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ABSTRACT 

This study aims to remove Cu2+ as a heavy metal inside the sample solution implementation. 

Eliminating heavy metals through activated carbon utilizes sugarcane bagasse's high carbon 

content, which is rich in cellulose, lignin, and hemicellulose. There are various methods for 

eliminating metal content, including activation using Acid 0.1 M Hydrochloric Acid (HCl),  

Base 0.1 M Sodium Hydroxide (NaOH), and without using activation media. The method 

considers the different ion Cu2+ initial concentrations and contact times. Detailed initial 

concentrations of Cu2+ were conducted using CuSO4 media for 2.5, 5, 10, and 15 ppm and 15, 

30, 60, and 120 minutes for length of contact time. For the result, the transmittance of FTIR 

showed a primary functional group of Activated Carbon (AC) on SBAC-1, comprising O-H, C-

O, and C=O. The Brunauer-Emmett-Teller (BET) analysis also shows the significant value 

reaching 458.607 m2/g surface area's adsorption and had qmax = 8.13 mg/g, the highest adsorption 

capacity. The plot brings about the adsorption mechanism as physiochemical & multilayer 

adsorption, with a physisorption layer with percent removal of Cu2+ at 81.3% at 30 minutes 

optimum time and optimum initial concentration of 5 mg/L with 82.2 % absorption on SBAC-

1. The determination of Freundlich as the isotherm model is the most suitable mechanism of 

absorption for all process variations and generates a R2 value of 0.9731 for the SBAC-1 sample. 
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INTRODUCTION 

Nowadays, Indonesia's electroplating sector is seeing growth. Initially, it was limited to 

household scale, but as demand for plated components increased, it has grown into a large-

scale business, particularly in the automotive and steel industries [1-3] However, it is essential 

to remember that the electroplating process produces waste, which can significantly impact 

the large industry[4]. The wastewater industry has various ways to treat effluents and remove 

heavy metals before releasing them into the environment. These methods include ion 

exchange, chemical separation, electro-flotation, and reverse osmosis [5]. Adsorption is 
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highly effective and cost-efficient in purifying wastewater from heavy metals. It is also a 

simple and environmentally friendly process that can be carried out using various 

adsorbents. Therefore, the adsorption method is one of the most hopeful approaches to 

managing industrial wastewater [6] . Activated carbon (AC) is highly effective at removing 

heavy metals from liquid effluents and is considered one of the best adsorbents. Activated 

carbon is widely prepared by various biomass such as mango peel [6], Coconut Shell [7], 

sawdust [8], bran/rice husk [9], etc. Besides the previous test, Zakir and co-workers reached 

the BET analysis of activated carbon at about 125.828 m2/g and 142.435 m2/g to measure 

the surface area and porous materials. They use candlenut husk as a raw material and acid 

activation by H3PO4 85% by volume ratio H3PO4/carbon mass of 6:1 with a 24-hour soak 

time [10]. 

Sugarcane is one of the popular plants in Indonesia. Sugarcane extract is usually used as a 

healthy, valuable drink for the human body. Besides that, sugarcane has also become a raw 

material for sugar manufacturing. Since sugarcane was being used, much waste was created 

and priceless. Bagasse waste is commonly used as a source of fuel for boilers and animal 

feed and as a raw material for fertilizer [11]. However, it can be transformed into activated 

carbon as an adsorbent to remove heavy metals in wastewater for safer disposal following 

government regulations regarding waste disposal. Despite its limited economic value, this 

process has potential benefits, enabling the absorption of Cu2+ in wastewater [12-13].  

Based on previous research, Al Nadine et al. synthesized NiO-Carbon composite using 

sugarcane bagasse through hydrothermal impregnation with NaOH as an activator [14]. Their 

experiment found that the BET surface area of the pristine porous carbon is 57.81 m2/g, 

which is beneficial for electrochemical properties. The small surface area was due to the 

impregnation of NiO in the carbon structure. We expect to increase the surface area without 

adding metal oxide and varying the process variable.  In this work, activated carbon made 

from sugarcane bagasse was used in an adsorption investigation of Cu2+ metal ions that were 

dissolved in water and showed an increase in the BET value up to 458.607 m2/g. Three 

alternative techniques were employed to activate the AC in Table 1 to understand better how 

the adsorption process works due to the extended contact duration and elevated activation 

concentration. The detailed adsorption process was then studied using several models, 

including the Freundlich and  Langmuir isotherm. The research concentrated on the factors 

related to processing parameters and the variations in the activation process. Atomic 

Adsorption Spectroscopy (AAS) was used to examine the sample's solution and count the 

Cu2+ ions left behind after the adsorption procedure. Fourier transforms infrared (FTIR), and 

Brunauer–Emmett–Teller (BET) were utilized to determine the chemical functional groups' 

content and measure the surface area of characteristic materials' activated carbon. 

