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Synthetic dyes can reduce the visibility of surface water affecting photosynthesis. Disperse Yellow 3 (DY3) is 

a synthetic dye used in dyeing fabrics and plastics. Similar to DY3, coffee wastewater from coffee processing 

creates high Chemical Oxygen Demand (COD) in surface waters. The current study is an attempt to evaluate 

the adsorption capacity of low-cost adsorbents (peanut hull, and onion peel) to remove the color from the 

binary wastewater (DY3 and coffee waste). The methodology involves batch adsorption, and microfiltration 

to remove color and suspended solids respectively. Absorbance, transmittance, and Non-Purgeable Organic 

Carbon (NPOC) were used to analyze the treatment efficiency of low-cost adsorbents while comparing with 

Powdered Activated Carbon (PAC) as a reference adsorbent. Factors affecting (optimum adsorbent size, and 

dosage) the adsorption treatment process were analyzed to compare the efficacy of low-cost adsorbents. 

Results indicate that at low concentration (50 mg/L) of DY3, the adsorption capacity of onion peel (1.2 g) 

seems to be 4.4% higher than the peanut hull. At medium and high DY3 concentrations, peanut hull 

(2.362-0.6 mm) has 2.7%, and 4% adsorption capacity respectively compared with onion peel. The current 

treatment process can be suggested as an economical alternative to conventional wastewater treatment 

approaches.  
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I. INTRODUCTION 

Adsorption is a widely used process to remove 

dyes from wastewater. It is an effective treatment 

method to remove color and heavy metals from 

wastewater if activated carbon is used [1]. 

Nevertheless, commercially produced activated 

carbon is expensive. Although recycling spent 

carbon is economical, it limits treatment efficiency 

upon reuse. To make the dye wastewater treatment 

process economical, agricultural wastes can be 

used as adsorbents [2]. Previous studies tested 

activated carbon produced from these economical 

agricultural wastes as adsorbents [3]–[5]. Efficient 

sorbents such as rice husk, corn husk can be used 

in the treatment because they are available in 

plentiful quantities and not expensive when 

compared to Powdered Activated Carbon (PAC) [6]. 

Researchers found that activated carbon produced 

from agricultural wastes results in dye wastewater 

treatment to be efficient such that the color 

removal can reach up to 97% [7], [8]. Although 
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preparing activated carbon from agricultural waste 

is an effective process to remove dyes from 

wastewater, there is a major disadvantage of 

processing cost and investment involved [9]. To 

reduce the cost of adsorbent preparation and make 

the treatment process efficient, low-cost 

adsorbents from agricultural waste with limited 

processing were studied [10].  

Despite being economical, low-cost 

adsorbents have problems associated with their 

disposal. Usually, landfillsare an option to dispose 

of hazardous waste after adsorption. In this case of 

using low-cost adsorbents, Conventional Landfill 

using cement is not a feasible option because it can 

increase the post-processing cost of the treatment 

process [11]. A good alternative is using 

cementitious material such as fly ash mixed with 

cement such that potential physical encapsulation 

is provided [12], [13]. Therefore, using industrial 

waste from the steel, and cement industry can be 

used as an economical option to safely dispose of 

contaminant adsorbed material.  

  In this current study, the binary wastewater of 

coffee with DY3 was prepared in the laboratory. 

Prepared wastewater was treated using low-cost 

adsorbents including peanut hull and onion peel. 

When it comes to peanut hull, and onion peel 

availability as an adsorbent, the majority of 

countries including China, India, and the USA 

produce and export peanuts and onions [14]–[16]. 

Their surplus availability makes them potential 

low-cost adsorbents to remove hazardous waste 

from wastewater. In this study, the wastewater 

sample created had high color and chemical 

oxygen demand [17]. Therefore, to estimate the 

optimum dosage of low-cost adsorbent batch 

sampling was used for laboratory testing. The 

dynamic equilibrium of combined DY3 and coffee 

wastewater was studied using adsorption 

isotherms. While treatment efficiency to remove 

was quantitatively estimated and compared using 

absorbance and transmittance, organic carbon 

removal was assessed using Non-Purgeable 

Organic Carbon (NPOC).  

