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Abstract: Over the past years and present, the expanding number of oil spills occurrences has gotten 

an overwhelming chemical test to the marine or oceanic environment, and the environmental issues 

around the globe are becoming more problematic and more acute, be it oil spills or effluents caused by 

oil and gas or petrochemical industries. The main point of this current investigation is the synthesis of 

activated carbon (AC) from various agricultural waste materials, bamboo, and banana fibers, as one of 

the most promising methodologies or applications in treating oil spills constitutes high sorption 

capacity. The physicochemical feature of the synthesized AC samples was analyzed by FTIR spectra 

and N2 physisorption. More specifically, the AC samples derived from bamboo (BAMB-AC) at 

activation temperature 550 ℃ indicate the highest specific surface area (2,760.47 m2/g), and sorption 

capacity at 3.3678 g/g with the total pore volume, mesopore volume, external surface area being 3.364 

cm3/g, 1.811 cm3/g, and 1,601.634 m2/g, respectively, and maximum oil sorption capacity at 4.418 g/g 

for BANA-AC with activation ratio 7:1 (H3PO4), and surface area at 2,172.234 m2/g. 
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1. Introduction 

Oil spills in the ecosystem have a disastrous consequence for society, environmentally, 

economically, and socially because of accidents that occur during the exploration, exportation 

of crude oil, transportation of the raw products. These products that contained harmful 

components in the crude oil as hydrocarbon usually are consisted of oxygen (0%-3.5%), 

nitrogen (0%-0.5%), sulfur (0%-6%), with low degrees, and a few heavy metals [1,2]. 

Environmental contamination and its decrease have drawn sharp consideration for quite 

a while [3]. The issue of eliminating contaminations from seawater and wastewater has 

developed with the fast-growing industrial activity [4]. Oil, heavy metals, and different salts 

are poisonous (toxic) to many organisms, and for this reason, it is important to apply effective 

techniques to minimize the impact on the environment [5,6]. 

Crude oil is a truly important asset for the creation of energy and numerous synthetics. 

In any case, carelessness during the phases of extraction, move, preparing, stockpiling, and 

utilization can cause ecological contamination that is more regularly extreme and 

unsalvageable [7,8]. Oil implies petroleum in any structure, including unrefined petroleum 

known as crude oil, sludge, oil refuse, fuel oil, and refined items (other than petrochemicals) 
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[9,10]. Of exceptional interest, the motivation behind oil spill contamination adrift is unrefined 

oils and refined items. Hydrogen and carbon are the most significant and predominant 

components, including up to 98% of crude oils and 100% of many refined items [11,12]. 

Oil slick mishaps all over the globe, for quite a long time, have pushed researchers to 

track down a prompt recovery innovation for the fast expulsion of spilled oil from marine 

regions. The oil slick disaster that occurred on, 20th of April 2010 at the Deepwater Horizon 

oil plant in the Gulf of Mexico is up to now viewed as the biggest spill in U.S. waters, covering 

up the 1989 Exxon Valdez spill [13,14]. 

The environmental issues caused by oil spills around the globe are becoming more 

problematic, more acute, and one of the most successful and promising methodologies or 

applications in treating oil spill pollutants is the adsorption technique [15-18]. Various 

investigations on adsorption properties have been carried out, and most specifically, the low-

cost absorbents are the most encouraging for adsorption applications [19,20]. 

Wood sawdust is not just bountiful, but it is also a systematic adsorbent that can be used 

successfully for numerous types of toxins, such as oil, heavy metals, salts, etc. [21,22]. 

Numerous "agricultural by-products" are next to zero financial worth, and a few as for 

example, sawdust, which are accessible in enormous amounts in timber plants, are frequently 

present a removal issue [23,24]. The utilization of sawdust for eliminating poisons would profit 

both the wood agriculture and the environment. A promising opportunity for another market 

will be opened for the sawdust [23,25,26]. 

One of the most effective applications in oil spill removal from oceans and generally 

the ecosystem is the adsorption onto AC derived from agricultural wastes. Adsorption, 

particularly adsorbents, utilizing wood sawdust in the readiness of AC for oil spill removal, 

possibly can be used further for pharmaceutical removal and heavy metals. [27-31]. 

