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ABSTRACT 

In this present study, we used Carbon Nanotubes (CNT) as an adsorbent for the removal of Acid Blue dye.  MWNTs 

are synthesized from Rosmarinus officinalis oil as a Non-conventional precursor on to Fe/Mo catalyst supported on silica at 

50 °C under N2 atmosphere by spray pyrolysis process.  The efficiency of the CNT has been detected by the fixed bed column 

Adsorption studies with various parameters like initial dye concentration, different flow rate and bed height.  The down-fow 

column adsorption technique is used to assessing the stability of the chosen adsorbent for desigh purpose.  The Bed Depth 

Service Time (BDST), Thomas and Yoon-Nelson Models were applied for the analysis of Acid Blue dye adsorption in the 

column.  
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1. INTRODUCTION 

Adsorption is the preferential partitioning of 

substances from the vaporish or liquid part on to the 

surface of a solid’s substrate. The method of sorption 

involves separation of substance from one part in the 

course of accumulation or concentration at the surface of 

another. The adsorbing phase is the adsorbent and the 

material concentrated or adsorbed at the surface of that 

phase is the adsorbate. The adsorption results in the 

formation of a monolayer of the adsorbate on the surface 

of the adsorbent (Karthikeyan et al. 2012). The sorption 

applications of CNT to tackle environmental pollution 

problems have received considerable attention in which 

CNT used as fixed bed, continuous flow through this bed 

result in maximum utilization of the adsorption capacity. 
For the application of the CNT as adsorbents in fixed bed 

column experiments, different parameters need to be 

optimized, such as flow rate, the bed thickness and 

diameters and initial concentration of the pollutant. 

For example, MWCNT/alumina nanocomposite 

as sorbent has been reported to be an effective for the 

removal of lead ions from aqueous solution with pH 

range of 3-7. The efficiency of the sorbent has been tested 

in batch mode and fixed bed, column mode. It has been 

reported that by increasing agitation speed, contact time 

and adsorbent dosage the amount of the removal is 

increased. CNT-iron oxides magnetic composites has 

been successfully applied as adsorbent for removal of 

different targets from water such as Pb(II) (Li et al. 

2005), Cu(II) (Lee et al. 2001), Ni(II) (Kandah and 

Meunier, 2007) and Sr(II) (Chen  et al. 2009). 

2. COLUMN STUDIES 

In the continuous flow method, the solution is 

allowed to pass through a stationary fixed bed of the 

adsorbent.  During the initial stages of operation, the 

adsorbate species readily adsorb on the first few layers of 

the adsorbent effectively.  These first few layers have 

contact with the solution containing maximum amount of 

the solute.  During the subsequent flow of the influent, 

the adsorbate species, escaping adsorption from the first 

few layers, adsorb on the subsequent layers. This zone is 

practically saturated with respect to the adsorbate species 

and hence, this zone cannot adsorb further. In column 

studies, it is necessary to note the importance of the term 

break through point.  The term break point or break 

through point refers to the volume of the influent passed 

through the bed before reaching maximum effluent 

concentration and beyond the break through point, the 

adsorbent can adsorb only very little amount of the 

adsorbate.   

The break through point increases with the 

increase in the bed depth. The break through point 

increases with the decrease in the flow rate (Karthikeyan 

et al. 2014). The break through point increases with the 

decrease in the initial concentration of the influent. 

The Adsorbent containing diameter of 50-100 

nm and length of 5-10 µm was used for the study. A glass 

wool column of diameter 2.5 cm was used. Clean glass 

wool was placed at the bottom and top of the column to 

retain the carbon and prevent disturbance of the bed by 

high flow rates. Slurry of the adsorbent was prepared 
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with distilled water and slowly transferred in to the 

column. After complete transfer of the adsorbent, bed 

was washed with distilled water. Dye solution under 

study was placed in a reservoir. The Experimental Setup 

for the fixed bed column is given in Fig. 1. 

 

Fig. 1: Fixed bed column experimental setup 

2.1 Adsorbate 

Acid Blue dye solution is prepared by 

dissolving accurately weighed dyes in distilled water at 

respective concentration. The concentration of dye 

solution was determined using a spectrophotometer 

operating in the visible range on absorbance. The 

Structure of Acid Blue dye molecule is given in Fig. 2. 

The summary data including the color index is given in 

Table 1. 

