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This study aims to remove of Disperse red (DR) from aqueous solution 
using nanocellulose surface and astragulas plant surface and to compare 
the efficiency of the two surfaces in terms of absorption and application 
of agents. Affects adsorption such as the temperature effect,  PH effect, the 
amount of the adsorption surface and the contact time for the efficiency 
of adsorption as well as knowledge of adsorption isotherms such as 
Frendelch and Langmuir and knowledge of thermodynamic processes to 
find out the free energy, enthalpy and entropy (random). Where the results 
of adsorption of DR dye by the surface of nanocellulose were as follows, 
the equilibrium time is 10 minutes, the optimum surface quantity is 0.005 
grams, it works under all thermal conditions and has an acidity effect 
3>7>11, which is more suitable for Freundlich’s isotherm. The results of 
adsorption of DR dye on the NC surface were spontaneous through the 
negative value of Gibbs free energy (∆G0), and endothermic (chemical 
adsorption) through the positive value of enthalpy ((∆H0) as for the 
adsorption of DR dye on the surface of the astragulas plant as follows, the 
equilibrium time is 90 minutes, the optimum surface amount is 0.02g, it 
works under all thermal conditions and has an acidity effect 3>7>11, which 
is more suitable for Freundlich’s isotherm. The results of adsorption of DR 
dye on the AS surface were automatic through the negative value of Gibbs 
free energy (∆G0), and exothermic (physical adsorption) through the 
positive value of enthalpy (∆H0). Both surfaces had dye adsorption (DR) 
that was Giles (type S) classification. The kinetics of both NC&AS surfaces 
in the adsorption process are subject to a pseudo-second order.

INTRODUCTION
The term coloring is a substance that is able to 

transfer its color to other substances that have the 
ability to color [1]. Even small amounts of liquid 

mortars have a large impact on water [2]. The 
development in the field of dyes led to a change 
and replacement of natural dyes with synthetic 
dyes due to the ease of obtaining them, as they 
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have distinctive properties [3]. They have been 
used in the textile processing industry while other 
synthetic dyes pose serious environmental risks 
to sustainability issues. Today, we need factors 
and influences that remove or reduce these 
risks [4]. The textile industry and wastewater 
containing dyes are major sources of severe 
pollution problems worldwide, and (10-25%) 
of textile pigments are lost. [5] Dyes are divided 

into several types according to the functional 
groups into cationic, anionic and non-anionic [6]. 
Contaminated water, especially wastewater, can 
be treated by adsorption [7]. There are materials 
that have the ability to absorb and are available 
and inexpensive, but in the future they suffer from 
many problems, including mechanical and thermal 
insulation and the relatively slow ability to absorb 
dyes [8]. The current development in the field of 

 

  

 

  

 Fig. 1. Chemical structure of the dispersed red dye

 Fig. 2. The SEM image of the NC surface.
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surface synthesis has opened many horizons for 
the disposal of pollutants [9]. Where there are 
many components such ass the large surface area 
and the large number of active sites needed to 
absorb and remove pollutants from wastewater 
[10]. Nanocellulose has unique properties and 
advantages that make it capable of adsorbing 
many dyes, due to its high surface area due to 
its nanoparticles and large adsorption capacity. 
[11]. As for the use of the raw Astragulas plant to 
remove pigments from the aqueous solution using 
the mixing method and to make use of the remains 
of the Astragulas plant in an environmentally 
friendly manner [12].

MATERIALS AND METHODS
Preparation of the Disperse Red (DR) dye solution

A stock aqueous solution of the RED (DR) 
dye was prepared at a concentration 500 ppm 
by dissolving 0.25 g of dispersed red dye in 500 
mml of water. To plot the standard curve, several 
concentrations of RED dye were prepared from 
(0.75 to 50) parts per million, which were used 
to measure the different dye concentrations in 
aqueous solution. 

