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ABSTRACT 

In this research the performance of Ca-Al/CFB-500 adsorbent to adsorb Cu2+ ion from 

solution has been investigated. The chemical and physical properties of Ca-Al/CFB-500 

adsorbent were investigated by using X-ray diffraction (XRD), Infrared (IR) spectroscopy, 

nitrogen adsorption-desorption, scanning electron microscopy (SEM) and Thermogravimetric 

(TG) analysis. The adsorbent of Ca-Al/CFB-500 was very good for removing Cu2+ ion in 

solution. The Cu2+ ion removal reached 98% after the adsorption process was carried out 1440 

min.  The removal of Cu2+ ion from solution by Ca-Al/CFB-500 adsorbent was influenced by 

pH condition especially the pH less than 3. The adsorption of Cu2+ ion onto Ca-Al/CFB-500 

follows the pseudo second order model.  

Keywords: Adsorption; removal Cu2+ ion; pseudo second order model.   

 

INTRODUCTION 

Heavy metals are metal elements which have a density greater than 5 g cm-3 and high 

molecular weight. Copper (Cu) element is one kind of essential heavy metals which highly 
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soluble in water at pH less than 5 and to be dangerous to a human when excess. In the human 

body, the Cu element very fast entrance into the blood circulation and distributed to the whole 

body.  The effect of the excess of Cu metal in the human body can cause vomiting, diarrhea, 

abdominal cramps, nausea, liver damage, kidneys damage and lead to death [1].  

Many researchers have tried various elimination methods to remove heavy metal from water 

resources and wastewater such as membrane filtration, ultrafiltration, ion exchange, solvent 

extraction, complexation, adsorption, coagulation, phytoextraction, chemical precipitation, 

chemical oxidation or reduction, evaporation and reverse osmosis. Adsorption method was often 

used by many researchers due to simple, low cost, easy of handling, high adsorption capacity and 

low maintenance. Otherwise, other methods have several disadvantages such as requiring a lot of 

reagent and energy, incomplete metal release, low selectivity, high operational costs and not 

being environmentally friendly [2, 3]. 

Removal Cu (II) ions from solution by using adsorbent have been investigated by several 

researches. The adsorbent that have been used to remove Cu (II) ions from solution such as; 

pretreated fish bones[4], Kolubara lignite [5], Agricultural by-products sawdust[6], activated 

carbon, silica and silica activated carbon composite[7]. 

Previous research, the removal Cu (II) ions use fish bones pretreated with NaOH, H2O, 

H2O2, HNO3 and C2H5OH as adsorbent was not efficient due to need a long time duration in 

adsorption process.  In this study, the removal of Cu (II) ions from aqueous solution was 

investigated by using carbon derived fish bones supported calcium and aluminum need a short 

time duration to achieve equilibrium. The supporting calcium and aluminum onto fish bones was 

aimed to increase adsorption capacity by forming CaO and Al2O3 onto carbon derived fish bones 

after calcinations process. The adsorbent from carbon derived fish bones supported calcium and 



aluminum was characterized by the XRD, FTIR, SEM, TGA and N2 adsorption and checked to 

the kinetic model and adsorption isotherm into adsorption process. 

 

EXPERIMENTAL 

Materials 

The fish bones materials were collected from waste of Belida fish from East Kalimantan, 

Indonesia. The waste of Belida fish bones was washed with boiling water to separate bone and 

impurities. The fish bones dried in an oven at 110 °C for 24 hours. Furthermore, it was crushed 

and sieved to get a powder with size of 100 mesh and it was labeled FB.  The fish bones powder 

was impregnated by calcium and aluminium (1000 µmol) and then it carbonized in a furnace at 

500 °C for 1 hour. The results are labeled Ca-Al/CFB-500.   

 

Adsorbate 

Cu(NO3)3 .9H2O (Merck) was used to prepare stock solution of Copper. That compound was 

dissolved in distilled water until concentration of Cu2+ ion 1000 mgL-1. Another concentration of 

Cu2+ ion which used in experiment was prepared by diluting of the stock solution.  

 

Characterizations  

The XRD, FTIR, SEM, TGA and N2 adsorption test were used to characterize the samples. 

The X-ray diffraction (XRD) pattern which recorded with a Bruker AXS Advance D8 

difractometer using Cu Kα radiation (λ = 1.5405 Å, 40 kV and 40 mA) was used to investigate 

the crystallinity of the samples. The functionalize groups in the samples were investigated from 

IR spectra which recorded on a Shimadzu Fourier transform infrared spectrometer, with a 



spectral resolution of 2 cm−1, scans 10 s, at temperature 20 °C. The scanning electron microscopy 

(SEM), JEOL JSM-6701F instrument with an accelerating voltage of 15 kV were used to 

determined the morphology of the surface in the samples. The thermal gravimetric Analysis 

(TGA) data which collected by STA Linseis PT1600 instrument with heat rate 10 °C min−1 and 

target temperature 900 °C were used to predict the amount of carbon in the samples. The N2 

adsorption at 77 K using a Quantachrome instruments version 11.0 was used to calculate the 

surface area of the samples and the pore size distribution was determined with the Barrett-

Joyner-Halenda (BJH) model.  

 

Batch adsorption studies 

The sorption performance of the samples was investigated by contacting 0.5 g sample with 

50 mL Cu2+ (100 mgL-1) in 250 mL Erlenmeyer flasks at room temperature under stirring for 

duration time of 5, 10, 15, 30, 60, 120, 240, 480, 720 and 1440 min. The suspension was 

centrifuged to separate solid and filtrate. The filtrate was analyzed for metal ion concentration by 

using Atomic absorption Spectrophotometric analysis (Analysis 200 AA, Perkin Elmer, USA). 

The effect of pH for sample performance to metal sorption was tested in the range of 1.0 – 6.0. 

The mixing 0.1 M HCl and 0.1 M NaOH was used to arrange of the pH of metal solution. The 

amount of metal adsorption in the adsorbent was determined by the equation[8]: 
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where Ci and Cf are initial and final concentration of metal ion (mgL-1) in the solution [9]. 



