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Abstract 
Silica fume (SF) was modified with quinoline derivatives and used for the removal of Pb(II) from aqueous 
solution. SF and its phases were characterized by FT-IR and X-ray analysis. The effects of pH value, shaking 
time and amount of adsorbent were investigated. 8-hydroxy quinoline has the highest percentage of extraction 
and the maximum adsorption capacity which leading to choose it as the best one for removal of Pb(II).  
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I. INTRODUCTION: 
As a result of the success of the quinoline compounds to form stable complexes with metal ions and 

their complexes are sparingly soluble in water; this led to the possibility of their use as organic modifier on 
material surface to extract and removal of some toxic metal ions. Quinoline itself has few applications, but many 
of its derivatives i.e. 8-hydroxy quinoline (8HQ) and 2-hydroxy quinoline (2HQ) are useful in diverse 
applications. In fact, the nature of solid support whether organic [1, 2] or inorganic [3, 4] can control the 
stability, durability and mechanical properties. To increase its selectivity and loading capacity, it is needed to 
modification of its surface. In this context, silica fume (SF) could be modified with organic functional groups to 
obtain a new SF-based material capable of chelating heavy metal ions. The selectivity of these materials mainly 
depends on the structure of the immobilized organic compound and the positioning of the functional groups 
along the surface of the SF support [5]. Quinoline compounds are one of such suitable organic modifiers. It was 
pointed out that 8HQ was the best quinoline derivatives when use as modifier on SF surface, as it has 
applications for complexation of some of heavy metal ions [6, 7], and the nitrogen atom of heterocyclic ring and 
adjacent phenolic –OH group suitable for chelation with heavy metal ions [8].  

Silica fume (SF), which is generated during silicon metal production from a blast furnace and 
historically considered as a waste product, is chosen as ideal solid supports for some reasons including: it is non-
toxic and cheap. It has specific high surface area [9]. Also, this sub-micrometer particles with smooth surface is 
great negatively charged which is useful for binding with positively charged metal ion. Furthermore, silica or 
silica fume surface has been shown to strongly bind metal ion via surface complexation [10, 11]. In spite of all 
these advantages, there is no studies have been reported on using SF as SP-extractor for the determination of 
heavy metal ions and there are little papers used silica fumes after modification for these purposes [9, 12]. 

 The solid phase extraction (SPE) method has emerged as a powerful tool for enrichment/separation of 
metal ions because of its various advantages over other methods, such as higher preconcentration factor, lesser 
waste generation, lower matrix effect, use of less toxic solvents, saving of time and cost, easiness of 
regenerability of a solid phase, and thereby more reusability. It can be used better than other methods such as 
liquid–liquid extraction (LLE) for preconcentration, separation and determination of metal ions such as         
lead [13–16]. Lead as a metal has been used for thousands of years due to its simple and ease of extraction and 
handling with, however it is a toxic metal and generally identified as an element of high toxicity due to 
environmental accumulation and high mobility [17, 18]. Lead as a poisonous metal can cause severe health 
problems for humans. It can attack almost all organs and systems in the human body with the main targets for 
lead toxicity are the nervous system, especially in young children as well as blood and brain disorders [19]. Its 
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poisoning is commonly a result of food or water contaminated with lead ingestion or may be caused by 
accidental ingestion of contaminated soil, dust, or lead based paint [20]. Water is one of the main sources of lead 
contamination for the general public.  Even though the lead quantity in these samples is low, its presenting in the 
daily diet may have significant physiological effects [21]. The determination of lead ions at trace levels in water 
samples requires the use of highly sensitive and reliable analytical techniques [22]. This is what led to the use of 
SPE method direct determination and separation of lead from aqueous solutions. Various SP-extractors have 
been used for the separation and extraction of lead ions as its chelates, graphene [13], alumina-coated magnetite 
nanoparticles [15], multiwalled carbon nanotubes /poly(2-amino thiophenol) nanocomposites [16], SiO2-
nanoparticles [10, 11], silica-supported bis(diazoimine) ligand [27] and functionalized resin [28]. 

In the present work, a new simple SPE technique based on modification of SF with quinoline 
derivatives, and the influence of effective variables for selective extraction and separation of Pb(II) ions from 
real water samples has been optimized.  
 

