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Abstract 

In the present work, the potential of cumnium cyminum 
as an effective bio adsorbent for the removal of cationic 
dye (Red 95) was investigated. Batch adsorption 
experiments were carried out to investigate the effects of 
adsorbent dosage, pH and contact time with initial dye 
concentration on adsorption. In connection with 
adsorbent dosage the highest removal efficiency was 
143.64mg/L of removal efficiency 88.36%, regarding pH 
study the peak removal attained with 141.37mg/L with 
the removal percentage 86.76% and for contact time 
study the removal efficiency attained in the concentration 
of 142.10mg/L in the removal percentage of 87.41%. The 
adsorption studies demonstrated that the Thomson 
model, and Yoon nelson model are excellent descriptions 
of adsorption processes. The maximum adsorption 
capacity of 143.64 mg/L toward biosynthesized nano 
adsorbent with removal rates of 88.36% and greatest R2 
value of around 0.9879 was well suited to the equilibrium 
data. The ANOVA was used for the analysis of variance to 
determine the best parameters for the overall adsorption 
model. Utilizing SEM, XRD, and FTIR methods, the 
adsorbent was characterized. Different desorbing agents, 
such as NaOH, HCl, and NaCl, were examined for the 
desorption of cationic dye (Red 95) loaded with adsorbent 
generated from cumnium cyminum, and it was shown 
that HCl was the most effective desorbing agent when 
combined with deionized doubly distilled water (DDDW). 

The proportion removal of cationic dyes was improved 
with increasing adsorbent dose and contact time and the 
percent of color exclusion was decreasing with increasing 
pH.  

Keywords: Adsorption, cationic dye (red 95), 
biosynthesize, desorption 

1. Introduction 

In recent years, a variety of industries, including food 
technology, pharmaceuticals, the cosmetics industry, and 
the dyeing of leather and textiles, have made extensive 
use of dyes and pigments (Davarci et al., 2023). 100 tons 
of dyes are thought to be released into the environment 
each year by the dyeing industry, damaging springs and 
rivers. The lengthy process sequence that results in large 
waste production throughout the textile manufacturing 
process is characterized by the high consumption of 
resources like water and a variety of chemical dyes (Zhu et 
al., 2023). Environmental protection is becoming 
increasingly concerned with how spent dye effluent is 
treated. Because dyes are hazardous and unpleasant, 
difficulties arise when wastewater from these companies 
is discharged into water resources (Vahediet al., 2017). 
Due to their synthetic origin, very complex molecular 
structure, and durability built to endure destruction by 
light, chemical, biological, and other causes, dyes are 
difficult to remove once they have meet water (Zhang et 
al., 2014). They are highly challenging to deteriorate as a 
result. Most dyes, particularly cationic dyes, have been 
found to be poisonous, mutagenic, carcinogenic, and even 
pose a substantial risk to aquatic life and people (Yang et 
al., 2020). Environmental protection and wastewater 
treatment are seriously hampered by the discharge of 
wastewater containing colours into bodies of water and 
ground water. Additionally, dyes block light from entering, 
which lowers the amount of photosynthetic activity in 
water streams and disturbs the balance of the aquatic 
ecosystem (Yun et al., 2020). There is not a single, 
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effective way to get rid of dye effluents. The type of dyes 
to be eliminated, their composition, concentrations, and 
production flow into the wastewater all influence the 
optimum option (Shi et al., 2019). A variety of physical, 
chemical, and biological techniques have been researched 
to remove dyes from aqueous solutions. Consequently, 
colour removal from dyeing effluent is very difficult one 
(Senoussi et al., 2018). For the removal of dyes from 
wastewater, several approaches have been used, 
including adsorption, oxidation, flocculation, 
biodegradation, ion-exchange, electrolysis, and photo 
catalysis (Lapwanit et al., 2018). Adsorption has drawn the 
most attention among the many approaches based to its 
many benefits in the aspect of price, convenience of use, 
suppleness, and easiness of project, as well as its 
insensitivity to harmful contaminants (Zhou et al., 2018). 
Activated carbon, biosynthesized materials, synthetic 
materials, and surface-modified materials including 
lignite, kaolinite, and silica materials are only a few 
examples of the various adsorbents helped to eliminate 
dye (Zereshki et al., 2018). Owing to their affordability, 
comfort of use, biodegradability, biocompatibility, and 
renewability, adsorbents made from agricultural by-
products have gained growing interest over the past few 
years (Hosseinzadeh et al., 2018). Biosynthesized 
materials were chosen as an adsorbent in this 
investigation due to their simplicity and effectiveness in 
the study through literature review (Wang et al., 2022). 
This work concentrated on the removal of cationic dye 
(Red 95) by an adsorption procedure that used cumnium 
cyminum as an adsorbent in the biosynthesize approach 
(Abrishamkar et al., 2023). Investigations have been done 
into the impacts of contact time, starting dye 
attentiveness, adsorbent dosage, pH, and temperature 
(Wang et al., 2017). Using the Thomson model, and the 
Yoon nelson model, the kinetics of adsorption and 
maximum adsorption capacity were also investigated 
(Isanejad et al., 2017). Using the analysis of variance by 
ANOVA the ideal parameters for the complete adsorption 
model were discovered. Following the adsorption 
procedure, the physicochemical characteristics of the 
biosynthesized cuminium cyminum adsorbent were 
assessed by X-ray diffraction (XRD), scanning electron 
microscopy (SEM), and fourier transformation infrared 
spectrum (FT-IR) (Tao et al., 2023). The resin's ability to be 
reused and its adsorption capability were both examined 
to increase its economic use (Kim et al., 2023). The 
desorption was performed using a variety of chemicals, 
including NaOH, HCl, and NaCl, and the outcomes shown 
in this research can offer a simple, affordable method for 
rapid separation performance in aqueous medium while 
also making diverse cationic dyes easy to remove. 

