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Bagasse, a waste material from sugarcane has been studied as a biosorbent for 

removing heavy metals, Pb2+ and Cu+2, in a continuous system using a packed bed 

column. This study was undertaken to determine the influence of varying the bed height 

and flow rate on the breakthrough and saturation time. Thomas, Adams-Bohart and 

Yoon-Nelson models were used to assess the effects of varying parameters and both 

Thomas and Yoon-Nelson models were found to be satisfactory to describe the column 

data obtained in the experiment. Moreover, lead ions are adsorbed more efficiently with 

an adsorption capacity of 4.54 mg/g compared to copper ions with 3.98 mg/g at the 

most feasible parameters having a flow rate of 100 mL/min and a bed height of 30 cm. 
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INTRODUCTION 

 

Lead and copper are two of the major 

heavy metal contaminants affecting the 

water as a consequence of rapid 

industrialization.  Lead is utilized in the 

production of ceramic products, paints, 

metal alloys, batteries, and solder.  

Toxicological effects of lead in humans 

include inhibition of hemoglobin 

formation (anemia), sterility, hypertension, 

learning disabilities, abortion, kidney 

damage, and mental retardation 

(Mudipalli, 2007).  Copper is mostly 

released from mining, steel and 

semiconductor production.  Ingestion of 

copper can cause irritation of the nose, 

mouth and eyes and it causes 

stomachaches, dizziness, vomiting and 

diarrhea.  Biosorption process is one 

among the new competitive and efficient 

alternative used for the removal of heavy 

metals from wastewater.  It generated 

promising results due to its high metal 

binding capacity, low operational cost, 

high efficiency in dilute effluents and 

environmental friendliness (Volesky et al., 

2000).  Numerous investigators observed 

that rich-fiber agricultural wastes could 

serve as biosorbents. These agro-wastes 

biosorbents are currently receiving wide 

attention because of their abundant 

availability and relatively high fixed carbon 

content and a porous structure.  
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Furthermore, they also address the issues 

in solid wastes and have simpler approach 

in removing heavy metals in wastewater 

(Blazquez et al., 2011; Khormaei et al., 

2007; Ofomaja et al., 2011). 

Agricultural wastes are largely 

composed of cellulose, hemicelluloses, 

lignin, condensed tannins and structural 

proteins that have good potential as metal 

scavengers from solutions and 

wastewaters since they contain functional 

groups of carboxylate, aromatic 

carboxylate, phenolic, and hydroxyl groups 

(Brown et al., 2000).  Sugarcane bagasse, a 

by-product of cane sugar processing, has 

been used in previous studies as an agro-

based biosorbent. Its compositions such as 

cellulose, hemicellulose and lignin, which 

have abundant carboxyl functional groups, 

can strongly bind metal cations in 

aqueous solution enabling sugarcane 

bagasse to become a suitable biosorbent 

(Aksu & Isoglu, 2005). However, batch 

process biosorption is not applicable in 

industrial operations of wastewater 

treatment and treating the material can be 

costly for a large scale purpose to increase 

its adsorptive capacity. A continuous fixed 

bed column can be used in order to 

evaluate more the applicability of 

sugarcane bagasse in industrial 

wastewater biosorption operation.  The 

fixed bed adsorption processes utilize a 

solid mass separating agent packed inside 

a column to separate one or more 

components from a fluid stream as it flows 

through the packed bed.  It is conducted 

to evaluate the column performance in 

terms of the adsorptive characteristics 

which   and   is   usually   described   using  

 

breakthrough curves indicating the 

specific combination of equilibrium and 

rate factors that control process 

performance. 

This study intends to assess the 

performance of sugarcane bagasse as a 

biosorbent by determining the effects on 

varying the bed height and flow rate in a 

continuous system and also to determine 

the effect of the combination of varying 

parameters. The continuous process 

involved a fixed bed column that is packed 

with the biosorbent. 

The results of this study can contribute 

in the search of less expensive biosorbents 

which may be useful in modeling and 

designing an economical, effective and 

eco-friendly alternative in removing toxic 

materials from industrial effluent.  

Moreover, this is to enhance the existing 

batch studies to large scale biosorption of 

heavy metals particularly using sugarcane 

bagasse as a biosorbent. Current 

understanding and perspectives pertaining 

to applications of this study on laboratory 

and on industrial scale as well as 

environmental protection can be 

supported and enhanced as well. 