 
Preparation
a-Nanocellulose 

Nanocellulose (NC) is prepared by an acidified 

aqueous solution containing 98% sulfuric acid, 
36% hydrochloric acid and water added to 1 gram 
of cellulose. Then leave for 8 hours with constant 
stirring at room temperature. The acidified 
aqueous solution is then neutralized with 1 M 
NaOH. They are then separated by centrifuge, 
washed, and left to dry. The Nano partial size less 
than 100 nm [13].

b-Astragulas plant 
Astragalus (AS) was collected in Al-Salman area 

in the desert of Al-Muthanna Governorate. The AS 
was then washed with distilled-water to remove 
impurities, and dried in an oven at (40 °C) for three 
hours. The plant was then ground and sieved to a 
granule size (125 μm). 

Batch Adsorption Study
The batch method was used in the adsorption 

study. To determined 1the impacts of different 
critical parameters such as adsorbent amount, pH 
levels, and adsorbate-adsorbent interaction time 
(or contact time). A desired weight of the (NC)and 
(AS) adsorbent was added to a 500ml beaker. 20 
ml of the dye was taken at room temperature [14]. 
For proper adsorption, the solution was subjected 
to a magnetic stirrer and withdrawn at various 
times. Then put in a centrifuge (5min), to separate 
the sample from the adsorbent. After separation, 

 

  
 Fig. 3. The SEM image of the AS surface.
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the absorbance was measured using UV-
Spectrophotometer. to determine the dye uptake, 
some tests were carried out at different times (10-
90) min and pH (3~11). A range of (0.005-0.1) g of 
(NC) and (0.02 to 0.5) g of (AS) adsorbent was also 
used. The amount of adsorption, qe(mg/g), was0 

calculated using the Eq. 1:

                                                                                     (1)  qe = V(C0 − Ce)
m  

  C0-and Ce:2the initial concentration and the 

 

  

 

   Fig. 5. Influence equilibrium time on the AS surface.

 Fig. 4. Influence equilibrium time on the NC surface.
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residual concentration of the dye in the solution 
measured (mg/L). 

qe: the amount of dye absorbed, measured 
(mg/g). 

V: represents the measured volume of dye 
solution (L). m: the mass of the absorbent material 
measured (g).

RESULTS AND DISCUSSION
Nanocellulose- morphology

The-surface of the powder (NC) was identified 

by scanning electron microscope as in Fig. 2. We 
notice the presence of light and dark regions and 
nanoparticles of different sizes, the average sizes 
of which are between 12 to 18 nanometers [15]. 

 For the surface of astragalus plant as in Fig. 
3, we observe a smooth rocky surface whose 
nanoparticles range from 14 to 52 nm.

Influence (equilibrium Time)
After adding (10 ml) of dye (DR) at a 

concentration of 50 ppm without changing the 

 

  

 

   Fig. 7. Influence pH on DR dye adsorbed onto AS.

 Fig. 6. Influence pH on DR dye adsorbed onto NC.
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pH to 0.1 g of nanocellulose and also 0.1 g of 
astragalus, At different times (from 5, 10, 15, 
25 40, 60, 90.120 minutes), and placed in water 
bath2 at room temperature and separated by 
centrifugation. The absorbance was measured by 
optical/visible spectrophotometer, and the results 

were as in Figs. 4.5 for two surfaces, where the 
equilibrium time for nanocellulose surface is 10 
minutes and astragalus surface is 90 minutes [16].

Influence of (pH)
By conducting an acidity experiment on the 

 

  

 

   Fig. 9. Effect of Temp. of DR dye adsorbed on to AS.  

 Fig. 8. Effects of Temp. of DR dye adsorbedr on to NC. 
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surfaces of nanocellulose and astragalus plants, 
where acidic and basic solutions were prepared 
and added to the dyes, and the pH was measured 
at 3, 7 and 11, then 10 ml of red dispersed dye was 
added at a concentration of 50 ppm to 0.1g from 
NC and AS to complete the experiment at room 

temperature according to the contact time for each 
surface where separated by centrifugation and 
absorbance measurement, the following results 
increased the percentage of surface removal of NC 
& AS with pH 3>7>11 show in Fig. 6 and 7[17]. 

When the pH values of the solution decrease, 

 

  

 

   Fig. 11. Effect of adsorbent dosage for AS.

