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Hematite was successfully synthesized from iron lathe waste using guava leaf extract as a 

reducing agent. To enhance adsorption capacity, hematite was composited with gelatin, a 

polymer containing amide and carboxylate functional groups. The hematite-gelatin 

composite was employed as an adsorbent for Pb solutions. This study investigated the 

material's structure and the adsorbent's performance, including the composite's optimum 

dosage and contact time. Characterization techniques included XRD, FTIR, SEM-EDX, and 

AAS analyses. XRD analysis revealed that the hematite-gelatin composite exhibited a high 

degree of crystallinity. FTIR analysis of the guava leaf extract spectrum identified phenolic 

vibrational absorption with strong intensity at 3447 cm-1 (O-H stretching) and a weak C-H 

vibrational bond at 2928 cm-1. An ester group (C=O) at 1726 cm-¹ indicated the presence of 

tannin compounds. For the hematite-gelatin composite, a C-O absorption band was observed 

at 1075 cm-1, along with Fe-O absorption bands at 430 and 519 cm-1. The SEM results show 

that the gelatin-hematite composite has a hollow and layered surface. The EDX analysis 

results show that the material contains C, N, O, Pb, and Fe, which indicates that gelatin has 

interacted with Pb when it becomes a composite and has absorbed Pb at a level of 1.4% after 

adsorption. Performance evaluation of the hematite-gelatin composite demonstrated high 

adsorption efficiency for Pb solutions. The adsorbent exhibited a high adsorption capacity 

of 800 mg/g with an optimal adsorbent dosage of 15 ppm and an optimal contact time of 70 

minutes. The adsorption kinetics of the hematite-gelatin composite followed a pseudo-first-

order adsorption model. 

INTRODUCTION 

Lead (Pb) is a toxic heavy metal that poses 

serious health risks when it accumulates in the body, 

potentially causing functional disorders, 

abnormalities, or diseases [1]. Additionally, lead 

contamination adversely impacts water and soil 

environments. Due to its persistence and strong 

adsorption properties, lead is challenging to degrade 

and, in excessive concentrations, poses severe 

threats to ecosystems. Consequently, the treatment 

and management of wastewater are essential to 

minimize these risks. Adsorption is a widely 

recognized and effective method for addressing 

heavy metal pollution [2][3]. This process can 

significantly reduce heavy metal concentrations in 

wastewater, mitigating environmental pollution 

risks. Among the various adsorbent materials 

available, hematite has demonstrated considerable 

potential as an effective medium for removing lead 

from aqueous systems [4][5]. 

Iron lathe waste is a byproduct of the metal- 

turning process and contains not only Fe but also 

various heavy metals, including Cu, in significant 

concentrations [6]. Proper waste management is 

essential to reduce both its toxicity and volume. 

One approach to handling iron lathe waste is 

synthesizing it into hematite [7]. Previous studies 

have focused on synthesizing various of iron 

oxides, such as hematite, maghemite, magnetite, 

and goethite, achieving high-purity products. 

Transforming lathe waste into functional materials 

enhances its economic value and mitigates the risk 

of environmental pollution. The synthesis of 

hematite can be facilitated using plant extracts as 

reducing agents [8][9]. 

Using plant extracts as reducing agents 

offers an alternative that reduces the reliance on 

chemicals, produces environmentally friendly, 

non-toxic materials, and facilitates the formation of 

nanoparticles [10][11]. Among various plant 

extracts, guava leaf extract has been identified as a 
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particularly effective reducing agent [12][13]. 

Research conducted by Biswal et al. [13] 

demonstrated that guava leaf extract can support the 

synthesis of hematite nanoparticles. This extract is 

abundant in tannins and flavonoids, which chelate 

iron ions to form complexes that subsequently 

precipitate [12]. Furthermore, Sornapudi & 

Srivastava [14] reported that guava leaf extract 

contains 150% more tannins than other common 

sources, such as moringa, apple, lemon, and vitex, 

underscoring its superior potential as a natural 

reducing agent [13]. 