 

Fig. 2: Structure of acid blue dye 

Table 1. Summary data on dye studied 

Generic Name Classification 
Color 

Index 
Class 

  Blue Anionic 62125 Acid 

 

 

2.2 CNT as an Adsorbent 

The CNT provides chemically inert surfaces 

with high specific surface areas for physical adsorption. 

They have relatively uniform structure, providing more 

adsorption sites. Adsorbent used for this study is Multi-

walled carbon nanotubes (MWNTs), which have been 

synthesized by simple method of spray pyrolysis using 

Rosmarinus officinalis oil on Fe/Mo catalyst supported 

on silica under nitrogen atmosphere. CNTs as an 

adsorbent media able to remove wide range of 

contaminant heavy metals such as Cr3+ (Di et al. 2006), 

Pb2+    (Li et al. 2005) and Zn2+ (Purnachandra et al. 

2007), metalloids such as arsenic compounds (Peng et al. 

2005), organics such as polycyclic aromatic organic 

compounds (Gotovac et al. 2007; Hedderman   et al. 

2006; Yang et al. 2006), atrazine (Yan et al. 2008) and a 

range of biological contaminants including bacteria 

(Akasaka and Watari, 2009; Deng et al. 2008; Srivatsava 

et al. 2004; Upadhyayula et al. 2008; Upadhyayula et al. 

2009), viruses (Brady-Estevez et al. 2008; Mostafavi et 

al. 2009), NOM (Hyung and Kim, 2008; Lu and Su, 

2007; Saleh et al. 2008; Su and Lu, 2007) and 

cyanobacterial toxins (Albuquerque et al. 2008; Yan et 

al. 2004; Yan et al. 2006). Nanosorbents such as CNTs, 

polymeric materials (e.g. dendrimers), zeolites have 

exceptional adsorption properties and are applied for 

removal of heavy metals, organics and other impurities 

(Savage and Diallo, 2005). Adsorption of metal 

contaminants and organics on CNT is widely studied and 

extensively reviewed (Purnachadra Rao et al. 2007).  

3. VARIOUS MODELS FOR BED COLUMN 
STUDY 

3.1 Bed Depth Service Time (BDST) Model 

BDST model states that the bed height and 

service time of a column bear a linear relationship. This 

model was derived based on the assumption that forces 

like intra particle diffusion and external mass transfer 

resistance are negligible and that the adsorbate is 

adsorbed onto the adsorbent surface directly. This model 

is used only for the description of the initial part of the 

breakthrough curve (i.e.) up to the breakpoint or 10–50% 

of the saturation points (Kundu and Gupta, 2006). 

The original BDST model was carried out by 

Bohart and Adams and given in Equation (1). 

ln (
𝐶0

𝐶𝐵
− 1) = 𝑙𝑛 (exp [

𝐾𝑋𝑁0

𝑉
] − 1) − 𝐾𝐶0𝑡          (1) 

A linear relationship between bed depth and 

service time is given by eq. (2)  

 

The straight line represent as: 
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                 𝑡 =
𝑁0𝑋

𝐶0𝑉
−

1

𝐶0𝐾
𝑙𝑛(

𝐶0

𝐶𝐵
− 1)            (2) 

 

Where, ‘a’ is the intercept of BDST line 𝑎 =

(
𝑁0

𝑉𝐶𝑜
)and the slope of this equation represented as eq. 

(3). 

                           𝑏 =
1

𝐾𝐶0
𝑙𝑛 (

𝐶0

𝐶𝐵
− 1)          (3) 

Thus, N0 and k can be evaluated from slope (a) 

and the intercept (b) of the plot of t versus X, 

respectively. The critical bed depth (X0) is the theoretical 

depth of adsorbent sufficient to ensure that the outlet 

solute concentration does not exceed the breakthrough 

concentration (CB) value at time t = 0. 

3.2 Thomas Model 

Among the Thomas (1948) model is simple to 

use in the design of a fixed-bed adsorption column.  

Therefore the break through data obtained from the 

column studies was examined using the kinetic model 

developed by Thomas (1948). The expression of the 

Thomas model for an adsorption column is as follows. 

