38.12

90 54000 46.53

120 50500 50.00

4% AC

Time Acidic % COD Red

Initial 95000

10 84500 11.05

30 72000 24.21

60 57000 40.00

90 52500 44.74

120 46000 51.58

Neutralised 

Initial 101000

10 89000 11.88

30 80000 20.79

60 72000 28.71

90 63000 37.62

120 62500 38.12

4% LG
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Following are the graphs for comparison of the Activated Carbon and Lignite adsorbents, here 

2% AC vs 2% LG is considered for the graphs. 
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Mayur Dyes ( H Acid ) 

Following are the observation tables for the experiments conducted for Mayur Dyes ( H-Acid ) 

using Activated Carbon ( AC) and Lignite (LG) for 1%, 2% , 3% and 4%. 

  

  
 

 

 

 

 

Time Acidic % COD Red

Initial 48500

10 47700 1.65

30 46500 4.12

60 41000 15.46

90 38600 20.41

120 36000 25.77

Neutralised 

Initial 53000

10 51600 2.64

30 49000 7.55

60 46100 13.02

90 44800 15.47

120 43600 17.74

1% AC

Time Acidic % COD Red

Initial 47500

10 45500 4.21

30 44440 6.44

60 36500 23.16

90 35000 26.32

120 34500 27.37

Neutralised 

Initial 54000

10 52100 3.52

30 48500 10.19

60 45700 15.37

90 44900 16.85

120 44300 17.96

1% LG

Time Acidic % COD Red

Initial 48500

10 46500 4.12

30 43000 11.34

60 37500 22.68

90 34900 28.04

120 32500 32.99

Neutralised 

Initial 52500

10 50800 3.24

30 47700 6.10

60 44400 6.92

90 42600 4.05

120 40700 4.46

2% AC

Time Acidic % COD Red

Initial 47500

10 42500 10.53

30 39000 17.89

60 34500 27.37

90 32000 32.63

120 31500 33.68

Neutralised 

Initial 54000

10 51000 5.56

30 47800 11.48

60 43500 19.44

90 42300 21.67

120 41800 22.59

2% LG
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Time Acidic % COD Red

Initial 48500

10 45500 6.19

30 42600 12.16

60 37000 23.71

90 34400 29.07

120 31900 34.23

Neutralised 

Initial 52500

10 50200 4.38

30 48100 8.38

60 43800 16.57

90 41600 20.76

120 39000 25.71

3% AC

Time Acidic % COD Red

Initial 49500

10 44000 11.11

30 38000 23.23

60 33000 33.33

90 31000 37.37

120 29500 40.40

Neutralised 

Initial 54000

10 50000 7.41

30 45500 15.74

60 41800 22.59

90 40000 25.93

120 39000 27.78

3% LG

Time Acidic % COD Red

Initial 48500

10 45200 6.80

30 42000 13.40

60 35800 26.19

90 32800 32.37

120 29900 38.35

Neutralised 

Initial 52500

10 49900 4.95

30 47400 9.71

60 42400 19.24

90 39400 24.95

120 36600 30.29

4% AC

Time Acidic % COD Red

Initial 49500

10 43500 12.12

30 37000 25.25

60 31000 37.37

90 29500 40.40

120 27000 45.45

Neutralised 

Initial 54000

10 49200 8.89

30 45000 16.67

60 40700 24.63

90 38600 28.52

120 37200 31.11

4% LG
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Following are the graphs for comparison of the Activated Carbon and Lignite adsorbents, here 

2% AC vs 2% LG is considered for the graphs. 
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Mathematical modeling has been performed and COD reduction rates have been 

determined by using three models available in the literature namely:  

i) Lagrangian model 

ii) Weber Morris model 

iii) Rathi-Puranik model 

For 2 industries under consideration viz. Reliable Dye Chem  and  Mayur Dyes. COD 

reduction rates for both adsorbents have been compared graphically in the 

subsequent page. 

The graphs for Lagrangian mode, Webber Morris model and Rathi-Puranik model 

are shown below for comparison. 
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Weber Morris model 

 

 
 

Rathi-Puranik model 

R² = 0.8614 ( 2% AC for VS ) 

R² = 0.9957 ( 2% LG for VS) 

R² = 0.9233 ( 2% AC for HA) 

R² = 0.8549 ( 2% LG for HA) 

0.00 

500.00 

1000.00 

1500.00 

2000.00 

2500.00 

0.00 20.00 40.00 60.00 80.00 100.00 

C
O

D
rt

 

time (min ^0.5) 

Weber Morris model 

2% AC (VS) 

2% LG ( VS) 

2 % AC (HA) 

