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a b s t r a c t

Activated carbon was prepared from coconut shell by a chemical activation method with potassium 
hydroxide at different temperatures and characterized for pore structure. The adsorption of lysine 
from aqueous solution by the prepared coconut shell activated carbon was carried out using batch 
adsorption experiments. The effect of shaking speed, adsorbent dosage, pH, initial lysine concentra-
tion and temperature were investigated. The results indicate that coconut shell activated carbon is 
an effective adsorbent which has a high surface area (1118.2 m2/g) and pore volume (0.4992 cm3/g). 
The effect of external diffusion is negligible at 170 rpm, the percent removal of lysine increases 
with the increment of the adsorbent dosage, the optimum pH is 6. The adsorption equilibrium data 
obtained at 20, 30 and 40°C agree better with the Langmuir model than with Freundlich model, 
and the thermodynamics parameters, ΔH = 2.71 kJ/mol, ΔS = 107.2 J/mol·K and ΔG < 0, display that 
the adsorption process is spontaneous and endothermic. The adsorption kinetics is well described 
by the pseudo second-order equation. The activated carbon was successfully regenerated by using 
ammonia as eluent. The results exhibit that coconut shell activated carbon is an efficient and low-cost 
adsorbent for the removal of lysine from aqueous solutions.
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1. Introduction

Lysine is one of the essential amino acids in human 
body [1,2]. It can promote the development of human body, 
enhance the immune function and improve the function of 
the central nervous system [3–5]. The content of lysine in 
cereal food is very low and it is easy to be destroyed in food 
processing [6,7]. Therefore, it is called the first limiting amino 
acid and used as food fortifier and feed additive. There are 
many methods to synthesize lysine, such as microbial fer-
mentation, enzymatic and chemical synthesis [8,9]. Among 
them, microbial fermentation is the main mode of produc-
tion. Twenty-three hundred thousand tons of lysine are 
annually produced worldwide by microbial fermentation, 
and the production is steadily increasing year by year.

In the process of fermentation, a large amount of waste-
water containing lysine is produced [10]. There are many 
methods for the treatment of amino acid-containing efflu-
ents including aerobic and anaerobic biological treatments 
[11], electrodialysis [12,13], precipitation [14], membrane fil-
tration [15,16], and adsorption [17,18]. The first four meth-
ods are efficient but they have many disadvantages, such 
as the high required energy, the production of solid waste, 
and causing secondary pollution. Among them, adsorption 
is the most commonly used method for water and waste-
water treatment because of its simple operation, high effi-
ciency and low cost [19]. A number of adsorbents have 
been reported for the removal of amino acids, such as mes-
oporous silica [20,21], moroccan diatomite [22], milk this-
tle seeds [23], polymeric adsorbent [24], activated carbon 
[25], etc. Activated carbon is regarded as one of the most 
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effective and usual adsorbent due to its high surface area, 
pore volume and excellent efficiency. Therefore, it is one of 
the most significant adsorbents for the removal of amino 
acids from wastewater. Nevertheless, due to its relatively 
high cost, growing research interest is focused on finding 
the naturally available and cheap alternatives to replace 
commercial activated carbons [26,27]. The development of 
high efficiency and low-cost activated carbon is beneficial to 
environmental sustainability and commercial applications 
in the future. Biomass materials mainly derived from agri-
cultural wastes are superior precursors for activated carbon, 
which are renewable, cheaper and abundantly available. 
There are many biomass materials having been successfully 
used to produce activated carbon in recent years, such as 
tea leaf [28], date palm rachis and jujube stones [29], sew-
age sludge [30], the residue of desilicated rice husk [31], 
walnut shell [32], brewer’s spent grains [33], grape bagasse 
[34], coffee residues and almond shells [35], hazelnut shell 
[36], Acacia fumosa seed [37], coconut shell [38,39], etc. As 
a typical biomass, coconut shell is widely available and a 
suitable precursor to prepare activated carbon [40,41].