II. Experimental 
2.1. Materials and Methods 

Silica fume (SF) was provided from the Ferrosilicon Company, Edfo, Egypt. Doubly distilled water 
(DDW) was used throughout all experiments. A stock solution of 0.1 M lead acetate was prepared by dissolving 
the appropriate amount of each salt in DDW. 0.01M of sodium salt of ethylene diamine tetra acetic acid solution 
was prepared by dissolving the appropriate amount of salt in DDW. A quinoline derivatives: 8-hydroxy 
quinoline (8HQ) and 2-hydroxy quinoline (2HQ) were analytical grade Merck. ACS reagent grade concentrated 
HCl and sodium hydroxide were obtained from Aldrich and used for justifying the pH values.  

 
2.2. Apparatus 

Solid phase extraction studies were carried out using batch equilibrium method. The pH measurements 
were made with Accumet model 825 pH meter (Germany). Microwave oven Sharp REM20 (Korea) emitting 
2.450 MHz microwave frequency using in modification of SF. The infrared spectra of SF and its modified 
phases before and after modification were obtained using FT-IR model 410 JASCO (Japan). JEOL X-ray 
diffractometer model JSX-60 PA. The analysis was run with Cu Kα radiation, Ni filtered (λ = 1.54184 Ao) at 35 
Kv and 15 mA, under a normal scanning speed of 2o/1 minute, within the range of 2Ɵ = 4o–100o. Wrist Action 
mechanical shaker model 75 (manufactured by Burrell Corporation Pittsburgh. PA. U.S.A.). All measurements 
were performed at room temperature (25 ± 1oC).  
 
2.3. Modification of SF with quinoline derivatives using microwave technique 

SF consists of very fine amorphous silica particles was first washed thoroughly with DDW and well 
dried before use. Then, equal weight ratio of SF and each quinoline compounds was irradiated at power 20.0 W 
for 5.0 min in a glass watch using a microwave oven. The products, SF loaded with 8HQ (SF-8HQ) and SF 
loaded with 2HQ (SF-2HQ) were then washed with DDW to remove the residues and excess of quinolines and 
left to dry for use [12]. 

 
2.4. Batch adsorption experiments 

The percentage extraction of Pb(II) using SF and its new modified phases: SF-8HQ and SF-2HQ were 
determined in triplicate under static conditions by the batch equilibrium technique. 50.0 mg of each of the 
phases was added to a 0.5 mL of 0.1M of the Pb(II); the total volume was completed to 50.0 ml by DDW at pH 
range 2.0 – 6.0 in 100 mL measuring flask.  For the pH adjustment, solutions of 1.0 M HCl and 1.0 M NaOH 
were used. This mixture was mechanically shaken for 30 min with all previous phases at room temperature to 
attain equilibrium. The phases were separated by filtration and washed with DDW; the unretained metal ion in 
the filtrate was determined by complexometric EDTA titration [12].   
 
 

III. Result and discussion 
3.1. Characterization of the adsorbent 
3.1.1. FT-IR 

The infrared spectral analysis has been carried out to understand the chemical bonding and it provides 
useful information regarding the molecular structure of the compound and describes the change that has 
occurred as a result of the modification process. The main bands in IR spectrum of silica fume (Fig. 1.a) could 
be seen as follows: the strong band centered at 1105 cm−1 was attributed to asymmetric stretching frequency of 
ʋ(Si–O–Si), the band centered at 799 cm−1 was due to symmetric stretching of ʋ(Si–O–Si), the band at 475 cm−1 
was due to the bending frequency of ʋ(O–Si–O) and a broad and strong overlapped band at around 3436 cm−1 
was due to ʋ(O–H) stretch [27]. Fig. 1.c, shows what happened after modification of SF with 8HQ, where the 
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band of SF which attributed to O–H stretch decreased in length and shifted to 3435 cm−1 and in 8HQ the band 
between 3590 and 3400 cm−1 which is due to hydroxyl group vibrations of the system which possess intra 
molecular hydrogen bonding [28]. Accordingly, in 8HQ the ʋ (–OH) absorption band is found at 3443 cm−1 in 
the measured FT-IR spectrum also decreased in length and the two bands in 8HQ molecule: 1579 and 1507 cm−1 
which due to ʋ(C–O) stretching mode and ʋ(C=C) stretching, respectively decreased in length. The band of ʋ(C–
O) stretching in 8HQ was found at 1279 cm−1 decreased in length and appeared adjacent to the ʋ(Si–O–Si), 
while the strong band centered at 1105 cm−1 in SF which attributed to asymmetric stretching frequency of ʋ(Si–
O–Si) appeared with higher intensity. The bands at the range of 900-675 cm–1 due to ʋ(C–H) "oop" bending 
disappeared and replace by the band at 475 cm−1 that due to the bending frequency of ʋ(O–Si–O).  