METHOD 

Material and Synthesis 

Various materials were necessary to produce Sugarcane Bagasse Activated Carbon (SBAC). 

The adsorbent was made from sugarcane bagasse, and CuSO45H2O crystals were used to 

provide Cu2+ ions as a model solution for the adsorbates. All solutions were made using 

distilled water. 0.1 M HCl served as the acid activator and 0.1 M NaOH was used as the 

base activator (Table 1). During the carbonization process, argon gas was utilized to 

maintain inert conditions. The yield obtained from this technique is written detail in Table 

1, the yield is obtained from the fixed carbon content of the carbonized sugarcane bagasse 
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(g) compared to the total weight of other compounds in the initial weight of the sugarcane 

bagasse (g).  

The first step in preparing Sugarcane Bagasse was to remove the water content by drying it 

at 100oC for 24 hours. The dried bagasse was then ground to speed up the carbonization 

process. Lists three approaches used to activate and carbonize the adsorbent following Table 

1. One of these methods involved a physical process of gradually heating the material at ten 

degrees Celsius per minute. Another method used chemical activation, where the adsorbent 

was soaked in 0.1 M NaOH and 0.1 M HCl aqueous solution for two hours. The 

carbonization of the sample was repeated in a tube furnace for one hour at a temperature of 

900°C. 

Table 1. The activation process variation and yield result for the preparation of AC. 

Characterization 

The characterization was separated into two specimens. The initial step in evaluating the 

activated carbon involved the utilization of Fourier Transform Infrared Spectroscopy (FTIR) 

typically from 4000 cm-1 to 400 cm-1 wavelength to get the functional groups desired in the 

material content. The physical characteristics of the AC were also established using the 

Brunauer-Emmett-Teller (BET) analysis method from Quantachrome Instrument Pertamina 

Research and Technology and Innovation. In addition, we measured the concentration of 

metal ions in our wastewater samples using Atomic Absorption Spectrophotometry (AAS), 

AAS-GFS Thermo Scientific iCE 3000 Series type from Badan Riset dan Inovasi Nasional 

(BRIN). 

Batch Adsorption Experiment 

CuSO4 was used as the source of the model solution for wastewater by dissolving it in 

distilled water. The concentration of ion Cu2+ in the model simulation wastewater was 2.5, 

5, 10, and 15 ppm for each variation of initial concentration, contact time (15, 30, 60, and 

120 minutes), and activation; 60 mL of adsorbate was prepared.  The samples are each 

placed in a shaker and subjected to agitation at 150 rpm for one hour under atmospheric 

conditions and room temperature. Following the reaction, a vacuum filtration system 

separated the adsorbent and effluent samples. The AAS examines the adsorbate/effluent 

sample to determine the final concentration of Cu2+ adsorbate. Then, the removal percentage 

of adsorption and maximum adsorption capacity will be evaluated.  

Equations 1 and 2 enable the calculation of two key parameters: the amount of Cu2+ 

concentration the activated carbon (i.e., the adsorbent) can absorb per unit of initial Cu2+ 

concentration. Also, the highest capacity of the adsorbent can be achieved at a specific mass 

and volume. 

%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =
𝐶𝑜−𝐶𝑒

𝐶𝑜
× 100%        (1)

No. Name of Sample Detailed Activation Process Yield (%) 

1 SBAC-1 Chemical (Immersed in NaOH 0.1 M, 2 h) – 

physical (900oC, 1 h) 

23.69 

2 SBAC-2 Chemical (Immersed in HCl 0.1 M, 2 h) – 

physical (900oC, 1 h) 

40.31 

3 SBAC-3 Physical (400oC, 1 h) 30.86 
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𝑞𝑒 =
𝐶˳−𝐶ₑ

𝑊
𝑥 𝑉         (2) 

 

Several variables must be considered to evaluate the %𝑅𝑒𝑚𝑜𝑣𝑎𝑙 of the batch adsorption 

process, including the Cu2+ ion's initial concentration in the solution (Co) and the final 

concentration of these ions following the procedure (Ce). Additionally, we need to know the 

maximum adsorbent capacity (qe) through the sample volume (V) and the mass of the 

adsorbent used (W). 

