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A B S T R A C T S A R T I C L E   I N F O 

This research has been conducted on process of production 

activated carbon from coconut shells, which are activated 

both physics and chemistry to improve the adsorption of 

methylene blue. The process of physical activation was done 

by burning the coconut shell using a furnace at a 

temperature of 700°C. The chemical activation was done 

using H3PO4 activator. The result of activated carbon physical 

activation (CAP) has a greater absorbency than activated 

carbon chemical activation (CAC) with each of the absorption 

of methylene blue at 99.42 and 98.64%. Analysis of surface 

morphology on the adsorbent was performed using a 

Scanning Electron Microscope (SEM). SEM results indicated 

that (CAP) has a surface morphology that is relatively similar 

to commercial activated carbon (CACm). Adsorption test was 

conducted on the determination of the optimum pH, 

adsorption rate, and isotherm adsorption of methylene blue. 

The results of the optimum pH on CAC, CAP, and CACm 

respectively obtained at pH 8 and the optimum contact time 

is obtained respectively at 40, 60, and 80 minutes. 

Adsorption kinetics data of methylene blue on CACm, CAP, 

and CAC tend to follow the pseudo second order kinetics 

with a correlation coefficient (R2) is 0.937; 0.950; and 0.999, 

respectively. Adsorption isotherm of methylene blue on 

CACm, CAP, and CAC tend to follow the model of Freundlich 

isotherms.  
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1. INTRODUCTION 

Today environmental pollution is a 

serious problem in the world. Development 

in industrial sector and synthetic compounds 

use for plant cultivation and industrial 

purposes have a negative impact for 

environment (Anshar et al., 2016). The 

pollutant substance can be severe metals, 

such as Pb, Cd, Cu, Ni, and Zn (Buhani et al., 

2012; Buhani et al., 2013; Suharso and 

Buhani, 2011). These substances are usually 

present in the effluent water many 

industries, such as textiles, leather, paper, 

printing, and cosmetics. Dyes are colour 

organic compound which can colorize other 

substances (Nandiyanto et al., 2016). These 

substances are usually present in the effluent 

water many industries, such as textiles, 

leather, paper, printing, and cosmetics. Over 

10,000 dyes with a total yearly production 

over 7 x 105 MT are commercially available. 

It is estimated that approximately 15% of the 

dye stuffs are lost in industrial effluents 

during manufacturing and processing 

operations (Auto and Hameed, 2011; Tunc et 

al., 2009; Gupta et al., 2012). Highly colored 

wastes are not only esthetically unpleasant 

but also hinder light penetration and may 

disturb the river ecosystem. Moreover, dyes 

itself are toxic to some organism. Methylene 

blue (MB) is a cationic dye having various 

applications in chemistry, biology, medical 

science and dyeing industries. Its long term 

exposure can cause vomiting, nausea, 

anemia and hypertension (Foo and 

Hammeed, 2011; Hameed, 2009).  

Several methods have been developed 

to reduce the dyes from waste water, such as 

adsorption, biosorption, coagulation and 

flocculation, advanced oxidation, ozonation, 

membrane filtration, and liquid–liquid 

extraction have been widely used for the 

treatment of dye-bearing wastewater. The 

advantages and disadvantages of every 

removal technique have been extensively 

reviewed (Hameed, 2009; Salleh et al., 2011). 

According to Wang and Li (2013), the 

conventional method above is very 

complicated and expensive because some of 

these require additional chemicals so that 

they can produce toxic products. Among the 

method above, adsorption is a very effective 

separation technique in terms of initial cost, 

simplicity of design, ease of operation and 

insensitive to toxic substances (Patel and 

Suresh, 2008; Gupta and Bhattacharyya, 

2006; Salleh et al., 2011). Activated carbon 

(powdered or granular) is the most efficient 

adsorbent used for dye removal (Anshar et 

al., 2016; Nandiyanto et al., 2017; 

Nandiyanto et al., 2018). However, 

commercially available activated carbons are 

still considered as expensive materials for 

many countries due to the use of non-

renewable and relatively expensive starting 

material such as coal, which is unjustified in 

pollution control applications (Attia et al., 

2008). Therefore, in recent years, this has 

prompted a growing research interest in the 

production of activated carbons from 

renewable and cheaper precursors which are 

mainly industrial and agricultural by-

products, such as apricot shell (Karagozuglu 

et al., 2007), male flower of coconut tree 

(Senthilkumaar et al., 2006), jute fiber 

(Senthilkumaar et al., 2005), rubber wood 

sawdust (Kalavathy et al., 2005), corncob 

(Tseng et al., 2006), bamboo (Hameed et al., 

2007) and oil palm fibre (Tan et al., 2007).  

