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dye used i n  industry, can he effectively reduced by burnt-brick pal- t ic te~~Skdler .  s, t , 
particles show higher efficiency of colour removal with increased turbidity, and 
consequently, modera9 p*fi~$ .*-e$ ;aFe ? ~ c o ~ , n & d , + f q ~ ! . ~ a c t i c a l  applications. . < .,,z ,.-:? : :. , ,, f>,:> 2 : . : ,:-,. , , : < <, ; : . , 
Glass columns packei wl(11 h n 6  partikles have a rea4bnihly high capacity for blue 
colour removal. The proposed brick-particle based method for blue colour removal 

i , ' ifrbm tgxtilu effluents Ts simple, hfledt;ivk; ~cbn'omical,  and mbls impoPt;mtly," 
. 8 , ,envirunmerutally h e n d y  codpared to exist"mgc11emical metlwds. ' 
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Disposal problems of industrial effluents have risen steadily as a result of increased 
i*dustrialisation. A variety of coloured substanceg'such as bzd dyes, anthraquinone, 
formazan aqd phthhlocyanines ark currently used in several industries including 
textile, printing, pap'er and paint.' Thus, effluents u'sually consist .of large 
quantities of water together with various types of chemicals including carcinogenic 
dyes, and other organicL and inorganic substances. Consequently, water resources 
becbme highlx polluted resulting in severe damage t o  the environment, which%has 
already becoke aglobal  problem.'^' Further, some research reports indicate that 
unfavourablk health effects 'such as development of cancers, skin effects, low birth 
yejghts and abortioes have increased during the last two decades." 
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It is recommended that effluent $a& be treated bebre it is discharged intqa 
flowing bater bbdy, and the treated effluent should fulfil the specifications laid 
down by environmental authoritie~.~ Although removal methods of inorganic and 
organic pollutants from industrial effluents. through chemical and-biologicai means 
are well documented,"17 colour removal studies are comparatively le~s.l~,~"mong 
reported methods for colour rem~val,~$hose based on natural substances, in 
particular, plant species, have attracted attention in recent years.lG 

i .  

High cost of construction, operation and maintenance, qnd gkneration i f  large 
ambunts of unusable sludge have been a problem for effective !reatvent of industrial 
effluents, especially in developing c o ~ k t r i e s . ~ ~ ~ ~ ~  Lack of ;?nviro*mentally friendly 
attitudes, and poor collaboration between industries andnational research institutes 

, < 
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have worsened the situation. As a result, pollution control and management are 
still a t  a low level in developing countries. 

In this project, an alternative method for removal of blue colour from textile 
effluents with the aid of small burnt-brick particles is proposed. Preliminary 
investigations on the blue colour removal ability of many substances; burnt-brick, 
ball clay, activated charcoal and limestone, indicates that  brick particles are 
promising. Further, optimisation of parameters, such as particle size and amount 
of adsorbent, is conducted using brick particles for the methylene blue model dye 
and textile effluent. 

METHODS AND MATERIALS 

Materials: Burnt-brick samples for all experiments were obtained from a kiln 
located in Kiribathkumbura, Sri Lanka, and other adsorbents tested (burnt- 
dolomite, limestone, activated charcoal, and ball clay) were obtained from various 
sources. The methylene blue model dye was purchased from Hemas Drugs and the 
textile effluent samples and the flocculant were obtained from a garment factory. 
All methylene blue solutions were prepared in distilled water. 

Instrumentation: Shimadzu UVNis Spectrophotometer (model 1601) was used for 
all absorbance measurements, which were recorded on a Panasonic KX-P1080i 
printer. Laboratory desinged glass columns were used to pack adsorbents. Burnt 
brick particles were separated into different sizes using a sieve separator. 

Experiments: The static condition (batch equilibration) for the blue colour 
removal was accomplished as follows: An amount of 2.0 g of each naturally 
occurring substance or the flocculant was added separately, to 50 cm" aliquots 
of 3.0 mg dm-3 methylene blue (model dye) solutions placed in beakers. The 
solutions were stirred, and allowed an equilibration time of a t  least one hour 
for adsorption and sedimentation. Absorbances were recorded before and after 
adsorption equilibrium in order to check the efficiency of colour removal. 

Three trials were conducted for each adsorbent, and the percent removal was 
calculated using the following relationship. 

