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Abstract  

     Magnetized iron oxide nanoparticles (NPs) were prepared using Eucalyptus leaf 

extract and then coated with CTAB (Cetrimonium bromide) to increase efficiency. 

The prepared and modified (NPs) were characterized using AFM, FTIR, and X-ray 

techniques. The adsorption of the dye reactive blue RB 238 on coated (NPs) was 

investigated. The effect of various experimental factors, such as the initial 

concentration of the dye, the amount of adsorbent, pH and temperature on the 

removal of RB238 was studied. The best conditions for dye removal were found to 

be 298 K in an acidic medium of pH = 3 and an appropriate dose of the adsorbent of 

0.15 g per 25 mg/L to achieve the best color removal of 90% within 60 minutes. The 

pseudo-second-order reaction model gave results more suitable for experimental 

facts than the pseudo-first-order reaction model.  
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باستخدام الستريمونيوم برومايد لازا لة لون الصبغة التوليف الاخضر لاوكسيد الحديد النانوي وتعديله 
الفعالةالزرقاء ا  
 

أطياف خالد الدهان، بان عبد الوهاب جاسم  ،*حسن فاضل الربيعي  
 دائرة البيئة والمياه ، وزارة العلوم والتكنولوجيا ، بغداد ، العراق

 
 الخلاصة 
الكالبتوز ثم تم  ورق تم تحضير الجسيمات النانوية لاوكسيد الحديد الممغنط باستخدام مستخلص           

مجهر مثل تدعيمها بواسطة الستريمونيوم برومايد لزيادة الكفاءة. تم توصيف الدقائق النانوية باستخدام تقنيات 
لتحقيق في امتزاز الصبغة الزرقاء ا تم .، مطيافية الاشعة تحت الحمراء وحيود الاشعة السينيةالقوة الذرية

على الدقائق النانوية . تمت دراسة تاثير العوامل التجريبية المختلفة مثل التركيز الاولي للصبغة  238الفعالة 
ووسط  k 298. أن افضل الظروف لازالة الصبغة هي زات ودرجة الحموضة ودرجة الحرارةوكمية الممت

ملغم /  25غم لكل  0.15، اما الجرعة المناسبة من المادة الممتزة هي 3يساوي باس هيدروجيني حامضي 
. أعطى نموذج تفاعل من الدرجة الثانية الكاذب نتائج دقيقة 60% خلال 90ل ازالة بنسبة لتر لتحقيق افض

 اكثر ملائمة للحقائق التجريبية من نموذج تفاعل الكاذب من الدرجة الاولى.
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 1. Introduction 

         Wastewater treatment has always been a major concern of environmental advocates. [1]. 

Dye pollutants are the main cause of pollution. Reactive dyes are widely used in the textile 

industry as basic materials due to the ability of the active groups in their composition to bind 

to textile fibers using covalent bonds [2]. There is a large loss of non-fixable dyes in the 

wastewater because the stabilization efficiency of reactive dyes ranges between 60 and 90% 

in the dyeing process, and it’s believed there will be high loads of organic pollutants. This 

will obviously increase the value of the chemical demand for oxygen, the decrease in the 

biological decomposition, and the high salt level [3]. The dye reactive blue 238 (RB238) is 

used as a coloring agent for textiles and leather. The presence of residues of this dye in 

wastewater causes cancerous tumors, respiratory problems, and allergies. This dye is highly 

soluble in water, so it can be difficult to remove with common chemicals [4]. Recently, 

nanomaterials have attracted the great interest of researchers because of their distinctive 

properties. They have been used in various scientific fields, including biomedical, 

environmental sciences, and engineering [5]. One of the effective nanomaterials is the porous 

metal oxides that are used for wastewater treatment. This is due to the advantage of these 

solids in the presence of sufficient active surface sites in addition to their high surface area 

[6]. Cementing magnetic nanoparticles is a major challenge and a key to various applications 

that can be accomplished through the physical or chemical adsorption of organic compounds 

[7]. Numerous reports and research have been published on the use of buffer nanoparticles 

and dye separation. This includes the decomposition of RR15 dye by kaolinite supported zero 

valent iron [8], the removal of orange II by the carbon-modified TiO2 [9], and the use of 

magnetic ZnFe2O4 spinal ferrite nanoparticles in the decomposition of dye solutions acid red 

88 [10]. Also, the adsorption of azo dye acid orange 7 in zero valent iron activated with 

potassium persulphate, acid dye adsorption on bentonite modified by acetyl trimethyl 

ammonium bromide [11], and the development of (NPs) activated carbon for the removal of 

(Cr, Cu, and Cd) from aqueous solutions [12]. The following investigation presents a simple, 

fast, more economical and efficient method for removing RB238 using magnetized iron oxide 

coated with CTAB. It is an environmentally friendly method as it does not leave residues that 

are difficult to dispose of. 