II. SCOPE OF AGRO-BASED ADSORBENTS 

 Adsorbents from agricultural wastes are 

economic and efficient alternatives to the 

conventional adsorbents used in 

adsorption[18] 

 Agro-based low-cost adsorbents are used in 

pollution prevention (P2) activities for surface, 

ground, and stormwater treatment [19]–[21] 

 Removal of heavy metals from contaminated 

wastewater [22] 

 Agro-based adsorbents have a wide range of 

applications in water, wastewater, and air 

pollutant removal [23]–[25] 

 Soil stabilization in expansive soils can be 

achieved using agricultural adsorbents mixed 

with calcareous materials [26] 

 Agriculture adsorbents are used in 

equilibrium, and kinetic modeling studies of 

pollutant adsorption [27], [28] 

III. MATERIALS AND METHODS  

All the adsorbent materials used in the 

adsorption process were processed in the 

laboratory before treatment. Low-cost adsorbents 

and reference adsorbent used in the treatment 

process were listed in Table 1. Adsorbate or the 

binary wastewater used in the treatment process 

was prepared in the laboratory. 

 

Table 1 Material used in batch adsorption studies 

to remove the color from the binary wastewater 

 

Material Type Material 

Adsorbate DY3+coffee wastewater 

Adsorbent Peanut hull, Onion peel 

Reference Adsorbent PAC- Grade HDC 

  

3.1 Adsorbate 

DY3 is an azo dye with an azo group of (-N=N-) 

[5]. It is bought from Sigma-Aldrich Company and 

mixed with processed coffee in preparing batch 

samples. Stock solutions of DY3 and coffee 

wastewater were prepared with a concentration of 

1000 mg/L respectively in the laboratory and 

diluted while preparing batch samples. Batch 

samples have a dye concentration varied from 50 

to 150 mg/L. Coffee concentration mixed with 

dyes was varied from 0 to 300 mg/L. The 

chemical structure of DY3 is shown in Figure 1.  

 

 
Figure 1 Chemical Structure of Disperse Yellow 3 

 

3.2 Adsorbent 
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Adsorbents used in the treatment include 

peanut hull and onion peel. Both peanuts and 

onions were obtained from a local store and peels 

were removed. They were washed thoroughly with 

tap water and oven-dried for 48 hrs. The dried 

adsorbents were ground to a fine powder and 

sieved using 3.327-2.38, 2.38-2.362, 2.362-0.6, 

0.6-0.425, <0.425 mm sieves [29]. Peanut hull 

used in the adsorption process was sieved into 

different sizes at a constant dosage of 1 g in the 

batch adsorption. Onion peel was sieved with 

sieve size <0.425 mm and dosage levels were 

varied from 0.4 to 2 g. 

 

3.3 Reference adsorbent 

To understand and compare the efficiency of 

low-cost adsorbents PAC with grade HDC was 

used as a reference adsorbent in the batch 

adsorption. The manufacturer of the PAC is 

DARCO and the PAC dosage was varied from 0.2 

to 1 g. Absorbance and Transmittance measured 

from treating combined DY3 and coffee 

wastewater were tabulated and used as a 

reference in the comparative analysis of the 

adsorbents.  

 

3.4 Dye wastewater categorization 

Dye wastewater samples are categorized into 

three categories including 50 (low), 100 (medium), 

and 150 (high) mg/L. Run protocol of combined 

DY3 and coffee wastewater was developed based 

on trial and error. The coffee concentration used 

in the batch adsorption samples were 0, 100, 150, 

200, 250, and 300 mg/L respectively with varying 

size of peanut hull ranging from 3.327 to < 0.425 

mm. Similarly, onion peel which was ground was 

added to batch adsorption samples.  