The system of the study involved two 

heavy metal contaminants, lead and 

copper and sugarcane bagasse as the 

biosorbent. It focused only on continuous 

adsorption process using the existing 

batch process experiments as reference. 

The models used for describing the 

breakthrough curves are Adams-Bohart, 

Thomas, and Yoon-Nelson models only. 

Optimization of the data was based on 

two factors, namely, bed height and 

volumetric flow rate. 
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METHODS 

 

Preparation of the Adsorbate 

Stock solutions of of Pb+2 and Cu+2 

were prepared separately from Cu(NO3)2 

and Pb(NO3)2 in distilled water. The pH of 

the solution was then adjusted to the 

desired pH of 5.0 and 6.0 for copper and 

lead, respectively, by addition of 0.1 M 

NaOH or 0.1 M HCl solution in order to 

prevent co-precipitation at higher pH. The 

pH of the sorbate solution is also based on 

the optimum pH required to achieve 

maximum adsorption. 

 

Preparation of Adsorbent 

Raw sugarcane bagasses were collected 

from Central Azucarera de Tarlac in Tarlac 

City. The adsorbent was washed several 

times to remove unnecessary substances 

and dried in oven at 70°C for 24hrs. Dried 

materials were ground and sieved into a 

particle size of 30 mesh screen. 

 

Characterization of adsorbent 

The surface properties of sugarcane 

bagasse was analyzed using zeta potential 

(ZP) analyzer (ZEN3600, MALVERN Nano-

ZS) to determine surface charges, and 

elemental analysis (HORIBA 7021H) was 

used to determine elemental composition.  

 

Continuous system studies 

Sugarcane bagasse was packed up to 

the desired bed height in water filled 

column and was kept submerged 

throughout the runs to avoid air 

entrapment in the bed.  The synthetic 

wastewater was pumped by a centrifugal 

pump from the storage tank of lead and 

copper contaminated water (separate 

system).  Room temperature will be at 

ambient temperature.  The samples are 

collected every 10 minutes until there are 

no more changes in concentration. The 

final metal ion concentrations will be 

determined using Atomic Absorption 

Spectrometry (AAS). Shown in Table 1 are 

the bed heights and flow rates varied in 

the experiment. 

 

Table 1. Parameters to be varied for SB-

Pb and SB-Cu systems  

 

Bed Height (cm) Flow Rate (mL/min) 

 

10 

100 

150 

200 

 

20 

100 

150 

200 

 

30 

100 

150 

200 

 

Figure 1 below shows the Biosorption 

Equipment Set-up. 

 

 

Fig. 1: Biosorption Equipment Set-Up 
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The flow rates were based from the 

minimum flow rate requirement for the 

ion exchanger set-up used. Only an 

increment of 50 mL each was applied since 

large amount of water would be needed 

and large amount of wastewater would be 

generated for long periods of time. The 

bed heights used were based from the 

minimum required column diameter-to-

height ratio of ½. Since the column has a 

diameter of 5 cm, the minimum bed 

height starts from 10 cm with an 

increment of 10 cm until half of the 

column capacity is reached. Table 2 shows 

the optimum parameters utilized in this 

column study. 

 

RESULTS AND DISCUSSION 

 

Composition of sugarcane bagasse  

The nature of the counterion/s present 

in their elemental composition on the 

surface of the biosorbent plays an 

important role to its adsorptive 

performance. The transition-metal ion 

present in the aqueous sorbate solution 

can undergo ion-exchange with the 

counterion/s available on the surface of 

the biosorbent during the adsorption 

process. The nature and properties of the 

available counterions on the surface of the 

sugarcane bagasse would dictate whether 

it is suitable for the sequestration of lead 

and copper ions. Some of the properties 

considered are the ionic radius, hydrated 

radius and electronegativity of the 

counterion present on the surface of the 

adsorbent. Table 3 shows the zeta-

potential elemental analysis of the 

biosorbent (SB) identifying the possible 

counterions that may undergo ion-

exchange mechanism with lead and 

copper ions. 

 

Table 3. Elemental Composition of 

Sugarcane Bagasse in (%) (Nieva, 

unpublished) 

Biosorbent C O K 

SB 59.08 40.06 0.86 

 

Based from the elemental composition, 

K+ is the counterion present on the surface 

of SB. The properties of K+ is now 

compared with the properties of Pb2+ and  

Cu2+ to determine whether ion-exchange 

can occur during the biosorption process. 