The critical factor in the utilization of AC in remediation and decontamination advances 

is to utilize the most suitable essential source to set up the AC with the highest specific SA, 

suggesting the highest decontaminative ability, lower temperature of activation (operating 

costs and lower energy), higher yields, and resulting in high specific SA, and microporosity is 

the advantages of chemical activation include activation in a shorter duration [32]. 

The high cost for the purchase of activating agents and the amount of deionized water 

that is used to remove process-generated impurities in chemical activation are the 

disadvantages, such as the purchase of phosphoric acid (H3PO4). In addition, the use of H3PO4 

can lead to the development of both micropores and mesoporous structures in the yielding AC 

[33]. 

The synthetic compounds and instruments utilized in this research paper tests were 

specifically indicated, and the test plan technique utilized was clarified in subtleties. 

Furthermore, the "chemical-activation" strategy utilized for AC synthesis was clarified or 

explained, and the strategies and methods utilized for the "characterization" process of ACs 

obtained were given [34,35]. 

2. Materials and Methods 

All the chemical reagents utilized in this research were of logical evaluation of 

analytical grade. The synthetic materials were collected from local agro-industry and stored in 

the Hephaestus advanced laboratory in international Hellenic University Kavala, Greece, for 

further investigation. The chemical reagent used is Phosphoric acid (H3PO4, 85 wt.%) which 

was purchased from Fisher chemical and utilized to synthesize AC. 
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2.1. Synthesis of bamboo and banana fiber AC. 

Bamboo and banana fibers were utilized for the synthesis of BAMB-AC, and BANA-

AC, respectively. Initially, the bamboo (BAMB) was washed with deionized H2O in other to 

remove the impurities of inorganic. Then, they were dried at 110 ℃ for 24 hours, in an oven, 

in other to eliminate the moisture content. After the process, the obtained biomass was ground 

using a mortar and sieved to obtain particles with a 0.45–0.15 mm size. The BAMB and BANA, 

respectively, were chemically activated with H3PO4 at ratios 5:1 & 7:1 (chemical agent: 

biomass precursor). 

Specifically, for both cases, 30 g of dry BAMB or BANA were placed in a vial and 

mixed for 24 h under continuous agitation of 400 RPM, at the appropriate impregnation ratio 

(5:1 & 7:1). The activation agent was H3PO4 (a basic aqueous solution), and the process was 

achieved at ambient temperature. After the activation process, the obtained chemically treated 

biomasses were dried at 110 ℃ for 24 h, to remove the residue H2O. The 

activation/carbonization process was achieved by thermal treatment of the obtained solid 

residues at 450 and 550 ℃ (heating rate 10 ℃/min) in a pyrolysis oven within 1 h, under N2 

flow 30 STP cm3/min (pure: 99.999%). After the carbonization process of the yielded material, 

the obtained residue products were basically cooled down at ambient temperature and 

thereafter were washed with 25% HCl (37 wt.%) and then with deionized H2O until reaching 

the neutral filtrate of pH (6–7). Finally, the yielded material was placed in an oven and was 

dried at 110 ℃ for 24h to obtain the final dry sample referred to as BAMB-AC. AC which 

derived from the banana fiber was synthesized by following the same synthetic protocol but 

using 30 g of banana fiber (BANA) while the final obtained material is referred to as BANA-

AC.  

Table 1. Yield of AC and several experimental parameters which obtained during the experimental process. 

Biomass 

precursor 

Chemical 

agent 

Impregnation 

ratio (chemical 

agent:biomass 

precursor) 

Weight before 

impregnation 

(g) 

Weight after 

impregnation 

(g) 

Pyrolysis 

temperature 

(℃) 

Activated 

carbon 

(g) 

Yield 

(%) 

Bamboo H3PO4 5:1 30 123.0 450 5.29 17.63 

Bamboo H3PO4 5:1 30 130.15 550 5.47 18.23 

Banana 

Fiber 

H3PO4 5:1 30 128 450 3.86 12.87 

Banana 

Fiber 

H3PO4 5:1 30 132 550 3.76 12.53 

Bamboo H3PO4 7:1 30 157.36 450 5.68 18.93 

Bamboo H3PO4 7:1 30 168.3 550 4.20 14 

Banana 

Fiber 

H3PO4 7:1 30 163.3 450 3.20 10.67 

Banana 

Fiber 

H3PO4 7:1 30 175.0 550 3.00 10 

2.2. Adsorption experiments. 

BAMB-AC and BANA-AC were applied to adsorption experiments to find the 

efficiency of those materials to remove diesel oil. 

