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ABSTRACT 
 

The aim of this study was to prepare activated carbon from dry water hyacinth (stems, leaves) using H3PO4 

as an activator  and make a comparative study between the prepared activated carbon and dry precursors in 
removing Methylene blue (MB) and RhodamineB (RhB) from aqueous solutions via batch adsorption 
experiments. The characteristics of prepared activated carbon were determined. The factors influencing the 
adsorption capacities of different adsorbents such as: pH, initial dye concentration, and temperature were 
systematically investigated and discussed. Among the various isotherm models, the experimental equilibrium 
data for adsorption of MB and RhB fitted by the Langmuir isotherm and the maximum adsorption capacity of 
MB at PH 8 and 298K onto activated carbon prepared from (stems , leaves) and dry (stems , leaves) was 415.7 
,275 ,264 and 210.5 mg.g-1 , respectively, while the maximum adsorption capacity of RhB at normal PH and 298 
K onto  activated carbon (stems ,leaves) and dry (stems, leaves) were 280.2 ,156.5 ,38.42 and 49.15 mg.g-1, 
respectively. Kinetic results revealed that the adsorption process obeyed a pseudo-second order model and intra-
particle diffusion was the rate controlling step in the adsorption process. The thermodynamic parameters 
declared that the adsorption process was endothermic and spontaneous. 
 
Key words: Activated carbon, water hyacinth, Methylene Blue, RhodamineB, Adsorption. 
 
Introduction 
 

With the revolution in textile and similar industries in Egypt, colored effluents are due to the use of organic 
dyes such as Methylene Blue and RhodamineB for dying silk, cotton, leather, wool, paper and other final 
products. This is one of major problems concerning textile waste waters. These colored effluents have large 
amounts of suspended organic solids which are harmful to human beings and toxic for organisms. The removal 
of these dyes from wastewater has a considerable attention over the past decades to decrease their impact on the 
environment (Hameed, Ahmad et al. 2007). 

Several physical and chemical methods have been developed for the removal of organic dyes from 
industrial effluents. physical methods, mainly adsorption on various supports was recognized to be a promising 
and effective process to remove dyes from industrial waste waters completely (Rahman, Amin et al. 2012). The 
main advantages of adsorption are the reusability of material, low-cost, ease of operation and short time of 
operation so it is necessary to develop effective adsorbents for the removal of dyes from textile effluents. 
Activated carbon is the most widely used adsorbent and can be prepared by physical activation in which 
carbonation or pyrolysis of the carbonaceous material at higher temperature (500-900ºC) in an inert atmosphere 
followed by thermal activation at the same temperature in the presence of oxidizing agent such as air, steam and 
carbon dioxide or chemical activation in which pyrolysis and activation carried out only in one step 
simultaneously in presence of dehydrating agent such as H3PO4, HNO3, KOH, NaOH , H2O2, H2SO4.Chemically 
activated carbon has higher yield, more surface area and better development of porous structure than that 
obtained by physical activation (Gad and El-Sayed 2009). 

Several attempts have been studied for the preparation of activated carbon from agriculture wastes .Water 
hyacinth (WH) is one of these bio-absorbent plants. WH (Zahran and Willis 2003) propagates both by seed 
germination and by vegetative means whereby mature plants produce rosettes of leaves and fibrous roots at each 
node of the growing stem. A single plant can produce about 65,000 offspring during a single season. Since WH 
can grow at an alarming rate, a novel activated carbon can be prepared from the dead plant. Several attempts has 
been described for the removal of RhodamineB or Methylene blue from waste water by activated carbon 
prepared from agriculture wastes such as rice husk, bamboo (Hameed, Din et al. 2007),rattan saw dust, yellow 
passion fruit ,corncob hulls, sugar beet pulp (Vučurović, Razmovski et al. 2012), pine-apple leaf powder, 
Eichhornia crassipes root (Giri, Patel et al. 2012), Indian Rose wood (Garg, Amita et al. 2004), pomegranate 
peel (Amin 2009), posidonia oceanic (Gad and El-Sayed 2009). 
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In this article, we report a comparative study between the efficiency of activated carbons prepared from 
water hyacinth (stems ,leaves) by H3PO4 activation for removal of basic dyes (Methylene Blue, RhodamineB). 
The isotherm, kinetic and thermodynamics of the adsorption process have been evaluated. 