           Co/Ct   =  1/{1 + exp[k/Q(NoM – CoV)]}     (4) 

Where,    

  

  Ct    =  effluent dye concentration, mg/L 

        C0   =  initial dye concentration, mg/L 

  K   =  Thomas rate constant L /min. mg 

        N0   =  maximum dye adsorption capacity, mg/g 

        M   =  mass of the carbon, g 

  V   =  throughput volume of the dye solution, mL 

        Q   =  flow rate, mL/min 

 

Equation (4) can be converted to the simple 

format as follows:   

                       Ct/C0 = 1/[exp(b-aV)]                       (5) 

Where, 

                 a = KC0/Q                                 (6) 

                        b = K N0M/Q                               (7) 

Therefore if Q, M and C0 are constants, Ct/C0 is 

the function of V. Once a & b are determined the value 

of K & No can be calculated from eq. 6 & 7. 

3.3 Yoon-Nelson Model 

This model was developed by Yoon and Nelson 

in 1984 to describe the adsorption breakthrough curves. 

The Yoon–Nelson model was derived based on the 

assumption that the rate of decrease in the probability of 

adsorption for each adsorbate molecule is proportional to 

the probability of adsorbate adsorption and the 

probability of adsorbate breakthrough on the adsorbent. 

This model that requires no detailed data concerning the 

type of the adsorbent and the physical properties of the 

adsorption bed (Aksu and Gonen, 2004; Chowdhury et 

al. 2013). The linearised model for a single component 

system is expressed as: 

                   ln (
𝐶𝑡

𝐶𝑜−𝐶𝑡
) = 𝐾𝑌𝑁𝑡 − 𝒯𝐾𝑌𝑁          (8) 

Where, KYN is the rate constant (min-1) 

 
𝓣 is the time required for 50% adsorbate 

breakthrough (min) 

 t is the breakthrough time (min) 

 

The values of KYN and 𝓣 can be calculated from 

a plot of ln (
𝐶𝑡

𝐶𝑜−𝐶𝑡
) vs. t at different inlet concentrations, 

flow rates and bed heights. If the theoretical model 

accurately characterizes the experimental data, this plot 

will result in a straight line with a slope of KYN and 

intercept of 𝓣KYN (Yoon and Nelson, 1984). 

4. MATERIALS & METHODS 

4.1 Preparation of Catalyst 

The preparation of  Fe/Mo catalyst was 

conducted using wet impregnation method. 

Fe(NO3)3.9H2O and NH4)Mo7O24.4H2O were dissolved 

in methanol and mixed thoroughly with methanol 

suspension of silica. The solvent was then evaporated and 

the resultant cake heated to              90-100 °C for 3 hours, 

removed from the furnace and ground in a mortar. The 

fine powders were then calcined for 1 hour at 450 °C and 

then re-ground before loading into the reactor.  

4.2 Synthesis of MWNTs 

The catalyst was placed on the quartz boat. The 

boat was placed in the heating furnace. The carrier gas 

nitrogen (100 mL/min) was flushed out before switch on 

the reaction furnace to remove air and create nitrogen 

atmosphere. The temperature was raised from room 

temperature up to the desired growing temperature. 

Waiting was done for 10 min for stabilization of 

temperature. Synthesis was conducted at 650 °C in 

nitrogen atmosphere, with a typical reaction time of 30 

min. Rosmarinus officinalis oil were supplied at a rate of  

0.1 g/min. The reactor was then allowed to cool to room 

temperature with nitrogen gas flowing. The carbon 

product on the silica support was then weighed to 

determine the carbon yield. We define carbon yield here 

as the functional mass as (m1-m0)/m0, where m1 and m0 

are the final mass and the initial mass of the catalyst 

support with carbon deposit respectively. 
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4.3 Purification of MWNTs 

The MWNTs were purified by 40 mg of raw 

material was added to 20 mL 1N HCl to form an acidic 

slurry. This slurry was heated to 60 °C and stirred at 600 

rpm. To this heated acidic slurry 20 mL H2O2 was added 

to form oxidative slurry that continued to be heated and 

stirred for 30 minutes. The addition of HCl, H2O2, 

subsequent heating and stirring was repeated three more 

times, each time allowing the heated oxidative slurry to 

stir for 30 min. Phase separation was allowed to proceed 

followed by filtering the carbon phase and washing with 

1N HCl and distilled water. The collected sample was 

dried at 120 °C in air for 2 hrs. The morphology of the 

sample was characterized by SEM, HRTEM and Raman 

spectroscopy. 

5. APPLICABILITY OF FIXED BED COLUMN 
MODELS 

Fig. 3 is the Scanning Electron Microscopy 

(SEM) image of the as-grown nanostructures over Fe-Mo 

bimetallic catalyst, impregnated in silica at 650 °C under 

the flow of nitrogen by CVD assisted spray pyrolysis 

method. SEM image clearly reveals that MWNTs grew 

nicely on the surface of the silica particles. 