 

3.5 Batch Experiments 

Initially DY3 mother sample was prepared at the 

concentration of 1000 mg/L.For performing batch 

adsorption, centrifuge bottles with a sample 

volume of 50 mL with concentrations of 5, 10 and 

20 mg/L were used. From coffee stock solution of 

1000 mg/L, samples were diluted to 100, 150, 

200, 250, 300 mg/L. The diluted coffee samples of 

coffee wastewater were then mixed with DY3 

wastewater to prepare the binary solution as 

illustrated in Figure 2. Adsorbents including PAC, 

Peanut hull and onion peel were added and mixed 

rigorously on shaker at 100 rpm (fast shake) for 1 

minute and 30 rpm (slow shake) for 30 minutesat 

a room temperature of 25 ± 2°C.  The percentage 

uptake of combined dye and coffee wastewater is 

as follows: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑈𝑝𝑡𝑎𝑘𝑒 % =
𝐶𝑜−𝐶𝑡

𝐶𝑜
∗ 100 (1) 

Where 𝐶0 is the initial concentration and 𝐶𝑡 is the 

concentration at a time t.  

The binary mixture of combined DY3 and coffee 

wastewater were analyzed using Carolina UV-VIS 

spectrophotometer. All the measurements were 

taken at the wavelength corresponding to 

maximum adsorption of DY3 i.e. λmax = 402 nm. 

 

 
Figure 2 Methodology flowchart 

*Before treatment, **After Treatment, 

***Wastewater Treatment Plant 

IV. RESULTS AND DISCUSSION 

Factors affecting adsorption capacity and 

performance of microfiltration were adsorbent 

particle size, adsorbent dosage, and NPOC. Both 

optimum adsorbent size and dosage wereanalyzed 

using absorbance, and transmittance. During 

batch sampling and adsorption process, peanut 

hull was sieved such that adsorbent size was varied 

from 3.327 to 0.425 mm and onion peel dosage 

ranging from 0.2 to 2 g. Using onion peel, the 
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adsorbent was used without sieving but the dosage 

was varied ranging from 0.4 to 2 g. Treatment 

efficiency was quantified using transmittance, 

NPOC measured was used to estimate the 

performance of organic carbon removal from the 

binary wastewater. For combined adsorption and 

microfiltration treatment, the performance of 

low-cost adsorbents was assessed using 

transmittance Before Treatment (BT) and After 

Treatment (AT).Comparing transmittance with 

PAC, peanut hull, and onion peel, isotherms were 

used to find adsorption uptake of the low-cost 

adsorbents. Based on the experimental study, it 

has potential that the current combined adsorption 

and microfiltration treatment approach can be 

upscaled to a full-scale wastewater treatment in 

the tertiary wastewater treatment stage.  

 

4.1 Effect of adsorbent size and dosage 

All the wastewater samples were prepared 

based on the methodology illustrated in Figure 2. 

Batch adsorption samples were stored in a dark 

room to prevent oxidation after preparation. The 

samples were later withdrawn within 12 hours to 

analyze both transmittance and NPOC with 

predetermined concentrations. Color removal of 

the binary wastewater was quantified using 

transmittance. Both BT and AT transmittance 

values were compared at varying coffee 

concentrations in a batch of low, medium, high 

concentration dye samples.   

As shown in Figure 3, and Figure 4, the 

binary wastewater color was removed with 

increasing adsorbent dosage of PAC, and onion 

peel respectively. Using PAC had the satisfactory 

color removal where transmittancevaried from 50% 

to 80% at 0.2 g adsorbent dosage. At optimum 

dosage of 0.4 g, the transmittance of treated binary 

wastewater ranged from 80% to 100%.  

 

 
Figure 3 Transmittance of the binary wastewater 

with medium dye concentration treated using PAC 

 

 After PAC, Low-cost adsorbents were tested to 

remove color at different adsorbent sizes.  Peanut 

hull was able to remove color at size ranges 

2.362-0.6, and 0.6-0.425 to improve transmittance 

up to 75% AT. At the same size ranges of 2.362-0.6 

and 0.6-0.425 mmBT, the transmittance values 

were in the range of 40% to 50%.  