 
Experimental: 

 
2.1. Materials and reagents: 

 
Methylene blue (MB) and RhodamineB (RhB) were purchased from The British Drug Houses LTD (B.D.H, 

England) and used without further purification. Stock solutions 1000 mg/L of Methylene Blue and  
RhodamineB were prepared by dissolving 1g of the solid powder in 1000 ml of double distilled water. All 
working solutions were prepared daily by successive dilution of stock solution using doubly distilled water. All 
other chemicals used were of analytical grades. 
 
2.2. Preparation of activated carbon: 

 
The plant water hyacinth was collected from Canal extended from river Nile in Mansoura, Egypt. Live 

water hyacinth consists of 94-95% water and 50-60 g total solid per kilogram(Ganesh, Ramasamy et al. 
2005).The roots of the plant were removed while the leaves and stems were washed with water then with 
distilled water and were soaked in 0.25M EDTA at PH 10 overnight for removing any metal ions adsorbed on 
the plant then the plant (stems and leaves) washed with distilled water for several times and dried in oven at 110 
ºC for 48 h. The dry stem (DS) or leaves (DL) are chemically activated through treatment with H3PO4 (1:3) by 
weight for 48 h at room temperature then dried in oven at 110 ºC for 48 h then placed in a muffle oven where 
the samples were strongly heated and maintained at 550 ºC under inert atmosphere (either water vapor or N2) for 
2 h. After cooling to room temperature ,the activated carbon obtained was washed thoroughly with distilled 
water until the PH of the supernatant become steady at about (pH=4.5) then dried at 110 ºC for 24 h. Activated 
carbon prepared from stem (ACS) and leaves (ACL) were ground and stored in  desiccators . 
 
2.2.1. Batch adsorption experiments: 

 
Batch experiments were conducted to study the influence of important parameters like the pH, contact time, 

initial dye concentration and temperature on the removal of (MB, RhB) onto different adsorbents. For 
Adsorption Isotherms, dye solution of different concentrations (50-800 mg/L) and at different temperatures (30-
50 ºC) with known pH and known amount of adsorbent (1 g/L) were agitated at 207rpm until the equilibrium 
was reached then the solution was kept to settle down and the residual concentration of (MB, RhB) were 
analyzed by UV-Visible spectrophotometer at 662 nm and 554 nm, respectively. All experiments were carried 
out at PH 8 for MB and at normal PH for RhB. Effect of pH on dye removal was studied over a pH range of 2.2-
10.4 the initial pH of the solution was adjusted by addition of acetate or phosphate buffers. The effect of sorbent 
dosage on adsorption rate was investigated using the procedures described above except that different dosages 
(0.01 – 0.1 g) were used. The percentage of dye removal was calculated using the following equation. 
 

%Extraction                                          (1) 

Where Co and Ce (mg L−1) are the initial and equilibrium concentrations of dye respectively. 
For kinetic studies, 500 ml of dye solution (MB, RhB) of known amount of adsorbent (0.5g) were taken in a 

100 ml Stoppard bottle and agitated at 207 rpm. Samples were withdrawn at different time intervals (0-300min), 
and analyzed for remaining dye concentration. The equilibrium adsorption capacity of different adsorbents was 
calculated from the following relationship. 
 

                                                    (2) 

 
Where qe (mg g−1) is the equilibrium adsorption capacity, Ce is the dye concentration at equilibrium, V (L) 

is the volume of solution and W (g) is the weight of adsorbent. 
 

