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 الملخص

دساسخ ديُبييكيخ حشاسيخ نفحض انًبدح انًبصح انحيىيخ يٍ أشدبس انظُىثش وَشبسح انخشت 

(SD( وَشبسح انخشت انًكسىح ثأكسيذ انًغُيسيىو )MgO واندسيًبد انُبَىيخ )

(SD/MgO ، ( لإصانخ انظجغبد انكبريىَيخ )انًيثيم الأصسقMB ( والأَيىَيخ )انكىَغى

رى إخشاء  خلال هزِ انذساسخ)دفعبد( .  الايزضاص غيشانًسزًشح رمُيخ( في CRالأحًش 

. يزغيشاد يخزهفخ نزدبسة XDRو  SEMو  FTIRرىطيفبد نكم يبدح يبصح ثىاسطخ 

رىاصٌ انذفُعبد انزي رى رشكيههب يسجمبً نفحض انزمبسة نعًهيخ الايزضاص نكم طجغخ عهى كم 

ىاص انحشكيخ نززلاءو يع لبَىٌ انشرجخ يبدح يبصح. رسُزخذو َزبئح انجيبَبد في دساسخ انخ

الاَزشبس داخم  لبَىٌانضائفخ يٍ انذسخخ الأونى ولبَىٌ يعذل انشرجخ انثبَيخ انضائفخ و

كًُبرج يزسبويخ انحشاسح  Temkinو  Langmuirو  Freundlichاندسيًبد. رى رطجيك 

و  SDطح طجغبد انًًزضح عهى  س CRو  MBنىطف رمبسة الايزضاص. كشفذ انجيبَبد أٌ 

SD / MgO يع انزشريت انثبَي انضائف و  كبَذ يزطبثمخFreundlich رفبورذ ليى .KF 

 - 00.44( و )91.86-88.33ثيٍ ) SD/MgOو  SDعهى  CRو  MBلايزضاص الأطجبغ 

mlg( 814.96 - 41.10( و )619.8390.9( و )09.98
-1

ثيٍ  KL، ثيًُب اخزهفذ ليى  

mlg( 4.486-4.446( و )4.444-4.486و )( 4.443- 4.486( و )4.443-4.440)
-1

 

عُذ دسخبد انحشاسح انًخزهفخ عهى انزىاني. رى حسبة ليى انًعبيم انذيُبييكيخ انحشاسيخ 

(ΔG
o
  ،ΔH

o
  ،ΔS

o
ΔGدسخخ يئىيخ. انميى انسبنجخ نـ  8±  04،  84،  64( عُذ 

o
رعُي أٌ  

 ي انذسخبد انحشاسيخ انعبنيخ.و رهمبئيخ و يفضم ف عًهيبد الايزضاص نهب طجيعخ يبطخ نهحشاسح

Hوانزي أثجززهب انميًخ الإيدبثيخ نـ 
o

انزي رزحكى في الايزضاص انكيًيبئي عهى انشغى يٍ صيبدح ∆ 

دسخخ انحشاسح ، ثيًُب انعشىائيخ عهى سطح الايزضاص عهى سطح انًًزضاد ثسجت انميى 

ΔSانًىخجخ يٍ 
o

. 
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Abstract  
 

Thermodynamic study for investigation of the biosorbent from Pine 

trees, sawdust (SD) and sawdust veneered with magnesium oxide 

(MgO), (SD/MgO) Nanoparticles for removal of Cationic (Methyl 

blue, MB) and anionic (Congo Red CR) dyes in a batch process. 

Characterizations for each biosorbents were done by FTIR, SEM, and 

XDR. Various parameters for batch equilibrium experiments 

preformed to examine the affinities for adsorption process for each 

dyes on each adsorbents. The data results in the kinetics study are used 

to fit with the Pseudo-first order and Pseudo-second order rate law, 

and intra particle diffusion models. The Freundlich, Langmuir, and 

Temkin, were applied as isothermal models to describe the adsorption 

convergence. The Data revealed that MB and CR dyes adsorption onto 

SD and SD/MgO has a good agreement with pseudo-second order and 

Freundlich.  The KF values for MB and CR dyes adsorption onto SD 

and SD/MgO varied between [31.88-67.19, 44.05-46.63, 276.3-864.6, 

and 57.74-170.69]mlg
-1

, while KL values varied between [0.008-0.004, 

0.012 -0.008, 0.012-0.005, and 0.009-0.032]mlg
-1

 at the three 

temperatures respectively. The values of thermodynamic parameters 

(ΔG, ΔH, ΔS) were calculated at 25, 35, 45 ±1ºC. The negative values 

for ΔG means that the adsorption processes spontaneous and has 

endothermic nature which proved by the positive value of ∆H that 

control the chemisorption adsorption in spite of increasing 

temperature, while the randomness at the surface of the adsorabt on 

the adsorbent surface due to the positive of the ∆S.  

 

1. Introduction 

Non-biodegradable and polluting nature of the colorants materials and 

dyes constitute is an environmental hazard through its contamination 

to underground water as a final step 
(1, 2)

.The feature of the Azo dyes 

class which have variety in structural and color, they form aromatic 

amines as an eventually reduces linkage
(3)

. As the dyes binding to 

natural textile fibers, leather, paper, plastic, mineral oils relocate to 

environmental 
(4)

.   Methyl blue (MB) classified as basic or cationic 

dyes which are more toxic than anionic dyes
(5)

. MB cause eye burns 

for human and animals its hazardous description, it cause nausea and 

difficulty in breath on inhalation 
(6)

.The removing of MB has been 

important from the waste water. Congo red (CR) Classified as anionic 

secondary diazo dye, it contains azo (-N=N-) chromophore and an 
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acidic (-SO3H), or acidic diazo dye, it has a carcinogenicity cause 
(7&8)

, 

it resist biodegradation, it has been used in many industries 
(9)

.  

