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The use of shredded coconut residue as a new low-cost adsorbent for the removal of Reactive 

Orange 16 (RO16) dye was investigated. A continuous adsorption technique on a fixed-bed 

column was used to remove RO16 using an adsorbent produced from grated coconut residue that 

had been chemically treated with the cationic surfactant cetylpyridinium chloride (CPC). The 

raw grated coconut (RGC) and surfactant modified grated coconut (SMGC) were characterised 

by Fourier Transform Infrared (FTIR) spectrophotometry and Field Emission Scanning Electron 

Microscopy (FESEM). The FTIR spectra demonstrated CPC adherence to the SMGC, with two 

distinct peaks originating from CPC appearing at 2921 and 2853 cm-1. The FESEM image 

indicated that SMGC had an irregular and uneven surface. The column breakthrough 

investigation revealed that column characteristics such as adsorbent bed height and inlet dye 

flow rate impacted the results. Although breakthrough time increased with bed height, it was 

discovered that a higher initial dye input concentration and a quicker flow rate resulted in a 

shorter breakthrough time. The adsorption data were fitted to the Yoon-Nelson mathematical 

model for predicting breakthrough curves and timings. The findings of the Yoon-Nelson model 

for the 50% breakthrough time varied from 5.25 to 35.45 min. The results of this model agreed 

with the experimental data as the correlation coefficients, R2, for all three parameters were > 

0.99. SMGC was thus found to be an efficient adsorbent for removing RO16 from aqueous 

solution. 
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Due to their extensive usage, some 5,000–10,000 

tonnes of dyes are dumped into rivers each year [1]. 

Azo reactive dyes are the most common among the 

many dyes [2]. An azo reactive dye can produce 

potentially carcinogenic aromatic amines via  

metabolic breakdown of the azo link [2]. Reactive 

Orange 16 (RO16) is an anionic azo dye because its 

molecule has a negative charge when dissociated in 

water. When this dye is dumped directly into surface 

waterways, it hinders sunlight from penetrating the 

water. 

 

Due to its simplicity and low cost, adsorption 

is a well-developed method for dye removal from 

wastewater [3]. In recent years, the usage of a variety 

of biomass-based derived adsorbents has attracted 

much attention due to its perceived low process cost 

compared to commercial activated carbon [4]. 

However, raw biomass adsorbent has been assessed as 

a poor performer [5]. These factors motivated 

researchers to consider modifying raw biomass 

adsorbent to improve its efficiency by chemically 

treating the adsorbent precursors, such as acids and 

bases [6, 7], and impregnating ionic polymer groups 

of surfactants [8]. Modified biomass has been proven 

effective at removing dyes and heavy metals from 

wastewater [9], making it an appealing alternative to 

activated carbon, which must be carbonised and 

activated before use. This study used modified grated 

coconut residue in packed bed column mode as an 

adsorbent. Grated coconut residue has many different 

functional groups on its surface, like carboxylic acids, 

alcohol, and hydroxyl groups [10], making it a good 

candidate for an adsorbent material and flexible 

enough to be changed [5]. Previously, coconut residue 

was employed as an adsorbent to remove metal ions 

such as cadmium [11], lead [12], nickel [13] and 

chromium [10], as well as dyes [14]. Although much 
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research has been done on coconut as an adsorbent, 

most have focused on other parts of the coconut, such 

as the frond, husk, coir pith, and shell [15]. The use of 

surfactant-modified grated coconut is rarely reported. 

As a result, this study lays a strong foundation for 

future research. 
 

Investigations, however, have demonstrated 

that raw biomass adsorbent is not very effective at 

removing anionic dyes due to the negative charge on 

the biomass surface [16] .  Thus, surfactant  

modification was proposed to convert the surface to a 

positive potential, which is favourable in removing 

anionic pollutants [17, 18]. Oei et al. [19] found that 

using cetylpyridinium chloride modified barley straw 

significantly improved the removal of the anionic dye 

Reactive Black 5. In the present study, grated coconut 

residue was reacted with cetylpyridinium chloride 

(CPC) to modify its surface qualities and facilitate the 

capture of an anionic dye (RO16) from solution using 

a continuous adsorption procedure on a fixed-bed 

column. Column operations are advantageous because 

of their low reagent handling requirements, versatility 

to various procedures, and low operating costs [20]. 

The column bed height, intake concentration, and fluid 

flow rate are critical design parameters [21]. 
 