Table 2. Summary of Optimum Parameters Used in Column Study 

 

Parameter Value Source/s 

Adsorbate Concentration (mg/L) 

Lead 20 Nieva, unpublished 

Copper 18 Nieva, unpublished 

pH 

Lead 6.0 
Han et al. (2006); Tasar et al. (2014); 

Momčilović et al. (2011) 

Copper 5.0 
Han et al. (2006); Blazquez et al. 

(2012); Khormaei et al. (2007) 
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This comparison is summarized on Table 

4. 

K+ has a larger ionic radius of 1.38 Å 

compared to that of Pb2+ and Cu2+ with 

1.19 Å and 0.73 Å, respectively. Both ions 

are able to fit readily through the pores of 

SB as ion exchange process occurs. Metal 

ions with larger radii than the counterion 

tend to saturate the adsorbent faster than 

ions with smaller ones making the 

adsorbent ineffective for its purpose. Ions 

with smaller radii have high electrostatic 

bond strength, and therefore are likely to 

attach strongly to an oppositely charged 

solid surface, whereas ions of low charges 

and larger radii form relatively weaker 

electrostatic bonds. However, 

electronegativity also plays an important 

role in making Pb2+ adsorbed more 

effectively than Cu2+. The law of 

electronegativity states that as the 

difference between the electronegativity 

of the ions increases, the power of an 

atom in a molecule to attract electrons to 

itself increases. The difference between 

the electronegativity of K+ and Pb2+ is 1.51 

which is higher compared to that of the 

Cu2+ which is 1.08.  

Hydration of an ion depends on the 

electrostatic attraction of water molecules 

to the ion. Hydrated radius is the size of 

the water molecule in comparison to 

normally stabilizing cations that leads to 

physical expansions of the biosorbent 

which causes reduction in the 

permeability. The Pb2+ has a hydrated 

radius of 4.01 Å which is lower than that of 

Cu2+ which is 4.19 Å but both are higher 

than the hydrated radius of the 

counterion, K+ (3.31 Å) which could explain 

why sugarcane bagasse could easily be 

saturated for only a short period of time. 

Data consistently show that Pb2+ was 

adsorbed more efficiently than Cu2+ due 

to its lower hydrated radius. When the 

ion’s hydration is smaller than the 

counterion, ion exchange is easier and 

adsorption is greater. The smaller ions 

hold the water molecules more strongly 

which is true with the given data. Cu2+ has 

a smaller radius than Pb2+ but Cu2+ holds 

more water molecules which increase its 

hydrated radius but ions with strong 

hydration bonds may not be able to 

detach from the hydration layers and may 

be too large to pass through the 

adsorbent’s openings. However, the ions 

with weak hydration bonds can lose some 

or all the water of hydration and can fit 

through.  

The potential ion exchange mechanism 

of the counterion K+ with sorbate ions 

Pb2+ but Cu2+ is shown in Figure 2.   

Table 4. Summary of Optimum Parameters Used in Column Study 

Composition Ionic Radius , Å 
Pauling’s 

Electronegativity 
Hydrated Ionic radius,  Å 

K+ 1.38 0.82 3.31 

Pb2+ 1.19 2.33 4.01 

Cu2+ 0.73 1.9 4.19 
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Equation 1 describes the reaction that 

takes place during adsorption process. 

 

𝐴 +  𝑚𝐵𝑅  𝐴𝑟𝑚 +  𝑚𝐵                                                       (1) 

 

where A is the heavy metal ion in the 

solution (Cu2+ and Pb2+), m is the 

stoichiometric coefficient, R is the 

functional group present in the adsorbent 

and B is the counterion having the same 

charge with the metal ions in the sorbate 

solution. 

 

Column Studies 

Effect of varying bed height 

Based on Figure 3, the breakthrough 

times for the bed heights of 10, 20 and 30 

cm for Pb2+ adsorption are 70, 100 and 

130 minutes, respectively while for Cu2+ 

adsorption are 50, 61 and 89 minutes, 

respectively. The increase in breakthrough 

time is observed as the bed height 

increases from 10 cm to 30 cm for both 

systems. The increase of breakthrough 

time is due to higher amount of adsorbent 

dose in column with higher bed height, 

which provides greater functional sites and 

broadened mass transfer zone for lead 

and copper adsorption. 