 

Chemical and physical methods can be used including adsorption 

which is one of the most significant for the removal of the days 
(10&11)

. 

Many technical processes have been applied for the removal of the 

dyes from waste water 
(12&13)

. The adsorption processes is effective 

key for determination and choosing the adsorbent which possess high 

capacity, low coast and cheap
 (14&15)

. The development of the 

adsorbents from waste material and cheap such as: peat
(16)

, Activated 

Carbon 
(17)

, Rise husk 
(18)

, Cotton waste 
(19)

, Clay 
(20)

, Sawdust 
 (21)

.  

 

In this work we use the sawdust as a waste material from Pine trees 

for the removal of MB and CR by batch process from aqueous 

solutions. The powerful of SD coated with magnesium oxide and 

forming nanoparticle of SD/MgO increases the active site for 

adsorption
 (22)

. The values of thermodynamic parameters such as Gibbs 

free energy (ΔG
o
), heat of adsorption (ΔH

o
), entropy change (ΔS

o
) and 

activation energy (Ea
o
) for adsorption also studied, which it affirm the 

nature of the process if its endothermic or exothermic 
(23)

. 
 

 

2. Materials and Experimental Methods 

 

2.1. Adsorbate 

 

Methylene blue MB [3,7-bis (dimethylamino)-phenthiazineium-5- 

chloride] is a basic cationic dye the structure shown in Figure1. a, its 

molecular formula: C16H18ClN3S. 3H2O, Molecular weight 327.22 g 

mol
-1

, and the analysis wavelength (λmax ) 664 nm. 

 

Congo red CR [ 1- Naphthalenesulfonic acid, 3,3’ – [(1,1’ – biphenyl) 

– 4,4’ –diylbis( 2,1 –dizenediyl)] bis [4-amino-,sodium salt (1:2)], is 

an acidic, anionic diazo dye, and aromatic water soluble dye, the 

structure shown in Figure1.b,its molecular formula: C32H22N6Na2O6S2, 

Molecular weight 696.66 g mol
-1

, analysis wavelength (λmax) 500 nm. 

 

 A stock solution for each dye alone were prepared (100mg/L) by 

dissolving required amount of dye in deionized water to obtain desired 

concentration ranging from 1 to100 mgL
-1

. The two are from (BDH 

chemicals Ltd pool England). The concentration of the dye in the 

experimental solution was determine from calibration curve prepared 

by measuring absorbance of different determined concentration   of 

MB  and CR alone at  using UV-vis Spectrophotometer (Model 
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CeCIL, Ce 3021, 3000 series) 
(24 &25)

. Figure 2. demonstrated the λmax 

value of (A) BM and (B) CR dyes. 

 

2.2. Adsorbent 

 

The adsorbent used in the present study was collected from selected 

local Pine tree, the sawdust as a waste material from Pine tree. These 

natural wastes washed and rinsed very well with tap water to remove 

the soil, dust and soluble material then air-dried at room temperature 

which was about 50
o
C for two weeks 

(26&27)
. The dried sample was 

grounded to a fine powder in a still mill. The resulted material was 

sieved with sieve set containing 30-250 µm mesh sieve, and storage it 

in an airtight plastic container and used for analysis as well as for 

adsorption experiments without any pre-treatment.   

The moisture content measurement done by, 2g of adsorbent dried in 

an oven at temperature 103
o
C and then the rest stored in the bottle to 

use. In adsorption experiment a certain amount of adsorbent was 

added to a certain amount of dye solution 
(28)

. The PH of solution 

powder for each type was measured by pH meter (EUTECH 

instrument CON 510, Conductivity, TDS meter) shown in Table 1. 

The powder for each type was analyzed by the Spectrum FTIR 

spectrometer to determined functional groups as shown in Figure 3. a. 

Figure 4. Shows the XRD diffractogram, the diffraction was done by 

scanning on (Philips PW3050 Cu radiation in Iran Republic) in range 

0-70 
o
 (2θ). Figure 5. Demonstrated the SEM micrographs for SD, the 

images captured by a Mira 3-XMU (TESCAN, in Iran Republic) 

2.2.1 Adsorbent by further modification.   

The SD/MgO adsorbent preparation and modification don by 10 g of 

grounded powder of SD treated with 0.3M Magnesium sulfate 

heptahydrate (MgSO4.7H2O) and then, till the precipitation appeared 

and completed adding  drowsily NaOH to the mixture under stirring at 

room temperature. Then washed with distilled water and filtered then 

dried in an oven at 90
o
C for 6h. The modified product is nanoparticles 

MgO veneered on the selected adsorbent prepared. The conversion of 

Magnesium hydroxide deposited and formed by the reaction to 

Magnesium oxide as a result of heating 
(29)

. Table 1. Shows the 

analyzes for moister which is zero, pH, CEC and TDS. While the 

Spectrum of FTIR spectrometer shown in Figure 3. a., Figure4. XRD 

diffractogram and Figure 5., SEM micrographs for SD/MgO.  
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2.3. Batch Adsorption Experiments 

 

2.3. 1. Optimization Conditions of Adsorption     

Batch adsorption of the each dyes MB and CR alone from aqueous 

solution was determined at temperature (25±1 C˚) employing optimum 

standard batch equilibrium method. The effect of the of initial dye 

concentration, contact time, solution temperature, and solution pH on 

the adsorption uptake the adsorption of MB and CR dyes each alone 

onto each SD and SD/MgO were studied alone. Adsorption isotherm 

was accomplished by putting 10 ml of dye with deferent initial 

concentration (10-150) mgl
-1

 in a set of 18 ml tube fitted with Teflon–

lined screw caps. Equal amount of adsorbent of 400mg of particle size 

(250µm) for SD, and 100mg of SD/MgO were added to the dye 

solutions 
(6&7)