2 % LG (HA) 

R² = 0.8071 ( 2 % AC for H-Acid ) 

R² = 0.9644 ( 2 % LG for H-Acid) 

R² = 0.9627 ( 2% AC for VS) 

R² = 0.8195 (2% LG for VS) 

0.00 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

0 20 40 60 80 100 

Lo
g 

C
O

D
rt

  

Time ( min) 

Rathi-Puranik Model 

2% AC (HA) 

2% LG (HA) 

2% AC (VS) 

2% LG (VS) 



18 
 

7. Achievements with respect to objectives 
 

The following are the Achievements of the research work with respect to the Objectives: 

 The Adsorption performance of Activated Carbon was compared for Acidic Stream and 

Neutralized stream for two different industries by COD vs time, % COD reduction , 

CODrt vs time and LOG ( CODrt ) vs time. The adsorbent was taken in four different 

concentration viz: 1%, 2%, 3%, and 4%.All the graphs for both industries unanimously 

pointed that the adsorption was much better for the untreated acidic stream than the 

neutralized stream. 

 The Adsorption performance of Lignite was also compared for Acidic Stream and 

Neutralized stream of both the streams using the same parameters as above. It also clearly 

showed that adsorption results were better for Acidic stream than the Neutralized stream. 

 Another very important objective was to device a Mathematical model which can 

accurately predict the Adsorption characteristics of AC. Three Mathematical models were 

used to predict the results of the experiments viz. Weber Morris, Lagrange and Rathi-

Puranik and graphs were plotted for analyzing the same. R
2
 values for them showed 

Rathi-Puranik model to be the most accurate for AC. 

 Prediction of adsorption characteristics of Lignite was also tested using the above three 

models and it also pointed out that Rathi-Puranik was the closest predictor. 

 The Adsorption performance of Activated Carbon and Lignite was compared for Acidic 

stream of both the industries. Activated Carbon is considered to be the most competent 

and widely used adsorbent owing to its easy availability and its robust characteristics 

over other common adsorbents. On the other hand Lignite which is relatively much 

cheaper than Activated Carbon has not shown sizeable adsorption characteristics. But the 

recent study have found some interesting outcomes in that Lignite has proved to be 

slightly better as compared to Activated Carbon for one of the industry under 

consideration. Also for the second industry the adsorption performance by Lignite was 

very close and comparable to Activated Carbon.  

 Adsorption characteristics for Activated Carbon and Lignite were also compared for the 

neutralized stream for both the Industries. The results were pretty much same as for 

Acidic stream , in that Lignite gave slightly better result for one industry and for the other 

one, it was trailing very closely to Activated Carbon. 
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8. Conclusion 
 

The Conclusions drawn from the research work done herein are: 

 The conventional method of carrying out neutralization prior to Adsorption undoubtedly 

raises the Total Dissolved Solids in the wastewater which will hamper the subsequent 

Adsorption step. The present study reinforces this fact and shows that adsorption process 

in treatment of Industrial waste water gives better result in raw Acidic effluent than 

Neutralized Wastewater with AC and LG. Therefore Adsorption can be carried out first 

followed by other treatment steps, which will enhance the performance of the subsequent 

steps. This unveils a very big advantage for the Effluent treatment plants in that the 

capacity of existing plants will be increased or less time will be required for new 

Treatment plants of the same capacity. 

 

 Weber Morris, Lagrange and Rathi-Puranik models were checked to predict the results of 

the adsorption and then they were compared with the actual results. Graphs were drawn 

and the R
2 

values were compared for all the three models for all the experiments 

performed. The cumulative results showed that Rathi-Puranik model gave the most 

accurate results. This highlights the fact that Rathi-Puranik model can predict the results 

accurately for real Industrial Multisolute wastewater streams very closely. 

 

 One of the most important findings of the work is the relative performance of AC and 

LG. Comparison between adsorption performance of both adsorbents showed that LG 

gives comparable performance with AC for one industry, and in case of second industry 

it gave better results than AC. Considering the low cost of LG, it can work wonders if 

Activated Carbon can be replaced by Lignite for Effluent Treatment Plants. 

9. Paper Publications 
 

Sr. No. Paper Title Journal Title Details 

1 Modified route for Industrial 

Effluent treatment by adsorption 

International Journal of 

Applied Engineering Research  

 Vol. 14, No.1, 2019 

(Spl.) pp. 51-56 

2 Industrial effluent treatment by 

adsorption using low cost adsorbent 

and modified route 

International Journal of 

Applied Engineering Research 

 Vol. 14, No.1, 2019 

(Spl.) pp. 57-62 
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