Coconut shell is one of the most 

common potential wastes in Indonesia. 

Coconut shell produced around 86 tons per 

year and only used for a household fuel. 

Though this coconut shell can be processed 

into products that have high economic value, 

namely as activated carbon. It has a lot of 

micropore, low ash content, high water 

solubility, high absorption, not harmful to the 

environment and high reactivity (Dhidan, 
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2012). Therefore, the main objective of this 

study was to evaluate the possibility of using 

coconut shell to develop a new low cost 

activated carbon and study its application to 

remove methylene blue dye from aqueous 

solution. Adsorption isotherm were 

determined, compared to Langmuir and 

Freundlich equation, and maximum 

capacities were calculated for different 

performance activated carbon (e.g., 

Commercial, Physically, and Chemically). The 

kinetics study of removal MB allowed the 

calculation of parameters according to two 

different kinetic models.  

2.  MATERIALS AND METHODS 

2.1. Materials. 

Commercial activated carbon from 

Yinchuan Meikelin Activated Carbon Co. Ltd. 

Coconut shell waste from local home 

industries in Bandar Lampung, Lampung. 

Methylene blue from Solarbia. H3PO4 10%, 

HCl 0,1 M, NaOH 0,1 M were purchased from 

Alba Chemical. Purified water was produced 

in the laboratory by using a GS-590 water 

distillation system from Tokyo. All solutions 

used in this work were prepared using the 

purified water. 

2.2. Suspendisse Preparation of activated 

carbon from Coconut Shell dapibus 

lorem pellen-tesque magna. 

Coconut shell waste from the locally 

available from home industries in Bandar 

Lampung, Lampung, Indonesia. The waste was 

washed several times with water to remove 

adhered impurities from its surface. The waste 

was dried at 105 ºC for 24 hours. After that are 

burning on the kiln and the charcoal was milled 

and sieved to 60 µm particle size. Then the 

coconut shell powder is activated physically and 

chemically. For physical activation, accurately 

weighed powdered samples (50 mg) were put 

into the furnace at 700 ºC for 1 hour. While for 

chemical activation, 20 mg of the powder which 

are physically activated are soaked in 30 mL of 

H3PO4 10% solution for 24 hours to remove any 

acid, followed by washing with distilled water 

until pH 6 and dried in oven at 100 ºC for 1 h. 

The resulting activated carbon was preserved 

and used as an adsorbent and characterized by 

using a scanning electron microscope (SEM). 

2.3. Experimental Protocol  

The bath adsorption experiments were 

conducted in a set of 25 mL of erlenmeyer flask 

containing adsorbent and 20 mL of MB solution 

with various initial concentrations, respectively. 

The flasks were agitated in water-bath shaker at 

120 rpm until the equilibrium is reached. After 

decantation and filtration, the equilibrium 

concentrations of dyes in the solution were 

measured at 664 nm using UV-Visible 

spectrophotometer. The pH of solution was 

adjusted with HCl 0.10 M and NaOH 0.10 M 

solutions. The amount of dyes adsorbed and 

percentage removal of MB were calculated 

using the following equation:  

� = �C� − C��	/�             (1) 

where Q is the amount of dye in mg/g of 

adsorbent. Co and Ce represent the initial and 

the equilibrium concentration of MB (mg/L), 

respectively, respectively. W is the mass of 

adsorbent (g), and V is the volume of MB 

solution (L) (Buhani et al., 2015).  

2.4. Adsorption isotherm 

2.4.1. Langmuir isotherm 

The Langmuir sorption isotherm is applied 

to equilibrium sorption assuming monolayer 

sorption onto a surface with a finite number of 

identical sites. Adsorption process occurs due to 

chemical interaction between adsorbate and 

active side of existing adsorbent (Buhani et al., 

2017). The Langmuir equation is written as 

(Langmuir, 1916):  

�

�
=

�

�
+

�

�����
            (2) 

where qe is the amount of adsorbate on the 

adsorbent at equilibrium (mg/g), Ce (mg/L) is 
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the equilibrium concentration of the adsorbate, 

qm (mg/g) is the maximum adsorption capacity, 

and KL (L/mg) is the Langmuir adsorption 

equilibrium constant. The values of KL and qm 

were calculated from the slope and intercept of 

a plot of 1/qe vs. 1/Ce, respectively. 

