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Abstract  
 
This research investigates the production of epoxy resin composites reinforced by the synthesized heavy tungsten 
alloys (W-7Zn-3Co-Y2O3). Y2O3 is used for dispersion of the compound during the ball milling process. Laminating 
resin component A and hardened component B were used to produce polymer epoxy matrix. The tungsten heavy 
alloys reinforced epoxy composites were examined in terms of Vickers hardness, density measurement and 
microstructural characterization . The results indicate that the 16 hour-milled reinforced epoxy composites have the 
highest hardness value. 
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1. Introduction 
 
The quest to improve man’s standard of living has engendered further creation and developments 
of industries which in turn, has hastened urbanization growth. Discharge of domestic wastes 
including those from industries’ processing operations such as chemicals into water has made it 
harmful for human use Organic pollutants have been found to be biodegraded by microbes to 
products useful to marine life [1]. Heavy metals such as lead (Pb), Nickel (Ni), copper (Cu), 
chromium (Cr), zinc (Zn), cadmium (Cd), arsenic (As), and iron (Fe), are harmful because of 
their non-biodegradable nature [2-3]. They mostly emanate in high concentrations from 
industries including mining, metal ore processing and electroplating industries as effluents [4]. 
Heavy metals have also been reported to gain access to the environment via soil erosion, rock 
weathering and pesticides applied to crops [5].  Waste water irrigation has been reported by 
Muchuweti et al. [6] to contaminate the soil which ends up poisoning the foods obtained from 
the plants that grow on the contaminated soil.  Animals graze on these poisoned plants, drink 
from the polluted waters and thus have the heavy metals accumulated in their tissues. Marine 
lives breeding in the heavy metal-polluted water are not left out; all living things within a given 
ecosystem are contaminated along their cycles of food chain. Over the years, various techniques 
including precipitation, adsorption, oxidation, coagulation, flocculation and membrane filtration 
processes have been devised to eliminate these heavy metals from waste waters. Adsorption has 
been considered to be an economical technique as it offers the use of low cost adsorbents effective 
in treatment of water.  In recent years, use of biopolymers as bio adsorbents has gained wide 
recognitions owing to their biodegradability, non-toxicity, accessibility and low cost of 
procurement. Among natural polymers, polysaccharide such as chitin has been confirmed an 
effective absorbent.  Second to cellulose in terms of natural polymer abundance, chitin is a linear 
polysaccharide of (1 → 4) linked units of N -acetyl-2- amino-2-deoxy- D – glucose [7]. While 
hydroxyl (OH) group exists on carbon C2 in cellulose, acetamide (RCONH2) group is formed on 
C2 in chitin; this gives a major structural difference between the two polysaccharides. The 
appreciable biodegradability and biocompatibility of chitin are responsible for its applications in 
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wound dressings where sponges [8] and suture threads [9] are being used.  Its high thermal 
stability [10] enhances its suitability as a food packaging material.  The degree of chitin 
acetylation (DA) is the percentage of acetyl (RC=O) groups present in chitin. Nam et al. [11] 
explains it as the ratio of N-acetylated group to N-de acetylated (amino, RNH2) groups. This 
parameter is often used to identify chitin and its derivative – chitosan. According to Kim, [12], a 
biopolymer is chitin when DA > 50 % while that lower than this value is classified as chitosan. 
Chitin has been used in the adsorption of Ar, Zn, Cu, Cd, Mn, Fe, Pb and Cr [13-17]. Jaafarzadeh 
et al. [13] synthesized chitin from shrimp shells by using 10% v/v hydrochloric acid (HCl) and 
sodium hydroxide (NaOH) as demineralization and deproteinization reagents respectively to 
adsorb Zn2+ from aqueous solutions. Ease of Zn2+ removal was ascribed to the increase in pH and 
chitin dose. Pulverized Bargi fish scales have been treated with 5% v/v HCl to remove calcium 
carbonate, CaCO3 [18]. Chitin produced was used in removing Cr6+ from aqueous solutions of 
potassium dichromate (K2Cr2O7) salt. The researchers concluded that the adsorption process was 
temperature and pH dependent as maximum adsorption capacity was attained at pH 6-8. In the 
works conducted by Forutan et al. [17], shells of pink shrimps were refluxed 7%v/v HCl and 
NaOH to extract chitin that would be suitable for the adsorption of Pb from lead stock solutions. 
Optimum conditions of pH, contact time, bioadsorption dosage and initial concentration of Pb 
were observed to be 9, 200 min, 5gr/L and 7.99ppm respectively. The best efficiency biosorption 
was discovered to be 99.7%.  Chitosan has been processed from chitin sourced from crab shell 
for the removal of heavy metals from contaminated water [16]. Mineral such as CaCO3 was 
eliminated from the crushed crab shells using 10% v/v HCl followed by protein removal with 
NaOH using the same concentration between 103-105 oC.  zinc chloride (ZnCl2), Nickel chloride 
(NiCl2), iron (III) chloride (FeCl3),  lead chloride (PbCl2), cadmium chloride (CdCl2),  manganese 
(II) sulphate (MnSO4) and chromium (III) sulphate (Cr2(SO4)3) were used for chemical solutions.  
Chitosan was found to remove metal in the order Mn>Cd>Zn>Co>Ni>Fe>Pb>Cr. 
Concentrations of 2N HCl and 1N NaOH (at 80 oC) were used by Bhavani et al. [19] to process 
chitin from crab shells. Chitin produced was deacetylated by further reactions with 40% v/v 
NaOH at 110 oC for chitosan synthesis. The biopolymer served as a potential adsorbent of Cu2+, 
Zn2+, Cr6+, Cd2+ and Pb2+ from electroplating water waste.  Results gathered from existing 
researches have shown that removal performance of chitin bioadsorbents is not similar for all 
heavy metals. This could be attributed to the different experimental techniques and conditions 
considered. This justifies the submissions of Bhavanio et al. [19] who affirmed that high 
reactivity and selectivity of chitin towards compounds and metals are due to the presence of 
chemical reactive OH, RCONH2 or RNH2 groups in their polymer chains. The functionalities of 
these groups in chitin have been confirmed to be dependent on their source of origin as identified 
from previous works [20-22].  In this study, chitin isolated from prawn exoskeleton possessing 
different deacetylation degree (DDA) is characterized for its thermal and structural properties. In 
addition, the influence of chitin’s varying DDA on its potency for Fe adsorption is investigated. 
Excess Fe in the body has been reported to cause osteoporosis as it prevents the differentiation 
and proliferation of osteoblasts [23]. Abnormal hepatic gluconeogenesis is another effect of Fe 
overload in the human body [24]. 
 