Determination of Experimental Model 

To achieve the most effective correlation for equilibrium curves, optimizing the adsorption 

system's design and understanding the mechanism responsible for the adsorption of Cu2+ 

ions in aqueous solutions is necessary [15]. We employs the Freundlich and Langmuir 

isotherms to model the adsorption behaviour, which general equations are presented in 

equation 3 and 4, respectively.  

𝐶𝑒

𝑄𝑒
=

1

(𝐾𝑏𝐴𝑠)
+

𝐶𝑒

𝐴𝑠
        (3) 

log 𝑄𝑒 = log 𝐾𝑓 + (
1

𝑛
) log 𝐶𝑒       (4) 

These equation represents a linear form of the Langmuir (3) and Freundlich (4) adsorption 

isotherm, respectively. These describe the relationship between the equilibrium 

concentration of the adsorbate (Cₑ) and the amount of adsorbate adsorbed per unit mass of 

the adsorbent (Qₑ). In this equation, Cₑ is the concentration of the adsorbate in solution at 

equilibrium, typically measured in mg/L. At the same time, Qₑ represents the amount of 

adsorbate adsorbed per unit mass in mg/g. The K value, known as the Langmuir constant 

(Kb) and Freaundlich constant (Kf), reflects the strength of the interaction between the 

adsorbate and the adsorbent. Aₛ refers to the surface area of the adsorbent in m²/g, and 

indicates the amount of available surface for adsorption 

While the regression by Langmuir model can be determined through the equation: 

1

𝑞𝑚𝑎𝑥
= 𝑠𝑙𝑜𝑝𝑒         (5) 

1

𝑞𝑚𝑎𝑥 ×𝐾𝐿
= 𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡        (6) 

The parameter qₘₐₓ represents the maximum adsorption capacity of the adsorbent or the 

amount of adsorbate that can be adsorbed when the surface is fully occupied. At the same 

time, KL is the Langmuir constant that reflects the adsorption affinity 

RESULTS AND DISCUSSION  

Activation of Activated Carbon  

After drying and grinding, the sugarcane bagasse is heated to 400°C for one hour to start the 

pre-carbonization process. Next, the pre-carbonized sample will be activated using the 

activation process as shown in Table 1. NaOH is used to remove the carbonate impurities in 

the activated carbon during activation on the SBAC-1. During the reaction with NaOH 

activation, Natrium carbonate formed, as shows the possibility of another chemical reaction 

included in Equations 7 and 8 [16-17]. Meanwhile, SBAC-2, the acid activation by HCl 
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functioned as a hygroscopic compound that would allow dehydration and decrease the 

moisture content of activated carbon [18]. For the chemical activation, an impregnation 

method was employed with a 150 rpm agitator speed for 60 minutes at room temperature. 

This step was undertaken to enhance the energy and promote an optimal reaction. 

4𝑁𝑎𝑂𝐻(𝑠) + 𝐶(𝑠) → 4𝑁𝑎(𝑠) + 𝐶𝑂2(𝑔) + 2𝐻2𝑂(𝑔)    (7) 

6𝑁𝑎𝑂𝐻(𝑠) + 𝐶(𝑠) → 2𝑁𝑎(𝑠) + 3𝐻2(𝑔) + 2𝑁𝑎2𝐶𝑂3(𝑠)    (8) 

During the carbonization, volatile compounds inside bagasse sugarcane are burned to 

release gases, such as CO, CO2, CH4, and H2 
[19]. The constituent compounds of bagasse also 

decomposed at 180oC for hemicellulose, while cellulose deteriorated at 270 – 310oC, and 

the last decomposition will happen to lignin starting from 350oC [20]. Thus, the second 

carbonization (900oC) yields less activated carbon than the first (400oC) because the second 

carbonization does not produce any ash formation due to argon gas as the atmospheric gas 

while heating the tube furnace from 200oC [6]. Besides that, argon gas has a function to avoid 

the presence of oxygen and form ash when burned. 

Characterization of Activated Carbon 

The functional group on each sample, SBAC-1, and SBAC-2, has been compared with the 

blank group without chemical reaction, SBAC-3. Figure 1 shows three primary spectra 

within the wavelength magnitude between 4000-500 cm-1. There is a notable disparity in the 

chemical activation between SBAC-1 and SBAC-2 compared to SBAC-3. The O-H 

stretching peak spectra appeared in SBAC-1 and SBAC-3 samples at 3200-2800 cm-1 and 

3700-3200 cm-1, whereas in that wavelength range, no single peak was visible in SBAC-2. 

