
CHAPTER 4: RESULTS AND DISCUSSION 

The objective o f this chapter is to focus on discussing the observations and results 

obtained in detail, for utilization o f agricultural waste as adsorbents to remove colour 

from textile effluents. 

The adsorption behaviors o f the samples were studied by evaluating the colour 

removal efficiency, Re o f dye, calculated as, 

( C o - O ) , 1 0 0 

Co 
Where Co is the init ial concentration o f aqueous solution o f dye placed in a beaker 

and shaken at room temperature for a certain time with a weighed samples, and Ct is 

the solution concentration after adsorption, Re is expressed in terms of percentage. 

4.1 EFFECT OF ADSORBENT DOSAGE 

The effect o f adsorbent dosage on the removal o f colour from 50 mg/l dye solution 

was investigated by varying the adsorbent dose for various adsorbents, while keeping 

other parameters (pH, agitation speed, time) constant. 

Figure 4.1 and Figure 4.2 present the colour removal efficiency for all the four types 

o f HC1 treated and the ZnCb treated adsorbents respectively. Abbreviations used are 

CD, RH, SD and T W to indicate the Coir Dust, Rice Husk, Saw Dust and Tea Waste 

respectively. For comparison adsorption pattern o f raw materials without any pre 

treatment was also included and it is shown in Figures as 'Raw'. Further the removal 

capacity o f low cost adsorbents for the Cibacron Blue was compared with that of 

commercial Granular Activated Carbon (GAC) under identical conditions. 

It is noticed that the Cibacron Blue dye was not removed by the raw material alone 

without any pre treatment. But it is apparent that by increasing the pre treated 

adsorbent dose the adsorption efficiency increases and adsorption density, the amount 
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adsorbed per unit mass, decreases. A l l o f them showed no further increase in 

adsorption after a certain amount of adsorbent was added. 
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Figure 4.1: Effect o f HC1 treated adsorbent dosage on the adsorption o f cibacron 

blue. Co 50 mg/l, pH 2-3, Particle size 710 Micron 
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Figure 4.2: Effect o f ZnCl 2 treated adsorbent dosage on the adsorption o f cibacron blue. 

Co 50 mg/l, pH 2-3, Particle size 710 micron 

Results showed that all the pre treated adsorbents exhibited reasonably high removal 

efficiency for both cibacron blue (CB) and the lenazan blue (LB) dye while the 

removals by HC1 treated coir dust observed similar results that o f commercial GAC 

for cibacron blue dye. The 100 % removal o f colour of cibacron blue dye from a 50 

mg/l solution was possible by applying 1.2g HC1 treated coir dust and 1.1 g o f ZnC12 

treated coir dust. Further it is noted that 92% removal o f lenazan blue dye from a 50 
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mg/1 solution was possible by applying 0.8g o f HC1 treated coir dust. The 92% 

removal from rice husk, 80-84% removal from the. tea waste and the 80% removal 

from saw dust were observed. These patterns are well matched wi th the commercial 

GAC, where 100 % removal was obtained by adding 0.8 g o f GAC. The results were 

summarized as shown in the Table 4.1. 

Table 4.1: Colour removal Efficiencies o f various adsorbents 

ADSORBENT 

ADSORBATE 

HC1 treated ZnCl2 treated ADSORBENT 

ADSORBATE 
% Colour 

removal 
Dosage (g) 

% Colour 

removal 
Dosage (g) 

Coir dust-CB 100 1.2 100 1.1 

Coir dust -LB 92 0.8 - -

Rice husk-CB 92 0.9 92 0.8 

Tea waste-CB 84 1.1 80 1.1 

Saw dust-CB 80 1.2 80 0.9 

GAC -CB 
% Colour removal Dosage (g) 

GAC -CB 
100 0.8 

It is understood that the number of available adsorption sites increases by increasing 

the adsorbent dose and therefore, results in the increase o f removal efficiency. The 

decrease in adsorption density wi th increase in the adsorbent dose is mainly due to 

unsaturation o f adsorption sites through the adsorption reaction. Another reason may 

be due to the particle interaction, such as aggregation, resulting from high sorbent 

concentration. Such aggregation would lead to decrease in total surface area of the 

adsorbent. Further, after a certain dose o f adsorbent, the maximum adsorption sets in 

and hence the amount of colour particles bound to the adsorbent and the amount of 

free particles remains constant even with further addition o f the dose o f adsorbent. 

