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Abstract: The removal efficiency of chlorophenol  by  fluted pumpkin stem waste was compared to a 
commercial activated carbon. Experiments were conducted on fixed bed columns as a function of flow 
rate (2-4ml/min), initial concentration (100-200mg/l) and bed height (3-9cm). The total sorbed 
quantities, equilibrium uptakes and total removal percents of chlorophenol were determined by 
evaluating the breakthrough curves obtained at different flow rate, different initial concentrations and 
bed heights. Column bed capacity and exhaustion time increased with increasing bed height. When the 
initial chlorophenol concentration increased from 100-200mg/l, the corresponding adsorption bed 
capacity increased from 8.12 to 15.52mg/g for commercial activated carbon and 8.47 to 14.12 mg/g for 
fluted pumpkin activated carbon. As the flow rate was increased from 2ml/min – 4ml/min, The 
corresponding bed capacity decreased from 21.2 to 13.56mg/g on FPAC and 21.88to 12.00mg/g on 
CAC. The results show that columns performed well at lowest flow rate of 2ml/min. The equipment 
used in this analysis is UV/Visible spectrometry. The experimental data were correlated using the bed 
depth service time (BDST) model. The critical bed depth increased with increasing chlorophenol 
concentrations. These results correlated well with the observed performance in the breakthrough 
curves. An increase in chlorophenol concentration increased the rate constant (Ka) of chlorophenol 
0.018, 0.029, 0.109 on FPAC and chlorophenol, 0.022, 0.034 and 0.089on CAC Lmg-1hr-1 respectively. 
The fluted pumpkin activated carbon compared favourably to the commercial activated carbon for 
chlorophenol removal in fixed bed column analysis. 
 
Keywords: Fixed –bed adsorption: Fluted pumpkin stem waste; chlorophenol, commercial activated  
                    carbon.  

 
INTRODUCTION 

 
2-chlorophenol or ortho-chlorophenol is a derivative of phenol. It is used as a disinfectant and pesticide. 2-

chlorphenol is a liquid at room temperature, but all other chlorophenols are solids. 2-chlorophenol is used as 
bactericides, fungicides and preservatives. The water solubility of chlorophenols is low, in the presence of 
chlorine in drinking water, phenols form chlorophenol, which has a medicinal taste that is quite pronounced, and 
objectionable (Mahvi, A., et al., 2004; Duarte- Davidson, R., 2004; Denzeli, A., 2005). Chlorine substitution on 
phenols does not only increase water taste and odour, but also its toxicity effects (Mostafa, M., et al., 1989; 
Rengaraj, S., 2002; Srivastava, V., 2006). Residues of chlorophenol have been found worldwide in soil water 
and air sample, in food products, in human and animal tissues and body fluids. Due to their slow degradation, 
chlorophenol represent a major threat to ecosystems (Denzeli, A., et al., 2004; Sofia, A., et al., 2005). Chronic 
toxic effects due to phenolic compounds reported in humans include vomiting, difficulty in swallowing, 
anorexia, liver and kidney damage, headache, fainting and other mental disturbance. Among the different 
organic pollutions of aquatic ecosystems, phenols, especially the chlorinated ones, are toxic to animals and 
human even at low concentration (Asheh, S., et al., 2003). 

Adsorption has gained increasing popularity in recent years as a unit operation for removing pollutants from 
effluents because the process produces a high quality treated effluent which can meet stringent environmental 
emission standards. In the search for potential low-cost sorbents for pollutant attenuation in aqueous medium, a 
number of materials have been investigated for their ability for pollutant attenuation. Some of these sorbets are 
Cassava waste biomass (Horsfall,  M., et al., 2010), Orange peel waste (Ekpete, et al., 2010a), Mangifera indica 
waste (Ekpete, O., et al., 2010b), and Water spinach (Tarawou, T., et al., 2010). Although batch systems 
produce interesting information in the form of isotherms, adsorption columns, simulate commercial and 
industrial adsorbers and real world environmental solutions. The advantages of a fixed bed system include little 
operator attention, easy inspection and cleaning for regeneration of adsorbent, and fewer instances of adsorbent 
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particles in the effluent. Disadvantages include the large physical area needed to operate the fixed bed and 
higher capital investment. 

