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Abstract 

The study involves removing of [Alizarin Red S (ARS) and Alizarin yellow R (AYR)] by using 

Iraqi Siliceous Rocks Powder (SRP). Adsorption isotherms were studied and the factors which 

influence it, such as   temperature and salt effect. Adsorption isotherms of (ARS) were found to 

be comparable to Temkin equation. Adsorption isotherms of (AYR) were found to be 

comparable to Freundlich equation. The adsorption process on this surface was studied at 

different temperatures. The results showed that the adsorption of (ARS,AYR) on surface 

increased with increasing temperature (Endothermic process). According to the above results the 

thermodynamic functions (∆H, ∆G, ∆S) were calculated. The adsorption quantity increasing for 

(ARS, AYR) with increasing the saline solution .The Kinetics of the adsorption of (ARS,AYR) 

on surface was studied . The Kinetic experimental data properly correlated with (First and 

second-order kinetic) model. 

Key word :- Adsorption- Siliceous Rocks- Cationic dyes- Alizarin Red S (ARS) Dye -Alizarin 

yellow R (AYR) Dye. 

Introduction 

The dyes are widely  used , but they are polluting and harmful , (ARS) dye causing cancerous 

diseases which affects the lung Respiratory system
[1]

 The presence of (AYR)is involved in a 

huge amount in the manufacture of textile fabrics ,paper printing and cosmetics ,as this processor  

ends in waste water, so they dye poses severe health risks and environmental degradation and is 

classified form azo dyes with the least degradable ,toxic, mutagenic and carcinogenic
[2]

. 

So many studies have been conducted on how to removal this dyes from water in different 

ways
[3-10]

. Adsorption on surface pored was one way other methods were used، such as:(silica
[11]

, 

silica gel
[12]

).  

In this research the dyes (ARS, AYR) removal from aqueous solution by adsorption on Iraqi  

Siliceous Rocks powder(SRP).they are white color porous and high surface area, low density.   
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Fig.1: Siliceous Rocks powder (SRP) 

Experimental 

Materials   (ARS ,AYR ,NaCl  )were supplied by (BDH)and deionized water had been used . ( 

Figuer.2) shows the structures of (ARS,AYR). 

                     

ARS                                      AYR 

Fig. 2: Structures of ARS and AYR
[13,14] 

 

Rocks  The Siliceous Rocks Were provide  by ( The State Company of Mining and Geological 

Survey ).The rocks were brought from Ukashat west of Iraq . The chemical composition of the 

rocks as it showed in Table (1) by the company . 

Table 1: Result of Rocks Analyses 

Constituent %wt 

SiO2 66.01 

Al2O3 2.12 

Fe2O3 0.63 

TiO2 0.05 

P2O5 0.93 

CaO 8.44 

MgO 6.47 

Na2O 0.62 
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K2O 0.13 

Loss on ignition 14.61 

 

The rocks powder it was washed excessive amounts of deionized water to remove the soluble 

materials . it was dried for (6 hours) at 60C
o[15]

 .The surface was then cracked into small parts . 

The particle size of (75µm) was used for the surface in this work. 

Method 

1- Technique: UV technique was used to determine the absorption as function for concentration. 

the wavelengths of absorption were (425,360) nm for Alizarin Red S ,Alizarin yellow R  

respectively.  

2- Contact time : to determine required time for equilibrium between adsorbent and adsorbate, 

some certain concentration were mixed with (0.02gm) of SRP and they were put into water 

bath shaker under 20C
o
, samples were taken from the solution in different sequenced times to 

determine the change in the concentration with time passing.  

3- Adsorption isotherms: to determine the absorption isotherms for dyes solutions, (0.02gm)of 

the surface six round flask was weighed and then added to each (50ml) flask of dyes 

(ARS,AYR) with certain concentration. These flasks were placed in a water bath at (20 C
o
) 

for(ARS=40min,AYR=210min). After the separation of the mixture ,adsorption was 

absorbed by UV  spectrophotometer . 

The adsorption quantities were calculated by used following equation 
[16]

 : 

 

 

 

Qe= the quantity of adsorbate(mg/g). 

V= volume of solution (L).  

C◦= initial concentration (mg/L). 

Ce= equilibrium concentration(mg/L). 

m= mass of the surfaces(g). 

The previous step were repeated at different temperatures to follow the adsorption of the dyes on 

the surface when the temperatures changed .  

m

VCC
Q e

e

)( 
 
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Results and discussion 

1- Effect of contact time  

for the increase of adsorption as a function of time , the result show the contact time for 

(ARS,AYR) dyes at (40min,210min) respectively. 

 

Fig. 3: Effect of contact time on( ARS) adsorption on SRP (Temperature = 20°C, rotations per 

minute=90rpm, Concentration of dye= 200 ppm, equilibrium time =(40min). 

 

Fig. 4: Effect of contact time on( AYR)adsorption on SRP (Temperature = 20°C, rotations per 

minute=90rpm, Concentration of dye= 35 ppm, equilibrium time =(210min). 

 

2- Adsorption isotherms 

The adsorbed quantity (Qe) for each equilibrium Concentration was calculated . Qe Vs  Ce 

plotted to show the general scheme of adsorption isotherms as show in figures (5) . 
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Fig. 5: (a,b) Adsorption isotherms of( Alizarin Red S ,Alizarin yellow R ) dyes on SRP at 

different temperature. 

 

The general scheme of adsorption isotherm of (ARS,AYR) on SRP surface pointing out these 

ware of (S3) class according to Giles classification where the orientation of the adsorbate   

particles on the surface is bevel vertical 
[17]

. Depend Temkin equation :. 