. Each adsorbent samples were equilibrated with 

different MB and CR dye concentrations (10, 25, 50, 75, and 100 µg 

ml
-1

) for duplicate. Another two sets of this solid-solution mixture 

prepared once without dye used as blank, and the other without 

adsorbent used as control were and placed in shaker for 30, 60, 120, 

180, 240, 300 min. The solid-solution mixtures were centrifuged for 

30 min. at 3500 rpm. The pH of dye solution was adjusted to (6) by 

using 0.1N NaOH and 0.1 N HCl. The experiments sample solutions 

were withdrawn at intervals to determine the residual concentration by 

using UV-Vis spectrophotometer at 664 and 500 nm wavelengths for 

MB and CR respectively.  

 

To study the effect of temperature the same experiments done at 

temperature (25, 35, 45 ±1 C˚) employing a standard batch 

equilibrium method
(9)

. Different temperature were investigated on 

color dyes removal at (10, 25, 50, 75, and 100) µg ml
-1

 concentration 

of dyes MB and CR by SD and SD/MgO, dosage of 400 and 100 mg 

respectively. 

 

                                    (1) 

 

                                    (2) 

 

               (3) 

 

qe (mg g
-1

) represents the capacity of the equilibrium adsorption Co 

and Ce are initial and equilibrium dye concentration ( mg L
-1

), 

respectively. V is the volume of the solution (L) and W is the dry 

weight of the adsorbent (g). While the value of adsorption at time t qt 

W

V
CCq eoe )( 

100Re 0
0 x

C

CC
movalDye

o

eo

W

V
CCq tot )( 
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(mg g
-1

). In order to get values from the samples, the measuring from 

all of the samples was taken in triplicates and then the mean values 

were calculated and were used for further analysis. The equations 

above were used to determine the capacity of the equilibrium 

adsorption and removal %.  

 

2.3.2 Fourier Transform Infrared Spectra 

 

Fourier Transform Infrared Spectrophotometer FTIR was important to 

identify the functional groups that were responsible for adsorbing 

pollutant ions. The SD (10mg) was ground with 200mg KBr 

(spectroscopic grade) in a mortar pressed into 10mm diameter disks 

less than 10 tons of pressure and high vacuum for 10 min. The Fourier 

Transform Infrared Spectrophotometer FTIR spectra were obtained on 

a Shimadzu corporation kyoto Japan, model IR Affinity-1 

spectrometer.       

   

The FTIR spectra before adsorption and after sorption of MB and CR 

were used to determine the vibrational frequency changes in the 

functional groups present in the adsorbent. The spectra of adsorbents 

were measured within the range from 600-4000 cm
-1 

wave number. 

The spectra were plotted using the same scale on the transmittance 

axis for all the adsorbent before and after adsorption. Figure3. and 

Table 2. shows the tabulated data for FTIR spectra band assignments 

for samples. These spectral lines describe the various changes that 

observed through the adsorption process when some peaks were 

shifted or disappeared and the new peaks are also detected in the 

samples. The spectra display a number of absorption peaks, reflecting 

the complex nature of the adsorbent 
(30)

.    

 

3. Data analysis 

3.1. Adsorption Kinetics 

 

The possible mechanism that was suitable to explain the adsorption 

process is kinetic study which is related to the equilibrium time. Using 

pseudo-first order, and pseudo-second order using equation 4 and 5 

expressed as below; The rate constants for adsorption of each dyes on 

each adsorbents were calculated using the rate expression 
(31,32)

: 

 

                    (4) 

 

                                         (5) 

  

  t
k

qqq ete
303.2

loglog 1

eet q

t

qkq

t


2

2

1
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Where: K1, and K2 are the rate constant for pseudo-first order 

adsorption (min
-1

), pseudo-second order adsorption (g/mg min) 

respectively. The t is time (min). The data by linear plots as shown in 

(Table 3, 4, and 5), also Figures 10 and 11 for applying pseudo-second 

order  for adsorption of MB, and CR dye by using SD/MgO nano- 

biocomposite at different temperature.  

 

Intra-particle diffusion 
(33, 34)

 expressed in equation in (6), and the Kid 

is the rat constant (mg/ (g min 
½
).   

 

                                                  (6) 

 

Where kp is rate constant stands for the intra-particle diffusion (mg g
-

1
). C is the intercept (mg g

-1
) the boundary layer’s thickness, so the 

plots of qt versus t which describes as rate controlling step. The data 

demonstrated in Table 3, 4, and 5. 

 

3.2. Adsorption Isotherms 

 

The Frendlich model as expressed in the equation below which 

assumes that layer after layer of dyes molecules adsorb on the 

adsorbent surface. Adsorption isotherm parameters were calculated 

using the linearized form of Freundlich equation 
(35, 36)

:  

 

                                      (7) 

 

KF is Freundlich adsorption constant related to the capacity of 

adsorption (µg g
-1

), and n is the intensity of adsorption. The values of 

KF, n, and the regression equation showed (Table 6, 7, and 8).  

The Langmuir model as expressed in the equation below.  Data 

from the batch adsorption conform to Langmuir equation 
(37, &38)

: 

 

                                            (8) 

 

qo is the monolayer capacity of the adsorbent (mg g
-1

) and qe is 

the adsorption constant (mg ml
-1

). The results were summarized in 

(Table 6, 7, and 8), and Figures 12, and 13. 