The purpose of this paper is to study the adsorption 
of lysine from aqueous solution by the activated carbon 
prepared from coconut shell. The effects of shaking speed, 
adsorbent dosage, pH, initial lysine concentration and tem-
perature on the static adsorption of lysine onto the prepared 
activated carbon were investigated by batch experiments. 
Moreover, the adsorption isotherms and kinetics of lysine 
on coconut shell activated carbon at different temperatures 
were also studied.

2. Experimental

2.1. Materials

Potassium hydroxide, ninhydrin and sodium acetate 
(analytical grade) were supplied by Sinopharm Chemi-
cal Reagent Co., Ltd, glacial acetic acid (analytical grade) 
were supplied by Shanghai Qiangshun Chemical Reagent 
Co., Ltd, lysine（BR）were supplied by Shanghai Kangda 
Amino Acid Factory. Coconut shells were obtained from 
Hainan Province.

2.2. Analysis method

The lysine concentrations were determined by a visible 
spectrophotometer (model 7200, Shanghai Unico Instru-
ment Co., Ltd) at 570 nm. The standard curve of lysine 
concentration (y, mg/L) to absorbance (x) is obtained as 
follows: y = 18.432x + 3.8195, the scope of x is 0–1.1, and the 
correlation coefficients is 0.999.

2.3. Activated carbon preparation and characterization

The coconut shells were adequately cleaned in distilled 
water and dried at 110°C. After that, they were crushed by a 
high-speed multifunction grinder (model DS-T250, Shang-
hai Dingshuai Instrument Co., Ltd) and separated using 
sieves and shakers to the size of 100 mesh. The coconut 
shell powder was carbonized at 300–400°C in a box-type 
resistance furnace (model SX2-4-10, Shanghai Experiment 
Instrument Co., Ltd). Then the char produced from the car-
bonization process was mixed with potassium hydroxide 
(KOH). The dried mixture was then activated under 600–
800°C. After cooling, they were washed with distilled water 
to neutral, and dried to be activated carbon. Then, the coco-
nut shells activated carbon was stored in desiccator for use 
in adsorption studies.

An orthogonal experimental design L9(34) was utilized 
in the preparation of coconut shells activated carbon as 
listed in Table 1. The mass ratio of carbonized material to 
KOH, activation time, activation temperature and carbon-
ization temperature were set as the four influence factors, 
and three levels were chosen for each factor. The equilib-
rium adsorption capacity of lysine on coconut shells acti-
vated carbon were chosen as the investigation target to 
qualitatively analyze the effects of the selected factors on 
the preparation of coconut shells activated carbon.

The morphology and structure of the adsorbents were 
characterized via a Nova NanoSEM 230 scanning electron 
microscopy (SEM, USA FEI Co., Ltd.). A thermal gravi-
metric analysis was measured using a Netzsch STA449C 
instrument (Netzsch Co., Ltd., Gemerny). The BET specific 
surface area and pore size was carried out on a Micromer-
itics ASAP2020 equipment (Micromeritics Instrument Co., 
Ltd., American).

2.4. Batch adsorption of lysine on coconut shell activated carbon

2.4.1. Effect of shaking speed

0.05 g of coconut shell activated carbon was added 
to a 100 mL conical flask with 25 mL of 400 mg/L lysine 
solution. The flask was sealed and shaken on an air bath 
constant temperature oscillator (model THZ-C, Taicang 
Huamei Instrument Co., Ltd.) in the shaking speed value 
range 70–220 rpm, and the temperature was fixed at 30°C. 
Samples were analyzed as described (Section 2.2) and the 
adsorption capacity of lysine per unit mass of adsorbent, 
qt (mg/g), was calculated by the following equation:
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Table 1
Orthogonal experimental design L9(34) on the preparation of coconut shells activated carbon

Factor levels A (carbonized 
material/KOH ratio)

B (activation time/h) C (activation 
temperature/°C)

D (carbonization 
temperature/°C)

1 1 0.5 600 300
2 2 1.0 700 350
3 4 1.5 800 400
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where Ci and Ci-1 are the concentrations of lysine in the 
aqueous phase before and after adsorption, respectively 
(mg/L), Vi is the volume of the solution (L), m is the mass 
of adsorbent (g), and n is the sampling number. The curves 
between qt and time t were plotted to acquire the adsorption 
rate curve at different shaking speeds.