2.4.2. Freundlich isotherm 

The Freundlich equation for 

heterogeneous surface energy systems is given 

by Eq. (4) (Foo and Hammed, 2012; Nemr et al., 

2009). 

�� �� = �� �� +
�

�
�� ��            (3) 

where Kf and n are Freundlich constants, 

determined from the plot of ln qe versus ln Ce. 

The parameters Kf and 1/n are related to 

sorption capacity and the sorption intensity of 

the system. The magnitude of the term (1/n) 

gives an indication of the favorability of the 

sorbent/adsorbate systems. In the Freundlich 

isotherm model, Kf indicates the adsorption 

capacity and n indicates the heterogeneity 

factor for which a favorable adsorption is larger 

than one (n>1). The values of Kf and n can be 

obtained from plotting log qe vs. log Ce (Buhani 

et al., 2017). 

3. RESULTS AND DISCUSSION 

3.1. Characterization of Activated Carbon 

Figure 1 shows SEM micrograph of (a) 

coconut shell before activating, (b) CACm, (c) 

CAP, and (d) CAC. Through this micrograph 

irregular and porous surface activated could be 

observed. Based on this fact, it can be concluded 

that CAP, and CAC present and adequate 

morphology for MB adsorption, but the best 

between both figure is CAK because it has a 

relatively similar surface morphology with 

CACm. In line with the adsorption results which 

showed that the capacity adsorption of MB with 

CAC was greater than the CAP, which were 

99.42 and 98.64 %, respectively.   

The  effect  of  adsorbent  dose  on  the 

adsorption  process  can be done by preparing 

adsorbent with different amount added to the 

adsorbates solution with a fixed concentration 

and stirred  together  for 1 hour  (Salleh  et al., 

2011). The adsorbent  dose varied out from 0.

05 to 0.5 g. It is evidence  from  Figure  2 that 

the amount of MB absorbed per unit weight (

Q ) of  activated  carbon  decreases  with 

increasing  dose  of  adsorbent  used . This  is 

because  at higher  dose  there  is supercritical 

adsorption  very quickly  to the surface  of the 

adsorbent  which  results  in a lower  solute 

concentration  in  solution  than  when  the 

adsorbent  dose is lower. Thus, with increase 

dose  of  adsorbent , the  amount  of  dye 

adsorbed  per unit adsorbent  mass decreases , 

so the Q value is decrease (Han et al., 2007). 

 

Figure 2. Effect of adsorbent dose on MB                   

removal 

3.2.2. Effect of initial pH solution 

The pH of a dye solution is very important 

for influencing factor in the adsorption of MB 

onto activated carbon. Figure 3 shows that the 

amount of MB adsorbed is in following the 

increase in pH solution. The capacities of MB has 

a significant increament from 3.78 to 6.89 mg/g 

with the increase of pH value in the range 2-12. 

And, the MB removal can reach up to 6.10; 6.74; 

and 6.89 mg/g for CACm, CAP, and CACm, 

respectively, when the initial pH solution is 8. 

Thus, in acidic medium, the positively charged 

surface of sorbent tends to oppose the 

adsorption of the cationic adsorbate. 
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Figure 1. SEM micrograph images of (a) coconut shell before activating, (b) CACm, (c) CAP, 

and (d) CAC at 2000 magnification      

Table 1. Comparison of pseudo-first and second order kinetic model parameters for different 

activated carbon 

Adsorbent 
Pseudo first order Pseudo second order 

k1 (menit-1) R2 k2 (g mmol-1 menit-1) R2 

CACm 0.006 0.833 0.07 0.937 

CAP 0.003 0.465 0.188 0.95 

CAC 0.001 0.352 0.626 0.999 

 

 

 
Figure 3. Effect of initial solution pH on MB 
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When pH of the dye solution increases, the 

surface acquires a negatively charged. Thus, the 

amount of MB removal decreases. With 

increase in pH of dye solution, increases in the 

electrostatic attraction between positively 

charged dye and negatively charged adsorbent 

were obtained (Abd El- Latif and Ibrahim, 2009). 

