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Abstract  

     This study investigates the adsorption of Brilliant Scarlet 3r dye (BS 3r) onto corn 

silk (CK), an agricultural waste, in a neutral medium. The characteristics of corn silk 

as an adsorbent were analyzed using Fourier transform infrared spectroscopy (FTIR) 

and Atomic force microscopy (AFM). Batch adsorption experiments were conducted 

to examine the effects of corn silk weight, initial BS 3r concentration, adsorption 

period, adsorption temperature, and pH of the medium on the adsorption process. 

Langmuir, Freundlich and Dubinin-Radushkevich (D-R) isotherms models were used 

to represented the equilibrium experimental date, the obtained values of correlation 

coefficient R2 indicated that the adsorption followed the Langmuir isotherm. The 

kinetics analysis results showed that the adsorption of Brilliant Scarlet 3r dye (BS 3r) 

onto corn silk followed the pseudo second-order model (PSOM), indicating its 

suitability for describing the adsorption kinetics. Thermodynamic parameters, 

including ∆G˚, ∆H˚, and ∆S˚, indicated that the adsorption process of BS 3r dye onto 

corn silk was spontaneous and exothermic in nature. 
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 على حرير الذرة كمخلفات زراعية في وسط متعادل  3r اللماعة امتزاز الصبغة القرمزية
 

 دنيا عيدان المعمار 
 قسم الكيمياء, كلية العلوم, جامعة بغداد, بغداد, العراق 

 
 الخلاصة 

( وهي مخلفات  CK( على سطح حرير الذرة )BS 3r)   3rتبحث هذه الدراسة في امتزاز الصبغة القرمزية        
تحت   الاشعة  طيف  باستخدام  مازة  كمادة  الذرة  حرير  خصائص  تحليل  تم   . متعادل  وسط  في  زراعية, 

وزن حرير الذرة,  ص تأثير  الامتزاز لفح  دفعات(. اجريت تجارب  AFM( ومجهر القوة الذرية )FTIRالحمراء) 
الابتدائي ، فترة الامتزاز, درجة حرارة الامتزاز, درجة حموضة الوسط على عملية الامتزاز. تم    BS 3rتركيز  

لنكماير, فريندلش,   الامتزاز  نماذج متساويات درجة حرارة  ) دوب استخدام  نتائج  D-Rنن رادوش كيفج  ( لعرض 
( الى ان الامتزاز يتبع متساوي درجة  2Rتجارب الاتزان وتشير القيم التي تم الحصول عليها لمعامل الارتباط )

( على حرير الذرة يتبع  BS 3r)   3rالحرارة لنكماير. أظهرت نتائج التحليل الحركي ان امتزاز الصبغة القرمزية  
المعلمات    ت . أشار (, مما يشير الى ملائمته لوصف حركيات الامتزازPSOMإنموذج المرتبة الثانية الكاذب) 
على سطح حرير    r3  BS, الى ان عملية امتزاز صبغة    °S∆و    °H°,  ∆G∆الدينمية الحرارية، بما في ذلك  

 الذرة كانت تلقائية وباعثة للحرارة بطبيعتها.
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1. Introduction 

     The discharge of dyes into wastewater from the textile industry is a significant 

environmental concern due to its negative impact on the photosynthetic activity of aquatic 

ecosystems. Additionally, certain dyes can degrade into toxic, carcinogenic, and mutagenic 

compounds, further exacerbating the environmental risks [1, 2]. Therefore, it is crucial to treat 

these colored effluents from industrial wastewater before they are released into the 

environment. Various biological and physicochemical methods have been developed to remove 

these organic toxic compounds from industrial wastewater, aiming to minimize their 

environmental consequences. The biological methods include anaerobic and aerobic 

processes[3], precipitation [4], chemical oxidation [5], Flocculation-coagulation [6], ion-

exchange [7], membrane filtration [8], photocatalytic degradation [9], and adsorption [10]. 

However, the most of organic dyes are difficult to be remove using conventional biological and 

physicochemical processes since these compounds are stable against the oxide agents, resist 

biodegradation and light [11]. Therefore, adsorption technique becomes an efficient methods 

to eliminate these organic dyes from wastewater because of its simplicity, low cost and high 

efficiency [12]. 

