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Abstract— The Principal objective of waste water treatment 

of a textile mill waste is to remove the two major components 

viz., colour and dissolved organic substances. The present 

study is planned to evaluate the possibility of dye waste 

treatments for removal of colour and organics using 

adsorbents. 
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I. INTRODUCTION 

Most textile waste water treatment plants employ an aeration 

type waste treatment, which uses extended aeration periods 

to combat waste variability, hard-to-biodegradable 

compounds, high pH values and alkalinity, high chlorides, 

bleaches or oxidants, colloidal colour, trace metals and 

possible toxicants.  Earlier work emphasized the removal of 

biochemical oxygen demand (BOD) , but recently the major 

concern has shifted to the removal of chemical oxygen (COD) 

suspended solids (SS) colour and colloid size particles  

II. TREATABILITY STUDIES: 

Alspangh (1973) reported that if colour from the textile waste 

water can be reduced, the COD and colloidal size particles 

automatically reduce drastically, then the SS, BOD problem 

can possible, be handled at the same time.  Because colour is 

often not completely soluble, any method destroying or 

removing colour usually affects the other characteristics in 

the same manner. 

Singer and little conducted a biological and Physico-

chemical study over treatability for 20 commercially 

available dyes. The biological treatability studies were 

conducted as extended 21-day BOD tests, using acclimated 

and un acclimatized microorganisms for seed. The results 

indicated that the biological oxidation effectively reduced the 

BOD5 and TOC of the dyeing waste waters, but was 

ineffective in decolorizing the wastes. Most of the dyeing 

waste water gave BOD reduction greater than 90% and only 

one showed no BOD response, indicating an inhibition of the 

biological oxidation process. The difference in BOD and 

TOC values after biological treatment indicates that the 

portion of organic component in dyeing waste water was 

resistant to biodegradation and colour removal was less than 

50% for most of the dye waste waters.  

Porter and snider conducted long term BOD test on 

textile chemicals of which eight were dyes. Their data 

indicated that after a 30 day BOD incubation period only a 

small percentage of the COD value had been measured. The 

5-day BOD test cannot measure the ultimate BOD and should 

be compiled with the COD test so that the total organics in 

the waste will be measured. The most interesting results 

indicated were that no significant colour loss was observed 

after 30 days with any of the dyes. When inert dyes are there 

in the waste in high concentrations they can be successfully 

removed by adsorption on MLSS provided, long retention 

time is allowed. If the time is short or dyes are pigments, they 

can pass through the biological treatemetn plant without any 

change. 

Yand and Pescod conducted experiments on 

chemical and biological treatment systems to study the 

treatability of dye wastes from a manufacturer of nylon 

filament and fabrics, Asia Fiber co. ltd. in Bangpoomai 

(Thailand.) Batch and continuous flow activated sludge 

studies were conducted and these provided more information 

on the extent of biodegradability of the waste waters in 

addition to the indications obtained from the characterization 

analysis. In batch activated sludge study, it was found that the 

polymerization waste water was more amenable to biological 

treatment than the dyeing section waste water. Colour in 

dyeing section waste water was very resistant to biological 

breakdown, even after aeration of more than one month. 

However, when the dyeing section waste water was subjected 

to alum treatment of dyeing waste water, mixed in proportion 

to their daily flow rates, gave even better COD removal as 

much as 82.7%. 

Studies were also made by them on two continuous 

flow activated sludge processes, of which one being extended 

aeration activated sludge process with sludge retention time 

of 20 days and hydraulic detention time of one day, and the 

other with SRT equal to HRT of 3 days equivalent to an 

aerated lagoon. In both these processes, a COD removal 

efficiently usually in excess of 92% was obtained.  

Combined waste water treatment with domestic Sewage: 

Ghosh et at, (1977) also conducted treatability 

studies to develop design consideration for Guilford 

Industries mill of Guilford. Their comparative study based on 

treatability of mill waste water also (I) and treatability of the 

combined mill waste water jointly with the municipal water 

from the town (II), showed that the BOD removal obtained 

by alternative (III) as considerably higher that alternative (I) 

especially at low sludge retention times. The settle ability 

characteristics of the sludge were also better in the case of 

join treatment. As part of the treatment feasibility study, 

determinations were made of the removal of colour by 

biological treatment and the removal of colour obtained was 

negligible. Attempts were made to remove colour by 

chlorinating the effluent from the aeration tank. With chlorine 

dosage of 150 mg/l the colour level could be reduced from 

350 to 80 APHA units after 1 minute contact time. it appeared 

that at contact times greater than two minutes, there was no 

appreciable change in the reduction of colour.  