2. Materials and methods  

2.1. Materials  

The chemicals for experimental study purchased in a 
research scale cationic dye (Red 95) (Fucai chem), HCl 
(ReAgent chemicals), NaOH (Lab Alley) and NaCl (Flinn) 
were used in the present investigation. Deionization and 

double distillation were employed for the experimental 
study.  

2.2. Preparation adsorbent  

Cuminium cyminum was acquired and it is cleaned 
thoroughly by double distilled water to remove unwanted 
particles present in the external portion by desiccated in 
the sun for about 24hours before being accelerated in an 
air oven at 80°C for 12 hr (Kadhom et al., 2020). A 
mechanical grinder was used to turn the dried bulk into a 
fine powder, which was then sieved through 90 BSS mesh. 
Then, it was thoroughly cleaned with DDDW to get rid of 
all the color and turbidity from previous washings (Lin et 
al., 2020). Finally, the cleaned adsorbent was dried for 
roughly 3 hours at 100°C in an air oven. After drying, the 
mass was once more crushed, separated into different 
fractions using a set of sieves, and then kept in airtight 
containers (Ji et al., 2019). Characterization done with the 
help Scanning electron microscopy (SEM), X-ray diffraction 
and FTIR were used to examine the surface morphology of 
the biosynthesized adsorbent both before and after 
adsorption.  

2.3. Batch mode adsorption  

The batch adsorption experiments were carried out at 
room temperature by stirring weighed amounts of the 
adsorbent in 100 ml of colour dye solutions at the 
required pH, contact time, initial concentration, and dose 
of the adsorbent (Yu et al., 2019). Dye solution with a 
agitate speed of 250 rpm for 5h. These experiments were 
conducted in various 250 ml flasks. The quantity of 
adsorbent applied to each flask was first calculated. After 
shaking the sample were taken and filtered by membrane 
filter paper of pore size 250µm (Qingwen et al., 2027). The 
solution pH was adjusted using HCl or NaOH solutions. 
The concentration of dye in the solutions was determined 
spectrophotometrically using the UV-visible 
spectrophotometer method in each experiment, which 
was repeated twice (Kono et al., 2017). The amount of dye 
adsorbed per unit mass of resin was calculated from the 
following expression: 

( ) ( )= −0   /e eq C C x V m   

Where qe (mg/g) was the adsorbent capacity, Co, and Ce 
(mg/L) were the initial and equilibrium dye concentrations 
in the aqueous solution; V (ml) was the volume of the 
experimental solution and m (g) was the weight of 
adsorbent. 

2.4. Kinetic study  

2.4.1. Thomson model 

Using the Thomson model, the relationship between the 
inner and outer adsorption progressions was revealed (Cui 
et al., 2019). Equation can be used to express the 
Thomson model. 