The reason is made possible by the activation acid compounds used cannot attract carbonate 

compounds such as NaOH as base activation [21]. In addition, two crucial functional groups 

in AC were found at wavelengths 1070-1000 cm-1 and 1520-1490 cm-1. The three SBAC 

samples exhibit peaks indicating C-O and C=O functional groups, as shown by the 

appropriate spectra. Especially for SBAC-2, the C-O bond has a smaller peak than the 

others, related to the acid-immersed compound used for the activation process. The HCl will 

cause dehydration reactions that aid in carbonization but do not contribute additional oxygen 

to the structure and lead to fewer C-O groups remaining, reflected as a small peak at 1070-

1000 cm⁻¹ [22]. 

  

Figure 1. FTIR Spectrum of Activated Carbon 
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AC's surface area and adsorption capacity are comprehensively detailed in Table 2, as 

conducted by BET through difference activation. The most prominent surface area was 

occupied by SBAC-1, reaching 458.607 𝑚2/𝑔, followed by SBAC-3 and SBAC-2, 25.711 

𝑚2/𝑔  and 20.408 𝑚2/𝑔  sequentially. The adsorption capacity of the carbon surface is 

affected by the loss of volatile compounds and erosion, which leads to an increase in the 

activation surface area and the opening of its pores [23].  

Certainty occurs in SBAC-2 activated carbon; the surface area obtained the lowest in 

comparison to the other samples, closely related to the presence of impurities contamination, 

which causes the closure of microspores on the surface of the adsorbent [24].  The surface 

area and adsorption capacity were determined through leading BET analysis linearity occurs 

in the SBAC-1 sample, which means the SBAC-2 led to a blockage on the surface of the 

micro-pores, thereby hindering the adsorbent's surface area [25]. That statement is supported 

by the low value of the volume absorbed by activated carbon, which is used to determine 

the surface area and porosity of the material. So, as the volume taken (VT) during testing 

increases, the surface area and porosity will increase, which has been proven and can also 

be seen in Table 3 [26]. 

Table 2. Activated carbon's physical properties. 

No. 
Name of 

Sample 
Activation 

Surface Area 

 (𝑚2/𝑔) 

Pore 

Volume 

 (𝑐𝑚3/𝑔) 

Pore size 

(𝑛𝑚) 

1. SBAC-1 Base 458.607 0.171 3.461 

2. SBAC-2 Acid 20.408 0.027 3.199 

3. SBAC-3 Physical 25.711 0.028 3.445 

 

Figure 2. Isotherm's graph of adsorption-desorption of all synthesized samples.  

Figure 2 in the BET study shows the linearization of isotherm adsorption-desorption by N2 

gas. At low relative pressure (𝑃/𝑃𝑜), the available adsorbate volume was initially low, then 

rose drastically for a moment, got flattens to the higher relative pressures (𝑃/𝑃𝑜= 0.9), and 

increased the volume of adsorbates with a high level. This type of graphic corresponds to 

high-affinity type adsorption, which has a strong bond between adsorbent and adsorbate [27]. 
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Batch Adsorption Experiment 

The duration of reaction time in the adsorption process is a critical factor. Belonging the 

diffusion and adhesion of adsorbate molecules in the adsorbent surface area will be affected 
[28]. The optimal duration of contact time was determined by conducting experiments on the 

adsorption process, shown in the Figure 3 (a). As per the AAS analysis (15 to 120 minutes), 

variation delivers the optimum contact time on 30 minutes reaction to reach the presence 

absorption of 81.3% and the equilibrium adsorption capacity (qe) uptake 8.13 𝑚𝑔/𝑔 for 

initial concentration of Cu2+ 10 𝑚𝑔/𝐿  on SBAC-1activation process. Besides that, 

correlation between % absorption and absorption capacity shown in Figure 3(b), which is 

derived from the quantity of adsorbate that may build up on the adsorbent's surface and 

expressed as a percentage. After the effect reaches the equilibrium point, the active site is 

switched off, and the adsorbent starts the desorption process and no longer takes the 

adsorbates [29]. 

 

Figure 3. The impact of contact time on absorption in the presence (a) and correlation 

of percent absorption with absorption capacity (qe) for base activation (b).  