2.4.2. Effect of adsorbent dosage

Various dosages (from 0.003–0.08 g) of coconut shell 
activated carbon was mixed with 25 mL of 400 mg/L lysine 
solutions. The solutions were shaken at 170 rpm and 30°C 
for 5 h. Samples were analyzed and the percent removal of 
lysine, R, was calculated according to Eq. (2).
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where C0 and Ce (mg/L) are the concentrations of lysine at 
initial and equilibrium in the solution, respectively.

2.4.3. Effect of pH value

Coconut shell activated carbon, 0.1 g, was placed into 
a series of flasks with 25 mL of lysine solution (400 mg/L). 
The pH (from 1 to 7) of solutions were obtained using 0.1 M 
H2SO4. The flasks were then sealed and shaken at 170 rpm 
and 30°C for 5 h to ensure equilibrium. Samples were taken 
and analyzed, respectively. The equilibrium adsorption 
capacity of lysine, qe (mg/g), was calculated using Eq. (3):
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where V is the volume of the solution (L).

2.4.4. Adsorption isotherm

The coconut shell activated carbon, 0.05 g and 25 mL 
of lysine solution with different initial concentrations (100, 
200, 300, 400, 500, 600, and 700 mg/L) were placed into each 
conical flask. The solutions were shaken at 170 rpm for 5 h 
under the temperature of 20, 30 and 40°C, respectively. The 
samples were taken and analyzed by visible spectropho-
tometer as described in section 2.2. Each equilibrium con-
centration of lysine was obtained, and the corresponding 
equilibrium adsorption capacity was determined. Thus, 
the adsorption equilibrium curves at 20, 30 and 40°C were 
obtained by plotting the data of qe vs. Ce, respectively.

2.4.5. Adsorption kinetics

The adsorption kinetic experiments were performed 
as follows: The coconut shell activated carbon, 0.05 g, 
and 25 mL of lysine solution with initial concentrations 
400 mg/L was put into conical flask. The shaking speed 
was fixed at 170 rpm, the temperature was 20, 30 and 
40°C, respectively. The samples were taken and analyzed 
at approximately intervals, and the adsorption capacity of 
lysine was calculated according to Eq. (1). The data between 
qt and time t were obtained under the different tempera-
tures. Furthermore, the pseudo first order and pseudo sec-

ond-order kinetic models were used to correlate the kinetic 
of the adsorption data in order to obtain the controlling 
mechanism of the adsorption processes.

2.5. Desorption study

The lysine recovery experiments was employed by 
using different concentrations of ammonia as eluent. After 
lysine adsorption, the activated carbon loaded with lysine 
was air-dried. Then, 0.05 g of the activated carbon loaded 
with lysine was placed in flask with 25 mL eluent solution 
and shaken at 170 rpm for 4 h at 30°C. The sample was 
taken, and the lysine concentration was determined.

3. Results and discussion

3.1. Adsorption orthogonal experiments of lysine on activated 
carbon

The equilibrium adsorption capacities of lysine on coco-
nut shell activated carbon prepared at various conditions 
are shown in Table 2. Through the range analysis, the order 
of influence factors is: activation temperature, activation 
time, carbonization temperature, and carbonized material/
KOH ratio [42,43].

The orthogonal experiment results indicate that the larg-
est adsorption capacity of lysine on coconut shell activated 
carbon is found at treatment 6, which was prepared under 
the following conditions: carbonized material/KOH ratio 
of 2.0, activation time of 1.5 h, carbonization temperature 
of 600°C and activation temperature of 350°C, respectively. 
The activated carbon prepared under these conditions was 
used for subsequent adsorption experiments.