This work aims to demonstrate the removal of 

RO16 from an aqueous solution using a surfactant-

modified grated coconut residue as the adsorbent. 

Characterisation of the adsorbent involved  

determining the surface functional groups and surface 

morphology. A fixed-bed column experiment was 

utilised to determine the adsorbent’s suitability for 

removing RO16. By fitting the data to the Yoon-

Nelson model, the column’s adequacy was 

determined. 
 

MATERIALS AND METHODS 
 

Adsorbent Preparation 
 

Grated coconut (Fig.1) was collected from a local 

market in Shah Alam, Malaysia. It was cleaned with 

distilled water to eliminate dust and then dried 

overnight in the oven at 60°C. The dried grated 

coconut was mixed with hexane (R & M Chemicals, 

UK) at a 1:10 (w/v) ratio and stirred for 16 h to remove 

fat [22]. The pretreatment sample was collected by 

filtration using a strainer (hole size: 1 mm) and oven-

dried for 3 h at 60°C, hand crushed using a mortar and 

pestle and sieved to a particle size of 120-250 µm. This 

was labelled RGC (raw grated coconut).  
 

The surfactant modified grated coconut residue 

was prepared by soaking the raw grated coconut 

residue (RGC) in 1 L of 2.5 mmol/L cetylpyridinium 

chloride (CPC, C21H38NCl) (98% purity), obtained 

from Aldrich (Singapore). The suspension was shaken 

with an orbital shaker at a speed of 170 rpm at room 

temperature (25°C) for 24 h. The modified grated 

coconut residue was then filtered using a syringe filter 

(0.45 μm), and then washed with distilled water 

several times to remove excess CPC. The residue was 

dried overnight in a Memmert UF450 oven 

(Memmert, Germany) at 60°C and then stored in an 

airtight glass container labelled SMGC.  
 

Dye Solution  
 

An anionic dye solution of Reactive Orange 16 

(RO16, MW=617.54 g/mol), obtained from Aldrich 

(USA), was prepared by dissolving the dye in distilled 

water. The dye concentration was measured using a 

HACH DR2800 portable spectrophotometer (UK) at a 

maximum absorbance wavelength of 493 nm. 
 

Adsorbent Characterisation 
 

RGC and SMGC were characterised chemically and 

physically. A Field Emission Scanning Electron  

Microscope (FESEM-Zeiss Supra 40v) was used to 

examine the surface morphology. CPC, RGC, SMGC 

and dye-loaded SMGC functional groups were 

investigated using an Attenuated Total Reflection-

Fourier Transform Infrared (ATR-FTIR) spectrometer 

(PerkinElmer Spectrum One, USA). The spectra were 

recorded at 4 cm-1 between 650 and 4000 cm-1. 
 

 

 
 

Figure 1. Raw Grated Coconut (RGC)  
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Figure 2. FTIR spectra of CPC, RGC, SMGC and RO16-loaded SMGC 

 

 

Dynamic Adsorption Column Studies  

 

The experiments were carried out in a clear  

cylindrical polypropylene column (2.7 cm in  

diameter and 10 cm in height) filled with a known 

amount of SMGC. At the bottom of the column was 

a plastic sieve. To achieve the appropriate bio-

sorbent bed heights, a known quantity of SMGC 

was packed into the column (2, 4, and 6 cm). A 

peristaltic pump (Minipuls 2, Gilson, France) was 

used to pump a 50 to 150 mg/L RO16 dye solution 

upward to prevent column flooding at the required 

flow rates (1, 3, and 5 ml/min). The dye solution at 

the column’s exit was collected at regular intervals. 

The concentration of dye effluent was then 

determined using a spectrophotometer. The time 

required for a breakthrough was set at 30% of the 

effluent RO16 to feed concentration, as suggested 

by Goel et al. [23]. Column exhaustion time was 

determined when the effluent concentration was 

95.0% of its initial concentration. All experiments 

were carried out at room temperature. 

 

Experimental column parameters like bed 

height and feed flow rate were varied to study the 

effects of these variables on RO16 removal. The 

flow rate was run at 1-5 ml/min, while the bed 

height was varied from 2 to 6 cm. The initial dye 

concentration was fixed at 100 mg/L. The Yoon-

Nelson model was fitted to experimental data from 

the fixed-bed column breakthrough using the 

Polymath Education programme to forecast column 

breakthrough curve data. Unless stated, the column 

experiments were duplicated, with a relative  

standard deviation of < 4 %. 