3.2.3. Effect of contact time 

The effect of contact time on the removal 

of MB is shown Figure 4. This figure shows that 

the adsorption takes a relatively fast time at the 

initial stage on the outer surface of the 

adsorbent followed by a slower internal 

diffusion process which is in the stage of the rate 

determinant (Gialamouidis et al., 2010). And, 

after a certain time, removal of MB is decrease 

in number of vacant site of adsorbent and 

dye concentration. The decreased 

adsorption rate, particularly, toward the end 

of experiments, indicates the possible 

monolayer formation of MB on the 

adsorbent surface (Abd Abd El- Latif and 

Ibrahim, 2009; Nemr et al. 200). 

 

 
Figure 4. Effect of contact time on MB removal process 

 
Figure 5. Pseudo-first order kinetic removal model parameters for adsorption of MB onto 

CACm, CAP, and CAC 

 

 

| DOI: http:/ / dx.doi.org/ 10.17509/ ijost.v4i2.18179 p-  ISSN 2528-1410 e-  ISSN 2527-8045 |



235 |    Indonesian Journal of Science & Technology, Volume 4 Issue 2, September 2019 page 229-240 

 

 

 

 

 
Figure 6. Pseudo-second order kinetic model parameters for adsorption of MB onto CACm, 

CAP, and CAC 

 

3.3. Adsorption Kinetics 

The rate constant of adsorption is 

determined from the pseudo first-order 

equation given by Langergren and Svenska 

(1898): 

tkqqq ete 1
ln)ln( −=−              (4) 

where qe and qt are the amounts of MB 

adsorbed (mg g-1) at equilibrium and at time 

t (s), respectively. k1 is the rate constant 

adsorption (s-1). Values of k1 were calculated 

from the plot of ln(qe−qt ) versus t (Figure 5) 

for different concentration of MB. Although 

the correlation coefficient values at high 

concentration are higher than 0.83; 0.46; and 

0.35 for CACm; CAP; and CAC, respectively, 

the experimental qe values do not agree with 

the calculated ones. This can be obtained 

from the linear plots (see Table 1). This 

shows that the adsorption of MB onto 

activated carbon is not a first-order kinetic. 

On the other hand, a pseudo second-

order equation based on equilibrium 

adsorption (Ho and McKay, 1998) is 

expressed as: 

eet q

t

qkq

t
+=

2

2

1
            (5) 

where k2 (g/mg s) is the rates constant of 

second-order adsorption. If second-order 

kinetics is applicable, the plot of t/q versus t 

should show a linear relationship. There is no 

need to know any parameter beforehand and 

qe and can be determined from the slope and 

intercept of the plot. Also, this procedure is 

more likely to predict the behavior over the 

whole range of adsorption. The linear plots of 

t/q versus t (Figure 6) show a good 

agreement between experimental and 

calculated qe values (Table 1).  

The correlation coefficients for the 

second-order kinetic model are 0.92; 0.95; 

and 0.99 for CACm, CAP, and CAC, 

respectively, indicating the applicability of 

this kinetic equation and the second-order 

nature of the adsorption process of MB on 

activated carbon. These results indicated 

that the value in CAC is greater than CACm 

and CAP for adsorption of MB. The greater 

rate of adsorption with CAC is due to the 

chemical properties of the activator. Thus, it 

can accelerate the rate of MB adsorption 

with a lower viscosity value. 

3.4. Adsorption Isotherms 

The adsorption isotherm indicates how 

the adsorption molecules distribute between 

the liquid phase and the solid phase when 

the adsorption process reaches an 

equilibrium state. The analysis of the 

isotherm data by fitting them to different 

isotherm models is an important step to find 

the suitable model that can be used for 
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design purposes (El-Guindi, 1991). 

Adsorption isotherm is basically important to 

describe how solutes interact with 

adsorbents, and is critical in optimizing the 

use of adsorbents. Adsorption isotherm 

study is carried out on two well-known 

isotherms, Langmuir and Freundlich. The 

applicability of the isotherm equation is 

compared by judging the correlation 

coefficients (R2).  

Figure 7 shows the equilibrium 

adsorption isotherm of MB on the prepared 

activated carbon. The adsorption capacities 

of MB increase following with increasing the 

concentration of MB. Therefore, it can be 

concluded that the higher concentration of 

MB, the greater amount of MB which is 

adsorbed. From the data contained in Figure 

7, it use and plotted the Langmuir adsorption 

isotherm models (Eq. 1) (Figure 8) and 

Freundlich (Eq. 2) (Figure 9) to produce the 

adsorption parameters shown in Table 2. 