3.2. Characterization of the activated carbon

3.2.1. SEM

The SEM images of the precursor and the activated 
carbon samples is illustrated in Fig. 1, which vividly 
demonstrates the alteration of the physical structure. 
Coconut shell material surface displayed in Fig. 1a is 
smooth and less porosity. Fig. 1b shows the surface pores 

Table 2
Experiment conditions and adsorption capacity of lysine on 
coconut shell activated carbon

No. A B/ h C D qe/(mg·g–1)

1 1 0.5 600 300 165.13
2 1 1.0 700 350 169.79
3 1 1.5 800 400 154.94
4 2 0.5 700 400 167.73
5 2 1.0 800 300 143.42
6 2 1.5 600 350 177.81
7 4 0.5 800 350 147.16
8 4 1.0 600 400 166.47
9 4 1.5 700 300 171.03
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increased after carbonization, which is due to the release 
of volatile compounds during the carbonization process. 
It is evident that the carbon treated by potassium hydrox-
ide has a much higher degree of pore development than 
that of carbonization process as can be seen from Fig. 1c, 
the result indicates that coconut shell activated carbon 
is an effective adsorbent which has the maximum sur-
face area and pore volume compare to the raw coconut 
shell and carbonized material. Fig. 1d exhibits the sur-
face pores of coconut shell activated carbon decrease 
after adsorption, which is mainly due to the pore channel 
occupied by the adsorbed lysine.

3.2.2. Nitrogen adsorption-desorption

Furthermore, the adsorption and desorption isotherms 
of N2 and the pore size distribution of the precursor and 
the activated carbon samples are shown in Figs. 2 and 3, 
respectively. The data of adsorption isotherms of N2 were 
acquired over a wide relative pressure range (0–0.9981). 
The micropore area and external surface area of coco-
nut shell activated carbon were calculated using T-plot 
method. The surface area was calculated by BET equation 
in the range of relative pressure from 0.006 to 0.10. The 
micro pore volume and size distribution were determined 
by the Horvath-Kawazoe method. The total pore volume 
was obtained by the amount of N2 adsorbed. The value 

of meso pore volume is the total pore volume minus the 
micro pore volume.

As seen from Fig. 2, the N2 adsorption capacity of raw 
coconut shell was very small, indicating fewer pores. After 
carbonization, the coconut shell has a higher specific sur-
face area and larger pore volume due to the removal of ash. 

 

 

Fig. 1. SEM images of (a) raw coconut shell, (b) coconut shell after carbonization, (c) coconut shell activated carbon by chemical 
activation with KOH, and (d) coconut shell activated carbon after adsorption.

Fig. 2. N2 adsorption and desorption isotherm of the precursor 
and the activated carbon samples.
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After chemical modification by KOH, the prepared coconut 
shell activated carbon yields a type I isotherm and with an 
important adsorption at low relative pressure, indicative of 
the presence of micro pore. The physical properties of the 
precursor and the activated carbon samples are exhibited 
in Table 3. The surface area, total pore volume, and aver-
age pore diameter of coconut shell activated carbon are 
1118.2 m2/g, 0.4992 cm3/g and 0.49 nm, respectively, which 
display its excellent adsorption property when compared to 
the other two precursors. As exhibited in Fig. 3 and Table 3, 
micro pore volume of coconut shell activated carbon makes 
up 89% of total pore volume, which is much larger than 
meso pore volume. As reported in [44], the smaller the par-
ticle size of a porous carbon, the higher rate of the diffusion 
and adsorption. The results further demonstrate that the 
prepared coconut shell activated carbon is an outstanding 
adsorbent for lysine. It can also be seen from Table 3 that 
there are a sharp decline in the surface area, total pore vol-
ume, and average pore diameter of coconut shell activated 
carbon after adsorption. This phenomenon has also been 
observed by SEM.

3.2.3. TG-DTG

Coconut shells consist mainly of hemicellulose, cellu-
lose and lignin, and the decomposition of hemicellulose, 
cellulose and lignin occurred at ranges of 180–240, 230–310, 