It was noticed that the untreated adsorbents showed no colour change (0 - zero Re %) 

and colour removal efficiency values o f the four types o f adsorbents were different 

from one another due to the surface modifications. Due to the negatively charged 

characteristics of cellulosic materials in aqueous media, the anionic species would not 

be attached, because o f the coulombic repulsion o f the negative charges. Basically, 

washing o f adsorbents wi th activation agents could change the charge characteristics 
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of the cellulose surface from negative to positive, and thus, will improve the 

adsorptive properties of anionic species on the adsorbents. These results are 

comparable with the results observed by other researches (Shanthy & Sehapathy, 

2005; Nakamura et al., 2003; Konduru et al., 1997). 

In addition the pores will open and increase when the activation process taking place. 

It can be easily seen from the microscopic structures shown in Figure 4.3 

Rice Husk Before activation After activation 

Saw Dust Before activation After activation 

Coir Dust Before activation After activation 

Figure 4.3: Change o f microscopic structure due to chemical activation (Magnification 100). 
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4.2 EFFECT OF pH 

The pH value o f the dye solution plays an important role in the whole adsorption 

process and particularly on the adsorption capacity. To examine the effect of pH on 

the dye removal efficiency, the pH was varied from 2 to 11. The removal of dyes as a 

function o f pH is shown in Figure 4.4 and Figure 4.5. Ionic dyes upon dissolution 

release coloured dye anions or cations in solution. The adsorption o f these charged 

dye groups onto the adsorbent surface is primarily influenced by the surface charge on 

the adsorbent which in turn is influenced by the pH o f the solution. 

0 2 4 6 8 10 12 

PH 

Figure 4.4: Effect o f pH on % removal of Cibacron blue adsorbed on various HCI 

treated adsorbents. 

Figure 4.5: Effect o f pH on % removal o f Cibacron blue adsorbed on various ZnCl 2 

treated adsorbents. 
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The removal o f dyes by all four adsorbents was found to be much higher in the acidic 

pH range o f 2-4 than those in neutral and alkaline conditions. The removal efficiency 

for HC1 treated and ZnC12 treated coir dust decreased from 100 % to 24 % and 8 % 

respectively, over pH range from 2 to 11. For other three HC1 treated adsorbents, rice 

husk, saw dust and tea waste also showed reduction o f colour removal efficiencies 

from 92 to 4 %, 84 to 24 % and 80 to 12 % respectively while ZnC l 2 treated rice husk 

reduced from 92 to 0 %, saw dust from 84 to 24 % and tea waste from 80 to 28 % with 

the pH range o f 2 to 11. 

As the pH o f the adsorption solution was lowered, the positively charged adsorption 

sites increased. This would attract the negatively charged functional groups located on 

the dyes. 

Similar observations have been reported by other researchers for adsorption of 

reactive dyes (Santhy & Selvapathy, 2005; Chiou et al, 2003; Konduru et al, 1997). 

4.3 EFFECT OF PARTICLE SIZE 

The adsorption capacity o f adsorbents very much depends on the surface activities, in 

other words, specific surface area available for solute - surface interaction, which is 

accessible to the solute. It is expected that adsorption capacity w i l l be increased with a 

larger surface area. In other words, the decrease in particle size led to an increase in 

the removal capacity because o f the increased surface area available for adsorption, as 

shown in Figure 4.6 and Figure 4.7. 

Decrease in particle size would lead to increase in surface area and then increase in the 

adsorption opportunity at the outer surface o f the adsorbent material. Besides 

adsorption at the outer surface of the adsorbent there is also possibility o f intraparticle 

diffusion from the outer surface into the pores o f the material. The diffusional 

resistance to mass transfer is greater for large particles. Due to various factors, such as 

mass transfer resistance, contacting time, and blockage o f some diffusional path, most 

o f the internal surface o f the particle may not be utilized for adsorption consequently 

the adsorption efficiency may be low (Shukla et al, 2002). 
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Figure 4.6: Kinetic studies for various particle sizes o f HCl treated coir dust at 30 °C, 

Co 50 mg/l, pH 2-3 
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Figure 4.7: Kinetic studies for various particle sizes o f HCl treated tea waste at 30 °C, 

Co 50 mg/l, pH 2-3 

These results show agreement with the earlier results obtained by many other 

researchers (Nakamura et al, 2003; Walker & Weatherley, 1996; Balasubramanian & 

Muralisankar, 1987; Mckay et al, 1984). In this study for further analysis, 710 micro 

meter particles size was used, because o f the dusty nature o f 355 and 500 micron 

particle sizes pose handling and the separation problems. 
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4.4 ADSORPTION KINETICS 

The kinetic studies predict the parameters that controls the overall process efficiency. 