Fluted pumpkin (Telfairia occidentalis HOOK .F) is a creeping vegetative shrub that spread low across the 
ground with large lobed leaves and long twisting tendrils. T.occidentalis is grown in some parts of West Africa 
for its nutritional uses (Horsfall,  M., et al., 2005). A single stem with leaves weighing 1.2kg produces less than 
200g of leaves, leaving over 1kg stem as waste. Fluted pumpkin is the largest consumed vegetable in the West 
African sub region and therefore creates one of the major agro waste problems in Nigeria. Preliminary 
investigations showed that several tons of these waste are produced daily in market places around the country 
but scarcely useful and therefore create environmental nuisance. Various researches have been conducted for 
adsorption of chlorophenol using other adsorbents over the past years. None have been reported on the 
adsorption of chlorophenol using activated carbon derived from fluted pumpkin stem waste. The objective of 
the current investigation was to compare the sorption of chlorophenol onto fluted pumpkin activated carbon to a 
commercial activated carbon in a downward flow packed bed column arrangement. The effects of design 
parameters, such as bed height, initial chlorophenol concentration and flow rate have been investigated. The 
BDST model was used to investigate the breakthrough profile for the sorption of chlorophenol. 
 

MATERIALS AND METHODS 
 
The carbonization and activation  of  the fluted pumpkin stem waste is as described by Ekpete  and Horsfall 

(Ekpete, O., et al., 2011). The commercial activated carbon was bought from a scientific store and used without 
treatment. 

Column sorption studies 
A glass column (20 x 1.4cm) was packed with the activated carbons on a glass wool support. The fixed bed 

column of activated carbons was prepared by a dry packing technique (Netpradit,  S., et al., 2004). The beds 
were flushed several times with distilled water to ensure a close packing of the activated carbon particles to 
avoid cracks, channels or void during the transit of the wastewater through the column. The beds were allowed 
to drain completely before the loading of the activated carbon beds with the sorbate. The chlorophenol solutions 
were fed through the beds in a downward flow made under gravity. The effluents from the activated carbon beds 
were collected at fixed volume (10ml) and the time of each collection noted. The loading of the carbon beds 
continued until the chlorophenol concentration in the effluents was 90% of the influent concentration which was 
regarded as the exhaustion point. Experiments were carried out at varying bed height (3, 6 and 9cm), 
concentration (100,150 and 200mg/l) and flow rate (2, 3 and 4ml/min) respectively. 

Analysis of column data 
The time for breakthrough appearance and the shape of the breakthrough curves are very important 

characteristics for determining the operation and dynamic response of an adsorption column. The breakthrough 
behaviour shows the loading behaviour of chlorophenol to be removed from solution at a fixed bed usually 
expressed in terms of adsorbed chlorophenol concentration (Cad) = inlet chlorophenol concentration (Co) – outlet 
chlorophenol concentration (Ct) or normalized concentration defined as the ratio of effluent chlorophenol 
concentration to inlet chlorophenol concentration (Ct/Co) as a function of time or volume of effluent for a given 
bed height (Aksu, Z and F. Gonen, 2004).  Effluent volume (Veff) can be calculated from Eq (1) 

 
Veff = Qttotal               (1) 

 
Where ttotal and Q are the total flow time (min) and volumetric flow rates (ml/min). The area under the 

breakthrough curve (A) obtained by integrating the adsorbed concentration (Cad: mg/l) versus time t (min) plot 
can be used to find the total adsorbed chlorophenol quantity (maximum column capacity).Total adsorbed 
chlorophenol quantity (qtotal: mg) in the column for a given feed concentration and flow rate (Q) is calculated 
from Eq. (2): 
 

qtotal =
ொ஺

ଵ଴଴଴
ൌ ொ

ଵ଴଴଴
׬ ݐ௔ௗ݀ܥ

௧೟೚೟ೌ೗
௧ୀ଴

                                               (2) 

 
Total amount of chlorophenol sent to column (mtotal) is calculated from Eq (3) in accordance with the 

method of  Malkoc and Nughoglu, (Malkoc,  E and Y. Nuhoglu, 2006).  
 