and 300–400°C, respectively [45]. The TG-DTG analysis was 
carried out to study the thermal stability of the precursor 
and the activated carbon samples, as shown in Fig. 4. As 
can be seen in Fig. 4a, the pyrolysis of raw coconut shells 
included four periods: an initial weight loss of 2.4% below 
104°C is attributed to the removal of hygroscopic water. The 
dramatic weight loss occurs at 152–405°C with the sharp 
three DTG peaks at 198, 260 and 315°C corresponding to 
the decomposition of hemicellulose, cellulose and lignin, 
respectively. It resulted in a carbon residue of 43.2% at 
405°C. As the temperature increases over 405°C, the weight 
loss becomes slowly. The carbon residue decreases to 36.5% 
at 600°C and 35.7% at 700°C. The decomposition of coconut 
shell after carbonization takes place in two stages, shown 
in Fig. 4b. The first stage that obtained at 35–152°C indi-
cates the loss of adsorbed water is 2.6%. In the second stage, 
sharp weight loss of the raw material was 63.5% at 152–
600°C in which mainly lignin fractions decompose. Figs. 4c 
and d show the results from TGA carried out on coconut 
shell activated carbon before and after adsorption. Both 
of the DTA curves show an endothermic peak at 68°C due 
to the dehydration process. Both of the TG curves demon-
strate that the prepared coconut shell activated carbon has 
good thermal stability.

3.3. Adsorption studies

3.3.1. Effect of shaking speed

The adsorption rate curves (qt vs. t) at different shak-
ing speeds were plotted and exhibited at Fig. 5a. As shown 
in the figure, the adsorption rate increases with an increase 
in shaking speed from 70 to 170 rpm and then basically 
remain unchanged, which exhibits that the effect of external 
diffusion can be negligible. Therefore, the shaking speed of 
170 rpm was selected for further studies.

3.3.2. Effect of adsorbent dosage

The effect of adsorbent dosage is depicted in Fig. 5b, 
which exhibits the removal of lysine as a function of adsor-
bent dosage. It is clearly evident that an initial increase the 
adsorbent dosage increases the percent removal of lysine 
due to the increased active sites for adsorption. Never-
theless, beyond a dosage of 0.05 g, the fractional removal 
appeared to be consistently close to 81.0%. The results also 

Fig. 3. Micro pore size distribution of coconut shell activated 
carbon. (Inset curve: the mesopore size distribution).

Table 3
BET surface properties of activated carbon

Parameters Raw coconut 
shell

Coconut shell after 
carbonized

Coconut shell 
activated carbon

Coconut shell activated 
carbon after adsorption

BET Surface area, SBET (m2/g) 4.2 120.7 1118.2 378.9
Micropore area, Smicro (m

2/g) – 22.7 876.5 292.3
External surface area, Sext (m

2/g) 11.9 97.9 241.7 86.5
Micropore volume, Vmicro (cm3/g) 0.0015 0.0437 0.4446 0.1569
Mesopore volume, Vmeso (cm3/g) 0.0134 0.0701 0.0546 0.1569
Total pore volume, VT (cm3/g) 0.0149 0.1138 0.4992 0.2223
Average pore diameter, APD (nm) 1.09 1.12 0.49 0.53
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clearly demonstrate that the removal efficiency increases 
up to the optimum dosage beyond which the increase in 
removal efficiency is negligible.

3.3.3. Effect of pH value

The pH value of aqueous solution is a significant param-
eter in the adsorption process. The results are displayed in 
Fig. 5c. As shown in the figure, the maximum adsorption is 
found at pH = 6, and the corresponding percent removal of 
lysine is 84%. With the increase of pH value beyond 6, the 
percent removal decreases. 

It can be explained as follows. Lysine has four ion 
forms in aqueous solution, which is lys2+, lys+, lys± and lys– 
depending on the pH. The pH of the solution affects the 
dissociation pattern of lysine in solution. In the pH ranging 
from 1 to 6, lysine is mainly in the form of lys2+ and lys+ in 
the solution. The content of lys2+ in solution decreases with 
the increase of pH value, and disappeared at pH 5. While the 
content of lys+ in the solution increased with the increase of 
pH value, and the maximum is found at pH = 6–7. After pH 
above 7, lys± ions began to appear in the solution, while the 
content of lys+ decreased gradually. The curve of lys+ with 
pH was in agreement with that of coconut shell activated 
carbon adsorption, indicating that coconut shell activated 

carbon mainly adsorbed lys+ in aqueous solution. Thus, the 
pH value of 6 was selected for further studies.