 
2. Materials and Methods 
 
2.1. Chitin extraction 

Exoskeletons of prawns were washed, dried and ground to 200 µm particle sizes. 
Demineralization was carried out by treating ground particles with 1M HCl until no evidence of 
CO2 release was noticed.  The demineralized samples were washed with distilled water to neutral 
pH, filtered and oven dried at 70 oC till it was completely dry. The demineralized powders were 
refluxed with 1 M NaOH at 100 oC for 1, 2, 3, 4 and 5 h to complete the deproteinization process. 
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Samples were washed, filtered and dried as earlier done for demineralized powders and chitin 
was finally obtained. In this study, C1, C2, C3, C4 and C5 designations are used to identify chitin 
extracted by deproteinizing for 1, 2, 3, 4 and 5 h respectively 

2.2. Chitin characterizations 

2.2.1. Fourier Transform Infrared Spectroscopy (FTIR) 

Functional groups present in each chitin sample were identified using Nicolet 6700M 
spectrometer and processed at a resolution of 4 cm−1. Spectra were taken in the absorbance mode 
between 500–4000 cm−1. The degree of deacetylation, DDA was calculated using the formula in 
Eq. (1):  

                                                DDA (%) = 100 – DA                                                              (1) 

Where DA is the degree of chitin acetylation which was calculated using Eq. (2): [20, 26]: 

                                              DA = 	A1650

A3450
	 x 100

1.33
                                                   (2) 

Amide I absorbance variation is represented by A1650; OH absorbance variation is represented by 
A3450; for full N-acetylated chitin ratio A1650/A3450 is represented by the factor 1.33. 

2.2.2. Thermogravimetric analysis (TGA) 

Two milligram of each chitin sample was heated to 750 oC using TGA Q500 device at10 oC/min 
heating rate. From the thermograms, temperatures at the commencement and conclusion of chitin 
decomposition were quantified. 

2.2.3. X-Ray diffraction 

A monochromatic Cu Kα radiation from a PANanalytical device operated at 40 kV and 40 mA, 
was targeted at each chitin sample. The crystallinity, Crl was calculated from the diffractogram 
using Eq. (3) [27]:  

                                                Crl (%) = [Ic /(Ic + Ia)] x 100                                                   (3) 
 
Where Ia and Ic are intensities of crystalline and amorphous peaks respectively 
Crystalline size of chitin samples were calculated using Eq. (4) [28]: 
 

                                            Dhkl = kλ/		βcos	θ                                                                      (4) 
 
Value of K is assumed to maintain a constant value of 1.It stands for perfection of crystallite; 
incident radiation wave length (1.5406) is represented byλ;  β (rad) represents the width of the 
crystalline peak at half height; and θ (deg) stands for diffraction angle that corresponds to the 
crystalline peak. 
 
2.2.4. Scanning Electron Microscopy (SEM)   
 
Samples were coated win Au to enhance proper electrical conductivity which was scanned using 
an ASPEX 3020 model variable pressure SEM to identify the morphological features of chitin 
particles. 
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2.3. Preparation of Fe3+ - rich solution and determination of chitin sorption capacity 
 
A gram of iron (III) chloride (FeCl3) was dissolved in 1 L distilled water at room temperature. In 
this study, effects of pH (which ranged from 1-6) and contact time on Fe3+ adsorption capacity 
of chitin samples were investigated. Chitin particles (0.5 g) was added to 100 ml FeCl3 solution 
and continuously stirred at room temperature for 30, 60, 90, 120, 150 and 180 min, which were 
the contact times. To calculate the sorption capacity (q) of chitin, Eq. (5) [29] was used: 
 

                                            q (mg/g) = [(Co – Ci)/W] V                                                        (5) 
 
The initial and final concentrations of Fe3+ in the solution is represented by Co and Ci (mg/L) 
respectively; W represents the mass of chitin (g) and V stands for the volume of aqueous solution 
(L). As regards adsorption tests, chitin samples with the highest and lowest DDA were selected. 
An additional sample whose DDA value lied between these two was also chosen to make the 
total samples characterized for the adsorption tests three.    
 