 Finally, (Fig. 1.e) the spectrum of SF-2HQ, the bands at 3448 and 3253 cm−1 due to hydroxyl group 
not changed. The bands at 3000 and 2825 cm−1 due to ʋ(O–H) stretching and asym. C(sp2)–H stretching 
decreased in length. 

 
 

 
 

 
 

 
 
 
 
 
 

   
 
 
 
 
  
 
 
 

 
 

Figure 1: FT-IR spectra of SF, quinoline compounds and modified phases:(a) SF, (b) 8HQ, (c) SF-8HQ, (d) 2HQ and        
(e) SF-2HQ. 

 
3.1.2. X-ray 

The X-ray diffraction pattern of SF shows a broad hump in the range 15-25 2Ɵ. This indicates that SF 
is amorphous silica [29] that illustrated in (Fig. 2.a). From the X-ray diffraction spectra, it was cleared that after 
modification of SF with quinoline derivatives the intensity of the bands increased. But in the case of SF-8HQ 
(Fig. 2.b.), it has increasing in the number of the band and their intensity even after adsorption of Pb(II) than the 
other phases.  

 
 
 

 
 
 
 
 
 
 
 
 

 
 

Figure 2: X-ray diffraction spectra of (a) SF, (b) SF-8HQ and (c) SF-2HQ  
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3.2. Extraction study in batch method 
3.2.1. Effect of pH on metal extraction 

Due to retain metal ions on a solid phase materials as metal ion-chelates, the pH of the aqueous 
solution is an important parameter. Therefore, experiments were carried out in this section to follow-up the 
possible contribution of reaction medium pH values on the determined metal adsorption capacity and extraction 
values. According to this, the effect of pH was investigated in the pH ranges of 2.0-6.0 with the model solution, 
keeping other parameters constant. The extraction values for Pb(II) are shown in (Fig. 3) which illustrated that 
the efficiency of SF-8HQ towards lead removal was higher than SF and the other phases in the same range of 
pH. The maximum lead adsorption capacity was found in the case of SF-8HQ.  

On the other hand, in the case of SF-2HQ, at low pHs (2.0 and 3.0) the extraction of Pb(II) and the 
adsorption capacity values, few lead can be adsorbed. With increasing pH up to 6.0, the extraction of Pb(II) is 
also increased but not in the same percentage of SF-8HQ.  

 
 
 
 

 
 

 
 
 
 
 

 
 
 
 

 
 

Figure 3: Effect of pH on Pb(II) extraction using SF-8HQ and SF-2HQ. 
 
 

3.2.2. Effect of contact time and amount of adsorbent 
Also, shaking time is an important factor in the process of evaluation of the sorbent, so batch 

adsorption experiment was conducted in order to determine the effect of contact time on the removal of Pb(II). It 
was carried out at different contact times 5.0 to 60.0 min using mechanical shaker with a fixed sorbent mass    
(50 mg), Pb(II) concentration (0.05 mmol) at a pH of (5.0) and 50.0 mL contact solution. As shown in (Fig. 4), 
for SF-8HQ first five minutes of shaking time is necessary for the maximum adsorption of Pb(II).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Effect of contact time on Pb(II) extraction using SF-8HQ and SF-2HQ. 
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As for the amount of adsorbent, (keeping all the other experimental variables, viz., pH (5.0) initial 
concentration (0.05 mmol), and contact time (30 min) were constant). (Fig. 5), presents the adsorbent weight 
profile versus Pb(II) adsorbed per unit mass. It may be observed that on increasing the adsorbent weight, the 
percentage extraction of Pb(II) increased until reached to constant value.  

From previous results it is clear that, the highest percentage of extraction with SF-8HQ which is 
attributed to the nature of 8HQ because it well known chelating reagent.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Effect of amount of adsorbent on Pb(II) extraction using SF-8HQ and SF-2HQ. 
 

 
3.3. Conclusion 

A new selective solid phase extractor (SF-8HQ) was obtained for extraction and removal of lead ions 
from aqueous solution with high percentage of extraction. This adsorbent was characterized by FT-IR and X-ray 
analysis. 
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