RESULT AND DISCUSSION 

Fig. 1 showed the XRD pattern of Ca-Al/ CFB-500. The crystalline phase of hydroxyapatite 

dominated onto the sample which shows the angles corresponding to the peak positions at 2θ = 

25.9, 31.8, 39.8, 46.8, 49.6, 53.4 and 64.4. [10]. The average size of hydroxyapatite crystal is 

calculated by using the Debye-Scherrer equation[11]: 

𝑇 =
𝐾.𝜆

𝛽.𝐶𝑜𝑠Ɵ
      (2) 

where T is the average of crystal size, K is the shape factor (0.9), λ is the X-ray wavelength 

(0.15406 nm), β is the line broadening at full width at half maximum (FWHM = 0.002651) on 

the 2θ = 31.224 scale in radians and θ is the Bragg angle of the peak in degrees. The average 

crystal size of hydroxyapatite was estimated to be 50.37 nm.  
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Fig. 1.  XRD pattern of  Ca-Al/CFB-500 

The IR spectra for the surface functional groups of CFB-500 and Ca-Al/CFB-500 were 

shown in Fig. 2. Both spectra show the IR absorption a broad peak at around 3436 cm–1 and 1632 

cm–1 which indicated to hydroxyl stretching mode which correlated adsorbed water in the sample 

[12]. Carbonization process caused the appearance of peaks at around 2925 and 2851 cm–1 were 

assigned to the absorption of organic material as C–H group symmetric and asymmetric 



stretching mode. The carbonate ion substitution in the sample was shown by the absorption peak 

at around 2129 and 877 cm–1 [9]. And the phosphate groups on the sample were showed by the 

peak at around 679 and 591 cm–1. The carbonate ion and the phosphate groups indicate the 

hydroxyapatite in the sample. 
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Fig. 2.  IR spectra of of  (a) CFB-500 and (b) Ca-Al/CFB-500 

Fig. 3 shows the N2 adsorption-desorption isotherms and pore size distributions of FB and 

Ca-Al/CFB-500. Both isotherms  are III type in the IUPAC classification which indicated no 

identifiable monolayer. The pore size distribution of FB sample indicated the presence of 

uniform pores with pore radius ~17 Å.  The pore radius, pore volume and surface area of Ca-

Al/CFB-500 sample were 17.3 Å, 0.061 cc/g and 26.9 m2/g, respectively.   
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Fig. 3.  N2 adsorption-desorption isotherms and pore size distribution of  Ca-Al/CFB-500 



The morphology of Ca-Al/CFB-500 was determined by scanning electron microscopy 

(SEM). The SEM image in Fig. 4, it can be seen that the morphology of Ca-Al/CFB-500 has 

roughness surfaces and splinters shape.  

 
 

Fig. 4.  SEM images of Ca-Al/CFB-500 

The TG analysis plot of Ca-Al/CFB-500 was shown in Fig. 5. The weight losses of the 

samples were shown in two step temperature ranges. The TGA plot of Ca-Al/CFB-500 displayed 

a drastically weight loss ~ 21.76% in the first temperature range 33.3 – 146.8 °C which 

correlated with the evaporation of the water adsorbed on samples. In the second temperature 

range 200 – 500 °C, the TG analysis plot saw weight lose 2.0% which associated with the 

decomposition of organic compounds. Decreasing of weight lose percentage in the second 

temperature range also can be associated with carbon contain in the sample. 
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Fig. 5.  TG analysis of of Ca-Al/CFB-500 

Fig. 6 shows the histogram of the effect of contact time on the adsorption of Cu2+ ion onto 

Ca-Al/CFB-500 adsorbent. Adsorbents rapidly adsorbed Cu2+ ion within the first 5 min of 

contact time with adsorption capacity of 46%. This was caused amount of active site and empty 

pore still many available onto adsorbent surface. Adsorption capacity progressively increased 

from 53 to 80% within duration contact time 10 to 480 min. The Cu2+ ion adsorption achieves 

91% when the adsorption process was done for 720 min. The Cu2+ ion adsorption capacity 

achieves 98% after the adsorption process was carried out around 1440 min. The increasing of 

Cu2+ ion adsorption capacity very small (~7%) within duration of contact time from 720 to 1440 

min, this condition is indicated that the adsorption process of Cu2+ ion reaches equilibrium.  
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Fig. 6. Metal adsorption of Ca-Al/CFB-500 

 

The graph of the effect solution pH on Cu2+ ion adsorption was shown in Fig. 7. The 

experiments were carried out in Cu2+ ion solution (100 mg/L; 50 mL) with 0.5 g Ca-Al/CFB-500 

adsorbent at room temperature with duration of contact time 1 h at different pH solution (pH 1 ~ 

6). The Cu2+ ion adsorption process was unaffected in the pH range of 3 – 6. Absorption at pH 

less than 3 was not favorable as the excess H+ ion may have caused competition in absorption 

between the positively charged sites (H+) and the Cu2+ ion [13]. The effect of solution pH more 

than 7 was not done due to Cu2+ ion in base solution will be precipitated to be Cu(OH)2.  
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Fig. 7. The effect of pH to Metal adsorption  

The Lagergren rate equation was used to determine the adsorption rate constant of the first-

order rate. It equation can be written[14]:  

ln(q
e

−  q
t
) = ln q

e
−  k1 . t                                                                                                           (3)  

where q
e
 and  q

t
 are the amount of Cu2+ ion adsorbed (mg g-1) at equilibrium and at time t (min),  

and  𝑘1 is the rate constant of first order rate Cu2+ ion adsorption  (min−1).  The slope of plot of 

ln(q
e

− q
t
) versus t which shown in Fig. 8(a), was used to calculate the linear relationship (R²), 

k1, and  𝑞𝑒 such as 0.6392, 0.0018 min−1 and 37.148 mg g-1. Base on the value of the 

experimental q
e
 (90.864 mg g-1) does not agree with the calculated value obtained from linear 

plot.  

The adsorption rate constant of the second order rate also was tested by the Lagergren which 

the equation was expressed as follows[14]: 

 t q
t

⁄ = 1 (k2 x q
e
2)⁄ + t q

e
⁄                                                                                                              (4) 



where k2 is the rate constant of  second order rate Cu2+ ion adsorption  (g. mg−1 . min−1).  The 

plotting  t q
t

⁄  vs  𝑡 which shown in Fig. 8(b) was used to calculate the value of the linear 

relationship (R²= 0.9943), k2 (0.0007) and q
e
 (90.09 mg g-1) of the second order kinetics.  The 

experimental q
e
 (90.864 mg g-1) showed good agreement with the calculated value obtained from 

linear plot. This shows that the adsorption of Cu2+ ion onto Ca-Al/CFB-500 adsorbent follow a 

second order reaction. 
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Fig. 8. (a) Pseudo first order of metal adsorption of Ca-Al/CFB-500, (b) Pseudo second order of 

metal adsorption of Ca-Al/CFB-500 

 

The effectiveness of Cu2+ ion adsorption was investigated by the following linear forms of 

Freundlich isotherm. The Freundlich isotherm is expressed as follows[13]: 

log q
e

= log kf+ (1 n⁄ ) log Ce                                                                                                        (5) 

where kf is the roughly a measure of adsorption capacity and 𝑛 is the effectiveness indicator of 

adsorption. From Fig. 9 can be determined 1 n⁄  and kfwhich calculated from slope and intercept 

of linear plot log Ce vs log qe. The value of 𝑛 and kf were 1.01 and 246, respectively. Due to the 

value n > 1, so can be concluded the adsorption Cu2+ ion onto Ca-Al/CFB-500 adsorbent was 

effective.  
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Fig. 9. Fitting adsorption with Freundlich isotherm 

 

CONCLUSIONS 

Fish bones are abundant available as by-product waste from the fish processing industry. In 

this study, fish bones were modified to be carbon and supported with calcium and aluminium. 