 Equation 6 express the model of R Temkin
(39)

. The results were 

summarized in (Table 6, 7, and 8).  

qe = B ( ln A + ln Ce )                                       (9) 

 

eFe C
n

Kq ln
1

lnln 

eL

eLe
e

CK

CKq
q




1

Ctkq idt 
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The correlation coefficients R
2 

value and normalized standard 

deviation ∆ qe were the two important factor for concluding the 

pertinence and suitability of the isotherm equations. Figures 12, and 

13 for adsorption Isotherm models for Freundlich, Langmuir and 

Temkine for MB & CR on SD & SD/Mgo at different temperatures. 

 

3.3. Thermodynamic parameters 

 

The activation energy for the adsorption of selected dyes onto 

prepared adsorbents was evaluated using the following form of 

Arrhenius equation 
(40)

. 

 

                         (10) 

 

The equilibrium constant (Ko) was enabled us to calculate the 

thermodynamic parameters for physico-chemical equilibrium, the 

thermodynamic parameters associated with adsorption process were 

calculated from the variation of the thermodynamic equilibrium 

constant (Ko), Values of lnKo are  obtained  from the plot of ln (Cs/Ce ) 

vs. Cs, the lnKo was obtained at Cs = 0. Values of lnKo were in the 

range 1.238 - 16.17 KJmol
-1

. The activation for the adsorption and the 

Arrhenius factor were calculated from the plot of the ln ko Vs 1/T. The 

thermodynamic parameters were evaluated using the following 

mathematical relationship. The standard free energy change values of 

constant Ko, can be expressed in terms of the standard Gibbs or free 

energy for adsorption (∆G)
 (41)

. The results were summarized in table 

9. 

 

                                                (11) 

 

The standard enthalpy change of adsorption (∆H
o
), and standard 

entropy change (∆S
o
) were determined graphically from the following 

equation
(41)

: 

 

                                          (12) 
 

 Plotting –LnKo against 1/T, a straight line is expected the ∆H
o
 and 

∆S
o
 of were determined from the slope and intercept as shown in 

Fig14. The results were summarized in table 9. 

 

 

 

o

o RTLnKG 

RT

H

R

S
LnK

oo

o







RT

E
ALnK a

o  ln
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4. Results and Discussion 

 

4.1. Characterization of SD and SD/MgO 

 

The adsorption capacity of SD depends on porosity and reactivity of 

functional groups at the surface. The FTIR spectrum in figure- 3 - 

shows that OH and NH stretching is between 3100 – 3500 cm
-1

 , C-H 

aromatic is between 3000 – 3100 cm
-1

  ,  and C-H aliphatic is between 

2800 – 3000 cm
-1

. The spectrum shows a broad band near 3410.15 cm
-

1
 which indicates the presence of hydroxyl groups on the SD surface 

(42&43)
. The stretching was attributed to the absorbance water on the 

surface of SD. The peak at 2926.01cm
-1

 is due to C–H starching of 

CH2 groups. The stretching frequencies of the aromatic C=C and 

aromatic C–H groups give rise to peaks at 3011 -2854cm
-1

 

respectively. The bands near 1658.78 cm
-1

 indicates fingerprint region 

of C=O, C-O and O-H groups that exist as functional of SD 
(44)

. The 

peaks at 1510.26 cm
-1

 is assigned to a conjugated hydrogen bonded 

carboxyl group. The peak at 1371.39 cm
-1

 indicates the presence of C–

H aliphatic bending. The peak at 1373.32 cm
-1 

indicates the presence 

of C-N from amine. The two peaks at 1161.15 cm
-1 

(S=O) and 1058.92 

cm
-1

 (S–OH) was characteristic of SO2 stretching. These results agree 

with the surface chemistries of other agricultural by – products
(45)

. 

  

The O-H Group which appears as (phenols, carboxylic acids, and 

alcohols) as it’s in cellulose as pectin and lignin in the region 3381.21 

cm
-1

 
(46)

. The aliphatic C-H asymmetric stretching presence’s in the 

region 2900.94 cm
-1

 . The C=O stretching vibration of carboxylic acid 

appears in 1730.15 cm
-1

 .The aromatic C=C stretching of lignin 

presence’s in the region 1510.26 cm
-1

. The C-O stretching vibration 

for carboxylic acids appears in 1269.16 cm
-1

, while the C-H binding 

vibration appears in 896.90 cm
-1

. Changes occur on spectrum after 

MB adsorption the intensity of the peaks decreased and shifted due to 

the interaction between them. The presence of some functional groups 

in SD/MgO nanoparticles as biosorbents which have a great roil in 

MB adsorption such as O-H, C=O, and C-O, and some new as N-H 

aromatic and S=O stretching
 (47)

.    

 

The -COOH the intensities for the bands in the region 1600 cm
-1

 and 

1731 cm
-1

. The OH-group presence’s in the region 3100 cm
-1

 and 

3400 cm
-1

. The C=O stretching vibration of carboxylic acid appears in 

1730.15 cm
-1

 .The aromatic C=C stretching of lignin presence’s in the 

region 1602.37 cm
-1

. The C-O stretching vibration for carboxylic acids 

appears in1269.16 cm
-1

, while the -CH2 binding vibration appears in 
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1263.56 cm
-1

. The -CH vibration appears in 2928.33 cm
-1

 The C-N 

stretching with amine 1263.56 cm
-1

 , aromatic and S=O stretching
(48)

 .  

   

The amorphously X-ray diffraction (XRD) analysis for each SD and 

SD/MgO nanoparticles as biosorbent, the peaks emerge at 2θ =38
o
 

peak. The full width at half maximum (FWHM) which apply the 

Debye-Schherre formula, while the expected size about 5.2 nm, Figure 

4. expose it 
(49)

. 