 
− = − 

 
  1       
Co

ln kTH qeW kTH Co t
Ct  

(1) 

kTH is the Thomson rate constant (ml/min.mg), where qe 
is the adsorption capacity, Co is the inlet ion 
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concentration, Ct is the effluent ion concentration at time 
t (mg/L), W is the mass of the adsorbent (g), Q is the inlet 
flow rate (ml/min), and t is the flow time t. (min). The 
value of Co/Ct is the ratio of the ion concentrations at the 
intake and outflow. Squeezing ln (Co/Ct-1) against time 
yielded the values of qe and kTH from the interference 
point and slope of the plot, respectively (t). 

2.4.2. Yoon nelson model 

The Yoon-Nelson Model does not require extensive proof 
of the adsorbate, it is more straightforward. According to 
this model, the chance of adsorption for each adsorbate 
fragment decreases in a manner that is proportional to 
both the chance of adsorbate and the potential for 
adsorbate revolution on the adsorbent (Xu et al., 2018). It 
is a typical for a single element system, the linearized 
equation of model expressed as Eq: 

= −
−

    
Ct

ln kyt tky
Co Ct  

(2) 

where (min) is the minimum time necessary for 50% 
adsorbate breakthrough and kyt (min-1) is the rate 
constant. Model by Yoon and Nelson linear plots. The 
interrupt and grade of the ln [Ct/C0-Ct] vs. t graph's linear 
design can be used to derive the parameters ky. 

2.5. ANOVA analysis  

An experiencing collective contradiction created from 
special statistics developed is divided into systematic 
rudiments and arbitrary aspects using the examination of 
variance (ANOVA) method of statistical analysis (Yuan et 
al., 2019). It starts the stimulation that an unnamed 
autonomous object has on a dependent variable in a 
regression analysis. Using a one-way ANOVA, the 
connection among the dependent and independent 
variables in this study is conclusively demonstrated (Wu et 
al., 2019). The substantial amount of outcome level of 
effective parameters on response have frequently been 
controlled using the ANOVA method. This method is 
applied in this study to motivate the mean square 
competency of each parameter, and the calculation 
outcomes are examined (Bensalah et al., 2017). The sum 
of squares (SS), degree of freedom (DF), mean of squares 
(MS), F values, and effect ratios of each parameter are 
calculated using the ANOVA method. Common techniques 
for doing this include cross confirmation, testing, and 
assessment (Farhadi et al., 2017). The foundation for 
calculating testing is made up exclusively of testing model 
but in physical research, this is frequently not likely 
because there are conventionally insufficient instances 
(Pradhan et al., 2020). Then, an improved method is 
labouring, which tries to do travesty prediction testing by 
constantly removing possessions from the data 
assortment. 

2.6. Material characterization  

The X-ray diffraction (XRD) measurements were collected 
using a Scientific XLR Scientech Y'XLR diffractometer 
between 3° and 90° (3θ) with a scanning rate of 0.2°/s, 
employing Cu Kα radiation (λ = 1.68451 Å) (Wang et al., 
2020). The nature of surface species was determined by 

Fourier transform infrared spectroscopy (FT-IR). The FT-IR 
spectra were recorded using an Empyrean SSM-990 
spectrometer in Cur pellets (Gajera et al., 2022). The 
samples were combined with CUr, dried at 220 °C, and 
then subjected to infrared light. After processing, the 
pellets were measured immediately in the mid-infrared 
region under ambient lighting. Averaging 64 images at 
wavelengths between 6000 and 600 cm-1 produced the 
spectra (Lv et al., 2022). At a liquid nitrogen temperature 
of 80 K, the adsorption-desorption isotherms were 
measured using a nitrogen adsorption system (Scientech 
MPN1024). Thermogravimetric method followed by 
Settler Arithmetic thermos prism.TG/DTG curves were 
recorded with a 20 °C/min heating rate under air 
atmosphere (70mL·min−1) between 60 and 800°C (Xu et 
al., 2019). Scanning electron microscopy (SEM) analysis 
was directed using an Alpha Z-6800 electron microscope. 
Individual sample was mounted on an aluminum stub and 
given a gold coating for the SEM tests.  