Result And Discussion 
 

3.1. Characterization of Activated carbon and dry precursors: 
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 Physic-chemical characterization of ACS, ACL, DS and DL were determined as follow: moisture content 
determined using oven drying method, Ash content determined by standard method, Surface area was 
determined from the application of BET equation to the Adsorption-desorption isotherm of N2 at 77k(Ahmed 
and Dhedan 2012),as shown  in (Table 1.).The results of this table show that surface area of ACS is higher than 
that of ACL so there is a good possibility for dye to be adsorbed on ACS than ACL. The morphology of ACS, 
ACL, DS and DL examined by electron microscopy as shown Fig.1 (a–d) .Examination of the SEM 
micrographs of ACS and ACL at 3500 magnification showed that activated carbon obtained from stem is more 
porous than that obtained from leaves. 
 
Table 1: Characteristics of the dried and prepared activated carbon (stem, leaves) 

Type 
 Adsorbent 

Moisture      content% Ash content% Surface PH Surface area 
m2 g−1 

AC stem 3.88 8.19% 4.5 864.52 
AC  leaves 2.64 25.63% 4.1 493.78 
Dry stem 6.71 2.4% 5.95 57.46 
Dry leave 5.1 19.1% 6.13 71.83 

 

  

 

 
Fig. 1: SEM Photographs of  (a)ACS (b)ACL (C)DS (d)DL 
 
3.2. Adsorption parameters: 
 
3.2.1. Effect of pH: 

 
Effect of pH on the removal of (MB, RhB) is presented in Fig.2.It reveals that the percent of dye removal 

increased as the initial PH of the dye solution was increased. At low pH ,the excess H+ ions competing with the 
dye cations for the adsorption sites of the adsorbent as well as there is electrostatic repulsion, between both 
highly protonated  adsorbent surface and dye molecule , leads to lower removal of dye. At high pH, the number 
of positively charged sites decrease and the number of negatively charged sites increase so the association of 
dye cations with negatively charged surface of adsorbent was favored. 
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Fig. 2: Effect of pH on the adsorption of (a) MB and (b) RhB onto ACS, ACL, DS and DL. 

 
3.2.2. Effect of temperature and initial dye concentration: 

 
The dye uptake onto dried (stem, leaves) as a function of concentration is shown in Fig.3. It is revealed that, 

by increasing the initial dye concentration in test solution the amount of dye (MB, RhB) adsorbed per unit mass 
of adsorbent increase. The increase in initial dye concentration provides an important driving force to overcome 
the mass transfer resistance of dye between the aqueous and solid phases. Fig.4. illustrates the effect of 
temperature on adsorption. It is shown that the amount of adsorbed (MB, RhB) increased with temperature from 
(25 to 50ºC) indicating that the adsorption capacity depends on temperature. The maximum adsorption capacity 
of MB and RhB onto ACS, ACL, DS and DL increase with temperature as shown in (Table.2) .This is attributed 
to the increase in the rate of intra-particle diffusion of dye molecule into the porous structure of adsorbent as 
temperature increases ,as well as diffusion is an endothermic process so the adsorption increase with 
temperature. 
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Fig. 3: Effect of concentration on the adsorption of (a) MB and (b) Rh B onto ACS, ACL, DS and DL.  
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Fig. 4: Effect of Temperature on the adsorption of (a) MB and (b) Rh B onto ACS, ACL, DS and DL.  
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Table 2: Effect of temperature on the maximum adsorption capacity of (MB,RhB) on different adsorbents 
Type 
Adsorbent 

M.B RhB 
Maximum adsorption capacity (qm) Maximum adsorption capacity (qm) 
30 ºC 40 ºC 50 ºC 30 ºC 40 ºC 50 ºC 

ACS 415.7 420.96 433.19 280.23 281.36 299.66 
ACL 275 300 330.13 156.49 165.11 182.49 
DS 274 264 281 38.42 40.11 42.94 
DL 210.48 215.72 220.09 49.15 55932 60.45 

 
3.2.3. Effect of adsorbent dosage: 

 
The effect of amount of ACS, ACL, DL and DS adsorbents on the removal percentage of MB and Rh B are 

shown in Fig.5. It can be clearly seen that, an increase in sorbent dose is in favor of dye removal. When the 
sorbent dose increases from 0.01 to 0.1 g, the percent MB dye removals by ACS, ACL, DL and DS increase 
from 24.13% to 100%, from 20.96% to 99.63% ,from 11.35% to 77.68% and from 16.3 to 84.98, respectively. 
While the percent Rh B dye removals by ACS, ACL, DL and DS increase from 49.1% to 98.98%, from 
26.497% to 96.294%, from 14.69% to 71.75% and from 12.4% to 59.77%, respectively. Increase in adsorption 
with adsorbent dosage can be attributed to increased adsorbent surface area and availability of more adsorption 
sites.  
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Fig. 5: Effect of adsorbent dosage  on the adsorption of (a) MB and (B) RhB onto ACS, ACL, DS, and DL. 