Applying guava leaf extract in hematite 

synthesis presents several notable advantages, such 

as producing high-purity hematite in nanoparticle 

form [15]. As nanoparticles, hematite offers an 

increased surface area, thereby improving its 

performance as an adsorbent. Furthermore, hematite 

exhibits desirable characteristics, including 

selectivity, high adsorption capacity, and ease of 

separation due to its magnetic properties, facilitating 

efficient reuse [3]. Despite these advantages, using 

hematite as an adsorbent has certain limitations. Its 

surface stability is relatively low, as the adsorption 

process primarily relies on weak Van der Waals 

interactions. Additionally, hematite's low 

hydrophobicity hinders its dispersion in aqueous 

solutions. These challenges highlight the need for 

modifications to enhance its selectivity and 

effectiveness in binding metal ions in water [16]. 

A. Saad et al. [3] demonstrated that the 

chitosan-hematite composite forms an aggregated 

structure with a rough surface. This nanocomposite 

effectively reduces Pb and Cd concentrations, 

achieving a Pb adsorption capacity of 129.8 mg/g, 

although its capacity for Cu is relatively lower at 

63.2 mg/g. This reduced efficiency is likely 

attributed to particle aggregation, leading to uneven 

surface ion adsorption. To overcome this limitation, 

chitosan can be substituted with gelatin. Research by 

Ulfa et al. [17] revealed that the gelatin-hematite 

composite exhibits a uniform hexagonal plate 

morphology with evenly distributed particles across 

the adsorbent surface. This structural uniformity 

enhances adsorption efficiency and improves the 

overall adsorption capacity. 

Gelatin is a high-molecular-weight 

polypeptide that is water-soluble, non-toxic, 

biodegradable, and naturally sourced from animal 

derivatives such as skin, bones, and fish [18]. Its 

polymorphic molecular structure contains functional 

groups, including amino (–NH2), hydroxyl (–OH), 

and carboxyl (–COOH), which contribute to its 

effectiveness as an adsorbent. NH2 groups within the 

gelatin matrix allow it to adsorb metal ions in 

aqueous solutions through ion exchange facilitated 

by coordination bonds [3]. As a result, hematite 

composited with gelatin demonstrates high efficacy 

in adsorbing heavy metals from wastewater. 

This study aims to synthesize gelatin-

hematite composites from iron lathe waste, 

utilizing guava leaf extract as a reducing agent, to 

produce highly efficient nanoparticles in adsorbing 

metal ions. The resulting composite is expected to 

be environmentally friendly as a sustainable 

material that reduces environmental pollution. 

Additionally, this research seeks to address and 

repurpose waste materials effectively. 

EXPERIMENT 

Material  

The materials utilized in this study included 

iron lathe waste, distilled or demineralized water, 

Pb(NO3)2 (p.a., Merck), HNO3 (p.a., Merck), guava 

leaves, and gelatin (CDH). 

Instrumentation 

Instrumentation used in this research 

included X-Ray Diffraction (XRD) Philips 

Pt414241, Fourier Transform InfraRed (FTIR) 600 

Series Agilent Technologies, Atomic Absorption 

Spectroscopy AAS 

Procedure 

Preparation of Precursors 

A 50 g sample of separated iron lathe waste 

was placed into a 500 mL beaker, and 10 mL of 7 

M HNO3 was added. The mixture was left to stand 

at room temperature for 24 hours, after which it was 

filtered through filter paper to remove any 

impurities. The filtrate was then heated on a hot 

plate and stirred with a magnetic stirrer until a 

slurry formed.  

Preparation of Guava Leaf Extract 

The extraction of guava leaves using the 

infusion method consists of several stages. First, 

the freshly harvested guava leaves are thoroughly 

washed with running water and rinsed with distilled 

water. After air-drying, the leaves are ground into a 

fine powder. A portion of 40 g of ground leaves are 

weighed using an analytical balance, and each 

quantity is placed into separate 250 mL beakers. 