2.7. Desorption study  

Using the solvent desorption method, exhausted 
adsorbent that had been saturated the Cationic dye 
effluent again adsorbent was rejuvenated (Wang et al., 
2019). An external filtration procedure was used to 
separate the resin following adsorption equilibrium. The 
desorption trials were supported by batch with different 
reagents such as 0.1 M HCl, 0.1 M NaOH and 0.1 M NaCl 
and water (Wang et al., 2019). The adsorbent was treated 
with double distilled water. To get rid of any remaining 
dye that had not been absorbed (Yang et al., 2018). The 
dye-loaded adsorbents were stirred for 5 hours with 30 
mL of various desorbing solutions. 

3. Result and Discussion  

3.1. Batch adsorption study 

The aqueous sample was prepared for the concentration 
of 162.56mg/L to assess the initial concentration of dye 
gated at a maximum peak at 650 nm of wavelength at 4.0 
absorbance of an ultraviolet-visible spectrophotometer 
(Zhiming et al., 2017). The cationic dye (Red 95) available 
in concentrated sample, it was most effective to form the 
colour of aqueous sample. To determine the adsorption 
efficiency, the adsorbent was used in different 
concentrations against dye solutions, the dye was 
prepared based on the intensity of the dye colour and 
compassion of the instrument for the dye variety (Janus et 
al., 2019). The wavelengths of maximum absorbance (λ 
max) of the solutions were determined for the dye and 
calibration curves are constructed to determine the initial 
and final concentration. Then the next sequence of 
solutions made by corresponding volume of the previously 
concentrated dye solutions using distilled water and 
measuring their absorbance at their respective λmax. The 
calibration curve designed based on the concentration 
and measured absorbance (Gui et al., 2019). The 
maximum absorption wavelength (650 nm) was used to 
determine the dye concentrations. A calibration curve was 
obtained for five different concentrated adsorbents, using 
samples of known dye concentration of cationic dye (Red 
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95) (162.56 mg/L), and based on Lambert Beer’s law, 
calibration curves are made (Gajera et al., 2022). From the 
curves by interpolation or extrapolation, depending on 
the sample, unknown concentrations of textile 
wastewater were obtained.  

3.1.1. Adsorption study in different concentrated 
adsorbent  

The detailed investigation done to identify the 
relationship of initial dye concentrations, concentration of 
adsorbent and percentage removal (Huon et al., 2020). 
The initial dye concentrations (Ci) 162.56 mg/L at constant 
pH 6 the dye adsorption was carried out at, contact time 
100 minutes. The first concentration 50mg/L of adsorbent 
attained the percentage removal efficiency of 64.73% with 
 

the concentration 105.23mg/L. next adsorbent 
concentration was 100mg/L attained the removal 
percentage of 71.81% in the concentration of dye 
116.75mg/L, in 150mg/L of adsorbent attained 75.94% of 
removal efficiency in the concentration range of 
123.46mg/L. The next adsorbent in the range of 200mg/L 
achieved the removal percentage of 88.36% with the 
concentration of 143.64mg/L. The final concentration of 
adsorbent was 250mg/L attained the removal percentage 
of 85.56% which denoted sudden fall in removal with the 
concentration of 139.10mg/L. This study proved that 
increasing concentration for optimum level of adsorbent 
increased the removal efficiency which was showed in 
Table 1 respectively (Figure 1). 

 

Table 1. Cationic dye (Red 95) removal in different concentrated adsorbent 

Concentration of Adsorbent mg/L Ci (mg/L) Cf (mg/L) Removal efficiency (%) 

50 162.56 105.23 64.73 

100 162.56 116.75 71.81 

150 162.56 123.46 75.94 

200 162.56 143.64 88.36 

250 162.56 139.10 85.56 

Table 2. pH variation study in cationic dye (Red 95) adsorption    

pH Ci (mg/L) Cf (mg/L) Removal efficiency (%) 

5 162.56 141.37 86.96 

6 162.56 136.51 83.97 

7 162.56 126.92 78.07 

8 162.56 109.63 67.43 

9 162.56 107.82 66.32 

Table 3. Determination of contact time variation in cationic dye (Red 95) adsorption 

Contact time (min) Ci (mg/L) Cf (mg/L) Removal efficiency (%) 

10 162.56 116.33 71.56 

20 162.56 125.51 77.20 

30 162.56 137.46 84.55 

40 162.56 142.10 87.41 

50 162.56 135.62 83.42 

 