So attempts were made to measure the effect of contact time on the uptake of cibacron 

blue on HC1 treated adsorbents. Other parameters such as dose of adsorbent, pH of the 

solution and agitation speed kept optimum, while experiments were carried out at 

room temperature (30 °C). 

The effect of contact time on dye removal is shown in Figure 4.8, colour removal 

efficiency percentage increased with an increase in contact time and at some point in 

time reaches a constant value beyond which no more of the dye is removed from the 

solution. At this point, the amount of dye being adsorbed onto the adsorbent is in a 

state of dynamic equilibrium with the amount of dye desorbing from the adsorbent. 

The amount of dye adsorbed at the equilibrium time reflects the maximum dye 

adsorption capacity of the particular adsorbent under those particular operating 

conditions. 

0 50 100 150 200 250 300 350 
Time (mln) 

Figure 4.8: Kinetic studies for various types o f HC1 treated adsorbents at 30 °C, 

Co 50 mg/l, pH 2-3, Particle size 710 micron 

For Coir dust exhibited an equilibrium time of 120 minutes to achieve a 100% dye 

removal efficiency. It can be seen that 75 % of colour removal efficiency was 

achieved within 1 hour. Such short times coupled with high removals indicate a high 
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degree o f affinity for the dye group. Optimum contact time for rice husk saw dust and 

for tea waste was found to be 240 minutes. Rice husk removed colour up to 92 % 

efficiently while saw dust and tea waste exhibited relatively poor removal efficiency 

o f 84 % wi th the equilibrium time of 240 minutes. 

However, during the experimentation it was observed that initial phase o f adsorption 

was rapid and within 2 hrs to almost 4 hrs was found to be sufficient for equilibrium 

attainment for all the types of adsorbents. Therefore the equilibrium time was set to 4 

hrs for all the experiment runs. This result is important, as equilibrium time is one of 

the important parameters for an economical waste water treatment system. 

In order to investigate the mechanism of adsorption process, the pseudo first order and 

the pseudo second order adsorption models were used to test experimental data. The 

first order rate expression of Lagergren (Singh et al, 1988) is given as; 

^g{qe-q)=\ogqe-^^t 

The second order kinetic model (Mckay et.al., 1999) is expressed as; 

t _ 1 | / 

where qe, q are the amounts of dye adsorbed on the adsorbent at equilibrium and at 

time / , respectively (mg/g) and kx is the rate constant o f first order adsorption (min" 1) 

and k2 is the rate constant o f second order adsorption (g. mg* 1 m in " 1 ) . 

Figure 4.7 shows the plot o f data for first order kinetic model. The linear relationship 

of the plot confirmed adherence to the Lagergren equation and also showed that the 

removal o f reactive dyes by adsorption followed the first order kinetics. 
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t (min) 

Figure 4.9: First order kinetic plot for adsorption o f Cibacron Blue dye on various 

adsorbents at 3 0 ° C , Co 50 mg/l, pH 2-3, Particle size 710 micron 

The experimental and the calculated values o f the amounts o f dye adsorbed on the 

adsorbent at equilibrium (q e ,exp and q e,Cai)> first order and second order rate constant 

values and the correlation coefficients (R ) are shown in Table 4.2. 

Table 4.2 : Comparison o f the First order and Second order adsorption rate constants. 

Cibacron Blue dye concentration 50 mg/l, pH 2-3, equilibrium time 4 hrs at 30 °C 

A D S O R B E N T Qe,eip 

(mg/g) 

First O r d e r Kinetic Mode l Second O r d e r Kinetic Mode l 

A D S O R B E N T Qe,eip 

(mg/g) k t 

( m i n 1 ) 
<le,cal 

(mg/g) 
R 2 

k 2 

(g- mg- 1 

min ) 

1e,cal 
(mg/g) 

R 2 

C O I R D U S T 4.17 0.0239 4.80 0.9769 0.0037 5.17 0.9619 

R I C E H U S K 3.83 0.0015 4.33 0.9652 0 .0007 6.84 0.9210 

S A W D U S T 3.50 0.0166 3.56 0 .9927 0 .0039 4.32 0.9934 

T E A W A S T E 2.80 0.0111 2.95 0.8981 0 .000045 17.79 0.0392 

The R 2 values for the pseudo first order adsorption model has high values and the 

calculated equilibrium adsorption capacities q e ; C a i are consistent wi th the experimental 
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data q e ,exp t n a n m m e values for pseudo second order kinetic model. It indicates that 

Lagergren's equation is applicable and the adsorption process is first order. 

These first order rate constant values obtained are comparable wi th those reported in 

the literature (Santhy & Selvapathy, 2005; Mit tal et al, 2005; Jain et al, 2003). 