Carbon-derivate fish bones supported calcium and aluminium (Ca-Al/CFB-500) can be used as 

sorbent to remove heavy metal. The adsorption capacity was investigated as a function contact 

time and pH. The results of this research showed that Ca-Al/CFB-500 can be promoted as 

adsorbent for removing Cu2+ ion from solution. The highest removal capacity Cu2+ ion was 

reached after the adsorption process was carried out around 1440 min.  The removal Cu2+ ion 

from solution by Ca-Al/CFB-500 adsorbent can be used with high removal capacity by pH 

condition more than 3. The adsorption of Cu2+ ion onto Ca-Al/CFB-500 was effective and 

follows the pseudo second order model. 
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What is the correct name of the adsorbent: 

Carbon Derived Fish Bones Supported Calcium and Aluminium (in the title) 

or 

Carbon-derivate fish bones supported calcium and aluminium (Ca-Al/CFB-500) (in the conclusions) 

The abbreviation should be defined in the abstract. 

We thank reviewer for your meticulousness in pointing out the inconsistency of the use of the adsorbent name and its denotation. 

 

Herein, we decide to adopt this title (with minor amendment), “Removal of Cu (II) Ions from Aqueous Solution over Calcium-

Aluminium/Carbon-derived Fish Bones”, whilst the abbreviation that will be used throughout the manuscript is Ca-Al/CFB-500. 

 

The abbreviation is defined in the abstract and introduction sections. The descriptions are as the followings: 

 



Abstract (Page 1, Line 12-16) 

In this research, removal of Cu(II) ion was investigated using the adsorption process, which is widely known as simple operation, low 

cost, and high efficiency. Therefore, we have designed an adsorbent with the aim to increase its surface area and adsorptive capability. 

Calcium and aluminium were impregnated onto fish bones that were carbonized at 500 oC for an hour, which is denoted as Ca-Al/CFB-

500.   

 

Introduction (Page 3, Line 51-60): 

Prompting by the aforementioned limitation, we have taken a step further to improve the efficiency of fish bone adsorbent by 

impregnating calcium (Ca) and aluminium (Al) onto carbon-derived fish bones that carbonized at 500 oC. The prepared adsorbent is 

denoted as Ca-Al/CFB-500 and this abbreviation will be used throughout the manuscript. 

 

p.2 

It is difficult to follow the text because of the language. Example: ‘This was caused amount of active site and empty pore still many 

available onto adsorbent surface’. 

 

Adsorption capacity is usually defined as mg/g adsorbent, not as %.  



Please, consider the paragraphs: ‘The amount of metal adsorption’ (eq.1), ‘where  and   are the amount of Cu2+ ion adsorbed (mg 

g-1)’ (eq.3), ‘adsorption capacity of 46%’ (in the text after Fig.5. 

The amount of adsorption capacity is re-calculated with mg g-1 as the unit. Below is thedescription for Figure 6 (Page 10, Line 151-

159). 

The effect of contact time on the removal of Cu2+ ion onto Ca-Al/CFB-500 adsorbent is shown in Fig. 6. Adsorbents rapidly adsorbed 

Cu2+ ion within the first 5 min of contact time with adsorption capacity of 45.8 mg g-1. This is because there are plentiful of active sites 

and empty pores available on adsorbent surface. Adsorption capacity progressively increased from 53.8 to 79.3 mg g-1 within duration 

contact time 10 to 480 min. The Cu2+ ion adsorption achieved 92 mg g-1 when the adsorption process was done for 720 min. The Cu2+ 

ion adsorption capacity achieved 99.3 mg g-1 after the adsorption process was carried out around 1440 min. The increasing of Cu2+ ion 

adsorption capacity was negligible (~7 mg g-1) within duration of contact time from 720 to 1440 min, indicating that the adsorption 

process of Cu2+ ion reached equilibrium. 

Many of the sentences are revised and highlighted with yellow colour in the manuscript. 

 

 

 



p.3 Please, define the novelty – the adsorbent, the adsorptive properties, in comparison with other adsorbents? 

The novelty is described as follows: 

 

Fish bones are widely pretreated with NaOH, H2O, H2O2, HNO3 and C2H5OH as to increase their surface functionality in capturing the 

pollutants, however, those alkaline and acidic pre-treatments are not much assisting the adsorptive capability. It is because these pre-

treated fish bones acquire long duration the pollutants removal process.   

 

Due to this shortcoming, we would like to close the gap by synthesizing a composite material with high surface area and good adsorptive 

capability. Herein, we proposed to impregnate fish bone with both calcium (Ca) and aluminium (Al) onto carbon-derived fish bones that 

carbonized at 500 oC (Ca-Al/CFB-500). The encapsulation of Ca and Al onto carbonized fish bones aims to increase the surface area 

and adsorption capacity by forming CaO and Al2O3 onto carbon-derived fish bones via the calcination process. 

 

p.6 I recommend addition of text concerning  p.3 

We do agree to add some description in the paragraph of page no.3 as to enhance the readable quality. In previous manuscript, the 

synthesis method might not be presented concisely, withal, the problem statement and novelty might be vague as well. Thus, we put in 

our efforts to give a comprehensive and informative descriptions as below (Page 3, Line 45-60): 

 



On that account, elimination of Cu (II) ions from aqueous solution over a variety of adsorbents have been investigated by several 

researches. Those adopted adsorbents used are comprised of pretreated fish bones [4], Kolubara lignite [5], agricultural by-products 

sawdust [6], activated carbon, silica, activated carbon composites, and so forth [7]. Despite of the fish bones were pretreated with NaOH, 

H2O, H2O2, HNO3 and C2H5OH, they are not efficient to act as adsorbents thus far as its long duration during the adsorption process.   

 

Prompting by the aforementioned limitation, we have taken a step further to improve the efficiency of fish bone adsorbent by 

impregnating calcium (Ca) and aluminium (Al) onto carbon-derived fish bones that carbonized at 500 oC. The prepared adsorbent is 

denoted as Ca-Al/CFB-500 and this abbreviation will be used throughout the manuscript. The encapsulation of Ca and Al onto fish 

bones aims to increase the surface area and adsorption capacity by forming CaO and Al2O3 onto carbon-derived fish bones via the 

calcinations process. Worth noting that Cu(II) adsorptive equilibrium could be achieved in a shorter time duration over Ca-Al/CFB-500. 