Figure 1 Adsorbent study with removal efficiency  

3.1.2. Impact of pH variation in adsorption study  

The interrelationship of pH with dye removal efficiency 
was studied in this process. The HCl solution was used to 
adjust the pH, the concentration of sample was 
162.56mg/L, the pH adjusted for 5 and the absorbance 
indicated the removal efficiency percentage of 86.96% 
with the concentration of 141.37mg/L. For pH 6 the 
removal efficiency got sudden decrease of about 83.97% 
with the concentration of 136.51mg/L. In the next level 

the pH 7 attained the removal efficiency of 78.07% with 
the concentration of 126.92mg/L, the fourth pH range 8 
attained the removal percentage of 67.43% in the range 
of 109.63mg/L. Final pH level was 9 with the removal 
percentage of 66.32% in the concentration range 
107.82mg/L (Li et al., 2018). Table 2 showed that 
increasing pH with adjusting method decrease the 
efficiency of dye removal which indicated Figure 2.   

Figure 2 pH variation with removal efficiency  

3.1.3. Contact time  

The study of contact time in the removal of cationic dye 
(Red 95) was investigated in this study. The initial 
concentration (Ci) of dye used for this study is same 
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162.56mg/L. The contact time of adsorbent varied and the 
removal efficiency was determined. The contact time 
10,20,30,40 and 50 mins was maintained for this study (Xu 
et al., 2019). For 10min contact time the removal of dye 
percentage was 71.56% in the concentration of 116.33, in 
20min contact time the removal percentage was 77.20% 
with the concentration of 125.51mg/L. For 30min contact 
time the percentage of removal was 84.55% with the 
concentration of 137.46mg/L. The contact time 40min 
attained the removal percentage range of 87.41% in the 
dye concentration of 142.10mg/L. For 50min contact time 
the removal efficiency was 83.42% with the concentration 
of 135.62mg/L. In 50 min contact time can observe 
sudden decrease in the dye removal, it denoted that 
optimum contact time for cationic dye (Red 95) removal 
for 50min for this study which is indicated in Table 3 and 
Figure 3 respectively. 

 

3.2. Thomson model  

3.2.1. Adsorbent study 

Regarding experimental study related to increasing 
adsorbent dosage from 50mg/L to 250mg/L which is 
calibrated with the help of Thomson model. It was noted 
that the inflow concentration (Ci) was uniformly 
maintained constantly (Ghaemi et al., 2018). The 
Thomson rate constant caused variation in the kTH at the 
same time, the kTH value was influenced by the efficiency 
of removal. The fall of kTH in the range of 0.058 to 0.537 
mL/min.mg for a concentration of 162.56 mg/L. While the 
qe maintained in the range from 0.42 to 12.41 mg/g, the 
variation in the range was identified. The greater driving 
force of the inflow concentration may be the cause of this. 
R2 was 0.941 and 0.982 which explained in Table 4 
respectively. 

 

Table 4. Thomson model of adsorbent variation for cationic dye (Red 95) adsorption    

Adsorbent Concentration (mg/L) 50 100 150 200 250 

qe (mg/g) 12.41 18.87 0.987 0.42 11.50 

kTH (mL/min.mg) 0.058 0.008 0.41 0.537 0.064 

R
2 0.941 0.963 0.971 0.982 0.959 

 

Table 5. Thomson model of pH variation for cationic dye (Red 95) adsorption 

pH 5 6 7 8 9 

qe (mg/g) 0.54 0.845 10.42 17.76 9.28 

kTH (mL/min.mg) 0.318 0.19 0.062 0.011 0.013 

R
2 0.981 0.954 0.912 0.907 0.863 

 

Table 6. Thomson model of contact time for cationic dye (Red 95) adsorption 

Contact Time (min) 10 20 30 40 50 

qe (mg/g) 11.50 18.87 0.987 0.42 10.32 

kTH (mL/min.mg) 0.068 0.008 0.38 0.450 0.072 

R
2 0.947 0.916 0.955 0.981 0.948 

 

 

Figure 3. Contact time variation with removal efficiency  

3.2.2. pH study 

The determination of pH adjustment in the adsorption 
study was calculated by Thomson model. Regarding 
experimental study related to increasing pH level by HCl 
solution in the range from 5 to 9. It denotes that the 
inflow concentration (Ci) was uniformly maintained 
constantly (He et al., 2022). The change in the kTH value 
was influenced by the efficiency of removal which is 

showed from 0.011 to 0.318 mL/min.mg for a 
concentration of 162.56 mg/L. While the qe maintained in 
the range from 0.54 to 17.76 mg/g, the variation in the 
range was identified. The greater driving force of the 
inflow concentration may cause decreasing pattern in R2 
value from 0.981 and 0.863 it was reported in Table 5 
respectively. 