 

 

RESULTS AND DISCUSSION 

 

1. FTIR Analysis 

 

The FTIR spectra of CPC, RGC, SMGC and RO16-

loaded SMGC were studied in the range of 650-

4000 cm-1 (Fig.2). This range was crucial to identify 

changes in the functional groups present in those 

samples, before and after modification, and before 

and after dye adsorption. The region between 2000 

and 3000 cm-1 contained two significant peaks at 

2921 and 2853 cm -1 in CPC, RGC and SMGC. 

Majdan et al. [24] reported these peaks as the 

asymmetric and symmetric stretching vibrations of 

methylene C–H. CPC had peaks at 3370, 3047, 

1637 and 1179 cm -1, corresponding to the -OH 

stretching in water, =C-H stretching, C=C and C=N 

stretching, respectively. RGC indicated the 

presence of carboxylic acid,  represented by the 

broad peak in the region of 2500 to 3700 cm -1. The 

overlapping of -OH and -NH2 groups were also 

present at 3000 to 3600 cm-1, suggesting the 

presence of cellulose, lignin, pectin and protein in 

RGC. The shoulder at 1716 cm-1 can be ascribed to 

the ester group, while the peak at 1640 cm -1 is 

indicative of the C=O and C=C groups [25]. The 

broad and strong peak at 1013 cm-1 represents the 

C-OH stretching of cellulose,  hemicellulose and 

lignin. The interaction between CPC and RGC led 

to more -CH2, -CH3 and =N+R2 groups (originating 

from CPC), as demonstrated by the higher 

intensities of the peaks at 2921 and 2853 cm -1. 

There was no apparent difference between the 

spectra of SMGC and RO16-loaded SMGC, 

possibly due to the weak interaction or physical  
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adsorption between RO16 and the SMGC surface, 

such as hydrogen bonding and π - π attraction. The 

higher intensity of the peak at 1638 cm -1 suggests 

that more C=C groups originating from RO16 were 

adsorbed on SMGC.  

 

2. Surface Morphology of Grated Coconut 

 

The SEM images of RGC and SMGC are presented 

in Fig.3. At a glance, the surface morphology of the 

SMGC and RGC seem similar. It appears that  

chemical treatment did not change the surface of the 

grated coconut. Also, there was no physical   

 

modification done, which may be why there were no 

noticeable physical changes. However, on careful 

scrutiny, the surface of the SMGC was a bit smoother 

than the RGC, probably due to the formation of a 

cationic surfactant layer on the modified grated 

coconut surface. The existence of the cationic 

surfactant on grated coconut has already been 

discussed in terms of their FTIR spectra (Fig 2). A 

similar suggestion was made by Xue et al. [26], who 

found that upon modification with sodium dodecyl 

sulfate, the walls of ashitaba-based activated carbons 

(ABAC) were smoother and flatter compared to 

those of the unmodified ABAC. 

 

 

 

 
Figure 3. SEM micrographs of (a) RGC and (b) SMGC at 1800x magnification 

 

 

 

a

b
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Table 1. Column experiment breakthrough parameters by bed height 

 

Parameter 
tb texh 

(min) (min) 

Bed height 

(cm) 

6.0 29.0 46.76 

4.0 19.7 31.73 

2.0 8.5 18.37 

 

 

3. Adsorption Column Studies   

 

3.1. Effect of Column Bed Height 

 

The effect of bed height on SMGC adsorption 

performance was investigated by varying the bed 

height from 2 to 6 cm (Table 1). The flow rate was set 

to 3 ml/min, and the starting concentration of RO16 

was set at 100 mg/L. It was discovered using 

breakthrough curves that raising the bed height 

increased the breakthrough time (tb) and column 

exhaustion time (texh). The tb and texh values, 

respectively, increased from 8.5 to 29 min and 18.37 

to 46.76 min when the bed height was increased from 

2 to 6 cm. Increased bed height increases the surface 

area of the adsorbent, hence providing more binding 

sites for adsorption [27] and more contact time [17]. 

 

3.2. Effect of Column Flowrate 

 

The effect of flow rate on the adsorption of RO16 dye 

was studied over a range of 1 to 5 ml/min (Table 2). 