This progression was carried out after literature reviews expressing diverse biomass 

materials using AC synthesized as processors for potential cleanup for oil slicks. Accordingly, 

AC tests sorption with diesel oil were conducted. These present examinations' fundamental 

advances are moderately adopted using BAMB-AC and BANA-AC that comprises different 

activation ratios of 5:1 and 7:1 and temperatures of activation (450 & 550 ℃). Each of the 

adsorbent samples weighted 0.5g, while the amount of diesel oil was 50ml. In addition, the 
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flasks that were utilized were conical with a volume of 100ml each. The contact time between 

the adsorbent and model pollutant was 24h. Diesel oil measured (50ml) was poured into the 

aforementioned flasks, and each with of AC samples (0.5) was inserted inside the flasks in the 

presence of the model pollutant. Moreover, these samples were then placed in an H2O bath at 

a constant temperature (25℃). However, after the estimated contact time has been achieved, 

the filter paper containing each of the samples of BAMB-AC and BANA-AC with oil was 

recovered and placed on a large filter paper for the drying process. The drying process was 

achieved at 80 ℃ for 72h. 

After the dehydration process, the obtained AC samples were measured in other to 

obtain the amount of oil adsorbed. It ought to be noticed that these experiments of sorption, are 

likewise rehashed multiple times to keep away from experimental errors. Consequently, the 

result for each sample conducted for 24hrs will be derived from the normal of the batches 

prepared to acquire a capacity of sorption that is as close as conceivable to reality. Each of the 

experiments was performed, and the sorption capacities were calculated using the following 

eq. 1: 

Oil sorption capacity =  
weight of adsorbed oil

weight of sorbents  
                                                            (1) 

2.3. Characterization techniques. 

The functional groups of the synthesized AC samples were studied with the utilization 

of the FTIR-spectrometer (Perkin Elmer FT-IR/NIR spectrometer Frontier, New York, NY, 

USA). The spectra were recorded at a range from 4000 to 600 cm-1 (2 cm-1 as the resolution 

and a total of 32 scans) and presented with baseline correction (transmittance mode) [36]. The 

"Brumauer –Emmett–Teller" (BET) model was utilized in calculating the BET-specific surface 

areas (SA). The external SA, micropore SA, and micropore volume were calculated with the t-

plot method. The SA of ACs was estimated at 77 K from the nitrogen adsorption/desorption 

isotherms by employing a Quanta-chrome-analyzer (Nova 4200e, NY, USA). The relative 

pressure factor (p/p0) was from 0.005 to 0.985 for all cases of the synthesized samples. 

Preceding the estimations of gas adsorption, the AC was degassed at 250 ℃ in the case of 

impregnation ratio 5:1, and at 300 ℃ for impregnation ratio 7:1 in vacuum states of 0.1 torrs 

for 20 h, respectively. The BET SA was estimated through the standard BET condition. The 

absolute total volume of pores was resolved at around 0.985 (p/p0) to ensure that all pores will 

be totally loaded up with N2 gas [37]. Pore size distribution, total pore volume for all instances 

of AC were gotten from the N2 adsorption isotherms through the software provided, which 

utilizes the BJH hypothesis. The estimation of external SA, and micropore volume was 

accomplished with the t-plot methodology [38]. The micropore surface area was also dictated 

by distinction. Origin-Lab 2018 was utilized for data analysis and graphing of samples. 