Davis , koon and Adams conducted Jar tests and 

continuous flow activated sludge process for the dye house 

and combined waste waters. The dye house effluent was 

pretreated with alum to reduce colour before treatment in the 

ASP and it was indicated that pretreatment with alum did not 

improve the performance of the biological system. There was 

a definite trend of more colour removal with increased 

organic loading, probably due to the high cellular growth rate 

and associated colour adsorption at higher organic loading 

rates, The biomass was definitely stained, indicating 

adsorption and removal of colour with the wastage of excess 

sludge. Under continuous-flow-full-scale aerobic digestion 
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condition colour adsorption may occur. Therefore, they 

concluded that the sludge handling processes may 

significantly affect the colour removal capacity of the 

activated sludge system.  

III. ANAEROBIC TREATMENT 

Batch studies for anaerobic treatment were also conducted by 

Davis et al, using mixed liquor suspended solids from 

domestic waste treatment plant. At 5000 mg/l mixed liquor 

volatile suspended solids (MLVSS) the waste was reduced to 

a very pale yellow in only a few minutes. Results of additional 

tests at lower MLVSS concentrations were not as favorable 

and it appeared that colour removal was primarily by 

adsorption on the biomass. Anaerobic treatment in 

continuous flow tests were not successful, since 

approximately 10% of the textile waste water total BOD was 

removed and, at best, only 40% colour removal was achieved. 

In general, the literature review reveals that textile dye wastes 

can be treated biologically for extended periods of bacterial 

action for BOD reduction but in most cases given undesirable 

levels of the removal of the colour, colour reduction in 

normally associated with some form of adsorption on 

biological mass or chemicals added to it. But each waste 

requires an appropriate method or combination of methods.  

Although, the colour can be reduced from waste 

water by chlorination with partial success, but it is toxic to 

aquatic flora and fauna and further the chlorination of such 

waste may produce carcinogenic compounds.  

IV. PHYSICO- CHEMICAL METHODS. 

A variety of Physico-chemical techniques have been studied 

in recent years for their applicability in the treatment of textile 

mill effluents. Amongst them may be included coagulation-

flocculation, adsorption, photo-chemical degradation, ultra 

filtration, synthetic polymeric resin adsorption and ion-

exchange. (Digiano, et al , and Frye et al)  

Netzer et al, conducted some experiments to find out 

whether prior chlorination- Dechlorination or coronation may 

improve the treatability of dye wastes in biological plants 

After testing 26 different dye samples none of the raw hot 

dyeing effluents were found to be biodegradable in the short 

term bio treatment aerobic units even after pretreatment as 

stated above. Four out of the ten yarn dyeing effluents proved 

to be biodegradable in sour term treatability tests. Five out of 

eight carpet dyeing effluents and three yarn dying effluents 

were found non-toxic but not degradable in short term test. 

These twelve were then tested for long term extended aeration 

and only one proved to be biologically treatable.  

According to Netzer et al, about 65% reduction in 

colour can be expected after coronation most of the time. 

Interestingly it was observed that the original effluents which 

found to be treatable, became less treatable after coronation 

but never toxic, where as with cholorination-decholorination, 

the toxicity was not noticeably reduced. it had been shown 

that though the dyes themselves do not biologically 

degradable by bacterial action but if some pretreatment is 

employed, it could be possible to improve treatment 

efficiency . However, the corrosion and waste gas dispersion 

problems may arise during reining costs are also very high  

V. IMPLANT WASTE REDUCTION 

If rationalization of the manufacturing processes is adopted, 

a very good reduction in pollution load can be achieved viz., 

most efficient usage of the dyes itself, recovery of sodium 

hydroxide used for mercerizing, and re-use of the less 

polluted wash wasters  after kier boiling for further boiling 

after the readjustment of the soda or caustic soda 

concentration .  

The waste concentration can be reduced by 

replacing certain chemicals with others in the production 

processes. According to a survey report the starch passing 

into the waste during the desiring and printing of fabrics 

produces a very high BOD5. The suggested substitute is 

carboxyl methyl-cellulose which can be used both as sizing 

agent and as filler in the print pastes. A 33% reduction in 

BOD5 can be achieved if it is used for printing as well.  

If different wastes are accumulated and mixed 

properly in an equalizing tank, it gives a slight purification. 

Neutralization, by mixing acid and alkaline wastes together 

brings abound partial flocculation of pollutants which can 

then complicated to separate them out because of the large 

use of detergents in textile industries. When coloured dye-

house wastes are mixed with bleaching section effluents, the 

residual bleaching agents often decolorize the former to a 

large extent. Tests have shown that dye wastes may also be 

decolorized using hydro sulphite, though the COD of the 

waste increases.  

If the mutual interaction does not give fruitful results 

of treatment, the process can be assisted by chemical 

treatments like coagulation using milk of lime, alum, ferric 

salts and other coagulants.  