As shown in Equation 2, breakthrough 

time is directly proportional to the amount 

of adsorbent in the column. The active 

surface of the biosorption column which is 

where biosorption occurs is the mass 

transfer zone. Increasing the dosage of SB 

increases the bed height in the column 

 

Fig. 2: Ion Exchange Mechanism in Cu2+ and Pb2+ Adsorption to SB 

 

 

Fig. 3: Constant Flow Rate (100mL/min), Constant Co, Varying Bed Height 
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which results to an increase in the number 

of active sites that promote mass transfer. 

This principle can be related to the 

breakthrough capacity of the adsorbent as 

shown in Equation 2. 

 

𝐵𝑟𝑒𝑎𝑘𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 

=
𝑚𝑒𝑡𝑎𝑙 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑 𝑜𝑛 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑛𝑡 (𝑚𝑔)

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑛𝑡 𝑖𝑛 𝑏𝑒𝑑 (𝑔)
  

=
(𝑏𝑟𝑒𝑎𝑘𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡𝑖𝑚𝑒)(𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒)(𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛)

(𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑛𝑡 𝑖𝑛 𝑏𝑒𝑑)
                                                      

(2) 

 

Effect of Varying Volumetric Flow Rate 

Based on Figure 4, the breakthrough for 

the flow rates of 100, 150 and 200 ml/min 

for Pb2+ adsorption are 170, 130 and 80 

minutes, respectively while for Cu2+ 

adsorption are 89, 65 and 33 minutes, 

respectively. Longer breakthrough curves 

are observed when running on the 

minimum flow rate of 100 ml/min while 

shortest breakthrough curve time on 200 

ml/min for all variation of bed heights. The 

breakthrough time decreases with the 

increase of flow rate since more Pb2+ and 

Cu2+ are only able to exchange with the 

counterions in a shorter period of time. 

The property of the counterion in terms of 

its high electrostatic bond strength is 

minimized as flow rate increases. This 

implies that it would take a longer time for 

the sugarcane bagasse to be completely 

saturated at slow flow rates since 

decreasing the movement of the fluid 

decreases the flow of the ions entering the 

pores of the adsorbent resulting to a 

slower clogging of the adsorbent pores. 

 

Nonlinear Curve Fitting: Boltzmann 

Function (Origin 8.1) 

Experimental data are plotted using 

Origin 8.1 software and Boltzmann 

function fit the points obtained with a 

coefficient of determination of 0.997 

denoting the statistical measure of how 

close the data are to fit the graph as 

shown in Figure 5. 

 

 

Fig. 5: Sigmoidal Wave - Boltzmann 

Function (originlab.com) 

 

 

 

Fig. 4: Constant Bed Height (30 cm), Constant Co (20 ppm), Varying Flow Rate 
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The curve converges at the 7th iteration 

and a Chi-Sqr tolerance value of 1E-9 was 

reached for all systems and combination 

of parameters performed. Shown in 

Equation 3 is the Boltzmann function used 

for the curve fitting. 

 

𝑦 =
𝐴1−𝐴2

1+ 𝑒(𝑥−𝑥0)/𝑑𝑥 +  𝐴2                                                        (3) 

 

where A1 and A2 are the initial and final 

values of the fraction of the effluent and 

influent concentrations, respectively. The x 

values indicate the independent variable 

or time consumed as the adsorption 

process progresses and xo is the value of 

time at the center with set time constant 

(dx) of 1. 

 

Dynamic Adsorption Models 

Adams – Bohart Model 

The Adams -Bohart model is based on 

the surface reaction theory which assumes 

that equilibrium is not instantaneous. 

Thus, the rate of the adsorption is 

proportional to the adsorption capacity 

which still remains on the sorbent. The 

Adam’s–Bohart model is used for the 

description of the initial part of the 

breakthrough curve by estimation of 

characteristic parameters such as 

maximum adsorption capacity (N0) and 

kinetic constant (kAB) by using Equation 4: 

 

𝑙𝑛(
𝐶𝑡

𝐶𝑜
)  =  𝑘𝐴𝐵𝐶𝑜𝑡 −  𝑘𝐴𝐵𝑁𝑜(

𝑍

𝑈𝑜
)                                                       (4) 

 

where No is the saturation concentration 

(mg/L), Z is the bed depth of the fix-bed 

column (cm) and Uo is the superficial 

velocity (cm/min) defined as the ratio of 

the volumetric flow rate Q (ml/min) to the 

cross-sectional area of the bed A (cm2) 

and t is the service time at breakthrough 

point. 