4.5 EFFECT OF TEMPERATURE 

Kinetic studies were also carried out at different temperatures (10, 30, and 50 °C) and 

the results are presented in the Figure 4.10. 

0 20 4 0 6 0 80 100 120 

Time (min) 

Figure 4.10: Effect o f contact time for the dye removal on HC1 treated coir dust 

at different temperatures. Co 50 mg/1, pH 2-3, Particle size 710 micron 

It was found that the adsorption rate and equilibrium adsorption level increase with 

increasing temperature. The 100 % removal was achieved at 90 minutes at 50 °C and 

120 minutes at 30 °C respectively. It took relatively long time, that is more than 2 hrs 

to achieve 100 % removal efficiency at temperature o f 10 °C. Such impact o f 

temperature on the adsorption of dyes was also observed in other research reports 

(Shukla et al, 2002; Shi et al, 1998). 

This can be a direct consequence o f the degree o f opening up o f the cellulose structure 

at different temperatures. In addition, it enhances the mobil i ty and extent of 
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penetration within the coir dust structure and overcome the activation energy barrier 

and enhances the rate o f intraparticle diffusion. There is, however, a l imit for the 

maximum temperature at which solubilization of adsorbent extractives with dye 

solution would probably occur, resulting in a low adsorption in solid phase. Therefore, 

a general temperature range 30-60 °C is suggested to be appropriate for good 

adsorption (Shukla et al, 2002). 

4.6 A D S O R P T I O N I S O T H E R M S 

To examine the relationship between adsorbed and aqueous concentration at 

equilibrium, Langmuir and Freundlich adsorption isotherm models are widely 

employed for f i t t ing the data. 

Linearized Freundlich equation is written in logarithmic form; 

l o g ^ / = rtlogCe + log/C 

For linearization o f the data Langmuir equation can be written in the form, 

1 1 1 1 
+ — 

Y bQCe Q 

Where * / is the amount o f solute adsorbed per weight o f adsorbent (mg/g), Ce is 

the solution dye concentration at equilibrium (ppm), AT and « are Freundlich 

constants, Q is the Langmuir isotherm constants also called monolayer capacity and 

b is the Langmuir constant. 

In order to decide which type of isotherm fits better the sorption experimental data 

plotted the quantities log ̂ / vs log Ce for the Freundlich isotherm and - i - vs — 

/m 

for the Langmuir isotherm. 

The coefficients o f the best fit equation for the linearized forms o f the two isotherm 

models for the adsorption o f Cibacron Blue (CB) dye onto each o f the adsorbents are 

presented in Table 4.3. Further studies were carried out on the commercial GAC and 

Cibacron Blue combination and HCl treated coir dust and the Lenazan Blue CF (LB) 
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dye combination while maintaining the other experimental conditions constant. A l l the 

isotherm data are shown in Table 4.3. 

Table 4.3: Linear regression data for Freundlich and Langmuir isotherms on dye removal 

using various types o f adsorbents. 

ADSORBENT 

ADSORBATE 
TREATMENT 

FREUNDLICH ISOTHERM LANGMUIR ISOTHERM ADSORBENT 

ADSORBATE 
TREATMENT 

n K R2 Q 

(mg/g) 
b R2 

R l 

COIR DUST 

CB 

HCI 0.85 1.2 0.9879 65.36 0.0151 0.9975 0.570 COIR DUST 

CB ZnCl2 0.56 3.2 0.8977 18.28 0.1805 0.9053 0.100 

COIR DUST 

LB CF 
HCI 1.10 1.0 0.8939 37.60 0.0300 0.9520 0.400 

RICE HUSK 

CB 

HCI 0.43 1.9 0.9630 10.31 0.0945 0.9855 0.175 RICE HUSK 

CB ZnCI2 0.31 2.3 0.8247 10.21 0.2475 0.8605 0.075 

SAW DUST 

CB 

HCI 0.56 1.0 0.8905 13.93 0 .0336 0.9462 0.373 SAW DUST 

CB ZnCl2 0.47 1.25 0.8959 10.11 0 .0540 0 .9430 0.270 

TEA WASTE 

CB 

HCI 0.30 1.85 0.8618 5.17 0 .2479 0.8275 0.075 TEA WASTE 

CB ZnCI2 0.54 1.3 0.8969 11.01 0 .0809 0.9154 0.198 

GAC 

CB 
Steam 0.57 5.4 0.7979 45.45 0.0948 0.8516 0.174 

The correlation coefficient (R ) close to 1 indicates that the adsorption process 

confirms to both Langmuir and the Freundlich adsorption isotherms. The value o f n 

obtained from Freundlich isotherm, for adsorption o f most organic compounds by 

activated carbon is <1 . Steep slopes, that is, n close to 1 indicate high adsorptive 

capacity at high equilibrium concentrations that rapidly diminishes at lower 

equilibrium concentrations covered by the isotherm. Relatively flat slopes, that is, n 