3.2.3. Contact time 

The study related to contact time of adsorbent was 
intended by Thomson model. Concerning with 
experimental study related to increasing pattern of 
contact time was determined to study the optimized time 
of adsorption. The contact time maintained from 10 to 50. 
It denotes that the inflow concentration (Ci) was uniformly 

maintained constantly (Ma et al., 2019). The change in the 
kTH value was influenced by the efficiency of removal. The 
kTH fell from 0.008 to 0.450 mL/min.mg for a 
concentration of 162.56 mg/L. While the qe maintained in 
the range from 0.42 to 18.87 mg/g, the variation in the 
range was identified. The greater driving force of the 
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inflow concentration may cause increasing pattern up to 
40mins and in 50 mins it denoted the fall in removal 
efficiency with R2 value from 0.916 and 0.981 it was 
reported in Table 6 respectively. 

3.3. Yoon Nelson model  

3.3.1. Adsorbent study  

Based on the values of the regression coefficients, the 
Yoon-Nelson model confirmed that it was compatible with 
variation adsorbent concentration. The results showed 
that cationic dye (Red 95) had a stronger adsorption break 
through with an R2 value 50mg/L was 0.9547, for the 
concentration of 100mg/L the R2 value of 0.9601, in the 

adsorbent concentration 150mg/L had an R2 value of 
0.9763, and for 200mg/L had an R2 value of 0.9851 and in 
250mg/L adsorbent R2 was 0.9750. The rate constant 
values in the row of adsorbent in various concentration 
were 2.11, 2.45, 2.73,2.94 and 2.76 from 50-250mg/L of 
adsorbent ranges respectively (Liu et al., 2018). The 
Ky(min-1) is 0.472, 0.501, 0.534,0.550 and 0.542. This said 
that the experimental results were nearly entirely 
determined by the kinetic values of cationic dye (Red 95) 
adsorption in different adsorbent ranges which was 
explained in Tables 7–10 and Figure 4 respectively. 

 

Table 7. Yoon nelson model of adsorbent concentration for cationic dye (Red 95) adsorption    

Adsorbent Concentration 
(mg/L) 

Concentration of cationic dye (Red 95)  Ky(min-1) (hr) R2 

50 162.56  0.472 2.11 0.9547 

100 162.56 0.501 2.45 0.9601 

150 162.56 0.534 2.73 0.9763 

200 162.56 0.550 2.94 0.9851 

250 162.56  0.542 2.76 0.9750 

 

Table 8. Yoon nelson model of Various pH for cationic dye (Red 95) adsorption    

pH Concentration of cationic dye (Red 95)  Ky(min-1) (hr) R2 

5 162.56  0.412 3.46 0.9541 

6 162.56 0.409 3.32 0.9432 

7 162.56 0.384 2.89 0.9114 

8 162.56 0.375 2.63 0.9075 

9 162.56  0.352 2.54 0.9021 

 

 

Figure 4. Yoon nelson model for adsorbent variation  

3.3.2. pH study  

The Yoon-Nelson model confirmed that it was compatible 
increasing pH range. The results showed that cationic dye 
(Red 95) had a stronger adsorption break through with an 
R2 value 50mg/L was 0.9547, for pH 5 the R2 value of 
0.9541, in pH 6 had an R2 value of 0.9432, and for pH 7 
had an R2 value of 0.9114 and in pH 9 adsorbent R2 was 
0.9021. The rate constant values in the row of adsorbent 
in various concentration were 3.46, 3.32, 2.89,2.63 and 
2.54 from 5-9 of pH ranges respectively. The Ky(min-1) is 
0.472, 0.501, 0.534,0.550 and 0.542 (Hou et al., 2020). 
This said that the experimental results were nearly 
entirely determined by the kinetic values of cationic dye 

(Red 95) adsorption in different adsorbent ranges which 
was explained in Table 8 and Figure 5 respectively. 