Qe = bT LnkT + bT LnCe               …… .… .…   𝑇𝑒𝑚𝑘𝑖𝑛 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛   

Where bT ,kT = Temkin constant  

Qe Vs LnCe was plotted as shown in figure 6:(a,b) .Temkin constant were calculate for 

(ARS,AYR)dyes as shown in Table(2). 

     

                                      a                                                                                           b 

Fig. 6(a,b): Linear application of Temkin equation 
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Table 2 : The value of Temkin constant (bT,kT) for adsorption of (ARS,AYR) dyes on SPR 

293K 

R
2
 LnkT bT Dyes 

0.9315 0.0270 82.353 ARS 

0.9755 0.3589 21.695 AYR 

 

Depend Freundlich equation . 

𝑙𝑛𝑄𝑒 = 𝑙𝑛𝑘𝑓 +
1

𝑛
𝑙𝑛𝐶𝑒                      ………………𝐹𝑟𝑒𝑢𝑛𝑑𝑙𝑖𝑐ℎ 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛  

where KF, n= Freundlich constant  

LnQe Vs LnCe was plotted as shown in figure 7:(a,b) .Freundlich constant were calculate for 

(ARS,AYR) dyes as shown in Table(3).  

      

                                            a                                                                                    b 

Fig. 7(a,b): Linear application of Freundlich equation 

 

Table 3: The value of Freundlich constant (kf,n) for adsorption of (ARS,AYR) dyes on SPR 

293K 

R
2
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0.8872 0.6580 0.0648 ARS 

0.9381 1.1132 3.2670 AYR 

 

The adsorption quantity increases at (ARS,AYR )dyes when increasing temperature 

(Endothermic process) . 

The value of (∆H) calculated  by using Vant Hoff- Arrhenius equation : 

L𝑛 𝑋𝑚 =  
−∆𝐻

𝑅𝑇
+ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡                      

Where Xm : Maximum adsorbed quantity . 

              R : gas constant .  

              T: temperature . 

LnXm Vs Inverted temperature (1/T) was plotted as show in (figure 8) and ( Table 4) . 

 The value of (∆G,∆S) were calculated as shown in Table (5), depending on following equations: 

∆𝐺 =  −
𝑛𝑅𝑇𝐿𝑛𝑄𝑒

𝐶𝑒
                                 

∆G =  ∆H − T∆S 

 

  Table 4: The value of LnXm , T  for (ARS,AYR) dyes on SPR 

 

 

 

 

 

 

 

 

  

AYR ARS  

Ln Xm Xm (mg / g ) 

When Ce= 10 

(mg/L) 

Ln Xm 

 

Xm (mg/g) 

When Ce=100    

(mg/L) 

T(K

) 

3. 21 25 4.14   63 293 

3.46 32 4.78 120 303 

3.61 37 5.10 165 313 

4.12 62 5.28 198 323 
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                                              a                                                                              b                                                                 

Fig. 8:(a, b) Vant Hoff curves for adsorption of (ARS,AYR) dyes on the surface 

 

Table 5: The values of the thermodynamic functions of the dyes at (293 K) 

S (𝑱\𝒎𝒐𝒍𝒆.𝑲) ∆ G (𝑱\𝒎𝒐𝒍𝒆) ∆ H (𝑱\𝒎𝒐𝒍𝒆)∆  Dyes 

-3.77 1125.51 21.62 ARS 

7.67 -2232.09 16.38 AYR 

 

The positive value of (∆H,∆G) while (∆S) were negative values for (ARS) dye . The adsorbent 

molecules arranged on the surface 
[18]

.  

The negative value of (∆G) , while (∆H,∆S) they were positive for (AYR) dye . Prove that the 

adsorbed molecules were increasing randomly 
[19]

.  

3-  Effect of salt 

The adsorption was studied in different salt (0.02gm) to  (ARS,AYR) dyes as shown in 

figure (9).    
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                                           a                                                                                      b    

Fig. 9: (a,b) Effect of salt on Adsorption of (ARS,AYR) dyes on SRP at T = 298 K 

Increasing of adsorption with increase of salt is refer to that the SRP surface is 
[20]

.  

4- Adsorption Kinetic 

Kinetic studies for dyes (ARS,AYR), by used (Largergreen equation) : 

ln (q e – qt) = lnqe – kad              

where qe and qt : are the adsorption capacity at equilibrium and at time (t)   respectively (mg/L). 

 Ked : the rate constant of pseudo firs- order kinetic adsorption (min
-1

). 

The adsorption results that the adsorption kinetics followed pseudo first- order kinetics model , 

as shown in figure (10), table(6) shown value the rate constant of adsorption.        
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                                            a                                                                                 b                                                                                      

Fig.10: (a,b)The adsorption kinetics of the( ARS,AYR) dyes on the surface 

Table.6: value the rate constant of adsorption for dyes on the surface 

kad (min
-1

) Dyes 

0.1224 ARS  

0.0137 AYR 

 

And kinetic studies for dyes (ARS,AYR), by used second – order: 

𝑡

𝑞𝑡
 =

1

𝑘𝑎𝑑 2𝑞𝑒2
 + 

𝑡

𝑞𝑒
 

where qe and qt : are the adsorption capacity at equilibrium and time (t)  respectively (mg/L), 

Kad2: the rate constant of pseudo second- order kinetic adsorption (mg/L)
-1

.min
-1 

 

The adsorption results that the adsorption kinetics followed pseudo second- order kinetics model 

, as shown in figure (11), table(7) shown value the rate constant of adsorption.        
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                                              a                                                                                     b 

Fig.11: (a,b)The adsorption kinetics of the( ARS,AYR) dyes on the surface 

Table.7: value the rate constant of adsorption for dyes on the surface 

kad2(mg/L)
-1

.min
-1

 Dyes 

3.3879 ARS  

140.845 AYR 
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