 Fig. 10. Effect of adsorbent dosage for NC.
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the positive charges control the adsorbent surface, 
since the positively charged surface will cause 
hydrostatic attraction to the absorbent material 
and the DR dye. In this case, a slight interaction 
such as a dipole charge can be suggested. The 
attractive force increases the adsorption of DR 
dye molecules on the surface of the absorbent 
material. When the pH of the system increases 
further, the adsorbed surface tends to become 
negative, which avoids DR dye adsorption due to 
electrostatic repulsion [18].

(qe): Calculate the amount of dye absorbed 
as in Eq. 2. (R%): The percentage of the pigment 
removed as in Eq. 3 is as follows: 

                                                                                    (2)qe = V(C0 − Ce) 
m  

  
   

R% = (C0−Ce)C0  * 100 

  

                                                 (3)

Influence of (Temperature)
The experiment was conducted at three 

different temperatures, 15, 25, 35. Where 10 ml of 
the dispersed red dye was taken at a concentration 
of 50 ppm with no change in pH and added to 
the surface of the 0.1g Nanocellulose and the 

surface of the astragalus plant and then at the 
mentioned degrees remained in the water bath. 
According to the ideal time for each surface, then 
the surface was separated by a centrifuge and the 
absorbance was measured. The following results 
appear in Figs. 7, 8 and 9 where the adsorption 
capacity increases relative to the nanocellulose 
surface with increasing temperature. Otherwise, 
it was the surface of the astragalus plant, where 
the adsorption capacity decreases with increasing 
temperature [19].

Influence of amount of adsorbent
The experiment of different weights is done by 

taking three different weights from the surface of 
the nanocellulose and the surface of the Astragalus 
plant and adding to it 10 ml of dispersed red dye 
at a concentration of 50 ppm and then placing it in 
the water bath at the optimum temperature and 
according to the equilibrium time for each surface, 
we will get the results as in Figs. 10, 11 Where it 
shows that the adsorption capacity increases with 
increasing weight because it leads to an increase 
in the active sites [20].

Adsorption Isotherm
The study of adsorption provides important 

 

   Fig. 12. Langmuir’s equation for DR dye adsorption on the surface of NC.
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information about the method and energy of 
adsorption. The results were applied to two 
types of isotherms, Langmuir and Freundlich, for 
nanocellulose and astragalus surfaces. Freundlich 
isotherms absorb from a liquid to a solid surface 
and have multiple layers and energies [21]. Fig. 12 

and 13 Multiple concentrations of DR dye were 
taken and adsorbed on the surface of NC & AS, 
then by drawing The linear equation of Freundlich 
isotherms, having the constants (Kf, n), gives us 
information about the amount of adsorption 
and the quality of the surfaces (homogeneous 

 

  

Langmuir 

NC 
qm be R2 

166.6 0.8169 0.209 

Freundlich 

NC 
Kf n R2 

1.598 0.871 0.932 

Langmuir 

AS 
qm be R2 

8.403 0.816 0.399 

Freundlich 

AS 
Kf n R2 

5.662 1.168 0.949 

 
  

Table 1. Values of Langmuir and Freundlich Constants on 
the NC & AS Surface.

 Fig. 13. Langmuir’s equation for DR dye adsorption on the AS surface.
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or heterogeneous). Also, Langmer’s constant was 
calculated by taking multiple concentrations of DR 
dye and drawing the linear relationship as in Figs. 
14 and 15, and calculating Langmer’s constant (b) 
and (qm) and the maximum absorption capacity 

of the two surfaces NC & AS by linear equations 
as follows:

The Langmuir linear equations (Eq. 4):

Ce  
qe  =  1  

qm ∗  b + ( Ce)
qm  

  
                                                 

(4)

 

  

 

  

 Fig. 14. Freundlich’s equation for DR dye adsorption on the NC surface.

 Fig. 15. Freundlich’s equation for DR dye adsorption on the AS surface.
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The Freundlich linear equations (Eq. 5):

log qeq = log Kf + 1    
(n log Ceq) 

  
                                 

(5)

From Table 1, we note that the values of the 

correlation coefficient (R) for both Langmuir and 
Freundlich, where the values of Freundlich R2 are 
greater than the others, the Freundlich model is 
more suitable 0to perform the adsorption of DR 
dye from an aqueous solution on the surface of NC 
and AS. It is a multi-layer adsorption (more than 

 

  

 
 Fig. 17. lnK vs. (1/T) for the DR dye on the surface of the AS.