 

Figure 5. Yoon Nelson model for pH variation  

3.3.3. Contact time 

The Yoon-Nelson model confirmed that it was compatible 
increasing contact time of adsorbent. The results showed 
that cationic dye (Red 95) had a stronger adsorption break 
through with an R2 value 10min was 0.9743, for 20min the 
R2 value of 0.9769, in 30min an R2 value of 0.9817, and for 
40min had an R2 value of 0.9833 and in 50min adsorbent 
R2 was 0.9751 (Nasiri and Arsalani, 2018). The rate 
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constant values in the row of adsorbent in various 
concentration were 1.97, 2.16, 2.65,2.93 and 2.74 from 
10-50min of contact time ranges respectively. The Ky(min-

1) is 0.425, 0.451, 0.480,0.493 and 0.484. This said that the 

experimental results were nearly entirely determined by 
the kinetic values of cationic dye (Red 95) adsorption in 
different adsorbent ranges which was explained in Table 8 
and Figure 6 respectively. 

Table 9. Yoon nelson model of contact time variation for cationic dye (Red 95) adsorption    

Contact time (min) Concentration of cationic dye (Red 95)  Ky(min-1) (hr) R2 

10 162.56  0.425 1.97 0.9743 

20 162.56 0.451 2.16 0.9769 

30 162.56 0.480 2.65 0.9817 

40 162.56 0.493 2.93 0.9833 

50 162.56  0.484 2.74 0.9751 

Table 10. Analysis variance; ANOVA for Quadratic model 

Source Sum of Squares df Mean Square F-value p-value Remarks 

Model 570.09 15 50.01 618.81 < 0.0001 Significant 

A-Initial Concentration 254.35 1 344.35 4168.81 < 0.0001 Significant 

B-PH Solution 113.83 1 113.83 1446.53 < 0.0001 Significant 

C-Contact Time 33.44 1 33.44 404.01 < 0.0001 Significant 

D-Adsorbent Dosage 93.10 1 93.10 1177.71 < 0.0001 Significant 

AB 0.9464 1 0.9464 11.98 0.0047 - 

AC 4.03 1 4.03 40.26 < 0.0001 Significant 

AD 4.48 1 4.48 46.11 < 0.0001 Significant 

BC 5.31 1 5.31 56.84 < 0.0001 Significant 

BD 0.1124 1 0.1124 2.33 0.3452 - 

CD 3.92 1 3.92 38.92 < 0.0001 - 

A² 55.55 1 55.55 708.37 < 0.0001 Significant 

B² 24.99 1 24.99 321.10 < 0.0001 Significant 

C² 34.05 1 34.05 438.60 < 0.0001 Significant 

D² 13.88 1 13.88 177.00 < 0.0001 Significant 

Residual 2.16 16 0.0871 - - - 

Lack of Fit 0.6021 11 0.0602 0.4836 0.9136 not significant 

Pure Error 0.7545 6 0.1409 - - - 

Cor Total 661.25 30 - - - - 

 

3.4. Analysis variance; ANOVA for quadratic model 

The model is recommended to be substantial by the 
Model F-value of 618.81. An F-value this great capacity to 
owing the range only 0.01% of the time. Where model 
relations are substantial when the P-value is less than 
0.0500. A, B, C, D, AB, AC, AD, BC, CD, A2, B2, C2, and D2 are 
not momentous when the range is higher than 0.1000. 
The reduction range had developed lot of unnecessary 
terms. The F-value for the lack of fit, 0.6021, denoted the 
nonexistence is not substantial in contrast to the 
untainted blunder. The lack of Fit is important in F-value 
because the value ranged in 91.75% unintended of being 
caused by noise. Positive is a minor lack of fit (Li et al., 
2018). The discrepancy between the Predicted R2 of 
0.9914 and the Adjusted R2 of 0.9950 is less than 0.003, 
indicating a fair agreement. This study showed that a good 
Precision measurement considers the signal-to-noise 
ratio. A ratio of at least 5 is preferred. An acceptable 
signal is indicated by the ratio of 88.36. This model can be 
used to navigate the design space. 

3.5. Characterization of adsorbent  

3.5.1. SEM analysis  

SEM analysis was used to compare the structural 
characteristics and exterior properties of biosynthetic 

adsorbent tasters formerly and subsequently cationic dye 
(Red 95) adsorption (Nayunigari et al., 2017). The results 
are shown in Figure 7. This demonstrates that the 
untreated adsorbent's surface is uneven and comprises 
apertures of various magnitudes and forms, providing a 
significant exterior area for cationic by-surface interface. 
However, the dye-loaded adsorbent exterior depicted in 
Figure 7, it demonstrated that the adsorbent surface was 
saturated and completely covered by cationic dye. 