3.3.4. Adsorption isotherm

With the aim of acquiring the capacity and thermo-
dynamics of lysine adsorption on coconut shell activated 
carbon, adsorption isotherms were carried out at the 
temperature of 20, 30 and 40°C, respectively. Moreover, 
Langmuir and Freundlich isotherm models were used to 
establish the mechanism for lysine adsorption on the coco-
nut shell activated carbon. The linear form of these models 
were listed as follows [46].

1 1e
e

e m L m

C
C

q q K q
= +  (4)

1
e e FInq InC InK

n
= +  (5)

where qm (mg/g) is the mono layer adsorption capacity of 
the adsorbent. KL is the Langmuir adsorption constant. KF 
and n are the Freundlich constants, where KF and n repre-
sent the adsorption capacity and intensity of adsorption, 
respectively. The values of the Langmuir constants, Freun-

 

 

Fig. 4. TG-DTG of (a) raw coconut shell, (b) coconut shell after carbonization, (c) coconut shell activated carbon by chemical activa-
tion with KOH, and (d) coconut shell activated carbon after adsorption.
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dlich constants, and the correlation coefficients were listed 
in Table 4, and the Langmuir and Freundlich adsorption 
isotherms are displayed in Figs. 6 and 7, respectively.

As shown in Table 4, the correlation coefficients, R2, of 
Langmuir model for lysine are all more than 0.994, which 
are higher than of Freundlich model at the three different 

temperatures, respectively. Therefore, Langmuir model is 
more suitable for describing the adsorption equilibrium of 
lysine on the coconut shell activated carbon, and the mono 
layer surface adsorption occurs on the specific homoge-
neous sites, the similar results was found by Chen [10]. 

Furthermore, the thermodynamic parameters, such as 
enthalpy change ΔH, entropy change ΔS and Gibbs free 
energy change ΔG, was calculated using the following 
equations [47].

Fig. 5. Effect of (a) shaking speed, (b) adsorbent dosage, and (c) 
pH on the adsorption of lysine.

Table 4
Langmuir and Freundlich isotherm constants for the 
adsorption of lysine

T(°C) Langmuir model Freundlich model

qm  
(mg/g)

KL  
(L/mg)

R2 KF  
(mg/g)

1/n R2

20 96.15 0.1186 0.9944 34.20 0.1782 0.7315
30 93.46 0.1202 0.9956 32.76 0.1828 0.7593
40 92.59 0.1756 0.9940 32.19 0.1848 0.7796

Fig. 6. Langmuir isotherm adsorption curve.

Fig. 7. Freundlich isotherm adsorption curve.
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G H T S∆ = ∆ − ∆  (7)

The data of lnKL versus 1/T were plotted and a linear rela-
tionship was found with the values of slope and intercept 
determined to be –1783.1 and 10.797. The thermodynamic 
values of ΔH, ΔS and ΔG were determined and are listed 
in Table 5. As shown in Table 5, the negative ΔG decrease 
slightly with the increasing of temperature, which indicate 
that the lysine adsorption on coconut shell activated carbon 
is spontaneous. The positive values of ΔS demonstrate that 
the lysine adsorption on coconut shell activated carbon is 
entropy driven rather than enthalpy driven [48]. Moreover, 
the positive value of ΔH confirms the endothermic nature of 
the lysine adsorption on coconut shell activated carbon and 
increasing temperature favors the adsorption.

3.3.5. Adsorption kinetics

The kinetic of the adsorption data were correlated using 
two different kinetic models: the pseudo first-order [Eq. 
(8)], and pseudo second-order [Eq. (9)] [49].

( ) 1e t eIn q q Inq k t− = −  (8)

where qe and qt (mg/g) are the amounts of adsorbate 
adsorbed at equilibrium and at any time, t (min), respec-
tively. k1 (min–1) is the rate constant of pseudo first-order 
model. The plot of ln (qe – qt) versus t gave the slope of k1 
and intercept of lnqe at different temperatures, as exhib-
ited in Fig. 8. The values of k1 and correlation coefficient 
R2 obtained for the plots were listed in Table 6. The val-
ues of R2 were relatively small, which varied from 0.6324 
to 0.8829. It indicates that the pseudo first-order model is 
not suitable for describing the adsorption of lysine on the 
activated carbon.