3. Results and Discussion 

3.1. FTIR before and after oil adsorption. 

As shown in Figure 3 (a and c), the FTIR analysis for synthetic BAMB-AC, BANA-

AC obtained at different ratio (5:1 and 7:1) at temperature (450 ℃ and 550 ℃) revealed peaks 

at transmittance band 3420 cm-1-3200 cm-1 which are attributed to the (O–H or OH) stretching 

vibration of "hydroxyl groups" [39-41]. 

https://doi.org/10.33263/BRIAC122.27012714
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The asymmetry and position of bands at lower wavenumbers indicating the presence of 

strong "hydrogen bonds". The line at 3000 cm-1 can be considered useful because it indicates 

the "border" within alkene (C-H) above and alkane (C-H) below 3000 cm-1, which helps 

determine the present bonds.  

Absorption bands from "2920 cm-1, and 2850 cm-1" are attributed to the aliphatic nature, 

and the sharp peaks witness around the spectrum region within 1744 cm-1 to 1698 cm-1 indicate 

extended vibrations of carbonyl groups [C=O] or aldehydes, ketones, lactones. These peaks at 

this region may be considered the strongest peaks in the entire spectrum from what is observed. 

They are "Sword-like" which appears relatively narrow [42-46]. 

The expansive band at 1300 -1000 cm-1 is generally found with "oxidized carbons", and 

has been assigned to [C–O] stretching vibration in "acids", “phenols”, “ethers”, and alcohols 

or potentially esters groups [37,47]. At low “wavenumber” points, the peak at 866 to 750 cm−1 

could be attributed to the out-of-plane deformation mode or bending absorption of C−H in the 

aromatic rings [48]. 
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Figure 1. FTIR spectra studied samples; (a & b) shows before and after oil adsorption for BAMB-AC; (c & d) 

Presents the before and after-oil adsorption for BANA-AC. 

The batch adsorption experiments were conducted as stated in the above statements 

with BAMB-AC and BANA-AC samples. The samples indicate 24 hours of oil adsorption 

process, which were left in the shaker bath after being dried, and results of each batch 

experiment were analyzed using FTIR analysis to determine the absorption capacity of black 

BAMB-AC, and BANA-AC already undergoes oil adsorption. 
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In Figure 1 b and d are presented the FTIR spectra of BAMB-AC, BANA-AC, after oil 

absorption for 24hrs. From a close interpretation of the spectra, it can be observed that some 

changes occur in the bands of the Transmittance (%), with slight shifts in the location of the 

bands. This change can be proposing that the composition of oil has affected the position of 

the bands and shifts in the bands due to some acid composition, both BAMB-AC, and BANA-

AC demonstrated intense peaks changes from 2953; 2921; 2852 cm-1 to 1744-1698 cm-1. The 

slight difference was so obvious since it was noticeable to have a maximum adsorption capacity 

around the bands of both samples. Owing to asymmetrical and symmetrical vibration of alkyl 

chain moieties, the sharpness of peak intensity was an increase from 2921 to 2953 cm-1 for 

BAMB-AC and BANA-AC (7:1, 550 ℃), the peaks indicate that it interacts with the functional 

group of the oil model pollutant and has good comparison with the FTIR spectra of BAMB-

AC, BANA-AC (7:1 450 ℃, and 5:1 550 ℃). Furthermore, the sharpness of peaks after oil 

adsorbed at peaks from 2324, 2283, 1990, 1579, 1698, 1735, 1456, 1077, 877, and 720 cm-1 

and clearly illustrate that oil molecules interacted with the functional affirmation group of 

BAMB-AC and BANA-AC. However, the contact time (24hr) played an important role at the 

beginning of the adsorption process and was found to influence oil recovery significantly. 

To understand the adsorption interaction among the PRM, FTIR spectra after 

adsorption were taken. So, after PRM adsorption, the band at about 2953, 2951, and 2852 

revealed a higher intensity, while a new band at about 2324; 2283; appeared. (Figure 3). These 

findings are attributed to the interaction with PRM molecules, in addition, the band at 1579 cm-

1 became more intense, and a new band at 1698 appeared. On the other hand, the band at 2075, 

1990,1195, at 1168 were eliminated, depicting that these groups reacted with the RMP 

molecules. The band at 877 (out-of-place bending) and 612 cm-1(O-H) shifted to 877 and 667 

cm-1. 

Table 2. Main functional groups derived from the studied BAMB-AC and BANA-AC before and after oil 

absorption. 