 

2. Materials and methods 

Materials 

      Reactive blue (RB238) was obtained from [Ciba unique chemical compounds]and has 

been used without additional purification. Cetrimonium bromide (C19H42BrN, CTAB) was 

obtained from Chuchardt (Germany). NaOH and H2SO4 have been used to modify the pH, 

which was purchased from Appli Chem (GmbH). FeCl3 was obtained from Fluka. Eucalyptus 

leaves from the gardens of the Ministry of Science and Technology. All solutions were 

prepared using distilled water. 

 

Preparation of NPs using Eucalyptus leaf extracts and supported by CTAB 

      Iron oxide nanoparticles (Fe3O4-NPs) were prepared via the chemical precipitation 

method [13]. First, eucalyptus leaves are collected and washed well before being heated at 80 

°C for 30 minutes. The ratio of the leaf weight to the distilled water volume was 100 gm/L. 

The extract was then separated by filtration and left in a cool place (the pH of the extract was 

4). Second, to prepare NPs (20 mL) of the extract, they were slowly added to an aqueous 

solution of FeCl3 (0.01 M) at a ratio of 1:2, with stirring at room temperature for 3 minutes. 

The color of the yellow aqueous solution changed to greenish-black, which indicates the 

deposition of NPs. The nanoparticles were filtrated and washed several times with distilled 

water. The pH of the resulting solution after washing was changed to 11, where 500 mL was 
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prepared in a suspension with a concentration of 10 mg/L and saved for use in the next step. 

Third, CTAB solution (50 mL, 0.1 gm/10 mL) was added to the solution in step 2, with 

continuous stirring for 30 minutes. Finally, the desired nanoparticles were filtrated and dried 

at 50 °C for one hour. 

 

Batch experiments 

     Adsorption of RB238 on a modified CTAB is turned into a batch gadget. RB238 solution 

(100 mL, 25-75 mg/L) in a conical flask. The aggregate was shaken using a thermostatically 

controlled shaker right away. The shaker velocity was fixed at one hundred fifty rpm. The 

samples were taken (10 mL) at precise time periods (5, 10, 15, 20, 30, 45 and 60 minutes). 

The dye solution was removed by the adsorbent, and evaluated for the coloration elimination 

efficiencies at λmax = 610 nm using ultraviolet and visible spectroscopy (Japan; Optima Model 

SP-3000; UV/VIS) geared with a quartz cell of 1.0 cm path duration. 

Techniques used to determine the properties of adsorbents 

Atomic Force Microscopy (AFM) measures the contact force between the tip and surface by 

the method of detection using a laser and position-sensitive photodiode detector (NT-MDT-

Ntegra-Russian Federation). A Fourier transformed infrared spectrophotometer (FT-IR 

Prestige-21 Shimadzu) was used in the range of 4000-500 cm
-1

 with KBr pellets. The X-ray 

diffraction (XRD) patterns of the sample were measured by Shimadzu Corporation Lab-X 

(XRD-6000) and recorded in the range of 3-80 degrees with a speed of 5.0 deg min
-1 

and a 

preset time of 0.6 second.                                                                                  

 

3. Results and discussion 

Analysis and calculation 

    The degradation efficiency of RB238 was studied using the following relationship:     

Decolorization efficiency  

% = [(C0  - Ct) / C0]  × 100  %                              (1) 

 

     Where C0 (mg.L
-1

) is the initial dye concentration, and Ct (mg.L
-1

) is the concentration of 

dye at the reaction time t (min.). The amount of dye (RB238) adsorbed per unit mass of 

adsorbent qt (mg.g
-1

) can be expressed as follows: 