 

Fig. 3: SEM images of MWNTs grown Fe-Mo supported on 
silica at 650 oC 

In fig. 4, we have presented the high resolution 

HRTEM images of MWNTs, grown over Fe-Mo 

bimetallic catalyst impregnated on silica support at 650 

°C with a flow rate of Rosmarinus officinalis oil at 0.5 

mL per minute. That the inner diameters of the nanotubes 

were in the range of 4-6 nm and the outer diameters of 

the grown nanotubes found in the range of 16-18 nm. The 

wall and inner core are clearly visible in fig. 4. 

The results of Raman spectroscopy analysis in 

Fig. 5 represents the MWNTs grown on the catalyst 

surface at 650 °C, indicating two characteristic peaks at 

1354 cm-1 and 1582 cm-1 which correspond to D and G 

bands, respectively. The G bands are associated with 

stretching vibration within the basal plane of graphite 

crystal that is normalized to an equivalent intensity. The 

D bands are associated with the disorder or defective 

planar graphite structure. The D peaks at 1354 cm-1 may 

be attributed to the defects in the curved graphene sheets. 

Therefore, the Raman spectrum provides definite proof 

that the MWNTs have graphitic structure. 

 

Fig. 4: HRTEM images of MWNTs grown Fe-Mo supported 
on silica at 650 oC 

 

Fig. 5: Raman spectrum of grown MWCNTs at 650 °C 

5.1 Applicability of BDST Model 

 If an adsorbate-adsorbent system obeys BDST 

model, a linear trace is expected for a plot of              ln 

[C0/Ct -1] vs. Time. Where, C0 and Ct is initial effluent 

dye concentration and concentration of effluent at time t, 

respectively. The column experiments were conducted 

with a view to examine the influence of initial dye 

concentration on the chosen dye adsorbed by MWNTs on 

the adsorption capacity of the adsorbent. 

The Fig. 6 represents the relation between Ct/C0 

and volume of the effluent, which gives a typical S 

shaped curve confirming the applicability of the BDST 

model for Acid Blue.  Fig. 7 represent the relationship 

between ln[(C0/Ct)  -1] and time.  
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Fig. 6:  Effect of initial dye concentration on break through 
curve for acid blue 

 

Fig. 7:   Effect of initial dye concentration on BDST model 
for acid blue 

 

 Fig. 8: Effect of bed height on BDST model for acid blue 

The experiments were conducted with a view to 

examine the influence of bed height on the individual dye 

adsorption. The respective plots for the BDST model 

under approximately same experimental condition with  

 

 

different Bed heights viz., 3.0 cm, 4.5 cm and 6.0 cm 

were drawn and these are shown in the respective Fig. 8. 

The influences of flow rate at different of initial dye 

concentration solution of Acid Blue on the adsorptive 

capacity through the BDST model was examined. 

The Fig. 9 represents the variation of ln[(C0/Ct)  

-1] with time for three different flow rate Viz., 10, 20 & 

30 mL/min.  

 

Fig. 9:  Effect of flow rate on BDST model for acid blue 

5.2 Applicability of Thomas Model 

 If a adsorbate – adsorbent system obeys Thomas 

model, a linear trace is expected for a plot of Volume of 

the effluent Vs ln[C0/Ct -1]. Where, C0 and Ct is initial 

effluent dye concentration and concentration of effluent 

at time, t, respectively. The experiments were conducted 

with a view to examine the Initial dye concentration,   

influence of bed height and influence of flow rate on the 

individual dye adsorption on the chosen adsorbate 

adsorption. The Fig. 10 to 12 confirms applicability of 

Thomas model. 

 

Fig. 10:  Effect of initial dye concentration on Thomas 
model for acid blue 

 

 

 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Volume of the Effluent, mL

C
t 
/ 
C

o

20 mg/L

40 mg/L

60 mg/L

 

y = -16.92x + 286.11 
R 2  = 0.9903 

y = -9.9673x + 225.5 
R 2  = 0.9454 

y = -7.6741x + 166.71 
R 2  = 0.897 

0.00 

50.00 

100.00 

150.00 

200.00 

250.00 

300.00 

350.00 

400.00 

-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 

ln[(Co / Ct) - 1] 

T
im

e
, 
m

in
 

m
in

 