 

 
Figure 7. Equilibrium adsorption isotherm of MB onto activated carbon 

 

 
Figure 8. Langmuir adsorption isotherm of MB onto activated carbon 
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Figure 9. Freundlich adsorption isotherm of MB onto activated carbon 

Table 2 summarizes all the constants and 

correlation coefficients R2 of the two 

isotherm models used. The Freundlich model 

yielded the best fit with R2 values equal or 

higher than 0.99, as compared to Langmuir 

model. Freundlich adsorption isotherm 

explains that the adsorption process is 

heterogeneous. The meaning is that not all 

the adsorbent surface are able to experience 

adsorption, so the layer resulting from this 

adsorption model is multilayer because of 

the physical interaction between adsorbent 

and adsorbate (Buhani et al., 2015). Thus, the 

adsorption capacity of MB cannot be 

determined but has a large amount of MB 

which is adorbed when the equilibrium is 

high as the concentration of MB is used, 

which is 15.775; 15.553; and 15.478 mg g-1 

when the concentration of MB 250 mg L-1. 

 

4. CONCLUSION 

The present investigation showed that 

activated carbon prepared from coconut 

shell was a promising adsorbent for the 

removal of methylene blue dye from 

aqueous solutions over a wide range of 

concentrations. The results of surface 

morphology analysis with SEM showed that 

the surface morphology in CAP was relatively 

same to CACm which is has a larger pore size 

than CAC. The capacity adsorption of MB 

followed second order kinetics with the value 

( 2k ) are 1.0497; 0.2898; dan 1.2571 

g/mmol.min for each CACm, CAP, and CAC, 

respectively. Equilibrium data of adsorption 

was in good agreement with Freundlich's 

isotherm, with the adsorption capacity 

around 15.775; 15.553; and 15.478 mg/g for 

each CACm, CAP, and CAC, respectively. 

 

Table 2. Langmuir and Freundlich isotherm parameters and correlation coefficient for   

adsorption of MB on activated carbon 

Adsorbent 

                     Parameters adsorption 

Langmuir   Freundlich 

b KL 
R2 

qe Kf 
R2 

(mg g-1) (L mol-1) (mg g-1) (L mol-1)

CACm 15.243 0.262 0.849 15.775 0.934 0.993 

CAP 13.679 0.18 0.404 15.553 0.925 0.992 

CAC 15.223 0.123 0.533 15.478 0.921 0.992 

| DOI: http:/ / dx.doi.org/ 10.17509/ ijost.v4i2.18179 p-  ISSN 2528-1410 e-  ISSN 2527-8045 |



Rifki Husnul Khuluk, et.al. Removal of Methylene Blue by Adsorption onto Activated... | 238 

 

 

 

 

5. ACKNOWLEDGEMENTS 

The authors would like to thank to the 

Directorate of Research and Community 

Services, Directorate General of Higher 

Education (DIKTI), Ministry of Research, 

Technology and Higher Education of the 

Republic of Indonesia for financial support of 

this research. 

6. AUTHORS’ NOTE 

The author(s) declare(s) that there is no 

conflict of interest regarding the publication 

of this article. Authors confirmed that the 

data and the paper are free of plagiarism.

7. REFERENCES 

Abd EL- Latif, M. M., and Ibrahim, A. M. (2009). Adsorption, Kinetic, and equilibrium studies 

on removal of basic dye from aqueous solutions using hydrolyzed oak sawdust. 

Desalination Water Treatment, 6(1-3), 252-268. 

Anshar, A. M., Taba, P., and Raya, I. (2016). Kinetic and Thermodynamics Studies the 

Adsorption of Phenol on Activated Carbon from Rice Husk Activated by ZnCl2. Indonesian 

Journal of Science and Technology, 1(1), 47-60. 

Attia, A. A., Girgis, B. S., and Fathy, N. A. (2008). Removal of methylene blue by carbons 

derived from peach stones by H3PO4 activation: batch and column studies. Dyes 

Pigments, 76(1), 282–289. 

Auto, M., and Hammed, B. H. (2011). Preparation of waste tea activated carbon using 

potassium acetate as an activating agent for adsorption of acid blue. Chemical 

Engineering Journal, 171, 502-509.  