 
3.2.3. Effect of contact time: 

 
The effect of contact time on adsorption capacity of ACS, ACL, DS, and DL for MB and RhB is shown in 

Fig.6. It is clear that the rate of adsorption of (MB, RhB) increases with the increase of contact time. The dye 
was rapidly adsorbed in the first 20-25 min, and then the adsorption rate decreased gradually and reached 
equilibrium in about 2 h but in case of RhB adsorption on ACL takes 5.5h to reach equilibrium. At the 
beginning, the adsorption rate was fast as the dye ions were adsorbed by the exterior surface of the activated 
carbons .When the adsorption of MB and RhB on the external surface of the adsorbent reaches equilibrium, the 
dye molecules diffused through the internal pores of the adsorbent, this phenomenon takes a relatively long 
contact time. 
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Fig. 6: Effect of contact time on the adsorption of (a) MB and (B) RhB onto ACS, ACL, DS, and DL. 
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3.3. Adsorption kinetic study: 
 
Kinetics of adsorption were determined by measuring the amount of dye adsorbed from aqueous solution at 

different time intervals. The adsorbed amount of dye at time t, qt was calculated by 
 

                                                    (3) 

 
Where Ct (mg/L) concentration of the dye at time t. 
Various models like pseudo-first order, pseudo-second order and intra particle diffusion were used to 

analyze the kinetic data. The expression of models are (Webi and Chakravort 1974): 
 
Pseudo-first order model: 
 

               (4) 

                                                                                                                  
Pseudo-second order model: 

 

                                   (5) 

                                                                           
Intra particle diffusion model 

 

                                 (6)

  
Where qe the concentration of (MB, RhB) at equilibrium, qt (mg/g) the concentration of dye at time t, K1 

(1/min) is the adsorption rate constant of first order. K2 (g/mg. min) is the rate constant of pseudo second order. 
KD (mg/gmin0.5) the intra particle diffusion constant. C (mg/g)   a constant gives idea about the thickness of 
boundary layer (intercept).                                                                                                             

The linear plot of ln (qe − qt) versus t is shown. In Fig6.It is clear that the correlation coefficient R2 is low 
(Table3a&Table3b.). Moreover, this table shows a large difference between the experimental and calculated 
adsorption capacity, indicating that pseudo-first order model is not best to describe the experimental data. The 
linear plot of t/qt versus t is described in Fig.7 .It reveals that the correlation coefficient is high  and the 
calculated qe values agree well with the experimental qe values as shown in (Table.3a,Table.3b).This suggests 
that the adsorption of MB and RhB on ACS,ACL,DS and DL follows second-order kinetics. On the other hand, 
for the intra-particle diffusion model, Fig.8a. , Fig.8b., shows two separate regions the initial part is attributed to 
the bulk diffusion while the final part to the intra particle diffusion .As well as values of C give an indication 
about the thickness of boundary layer effect, the larger the value of C the greater is the boundary layer effect so 
the experimental data indicate that intra -particle diffusion not only controls the adsorption rate. 

 
Table 3a: Parameters of different kinetic models (pseudo-first order, pseudo-second order model, intra particle diffusion model adsorption  
               of MB onto activated carbon derived from (stem, leaves) and dry (stem, leaves) of water hyacinth. 