The characterizations of adsorbent from carbon-derived fish bones impregnated calcium and aluminum were investigated using XRD, 

IR spectroscopy, SEM, TG analysis and N2 adsorption-desorption. The removal process was checked by using the kinetic models and 

adsorption isotherms. 
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The suggestion is taken with high appreciation. We do hope that the flow of ideas is clearly stated and at ease of reading now. The 

sentences re-structuring is made for the whole passage in the introduction section. We have adopted the inverted pyramid style of writing 

to convey the main idea of our research work.  

 

Firstly, we introduce several kinds of heavy metals and their potential risks to human beings, thus many attempts have been adopted to 

remove those heavy metals, including Cu(II). Next, in spite of many types of removal processes have been adopted, adsorption is 

frequently adopted due to its simple operation, low costs, easy of handling, and high efficiency. It is succeeded by introducing some 

adsorbents and fish bone is one of them. However, fish bone is low in adsorption efficiency, thus urging our research group to working 

on it to improve the Cu(II) removal efficiency using our adsorbent, i.e. Ca and Al impregnation onto carbon-derived fish bone calcined 

at 500 oC, denoted as Ca-Al/CFB-500.  

 

Please refer to introduction at Page 2-3, Line 28-60. 

 

 

 



p.8. The English writing is  with very different quality in the different paragraphs of the paper. Example for a bad quality is the 

following: 
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the blood circulation and distributed to the whole body’ 

We apologize for the quality presented previously and now, we try to improve it to a better one, as shown in the following paragraph 
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The metal elements, which have density greater than 5 g cm-3 and high molecular weight, are well recognized as heavy metals. Numerous 

heavy metals, especially those highly soluble in water (pH < 5), could cause human health issues when excess use of copper (Cu), ferum 

(Fe), nickel (Ni), zinc (Zn), and manganese (Mn). Generally, those soluble heavy metals undergo very fast entrance into the blood 

circulation system and then, they are thoroughly distributed to the whole body. The excess use of the heavy metals in the human body 

can cause the following unpleasant effects, including vomiting, diarrhea, abdominal cramps, nausea, liver damage, kidneys damage and 

more seriously, leading to death [1].  
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ABSTRACT 11 

In this research, removal of Cu(II) ion was investigated using the adsorption process, which is 12 

widely known as simple operation, low cost, and high efficiency. Therefore, we have designed 13 

an adsorbent with the aim to increase its surface area and adsorptive capability. Calcium and 14 

aluminium were impregnated onto fish bones that were carbonized at 500 oC for an hour, which 15 

is denoted as Ca-Al/CFB-500.  The performance of Ca-Al/CFB-500 adsorbent to adsorb Cu2+ 16 

ion from solution was measured. The chemical and physical properties of Ca-Al/CFB-500 17 

adsorbent were investigated by using X-ray diffraction (XRD), Infrared (IR) spectroscopy, N2 18 

adsorption-desorption, scanning electron microscopy (SEM) and Thermogravimetric (TG) 19 

analysis. The Ca-Al/CFB-500 adsorbent are effective to act as an adsorbent for removing Cu2+ 20 

ion from solution, whereby the removal efficiency reached 98% after 1440 min.  The removal 21 

of Cu2+ ion from solution by Ca-Al/CFB-500 adsorbent was influenced by pH condition, 22 
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especially the pH less than 3. It is noticed that the removal of Cu2+ ion onto Ca-Al/CFB-500 23 

follows the pseudo second order model.  24 

Keywords: adsorption, removal Cu2+ ion, carbon-derived fish bone support, pseudo second 25 

order model 26 

 27 

INTRODUCTION 28 

The metal elements, which have density greater than 5 g cm-3 and high molecular weight, are 29 

well recognized as heavy metals. Numerous heavy metals, especially those highly soluble in water 30 

(pH < 5), could cause human health issues when excess use of copper (Cu), ferum (Fe), nickel (Ni), 31 

zinc (Zn), and manganese (Mn). Generally, those soluble heavy metals undergo very fast entrance 32 

into the blood circulation system and then, they are thoroughly distributed to the whole body. The 33 

excess use of the heavy metals in the human body can cause the following unpleasant effects, 34 

including vomiting, diarrhea, abdominal cramps, nausea, liver damage, kidneys damage and more 35 

seriously, leading to death [1].  36 

Since Cu(II) ions are also leading to those adverse effects, thus many attempts have been taken 37 

to resolve Cu (II) ions in water resources and wastewater, for examples, membrane filtration, 38 

ultrafiltration, ion exchange, solvent extraction, complexation, adsorption, coagulation, 39 

phytoextraction, chemical precipitation, chemical oxidation or reduction, evaporation and reverse 40 

osmosis. Adsorption method is the most often used by researchers due to it is simple, low cost, 41 

easy of handling, and high efficiency. On the contrary, other methods might require a lot of 42 

reagents, high energy intensification, incomplete metal release, low selectivity, high operational 43 

costs and not being environmentally friendly [2, 3]. 44 
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On that account, elimination of Cu (II) ions from aqueous solution over a variety of adsorbents 45 

have been investigated by several researches. Those adopted adsorbents used are comprised of 46 

pretreated fish bones [4], Kolubara lignite [5], agricultural by-products sawdust [6], activated 47 

carbon, silica, activated carbon composites, and so forth [7]. Despite of the fish bones were 48 

pretreated with NaOH, H2O, H2O2, HNO3 and C2H5OH, they are not efficient to act as adsorbents 49 

thus far as its long duration during the adsorption process.   50 

Prompting by the aforementioned limitation, we have taken a step further to improve the 51 

efficiency of fish bone adsorbent by impregnating calcium (Ca) and aluminium (Al) onto carbon-52 

derived fish bones that carbonized at 500 oC. The prepared adsorbent is denoted as Ca-Al/CFB-53 

500 and this abbreviation will be used throughout the manuscript. The encapsulation of Ca and Al 54 

onto fish bones aims to increase the surface area and adsorption capacity by forming CaO and 55 

Al2O3 onto carbon-derived fish bones via the calcinations process. Worth noting that Cu(II) 56 

adsorptive equilibrium could be achieved in a shorter time duration over Ca-Al/CFB-500. The 57 

characterizations of adsorbent from carbon-derived fish bones impregnated calcium and aluminum 58 

were investigated using XRD, IR spectroscopy, SEM, TG analysis and N2 adsorption-desorption. 59 

The removal process was checked by using the kinetic models and adsorption isotherms. 60 