 

     The use of adsorption techniques has led to the utilization of various natural and synthetic 

materials, including polymers, clay, activated carbon, industrial by-products, and agricultural 

waste, as effective adsorbents [13]. Agricultural waste materials, in particular, have gained 

significant attention due to their abundance and high surface area, which contribute to their 

remarkable adsorption capacity [14]. 

  

     Corn silk (Figure 1) is a yellow, silky substance that grows on the top of corn fruits and is 

considered a major by-product of the corn processing industry. It is commonly discarded as 

eco-friendly agricultural waste [15]. These materials are utilized to remove various dyes such 

as methylene blue [16], indigo Carmine [17], reactive Blue 19, reactive Red 218 [18], also it 

was used for lead removal [19]. 

 

 
Figure 1: Corn silk as adsorbent. 

 

     The objective of this study is to explore the efficacy of corn silk (CK) as a viable adsorbent 

for the elimination of Brilliant Scarlet 3R dye, a common textile dye, from water-based 

solutions through the utilization of adsorption techniques. Various adsorption isotherms, 

namely Langmuir, Freundlich, and Dubinin-Radushkevich (D-R) models, have been employed 
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to elucidate the adsorption data. Additionally, the kinetics and thermodynamics associated with 

the adsorption process of BS 3R dye onto CK have been thoroughly examined. 

 

2. Experimental  

2.1. Adsorbate  

     Brilliant Scarlet 3r dye is an azo dye with a vibrant strawberry red color, which is synthesized 

from aromatic hydrocarbons. Its chemical formula is C₂₀H₁₁N₂O₁₀Na₃S₃, and its IUPAC name 

is trisodium(8²)-oxo-8[(4-sulfonatonaphthalen-1-yl)hydrazinylidene]naphthalene-1,3-

disulfonate. The dye exhibits maximum absorption at a wavelength of 505 nm, and it has a 

formula weight of 604.49 g/mol. The chemical structure of the dye is illustrated in Figure 2. 

 

 
Figure 2: The chemical structure of BS 3r dye [20]. 

 

     A stock solution of Brilliant Scarlet 3r (BS 3r) dye was prepared by dissolving 1000 mg/L 

of the dye in water. From the stock solution, various concentrations ranging from 20 to 100 

ppm were prepared by dilution. 

 

2.2. Adsorbent 

     Corn silk (CK) samples were obtained from local fruit and vegetable markets. The collected 

CK was thoroughly washed with distilled water to remove any impurities and dust particles. 

Subsequently, it was dried in an oven at 105°C overnight to ensure complete drying. The dried 

CK was then ground using a mechanical grinder (Silver Crest, YT-4689A, Germany) and stored 

in a dry location. The CK powder is known to contain various important compounds such as 

carbohydrates, vitamins, proteins, volatile oils, steroids, flavonoids, and polyphenols [21]. 

 

2.3. Adsorption experiment 

     The adsorption of BS 3r dye onto the surfaces of CK was conducted using the batch method. 

In this method, various concentrations of the working solutions were brought into contact with 

0.2 g of CK as the adsorbent in 50 mL round bottom flasks. The experiments were carried out 

at a temperature range of 298-318 K and a pH of 7, with an adsorption period of one hour. The 

solutions were agitated using a mechanical shaker at 250 rpm. After the designated adsorption 

period, the suspensions were filtered, and the initial and equilibrium concentrations of the BS 

3r dye were determined using a UV-Vis spectrophotometer at a wavelength of 505 nm, 

corresponding to its maximum absorption. The amount of adsorbate adsorbed onto the CK 

sorbent, qe (mg/g), was estimated using the following equation [22]: 

 

𝑞𝑒 =
(𝐶𝑠 − 𝐶𝑒)V

𝑊𝑡
  

(1) 

The ability of removal (removal percentage) was obtained as:  

R% = 
C𝑠−C𝑒

C𝑠
× 100 (2) 
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where Cs and Ce is the starting BS 3r dye and equilibrium concentration for BS 3r dye (mg.L-

1) respectively, V is the volume (mL) of dye solution and Wt is the weight of CK (g).The 

characterization of corn silk was carried out using Fourier transforms infrared spectroscopy 

(FTIR) is measure using a Shimadzu IR affinity (Japan) in the 4000-400 cm-1 region. Average 

diameter and average particles volume were measured by atomic force microscopy (AFM) type 

(NaioAFM-2022-Switzerland) technique. UV-Vis spectrophotometer model(Schematize 1800-

Japan) was used to determine the absorption wavelength for the dye.  