3.5.2. FTIR study  

The occurrence of various functional groups on the 
surface of the biosynthesized adsorbent was displayed by 
using FTIR spectroscopy. The FTIR analysis of samples 
earlier and afterward adsorption was shown in Figure 8 
(Shimizu et al., 2022). The band at 4500 cm-1 may be 
caused by the amine group's O-H stretching. The unstable 
and stable widening of the C-H bond clusters may be the 
cause of the band at 3421cm-1. The extension of 
carboxylic acid C=O Strong and sharp group near 2883 cm-

1 is due to C=O extending. The range of 2835 cm-1 and 
1633 cm-1 in the cationic dye-loaded adsorbent shows 
that the hydroxyl cluster and carboxyl groups, 
respectively, it is involved in interacting with the cationic 
dye (Red 95) during adsorption. Other frequencies also 
show a small variation in the adsorbent morphology. 
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Figure 7. SEM image of adsorbent before(a) and after(b) 

adsorption study 

 

Figure 8. FTIR image of adsorbent before(a) and after(b) 

adsorption study 

3.5.3. XRD analysis  

The typical XRD pattern of the biosynthesized adsorbent 
generated from cumnium cyminum is depicted in Figure 9. 
Adsorbent is shown both before and after being adsorbed 
with cationic dye (Red 95). The cubic phase of the 
adsorbent with a lattice constant of 5.5846 nm was in 
good agreement with all the diffraction peaks of the 
cationic dye sample (Priya, 2020). The reflections of the 
adsorbent's planes were attributed to the peaks at 3 
values of 30.47°, 37.58°, 53.35°, 71.48°, and 83.62°, 
respectively. Other contaminants such metal Na and OH 
groups were found. The ratio of cationic dye (Red 95) 
adsorption demonstrated that the biosynthesized 
adsorbent work out against cationic dye removal because 
the strong and sharp diffraction peaks revealed the good 
crystallinity of the adsorbent. 

3.6. Desorption study  

Desorption experiments with various desorbing agents 
were conducted to examine the potential for regeneration 
of utilized biosynthesised adsorbent generated from 
Cumnium cyminum (0.1 M HCl, 0.1 M NaCl, and 0.1 M 
NaOH) (Hasanpour and, 2020). The proportion of 
desorption efficiency was various reagents using Cationic 
dye (Red 95)-loaded adsorbents is displayed in Table 11 
below. With a desorption rate of 41.26%, it revealed that 
HCl is an improved desorbing agent than other reagents 
NaCl and NaOH, whose desorption rates were each 
around 24.57 and 6.83%. 

Table 11. Percentage desorption of cationic dye (Red 95) in 

Cumnium cyminum adsorbent  

Desorption Reagent  % Desorption  

0.1 M HCl 41.26 

0.1 M NaCl 24.57 

0.1 M NaOH 6.83 

Figure 9. XRD image of adsorbent before(a) and after(b) 

adsorption study 

4. Conclusion 

The effectiveness of a biosynthesized adsorbent made 
from Cuminum cyminum for removing cationic dye (Red 
95) was examined in the current work. It discovered that 
adsorption was influenced by several factors, including 
initial dye concentration, contact time, pH, and adsorbent 
dosage. The study discovered that the optimum dosage 
was 200mg/L. Regarding pH variation experiments 
revealed that the adsorption capacity increases when the 
adsorbent is in acidic condition. The equilibrium time for 
the adsorption of cationic dye (Red 95) onto Cuminum 
cyminum was found to be 40min.Kinetic study showed 
that the adsorption process follows Thomas model and 
Yoon nelson model with R2 value of around 0.9879 well 
suited with equilibrium data. Regarding ANOVA There is a 
91.75% chance that a Lack of Fit F-value this large could 
occur due to noise. The Predicted R² of 0.9914 is in 
reasonable agreement with the Adjusted R² of 0.9950, It 
was discovered that the adsorption experiment was 
endothermic and due to conditional aspect, there is an 
intensification in entropy. In biosynthesised adsorbent, 
cationic dye (Red 95) recovery for reprocessing was 
shown greatest in 0.1 M HCl. Thus, it determined that Red 
95, a cationic dye, could be effectively removed from 
aqueous solution using biosynthesised adsorbent 
produced from cumnium cyminum. 
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