2
2

1 1

t e e

t
t

q q k q
= +  (9)

where k2 (g/(mg·min) ) is the rate constant of second-or-
der kinetic model. The linear plot of t/qt versus t gave 1/
qe as the slope and 1/k2 qe

2 as the intercept. The linear plot 
of t/qt vs. t, as displayed in Fig. 9, exhibits a well agree-
ment between the experimental and the correlated qe values 
(Table 5). Furthermore, the correlation coefficient values 
for the second-order kinetic model were higher than 0.996, 
which indicates the applicability of the second-order kinetic 
model to describe the adsorption of lysine on the prepared 

activated carbon. However, Chen et al. [10] have found that 
the adsorption kinetics of lysine on spherical lignin beads 
can be well described by the pseudo first-order model.

The adsorption activation energy was calculated by the 
logarithmic form of Arrhenius equation as follows.

2
aE

InK In A
RT

= − +  (10)

where T is the absolute temperature (K), R is the gas con-
stant (8.314 J/mol·K), Ea is the adsorption activation energy 
(kJ/mol), and A is frequency factor.

The data of lnk2 versus 1/T were plotted and displayed 
a good linear relationship. The correlation coefficient R2 is 
0.9708. The fitted equation is as follows.

2

3628.8
18.24InK

T
= − −  (11)

The adsorption activation energy (Ea), –30.2 kJ/mol, 
was calculated by the above equation. The negative adsorp-
tion energy may be explained by the combinations of many 
element chemical adsorption.

3.4. Desorption study

Desorption is a significant complement of adsorp-
tion to recover the lysine and reuse the activated carbon. 
An acidic pH was favorable for the adsorption of lysine 
on activated carbon, and the desorption of lysine can be 
achieved in alkaline environment. The results of desorp-
tion experiments are exhibited in Fig. 10. Along with the 
increasement of ammonia concentration from 0.25 mol/L 
to 1.50 mol/L, the desorption efficiency for lysine is rapidly 
increased from 51.6% to 93.8%, and then slowly rised to 
95.8% from the ammonia concentration 1.50 mol/L to 2.50 
mol/L. Meanwhile, the lysine adsorption efficiency of acti-
vated carbon remained almost constant for the four cycles 
of adsorption and desorption, which exhibit that there are 
no irreversible sites on the surface of the activated carbon. 
The lysine was recovered by the backwashing process with 
the ammonia solution which provides a valid method of 
recycling lysine.

Table 5
Thermodynamic parameters for the adsorption of lysine

T (°C) ΔH (kJ/mol) ΔS (J/mol·K) ΔG (kJ/mol)

20.0 –28.5

30.0 2.71 107.2 –29.5

40.0 –31.4
Fig. 8. Pseudo first-order kinetic model for adsorption of lysine 
on coconut shell activated carbon.
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4. Conclusions

(1) The activated carbon was synthesized from coconut 
shell by chemical activation with potassium hydrox-
ide. Through the orthogonal experiment, the opti-
mum condition is that carbonized material/KOH 
ratio of 2.0, activation time of 1.5 h, carbonization 
temperature of 600°C and activation temperature of 
350°C, respectively.

(2) SEM images and BET data indicate that coconut shell 
activated carbon is an effective adsorbent which has 
the maximum surface area and pore volume compare 
to the raw coconut shell and carbonized material.

(3) In the batch experiments, the effect of external diffu-
sion is negligible at 170 rpm, the percent removal of 
lysine increases with the increment of the adsorbent 
dosage, the optimum pH is 6. The adsorption equilib-
rium data of lysine on coconut shell activated carbon 
agree well with the Langmuir model. The adsorp-
tion process is of the monolayer variety and it is a 
favorable adsorption. The adsorption process is well 
described by the pseudo second-order equation.

(4) The desorption using the solution of ammonia is 
suitable for desorption and reusing process. The 
results indicates that activated carbon could be 
employed as a promising and effective adsorbent for 
the removal of lysine from aqueous solutions. 
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