 

Scanning Electron Microscopy (FE-SEM), distinct the surface images 

for SD, and SD/MgO nanoparticles as biosorbents. Figure 5. reveals 

that high surface area are available from both adsorbents which would 

be able to adsorb more component 
(50)

.      

 

4.2. Effect of the other Factor’s. 

 

The effect of contact time on the removal of MB and CR by SD and 

SD/MgO at (10, 25, 50,and 75 µg 100 ml
-1

) initial dye concentration  

with a SD dosage of 400 mg, and 100mg SD and SD/MgO 

respectively as shown in Figure 6. The removal of dye initially 

increases with time intervals as the amount of dye adsorbed. Indicated 

that adsorption is mostly dependent on the initial concentration of 

dyes.  

 

The amount of adsorbent dosage affected on the dye removal. Various 

dosage (10 – 600) mg for each adsorbent used at dye concentration 

(10, 25, 50, and 75) µgml
-1

 were shown in Figure 7. As the dosage 

increased the removal of dye increased, as the more sit increased, the 

color changes prove this.  

 

The pH solution change in the range of the (3-11) which effect on the 

adsorption of 100 µg ml
-1

 concentration of dyes (MB and CR) by SD 

and SD/MgO dosage of 400 and 100 mg respectively. The result 

presented in Figure 8. Increasing the pH meant increasing the 

appearance of negatively charged group on the adsorbent surface sites 

which been available for basic dyes adsorption. Figure 9, 

demonstrated the effect of concentration of dyes at 25
o
C for (a) MB on 

SD and SD/MgO for MB, (b) CR on SD and SD/MgO. 

 

The values of rate constant for the adsorption of MB and CR shown in 

Tables 3,4, and 5 on each SD and SD/MgO using three models first, 

second order rat law and power function equations; the values were in 

the range from 0.022 to 0.026 min
-1

 and 0.020 to 0.022 min
-1

 0.023 to 
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0.029 min
-1

 0.016 to 0.029 min
-1

 for MB and CR on SD and SD/MgO 

respectively  for pseudo first order equations rat different temperature, 

while the value of regression factor R
2
 from 0.714 to 0.999. For 

applying pseudo second order equations the data ranging from 0.002 

to 0.004, 0.003 to 0.004, 0.001 to 0.011, and 0.001 to 0.008g μg 
-1

min
-

1
 for MB and CR on SD and SD/MgO respectively, while the value of 

regression factor R
2
 from 0.824 to 0.999. The value of Kid (mg/ (g min 

½
) for Intra particle diffusion equation were from to; 0.088 to 0.761, 

0.121to 1.088, 0.053 to 0.318, 0.045 to 398 for MB and CR on SD and 

SD/MgO respectively, while the value of regression factor R
2
 from 

0.716 to 0.999. The MB and CR exhibited the highe rate of 

accumulation with 59.1, 59.7, 75.3, 73.5 % adsorption on the SD and 

SD/MgO respectively after 60 min.  

  

The effective isotherm models were: Freundlich adsorption describes 

for MB and CR on SD and SD/MgO as shown in Figures 12 and 13, 

values of KF were varied from 31.9 – 67.19, 44.05-  46.62, 276.3- 

864.6 , 57.74- 170.7 mlg
-1 

respectively. The values of n all n>1 the 

variable slopes of the adsorption isotherm obtained for different 

systems studied reveal that the adsorption is complex phenomena 

involving different types of adsorption sites with different surface 

energies
(36)

, while the value of regression factor R
2
 from 0.873 to 

0.999. The standard error S.E. values for MB, and CR on SD, and 

SD/MgO between 0.881– 0.999, 0.835-0.989, 0.139– 0.997, and 

0.107-0.993 respectively. The regression equations relating that the 

highest values are the most fitted model, our results agreed with 

research 
(13)

. 

 

Langmuir adsorption model describes isotherm for MB and CR on SD 

and SD/MgO as shown in Figures 12 and 13, with regression factor R
2 

ranged between 0.996- 0.749,  0.749-0.829 , 0.945-0.889, 0.856-0.837 

respectively, while the values of KL ranged from 0.008- 0.004, 0.012-

0.007, 0.012-0.005, 0.009-0.032 mlg
-1

 respectively. The maximum 

amount of for MB and CR on SD and SD/MgO adsorption (Cm) 

ranged from 2500 to 10000 mg g
-1

 the high Cm values on the examined 

could be explained by the high affinity 
(38)

. The standard error S.E. 

values for MB, and CR on SD and SD/MgO between 0.201–0.140, 

0.207-0.164, 0.133-0.198 and 0.140-0.969 respectively. The 

regression equations relating that the highest values are the most fitted 

model, our results agreed with research 
(13)

. 

 

Temkin adsorption model describes isotherm for MB and CR on SD 

and SD/MgO as shown in Figures 12 and 13, with regression factor R
2 



Journal of Kufa for Chemical Science Vol(2).No(8) ……………..….May 2022 

203  

ranged between 0.963- 0.927,  0.908-0.939 , 0.949-0.928, 0.890-0.934 

respectively, and the values of α ranged from 6.964-28.33, 8.63-33.86, 

34.29-138, 33.21-36.61lg
-1

 respectively. The Value of β for MB and 

CR on SD and SD/MgO adsorption ranged between 516–499, 485-

473, 2518-2644 and 2669-2524 Jmg
-1

 respectively
 
, concluding that 

the two value α and β were the relation appropriate with the isotherm 

equations 
(39)

. 