Percent removal = [(Chi - C,,)/C,lx100 

Where Cini is the initial concentration of methylene blue and C,,, is the concentration 
of methylene blue after treatment with adsorbent, as calculated according to Beer's 
law. Averaged percent removal estimated from three trials was used for comparison. 

In order to estimate the optimum amount of adsorbent, 1.0 g, 2.0 g, 3.0 g, 
4.0 g and 5.0 g of burnt-brick samples were added to 50 cm3 of the model dye solution, 
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and absorbances were measured before and after addition. Avolume of 50 cm"ode1 
dye solution of 1.0, 3.0,.5.0, 7.0, 9.0 and 10.0 concentrations (in mg dm-").were used 
with 2.0 g burnt-brick samples to investigate the dependence of adsorption on 
concentration. Effect of particle size on colour removal was monitored by using brick 
particles of different sizes, ranging from 0.050 mm to 2.00 mm, with 50 c m h f  
3.0 mg dm-"ode1 dye solution placed in beakers. 

The effect of equilibration time on turbidity was determined by monitoring 
turbidity throughout a period of 48 hours using brick particles of diameter between 
0.088 mm and 0.125 mm. After the specified equilibration time, a small amount of 
the supernatant solution was withdrawn by decanting, and turbidity was meas- 
ured within an interval of one minute. Turbidity of several measurements was 
averaged. 

Additional experiments were conducted with brick particles of same size 
packed in columns under dynamic condition (column operation). For these 
experiments, an amount of 25 g brick-clay was used to pack glass columns of 3 crn 
internal diameter up to a length of 4 cm, and the flow rate was controlled at 10 cmi? 
min-l. 

An.al.ysis oftextile effluents: Water quality parameters of the textile effluent sample 
were determined in triplicate, and an average value obtained. The same parameters 
were determined after the effluent was treated with brick particle-packed columns 
under optimjsed conditions, as determined with the model dye. Further, the complete 
absorption spectrum (200 nm to 800 nm) of the effluent, before and after treatment, 
was recorded in order to estimate the efficiency of colour removal over a broad range 
of wave1 engths. 

RESULTS AND DISCUSSION 

Preliminary Screening Experiments 
. . 

The absorption spectrum of methylene blue and that  of effluent water showed 
an absorption maximum a t  the wavelength of 665 nm (Fig. 1). Consequently, most 
of the colour measurements were a t  this wavelength when methylene blue was 
used as a model dye. 

The preliminary screening experiments, conducted to determine the ability 
of blue colour removal by each of the selected naturally occurring substances 
indicated that  brick clay shows the highest colour removal ability (Table 1). 
Although Al,(SO,),/FeSO, [ l :1  wlw] flocculant is not a natural substance, its 
performance is also monitored for comparative purposes because i t  is used in many 
textile industries to remove colour and other chemical species present in effluents. 
I t  is believed that the colour removal process is based on adsorption of molecules of 
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coloured substances on to each adsorbent; Therefore, a shaking period of one 
minute followed by a waiting period of a t  least one houk were employed to reach 
adsorption and sedimentation equilibria. 

300 400 500 600 500 800 

Wavefengih [nm) 

Figure 1 : Absorption spectrum of (+) textile effluent (.)3.0 mg dm-' model 
dye (methylene blue) solution in water. 

Table 1: Average percent colour removal for a single batch equilibrium 
process with 2.0 g of each adsorbent, estimated for methylene blue model 
dye solution of 3.0 mg dm-' and for textile effluent samples. Sample 
volume 50 cm3, equilibration time 1 hr. 

Substance Methylene blue Textile effluent 

Burnt-dolomite 38 79 

Limestone 58 87 

Ball-clay 55 7 1 

Flocculant 62 7 9 

Activated charcoal 80 75 
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Thorough mixing of methylene blue-adsorbed brick samples with pure water 
does not change the absorbance of the water sample, suggesting that adsorbed 
molecules cannot be desorbed through a physical process. This indicates that the 
methylene blue removal by brick is a chemisorption process. The extent of colour 
removal therefore depends on such experimental parameters as temperature, 
pressure, amount of the adsorbent, equilibration time, concentration of dye 
solution and solution pH, and particulate properties such as particle size and 
turbidity. Although ambient pressure and temperature were used in all colour 
removal studies, other parameters were optimized as necessary using the 
methylene blue model dye. 

