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REMOVAL: OF ' BLUE COLOURATION FROM INDUSTRIAL EFFL’UENTS
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i [l Abstract: The: colourintensity of ‘aquectis solutions ofs methylene Bltts; adorimon
dye used in industry, can be effectively reduced by burnt-brick particles.;Smaller; - .5 iv.:.
particles show higher efficiency of colour removal with increased turbidity, and
consequently, moderate particle srzes are recommended;for. practical applications.

(lass colamns packed With br ick pa1 ‘ticles have a leasonably high capacity for blue
colour removal. The proposed brick-particle based method for blue colour removal

i tfrom textile: fffueritsis: ‘simiple, eHféctive, fechhomical, and miove 1mportantly,"“ SR
 ;environmengally: friendly corripal ed to. exrstmg clremlcal methods.: . P

‘ . Ke_y vy‘_urd,s_:‘ Bl‘ue' coloulz remova,l,_ b)jick particles__, tex_tile_ ,ef_ﬂ__uent_,__ .
- INTRODUCTION

Disposal problems of industrial effluents have risen steadrl_y as a result of increased
mdustrlahsatlon Avarlety of coloured substances such as azo dyes anthraqulnone '
formazan and phthalocyanmes are. currently used in several 1ndustr1es 1ncludmg
textile, prlntlng, paper and palnt 18 Thus effluents usually consist of large‘
quantities of water together ‘with various types of chemicals including carcmogemc
dyes, and other orgamc and inorganic. substances. Consequently, water resources
become hrghly polluted resultlng in severe damage to the. env1ronment whlch has
already become a global problem 45 Further some research reports 1ndlcate that,
unfavourable health effects such.as development of cancers, skin effects low blrth

welghts and abortlons have mcreased durmg the last two decades 6

i

It is recommended that efﬂuent water be treated before 1t is d1scharged 1nto av
flowing water body, and the treated effluent should fulfil the spec1ﬁcatrons 1aid
down bv environmental authorities.” Although removal methods of inorganic and
organic pollutants from industrial efﬂuents through chemlcal and blologlcal means
are well documented,*!? colour removal studies are comparatlvely less. 1415 Among
reported methods for colour removal, those based on natural substances, in
partlcul ar, plant species, ‘have attracted attention in recent years.6

ngh cost of constructlon operatlon and malntenance and generatlon of large
amounts of unusable sludge have been a problem for effectlve treatment of mdustrlal
effluents, espec1ally in developlng countries.!™® Lack of envrronmentally friendly
attitudes, and poor collaboration between industries and national research institutes

-
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have worsened the situation. As a result, pollution control and management are
still at 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 UV/Vis 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™ methylene blue (model dye) solutions placed in beakers. The
solutions were stirred, and allowed an equilibration time of at 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 = [(C_ - C, _)/C, 1x100

Where C, | 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, 1.0g,2.0g,3.0 g,
4.0 g and 5.0 g of burnt-brick samples were added to 50 cm? of the model dye solution,
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and absorbances were measured before and after addition. A volume of 50 cm? model
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 cm?® of
3.0 mg dm™ model 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 cm
internal diameter up to a length of 4 cm, and the flow rate was controlled at 10 cm®
min’.

Analysis of textile 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 optimised 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 wavelengths. ’

RESULTS AND DISCUSSION
Preliminary Screening Experiments

The absorption spectrum of methylene blue and that of effluent water showed
an absorption maximum at the wavelength of 665 nm (Fig. 1). Consequently, most
of the colour measurements were at 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 (S0,)./FeSO, [1:1 w/w] flocculant is not a natural substance, its
performanceis also monitored for comparative purposes because it is used in many
textile industries to remove colour and other chemical species present in effluents.
It 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 at least one hour were employed to reach
adsorption and sedimentation equilibria.
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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 cm’, equilibration time 1 hr.

Substance Methylene blue ~ Textile effluent
Burnt-brick 96 91
Burnt-dolomite 38 79
Limestone 58 87
Ball-clay 55 71
Flocculant 62 79
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

Amount of adsorbent: A series of static experiments conducted with different amounts
of brick 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). Asthe
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 blue per gram of adsorbent,
this amount is selected as the optimum amount for subsequent experiments.
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Figure 2: Absorbance of methylene blue solutions after treatment with
different amounts of brick particles (A) after 2 hrs. (®) after 4 hrs.
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Equilibration time: Decrease in turbidity together with increase in the percent colour
removal was observed at 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 sufﬁc1ently settled as turbidity has decreased by about
85% (Fig. 3).
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Figure 3: ’I‘urbldlty of the supernatant solution of 3.0 mg dm” methylene

blue (50 ¢cm’) after treatment with 2. 0 g brick particles of diameter 0.088
mm-0.125 mm at different equilibration times.

Concentration of the dye solution: The percent colour removal estimated after one
hour for 2.0 g brick clay in 50 ml aliquots of the model dye solution of different
concentrations indicates that the efficiency of colour removal is increased with
concentration (Fig. 4). Nevertheless, the concentration of 3.0 mg dm™ was selected
for further experiments as textile effluent and the model dye solution with the above
concentration 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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Figure 4: The percent coloug 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 70% 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 to larger surface area, due to
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), it 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 to 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:coléur 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 (M ) after 1 h (®) after 2h (A ) after 3 h.
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Figure 6: ’I‘urbldlty of the supernatant solution of 3.0 mg dm” methylene
blue solution (50 cm’) after treatment with 2.0 g brick particles of different
sizes under static conditions. (A) after 1 h (®) after 2 h (W) 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 em 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 4 974
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 at the factory outlet prior to 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 at 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 to 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 at 665 nm, absorbances at 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).

Absorbance
-

w / \

/\\t’&w-—‘.« )
0 X N > bl ke O

— T

200 300 400 500 600 700 800
Wavalength (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 range/nm Average spectral absorption Permissible level/m
coefficient/m”’
400-499 ' 5.4 7.0
500-599 4.5 5.0
600-749 2.1 3.0

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 effluents.’ Further, under
optimized conditions, average capacity of brick particle-packed columns (25 g) for a
50% decrease in absorbance measured at 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 ¢m. inner
diameter = 3 cm) for removal of pollutants from blue coloured textile
effluent. Volume of effluent = 50 cma, flow rate = 5 cm’ min'l, particle size
< 0.125mm.

Parameter Initial value Final value Percent removal
pH 4.7 6.2 -
Conductivity, S cm” ~ 35x10" 2.4210" 31
Turbidity, NTU ~ 483 42 99

COD, mg dm” 1911 162 92
Sulfate (So(l'z), me dm” 39 21 46
Phosphate <‘Po4"‘), mg dm” 55 2.1 96

The proposed method using columns packed with burnt brick particles is
effective as it 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 that less disposal problems are
encountered after the treatment process.
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