The bed height was set at 2 cm, and the initial 

concentration of RO16 was 100 mg/L. It was observed 

that a breakthrough occurred more rapidly at higher 

flow rates, and the bed became saturated more 

quickly. Additionally, the increased turbulence  

associated with a greater flow rate may result in poor 

contact and mass transfer between the dye molecules 

and the biosorbent. However, at a lower flow rate, the 

dye solution has adequate time to get adsorbed on the 

adsorbent surface [17]. Table 2 shows the 

breakthrough time decreased from 28 to 4.2 min, when 

the flow rate was increased from 1 to 5 ml/min. 

RO16’s contact time in the column was shorter at a 

higher flow rate, resulting in a shorter breakthrough 

time. The column exhaustion time followed a similar 

pattern, decreasing from 55 to 8 min as the flow rate 

increased.  

 

4. Modelling of Column Data: Yoon-Nelson 

Model 

 

Yoon and Nelson introduced the breakthrough curve 

model based on the rate of adsorption reduction for 

each adsorbate molecule being proportionate to the 

molecule’s chance of breaking through [28]. The 

column data were fitted to the Yoon-Nelson model 

[29] to plot the Yoon-Nelson breakthrough curves 

(Fig 4). The kYN (rate constant) and τ (the time 

required for 50% RO16 breakthrough) could be 

determined from the plots. As shown in Table 3, in 

general, the model’s breakthrough time (τ) was 

highly consistent with experimental breakthrough 

data (t50%, exp). With breakthrough (τ) values 

increasing from 10.73 to 33.09 min, kYN decreased 

from 0.44 to 0.24 min. This condition was also 

noticed in the intake flow rate, as the kYN values rose 

from 0.14 to 1.05 mL.mg-1.min-1 while there was a 

decline in τ values from 35.45 to 5.25 min as the feed 

flow rate increased. For all fitted values in the model, 

the coefficient correlations, R2 > 0.99. Yoon-

Nelson’s breakthrough value (t50% YN) and the 

experimental value (t50%,exp) were quite close to one 

other for both column bed height and flow rate. Both 

of these findings support the Yoon-Nelson model’s 

applicability for explaining the overall kinetics of 

RO16 adsorption in the column.  

 

 

Table 2. Column experiment breakthrough parameters by flow rate 

 

Parameter 
tb texh 

(min) (min) 

Flow rate 

(ml/min) 

5.0 4.2 8.0 

3.0 9.0 18.37 

1.0 28 55.0 
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Figure 4. Experimental and calculated Yoon-Nelson Model breakthrough curves for different parameters: (a) 

bed height and (b) flow rate 

 

 

 

Table 3. Yoon-Nelson model for different parameters using non-linear regression analysis 

 

Parameter 

kYN Breakthrough Time R2 

mL.mg-1 

min-1 

(t50% YN) 

min 

(t50%,exp)  

min 
 

Bed height 

(cm) 

6.00 0.24 33.09 33.0 0.99 

4.00 0.33 22.39 21.7 0.99 

2.00 0.44 10.73 10.3 0.99 

Flow rate 

(ml/min) 

5.0 1.05 5.25 5.1 0.99 

3.0 0.44 10.73 10.5 0.99 

1.0 0.14 35.45 34.5 0.99 
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CONCLUSION 

 

In this study, SMGC was prepared, characterised, and 

tested as an adsorbent the removal of RO16 dye from 

water. FTIR spectra showed that CPC was well-

adhered to the surface of RGC. Two distinct peaks 

were observed at 2921 and 2853 cm-1 in the SMGC. 

Physical adsorption was most likely involved between 

RO16 and the SMGC via hydrogen bonding and π – π 

attraction. The SEM images showed that the SMGC 

surface was slightly smoother than that of the RGC 

due to the cationic surfactant coating on the grated 

coconut surface. The column study revealed that 

adsorption was a function of bed height and flow rate. 

Higher breakthrough data was obtained at a lower 

flow rate. However, the opposite trend for  

breakthrough data was observed with increasing bed 

height. The Yoon-Nelson model fit well with the 

experimental data as the regression (R2) values for all 

the column parameters were > 0.99. The 50% 

breakthrough time from the experiment was close to 

the Yoon-Nelson model prediction. The highest kYN 

value at breakthrough was 33.09 mL.mg-1 min-1 for a 

bed height of 6.0 cm, and the lowest was 5.25 mL.mg-

1 min-1 for a 1 ml/min flow rate.  
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