The starting point of concentration of metal ions in a liquid solution significantly influences 

metal adsorption [30]. The result of capacity adsorption also obtained by AAS analysis using 

(2.5 to 15 𝑚𝑔/𝐿) variation brings about an optimum initial concentration of 5 𝑚𝑔/𝐿 with 

82.2 % absorption (Figure 4(a)). It reaches 11.06 mg/g, the absorption capacity on 15 𝑚𝑔/𝐿 

initial concentration on SBAC-1 activation process (Figure 4(b)). The distribution of metal 

ions on the adsorbent surface has become more competitive due to high temperatures [31]. 

 

Figure 4. The impact of initial concentration with the presence absorption (a) and 

correlation of initial concentration with absorption capacity (mg/g) (b). 
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Determination of Experimental Model 

Table 3. The experimental and theoretical values of qe comparison.  

No Co  
(𝑚𝑔/𝐿) 

Ce  
(𝑚𝑔/𝐿) 

Theoretical 

 Value of qe (𝑚𝑔/𝑔) 

qe (𝑚𝑔/𝑔)  

Isotherm Equation 

Freundlich Langmuir 

1. 2.5 0.71 1.79 1.88 3.17 

2. 5 0.86 4.14 3.93 3.18 

3. 10 2.5 7.5 7.06 3.19 

4. 15 3.94 11.06 11.64 3.2 

The adsorption capacity results obtained from the initial concentration (Co) parameters were 

compared with the final concentration (Ce) value by the batch adsorption processes to prove 

the results of adsorption capacity (qe) theoretically compared with actual experimental 

results using two types of isotherms, the findings are presented in Table 3. The theoretical 

value was obtained from AAS analysis carried out in BRIN's laboratory from research on 

copper metal ions in water analysed at a wavelength of 324.8 nm by the Badan Standarisasi 

Nasional Indonesia SNI 6989-84-2019 which has been issued with a SK number 

513/KEP/BSN/11/2019. From various variations in initial concentration, the absorption 

capacity value closer to the theoretical is obtained using the Freundlich isotherm, compared 

to the Langmuir isotherm. For the Freundlich isotherm, the maximum adsorption capacity 

attained by the greatest starting concentration (15 mg/L) is 11.64 mg/g, with the outcome 

approximating the predicted value of 11.06 mg/g. The second highest value was followed 

by 10, 5, and 2.5 mg/L  initial concentration value, that each valsue also approaching the 

theoretical value. However, the adsorption capacity from isotherm Langmuir result has a 

similar value each other  ±3mg/g that have smaller value than Freunlich isotherm. So, this 

shows that The Freundlich isotherm is more successful than the Langmuir isotherm, as seen 

by acquiring a more prominent adsorption capacity figure close to the theoretical value.  

The Langmuir Isotherm, the equilibrium of the interaction system between the absorbent 

and the adsorbate, where adsorption on the adsorbate is limited by one molecular layer 

(monolayer) when the relative pressure is reached.  Meanwhile, Freundlich isotherm occurs 

due to physical interaction between the adsorbate and the adsorbent surface. The selection 

of the isotherm model is determined through the line equation obtained from the plot of each 

data, and the determination of the adsorption mechanism can be known.  

 

Figure 5. Linearization of Isotherm Langmuir (a) and linearization of Isotherm 

Freundlich (b).  
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Figure 5 (a) shows the adsorption fitting results obtained from the initial concentration 

parameters by linear regression from experiment data Cu2+ concentration using Langmuir 

model, also the regression coefficient value (R2) was determined to be 0.0889.  Using 

equation 5 and 6, the estimated values for qmax and KL achieves 11.25 mg/g and 0.028 𝐿/𝑚𝑔, 

respectively. While, in Figure 5 (b), the adsorption results were analysed using the 

Freundlich Adsorption isotherm, with log qe plotted against log Ce and a least square fit 

method applied. The regression coefficient value (R2) reached 0.9731. The heterogeneity 

factor of adsorption, represented by the reciprocal of n, was calculated to be 3.8. In contrast, 

the Freundlich constant characteristic (KF), which can be interpreted as the maximum 

adsorption capacity, was obtained at 2.483. Based on the values of R2, n, and KF obtained 

from the data presented in Figure 5 by equation 4, it can be inferred that among the two 

adsorption isotherm models discussed, the Freundlich isotherm model is the most suitable 

choice for depicting the adsorption process in this research. 