Asorbents 
 

 Pseudo-first order Pseudo-second order 

 qe exp. 
mg.g−1

qe cal. 
mg.g−1 

K1 (min−1) R2 qe cal. 
mg.g−1 

K2 
mg−1 min−1 

R2 

AC S 326.20 118.85 0.04192 0.9689 330.033 9.18 *10-6 0.9998 
D S 189.08 34.921 0.01948 0.9863 190.839 0.0000275 0.9997 
AC L 244.98 56.869 0.02227 0.8781 242.131 0.000017 0.9995 
D L 182.09 27.507 0.02897 0.96435 183.150 0.00003 0.9999 

 
Table 3b: Parameters of different kinetic models (pseudo-first order, pseudo-second order model, intra particle diffusion model adsorption  
               of RhB onto activated carbon derived from (stem, leaves) and dry (stem, leaves) of water hyacinth. 

Asorbents 
 

 Pseudo-first order Pseudo-second order 

 qe exp. 
mg.g−1

qe calcu. 
mg.g−1 

K1 (min−1) R2 qe calcu. 
mg.g−1 

kgmg−1 
min−1 

R2 

ACS 263.56 113.99 0.02211 0.96841 269.542 0.00057 0.9992 
DS 33.334 9.2954 0.0354 0.89193 33.422 0.01365 0.9999 
ACS 144.63 80.673 0.01048 0.96803 148.81 0.00346 0.9952 
DL 48.871 36.810 0.0236 0.95746 50.9424 0.00151 0.9972 
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Fig. 6: Pseudo-first-order kinetics for (a) MB and (b) RhB adsorption onto different activated carbons 
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Fig. 7: Pseudo-second-order kinetics for (a) MB and (b) RhB adsorption onto different activated carbons. 
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Fig. 8a: Intra-particle diffusion of MB adsorption onto different adsorbents. 
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Fig. 8b: Intra-particle diffusion of RhB adsorption onto different adsorbents. 

 
3.4. Adsorption Isotherm: 

 
Adsorption Isotherm is important to indicate how the adsorbed molecules distribute between the liquid 

phase and the solid phase when the adsorption process reaches equilibrium state. The experimental Isotherm 
data of MB and Rh B adsorption on ACS, ACL, DS and DL were analyzed by two Isotherm equations. 

 
3.4.1. Langmuir Isotherm equation: 

 
Supports that, mono layer coverage of the adsorbate on the outer surface of the adsorbent and also there is 

no interaction between the adsorbed molecules .The linear form of the Langmuir isotherm (Amin 2008).                                   
 

                                            (7) 

 
qe is the amount adsorbed at equilibrium (mg/g),  Ce is the equilibrium concentration of the adsorbate 

(mg/L), Q Langmuir constant related to monolayer adsorption capacity, b is Langmuir constant related to energy 
of adsorption. Q and b can be calculated from the slope and intercept of the plot Ce/qe versus Ce. The essential 
characteristics of the Langmuir equation can be expressed in terms of a dimensionless separation factor Rl.                                     

                                      (8) 

 C0  is the highest initial solute concentration, b is Langmuir adsorption constant (L/mg), Rl indicates the 
type of isotherm to be reversible (Rl =0), Favorable (0<Rl>1), Linear (Rl=1) or unfavorable (Rl>1) (Pavan, 
Mazzocato et al. 2008) . 

 
3.4.2. Freundlich Isotherm: 

 
Based on multilayer adsorption on heterogeneous surface, the linear form of Freundlich equation is (Pavan, 

Mazzocato et al. 2008) 

        (9) 
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 KF (mg/g) is Freundlich constant indicating adsorption capacity, n is Freundlich constant of how favorable 
the adsorption process is (related to adsorption intensity), Freundlich constants Kf and n can be calculated from 
slope and intercept of the plot  

ln qe versus ln Ce. 
Fig.9. and Fig.10. Show the linear plot of Langmuir and Freundlich isotherm models for MB, RhB, 

respectively. The equilibrium parameters calculated from Langmuir and Freundlich isotherm equations are 
presented in (Table 4 and Table 5.) .It is noticed that the values of RL lie between (0.0068 and 0.275).The 
practical adsorption capacity is very close to that calculated from Langmuir isotherm model suggesting that, the 
adsorption process are favorable for MB, RhB under conditions used in this study. (Table4 and Table5.) show 
that the value of  n lie between 1.7and 5.5 (i.e. n �1).The two models decrease in the order of: Langmuir � 
Freundlich, indicating that the Langmuir model fitted the experimental data better than Freundlich model and 
the adsorption of MB, RhB onto ACS, ACL, DS and DL tended to Monolayer adsorption. 