Shown in Table 5 are the effects on the 

Adams - Bohart model parameters with 

respect to the change in flow rate and bed 

height. Values of determined coefficients 

(R2) ranged from 0.79 to 0.96 and 0.70 to 

0.97 for Pb2+ and Cu2+, respectively. 

The increase of flow rate causes the 

Adams - Bohart constant, kAB, to increase 

while the saturation concentration, No, to 

 

Table 5. Adams - Bohart Model Parameters 

Bed 

Height 
Flow rate 

Lead Copper 

kAB No R2 kAB No R2 

10 

100 2.29E-03 5.95E+05 0.90 1.21E-03 4.14E+05 0.70 

150 5.04E-03 6.02E+05 0.79 1.49E-03 3.82E+05 0.77 

200 7.92E-03 4.60E+05 0.88 1.60E-03 3.50E+05 0.76 

20 

100 1.01E-03 3.18E+05 0.87 1.02E-03 2.61E+05 0.92 

150 2.73E-03 2.38E+05 0.83 2.09E-03 2.13E+05 0.97 

200 4.19E-03 2.18E+05 0.96 4.32E-03 2.09E-03 0.90 

30 

100 1.30E-03 7.94E+04 0.90 1.21E-03 4.14E+05 0.94 

150 1.11E-03 7.50E+04 0.82 1.49E-03 3.82E+05 0.73 

200 2.10E-03 6.89E+04 0.92 1.60E-03 3.50E+05 0.77 
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decrease for both Cu2+  and Pb2+. Higher 

flow rate lowers the saturation 

concentration since as the ions are 

adsorbed vastly; it blocks the pathway of 

adsorption even if metal ions are not fully 

adsorbed internally. The pathway in the 

internal part of SB can also affect the 

adsorption process.  This model implies 

that external mass transfer is governing 

the mass transfer process. Results also 

show that the increase in bed height 

accounts for decrease in kAB and increase 

in No. Higher values of saturation 

concentration are evident on Pb2+. This 

implies that SB can hold higher 

concentrations of Pb2+ more than Cu2+ 

until it becomes saturated. 

 

Thomas Model 

The Thomas model is one of the most 

widely used model in describing the 

behavior of the biosorption process in a 

fixed bed column. The basic assumptions 

of Thomas or reaction model are: (i) 

negligible axial and radial dispersion in the 

fixed bed column; (ii) the adsorption is 

described by a pseudo second-order 

reaction rate principle which reduces a 

Langmuir isotherm at equilibrium; (iii) 

constant column void fraction; (iv) 

constant physical properties of the 

biomass (solid-phase) and the fluid phase; 

(v) isothermal and isobaric process 

conditions;  (vi) the intra particle diffusion 

and external resistance during the mass 

transfer processes are considered to be 

negligible. The Thomas model is suitable 

for adsorption process, which indicates 

that the external and internal diffusions 

are not the limiting steps as shown in 

Equation 5:  

𝑙𝑛(
𝐶𝑜

𝐶𝑡
− 1)  =  

𝑘𝑇ℎ𝑞𝑜𝑚

𝑄
− 𝑘𝑇ℎ𝐶𝑜𝑡 (5) 

 

where Co  is the influent concentration, Ct 

is the effluent concentration, kth is the 

Thomas rate constant (mL/min/mg), qo  is 

the adsorption capacity (mg/g), Q  is the 

volumetric flow rate, m was the dry weight 

of adsorbent in the column and t stands 

for total flow time (min).  

Evident from Table 6 are the effects on 

the Thomas model parameters with 

respect to the change in rate of flow and 

 

Table 6. Thomas Model Parameters 

Bed 

height 
Flow rate 

Lead Copper 

kth qo R2 kth Qo R2 

 

10 

100 4.50E-03 4.27 0.98 1.06E-03 3.64 0.92 

150 1.10E-02 4.21 0.93 3.61E-02 3.37 0.99 

200 1.60E-02 4.06 0.98 5.42E-03 2.48 0.97 

 

20 

100 3.36E-03 4.46 0.97 3.75E-03 3.93 0.98 

150 4.71E-03 4.32 0.94 4.41E-03 3.77 0.97 

200 7.62E-03 4.13 0.95 9.11E-03 3.30 0.98 

 

30 

100 1.76E-03 4.54 0.91 1.95E-03 3.98 0.94 

150 3.77E-03 4.32 0.87 2.82E-03 3.49 0.97 

200 4.26E-03 4.15 0.96 5.83E-03 3.29 0.90 
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bed height. Values of determined 

coefficients (R2) ranged from 0.87 to 0.98 

and 0.90 to 0.99 for Pb2+ and Cu2+ ions, 

respectively making this model more fit or 

suitable for the gathered data compared 

to the Adams-Bohart model. 