Mtotal =
஼೚ொ௧೟೚೟ೌ೗

ଵ଴଴଴
                                                                             (3) 

 
Total removal is calculated from Eq (4). 

 
Total removal (%) = 

௤೟೚೟ೌ೗

ெ೟೚೟ೌ೗
 (4)                                               100 ݔ
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Equilibrium chlorophenol uptake (qeq) in the column is defined by Eq. (5)  
 
qeq =

௤೟೚೟ೌ೗

௑
                                                                                      (5) 

 
Successful design of a column sorption process required prediction of the concentration –time profile or 

breakthrough curve for the effluent (Cheng,  P., J and X. Wang, 2000; Vijayaraghavan,  K., et al., 2004). 
 

Result:  
 

 
        

Fig. 1: Breakthrough curve of chlorophenol on to CAC and FPAC at different bed heights. 
 

 
Table 1: Effect of bed height on the total adsorbed quantity (qtotal), equilibrium uptake(qeq) and total removal percentage   on the sorption of  
              chlorophenol on to FPAC and CAC 
 

 
             

Fig. 2: Breakthrough curves on to FPAC and CAC at different initial concentration of chlorophenol 
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Table 2: Effect of  concentrations on the total adsorbed quantity (qtotal), equilibrium uptake(qeq) and total removal percentage   on the  
              sorption of chlorophenol on to FPAC and CAC 

 

 
 

Fig. 3: Breakthrough curves of flow rates on packed bed column for chlorophenol on FPAC and CAC 
 
Table 3: Effect of flow rate on the total adsorbed quantity  ( qtotal) , equilibrium uptake (qeq) and total removal percentage on the sorption of  

     chlorophenol on to FPAC and CAC 

 

 
 
Fig. 4: BDST plots of breakthrough concentration of 10% for the sorption of CPFPAC at different flow rates 
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Fig. 5: BDST plots of breakthrough concentration of 10% for the sorption of CPCAC at different flow rates 

 
Table 4: Effect of flow rate on BDST parameters and correlation coefficients for the sorption of chlorophenol on FPAC and  CAC 

 
The sorption breakthrough curves obtained by varying the bed heights from 3 to 9cm at 2ml/min flow rate 

and 100mg/l initial chlorophenol concentration for fluted pumpkin activated carbon and commercial activated 
carbon biomass are given in Figure 1. 

As the bed depth increases, the residence time of chlorophenol inside the column increases, allowing the 
adsorbate molecules to diffuse deeper inside the adsorbent. Thus, the bed capacity changed with service time. 
The increase in adsorption with that in bed depth was due to the increase in adsorbent doses in larger beds 
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As seen in Table 1, accumulation of chlorophenol in the fixed-bed column is largely dependent on the 
quantity of sorbent inside the column. Both bed capacity and exhaustion time increased with increasing bed 
height, as more binding sites available for sorption, also resulted in a broadened mass transfer zone as 
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Figure- 2 is a plot of the dimensionless liquid phase concentration; Ct/Co versus volume of liquid 
chlorophenol treated using commercial activated carbon (CAC) and fluted pumpkin activated carbon (FPAC).  
It shows the characteristic “S” shape exhibited by breakthrough curves. It is evident from the curve that, by 
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increasing the initial chlorophenol concentration, the slope of the breakthrough curve increased and became 
steeper, thus reducing the volume of chlorophenol solution treated before the breakthrough. Increasing the 
initial chlorophenol concentration from 100 to 200mg/l resulted in a decrease in the volume of chlorophenol 
solution treated from 1200 to 400ml for FPAC and 1200 to 500ml for CAC at the breakthrough point. Since a 
constant mass of adsorbent can only absorb a certain amount of chlorophenol, increasing the initial 
chlorophenol concentration led to a decrease in the breakthrough time. Similar trends were observed by other 
workers Walker and Weatherly, (1997); Kim et al., (2002); Kumar et al., (2006); Al-Degs et al., (2008). This is 
due to the fact that, by increasing the initial chlorophenol concentration, the driving forces increased and 
enhanced the rate of chlorophenol diffusion within the adsorbent particles and saturates the binding sites more 
quickly thereby decreasing the breakthrough time. 