Buhani, Suharso, and Aprilia, L. (2012) Chemical stability and adsorption selectivity on Cd2+ 

Ionic imprinted Nannochloropsis sp material with silica matrix From tetraethyl 

orthosilicate. Indonesian  Journal of Chemistry, 12(1), 94 – 99. 

Buhani, Suharso, and Fitriyani, A. Y. (2013). Comparative Study of Adsorption Ability of Ni (II) 

and Zn(II) Ionic Imprinted Amino-Silica Hybrid Toward Target Metal in Solution. Asian 

Journal of Chemistry, 25(5), 2875-2880. 

Buhani, Narsito, Nuryono, Kunarti, E. S., and Suharso (2015). Adsorption competition of Cu(II) 

ion in ionic pair and multi-metal solution by ionic imprinted amino-silica hybrid 

adsorbent. Desalination Water Treatment, 55(5), 1240-1252. 

Buhani, Rinawati, Suharso, Yuliasari, D. P., and Yuwono, S. D. (2017). Removal of Ni(II), Cu(II), 

and Zn(II) ions from aqueous solution using Tetraselmis sp. biomass modified with silica-

coated magnetite nanoparticles. Desalination Water Treatment, 80, 203-213. 

Dhidan, S. K. (2012). Removal of phenolic compunds from aqueous solutions by adsoption 

onto activted carbons prepared from date stones by chemical activation with FeCl3. 

Journal of Engineering, 18(1), 63-77. 

El-Guendi, M. (1991). Homogeneous surface diffusion model of basic dyestuffs onto natural 

clay in batch adsorbers. Adsorption Science and Technology, 8(2), 217–225. 

| DOI: http:/ / dx.doi.org/ 10.17509/ ijost.v4i2.18179 p-  ISSN 2528-1410 e-  ISSN 2527-8045 |



239 |    Indonesian Journal of Science & Technology, Volume 4 Issue 2, September 2019 page 229-240 

 

 

 

Foo, K. Y., and Hammed, B. H. (2011). Preparation, characterization and evaluation of 

adsorptive properties of orange peel based activated carbon via microwave induced 

K2CO3 activation. Bioresource Technology, 104, 679-686. 

Gialamouidis, D., Mitrakas, M., and Liakopoulou-Kyriakides, M. (2010). Equilibrium,  

Thermodynamic and Kinetic Studies on Biosorption of Mn(II) from Aqueous Solution by 

Pseudomonas sp., Staphylococcus xylosus and Blakeslea trispora Cells. Journal of 

Hazardous Materials, 182(1-3), 672-680.  

Gupta, S. S., and Bhattacharyya, K. G. (2005). Adsorption of Ni(II) on clays. Journal of Colloid 

and Interface Science, 95(1), 21-32. 

Gupta, V. K., Patania, D., Agarwal, S., and Singh, P. (2012). Adsorptional photocatalytic  

degredation of methylene blue onto pectin-CuS nanocomposite under solar ligh. Journal of 

Hazardous Materials, 243, 179-186. 

Hammed, B.H. (2009). Spent tea leaves: a new non-conventional and low-cost adsorbent for 

removal of basic dye from aqueous solutions. Journal of Hazardous Materials, 161(1-3), 

753-759. 

Hameed, B. H., Din, A. T. M., and Ahmad, A. L. (2007). Adsorption of methylene blue onto 

bamboo-based activated carbon: kinetics and equilibrium studies. Journal of Hazardous 

Materials, 141(3), 819–825. 

Han, R., Zou, W., Yu, W., Cheng, S., Wang, Y., and Shi, J. (2007). Biosorption of methylene blue 

from aqueous solution by fallen Phoenix tree’s leaves. Journal of Hazardous Materials, 

156–162. 

Ho, Y. S., and McKay, G. (1998), Sorption of dye from aqueous solution by peat. Chemical 

Engineering Journal, 70(2), 115–124. 

Kalavathy, M. H., Karthikeyan, T., Rajgopal, S., and Miranda, L. R. (2005). Kinetic and isotherm 

studies of Cu(II) adsorption onto H3PO4-activated rubber wood sawdust. Journal of 

Colloid Interface Science, 292(2), 354–362. 

Karagozoglu, B., Tasdemir, M., Demirbas, E., and Kobya, M. (2007). The adsorption of basic 

dye (Astrazon Blue FGRL) from aqueous solutions onto sepiolite, fly ash and apricot shell 

activated carbon: kinetic and equilibrium studies. Journal of Hazardous Materials, 147(1-

2), 297–306. 