100 mL of distilled water is added to each beaker, 
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and the mixtures are stirred. The beakers are then 

placed in a water bath and heated at 80 °C for 30 

minutes. After heating, the mixtures can settle, and 

the resulting solution is filtered through filter paper. 

The filtrate obtained is then used as a reducing agent. 

Synthesis of Hematite-gelatin composite 

Ten gs of precursor were added to 100 mL of 

distilled water, and 100 mL of guava leaf extract was 

added gradually, with continuous stirring using a 

magnetic stirrer. The mixture was then heated to 

90°C for 1 hour while maintaining a stirring speed of 

850 rpm, after which it was allowed to cool at room 

temperature for 24 hours. The resulting precipitate 

was decanted and washed with distilled water, 

filtered through a Buchner funnel, and air-dried at 

room temperature. The synthesized sample was 

subsequently calcined at 750 °C for 3 hours. In a 

separate procedure, 1 g of gelatin was dissolved in 

100 mL of 1% acetic acid under stirring and then 

mixed with 5 g of hematite. This mixture was stirred 

until uniform and sonicated for 15 minutes [3]. 

Batch Adsorption  

An adsorption experiment was conducted by 

introducing 10 mg of the gelatin–hematite composite 

into 50 mL of a 500 ppm PbCl2 solution. The 

suspension was stirred at a constant speed of 200 

rpm for 30 minutes to facilitate interaction between 

the adsorbent and Pb²⁺ ions. Upon completion of the 

contact time, the mixture was filtered, and the 

resulting filtrate was acidified using nitric acid 

(HNO3). The residual lead concentration in the 

solution was then quantified using atomic absorption 

spectroscopy (AAS). To investigate the influence of 

adsorbent dosage on Pb²⁺ removal efficiency, the 

procedure was repeated with varying amounts of the 

gelatin–hematite composite: 5 mg, 15 mg, 20 mg, 

and 25 mg. 

To evaluate the effect of contact time, the 

optimum dose of the adsorbent was mixed with 50 

mL of a 500 ppm PbCl2 solution. The mixture was 

agitated at 200 rpm for 10, 30, 50, 70, and 90 

minutes. After each duration, a sample of the filtrate 

was acidified with HNO3, and its absorbance was 

measured using an atomic absorption spectrometer 

(AAS). 

Adsorption Analysis 

Determination of removal Pb represented by 

(Equation 1-2) [19]:  

% Removal = 
𝐶𝑜−𝐶𝑒

𝐶𝑜
 x 100%             (1) 

qe = 
(𝐶𝑜−𝐶𝑒) 𝑉

𝑊
               (2) 

Reaction Kinetics Study 

The kinetics of the reaction were evaluated 

by applying pseudo-zero-order, pseudo-first-order, 

and pseudo-second-order models, as described by 

the following (Equations 3-6) [19]: 

𝐶𝑒

𝑞𝑒
 = 

1

𝑞𝑜.𝑏
 + 

𝐶𝑒

𝑞𝑜
                (3) 

ln qe = ln Kf + 
1

𝑛
 ln Ce                          (4) 

ln (qe – qt) = ln qe – k1 t                          (5) 

                                        (6) 

 

Where qe is absorption capacity (mg/g), Co is 

initial concentration (mg/L), and Ce is equilibrium 

concentration (mg/L). 

Reusable of gelatin-hematite composite for Pb  

To evaluate the reusability of gelatin-

hematite composite, 10 ppm PbCl2 solution was 

interacted with the adsorbent at the best dosage and 

adsorption was carried out with the optimum time. 

The desorption process was carried out by adding 

10 mL of 0.01 M Na2EDTA solution, followed by 

continuous stirring for 60 minutes. The adsorption-

desorption cycle was repeated four times to assess 

the stability and regeneration ability of the 

composite material. 