 

3. Results and Discussion 

3.1. Characterization 

3.1.1. Fourier transforms infrared spectroscopy (FTIR) 

Figure 3 illustrates the functional groups identified in the CK powder. The broad band observed 

at 3421.48 cm-1 can be attributed to the N-H stretching vibration. The peak at 2923.88 cm-1 

corresponds to the C-H stretching vibration [23]. Additionally, the presence of a peak at 

1649.02 cm-1 indicates the presence of an N-H bond, which suggests the presence of proteins 

in the CK powder [24]. The peaks observed at 1257.50 cm-1 and 1245.93 cm-1 can be attributed 

to carbonyl stretching. Furthermore, the broad band observed at 1037.63 cm-1 indicates the 

presence of sugars in the pyranose form [25] . 

 

 
Figure 3: FTIR transmission for CK sample. 

 

3.1.2. Atomic Force Microscopy (AFM) 

     An information about the volume, 3D pictures, and about average grain diameter were 

obtained using AFM technique. Figure 4 shows a typical surface and the granularity cumulating 

distribution for the CK sample. The obtained results show that the average diameters of CK 

sample is 197.1 nm, and the average volume of the particles is 1.119 nm3. 
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Figure 4: 3D AFM image and average mean diameter for CK sample 

 

3.2. Adsorption of BS 3r dye onto corn silk 

 3.2.1. Spectrophotometric determination BS 3r dye 

     The absorption spectra of BS 3r dye were recorded using a UV-Visible spectrophotometer 

at a wavelength of 505 nm. The absorbance value is 0.079. Figure 5 illustrate the UV-visible 

spectrum for BS 3r dye. 

 

 
Figure 5: UV-Visible absorption spectrum for (20 mg/L) BS 3r dye 

 

3.2.2. The impact of operating conditions 

3.2.2.1. The impact of corn silk weight 

     In Figure 6, the effect of CK weight on the removal percentage (R%) of BS 3r dye is 

demonstrated. The initial concentration of the dye was set at 20 mg/L, at a temperature of 298 

K and an initial pH of 7. Various weights of CK ranging from 0.1 to 0.4 g were used in a 50 

mL dye solution. The results indicate that the maximum removal percentage was achieved when 

the CK weight was 0.2 g. Beyond this point, further increases in CK weight did not significantly 

affect the removal efficiency of BS 3r dye. Therefore, the optimum CK weight of 0.2 g was 

selected for subsequent experiments. 
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Figure 6: The impact of corn silk weight on the removal percentage of BS 3r dye. 

 

3.2.2.2. The impact of starting BS 3r concentration 

     In Figure 7, the relationship between the removal percentage and the starting concentrations 

of BS 3r dye is presented. The starting concentrations of the dye were varied from 20 to 100 

ppm, while maintaining a temperature of 298 K, pH of 7, and CK weight of 0.2 g in a 50 ml 

dye solution. The results indicate that the highest removal percentage of 83.03% was achieved 

at a starting concentration of 20 mg/L. However, as the BS 3r concentration increased beyond 

this point, the removal percentage gradually decreased. This observation suggests that as the 

concentration of BS 3r dye increases, the available adsorption sites become saturated, leading 

to a reduction in the overall removal percentage [26]. 

 

 
Figure 7: The impact of starting BS 3r concentration on the removal percentage. 

 

3.2.2.3. The impact of adsorption period 

     Figure 8 shows the impact of adsorption period on the adsorption of BS 3r onto CK surface. 