Yang and Pescod tried lime and alum as primary 

Coagulants for the chemical treatment studies. They found 

alum/lime dosage of even higher concentrations failed to 

reduce cod of polymerization plant waste water more than 

15%. At pH 10 and 5, alum/lime concentration of 1000 mg/l 

removed approximately 10% of the COD. It indicates 

adoption of chemical treatment for polymerization section 

waste water in inefficient. 

While, in the case of dye house waste water both 

lime and alum proved a good coagulant to remove COD, but 

the alum dosage was found to be lower than lime. In one test 

1000 mg/l alum dosage reduced 24-50% of COD.  

Thomas et al, adopted polymers and alum as 

coagulants for disperse dyes after testing. Cationic polymers 

were found successful and more effective to decolorize the 

dispersed dyes in comparison to non ionic and anionic 

polymers which failed to remove colour efficiently. Alum as 

AL(III) polymer, better suited to the removal of colour than 

AL3+ which was found to be an inefficient coagulant. The 

best suited pH was found to be 5.5. At which minimum alum 

dosage worked than at pH 7.0. At higher pH, the alum species 

are less charged and at lower pH they are less absorbable PEI-

400 polyelectrolyte tested for minimum dosage gave best 

flocculation on 2 dispersed dyes. It gave satisfactory results 

and was found to be economical over other coagulants  

According to Yand and pescod, alum is found to be 

economical in comparison to lime to remove same degree of 

colour. Optimum pH was found to be 9.0 for the implant 

conditions.  

Davis and Adams in their experiments used lime, 

ferric chloride, alum, caustic and sodium aluminates as 
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coagulants treating the effluents coming from activated 

sludge unit. Ferric chloride with a concentration of 300 mg/l 

showed an effective colour removal at pH 6.5. Alum 

Al2(SO4)3 18 H20) with a concentration of 250-300 mg/l 

reduced the color to about 300 APHA units from 800 APHA 

units without any pH adjustment. When the pH was adjusted 

to 5.2 only 200 mg/l solution was sufficient for the same 

reduction in colour.  

Souther and Alspaugh made studies on biological 

chemical treatment on the textile waste water using a number 

of coagulants on different class of dyes and found 75-99% 

colour removal. 

Applied Lime dosage of 300mg/l gave satisfactory 

results for removal of colour at ph 9.0 Sodium aluminates (as 

Al2O3) proved better in small concentrations of 50-100 mg/l 

with pH adjustment at 6.5 for effective colour removal. This 

material settled quickly giving a clear supernatant.  

Kertell, C.R. studied the effect of common 

coagulants like Alum, Ferric chloride, ferrous sulphate and 

some of the coagulants aids and Normal seed in the chemical 

treatment of textile mill waste. He studies the waste water 

from dye house. By using 50 mg/l to 500 mg/l alum dosage, 

he found C.O.D removal of 15 to 54% and as the alum dosage 

was increases colour removal also increased. In some cases 

complete colour removal also increased. In some cases 

complete colour removal also increased. In some cases 

complete colour removal was observed having added 400 or 

500 mg/l of alum dosage. Dosage less than 300 mg/l was 

found ineffective in removing the colour only at higher 

dosage, colour removal was effective for the same 

concentration, Ferric chloride and Ferric sulphate came 

second and third position efficiency wise. 

VI. ADSORPTION TECHNIQUES AND PROCESSES 

It is well known that dyeing is mainly an attempt for 

adsorption (at least initially) and because of this nature of 

sorption of dyes, adsorptive processes have been investigated. 

The problem associated with this process is that the 

conditions of adsorption (especially temperature and pH) are 

very tightly controlled and differ from dye to dye whereas the 

effluents might be the mixture of different dye solutions 

having different pH and temperature. Acidic dyes are 

expected to get adsorbed at low pH and basic dyes at high pH. 

A mixture of two dyes will naturally require two pH 

accordingly. Vat and dispersed dyes are not readily adsorbed 

at any pH  

For the adsorption of dyes, adsorbents have been 

tried depending upon their availability, cost and adsorptive 

characteristics. For example, silica, clays, wood, powdered 

and granular activated carbon, dehydrated zeolyte, typical 

silica gel fuller’s earth and bauxite, ion exchange and even 

peat mass.  

Poots et al, conducted their experiments to find the 

feasibility of use of peat and spruce wood as adsorbents. they 

concluded that peat is a suitable adsorbent for acid blue dye, 

although contact time is quite long viz., 2 hours to reach 

equilibrium state. Cost wise it is cheaper than activated 

carbon, though the surface area available is less than that in 

the case of activated carbon. Due to its cheapness and easy 

availability it is not required to get regenerated and can 

simply be destroyed by incineration after use. Approximately 

same conclusions were drawn from the experiment using 

wood also.  