« < 1 indicate that the adsorptive capacity is only slightly reduced at the lower 

equilibrium concentrations. As the Freundlich equation indicates, the adsorptive 

capacity or loading factor on adsorbent, (x/m) is a function of the equilibrium 

concentration of the solute. Therefore, higher capacities are obtained at higher 

equilibrium concentrations. The monolayer capacity Q, determined from the 

Langmuir isotherm, defines the total capacity o f the adsorbent for a specific adsorbate. 
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The adsorption capacity (Q) is much higher wi th the HCl treated coir dust - dye 

combinations when compared to the other adsorbent - dye combinations. While the 

adsorption capacity for cibacron blue dye by HCl treated coir dust was higher than 

those by commercial GAC, other dye - adsorbent combinations except HCl treated 

coir dust - lenazan blue dye, were somewhat lesser than that by GAC. 

HCl treated adsorbents except tea waste show higher adsorption capacities compared 

to ZnCb treated adsorbents prepared from the same material because, increase o f H + 

ions on adsorbent surface. Therefore, further studies were carried out using the HCl 

treated coir dust and the HCl treated Rice husk wi th cibacron blue dye. 

However, in this study, Langmuir isotherm has a slightly better f itt ing model than 

Frundlich as the Langmuir plots have higher coefficient o f correlations than the 

Freundlich plots thus, indicating to the applicability o f monolayer coverage o f the dye 

particle on the surface o f adsorbent. 

The essential characteristics of Langmuir isotherm can be explained in terms o f a 

dimensionless constant, the separation factor RL (Mittal et al, 2005; Nomanbhay et 

al, 2005; Mal l et al, 1997), defined by; 

L 1+bCo 
Where b is the Langmuir constant and Co is the initial concentration o f dye solution. 

The value of R, indicates the type o f Langmuir isotherm, it can be irreversible (RL =0), 

favourable (0<RL <1), linear (RL =1), or unfavourable (R, >1). The last column of the 

Table 4.3 shows that colour sorption of all types o f adsorbent in this study is 

favorable. 

The isotherm studies were illustrated graphically in Figure 4.11, Figure 4.12 and in 

Annexure 2, which shows that their removals differed wi th different adsorbents. 
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Figure 4.11: Linear Freundlich adsorption isotherms for various types o f HCI treated 

adsorbents at 30 °C. Co 50 mg/1 , pH 2-3 , particle size 710 micron 

0.35 

0.30 

0.25 

_ 0.20 

i 
5 1 0.15 -

0.10 

0.05 

0.00 
0.05 0.1 

1ICe 

0.9975 

• CD 

• RH 
m, S D 

x T W 

0.15 0.2 

Figure 4.12: Linear Langmuir adsorption isotherms for various types o f HCI treated 

adsorbents at 30 °C. Co 50 mg/I, pH 2-3, particle size 710 micron 

4.7 PACKED BED STUDIES 

The majority o f commercial adsorption systems utilize the principle o f packed bed 

systems. The concept o f packed bed adsorbers is the establishment o f a breakthrough 

curve, which passes through the column until it leaves the column, at which stage the 

adsorbent w i l l be spent and in need o f regeneration. A t this stage the concentration o f 

dye in the effluent w i l l be the same as that at the influent, namely, Co. 

58 



Studies were carried out to plot breakthrough curves between concentration ratio 

(C/Co) and time for HCl treated and ZnCh treated adsorbents, and they are illustrated 

in Figure 4.13 and Figure 4.14 respectively. From this plot, a tracking of the 

adsorption wave front can be seen through the bed, wi th adsorbent coming into initial 

contact wi th the solute at the top of the bed, showing an increase in concentration ratio 

with volume treated. The shape o f the breakthrough curves o f this study follows the 

characteristics o f " S " shape profile. However most research carried out on the 

adsorption o f dyes show breakthrough curves similar in profile to the " S " shape 

profile reported here (Amarasinghe & Gangodavilage, 2005; Mit tal et al, 2005; 

Prakash Kumar et al, 2005; Netpradit et al, 2004; Walker & Weatherley, 1996). 