The adsorption period changed from 15-120 min with keeping other operating parameters 

constant. It can be seen from this Figure that the values of R% increase from 65.45% to 84.03% 

after one hour then when the period of the adsorption increase the removal decrease and 

remained almost constant, this may be related to that a large number of the BS 3r molecular 
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accumulated on the surface of CK after one hour because of the high availability of active 

surface sites on it, after that there is no vacant surface that was available for adsorption. So 

optimum adsorption period was selected one hour for the further experiments [27].  

 

 
Figure 8: Impact of the adsorption period on the removal percentage for BS 3r dye. 

 

3.2.2.4. The impact of adsorption temperature  

     The influence of temperature on the removal percentage was investigated within the range 

of 298-318 K, while maintaining a constant concentration of 20 mg/L of the dye and keeping 

other parameters unchanged. The findings are presented in Figure 9. It can be observed that as 

the temperature increased from 298 to 318 K, the removal of the dye decreased. This trend 

suggests that the adsorption of BS 3r dye onto corn silk is classified as an exothermic process. 

The significant decrease in the removal percentage with the rise in temperature may be 

attributed to the weakening of the adsorption forces between the BS 3r dye molecules and the 

active sites on the surface of the corn silk [28].  

 

 
Figure 9: Impact of temperature on the removal percentage for the adsorption of BS 3r onto 

CK surface. 
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3.2.2.5. The impact of pH  

     The influence of pH on the removal percentage of BS 3r dye was investigated within the pH 

range of 2.1-10.2 at a temperature of 298 K. The experiments were conducted using a starting 

BS 3r concentration of 20 mg/L, 0.2 g of adsorbent weight, and a one-hour adsorption period. 

The pH of the solution was adjusted to the desired values by adding small amounts of either 0.1 

M HCl or NaOH solutions. As shown in Figure 10, the values of R% decrease from 87.4% to 

33.5% as the pH value increases from 2 to 10.2. This can be explained by the following 

mechanism: At lower pH values, an increased concentration of H+ ions on the adsorbent surface 

results in a positive charge, leading to enhanced adsorption of the anionic BS 3r dye. This is 

attributed to the electrostatic attraction between the dye and the CK surface, which facilitates 

maximum removal of the dye. On the other hand, when pH value increased there are increasing 

in the number of negatively charged sites caused an electrostatic repulsion between the dye and 

the CK surface [29]. Since this study established at neutral medium so the pH was installed at 

7. 

 

 
Figure 10: Impact of pH on the removal percentage for BS 3r dye. 

 

3.3 Adsorption isotherm 

     The adsorption isotherms were applied to describe the mechanism of the adsorption of BS 

3r dye onto CK surface. Three models including Langmuir, Freundlich and Dubinin-

Radushkevich isotherm (D-R) were studied by changing the concentration in a range of 20-100 

mg/L, at different temperatures 298-318 K, pH 7, adsorbent weight 0.2 g for one hour as 

adsorption period. 

The Langmuir isotherm is represented as [30] : 

 
Ce

qe
=

1

KL
∙  Qm +

Ce

Qm
 

(3) 

 

      where Ce is the BS 3r concentration at equilibrium mg/L, qe is to the amount adsorbed at 

equilibrium mg/g, Qm maximum adsorption capacity and KL is Langmuir constant (L /mg). The 

values of KL and Qm calculated from the linear plot between Ce/qe against Ce (Figure 11-a ). 

The obtained results are listed in Table 1. A significant property related to Langmuir equation 

is the equilibrium coefficient, or separation factor Rs, it was estimated using the following 

equation: 
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Rs =
1

1 + KL  ∙ Cs
 

(4) 

       When values Rs between (0,1) indicate that the adsorption is adequate. Linear (Rs=1) , 

favorable (0 < Rs < 1), Irreversible (Rs = 0) and unfavorable (Rs > 1) [31]. Table 1 shows that 

the values of 1 > Rs >0 which indicated that the adsorption of BS 3r dye onto CK surface is 

favorable. 

The Freundlich isotherm is written as [32]: 

 

ln qe = lnkFr +
1

nf
 lnCe (5) 

 

       Where KFr (mg/g) and 1/n the Freundlich constant refers to the adsorption capacity and 

adsorption intensity respectively. These data were obtain from the intercept and slope of the 

relation between In qe and ln Ce (Figure 11-b). The calculated results are represented in Table 

1. 