RESULT AND DISCUSSION 

Characterization of Composite 

The diffractogram of the synthesized 

hematite displays peaks that align with the standard 

hematite patterns (JCPDS database no. 33-0664), 

indicating a very high degree of crystallinity. 

However, after the synthesis with gelatin, a 

noticeable change was observed: the peak intensity 

decreased, and the peaks became somewhat 

broader, suggesting a reduction in crystallinity. 

This alteration can be attributed to the interaction 

with gelatin, which has semicrystalline 

characteristics [20]. As a result (Figure 1), the 

change in hematite's crystallinity was insignificant. 

Furthermore, the relatively small amount of gelatin 

used in the composite likely contributed to the 
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minimal changes observed in the crystallinity and 

the diffractogram pattern of hematite. 

 

 

Figure 1. Diffractogram patterns of hematite and 

hematite-gelatin composite products. 

 

The formation of hematite proceeds through a 

series of steps, beginning with the chelation of Fe3+ 

ions by tannin molecules to form a iron–tannin 

complex. Within this complex, Fe3+ ions are 

subsequently reduced to Fe0, facilitating the 

generation of iron oxide nanoparticles. These 

nanoparticles then undergo phase transformation 

into hematite during the calcination process (Figure 

3). The transformation of hematite is confirmed by 

data from FTIR (Figure 2). 

 

 

Figure 2. FTIR spectrum of guava leave extract and 

composite. 

 

The spectrum of guava leaf extract shows a 

strong phenolic vibration absorption at 3447 cm-1, 

corresponding to O-H stretching. A weak C-H 

vibration bond is observed at 2928 cm-1. The 

presence of an ester group (C=O) at 1726 cm-1 

indicates the existence of tannin compounds. In the 

gelatin-hematite composites, a C-O absorption is 

observed at 1075 cm-1, while Fe-O group 

absorptions are detected at 430 cm-1 and 519 cm-1. 

 

 

                           

 

 

Figure 3. Mechanism of forming hematite [21] with 

modification. 
 

 

Figure 4. The Morphology of gelatin-hematite 

composite after Pb adsoprtion. 

Based on the SEM results (Figure 4), the 

gelatin-hematite composite exhibits hollow and 

layered morphology after adsorption. The presence 

of cavities within the composite facilitates the 

adsorption of Pb, leading to a notable decrease in 

its concentration in the solution. EDX analysis 

further reveals that the material has undergone an 

interaction between gelatin and hematite, as 

evidenced by the elemental composition: 2.6% 

carbon (C), 1.4% nitrogen (N), 18% oxygen (O), 
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and 76.6% iron (Fe). Following the adsorption 

process, Pb is also found to be adsorbed within the 

cavities of the composite surface, indicated by a Pb 

content of 1.4% (Figure 5). This demonstrates that 

the gelatin-hematite composite is effective in 

adsorbing Pb metal.

 

Figure 5. The EDX Spectrum of gelatin-hematite composite after adsorption. 

Aplication of Hematite-Gelatin Composite for 

Adsorption of Pb Solution 

The percentage of Pb removal following 

interaction with the adsorbent at doses of 15 mg and 

20 mg reached approximately 82%, as illustrated in 

Figure 6. Although both doses yielded similar 

removal efficiencies, the 15 mg dose is considered 

optimal due to its more efficient use of adsorbent 

material. Utilizing a higher dose (20 mg) without a 

corresponding increase in removal efficiency 

indicates diminished adsorption effectiveness. At 

this optimal dose, Pb concentration was reduced 

most effectively. However, when the dose was 

increased to 30 mg, the removal percentage 

declined. This decrease may be attributed to the 

desorption of Pb ions from the composite surface at 

higher adsorbent loadings. Additionally, the lower 

removal efficiency at higher doses could be 

associated with excessive adsorbent mass, which 

may increase particle collisions and subsequently 

lead to the release of previously adsorbed Pb ions. 