Optimisation of Experimental Conditions 

Amoun,t ofadsorbent: Aseries of static experiments conducted with different amounts 
of briclr and 3.0 mg dm-" model dye solution clearly indicated that higher changes in 
absorbance resulted from larger amounts of adsorbent, as expected (Fig. 2). As the 
removal ability reaches a plateau with more than 2.0 g of brick particles, which is 
equivalent to a removal rate of 0.075 mg of methylene blae per gram of adsorbent, 
this amount is selected as the optimum amount for subsequent experiments. 

0 : 2 - a 4 5 

Amount of brick partides (g) 

Figure 2: Absorbance of methylene blue solutions after treatment with 
different amounts of brick particles (A) after 2 hrs. ( 0 )  after 4 hrs. 
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Equ.ilibration time: Decrease in turbidity together with increase in the percent colour 
removal was observed a t  longer equilibration time periods. However, as longer 
waiting periods are not practicable in treatment of real industrial effluents, most of 
the experiments were conducted allowing an equilibration time of one hour. During 
this period, the solution is sufficiently settled as turbidity has decreased by about 
85%) (Fig. 3). 

Figure 3 : I'urbidity of the supernatant solution of 3.0 rng dmf methylene 
blue (50 em:') after treatment with 2.0 g brick particles of diameter 0.088 
mm-0.125 mm at different equilibration times. 

Cnncer~tration. 0f'th.e dye solution.: The percent colour removal estimated after one 
hour for 2.0 g brick clay in 50 in1 aliquots of the model dye solution of different 
concentrations indicates that the efficiency of colour removal is increased wit8h 
concentration (Fig. 4). Nevertheless, the concent-ration of 3.0 mg dm-" was selected 
for further experiments as textile effluent and the model dye solution with the above 
concentfation show approximately the same colour intensity. 

Particle size: This is an important parameter because turbidity of the adsorbent- 
treated solution of colour removal experiments conducted in beakers (static 
condition) is directly dependent on particle size. Further, particle size of an adsorbent 
controls the rate of flow of solutions when packed columns are used. Therefore, 
the extent of colour removal with different particle sizes was monitored under both 
static and dynamic (column) conditions. 
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Concentration (rna/dm3 ) 

Figure 4 : The percent colour removal, estimated after treatment of 2.0 g 
brick particles with 5.0 cm' of methylene blue solutions of different 
concentrations under static condition. 

Colour removal ability of brick particles under static conditions is always 
greater than 705% for all the particle sizes investigated (Fig. 5). Although no 
systematic variation between the percent colour removal and the particle size was 
observed at low equilibration times, after a three hour period, a better relationship 
resulted. Interestingly, both small and large particles show smaller colour removal 
efficiency, even after a three-hour equilibration period. Although smaller particles 
should show higher tendency to remove colour due t o  larger surface area, due t o  
scattering, higher turbidity values are observed for solutions treated with smaller 
particles. This results in higher absorbance measurements of effluent water 
samples treated with small particles, which leads to  lower percent colour removal 
values, unless a suitable correction for turbidity is made. On the other hand, 
contribution of turbidity towards the colour removal is negligible for larger 
particles. After consideration of the effect of particle size and turbidity (Fig. 6), i t  is 
concluded that the optimum particle size be selected by considering the extent of 
colour removal and the turbidity of the treated-effluent water. 

In addition t o  static experiments, the effect of particle size on colour removal 
was also investigated under dynamic conditions using the model dye, as such 
studies are easily adapted for treatment of industrial effluents. All the particle 
sizes tested showed a better col5ur removal ability under dynamic conditions 
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Figure 5 : The percent colour removal of 50 cm" methylene blue solutions 
after treatment with 2.0 g of brick particles of different sizes under static 
conditions (. ) after 1 h (a) after 2 h (A ) after 3 h. 

0 9.5 1 1.6 2 2.5 

Paeis  size {mml 

Figure 6: Turbidity of the supernatant solution of 3.0 mg dmhethylene 
blue solution (50 cm5) after treatment with 2.0 g brick particles of different 
sizes urlder static conditions. (A) after 1 h (0) after 2 h (a) after 3 h. 



Colour removal by burnt- brick particles. 295 

than that observed under static conditions (Table 2) showing the potential utility 
of brick-particle packed columns for practical application. 