 

 
Figure 4 Transmittance of the binary wastewater 

with medium dye concentration treated using 

peanut hull 

 

Peanut hull seems to have yieldedresults without 

much preprocessing. Onion peel was ground and 

sieved wasable to get transmittance up to 75% AT. 

At an optimum dosage of 1.2 g, the transmittance 

values went beyond 70% as shown in Figure 5.   

 

 
Figure 5 Transmittance of the binary wastewater 

with medium dye concentration treated using 

onion peel 

 

 PAC seems to remove the color from the binary 

wastewater and improve transmittance beyond 

90% in all the batch adsorption samples.  Onion 

peel at an optimum dosage of 1.2 g seems to 

improve transmittance beyond 80% in low DY3 

concentration in the binary wastewater. This 

transmittance of 82.4% was 4.24% at a low dye 

concentration of the binary wastewater with an 

optimum dosage of onion peel compared to peanut 

hull. At medium and high dye concentration in the 

binary wastewater, peanut hull seems to improve 
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transmittance from 48% to 76%, and 67% 

respectively. Similarly, onion peel was able to 

improve transmittance from 48% to 74%, and 65% 

respectively at medium and high concentrations of 

the binary wastewater. Therefore, at medium and 

high concentration of DY3 in the binary 

wastewater, peanut hull seems to increase 

transmittance by 2.63%, and 4% when compared 

to onion peel. Onion peel seems to perform well in 

removing color at low concentrations of dye, 

peanut hull is a good low-cost adsorbent to remove 

color at medium, and high concentration of dye in 

the binary wastewater. 

 

 
Figure 6 Transmittance of the binary wastewater 

at optimum adsorbent size and dosage 

 

4.2 Adsorption isotherms 

 At equilibrium, the amount of dye and coffee 

waste adsorbed were estimated using beer 

lambert’s law. The expression used to estimate the 

quantity of adsorbate adsorbed at the equilibrium 

was as follows: qe =  
 C0−Ce  V

W
  (2) 

In equation 2, qe is the amount of the binary 

wastewater adsorbed. C0 is the initial 

concentration of the binary wastewater before 

treatment in mg/L. Ce is the concentration of the 

binary wastewater after adsorption and 

microfiltration in mg/L. W is the weight of the 

adsorbent used in g.  

 During adsorption process, kinetics involved to 

uptake adsorbate by adsorbent was studied using 

two adsorption isotherms including Langmuir and 

Freundlich. In the current study, linearized form of 

equations used for both Langmuir and Freundlich 

isotherms were as follows: 

 𝐿𝑎𝑛𝑔𝑚𝑢𝑖𝑟 𝑖𝑠𝑜𝑡𝑒𝑟𝑚  𝑒𝑞.  
1

𝑞𝑒

=  
1

𝐾𝐿𝑄𝑚

∗
1

𝐶𝑒

+
1

𝑄𝑚

        (3) 

(𝐹𝑟𝑒𝑢𝑛𝑑𝑙𝑖𝑐 𝑖𝑠𝑜𝑡𝑒𝑟𝑚 𝑒𝑞. )log 𝑞𝑒 = log 𝐾𝑓 + 
1

𝑛
𝑙𝑜𝑔𝐶𝑒   (4) 

From equation 3, KL being Langmuir adsorption 

coefficient in L/mg and maximum adsorption 

capacity (Qm) in mg/g was estimated. Similarly 

using equation 4, Freundlich constant Kf for 

adsorption capacity and Freundlich constant (n) 

were estimated. Both the Langmuir adsorption 

coefficients were listed in Table 2. While Freundlich 

isotherms seem to be the best fit using peanut hull, 

Langmuir is the best fit for the binary wastewater 

treated with onion peel. While onion peel seems to 

have maximum adsorption capacity as illustrated 

in Table2 making it a good low-cost adsorbent in 

treating the binary wastewater.  