 61 

EXPERIMENTAL 62 

Materials 63 

The waste of Belida fish bones were collected from many company around Samarinda, East 64 

Kalimantan, Indonesia. The fish bones were washed with boiling water until free of impurities. 65 

The fish bones dried in an oven at 110 °C for 24 hours. Furthermore, it was dried in an oven at 110 66 

°C for 24 hours and make it powder (100 mesh) by crushing and sieving.  The fish bones powder 67 
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(FB) was impregnated by calcium and aluminium (1000 µmol) and then it was carbonized (500 68 

°C, 1 h) in a furnace. The results are labeled Ca-Al/CFB-500.   69 

 70 

Adsorbate 71 

The stock of Cu2+ ion (1000 mgL-1) was prepared by using Cu(NO3)3 .9H2O (Merck) 72 

compound which was dissolved in distilled water. The stock solution was use to prepare another 73 

concentration of Cu2+ ion.  74 

 75 

Characterizations  76 

The characterization of the sample was determined by using XRD, FTIR, SEM, TGA and N2 77 

adsorption-desorption test. The crystallinity of the sample was investigated base on XRD pattern 78 

which recorded with a Bruker AXS Advance D8 difractometer using Cu Kα radiation 79 

(λ = 1.5405 Å, 40 kV and 40 mA). The Shimadzu IR spectrometer was used to record spectra of 80 

the functionalize groups in the samples. The surface morphology of the samples was investigated 81 

by using SEM instrument (JEOL JSM-6701F, 15 kV). The amount of carbon in the samples were 82 

determined by using TG Analysis (STA Linseis PT1600) with heat rate 10 °C min−1 and target 83 

temperature 900 °C. The surface area and pore size distribution of the samples were calculated 84 

base on N2 adsorption-desorption data at 77 K (Quantachrome 11.0).  85 

 86 

Batch Adsorption Studies 87 

The adsorbent (0.5 g) was contacted with Cu2+ ion solution (50 mL, 100 mgL-1) in 250 mL 88 

Erlenmeyer flasks at room temperature under stirring for duration time of 5, 10, 15, 30, 60, 120, 89 

240, 480, 720 and 1440 min. The solid adsorbent and filtrate was separated by using centrifugation 90 
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process. The Cu2+ ion in filtrate was detected by using Atomic absorption Spectrophotometric 91 

analysis (Analysis 200 AA, Perkin Elmer, USA). The range of 1.0 – 6.0 of pH which prepared by 92 

mixing 0.1 M HCl and 0.1 M NaOH was used to investigate the effect of pH in metal ion removal 93 

process. The amount of metal adsorption in the adsorbent was determined by the equation[8]: 94 

 
( )

i

fi

C

CC −
= (%) adsorption Metal    (1) 95 

where Ci is initial concentration and Cf is final concentration in the solution [9]. 96 

 97 

RESULT AND DISCUSSION 98 

Fig. 1 shows the XRD pattern of Ca-Al/CFB-500. The peak positions at 2θ = 25.9, 31.8, 39.8, 99 

46.8, 49.6, 53.4 and 64.4 indicated that the crystalline phase of hydroxyapatite dominated onto the 100 

sample [10]. The average size of hydroxyapatite crystal is calculated by using the Debye-Scherrer 101 

equation[11]: 102 

𝑇 =
𝐾.𝜆

𝛽.𝐶𝑜𝑠Ɵ
      (2) 103 

where T is the average of crystal size, K is the shape factor (0.9), λ is the X-ray wavelength 104 

(0.15406 nm), β is the line broadening at full width at half maximum (FWHM = 0.002651) on the 105 

2θ = 31.224 scale in radians and θ is the Bragg angle of the peak in degrees. The average crystal 106 

size of hydroxyapatite was estimated to be 50.37 nm. 107 

 108 
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 109 

Fig. 1.  XRD pattern of Ca-Al/CFB-500 110 

 111 

The functional groups onto CFB-500 and Ca-Al/CFB-500 surface are shown by IR spectra in 112 

Fig. 2. The O–H stretching mode, which correlated adsorbed water in the sample, appeared at both 113 

spectra with broad peak at around 3436 cm–1 and 1632 cm–1[12]. The peaks at around 2925 and 114 

2851 cm–1, which indicated as the absorption of organic material as C–H group symmetric and 115 

asymmetric stretching mode, can prove the effect of carbonization process. The carbonate ion 116 

substitution in the sample was shown by the absorption peak at around 2129 and 877 cm–1 [9]. And 117 

the phosphate groups on the sample were showed by the peak at around 679 and 591 cm–1. The 118 

carbonate ion and the phosphate groups indicate the hydroxyapatite in the sample. 119 

 120 
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 121 

Fig. 2.  IR spectra of of: (a) CFB-500 and (b) Ca-Al/CFB-500 122 

 123 

Fig. 3 shows the physisorption isotherms and pore size distributions of FB and Ca-Al/CFB-124 

500. Both physisorption isotherms are type III in the IUPAC classification which indicated no 125 

identifiable monolayer. The pore radius, pore volume and BET surface area of the samples were 126 

17 Å, 0.029 cc/g and 16.0 m2/g for FB and 17.3 Å, 0.061 cc/g and 26.9 m2/g for Ca-Al/CFB-500, 127 

respectively. 128 

 129 
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 130 

 131 

 132 

Fig. 3.  The types of physisorption isotherms and pore size distribution of: (a) FB and (b) Ca-133 

Al/CFB-500 134 
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The surface morphology of Ca-Al/CFB-500 was investigated based on the SEM image in Fig. 135 

4. The surface morphology of Ca-Al/CFB-500 has roughness surfaces and splinters shape. 136 

 137 

 138 

Fig. 4.  SEM image of Ca-Al/CFB-500 139 

 140 

The TG analysis curve of Ca-Al/CFB-500 was shown in Fig. 5. The weight losses of the 141 

sample were shown in two-step temperature ranges. The TG analysis displayed a drastically weight 142 

loss ~ 21.76% in the temperature range 33.3 – 146.8 °C (first step) which indicated with the 143 

evaporation of the water adsorbed on samples. In the temperature range 200 – 500 °C (second 144 

step), the weight lose 2.0% which caused by the decomposition of organic compounds. The carbon 145 

contain in the sample also can be determined by the weight lose percentage in the second step. 146 

 147 
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 148 

Fig. 5.  Ca-Al/CFB-500 thermogravimetric (TG) curve 149 

 150 

The effect of contact time on the removal of Cu2+ ion onto Ca-Al/CFB-500 adsorbent is shown 151 

in Fig. 6. Adsorbents rapidly adsorbed Cu2+ ion within the first 5 min of contact time with 152 

adsorption capacity of 45.8 mg g-1. This is because there are plentiful of active sites and empty 153 

pores available on adsorbent surface. Adsorption capacity progressively increased from 53.8 to 154 