Table 2 : Percent colour removal and turbidity estimated after passing the 
methylene blue dye solution through brick particle (25 g)-  packed columns 
( 3 cm diameter). The length of packing is approximately 4 cm. 

Particle size (mm) Turbidity (NTU) % Colour removal 

< 0.050 4 96.6 

0.050-0.063 3 98.6 

0.063-0.16 4 97.4 

0.16-0.18 4 95.9 

0.18-0.25 3 98.9 

0.25-0.40 2 96.5 

0.40-0.63 3 96.6 

0.63-0.80 2 97.6 

0.80-0.90 2 99.2 

0.90-1.00 3 98.3 

1.00-1.25 3 989.5 

1.25-1.40 2 99.8 

1.40-1.80 2 96.8 

1.80-2.00 2 97.1 

> 2.00 2 95.8 

Analysis and Treatment of Textile Effluent 

Analysis of textile effluent, collected a t  the factory outlet prior t o  any treatment, 
confirms that many pollutant parameters, including the chemical oxygen demand 
(COD), of the effluent is higher than the tolerance limits for textile effluents 
discharged into inland surface waters.' For instance, the COD of the effluent is 
1911 mg cm-::, much higher than the tolerance limit of 250 mg cm", showing the 
necessity for treatment. 
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Absorbances recorded a t  665 nm of the textile effluent, before and after 
treatment with brick particles, under static and dynamic conditions reveal that the 
blue colour was more effectively removed under dynamic conditions, as observed 
with the model dye. However, lower percent removal values were observed for 
all tested particle sizes (0.125 mm to 0.050 mm) when the effluent was passed 
through packed columns compared t o  those of over 90% for the model dye. 
Differences in the extent of adsorption of coloured molecules on to the adsorbent 
and matrix effects would probably contribute to such differences. However, the 
detailed study of chemical variations of dye molecules was not attempted as  the 
proposed brick-clay columns provide an adequate removal efficiency. 

In addition to the blue colour removal a t  665 nm, absorbances a t  wavelengths 
ranging from 200 nm to 800 nm were significantly decreased after brick-treatment 
(Fig. 7). This indicates that brick particles are able to remove not only the blue 
colour, but also the other colours present in textile effluents. More importantly, 
spectral absorption coefficients of the treated effluent within the wavelength range 
of 400 nm to 750 nm, estimated using Beer's Law, are below the permissible limits 
(Table 3). 

200 300 400 ' 500 600 700 800 

Wavelength (nm) 

Figure 7: Absorption spectra of the textile effluent. (+) prior to any 
treatment (A ) after passing through a brick-particle packed column. Both 
solutions were five times diluted. 
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Table 3 : Average spectral absorption coefficients of the brick-particle 
treated textile effluent at different wavelength ranges. 

Wavelength rangelnm Average spectral absorption Permissible level~rn-~ 
coefficientlm-I 

The brick-clay treatment removes many other pollutants including anionic 
constituents and reduces COD of the effluent sample (Table 4). The values of many 
parameters obtained after treatment are below the tolerance limits set by the 
Central Environmental Authority for discharge of textile  effluent^.^ Further, under 
optimized conditions, average capacity of brick particle-packed columns (25 g) for a 
50% decrease in absorbance measured a t  665 nm was determined to be 3.5 dm']. 
These observations clearly demonstrate the potential of brick particles as an 
efficient material for treatment of blue colour effluent discharged from denim 
washing plants. 

Table 4 : Effect of brick-particle columns (length of packing = 4 cm. inner 
diameter = 3 cm) for removal of pollutants from blue coloured textile 

-1 
effluent. Volume of effluent = 50 cm3, flow rate = 5 cma min , particle size 
< 0.125mm. 

Parameter Initial value Final value Percent removal 

Conductivity, S cm-I 3.5~10.' 2 .4~10 .~  3 1 

Turbidity, NTU ' 483 4.2 99 

COD, mg dm-' 1911 162 92 

Sulfate (So -2), mg dmJ 39 2 1 

Phosphate (Po "), mg dn;' 5 5 2.1 

The proposed method using columns packed with burrit bricli particles is 
effective as i t  allows cross media transfer of blue coloured particles. These studies 
would open a new avenue of using naturally occurring substances, which are 
commonly available in Sri Lanka, for treatment of coloured textile effluents. 
Another attraction of such substances is tha t  less disposal problems are  
encountered after the treatment process. 
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