 Fig. 16. lnK vs. (1/T) for the DR dye on the surface of the NC.
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one layer) [22].
 

Thermodynamics
We have studied the dynamic kinetics of 

adsorption and find out the type of adsorption. We 
work at temperatures (from 298 to 318) measured 
in Kelvin to find out the change in adsorption 
entropy (∆S0), the changes in Gibbs freee energy 
(∆G0), and the standard enthalpy change (∆H0), 
according to the Eq. 6 [23]: 

∆G0 = - R T lnk 

  
                                                       (6)

Variables must be specified and constants 
such as: (∆G0): is the change in Gibbs free energy, 
measured in (KJ.mol-1). 

T (is the absolute temperature of the solution, 
measured in Kelvin).

 R: (is the general gas constant for the measured 
gases (8.314 g -1. K -1)).

 K: (is the thermodynamic equilibrium constant 
for absorption). 

The value of (K) was calculated by the Eq. 7: 

K =  (qe m)
(Ce v)  

  

                                                                  (7)

Enthalpy standard change (∆H0) determined 
using lnk values   versus the reciprocal of 
temperature (1/T) according to the Van’t Hoff - 
Arrhenius equation (Eq. 8): 

lnk =  (∆S°)   
R  ˗  (∆H°)

RT  
                                                    

(8)

From the line plots, show in Figs. 16, and 17 The 
results are shown in Table 2 for thermodynamic 
analysis from the calculation of (∆S/R) and (-H/
R) values. That the DR dye adsorption on the 
surfaceuof NC was spontaneous and endothermic 

(chemical adsorption). The DR dye adsorption on 
the AS surface was spontaneous and exothermic 
(physical adsorption) [24,25].

CONCLUSION
A comparison was made from an applied and 

practical point of view between two surfaces of NC 
and AS, in which we obtained the following results.

Nanocellulose (NC):
1. The surface preparation of nanocellulose is 

cheap and widely available. It has a high adsorption 
capacity for dyes.

2. Adsorption with respect to the surface of 
nanocellulose is preferred at pH = 3.

3. The adsorption amount of DR dye increases 
with the increase in the amount of adsorbent 
surface due to the increase of NC surface active 
sites. The results also indicate preferably, the 
higher the temperature, the higher the adsorption 
capacity of the NC surface.

4. The surface is multi-layered by conforming to 
the Friendlich isotherm.

5. The adsorption of DR dye on the NC surface 
is spontaneous and endothermic (chemical 
adsorption).

6. The equilibrium time is 10 minutes.
Astragalus plant (AS):
1. The surface preparation of astragalus is 

cheap and widely available in Al-Salman area in Al-
Muthanna governorate. It has a high absorption 
capacity of dyes

2. Adsorption is preferred with respect to the 
surface of astragalus at pH =3

3.The adsorption of DR dye increases with the 
increase in the amount of surface AS due to an 
increase in the active sites of AS. This adsorption is 
preferred at lower temperatures as the adsorption 
capacity of the DR dye increases. 

4. The surface is multi-layered in accordance 
with the temperature of Friendlich.

(NC) 

∆𝐇𝐇- (K.J.mol-1) ∆𝑮𝑮°u (J.mol-1) ∆𝐒𝐒°v (J.mol-1 K-1) 

154.8316 -2103.26 -498.424 
(AS) 

∆𝐇𝐇 (K.J.mol-1) ∆𝑮𝑮°y (J.mol-1) 
 

∆𝐒𝐒° i(J.mol-1 K-1) 
 

-49.3768 -1924.16 -154.474 

 

Table 2. Thermodynamic value of   DR dye on NC & AS.
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 5. That the adsorption of DR dye on the AS 
surface is spontaneously exothermic (physical 
adsorption).

 6. The equilibrium time is 90 minutes.
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