Langergren, S., and Svenska, B. K. (1898). Zur theorie der sogenannten adsorption geloester 

Stoffe.  Veternskapsakad Handlingar, 24(4), 1–39. 

Langmuir, I. (1916). The constitution and fundamental properties of solids and liquids. Journal 

of the American Chemical Society, 38(11), 2221-2295. 

Nandiyanto, A. B. D., Sofiani, D., Permatasari, N., Sucahya, T. N., Wiryani, A. S., Purnamasari, 

A., and Prima, E. C. (2016). Photodecomposition profile of organic material during the 

partial solar eclipse of 9 March 2016 and its correlation with organic material 

concentration and photocatalyst amount. Indonesian Journal of Science and Technology, 

1(2), 132-155. 

| DOI: http:/ / dx.doi.org/ 10.17509/ ijost.v4i2.18179 p-  ISSN 2528-1410 e-  ISSN 2527-8045 |



Rifki Husnul Khuluk, et.al. Removal of Methylene Blue by Adsorption onto Activated... | 240 

 

 

 

 

Nandiyanto, A. B., Putra, Z. A., Andika, R., Bilad, M. R., Kurniawan, T., Zulhijah, R., and 

Hamidah, I. (2017). Porous activated carbon particles from rice straw waste and their 

adsorption properties. Journal of Engineering Science and Technology, 12, 1-11. 

Nandiyanto, A. B. D., Zaen, R., and Oktiani, R. (2018). Working Volume in High-Energy Ball-

Milling Process on Breakage Characteristics and Adsorption Performance of Rice Straw 

Ash. Arabian Journal for Science and Engineering, 43(11), 6057-6066. 

Nemr, A. E., Abdel, W. O., Amany, E. S., and Khaled, A. (2009). Removal of direct blue-86 from 

aqueous solution by new activated carbon developed from orange peel,. Journal of 

Hazardous Materials, 161(1), 102-110.  

Patel R., and Suresh S. (2008). Kinetic and equilibrium studies on the biosorption of reactive  

 black 5 dye by Aspergillus foetidus. Bioresource Technology, 99(1), 51-8. 

Salleh, M. A. M., Mahmoud, D. K., Karim, W. A. W. A., and Idris, A. (2011). Cationic and anionic 

dye adsorption by agricultural solid wastes: a comprehensive review. Desalination, 280, 

1–13. 

Senthilkumaar, S., Kalaamani, P., and Subburaam, C. V. (2006). Liquid phase adsorption of 

Crystal violet onto activated carbons derived from male flowers of coconut tree. Journal 

of Hazardous Materials, 136(3), 800–808. 

Senthilkumaar, S., Varadarajan, P. R., Porkodi, K., and Subbhuraam, C. V. (2005). Adsorption 

of methylene blue onto jute fiber carbon: kinetics and equilibrium studies. Journal of 

Colloid Interface Science, 284(1), 78–82. 

Suharso, and Buhani. (2011). Biosorption of Pb(II), Cu(II), and Cd(II) from aqueous solution 

using cassava peel waste biomass. Asian Journal of Chemistry, 23(3), 1112-1116. 

Tan, I. A. W., Hameed, B. H., and Ahmad, A. L. (2007). Equilibrium and kinetic studies on basic 

dye adsorption by oil palm fibre activated carbon. Chemical Engineering Journal, 127(1), 

111–119. 

Tseng, R. L., Tseng, S. K., and Wu, F. C. (2006). Preparation of high surface area carbons from 

Corncob with KOH etching plus CO2 gasification for the adsorption of dyes and phenols 

from water. Colloids Surface, 279(1-3), 69–78. 

Tunc, O., Tanaci, H., and Aksu, Z. (2009). Potential use of cotton plant wastes from the  

 removal of remazol black B reactive dye. Journal of Hazardous Materials, 163(1), 187-

198.  

Wang, Shi-An, and Li, F. (2013) Invertase SUC2 Is the Key Hydrolase for Inulin Degradation in 

Saccharomyces cerevisiae. Journal of Applied and Environmental Microbiology, 79(1), 

403-406. 

| DOI: http:/ / dx.doi.org/ 10.17509/ ijost.v4i2.18179 p-  ISSN 2528-1410 e-  ISSN 2527-8045 |