It is evident from Table 2 that when the concentration of chlorophenol was increased from 100 to 200mg/l, 
the corresponding bed adsorption capacity (qe) increased from 8.47 to 14.12mg/g on FPAC and 7.12 to 
15.52mg/g for CAC.  It was further observed that for both activated carbon samples, the total uptake capacities 
(qtotal), the total amount of chlorophenol sent to the column (Mtotal) and the total removal percentages, all 
increased with an increase in the initial chlorophenol concentration from 100 to 200mg/l. It can be seen from 
Figure 3 that, the lower flow rate (2ml/min) had steeper curve when compared to higher flow rate (4ml/min). 
The time taken to breakthrough, Tb, for the various flow rates of 2, 3 and 4ml/min by fluted pumpkin activated 
carbon sample was 144, 90, and 48min. and for the commercial activated carbon sample 150, 84, 48mins. 
Initially the adsorption was very rapid at lower flow rate probably associated with the availability of reaction 
sites able to capture chlorophenolate ions around or inside the cells. In the next stage of the process due to the 
gradual occupancy of these sites, the uptake became less effective. The breakthrough curve became steeper 
when the flow rate increased with the breakpoint time and adsorbed chlorophenol concentration decreasing. 
This behaviour can be explained in terms of residence time of the chlorophenol in the column. When the 
residence time of the chlorophenol in the column is not long enough for adsorption equilibrium to be reached at 
that flow rate, the chlorophenol solution leaves the column before equilibrium occurs. This resulted in 
insufficient residence time for the diffusion processes of chlorophenol molecules into the active sites available 
for adsorption, thus reducing the volume of chlorophenol treated and also the removal efficiency 

As seen in Table 3, the total sorbed quantity of chlorophenol (qtotal), equilibrium chlorophenol uptake (qeq) 
total quantity of chlorophenol sent to the column (Mtotal) and total removal percentage values decreased with 
increasing flow rate and maximum chlorophenol uptake and chlorophenol removal percentage was obtained as 
73.20mg, 82.40mg, 21.20mg/g and 88.95% for fluted pumpkin activated carbon and 74.4mg,85.2mg,21.88mg/g 
and 87.30% for commercial activated carbon at 2ml/min flow rate. When the flow rate was increased from 2 to 
4ml/min the chlorophenol uptake capacity of fluted pumpkin activated carbon decreased as follows 21.20, 
19.30 and 13.56 mg/g and 21.88, 20.50 and 12.00 mg/g for commercial activated carbon respectively. The data 
presented in Table 4 for chlorophenol on CAC, showed no trend with increase in flow rate for the critical bed 
depth (Do). This result does not correlate well with the observed performance in the breakthrough curves. The 
increase in critical bed depth with increase in flow rate (2 and 3ml) was expected because the adsorption zone 
must be increased to remove chlorophenol under the higher flow rates as observed by Mihome et al., (2009).  
The data  for  chlorophenol on FPAC, for critical bed depth (Do) increased  with increase in flow rates. These 
results correlated well with the observed performance in the breakthrough curves and tend to explain the 
reasons for poor adsorbers performance at increased flow rates. It was evident from Table 4.that, calculated 
value of adsorption capacity (No) in general showed a decrease with increasing flow rate. The probable reason 
for this observation is that when the residence time of the solute (chlorophenol) in the column is not long 
enough for adsorption equilibrium to be reached at that flow rate, the chlorophenol solution leaves the column 
before equilibrium occurs. Thus, the contact time of chlorophenol with the activated carbon is very short at 
higher flow rate, causing a reduction in removal efficiency. The rate constant (ka) for chlorophenol on FPAC 
showed an increase while for CAC did not show consistent trends for variation in the flow rate in this system. 
The correlation coefficients (R2) values obtained from the experimental data of this study was generally high, 
with values all above 0.95 indicating the validity of BDST model for the present system. 
 
Conclusion: 

It has been proven that the fluted pumpkin activated carbon compared favourably to the commercial 
activated carbon for chlorophenol removal in a fixed bed. The increase in flow rate decreased the breakthrough 
time, exhaustion time and uptake capacity of chlorophenol due to insufficient residence time of the chlorophenol 
in the column. The BDST model was suitable for describing the experimental data generated in the present 
study. 
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