In this Table the values of 1/nf > 1 indicated that the adsorption of BS 3r dye onto CK surface 

favorable [33]. 

The Dubinin-Radushkevich (D-R) isotherm model is a common way to represent the energy 

distribution during adsorption onto heterogeneous surfaces. The linear form of D-R isotherm 

written as [34]: 

 

 ln qe = lnKD−R −  B ε2 (6) 

Where qe: is the equilibrium quantity (mg/g) of dye in the surface of adsorbent, KD-R: the 

equilibrium binding constant for the hypothesized adsorption saturation capacity (mg.g⁻¹), B: 

is Dubinin isotherm constant (mol²/kJ2) and ε: is Polanyi potential which described as[35] : 

 

𝛆 = R T ln [1+ 
1

𝐶𝑒
 ] (7) 

The adsorption means free energy (E) can be estimated from the following equation : 

 

𝐸 =  − 
1

(2B)0.5 (8) 

      Where T (K) absolute temperature, R is the gas constant (8.314 J/mol.K) and Ce: (mg/L) is 

the equilibrium concentration of adsorbate. Figure 10-c point to the plot of ln qe against polani 

potential (Ԑ²) for the adsorption of BS 3r dye onto CK sample. Table 1 shows the D-R isotherm 

data for the adsorption of BS 3r dye onto CK sample at various temperatures. The adsorption 

process may be classified as physical adsorption if the values of E are less than 8 kJ/mol, while 

it considered as a chemical adsorption if the values of E is between 8-16 kJ/mol [36]. 

     The values of E in Table 1 were found to be less than 8 kJ/mol which suggested that the 

adsorption of BS 3r dye onto CK surface occurs by physical adsorption mechanism. 
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Figure 11: Adsorption isotherm plots for (a) Langmuir (b) Freundlich and (c) D-R models at 

different temperatures 

 

Table 1: Adsorption isotherm models constants. 

Temp 

(K) 

Langmuir model  Freundlich model 

KL 

(L/mg) 
Qm (mg/g) Rs R2 1/ nf nf 

KFr 

(mg/g) 
R2 

298 0.06103 8.1201 0.4503 0.9944 0.8915 1.1217 0.3670 0.9870 

303 0.04526 7.7033 0.5249 0.9991 0.7510 1.3314 0.4021 0.9775 

308 0.03694 7.6942 0.5751 0.9931 0.6830 1.4639 0.4116 0.9861 

313 0.03456 7.5532 0.5913 0.9679 0.6308 1.5851 0.4362 0.9820 

318 0.04905 5.5912 0.5048 0.9727 0.5856 1.7076 0.4572 0.9686 

D-R model 

Temp 

(K) 

B 

(mol2.kJ2) 

E 

(kJ.mol-1) 

KD-R 

(mg.g-1) 
R2 

298 0.3717 1.1596 4.3498 0.9613 

303 0.5049 0.9950 4.0808 0.9493 

308 0.6109 0.9046 3.7368 0.9459 

313 0.6023 0.9110 3.5174 0.9417 

318 0.6156 0.9012 3.3324 0.9527 

From the values of correlation coefficients it was noticed that the Langmuir coefficients R² are 

higher than those the other models suggesting that the Langmuir model is the best model to fit 

the experimental data. 
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3.4 Kinetic study 

     To investigate the adsorption mechanism of BS 3r onto the CK surface, two kinetic models 

were employed: pseudo-first-order (PFOM) and pseudo-second-order (PSOM) models. The 

experiments were conducted at a temperature of 298 K, starting BS 3r concentration of 20 mg/L, 

CK weight of 0.2 g, pH of 7, and an adsorption period of one hour. The pseudo-first-order 

model can be represented by the following linear equation [37]: 

 

log (qe − qt ) = log qe −  
k1

2.303
∙ t 

(9) 

      Where qe and qt are the amount of BS 3r dye that adsorbed at equilibrium and at time (min) 

mg/g respectively and k1 is PFOM rate constant for the adsorption process in min-1. The values 

of qe and k1 were estimated from the intercept and slope of the straight line between log(qe−qt 