 

Data in Table 9 shows the effect of temperature on the adsorption dyes 

removal for MB and CR by SD and SD/MgO. The rate of diffusion of 

adsorbate molecules through adsorbent pores and, the boundary layer 

increased by increasing the temperature. Free energy change ∆G, 

standard entropy change ∆S and standard enthalpy change ∆H for 

adsorption of MB and CR on the SD and SD/MgO at three 

temperatures where obtained from the plot of 1/T vs lnk (Figure 14. ).  

The adsorption is chemisorption due to ∆G value is between (0 to -20) 

KJ/mole
(51)

 physisorption and (- 80 to – 400) its chemisorption. The 

negative value of ∆G
 
and decreased with the rise in temperature, 

indicating that at all experimental temperatures; the interactions were 

spontaneous. The ∆G
  
 values were in the range -14.794 to -21.222, -

14.853 to -19.618, -22.536 to -27.194, and -21.322 to 27.145 KJmol
-1

.  

The adsorption processes has endothermic nature which proved by the 

positive value of ∆H that control the chemisorption adsorption in spite 

of increasing temperature. The values of enthalpy change ∆H followed 

the range 28.104  to 76.576 KJmol
-1

. The randomness at the surface of 

the adsorabt on the adsorbent surface due to the positive of the ∆S, the 

values of entropy change ∆S followed the range 0.175-0.306 Jmol
-1

 k
-

1
. The values of Ea for MB and CR dyes adsorption onto SD and 

SD/MgO(79.06,54.36, 30.75 and 50.46) kJ/mol respectively. The 

values of R
2
 were in the range 0.823 to 0.927.  

 

5. Conclusion 

 

The biosorbents SD and SD/MgO coated with nanoparticles used for 

the removal of MB and CR from water solution. Kinetics experiments 

from batch process were used to investigate the behavior of each dye 

on each adsorbent. The adsorption of dyes increased with contact 

time, temperature and adsorbent dose. Optimization of pH of the 

adsorbent was found to be around 7. The correlation factor R
2 

for 

Freundlich adsorption isotherm indicated that at high temperature 

chemisorption adsorption of CR and MB dyes on each biosorbents, 

while the adsorption was physisorption at low temperature. 

Adsorption experiments were conducted at 25, 35, and 45
o
C to study 
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the thermodynamic parameter, associated with the adsorption of the 

studied each dyes on the each biosorbents. The MB dye molecules 

diffuse faster than CR molecules resulting in better removal of MB.  
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-a-                                                         -b- 

Figure1. Chemical structure of -a- MB. –b- CR. 

 

  
Figure2. The λmax value of (a) MB (b) CR. 
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Table1. The physico-chemical properties of each adsorbent that used. 

no Types of adsorbent Moister content % pH CEC µS TDS mg/L 

1 SD/MgO - 8.9 1238.48 515.13 

2 Sawdust 10.2 5.26 216.48 100.13 

 

 

-a- 

 

 

-b- 
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Figure3. FTIR Spectrum of (a) SD before adsorption (b) SD/MgO 

before adsorption. 

 

 

a-b  

Figure4.  XRD diffractogram of (a) SD (b) SD/MgO. 

 

 

a-b-  
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-c-d-  

 

e-f- 

Figure5. SEM micrographs for a-SD, b-SD/MgO before adsorption,-c-

SD–MB,-d-SD/MgO-MB, -e-SD–CR, and, -f- SD/MgO-CR after 

adsorption. 

 

 

Table2. FTIR spectra band before and after adsorption process. 

Assignment Band Position in cm 
-1

 

SD SD/MgO 

Before 

adsor 

After adsor 

MB 

After adsor 

CR 

Before 

adsor 

After adso r 

MB 

After adsor 

CR 

O-H Stre. 3410.15 3392.79 3429.43 3699.43 3404.36 3429.43 

C-H Stre. 

alkyl  group 

2926.01 2889.37 ----------- 2900.94 2885.51 2368.59 
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C══O Stre 

.of anhydride 

1658.78 1647.21 1637.56 1730.15 1600.92 1653.00 

C══C aromatic 

ring 

1510.26 1508.33 1508.33 1510.26 1508.33 1508.33 

C-O  Stre 1267.23 1271.09 ---------- 1269 1269.12 1273.02 

C-N Stre. 

alifatic 1
O

 amine 

1371.39 1373.32 ------------- 1373.32 1384.89 --------- 

C-X Stre. 

carbon 

halogen  group 

669.30 599.86 507.28 557.43 669.30 447.49 

 

 

 

  

a-b 

  

c-d 

Figure6. Effect of Agitation Time at 25
o
C for (a) SD (b) SD/MgO for 

MB, and (c) SD (d) SD/MgO For CR. 
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a-b 

Figure7. Effect of adsorbent dosage at 25
o
C for (a) MB on SD and 

SD/MgO (b) CR onSD and SD/MgO. 

 

  

a-b 

Figure8. Effect of pH at 25
o
C for (a) MB and CR on SD (b)  MB and CR 

on SD/MgO. 

  

a-b 

Figure9. Effect of concentration of dyes at 25
o
C for (a) MB on SD and 

SD/MgO for MB, (b) CR on SD and SD/MgO.  
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Table3. Pseudo first and second order rate constants and intra particle 

diffusion for adsorption of MB & CR on SD & SD/Mgo at 298K.                                                       

A
d

so
rb

en
t 

a
d

so
rb

a
te 

C
o
n

c. 