AC before oil adsorption AC after oil adsorption 

Wavelength  

(cm-1) 

Functional 

group/Compound class 

Wavelength 

(cm-1) 

Functional group Ref. 

3649–3647 O-H stretching/alcohol 3649 O-H stretching/alcohol [41] 
3059–3051 O-H stretching/ carboxylic 

acid 

3008 C-H stretching [42,43] 

2918–2915 C-H stretching/ alkane 2953, 2921, 2852 C-H stretching [49] 
2283–2231 N=C=O stretching/isocyanate 2340–2285 O=C=O stretching [43,44] 
2211–2194 CΞC stretching/alkyne 2259–2167 CΞC stretching [45,46] 
2114–2106 N=C=S 

stretching/isothiocyanate 

1744–1742 C=O stretching/ ester [45] 

1994–1949 C-H bending/ aromatic 

compound 

1702–1689 C=O stretching/carboxylic acid [46] 

1706 C=O stretching 1456–1455 C-H bending/methyl group  

1248–1219 C-N stretching/amine 1376–1366 O-H bending/ carboxylic acid [37] 
1189–1159 C-O stretching/ester 1195–1168 ……………………………. [37,47] 
1087 C-O stretching/secondary 

alcohol 

1077 C-O stretching/primary alcohol [43] 

880–879; 

614–511 

C=C bending/alkene 879–721 C=C bending/ alkene [43] 

3.2. Oil adsorption. 

Figure 2 a indicates that between BAMB-AC, and BANA-AC, which were impregnated 

with H3PO4 at impregnation ratio 5:1, with activation temperature of 450 ℃ under N2 flow, 

shows a different surface area with the blue point; BANA-AC indicating a lower SA at 771.45 

https://doi.org/10.33263/BRIAC122.27012714
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC122.27012714  

https://biointerfaceresearch.com/ 2707 

m2/g compared to the black point; BAMB-AC that presents a higher SA at 1719.841 m2/g. The 

weight of samples changes from the initial value of 0.5 g after the oil adsorption experiment. 

Both samples show a higher value of 1.0954 g and 1.6185 g after 24hrs contact time. BAMB-

AC indicated a higher weight which shows that it adsorbed more oil than BANA-AC. Similar 

cases were noticeable in Figure 2 b with activation temperature of 550 ℃ but present different 

views, which indicate that at blue point 5:1 with BAMB-AC presenting higher SA at 2760.447 

m2/g, with weight after oil adsorbed at 1.7839g, more than yellow points; BANA-AC 

demonstrating a SA at 1331.578 m2/g, and weight after oil adsorbed at 1.5605 g from initial 

0.5g before oil adsorption. 

In Figure 2 c and d, BAMB-AC, and BANA-AC, which was impregnated with H3PO4 

at ratio 7:1 with temperature (450 ℃), shows with an increased ratio at the pink point the 

BANA-AC presents a higher SA at 1,825.313 m2/g, and weight after oil adsorbed at 1.8183g 

compared to BAMB-AC SA of 1,544.920 m2/g, and weight after oil adsorbed at 1.4748g at the 

green point. This also shows favorable oil adsorption of both AC, but the BANA-AC presents 

higher adsorption efficiency due to an increase in the ratio of the activation agents (H3PO4). At 

activation temperature of 550 ℃, red point, BANA-AC demonstrating a higher SA at 

2,172.234 m2/g, weight after oil adsorbed at 2.2090g which show a high SA and weight after 

oil adsorption than BAMB-AC at the black point with a surface area at 2,151.572 m2/g, and 

with weight after oil adsorption at 1.4664 g after 24 h contact time. 
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Figure 2. shown (a &b) BANA-AC & BAMB-AC 5:1 450/550 ℃ that indicates the value of surface area/ 

weight oil adsorbed; (c &d) Indicates the value of surface area/ weight oil adsorbed of BAMB-AC & BANA-

AC 7:1 450/550 ℃. 
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The capacity of AC absorption in oil, it is to note that all in the batches evidenced a 

progressive increase of time by increasing adsorption time, to have effective oil recovery, the 

sorbents’ material’s need to be able to absorb a high amount of oil pollutants, but low amount 

of water. These characteristics are basically required in other to offer suitable selective sorption 

of oil pollutants in water. The observations of very high sorption for BANA-AC, BAMB-AC 

5:1;7:1 sample at 550 ℃, this behavior represented a selectivity of the absorbent AC for oil 

recovery. To maximize AC's performance in removing the diesel oil, the hydrophobicity and 

oleophilicity of the surface need to be enhanced [13,52-54]. 