1.2 i 

Time (min) 

Figure 4.13: Breakthrough curves for various types o f HCl treated adsorbents at 30 °C 

Co 50 mg/l, pH 2-3, Particle size 710 micron, Bed height 10 cm, Flow rate 20 ml/min 

1.2 -i 

Time (min) 

Figure 4.14: Breakthrough curves for various types of ZnCl 2 treated adsorbents at 30 °C 

Co 50 mg/l, pH 2-3, Particle size 710 micron, Bed height 10 cm, Flow rate 20 ml/min 
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For every adsorbent except tea waste, the outlet concentration o f zero percent was 

observed during the initial period indicating 100 % removal efficiency. The 

experimental breakthrough curves are close to the shape o f the ideal curves of step 

change, indicating high rate of adsorption and low length of the unused bed and hence 

less adsorbent wastage in the packed bed operation. Higher rate o f adsorption was 

observed in coir dust based samples compared to others as observed in the batch 

experiments. 

The packed bed adsorption capacity can be calculated from the fol lowing equation; 

Tl 

The bed capacity per unit cross section = 
Ls'\{Yo-Y)dT 

o 

Where, 

Ls' = Inert fluid rate per unit cross section of the column (Kg / S.m 2) 

Yo = Initial concentration o f solute. 

Y = Solute concentration at time T. 

When area A \ = A2 as shown in the Figure 4.15 and Figure 4.16, bed capacity for 

normal and ideal breakthrough curves w i l l be equal. 
Tt 

Theri5 Ls' j(Yo-Y)dT=Ls'(Yo-Y*)Ts 
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Figure 4.15: Normal and the Ideal breakthrough curve for HCI treated C o i r Dust 
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Figure 4.16: Normal and the Ideal breakthrough curve for HCl treated Rice Husk 

Calculated bed capacities for HCl treated adsorbents are included in the Table 4.4. For 

the comparison o f data, the equilibrium batch capacities also included in the same 

table. 

Table 4.4: Comparison o f bed and batch adsorption capacity 

Adsorbent 
Packed bed 

Capacity (mg/g) 

Equilibrium batch 

Capacity (mg/g) 

Coir Dust 30.61 65.36 

Rice Husk 9.30 10.31 

Saw Dust 11.57 13.93 

Tea Waste 8.02 5.17 

For the every adsorbent except tea waste, the bed capacities are lower than that of 

batch system. In batch processes the adsorption equilibrium reached within 4 hours, 

while for the columns studied it took less than 20 minutes. Continuous mixing in the 

batch system affects the improvement o f the adsorption capacity. In theory, it explains 

that the adsorption in a column is not normally in a state of equilibrium. Therefore the 

studied f low rate in this work might not have provided sufficient contact time for the 

dyes to distribute throughout all surface area o f the adsorbent. It is also diff icult to 

control the column conditions in order to obtain the maximum usage o f adsorbent, 

because the f low disturbances, channeling effects and clogging can be easily occurred 

in the column. Further in the fixed bed the contact o f the particles reduces the open 
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surface area for the adsorption. Therefore, the batch system may provide better 

interaction between dyes and adsorbent than in the column system. 

However, it is observed that in both the batch and the column studies the adsorption 

capacity was increased in the order of TW<RH<SD<CD. Therefore, further 

experiments were carried out using the HCl treated coir dust as the batch and the 

packed bed studies showed that it is the most efficient adsorbent for the removal of 

cibacron blue dye. 

4.8 EFFECT OF THE INITIAL DYE CONCENTRATION ON THE 

BREAKTHROUGH CURVES 

The initial dye concentration of the effluent is important since a given mass o f 

adsorbent can only adsorb a fixed amount of dye. Therefore, the more concentrated of 

an effluent, the smaller is the volume of effluent that a f ixed mass o f adsorbent can 

purify. Several experiments were undertaken to study the effect o f varying the initial 

dye concentration on the rate o f dye removal from the solution. The breakthrough 

curves for varying initial dye concentrations are presented in Figure 4.17 for HCl 

treated coir dust and Figure 4.18 for HCl treated rice husk. 

—•— 50 mg/l 
- « - 1 0 0 mg/l 

150 mg/l 

0 50 100 150 200 250 300 350 

Time (min) 

Figure 4.17: Effect o f various initial dye concentrations Co, for the system; packed bed height 10 cm, 

Flow rate 20 ml/min, HCl treated Coir Dust particle size 710 micron, pH 2-3 
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Figure 4.18: Effect o f various initial dye concentrations Co, for the system; packed bed height 10 cm, 

Flow rate 20 ml/min, HCI treated Rice Husk particle size 710 micron, pH 2-3 

The effect o f the init ial dye concentration in the inlet f low is one o f the limitation 

factors and a main process parameter. Increasing the inlet dye concentration increases 

the slope o f the breakthrough curve, reducing the volume treated before adsorbent 

regeneration. Increasing inlet dye concentration at constant f low rate decreases the 

throughput until breakthrough. This may be caused by saturation o f the adsorbent 

more quickly wi th high dye concentrations, thereby decreasing the breakthrough time. 