 

Figure 6. Percentage removal of Pb resulting from 

adsorption by hematite- gelatin composite. 

The reduction in adsorption capacity with 

increasing adsorbent dose can be attributed to the 

formation of aggregates within the sample, where 

the adsorbent particles tend to cluster together. This 

aggregation reduces the surface area of the 

adsorbent, and as a result, the decreased surface 

area leads to lower adsorption efficiency (Figure 

7). 
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Figure 7. Pb adsorption capacity at various doses of 

gelatin-hematite composites. 

 

Using the optimal dose and concentration, 

the adsorption process was carried out over 

different time intervals, including 10, 50, 70, 90, 

and 110 minutes. The results revealed that the 

optimal contact time for Pb adsorption was 70 

minutes. After this time, the percentage of Pb 

removal declined, which can be explained by the 

saturation of the gelatin-hematite composite at 70 

minutes (Figure 8). Beyond this point, the active 

sites of the composite become unable to adsorb Pb 

effectively. 

 

 

Figure 8. Percentage removal of Pb at various contact 

times. 

 

 

Figure 9. Relationship between adsorption capacity and 

contact time. 

The adsorption capacity data regarding the 

effect of contact time demonstrate that the gelatin-

hematite composite exhibits a very high adsorption 

capacity, reaching 397 mg/g (Figure 9). This 

suggests that the adsorbent material has significant 

potential for absorbing Pb solution.  

 

 

Figure 10. Pseudo-1st Order Kinetics. 

 

The adsorption kinetic data indicate that the 

gelatin-hematite composite follows pseudo-first-

order kinetics, as evidenced by the R-value 

approaching 1. This suggests that the adsorption 

process is primarily governed by a single kinetic 

mechanism, where the adsorption rate is influenced 

by the interaction between the adsorbate and the 

adsorbent surface rather than diffusion within the 

solution. Additionally, it can be inferred from this 

data that the rate of change in the concentration of 

adsorbed Pb is proportional to the amount of 

gelatin-hematite composite remaining in the 

solution (Figure 10). 

 

 

Figure 11. Pseudo 2nd Order Kinetics. 

 

According (Figure 11), the findings of this 

study indicate that the adsorption process does not 

follow pseudo-second-order kinetics. This implies 

that the adsorption primarily takes place on the 

surface of the adsorbent rather than being governed 

by diffusion processes or deeper interactions 

between the adsorbent and the adsorbate. 
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Figure 12. Regeneration of Hematite-Gelatin 

Composite for Removal Pb. 

 

The regeneration process of the composite 

was performed over four consecutive cycles. The 

gelatin-hematite composite was utilized as a Pb 

adsorbent through four regeneration cycles. The 

results showed that the composite retained a high 

removal efficiency, reaching 69% after the fourth 

adsorption cycle. This highlights the potential of 

the gelatin-hematite composite as a reusable 

adsorbent, capable of sustaining significant 

removal efficiency over multiple regeneration 

cycles (Figure 12). 

CONCLUSION 

The synthesized hematite-gelatin composite 

exhibits a high degree of crystallinity, with 

functional groups indicated by Fe-O stretching and 

amide absorption, thereby confirming a significant 

interaction between hematite and gelatin. This 

composite demonstrates a hollow layered 

morphology and showcases remarkable adsorption 

efficiency, achieving an adsorption capacity of 800 

mg/g. The optimal conditions for Pb adsorption are 

an adsorbent dosage of 15 ppm, and a contact time 

of 70 minutes. Furthermore, the kinetics of the 

adsorption process conform to a pseudo-first-order 

model, suggesting a rapid adsorption mechanism. 

These findings indicate that the hematite-gelatin 

composite holds great promise as an effective 

material for removing Pb from aqueous solutions. 
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