3.3. Effect of contact time. 

The process of oil adsorption was achieved as aforementioned with 0.5g of the 

synthesized AC (BAMB-AC or BANA-AC) and 50 ml of diesel oil using a conical flask. 

Considering the oil spills are adsorbed by the adsorbent materials for 24hrs as contact time. 

Figure 3 (a) at the navy-blue point shows that BANA-AC has sorption capacity of 

2.1908 g/g, compared to the magenta point of BAMB-AC with a maximum sorption capacity 

of 3.237 g/g, with the same ratio of 5:1 at activation temperature 450 ℃. Furthermore, the 

results demonstrate that the synthesized adsorbent has a higher removal rate for the case of 

diesel oil (model pollutant). As seen from the figure, the oil sorption rate through the contact 

time has a large concentration gradient between solution and oil spill over this period, and it 

can be observed that from the red and gray point, both ACs have a maximum sorption capacity 

with the BANA-AC at 3.121 g/g, compared to BAMB-AC black point with a higher sorption 

capacity at 3.5678 g/g with increasing the activation temperature at 550 ℃, and therefore, the 

sorption capacity is reached to maximum value after 24 hrs. The sorption capacity of the AC 

for oil spills is unchanged by increasing the contact time because the sorbent is saturated, and 

there is no active site for adsorption. 
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Figure 3. Contact time effects on the oil adsorption process. 

As shown it can be shown in Figure 3 (b), the black points represent the soprtion 

capacity which was found to be 2.9496 g/g for BAMB-AC at 450 ℃ and 2.9328 g/g at 550 ℃ 

(impregnation with H3PO4 at ratio 7:1). BANA-AC has the higher maximum sorption 

capacities at 3.6366 g/g and 4.418 g/g, and since the BANA-AC has the higher oil capacity 

compared to other samples, and it can be observed that from Figure 1 (b and d), which was 

determined by FTIR spectra, because the contact time (24 hrs.), the temperature of sorption (25 

℃) played a significant role to determine the parameters. 
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Table 3. BAMB-AC & BANA-AC (5:1 & 7:1) at activation temperature 450 ℃ and 550 ℃, indicating the 

weight before and after oil adsorption and surface area, respectively. 

Activated 

carbon 

Impregnation 

ratio (chemical 

agent: biomass 

precursor) 

Pyrolysis 

temperature 

(℃) 

Weight before 

oil adsorption 

(g) 

Weight after oil 

adsorption 

(g) 

Surface area 

(m2/g) 

BAMB-AC 5:1 450 0.5 1.6185 1719.841 

BANA-AC  5:1 450 0.5 1.0954 771.45 

BAMB-AC 5:1 550 0.5 1.7839 2760.447 

BANA-AC 5:1 550 0.5 1.5605 1331.578 

BAMB-AC 7:1 450 0.5 1.4748 1544.920 

BANA-AC 7:1 450 0.5 1.8183 1825.313 

BAMB-AC 7:1 550 0.5 1.4664 2151.572 

BANA-AC 7:1 550 0.5 2.2090 2172.234 

3.4. BET analysis: N2 adsorption-desorption isotherm.  

As depicted in Figure 4, the “N2 adsorption-desorption isotherm” curves of AC obtained 

from BAMB and BANA for ratios 5:1, and 7:1, and activation temperature 450 ℃ and 550 ℃ 

each. Based on IUPAC classifications, a Type I isotherm is associated with microporous 

structures, and a Type IV isotherm demonstrates a combination of microporous and 

mesoporous materials. BAMB-AC and BANA-AC revealed that it has “low values of relative 

pressure” (p/p0), which indicates Type I, and “higher relative pressure” which represent Type 