4.9 EFFECT OF THE FLOW RATE ON THE BREAKTHROUGH CURVES 

In the design o f the packed bed adsorption column, the contact time is the most 

significant variable, and therefore the bed height and the dye f low rate are the major 

design parameters. 

The effect o f varying the f low rate was investigated for HCI treated coir dust and rice 

husk adsorbents and the breakthrough curves are presented in Figure 4.19 and Figure 

4.20 respectively. This shows the effect o f three different f low rates on the 

breakthrough curves by using a bed depth of 10 cm. It is evident from this figure that 

as the f low rate increased, the service time was shortened and therefore, the volume 

treated until breakthrough. This shows short contact time between the dye molecules 

and the coir dust adsorption sites not having enough time for diffusion. A similar trend 

was observed by Prakash Kumar et al. (2005) and Markovska et al. (2001). 
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Figure 4.19: Effect o f various flow rates at a bed height 10 cm, pH 2-3 , Co 50 mg/1, 

HCI treated Coir Dust particle size 710 micron 

0 100 200 300 400 

Time min 

Figure 4.20: Effect o f various flow rates at a bed height 10 cm, pH 2-3 , Co 50 mg/1, 

HCI treated Rice Husk particle size 710 micron 

Further, at the lower f low rate curves are steeper than the curves at higher f low rate, 

indicative o f the longer adsorbent - adsorbate contact time at the lower f low rate. 

4.10 EFFECT OF BED HEIGHT ON BREAKTHROUGH CURVE 

Figure 4.21 and Figure 4.22 show the breakthrough curves o f different bed depths at a 

constant f low rate o f 20 ml/min. The breakthrough time or volume increased with 

increasing bed depth while the shape and gradient of the curves were slightly different 
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with the variable bed height. The curves for the lower bed height are steep compared 

to the higher bed height, indicating rapid adsorption. 
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Time (min) 

Figure 4.21: Effect o f various bed heights at a Flow rate 20 ml/min, pH 2-3 , Co 50 mg/l, 

HCl treated Coir Dust particle size 710 micron 

Time min 

Figure 4.22: Effect o f various bed heights at a Flow rate 20 ml/min, pH 2-3 , Co 50 mg/l, 

HCl treated Rice Husk particle size 710 micron 

However, most research carried out on the adsorption o f dyes showed breakthrough 

curves similar in trend to the profiles reported here (Netpradit et al, 2004; Walker et 

al, 1997). The variation in concentration profile was due to the relatively large 

adsorption zone. The rate at which the adsorption zone travels through the bed 

decreases wi th the depth, suggesting that beds o f an increased height may be required 
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for dye adsorption. This phenomenon occurs in the adsorption of dyestuffs because of 

their large molecular structure, resistance to internal diffusion was much higher than 

smaller molecules. This resulted in the dye molecules not having enough contact time 

to diffuse from the surface o f the particle to the adsorption sites. 

4.11 EFFECT OF ADSORBENT PARTICLE SIZE ON BREAKTHROUGH 
CURVE 

The effect o f varying the adsorbent particle size used during the packed bed 

experiments had a marked increase on column performance. Figure 4.23 shows the 

influence o f coir dust particle size for the adsorption o f cibacron blue at constant dye 

f low rate. This plot indicates that smaller particle size increased the better bed 

performance and service time and the treated volume until exhaustion. 
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Figure 4.23: Effect o f various particle sizes o f HCl treated Coir Dust at pH 2-3 , 

Co 50 mg/l, Flow rate 20 ml/min, 

The curve for the smaller particle diameter is steep compared to the higher range, 

indicating rapid adsorption. This effect is again due to the larger external surface 

available for adsorption onto smaller particles. 

This correlated well wi th results from batch studies, in that the rate o f adsorption 

appeared to increase wi th reduced particle size. 
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4.12 ADSORPTION MODELS 

The Bed Depth Service Time (BDST) model is wel l established for dye adsorption in 

fixed bed systems (Walker et al, 1997) therefore only a brief description is included. 

This model proposed a relationship between bed depth, Z, and the time taken for 

breakthrough to occur, T, and it can be described by; 

T = Z In 
CoV KCo 

2 . - 1 
Cb 

Where, T is the service time, Z is the depth o f adsorbent bed, V is the linear f low 

rate, K is the adsorption rate constant and No is the adsorptive capacity. 