  

qt  =  (C0 - Ct ) V / W                                  (2) 

 

         Where W (g) is the mass of the adsorbent and V (L) is the volume of the solution under 

investigation. To match the experimental data gathered during the dye breakdown, two types 

of reaction kinetics, the first and the second pseudo have been used to study the kinetics of the 

RB238 dye decolorization reaction. The pseudo-first-order model is given by equation 3 [14]. 

log (qe  - qt) = log qe - k1* t / 2.303                         (3) 

  

      Where qt (mg.g
-1

) is the adsorption ability at time t, qe (mg.g
-1

) is the potential at 

equilibrium, and k1 (min
-1

) represents the rate constant of the pseudo-first order version. The 

pseudo-second order reaction is given by equation 4 as follows [15]. 

t /qt  = 1/ k2 qe 
2
  +  t /qe                                       (4) 

 

     Where k2 (Lmg
-1

. min
-1

) is the rate constant of the pseudo-second order model. 

Adsorbent characterize  

       FT-IR spectroscopy was used to collect accurate spectroscopic data about the general 

composition of the NPs (Figure 1) after CTAB coating. The peak at 571 cm
-1

 belongs to the 

Fe-O vibration of the NPs. The two peaks at 2924 and 2859 cm
-1

 are attributed to the 
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vibrations of the C-H bond of CTAB [12]. The absorption at 2376 cm
-1

,
 
may be due to the 

unsaturated group C=N of the plant leaf extract. The absorptions of 3433 and 1634 cm
-1

 for 

O-H stretching and bending vibrations, respectively, were due to the surface of the OH group 

of the CTAB loaded nanoparticles [16]. 
 

 
Figure 1: FT-IR spectrum of Fe3O4 coating CTAB 

 

       AFM images 2a, 2b and 2c showed a change in the size of nanoparticles after being 

coated with CTAB. In Figure 2a, the pure NPs have a size of about 55 nm, while in Figure 2b, 

the size is about 40 nm after being coated with CTAB. Additionally, there is a significant 

improvement in the number of nanoparticles that have a size smaller than 40 nm. There is a 

good impression from FT-IR spectra that the surface of the nanoparticles is well coated. 

 

 

 

 

 

 

 

 

 

a                                            b                                      c 

Figure 2: AFM photomicrograph of Fe3O4 NPs: (a) Line graph of pure NPs (b) Line graph of 

NPs coating by CTAB (c) 3D topography of NPs coating by CTAB 

 

 
                                             Figure 3: XRD of Fe3O4 (NPs) 
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      Figure 2c is a three-dimensional image of the nanoparticles after being coated. As shown 

in Figure 3, X-ray diffraction was used to examine the crystal phase of Fe3O4 nanoparticles.  

 

Effect of different factors on the decolorization efficiency of RB238 

Effluence of adsorbent dosage 

     Figure 4 shows the effect of changing the NPs modified dose on the decolorization 

efficiency of the dye solution. It was found that the efficiency of removal of the color 

increases with the increase of the nanoparticles coated dose, but it is not necessary to use a 

dose greater than 150 mg because the decolorization efficiency was not greatly affected. 

When the dose of NPs-coated is 150 mg, the efficiency of color removal reaches 90%. Thus, 

this amount of modified NPs has been used for the next experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Effect of the adsorbent dosage on decolorization efficiency (temperature = 298 K, 

pH = 3, rpm = 150, contact time = 60 min, and RB238 concentration = 25 mg.L
-1

). 

 

Effluence of pH 

     The pH values of 3, 6 and 9 were chosen to investigate the effect of pH on the adsorption 

capacity of CTAB coated nanoparticles. Figure 5 shows the decomposition efficiencies of 82, 

53 and 51% at pH values of 3, 6, and 9, respectively, at a contact time of 45 minutes. It is 

likely that the lower removal efficiency with increasing pH is due to the effect of pH on the 

surface charge of the adsorbent and the degree of ionization of the adsorbents [17].  