10 ml/min 
20 ml/min 
30 ml/min 



S. Karthikeyan et al. / J. Environ. Nanotechnol., Vol. 5(2), 17-24 (2016) 

22 

 

Table 2. Influence of initial dye concentration, bed height and flow rate on BDST, Thomas and Yoon-Nelson models 
parameters 

Parameters Values 
BDST Model Thomas Model Yoon-Nelson Model 

K L/Mg.Min No  Mg/G K L/Mg.Min No Mg/G KynL/Min 𝓣Mg/G 

Dye Con, 

Mg/L 

20 0.155 27.66 6.5×10-3 11,476 0.140 117.28 

40 0.141 22.13 3.1×10-3 15,517 0.145 96.48 

60 0.139 16.34 2.8×10-3 18,892 0.164 62.81 

Bed Height 

3 0.060 100.68 1.7×10-3 69,114 0.059 343.22 

4.5 0.059 174.42 1.2×10-3 61,386 0.059 390.16 

6 0.058 262.8 1.1×10-3 52,100 0.059 398.47 

Flow Rate 

10 0.059 85.83 1.2 ×10-3 63,320 0.055 287.81 

20 0.100 33.82 4.5 ×10-3 47,555 0.059 224.93 

30 0.130 16.67 8.2 ×10-3 36,543 0.066 178.33 

 

Fig. 11:  Effect of bed height on Thomas model for acid blue 

 

Fig. 12:  Effect of flow rate on Thomas model for acid blue 

5.3    Applicability of Yoon-Nelson Model 

 If an adsorbent-adsorbate obeys Yoon-Nelson 

model a linear trace is expected. For a plot of Time Vs 

ln[C0/Ct - Ct]. Where, C0 and Ct is initial effluent dye 

concentration and concentration of effluent at time ‘t’ 

respectively. The experiments were conducted with a 

view to examine the Initial dye concentration,   influence 

of bed height and influence of flow rate on the individual 

dye adsorption.  Fig. 13 to 15 confirm applicability of 

Yoon- Nelson model. 

The values of adsorptive capacity (N0) obtained 

from each model indicates that initial dye concentration 

has same significant of the adsorptive capacity. Hence 

increases initial dye concentration increases the 

adsorption capacity. It is evident from the result that the 

capacity per gram is higher only for lower bed height 

values hence, splitting into many beds enhance. 

The rate of flow has considerable influents on 

dye removal, when the flow rate low the break through 

volume is high. The adsorptive capacity of MWNTs 

obtained fixed bed experiment for each model where 

higher than that of the value obtained by batch type 

experiments. It is evident from results that the rate of flow 

has considerable on the influents on dye removal when 

the flow rate is low, the breakthrough volume is high the 

slow flow rate is more effective compared with fast flow 

rate.  

 

Fig. 13:   Effect of initial dye concentration on Yoon & 
Nelson model for acid blue 
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Fig. 14:   Effect of bed height on Yoon & Nelson model for 
acid blue 

 

Fig. 15:  Effect of flow rate on Yoon & Nelson model for acid 
blue 

The adsorption capacity calculated based on 
BDST model has good agreement with the adsorbed 
value high R2 value. Whereas adsorption capacity 
calculated by Thomas and Yoon-Nelson model shows 
poor correlation co-efficient. In general the BDST model 
describes adsorption capacity behaviour of Acid Blue 
onto chosen adsorbent column more responsibility than 
Thomas and Yoon-Nelson model out of three model 
tested the chosen adsorbent- adsorbate system fits 
exceptionally well with BDST model with good 
coefficient of determination. 
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6. CONCLUSION 

The literature survey has revealed only very 

little onsite onto the applicability and viability of the 

adsorption techniques using a low cost Nano structured 

Carbon material as an adsorbent.  The result of the 

present work are summarized that the BDST model is 

found to be successfully applicable to the chosen 

adsorbate-adsorbent system. The results are in good 

agreement with the fact that the service time increases 

with the bed depth. The No values for Thomas, BDST and 

Yoon-Nelson models were determined & these values are 

reported. The Thomas modal equation is found to be 

successfully applicable to the chosen adsorbate-

adsorbent system indicating that the conclusions, 

obtained from the study of the applicability of the BDST 

modal, are true. The column studies for the removal of 

chosen dye from aqueous solution indicated different 

performances, depended upon the dye structure. For acid 

blue, the CNTs in the column proposed the highest 

adsorption capacity. 
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