 

 
 

Fig. 9: langmuir isotherm plots for adsorption of (a)MB and(b) RhB onto ACS,ACL,DS,DL 
    

 
 Fig. 10: Freundlich isotherm plots for adsorption of (a) MB and (b) RhB onto ACS, ACL, DS, and DL. 

 
Table 4: Parameters of different isotherms of adsorption of MB onto activated carbon derived from (stem, leaves) and dry (stem, leaves) of  
              water hyacinth. 

Adsorbents Langmuir parameters Freundlich parameters 
 R2 b ( L/mg) Q RL R2 kf n 
ACS 0.99681 0.059375 219.298 0.0206 0.9822 146.1158 5.56452 
DS 0.99681 0.0054266 350.877 0.18722 0.98276 7.72004 1.74298 
ACL 0.99357 0.080123 425.532 0.0154 0.96821 61.1421 4.03323 
DL 0.99681 0.059375 219.298 0.0273 0.93081 21.05294 2.50639 
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Table 5: Parameters of different isotherms of adsorption of RhB onto activated carbon derived from (stem, leaves) and dry (stem, leaves) of  
             water hyacinth. 

Adsorbents Langmuir parameters Freundlich  parameters 
 R2 b (L/mg) Q RL R2 kf n 
ACS 0.9997 0.1443 280.899 0.006882 0.92548 155.555 10.3778 
DS 0.992 6.93184 49.3097 0.19383 0.92599 2.20838 2.11936 
ACL 0.997 0.04178 162.307 0.02337 0.95805 2.56213 1.83016 
DL 0.097 0.0065809 81.4996 0.275303 0.97559 42.56958 4.76985 

 
3.5. Adsorption thermodynamics: 

 
Batch experiments are carried at different temperature (298k, 313k and  323k) and the thermodynamic 

behavior of MB and RhB on dried and activated carbon (stem, leaves) was evaluated by thermodynamic 
parameters including the change in free energy(∆G), enthalpy(∆H) and entropy(∆S) which are calculated by the 
following equations(Gad and El-Sayed 2009). 

Vant Hoff eqn. 
 

                                           (10)

  

                                              (11) 

                                             (12) 

 
Where Kd is the adsorption coefficient, ρ =1000 g/L to make a dimensionless Kd, R=8.314 Jmol-1 K, T is 

the temperature in Kelvin. Based on the experimental MB and RhB adsorption isotherm data which have been 
calculated from Eq. (3) the value of Kd is calculated from Eq. (9) for each temperature. A Plot of ln (kd) versus 
1/T for MB and RhB adsorption on ACS, ACL, DS and DL is shown in Fig.11 and 12, respectively. The 
calculated values of thermodynamic parameters ∆H, ∆G, ∆S, calculated from the slope and intercept, are 
summarized in (Table 8 and Table 9.). It shows that   the negative ∆G values indicate thermodynamically 
spontaneous nature of the adsorption. 
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Fig. 11: Plot of In (Kd) versus 1/T for MB adsorption on different adsorbents 
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The positive value of enthalpy change ∆H confirm the endothermic nature of the adsorption process and 
also its magnitude gives information on the type of adsorption which can be physical or chemical ,the enthalpy 
of adsorption ,ranging from 2.1 to 20.9 KJ/mole corresponds to a physical sorption which occurs when the 
intermolecular attractive forces between molecules of adsorbate and adsorbent are greater than those between 
molecules of the adsorbent itself which may be a monomolecular or multi molecular layer ,occurs rapidly, in 
contrast chemisorption involves the formation of chemical bonds between the adsorbate and adsorbent .It takes 
place only at high temperatures and may be slow. In our study the ∆H values in the range between 1.4 and 20 
kj.mol-1 show that the adsorption of MB and RhB on ACS, ACL, DS, and DL was taken place via physic 
sorption. The positive value of ∆S reflects the affinity of adsorbent material towards MB and RhB .It also 
confirms the increased randomness at the solid –liquid interface during adsorption. 
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Fig. 12: Plot of In (Kd) versus 1/T for Rh b adsorption on different sorbents 
 