79.3 mg g-1 within duration contact time 10 to 480 min. The Cu2+ ion adsorption achieved 92 mg 155 

g-1 when the adsorption process was done for 720 min. The Cu2+ ion adsorption capacity achieved 156 

99.3 mg g-1 after the adsorption process was carried out around 1440 min. The increasing of Cu2+ 157 

ion adsorption capacity was negligible (~7 mg g-1) within duration of contact time from 720 to 158 

1440 min, indicating that the adsorption process of Cu2+ ion reached equilibrium. 159 

 160 
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 161 

Fig. 6. Cu2+ ion removal of Ca-Al/CFB-500 162 

 163 

The effect of pH solution on Cu2+ ion removal was shown in graph in Fig. 7. The experiments 164 

of the effect pH were carried out in Cu2+ ion solution (100 mg/L; 50 mL) with 0.5 g Ca-Al/CFB-165 

500 adsorbent at room temperature with duration of contact time 1 h at different pH solution (pH 166 

1 ~ 6). The Cu2+ ion adsorption process was unaffected in the pH range of 3 – 6. Absorption at pH 167 

less than 3 was not favorable as the excess H+ ion may have caused competition in absorption 168 

between the positively charged sites (H+) and the Cu2+ ion [13]. The effect of solution pH more 169 

than 7 was not done due to Cu2+ ion in base solution will be precipitated to be Cu(OH)2. 170 

 171 
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 172 
Fig. 7. The effect of pH to Cu2+ ion removal 173 

 174 

The Lagergren rate equation was used to determine the adsorption rate constant of the first-175 

order rate. It equation can be written [14]:  176 

ln(q
e

−  q
t
) = ln q

e
−  k1 . t                                                                                                           (3)  177 

where q
e
 and  q

t
 are the amount of Cu2+ ion adsorbed (mg g-1) at equilibrium and at time t (min),  178 

and  𝑘1 is the rate constant of first order rate Cu2+ ion adsorption  (min−1).  The slope of plot of 179 

ln(q
e

− q
t
) versus t which shown in Fig. 8(a), was used to calculate the linear relationship (R²), 180 

k1, and  𝑞𝑒 such as 0.6392, 0.0018 min−1 and 37.148 mg g-1. Base on the value of the experimental 181 

q
e
 (90.864 mg g-1) does not agree with the calculated value obtained from linear plot.  182 

The adsorption rate constant of the second order rate also was tested by the Lagergren which 183 

the equation was expressed as follows[14]: 184 

 t q
t

⁄ = 1 (k2 x q
e
2)⁄ + t q

e
⁄                                                                                                              (4) 185 
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where k2 is the rate constant of second order rate Cu2+ ion adsorption (g. mg−1.min−1).  The plotting 186 

 t q
t

⁄  vs  𝑡 which shown in Fig. 8(b) was used to calculate the value of the linear relationship (R²= 187 

0.9943), k2  (0.0007) and q
e
 (90.09 mg g-1) of the second order kinetics. The experimental q

e
 188 

(90.864 mg g-1) showed good agreement with the calculated value obtained from linear plot. This 189 

shows that the adsorption of Cu2+ ion onto Ca-Al/CFB-500 adsorbent follow a second order 190 

reaction. 191 

 192 

 193 

 194 
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 195 

Fig. 8. (a) Pseudo first order of metal adsorption of Ca-Al/CFB-500, (b) Pseudo second order of 196 

metal adsorption of Ca-Al/CFB-500 197 

 198 

The effectiveness of Cu2+ ion adsorption was investigated by the following linear forms of 199 

Freundlich isotherm. The Freundlich isotherm is expressed as follows [13]: 200 

log q
e

= log kf+ (1 n⁄ ) log Ce                                                                                                        (5) 201 

where kf is the roughly a measure of adsorption capacity and 𝑛 is the effectiveness indicator of 202 

adsorption. From Fig. 9 can be determined 1 n⁄  and kfwhich calculated from slope and intercept 203 

of linear plot log Ce vs log qe. The value of 𝑛 and kf were 1.01 and 246, respectively. Due to the 204 

value n > 1, so can be concluded the adsorption Cu2+ ion onto Ca-Al/CFB-500 adsorbent was 205 

effective. 206 

 207 
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 208 

Fig. 9. Fitting adsorption with Freundlich isotherm 209 

 210 

CONCLUSIONS 211 

Fish bones are abundant available as by-product waste from the fish processing industry. In 212 

this study, fish bones were undergone carbonization and impregnated with calcium and aluminium. 213 

Carbon-derived fish bones impregnated with calcium and aluminium (Ca-Al/CFB-500) can be 214 

used as sorbent to remove heavy metal. The adsorption capacity was investigated as a function 215 

contact time and pH. The results of this research showed that Ca-Al/CFB-500 can be used as a 216 

good adsorbent for removing Cu2+ ion due to an increase of surface area from 16.0 m2/g to 26.9 217 

m2/g. Besides, the highest removal capacity Cu2+ ion was reached, 99.3 mg g-1, after the adsorption 218 

process was carried out around 1440 min.  The removal Cu2+ ion from solution by Ca-Al/CFB-219 

500 adsorbent can be used with high removal capacity by pH condition more than 3. The 220 
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adsorption of Cu2+ ion onto Ca-Al/CFB-500 was effective and follows the pseudo second order 221 

model. 222 
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ABSTRACT

In this research, removal of Cu(II) ion was investigated using the adsorption process, which is widely known as 
simple operation, low cost, and high efficiency. Therefore, we have designed an adsorbent with the aim to increase 
its surface area and adsorptive capability. Calcium and aluminium were impregnated onto fish bones that were car-
bonized at 500oC for an hour, which is denoted as Ca-Al/CFB-500.  The performance of Ca-Al/CFB-500 adsorbent 
to adsorb Cu2+ ions from solution was measured. The chemical and physical properties of Ca-Al/CFB-500 adsorbent 
were investigated by using X-ray diffraction (XRD), Infrared (IR) spectroscopy, N2 adsorption-desorption, scanning 
electron microscopy (SEM) and Thermogravimetric (TG) analysis. The Ca-Al/CFB-500 is effective to act as an 
adsorbent for removing Cu2+ ions from solution, whereby the removal efficiency reached 98 % after 1440 min.  The 
removal of Cu2+ ions from solution by Ca-Al/CFB-500 adsorbent was influenced by pH, especially the pH less than 
3. It is noticed that the removal of Cu2+ ions onto Ca-Al/CFB-500 follows the pseudo-second order model. 