Pseudo first 

order rate 

Pseudo second 

order rate 

Intra particle 

diffusion 

K1 

(min
-

1
) 

R
2
 

K2 (g μg 
-1

min
-1

) 
R

2
 

Kid 

 (mg/ (g 

min 
½
) 

R
2
 

S
D

 

M

B 

 

 

 

10 0.022 0.970 0.008 0.999 0.088 0.941 

25 0.024 0.984 0.003 0.999 0.246 0.971 

50 0.023 0.993 0.005 0.998 0.547 0.969 

75 0.025 0.946 0.002 0.998 0.777 0.900 

100 0.026 0.939 0.006 0.999 1.017 0.876 

C

R 

 

 

 

10 0.020 0.979 0.013 0.999 0.121 0.971 

25 0.021 0.830 0.004 0.998 0.267 0.975 

50 0.020 0.915 0.027 0.997 0.646 0.935 

75 0.014 0.993 0.003 0.999 0.843 0.976 

100 0.019 0.961 0.005 0.999 1.246 0.920 

S
D

/M
g

O
 

M

B 

 

 

 

10 0.023 0.955 0.005 0.999 0.053 0.943 

25 0.023 0.818 0.002 0.998 0.169 0.949 

50 0.023 0.956 0.001 0.999 0.320 0.983 

75 0.023 0.963 0.001 0.999 0.509 0.979 

100 0.024 0.977 0.001 0.999 0.725 0.969 

C

R 

 

 

 

10 0.016 0.950 0.006 0.999 0.045 0.939 

25 0.018 0.930 0.002 0.999 0.167 0.918 

50 0.017 0.849 0.001 0.999 0.222 0.871 

75 0.020 0.943 0.001 0.999 0.548 0.925 

100 0.020 0.996 0.001 0.999 0.901 0.955 
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Table4. Pseudo first and second order rate constants and intra 

particle diffusion for adsorption of MB & CR on SD & SD/Mgo at 

308K. 

A
d

so
rb

en
t 

a
d

so
rb

a
t 

C
o
n

c. 

Pseudo first 

order rate 

Pseudo 

second order 

rate 

Intra particle 

diffusion 

K1 

(min
-

1
) 

R
2
 

K2 (g 

μg 
-

1
min

-1
) 

R
2
 

Kid 

 (mg/ (g 

min 
½
) 

R
2
 

S
D

 

M

B 

 

 

 

10 0.025 0.987 0.006 0.999 0.088 0.890 

25 0.025 0.968 0.002 0.999 0.193 0.940 

50 0.027 0.863 0.001 0.998 0.474 0.960 

75 0.026 0.999 0.001 0.999 0.725 0.970 

100 0.025 0.947 0.001 0.999 0.977 0.979 

C

R 

 

 

 

10 0.015 0.923 0.006 0.998 0.097 0.878 

25 0.018 0.817 0.002 0.997 0.243 0.974 

50 0.021 0.943 0.002 0.999 0.584 0.993 

75 0.022 0.969 0.002 0.999 0.913 0.991 

100 0.020 0.948 0.001 0.999 1.090 0.959 

S
D

/M
g

O
 

M

B 

 

 

 

10 0.021 0.961 0.007 0.999 0.039 0.948 

25 0.028 0.946 0.002 0.999 0.092 0.824 

50 0.021 0.888 0.001 0.999 0.198 0.880 

75 0.024 0.9842 0.001 0.999 0.340 0.987 

100 0.026 0.927 0.001 0.999 0.418 0.843 

C

R 

 

 

 

10 0.014 0.962 0.008 0.999 0.028 0.957 

25 0.017 0.980 0.003 0.999 0.116 0.975 

50 0.018 0.916 0.002 0.999 0.275 0.980 

75 0.016 0.855 0.001 0.999 0.324 0.890 

100 0.021 0.897 0.001 0.999 0.557 0.899 
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Table 5:Pseudo first and second order rate constants and intra 

particle diffusion for adsorption of MB & CR on SD & SD/Mgo at 

318K. 

A
d

so
rb

en
t 

a
d

so
rb

a
t 

C
o
n

c. 

Pseudo first 

order rate 

Pseudo 

second order 

rate 

Intra particle 

diffusion 

K1 

(min
-1

) 
R

2
 

K2 (g 

μg 
-

1
min

-

1
) 

R
2
 

Kid 

(mg/ (g 

min 
½
)) 

R
2
 

S
D

 

M

B 

 

 

 

10 0.024 0.972 0.004 0.999 0.071 0.978 

25 0.026 0.941 0.002 0.999 0.170 0.910 

50 0.024 0.95 0.001 0.999 0.395 0.992 

75 0.024 0.987 0.001 0.998 0.612 0.988 

100 0.026 0.957 0.001 0.997 0.761 0.925 

C

R 

 

 

 

10 0.019 0.958 0.004 0.999 0.098 0.952 

25 0.022 0.666 0.002 0.999 0.209 0.908 

50 0.018 0.834 0.001 0.999 0.275 0.822 

75 0.017 0.934 0.001 0.999 0.541 0.908 

100 0.022 0.981 0.001 0.999 1.088 0.946 

S
D

/M
g

O
 

M

B 

 

 

 

10 0.015 0.714 0.011 0.999 0.013 0.763 

25 0.017 0.957 0.004 0.999 0.062 0.971 

50 0.023 0.823 0.002 0.999 0.106 0.716 

75 0.021 0.940 0.001 0.999 0.106 0.885 

100 0.029 0.935 0.001 0.999 0.318 0.716 

C

R 

 

 

 

10 0.029 0.754 0.008 0.999 0.035 0.792 

25 0.020 0.869 0.003 0.999 0.092 0.990 

50 0.019 0.851 0.002 0.999 0.184 0.987 

75 0.016 0.941 0.001 0.999 0.241 0.962 

100 0.018 0.942 0.001 0.999 0.398 0.985 
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a-b-MB 

  

c-d-MB 

  

e-f-MB 

Figure10. Pseudo second order rate constants for adsorption of 

MB on SD & SD/Mgo for concentration (♦ 10, ■ 25, ▲ 50,   x75, * 

100) ppm, a-b at 298K, c-d at 308K and e-f at 318K. 
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a-b-CR 

 

  

c-d-CR 

 

  

e-f-CR 

Figure11. Pseudo second order rate constants for adsorption of 

CR on SD & SD/Mgo for concentration (♦ 10, ■ 25, ▲ 50,   x75, * 

100) ppm , a-b at 298K, c-d at 308K and e-f at 318K, a-b at 298K, 

c-d at 308K and e-f at 318K. 
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Table6. Adsorption Isotherm parameters for the models 

Freundlich, Langmuir and Temkine for MB and CR at 298.15 K. 