) and t.(Figure 12-a). These values were listed in Table 2. The pseudo second order PSOM 

written as [38]: 
t

qt
 =  

1

k2 ∙  qe
2

+
t

qe
 

 (10) 

       Where k2 is the rate constant for PSOM (g/mg.min). The values of qe and k2 were estimate 

from the slope and intercept of the straight line between t/qt and t (Figure 12-b)these values are 

listed in Table 2. As shown in this Table the values of adsorption capacity qe cal , were close to 

experimental values qe exp for PSOM and the values of R2 were higher than those for PFOM 

which indicated a better suitability of this model to explain the adsorption process. 

 

  
 

Figure 12: Adsorption kinetic plots for (a) PFOM (b) PSOM at 298 K 

 

Table 2: PFOM and PSOM kinetics data for the adsorption of BS 3r dye onto CK sample. 

PFOM PSOM 

qe exp 

(mg.g-1) 

k1 

(1/min) 

qe cal 

(mg.g-1) 
R2 

qe exp 

(mg.g-1) 

k2 

(g/mg.min) 

qe cal 

(mg.g-1) 
R2 

1.567 0.0233 1.2333 0.8923 1.567 2.0050 1.701 0.9792 

 

3.5 Adsorption thermodynamic 

     Thermodynamic study was established to reveal the behavior of the adsorption of BS 3r dye 

onto CK surface. The thermodynamic data included the Gibbs free energy ∆G°, enthalpy change 

∆H° and entropy change ∆S° were calculated using the following relations [39]: 
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∆G° = − R T ln Keq (11) 

Keq= 
qe

Ce
⁄  (12) 

∆G°  = ∆H° −  T∆S° (13) 

     The values of ∆H° and ∆S˚ were estimate from the slope and intercept of the straight line 

between ln Keq against I/T (Figure 13) according to the following Van't Hoff relation [40]: 

 

ln Keq = − 
∆H˚

R T
 + 

∆S˚

R
 (14) 

 

     These data are shown in Table(3). In this Table the negative values of ∆G˚ confirm the 

spontaneous characteristic for the adsorption of BS 3r dye onto CK surface and the negative 

values of ∆H˚ indicated that this process exothermic in nature. Moreover, the negative values 

of ∆S˚ revealed that there is a decrease in randomness at the solid-solution interface during the 

adsorption process. 

 

 
Figure 13: Van't Hoff plots adsorption of BS 3r dye onto CK sample. 

 

Table 3: Thermodynamic parameters for the adsorption of BS 3r dye onto CK sample. 

Cs 

mg/L 

(-)∆Hº 

(kJ/mol) 

(-)∆S˚ 

(J/mol.K) 

(-)∆Gº (kJ/mol) 

298 K 303 K 308 K 313 K 318 K 

20 31.916 93.607 4.0937 3.5167 3.0222 2.5502 2.2106 

40 30.442 90.158 3.6376 3.1237 2.5574 2.1859 1.8325 

60 28.485 86.209 2.8153 2.3428 1.8916 1.5616 1.0349 

80 28.750 88.197 2.5172 2.0153 1.4852 1.1710 0.7286 

100 24.634 75.735 2.0341 1.7382 1.2829 0.9576 0.5205 

 

4. Conclusions  

     In conclusion, this study focused on the adsorption of Brilliant Scarlet 3r dye onto corn silk 

using batch experiments under various operating conditions. The findings revealed that the 

maximum removal of the dye occurred after one hour of adsorption, with a CK weight of 0.2 

g, a starting dye concentration of 20 mg/L, and a neutral medium (pH 7). The experimental data 

fit well with the Langmuir model, indicating monolayer adsorption. The pseudo second-order 

kinetic model accurately described the adsorption process. Thermodynamic analysis indicated 
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that the adsorption of BS 3r dye onto corn silk was a spontaneous and exothermic process. 

These results highlight the potential of corn silk as an effective adsorbent for the removal of 

Brilliant Scarlet 3r dye from aqueous solutions. 
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