Table 8: The thermodynamic parameters of the adsorption of MB onto ACS, ACL, DS and DL adsorbents. 
Adsorbents Dye 

concentration 
(mg/L) 

∆H (kJ/mol) ∆S (kJ/mol) ∆G (kJ/mol) 

    298K 313K 323K 
AC S 400 20.01575 0.134446 -20.04916 -22.07 23.415 

500 12.61864 0107399 -19.38623 -20.99722 -22.0712 
600 6.021809 0.082801 -18.65289 -19.895 -20.7229 

ACL 400 8.51254 0.087482 -17.5571 -18.869 -19.7442 
500 7.10141 0.080782 -16.97163 -18.18336 -18.9912 
600 5.0339 0.07287 -16.68136 -17.774 -18.5031 

DS 200 12.65021 0.1007 -17.35811 -18.8687 -19.8757 
400 1.253677 0.05872 -16.24488 -17.1257 -17.692 
600 5.09872 0.070559 -15.92786 -16.92786 -17.692 

DL 200 3.7355 0.07232 -17.8159 -18.90066 -19.624 
400 1.4423 0.061453 -16.87 -17.792 -18.41 
600 6.5074 0.07384 -15.4969 -16.60452 -17.34292 
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Table 9: The thermodynamic parameters of the adsorption of RhB onto activated carbon derived from (stem, leaves) and dried (stem,  
              leaves) of water hyacinth.  

Adsorbents Dye 
concentration 
(mg/L) 

∆H (kJ/mol) ∆S (kJ/mol) ∆G (kJ/mol) 

    298K 313K 323K 
ACS 
 

300 7.748 0.09332 -20.06136 -21.46116 -22.39436 
400 2.994 0.073026 -18.863 -19.86314 -20.5934 
500 4.14582 0.07215 -17.3549 -18.43713 -19.15863 

ACL 300 7.5733 0.07997 -16.258 -17.45731 -18.25701 
400 1.426 0.05785 -15.8133 -16.68105 -17.27247 
500 5.2099 0.06794 -15.0362 -16.05532 -16.73472 

DS 100 7.7 0.07 -13.6 -14.21 -14.91 
200 7.1785 0.05543 -9.33964 -10.1711 -10.1711 
400 3.576 0.05256 -12.08688 -12.8753 -13.401 

DL 100 6.5485 0.071 -14.74635 -15.6745 16.3845 
200 4.018 0.05995 -13.8471 -14.74635 -15.34585 
400 7.6987 0.06692 -12.2435 -13.24726 -13.91646 

   
4. Conclusion: 

 
Present studies showed that the adsorption of MB and RhB onto ACS, ACL, DS and DL is favored at high 

pH and high temperature. The adsorption kinetics followed a pseudo second order  kinetic model  and  intra-
particle  diffusion was  involved in   the adsorption process. Fitting of Langmuir isotherm data showed that the 
adsorption of MB and RhB tended to Monolayer adsorption. The maximum adsorption capacity of MB at PH 8 
and 298K onto ACS, ACL, DS and DL was 425.7, 275, 274 and 210.5mg.g-1, respectively, while the maximum 
adsorption  capacity of RhB at normal PH and 298K onto ACS, ACL, DS and DL was 280.2, 156.5, 38.4 and 
49.15 mg.g-1, respectively, which  is  much  higher  than  many low-cost adsorbent. Thermodynamic parameters 
suggest that the adsorption is a typical physical process, spontaneous, and exothermic in nature. This study 
revealed that the dried water hyacinth and the prepared activated carbon can be used as adsorbent to remove MB 
and RhB dye from aqueous solution so the wasted water hyacinth future can easily be acquired and used for 
future commercial application. 
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