 

 
Figure 5: Effect of initial pH on decolorization efficiency (temperature = 298 K, adsorbent 

dosage = 0.15 g    rpm = 150, and RB238 concentration = 25 mg.L
-1

). 
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       As long as there is a change in the efficiency of decolorization in the acid and base media, 
this means there are two different mechanisms in the adsorption process, because both the 

adsorbent and the adsorbed substances have an ionic structure. On the other hand, the 

decrease in the removal percentage in the alkaline medium is due to the similarity of the 

negative surface of the coated nanoparticles with the negative charge of the dye, which caused 

the repulsion of the two surfaces, decreased adsorption, and decreased decomposition 

efficiency. 

 

Effect of primary dye concentration 

      The preliminary concentration of dyes is a good parameter for sensitive inspiration. 

Therefore, it is vital to have a look at the effect of primary dye concentration, and the effects 

are shown in Figure 6. This figure indicates elevated color elimination performance with a 

decreased concentration of dye RB238. As the concentration of dye lowered from 75 to 25 

mg.L
-1

, the decolorization performance of the dye grew from 6 to 43% within 10 minutes of 

the adsorption process. The degradation performance of the dye was reduced as the 

preliminary concentration was increased. This brings about a settlement with a proposed 

positioned range of susceptible sites. Competitive adsorption might interact with the 

adsorption and degradation of contaminants on the surface of particles and further reduce the 

reaction velocity [18]. 

 

 
Figure 6: Effect of the variations of initial dye concentration on the decolorization efficiency 

(pH = 3.0, temperature = 298 K, adsorbent dosage = 0.15 g and rpm =150) 
 

Effect of temperature 

       The effect of temperature on the adsorption process is an important parameter that should 

be studied. Figure 7 shows that 298 K is the best temperature to perform adsorption 

experiments for RB238 because it has got the highest percentage of color removal (90% in 60 

minutes). There is no change in the efficiency of the degradation of the dye despite the 

increase in temperature to 308 k and 60 minutes of contact with the adsorbent. This type of 

adsorption could be exothermic [19,20]. 
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Figure 7: Influence of variations temperature on the decolorization efficiency (pH = 3.0, 

adsorbent dosage = 0.15 g, rpm = 150 and Rb238 concentration= 25 mg.L
-1

) 
 
Study of adsorption kinetics  

      Two kinetic models, pseudo-first and pseudo-second orders, have been used to fit the 

experimental data points obtained from the decolorization processes. An assessment of the 

consequences with a precise line is plotted in Figures 8 and 9, and the kinetic parameters are 

summarized in Table 1. The R
2
 correlation coefficients of the pseudo-first order version are 

lower than the ones of the pseudo-second order model. The calculated (qe) (the adsorption 

potential at equilibrium) appeared to be near the empirical values. This indicates that the 

pseudo-second order model version yields a higher match to the empirical data than the 

pseudo-first order model. Comparable outcomes were pronounced for the adsorption fees of 

AGYG, AB93, ATBA, and AB25 on B-A-CTAB [21]. 

 

 
 

(a)                                                        (b)                                                    (c) 

Figure 8 : Pseudo-first order kinetics plots of the adsorption of RB238 on Fe3O4 - CTAB at: 

(a) different pH values (b) diverse RB238 preliminary concentrations (c) various 

temperatures. 
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(a)                                                           (b)                                                 (c) 

Figure 9 - Pseudo-second order kinetics plots of the adsorption of RB238 on Fe3O4 - CTAB 

at: (a) different pH values (b) diverse RB238 preliminary concentrations (c) various 

temperatures. 

 

Table 1: The kinetic parameters of the reactive blue 238 on Fe3O4 (NPs) 

T (k) Co 

(mg.L
-1

) 

qe exp 

(mg.g
-1

) 

Pseudo-first order model Pseudo-second order model 

q1e 

(mg.g
-1

) 

k1 

min
-1

 

R
2
 q2e 

(mg.g-1) 

k2 

(g.mg
-1

.min
-1

) 

R
2
 

298 25 14.989 12.876 0.0454 0.8977 15.898 0.007 0.9252 

308 - 10.048 16.872 0.1296 0.6922 10.163 0.021 0.9776 

323 - 10.006 7.893 0.0315 0.9175 10.288 0.01 0.9351 

298 50 17.762 11.65 0.0379 0.9550 17.857 0.01 0.9684 

- 75 10.275 5.417 0.0126 0.9463 8.932 0.027 0.9522 
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