IV therefore, both are indicating the mixture of microporous and mesoporous nature [55-57]. I 

suppose that the below graphs are Type IV an isotherm according to IUPAC 2015 

However, the results of different ratios for BAMB-AC and BANA-AC affirmed 

because of the presence of H3 and H4 desorption hysteresis loops that are generally normal for 

the co-existence of both microporous and mesoporous AC materials. the “hysteresis-loop” is 

typically brought about by “capillary” condensation in the mesopores of AC materials[58,59]. 
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Figure 4. BET Analysis of samples (a) shows the BANA-AC with each the ratio and temperature; (b) Present 

for BAMB-AC, which indicate for each of the ratios, and temperatures. 

The angle was open within the volume range of (10 – 20 cm3/g), relative pressure (p/p0) 

around 0.1 for BANA-AC-5:1 and BANA-AC-7:1 at 450 ℃ with 550 ℃ around volume 

adsorbed range of (5-10 cm3/g), same applied for BAMB-AC, with rapid adsorption for N2 

onto the micropores. p/p0 > 0.1, N2 starts by absorbing the external surface or large pores, and 

the amount was considerable [60,61]. The close pore structure relationships between two 

samples could be proved in the specific SA section in Table 4. 

As a significant indicator of pore structure attributes, the adsorption capacity of BANA-

AC was examined in Table 4. The SA determined with the BET methodology, total pore 
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volume of BANA-AC samples increased with the increasing activation temperature, and at 450 

℃ the SA had a maximum of 771.450 m2/g, and which was level off at 550 ℃ with a higher 

SA of 1825.313 m2/g with the same ratio of 5:1. The same also witness with a ratio 7:1. The 

above table indicates the parameters of BANA-AC samples. 

Table 4 shows the indicator of adsorption capacity, pore structure which is attributed to 

BAMB-AC. The SA determined with the BET methodology (SBET), and total pore volume 

(Vt) of BAMB-AC increased with the increasing temperature, and at 450 ℃ the SA had a 

maximum of 1719.841 m2/g, and which was level off at 550 ℃ with higher SA 2,760.447 m2/g 

with the same ratio of 5:1. The same also witness a ratio 7:1 with an increase SA. The above 

table indicates the difference between each parameter of BAMB-AC samples. The SA of 

BAMB-AC and BANA-AC 5:1; 7:1 at 550 ℃ was discovered to be (2,760.447 m2/g; 

2,172.234 m2/g) which is higher than 5:1 and 7:1 at 450 ℃. The total pore volume of BAMB-

AC 5:1; 7:1 at 550 ℃ has a higher volume 3.044 cm3/g, 3.364 cm3/g, respectively, which 

affirmed that H3PO4 might create more pore than other activating agents during the procedure 

of activation. This could be ascribed to how H3PO4 impregnation with precursors was more 

capable of destroying lignin structures and decreasing crystallinities of cellulose, which led to 

high porosity [62,63]. Micropores and mesopores present in the considered examples were 

found of the combination of both type I & IV isotherms and Barrett-Joyner-Halenda (BJH) 

pore size distribution, which suggests the presence of micropores; micropore SA; micro-pore 

volume; external SA; mesoporosity; microporosity was resolved utilizing t-plot investigation 

which was suggested by Lippens and De-Boer, and Table 4 summed it up [63,64]. 

The AC high adsorption capacity of numerous natural organic mixtures has been 

broadly studied and demonstrated by numerous investigations. AC that was utilized is 

powdered AC (PAC). SA of AC is subjected to the activation process and utilized “raw 

material” surface oxidation which is also a basic factor in enhancing the surface processes. 

Surface chemistry is perhaps the most significant property that dictate the adsorption system 

or mechanism and capacity towards various oil pollutants [63,65,66]. 