The correlation coefficient (R 2) values calculated for the linearization o f the 

experimental data were generally quite high, as shown in Table 4.5 and Table 4.6. It 

also included the adsorption capacity (No) and the rate constant (K) . 

4.12.1 BDST With Variation In Flow Rate 

The effect o f f low rate on bed performance was described using the BDST model. The 

bed depth verses service time for cibacron blue at constant concentration and particle 

size is plotted on Figure 4.24. 

The breakthrough point for this study was fixed at 10 % o f the feed concentration. 

That is for an inlet feed concentration of 50 mg/l the breakthrough concentration 

would be 5 mg/l . As the breakthrough time decreases wi th increase in f low rate, the 

slope o f the BDST plot decreased accordingly and bed operated at low f low rates 

produced much higher service times. 

67 



450 -, 

400 -

Bed height (cm) 

• 10 ml/min • 20 ml/min » 30 ml/min 

Figure 4.24: B D S T plots for various flow rates HCI treated Coir dust at 30 °C, 

Co 50 mg/l, pH 2-3, Particle size 710 micron, Bed height 10 cm 

Flow rate 20 ml/min 

The data fit the BDST model well and the equations o f the three lines also are given 

for various f low rates are shown in Table 4.5. 

Table 4.5: B D S T plots data for various flow rates 

Flow rate 
(ml/min) 

Parameters 
Equation Flow rate 

(ml/min) No 
(mg cm"3) 

K 
(1 mg"1 min"1) R2 

Equation 

10 0.851 0.00033 0.9902 T = 12.04 Z + 134 

20 1.432 0.00089 0.9918 T = 10.12 Z + 4 9 

30 0.866 0.00146 0.9843 T = 4 .08 Z + 3 0 

4.12.2 BDST With Variation In Dye Concentration 

The bed performance was compared with the BDST model wi th a plot o f bed depth 

versus service time for cibacron blue at constant f low rate and particle size. Figure 

4.25 shows how BDST relationship was confirmed for the adsorption o f Cibacron 

Blue dye onto coir dust at 10% breakthrough for various inlet dye concentration. It 

shows an increased slope at lower inlet concentrations, which is indicative o f better 

bed performance wi th increased volume until exhaustion. 
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Figure 4.25: B D S T plots for various dye concentrations HCI treated Coir Dust at 30 °C, 

pH 2-3, Particle size 710 micron, Bed height 10 cm, Flow rate 20 ml/min 

Table 4.6: B D S T plots data for various dye concentrations 

Concentrat ion 
mg/l 

Parameters 

Equat ion 
Concentrat ion 

mg/l N o 
( m g cm" 3) 

K 
(1 mg"1 min" 1) 

Equat ion 

50 1.432 0.00089 0.9918 T = 10.12 Z + 4 9 

100 1.477 0.00066 0.9853 T = 5 .22 Z + 33 

150 1.409 0.00146 0.9303 T = 3 .32 Z + 10 

The adsorption capacities of batch experiments were higher than the column 

experiments. This clearly indicates that the contact time between the dye solution and 

adsorbate were not sufficient in the column techniques. Therefore the batch systems 

provided better interaction between adsorbents and the dyes. 

In addition, the Chemical Oxygen Demand (COD) o f the 50 mg/l Cibacron Blue dye 

solution before and after treatment by adsorption using HCI treated coir dust packed 

bed were measured and it was found that the COD has been reduced from 330 to 60 

mg/l (with 81 .8% COD removal efficiency) after treatment. 
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4.13 REAL TEXTILE WASTEWATER TREATMENT 

The colour removal o f the real textile wastewater was measured using the 

spectrophotometer and a wavelength of maximum absorbance was shown at 560 nm, 

therefore this wavelength was used to evaluate the colour removal o f treated 

wastewater. The comparison of values of absorbance, pH and COD are shown in 

Table 4.7. The experiments showed that the column was rapidly saturated by using the 

f low rate 20 ml /min due to the competition of several organic matters to be adsorbed. 

Thus the lower f low rate 12 ml/min was used to treat the real textile wastewater. 

Table 4.7: Qualities o f wastewater and treated water 

Parameter Wastewater 
Treated 

wastewater 

CEA Standard 

limit 
% Removal 

Absorbance 

(560 nm) 
0.18 0.03 - 83.33 

PH 9.4 6.9 6.5 to 8.5 -

COD mg/l 790 220 250 72.15 

The results showed that the quality o f treated wastewater is within the standard limits 

of industrial effluents (Annexure 4). 
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