Sethuraman studied the use of clays as an adsorbent 

viz., kaolinite and motmorillonite. Two industrial dyes, one 

cationic and one anionic were selected for the study. Cationic 

dye was adsorbed readily by kaolinite at a fast and uniform 

rate where as motmorillonite adsorbed large amount of dye at 

a slower and non-uniform rate. Anionic dye was adsorbed at 

much lower rates by the two clays though the rates were 

similar.  

Mackay et al, have tried silica as an adsorbent. They 

used basic dye for the purposed and showed that dye 

adsorption on silica gel is mainly, controlled by intra particle 

diffusion, though, a small boundary layer resistance was 

experienced. In columnar operation, Astra zone blue dye can 

be effectively removed by silica. Regeneration aspects were 

not considered because it was found easy to add fresh silica 

from the top and to remove exhausted one from bottom in 

fluidized bed media operations.  

Activated carbon as dye adsorbent successfully 

remove colour and other pollutants from textile and dye 

wastes as well .  

Francis reported that colloidal dispersion properties 

of dispersed dyes present migration of dye particle to the 

carbon surface. It has also been suggested that carbon 

adsorption followed by chemical coagulation leads to 

dispersed dye removal. In another study substantial colour 

and COD have been removed from textile dyeing and 

finishing wastes using chemical coagulation followed by 

carbon adsorption. 

De John has made an exhaustive review of his 

excellent work in the field of treatment of dye waste water by 

adsorption technique on activated carbon. He has conducted 

a series of experiments showing dig gerent aspects of 

adsorption on activated carbon and according to him coloured 

wastes can very efficiently be treated under slightly 

controlled conditions by adsorption on activated carbon. The 

type of carbon to be selected depends on the molecular 

weights of dyes.  

Makay et al, studied the mechanism of adsorption of 

basic yellow dye on activated carbon considering various 

parameters such as effect of agitation, initial dye 

concentrations, particle size of adsorbent, temperature, and 

finally dosage of activated carbon. They found that all these 

parameters have a significant resole on adsorption rate. 

Initially the rate of adsorption of dye is rapid, which is 

followed by a slower process viz., intra particle diffusion 

which continues for many hours. A three step adsorption 2G 

dye on activated carbon. Surface mass transfer coefficients 

have been determined and coefficient as the dimension less 

mass transfer term (Sh/Sc)0.33, as a function of all the five 

parameters considered. 

Mckay, (1980) described in their paper the 

mechanism of the dye adsorption on any adsorbent as 

follows: 

"It is important to study the rate at which dye is 

removed from aqueous solution in order to apply adsorption 

by solids to waste water treatment.  There are essentially four 

stages of adsorption process by porous adsorbents  

1) Transport of dye from the bulk of solution to exterior 

surface of the adsorbent. 
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2) Movement of the dye across the interface and adsorption 

on to external surface sites. 

3) Migration of dye molecules within the pores of the 

adsorbent and, 

4) Interaction of dye molecules with the available sites on 

the interior surface, bounding the pores and the capillary 

spaces of the adsorbent. 

One or more of the previous steps may control the 

rate at which dye is adsorbed on to the solid particles.  At low 

degree of agitation the boundary layer resistance will be 

significant and step (II) will be important in the rate 

controlling process.  In addition the rate controlling step can 

be partly characterized by the observed activation energy for  

a process and studying the effect of a temperature on rate 

yield information relating to optimum operations, conditions 

and also permits evaluation of activation energy, thus leading 

to means for determining the natures of the rate limiting 

reactions." 

Manunathan at  al (1981) made study  b y dose pf 

Lignin sludge as an adsorbent, it was found to be effective for 

the removal of reactive dyes.  Procian Brill Red H-7B, a 

Lignin sludge dose of 6000 mg/I and 420 minutes contracts 

times could provide a colour removal of 85%. 

The process could be modifies by using alum in 

conjunction with lignin sludge.   A sludge dose of 6000 mg/I 

with an optimum alum dose 60 mg/I result in 92% colour 

removal with reduced contract time of 180 minutes only. 

Kumar (1985) also used finally powdered Lignin 

sludge as adsorbent to remove procaine Brill Bluue-H_7G, a 

reactive dye.  Increase percentage dye removal was noted 

with decrease in sludge dose.  Sludge dose ranging from 10 

to 150 PPM could provide 50 to 54% dye removal. 

Davis at al (1977) has conducted the experiment on 

the removal of textile dyeing wastes by dynamically formed 

membranes although the potential use of dynamic membrane 

in industrial processes will depends on the developments of 

the particles membrane support modules. 

VII. CONCLUSION  

Thus from the above it is clear that no singular method can be 

recommended as general method to treat the textile dyeing 

waste.  For each waste separate analysis is required to 

determine a particular method of treatment suitable to that 

particular waste.  
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