A
d

so
rp

t

io
n

 

M
o

d
els 

P
a

ra
m

e

ter 

SD SD/MgO 

MB CR MB CR 

 

F
reu

n
d

lich
 

KF(mL/g) 31.88 44.05 276.3 57.74 

S.E 0.812 0.816 0.127 0.0935 

nF 1.119 1.256 1.145 1.119 

R
2
 0.999 0.892 0.873 0.944 

 

L
a

n
g

m
u

i

r. co
ffi. 

KL (ml/g) 0.008 0.012 0.012 0.009 

S.E 0.201 0.207 0.133 0.14 

Cm(μg/g) 2500 2500 5000 5000 

R
2
 0.983 0.749 0.945 0.856 

 

 T
em

k
in

.co
f

fi. α (A) 

(l/g) 
6.964 8.63 34.294 36.61 

β (B) 

(J/mg) 
441.02 2031 2172 36.61 

R
2
 0.963 0.908 0.949 0.890 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Kufa for Chemical Science Vol(2).No(8) ……………..….May 2022 

220  

Table7. Adsorption Isotherm parameters for the models 

Freundlich, Langmuir and Temkine for MB and CR at 308.15 K. 

A
d

so
rp

tio

n
 M

o
d

els 

P
a

ra
m

ete

r 

SD SD/MgO 

MB CR MB CR 

 

F
reu

n
d

lich
 

KF(mL/g) 51.333 46.98 427.6 99.13 

S.E 0.881 0.0835 0.139 0.107 

nF 1.201 1.251 1.105 1.119 

R
2
 0.999 0.950 0.994 0.993 

  

L
a

n
g

m
u

ir.  

co
ffi. 

KL (ml/g) 0.073 0.007 0.010 0.0090 

S.E 0.175 0.182 0.198 0.969 

Cm(μg/g) 5000 5000 10000 10000 

R
2
 0.996 0.829 0.889 0.837 

 

T
em

k
in

. 

co
ffi. 

α (A) (l/g) 9.033 13.18 47.909 33.21 

β (B) (J/mg) 498.58 472.84 2644.4 2524 

R
2
 0.963 0.956 0.950 0.928 
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Table8. Adsorption Isotherm parameters for the models 

Freundlich, Langmuir and Temkine for MB and CR at 318.15 K. 

 A
d

so
rp

tio

n
                 

M
o

d
els 

  P
a

ra
m

eter 

SD SD/MgO 

MB CR MB CR 

     F
reu

n
d

lich
 

KF(mL/g) 67.19 46.63 864.6 170.69 

S.E 0.948 0.090 0.152 0.118 

nF 1.195 1.115 1.272 2.232 

R
2
 0.999 0.989 0.997 0.993 

 L
a

n
g

m
u

ir. 

co
ffi. 

KL (ml/g) 0.004 0.008 0.005 0.032 

S.E 0.14 0.164 0.16 0.688 

Cm(μg/g) 10000 5000 5000 5000 

R
2
 0.906 0.723 0.940 0.884 

 T
em

k
in

. 

co
ffi. 

α (A) (l/g) 28.332 33.86 138.1 36.11 

β (B) 

(J/mg) 
516.3 484.67 2518 2669 

R
2
 0.927 0.939 0.928 0.934 

 

  

                                                             a-b - MB 
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c-d -MB 

  

e-f - MB 

Figure12.  Adsorption Isotherm models for Freundlich, Langmuir 

and Temkine for MB at 298, 308 and 318 K of MB & CR on SD & 

SD/Mgo. 

 

 

  

a-b-CR 
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c-d-CR 

 

  

e-f-CR 

Figure13.  Adsorption Isotherm models for Freundlich, Langmuir 

and Temkine for CR at 298, 308 and 318 K of MB & CR on SD & 

SD/Mgo. 
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Table9. Free energy change, standard entropy change and 

standard enthalpy change for adsorption of MB and CR  on the 

SD and SD/MgO at three temperatures.  

T
em

p
 

(K
) 

Paramet

er 

 

 

SD SD/MgO 

MB CR MB CR 

  2
8
9

K
 

Ko 433 443.3 14371 8583 

∆G
 

(kJ/mol -14794 -14853 -22536 -21322 

3
0
9

K
 

Ko 716 637 26012 26035 

∆G
 

(kJ/mol -16841 -16543 -26046 -26048 

3
1
8

K
 

Ko 3050 1664 29166 28618 

∆G
 

(kJ/mol -21222 -19618 -27194 -27145 

∆H
 
(kJ/mol) 76.576 51.883 28.104 47.902 

∆S (kJ/mol. K) 0.306 0.224 0.175 0.237 

Ea (kJ/mol) 79.06 54.36 30.75 50.46 

R
2
 0.917 0.927 0.880 0.823 

 

 

  

Figure13. Variation of ln Ko with 1/T for adsorption of MB and 

CR on SD and SD/MgO.  

 

 