 

Table2Adsorption capacity and isotherm 

coefficients using low-cost adsorbents 
Adsorbent Langmuir Freundlich 

Qm (
𝒎𝒈

𝒈
) KL (

𝑳

𝒎𝒈
) R2 Kf N R2 

Peanut hull 57.4 0.56 0.68 22.65 2.67 0.71 

Onion peel 102.2 0.09 0.94 11.87 1.31 0.93 

  

The maximum adsorption capacity of onion peel 

was 78% more when compared to the peanut hull. 

Both linear fits using peanut hull and onion peel 

were analyzed. Langmuir isotherms seems to be 

the best fit with R2 value at 0.94 as shown in Figure 

7. Therefore, Langmuir isotherms represent the 

experimental data with onion peel better than with 

peanut hull.  

 

 As illustrated in Figure 8, Kf and n values 

estimated from Freundlich isotherm using peanut 

hull cannot be used to analyze adsorbent 

performance, because the model was not such a 

good fit with experimental data asR2 was 0.71. 

While comparing two isotherms, the adsorption 

process using peanut hull seems to fit with the 

Freundlich isotherm model better when compared 

to Langmuir. When it comes to onion peel, 

Freundlich isotherm fits better with R2 at 0.93 as 

shown in Figure 8.  

 

 
Figure 7 Langmuir isotherm plots for the binary 

wastewater adsorbed on low-cost adsorbents 
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Figure 8 Freundlich isotherm plots for the binary 

wastewater adsorbed on low-cost adsorbents 

 

4.3 NPOC 

 Removingcolor after adsorption was not the only 

factors considered in the current study involving 

combined treatment process of adsorption and 

microfiltration. Apart from these factors, organic 

carbon was removed from the binary wastewater 

considerably using this potential tertiary treatment 

process. PAC was the adsorbent that was able to 

keep the NPOC level below 20 mg/L with varying 

coffee concentration in the binary wastewater. 

Whereas low-cost adsorbent including onion peel 

and peanut hull could not control the NPOC below 

20 mg/L as shown in Figure 9. 

 

 
Figure 9 Comparison of NPOC at 200 mg/L DY3 

with increasing coffee concentration 

 

 As all the wastewater samples prepared were 

under laboratory conditions (at 25°C, and 1 atm), 

they were not exposed to oxygen to prevent 

oxidation. At industrial scale, the adsorbent 

efficiency may vary based on environmental factors 

such as temperature, pressure, and oxygen which 

affect the adsorption process.  

V. CONCLUSION 

Color removal using a combined treatment process 

of adsorption and microfiltration was assessed 

using transmittance as a parameter. An increase in 

transmittance data AT when compared to BT using 

different low-cost adsorbents indicates the 

treatment performance in removing color from the 

binary wastewater. Although both onion peel and 

peanut hull were able to remove color, onion peel 

seems to perform better with transmittance 

reaching up to 82.4% with a low concentration of 

dye at 50 mg/L which was 4.43% more when 

compared to peanut hull. At medium and high 

concentrations of DY3 in the binary wastewater, 

peanut hull was able to improve transmittance by 

2.7%, and 4.01% compared to onion peel. Both 

Langmuir and Freundlich isotherms were used to 

fit the experimental data such that Langmuir 

isotherms seems to be the best fit with a maximum 

adsorption capacity of onion peel at 102.2 mg/g. 

Modeled equation for the onion peel in the tertiary 

treatment using Langmuir, and Freundlich 

isotherms were y = 0.0824x + 0.0078 and y = 

0.7623x + 1.0746 respectively. With peanut hull, 

the modeled equation using Langmuir and 

Freundlich isotherms were y = 0.0311x + 0.0174, 

and y = 0.3719x + 1.3705. A high slope in both 

Langmuir and Freundlich isotherm using onion 

peel compared to peanut hull shows that peanut 

hull is an efficient low-cost adsorbent compared to 

onion peel. Due to the presence of dominating 

natural pigment in onion peel, the treatment 

efficiency at high concentrations of the binary 

wastewater is minimal.   
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