This result was evidenced by the R2 value of 0.9731, which is closer to 1 than the R2 value 

from the Langmuir isotherm model. Hence, it is indicated that this study's adsorption 

mechanism was valid in multilayer adsorption processes [32]. The adsorption can be 

interpreted as adsorption that occurs in several layers of adsorbent with bonds that are not 

strong, which is assumed to be a heterogeneous adsorption site [33]. Multilayer adsorption is 

applicable, meaning that it considers the formation of multiple layers of adsorbate molecules 

on the surface of the adsorbent [34]. It's essential to note that Freundlich adsorption is often 

used to describe physical adsorption, where molecules adhere to a surface through van der 

Waals forces, hydrogen bonding, like thus, the adsorbent and adsorbate have a weaker 

connection. Until the adsorption process occurs in several layers, this permits the adsorbate 

to move freely [35-36]. 

Activated carbon which has pores with a high surface area will come into direct contact with 

the metal solution for the adsorption process. But the highlight is that multilayer adsorption 

could occur in combined first monolayer through interaction between Cu and SBAC surface. 

The molecules will be stuck into the active site on activated carbon through physical forces, 

van der waals, electrostatic interaction, also chemical interaction with ion exchange or 

formation of chemical bonds. The second layer as multilayer adsorption, the Cu ions 

remaining in the solution will continue to interact with SBAC to form the additional 

adsorption layer. Cu ions here will pile on the first monolayer which has formed or 

penetrated into the pores of the SBAC to form a deeper adsorption layer. The adsorption 

process continues until it reaches equilibrium where the rate of metal ion adsorption is the 

same as the desorption rate. Thus, the number of metal ions adsorbed on the activated carbon 

surface remains constant. From the adsorption-desorption curve in Figure 2, the final 

mechanism of adsorption processes was found in high-affinity adsorption with an indication 

of physiochemical adsorption. 

Removal Percentage 

Overall, the process activation variations from SBAC-1, SBAC-2, and SBAC-3 provide the 

percentage removal, showing the decrease of Cu2+ ions in the liquid samples. All of these 

factors are reflected in the percentage of removal indicated in Table 4. The base activated 

carbon (SBAC-1) had the best performance regarding %removal and adsorption capacity 

with a contact time of 30 minutes from the data of the contact time effect that has been 

conducted. In the sense that the SBAC-1 has been cleaned up from impurities better than 

SBAC-2, indicated by increasing the adsorption capacity. There is correlation of the good 

result of SBAC-1 sample with surface structure analysis. In Table 2, SBAC-1 shows a larger 

surface area provides more sites for the molecules of the target substance to adsorb, while a 
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greater pore volume facilitates the easy capture of these molecules. Together, these factors 

lead to a higher removal percentage which shows in Tabel 4. 

Table 4. Percentage Removal of AC 

Sample 

Name 
C0 (mg/L) Ce (mg/L) %Removal 

SBAC – 1 10 2.5 75 

SBAC – 2  10 2.98 70.2 

SBAC – 3  10 5.03 49.7 

CONCLUSIONS 

SBAC was synthesized through a carbonization process with variations in activation, 

chemical with base (SBAC-1), chemical with acid (SBAC-2), and physics as Cu removal. 

The success of SBAC was proven through FTIR analysis with the appearance of peaks C=O, 

and C-O. visible differences in the appearance of the O-H group in samples SBAC-1 and 

SBAC-3 at 3200-2800 cm-1 and 3700-3200 cm-1, whereas in that wavelength range, no 

single peak was visible in SBAC-2, due to the compound HCl acid cannot absorb the 

carbonate compound in sugarcane bagasse. Another characterization is proven through BET 

with prominent surface area was occupied by SBAC-1, reaching 458.607 m2/g, followed by 

SBAC-3 and SBAC-2, 25.711 m2/g and 20.408 m2/g sequentially. The Cu removal test was 

carried out using test solution media from CuSO4 for 2.5, 5, 10, and 15 ppm and 15, 30, 60, 

and 120 minutes for the length of contact time with SBAC-1 samples as the biggest surface 

area, and had qmax = 8.13 mg/g with successful removal achieved 75%, the highest 

adsorption capacity. The linear regression methods brings about the adsorption mechanism 

as physichemical & multilayer adsorption, with  first monolayer  and second multilayer 

adsorption with percent removal of Cu2+ at 81.3% at 30 minutes optimum time and optimum 

initial concentration of 5 mg/L with 82.2 % absorption on SBAC-1. The determination of 

Freundlich as the isotherm model is the most suitable mechanism of absorption for all 

process variations and produces an R2 value of 0.9731 for the SBAC-1 sample. 
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