Table 4. Characteristics/ Parameters of BAMB-AC and BANA-AC at different impregnation ratios and 

temperatures. 
Materials samples BET Surface 

Area 

(m2/g) 

Micropore 

Surface 

Area (m2/g) 

External 

Surface Area 

(m2/g) 

Total Pore 

Volume 

(cm3/g) 

Micropore 

Volume 

(cm3/g) 

Mesopore 

Volume 

(cm3/g) 

Mesopore 

Volume 

(cm3/g) 

Bamb-AC-5:1, 450 ℃ 1719.841 861.333 858.508 1.865 0.383 545.538 0.951 

Bana-AC-5:1, 450 ℃ 771.450 486.944 284.505 0.6774 0.218 218.280 0.333 

Bamb-AC-5:1, 550 ℃ 2760.447 1158.813 1601.634 3.364 0.482 1007.526 1.811 

Bana-AC-5:1, 550 ℃ 1825.313 671.116 1154.197 2.282 0.303 763.616 1.409 

Bamb-AC-7:1, 450 ℃ 1544.920 788.235 756.685 1.558 0.337 574.294 1.023 

Bana-AC-7:1, 450 ℃ 1331.578 465.936 865.642 1.871 0.205 532.245 1.024 

Bamb-AC-7:1, 550 ℃ 2151.572 530.194 1621.378 3.044 0.206 1074.824 2.398 

Bana-AC-7:1, 550 ℃ 2172.234 780.746 1391.488 2.79 0.350 919.291 2.068 

3.5. Yield analysis. 

BAMB-AC and BANA-AC after activation were calculated according to equation (1). 

Here, the yield alludes to the weight of the ACs divided by the weight of carbonized carbon 

with the two weights on a dry basis. The eq. 2 was demonstrated below:  

Yield = 
M

Mo
∗ 100%                                (2) 
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where M is the weight of carbon after activation (g), Mo is the weight of carbon before 

activation (g). 

The yield of BAMB-AC 7:1 at 450 ℃ was noticed to be the highest at 18.93%, the 

H3PO4 interacts in the molecular structure of broken the carbon rings down, and more special 

attention must be made in the whole process of activation. The dehydration of Bamboo with 

H3PO4 basically gives a higher yield of BAMB-AC at 18.93%. After the dehydration process, 

the -OH and -HO bonds of bamboo are basically being replaced by -OH and -HO bonds of 

H3PO4 (acid). It is basically important to note that the initial 30g of bamboo gave BAMB-AC 

of 5.68g [32,67]. After drying processes of 110 at 24hrs, the 5.68g weight of BAMB-AC was 

summarized after the pyrolysis process at 450 ℃ in an N2 atmosphere and washing process to 

obtain the neutral pH (6-7), the other samples show low yields of AC than the BAMB-AC. 

Basically, it may be due to the increasing volume of volatile gases from the carbon surface 

when undergoing pyrolysis [68]. 

4. Conclusions 

Oil spills pollutant will have many environmental effects, its ecosystem. 

Implementation of “preventative measures”, “response technologies”, as well as “decision-

making” after an oil slick is vital which can prevent environmental oil spill pollution. Under 

the marine environmental conditions, the characteristic cycle is extraordinarily fast and 

"effortless". However, the inner systems of nature are not unending; marine climate needs 

appropriate treatment and security protection. It should be focused on that oil slicks and 

individual catastrophes are exceptionally stupendous. However, scientific research 

demonstrates that pollution from other sources damages the environment more. AC, synthetic 

adsorbents are fundamentally one of the effective applications and techniques or methodologies 

in the response of eliminating oil spills and effluents defilements from the environments.  

The utilization of AC derived from waste biomass, BANA-AC, and BAMB-AC for oil 

spill response shows a promising methodology because they were very significant in 

determining the SA and adsorption capacity. And characterization of these materials was 

carried out using FTIR spectra and BET analysis. The examination shows a maximum oil 

adsorbed capacity at 4.418 g/g for BANA-AC with an activation ratio 7:1 (H3PO4) and SA at 

2,172.234 m2/g, BAMB-AC (5:1 550 ℃) with the highest surface area at 2,760.447 m2/g, and 

sorption capacity range at 3.3678 g/g.  

Consequently, according to the obtained results, the synthesized AC from various 

biomass reviews that further surface chemistry matter can prompt significantly higher 

remediation efficiencies since the relationship of SA to adsorption capacity has been obtained. 

This research provides a promising methodology for a potential option for oil spill response 

and possibly can be used further for pharmaceutical removal and heavy metals. 
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