Keywords: adsorption, removal of Cu2+ ions, carbon-derived fish bone support, pseudo-second order model.
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INTRODUCTION

The metal elements, which have density greater than 
5 g cm-3 and high molecular mass, are well recognized 
as heavy metals. Numerous heavy metals, especially 
those highly soluble in water (pH < 5), could cause 
human health problems at excess use of copper (Cu), 
iron (Fe), nickel (Ni), zinc (Zn), and manganese (Mn). 
Generally, these soluble heavy metals undergo very fast 
entrance into the blood circulation system and then, they 
are thoroughly distributed to the whole body. As a result 
they can cause the following unpleasant effects, includ-
ing vomiting, diarrhea, abdominal cramps, nausea, liver 
damage, kidneys damage and more seriously, leading 
to death [1]. 

Since Cu(II) ions are also leading to those adverse 
effects, many attempts have been taken to remove Cu 
(II) ions from water resources and wastewater, for exam-

ples, membrane filtration, ultrafiltration, ion exchange, 
solvent extraction, complexation, adsorption, coagula-
tion, phytoextraction, chemical precipitation, chemical 
oxidation or reduction, evaporation and reverse osmosis. 
Adsorption is the most often used by researchers due to 
its  high efficiency. On the contrary, other methods might 
involve a lot of reagents, high energy intensification, in-
complete metal release, low selectivity, high operational 
costs and may not be environmentally friendly [2, 3]. 
The elimination of Cu (II) ions from aqueous solution 
over a variety of adsorbents has been investigated by 
several researches. The adsorbents used are comprised 
of pretreated fish bones [4], Kolubara lignite [5], agricul-
tural by-products sawdust [6], activated carbon, silica, 
activated carbon composites, etc. [7]. Despite the fish 
bones were pretreated with NaOH, H2O, H2O2, HNO3 
and C2H5OH, they were not efficient to act as adsorbents 
because of the long duration of the adsorption process.  
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Prompted by the aforementioned limitation, we have 
taken a step further to improve the efficiency of fish bone 
adsorbent by impregnating calcium (Ca) and aluminium 
(Al) onto carbon-derived fish bones that carbonized at 
500oC. The prepared adsorbent is denoted as Ca-Al/
CFB-500 and this abbreviation will be used throughout 
the manuscript. The inclusion of Ca and Al  into the fish 
bones aims to increase the surface area and adsorption 
capacity by forming CaO and Al2O3 onto carbon-derived 
fish bones via the calcination process. It is worth noting 
that Cu(II) adsorptive equilibrium could be achieved 
in a shorter time duration with Ca-Al/CFB-500. The 
characterizations of the adsorbent from carbon-derived 
fish bones impregnated with calcium and aluminum 
was performed using XRD, IR spectroscopy, SEM, TG 
analysis and N2 adsorption-desorption. The removal 
process was studied by using the kinetic models and 
adsorption isotherms.

EXPERIMENTAL
Materials

The waste of Belida fish bones were collected from 
many companies around Samarinda, East Kalimantan, 
Indonesia. The fish bones were washed with boiling 
water until free of impurities. The fish bones are dried 
in an oven at 110°C for 24 hours. Furthermore, they 
were crashed to powder and sieved (100 mesh).  The 
fish bones powder (FB) was impregnated by calcium and 
aluminium (1000 µmol) and then carbonized (500°C, 1 
h) in a furnace. It ise labeled Ca-Al/CFB-500.  

Adsorbate
The stock of Cu2+ ion (1000 mg L-1) was prepared 

by dissolving Cu(NO3)3.9H2O (Merck) in distilled water. 
The stock solution was used to prepare solutions with 
another concentration of Cu2+ ion. 

Characterizations 
The characterization of the adsorbent was carried out 

by using XRD, FTIR, SEM, TGA and N2 adsorption-
desorption test. The crystallinity was investigated by 
XRD pattern recorded with a Bruker AXS Advance 
D8 difractometer using Cu Kα radiation (λ = 1.5405 Å, 
40 kV and 40 mA). The Shimadzu IR spectrometer was 
used to record IR spectra. The surface morphology of 
the samples was investigated by using SEM instrument 
(JEOL JSM-6701F, 15 kV). The amount of carbon in the 

samples was determined by TG Analysis (STA Linseis 
PT1600) with heat rate 10 °C min−1 and target tempera-
ture 900°C. The surface area and pore size distribution 
of the samples were calculated based on N2 adsorption-
desorption data at 77 K (Quantachrome 11.0). 

Batch Adsorption Studies
The adsorbent (0.5 g) was contacted with 50 mL 

Cu2+ ion solution (100 mg L-1) in 250 mL Erlenmeyer 
flasks at room temperature under stirring for 5, 10, 15, 
30, 60, 120, 240, 480, 720 and 1440 min. The solid 
adsorbent and filtrate were separated by centrifugation. 
The concentration of Cu2+ ions in the filtrate was detected 
by Atomic Absorption Spectrophotometry (Analysis 200 
AA, Perkin Elmer, USA). The effect of pH on metal ion 
removal was studied in the range of 1.0 - 6.0 by using 0.1 
M HCl and 0.1 M NaOH. The extent of metal removal 
was determined by the equation [8]:

( )
i

fi

C
CC −

= (%) adsorption Metal 	   (1)

where Ci is initial concentration and Cf is the final con-
centration of Cu(II) in the solution [9].

RESULTS AND DISCUSSION
Fig. 1 shows the XRD pattern of Ca-Al/CFB-500. 

The peak positions at 2θ = 25.9, 31.8, 39.8, 46.8, 49.6, 
53.4 and 64.4 indicated that the crystalline phase of 
hydroxyapatite dominated onto the sample [10]. The 
average size of hydroxyapatite crystal is calculated by 
using the Debye-Scherrer equation[11]:

			                                 (2)

where T is the average of crystal size, K is the shape 
factor (0.9), λ is the X-ray wavelength (0.15406 nm), 
β is the line broadening at full width at half maximum 
(FWHM = 0.002651) on the 2θ = 31.224 scale in radians 
and θ is the Bragg angle of the peak in degrees. The 
average crystal size of hydroxyapatite was estimated 
to be 50.37 nm.

The functional groups onto CFB-500 and Ca-Al/
CFB-500 surfaces are shown by IR spectra in Fig. 2. The 
O–H stretching mode, which correlated adsorbed water 
in the sample, appeared at both spectra with broad peak 
at around 3436 cm–1 and 1632 cm–1[12]. The peaks at 
around 2925 cm–1 and 2851 cm–1, which indicated as the 



IlyaChumanov, Vadim Sedukhin, Sergey Lezhnev

3

absorption of organic material as C–H group symmetric 
and asymmetric stretching mode, can prove the effect of 
carbonization process. The carbonate ion substitution in 
the sample was shown by the absorption peak at around 
2129 cm–1 and 877 cm–1 [9]. The phosphate groups on the 
sample were shown by the peak at around 679 cm–1 and 
591 cm–1. The carbonate ion and the phosphate groups 
indicate the hydroxyapatite in the sample.