The increase of flow rate causes the 

Thomas rate constant, kTH, to increase and 

the adsorption capacity, qo, to decrease for 

both Cu2+ and Pb2+. Higher flow rate 

affects the rate of adsorption by 

decreasing the contact time between the 

adsorbent and adsorbate which results to 

low removal of metals. Results also show 

that the increase in bed height accounts 

for decrease in kTH and increase in qo. Bed 

height affects the driving force of 

adsorption. Higher bed height would 

result to increase of adsorption because 

there will be additional available sites. 

Higher values of capacity, qo, are evident 

on Pb2+. This implies that SB has higher 

capacity to adsorb Pb2+ than Cu2+. The 

favorability of adsorption of Pb2+ is similar 

from the results of Adams-Bohart model. 

 

 

Yoon – Nelson Model 

The Yoon - Nelson is 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 as shown in Equation 6: 

 

𝑙𝑛(
𝐶𝑡

𝐶𝑜 −  𝐶𝑡
)  = 𝑘𝑌𝑁𝑡 − 𝜏𝑘𝑌𝑁  (6) 

 

Table 7 shows that the Yoon - Nelson 

constant, kYN, decreases and the time 

required for 50% adsorbate breakthrough, 

𝜏, increases as the bed height increases. 

The decrease in the rate constant is due 

to the increase of needed forces that 

control the mass transfer in the liquid 

phase that will cause the decrease in 

transfer rate of ions from the liquid to the 

solid phase. Higher bed height will cause 

more available sites of adsorption, thus, 

more time needed to be 50% saturated. 

The  increase  in  flow  rate  cause  the rate  

 

 

 

Table 7. Yoon – Nelson Model Parameters 

Bed 

height 

Flow 

Rate 

Lead Copper 

kyn 𝜏(min) R2 kyn 𝜏(min) R2 

10 100 0.086846 46.74 0.97 0.078648 50.23 0.92 

10 150 0.149625 36.09 0.93 0.097523 23.95 0.99 

10 200 0.283353 22.05 0.98 0.131156 19.21 0.97 

20 100 0.065169 64.50 0.90 0.071811 60.66 0.98 

20 150 0.086013 51.60 0.94 0.079397 43.26 0.97 

20 200 0.133142 34.91 0.96 0.130809 36.69 0.97 

30 100 0.062981 91.34 0.93 0.043867 89.29 0.96 

30 150 0.075369 61.26 0.87 0.050823 65.07 0.97 

30 200 0.085153 57.54 0.96 0.130630 33.07 0.90 
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constant to increase and the time needed 

for 50% breakthrough to decrease. The 

fast transfer rate of ions from the liquid 

phase to the solid phase causes the 

sugarcane bagasse to be 50% saturated at 

a lower amount of time. Higher values of 

capacity, qo, are evident on Pb2+. This 

implies that SB has higher capacity to 

adsorb Pb ions than Cu ions. The 

favorability of adsorption of Pb2+ is similar 

from the results of Adams-Bohart model. 

 

CONCLUSIONS 

 

Adams-Bohart, Thomas and Yoon-

Nelson models were used to analyze the 

effects of varying bed heights and flow 

rates to the break-through curve and 

adsorption parameters of SB for Pb2+  and 

Cu2+, and the following conclusions were 

derived: (1) Breakthrough time increases 

as the bed height increases from 10 cm to 

30 cm for both systems; (2) The increase in 

flow rate increases the adsorption 

capacity, qo, since contact time between 

the fluid and adsorbent decreases; (3) The 

time required for 50% adsorbate 

breakthrough, 𝜏, increases as the bed 

height increases; (4) Sugarcane bagasse 

possesses carboxylic acid groups, which 

acts as exchangeable cation sites, that 

promotes the adsorption capacity for 

metal ions; (5) Pb2+ are adsorbed more 

effectively with  an adsorption capacity of 

4.54 mg/g than Cu2+ with 3.98 mg/g at the 

most feasible parameters having a influent 

flow rate of 100 mL/min and a bed height 

of 30 cm; (6) In both systems studied, the 

performed continuous adsorption has 

higher adsorption capacity than that of 

the batch adsorption process obtained 

from literature. 
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