Fig. 3 shows the physisorption isotherms and pore 
size distributions of FB and Ca-Al/CFB-500. Both 
physisorption isotherms are type III in the IUPAC clas-
sification which indicated no identifiable monolayer. The 
pore radius, pore volume and BET surface area were 17 
Å, 0.029 cc/g and 16.0 m2/g for FB and 17.3 Å, 0.061 
cc/g and 26.9 m2/g for Ca-Al/CFB-500, respectively.

The surface morphology of Ca-Al/CFB-500 was 
investigated based on the SEM image illustrated in 
Fig. 4. The surface morphology of Ca-Al/CFB-500 has 
roughness surfaces and splinters shape.

The TG analysis curve of Ca-Al/CFB-500 is shown 
in Fig. 5. The weight losses of the sample are shown in 
two-step temperature ranges. The TG analysis displayed 
a drastically weight loss ~ 21.76 % in the temperature 
range 33.3°C - 146.8°C (first step) which indicated with 
the evaporation of the water adsorbed on samples. In 

the temperature range 200°C - 500°C (second step), the 
weight lose of 2.0 % is caused by the decomposition of 
organic compounds. The carbon content in the sample 
also can be determined by the weight lose percentage 
in the second step.

Fig. 1.  XRD pattern of Ca-Al/CFB-500.

Fig. 2.  IR spectra of of: (a) CFB-500; (b) Ca-Al/CFB-500.

Fig. 3.  The types of physisorption isotherms and pore size 
distribution of: (a) FB; (b) Ca-Al/CFB-500.

Fig. 4.  SEM image of Ca-Al/CFB-500.
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The effect of the contact time on the removal of 
Cu2+ ion onto Ca-Al/CFB-500 adsorbent is shown in 
Fig. 6. Adsorbent rapidly adsorbed Cu2+ ion within the 
first 5 min with adsorption capacity of 45.8 mg g-1. This 
is because there are many active sites and empty pores 
available on the adsorbent surface. Adsorption capac-
ity progressively increased from 53.8 mg g-1 to 79.3 
mg g-1 within the contact time from 10 to 480 min. The 
Cu2+ ion adsorption capacity achieved 92 mg g-1 when 
the adsorption process was done for 720 min and after 
around 1440 min it reaches  99.3 mg g-1. The increasing 
of Cu2+ ion adsorption capacity was negligible (~7 mg 
g-1) within duration of contact time from 720 to 1440 
min, indicating that the adsorption process of Cu2+ ion 
reached equilibrium.

The effect of pH on Cu2+ ion removal was shown 
in Fig. 7. The experiments were carried out with Cu2+ 
ion solution (100 mg/L; 50 mL) with 0.5 g Ca-Al/CFB-
500 adsorbent at room temperature with duration of the 

contact time 1 h at different pH (pH 1 ~ 6). The Cu2+ 
ion adsorption process was unaffected in the pH range 
of 3 - 6. Absorption at pH less than 3 was not favorable 
as the excess H+ ion may cause a competition in absorp-
tion between the positively charged sites (H+) and the 
Cu2+ ion [13]. 

The Lagergren rate equation was used to determine 
the adsorption rate constant of the first-order rate. It 
equation can be written [14]: 

                                                             (3) 

where  and  are the amount of Cu2+ ion adsorbed (mg 
g-1) at equilibrium and at time t (min),  and   is the rate 
constant of first order rate Cu2+ ion adsorption  (min−1).  
The slope of plot of  versus t which shown 
in Fig. 8(a), was used to calculate the linear relation-
ship (R²), , and such as 0.6392, 0.0018 min−1 and 
37.148 mg g-1. Based on the value of the experimental 

 (90.864 mg g-1) does not agree with the calculated 
value obtained from linear plot. 

The adsorption rate constant of the second order rate 
also was tested by the Lagergren which the equation was 
expressed as follows[14]:

                                     (4)

where  is the rate constant of the second order rate 
Cu2+ ion adsorption (g mg−1 min−1).  The plotting  
vs  which is shown in Fig. 8(b) was used to calculate 
the value of the linear relationship (R² = 0.9943),  
(0.0007) and (90.09 mg g-1) of the second order kinet-
ics. The experimental (90.864 mg g-1) showed good 

Fig. 5.  Ca-Al/CFB-500 thermogravimetric (TG) curve.

Fig. 6. Cu2+ ion removal by Ca-Al/CFB-500.
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Fig. 7. The effect of pH on Cu2+ removal.
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agreement with the calculated value obtained from the 
linear plot. This shows that the adsorption of Cu2+ ion 
onto Ca-Al/CFB-500 adsorbent follows a second order 
reaction.

The effectiveness of Cu2+ ion adsorption was in-
vestigated by the following linear forms of Freundlich 
isotherm. The Freundlich isotherm is expressed as fol-
lows [13]:

                             (5)

where is the roughly a measure of adsorption capacity 
and is the effectiveness indicator of adsorption. From 
Fig. 9 can be determined  and which calculated 
from slope and intercept of linear plot log Ce vs log qe. 
The value of  and  were 1.01 and 246, respectively. 
Due to the value n > 1, it can be concluded that the 
adsorption of Cu2+ ion onto Ca-Al/CFB-500 adsorbent 
was effective.

Fig. 8. (a) Pseudo-first order of metal adsorption on Ca-Al/CFB-500, (b) Pseudo-second order of metal adsorption on 
Ca-Al/CFB-500.

CONCLUSIONS
Fish bones are available as by-product waste from 

the fish processing industry. In this study, fish bones were 
undergone carbonization and impregnated with calcium 
and aluminium. Carbon-derived fish bones impregnated 
with calcium and aluminium (Ca-Al/CFB-500) can be 
used as a sorbent to remove heavy metals. The adsorption 
capacity was investigated as a function contact time and 
pH. The results of this research showed that Ca-Al/CFB-
500 can be used as a good adsorbent for removing Cu2+ 
ion due to an increase of surface area from 16.0 m2/g to 
26.9 m2/g. Besides, the highest removal capacity Cu2+ 
ion was reached, 99.3 mg g-1, after the adsorption process 
was carried out around 1440 min.  The removal Cu2+ ion 
from solution by Ca-Al/CFB-500 adsorbent can be used 
with high removal capacity by pH condition more than 
3. The adsorption of Cu2+ ion onto Ca-Al/CFB-500 was 
effective and follows the pseudo-second order model.
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