 
3. Results and Discussions 
 
3.1. Functional groups and DDA 
 
The FTIR spectra of C1, C2, C3, C4 and C5 are shown in Fig.1. Apart from different intensities 
displayed, pattern of all chitin samples are similar. Their existing functional groups are given in 
Table 1.  

 

 
Fig. 1. FTIR spectra of chitin between (a) 3800 – 2200 cm-1 and (b) 1600 – 800 cm-1 

 
Maximum DDA (43.8 %) is obtained when chitin was deproteinized for 5 h (Fig.2) and this 
shows that gradual increase in reaction time between demineralized prawn exoskeleton and 
NaOH steadily removes N-acetyl groups in the glucopyranose units of the final product (chitin). 
This simultaneously raises the number of RNH2 in the polymer chain. Result obtained from this 
study shows that sufficient reaction time during deproteinization engenders the instability of the 
bond in RCONH2. Also, this result informs that NaOH concentration alone will not influence 
DDA as earlier demonstrated in the investigation of Gbenebor et al. [20]. Aranaz et al. [30] 
reported that there is usually a reduction in the resistance of RCONH2 on the C2-C3 substituent 
arrangement of the glucopyranose chitin ring. This could have triggered hydrolysis of the group 
(RCONH2) by virtue of increasing deproteinization time. 
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Table 1. Functional groups of prawn chitin 
S/N Functional groups Wavenumber (cm-1) 

1 OH stretching 
3443-3487; 3259-
3298 

2 NH stretching 3096-3149 
3 Symmetric Ch3 stretching and asymetric CH2 stretching  2925 
4 C=O secondary amide stretch (Amide I) 1661, 1626 
5 NH bend, CN stretch (Amide II) 1559 
6 CH2 bending and CH3 deformation 1416 
7 CH bending and Ch3 symmetric deformation 1379 
8 CH2 wagging (Amide III) 1312 
9 Asymmetric bridge oxygen stretching 1157 
10 Asymmetric in -phase ring stretching mode 1117 
11 C-O-C asymetric stretch in phase ring 1074 
12 CO stretching 1028 
13 CH3 wagging along chain 933 
14 CH stretching (saccharide rings) 897 
15 NH out-plane bending 750 

 

 
Fig. 2. DDA of chitin as a function of deproteinization time 

 
3.2. Thermal response and chitin content 
 
There exist two stages of decomposition (Fig. 3) – the first, which is a minor step, occurs between 
50 – 110 oC and this represents the evaporation of moisture content in chitin. The second 
decomposition stage is a major step which commences between 161 and 309 oC (Tonset) and ends 
(Tfinish) between 260 and 438 oC. This major decomposition represents the existence of chitin, 
which is similar to the findings of Gbenebor et al. [20]. One of or the combination of denaturation, 
depolymerization and degradation according to Juarez de la Rosa et al. [31] exist(s) within this 
temperature range. Here, chitin’s structure becomes devoid of CH3-CH2 in aliphatic compounds; 
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decompositions of C=O and NH in Amides I and II proceeds after and finally, C-O-C in the 
saccharide separates from chitin.  [27].The values of Tonset, Tfinish, contents of moisture, chitin 
and residue are displayed in Table 2. In this study, thermal stability is defined as the minimum 
temperature at which chitin molecular bonds begin to disintegrate (this is determined by 
comparing magnitudes of Tonset). It is noticed in this study that thermal stability of chitin sample 
reduces with increase in deproteinization time as the maximum Tonset is recorded at 309 oC for 
C1 while C5 maintains the least Tonset at 161 oC. Presence of the most thermally stable N-acetyl 
(GlcNAc) units in C1 could be responsible for this. Kahdestani et al. [32] characterized 
chitosan for TGA and observed its Tonset to attain a magnitude of 195 oC while Nam et 
al. [11] reported chitosan samples to exhibit Tonset values between 164 and 174 oC. This shows 
that C5 will possess features close to chitosan. It can also be confirmed from this study that 
residue and chitin contents may not be dependent on deproteinization time. 

 
Fig. 3. TGA of isolated chitin after 1, 2, 3, 4 and 5 h deproteinization 

 
Table 2. TGA parameters of isolated chitin after 1, 2, 3, 4 and 5 h deproteinization 

S/N Chitin Tonset 
(0C) 

Tfinish 
(0C) 

Chi mass 
loss (%) 

Moisture 
(%) 

Residue 
(%) 

1 C1 309 438 61.1 8.9 30.0 
2 C2 294 401 57.0 7.0 36.0 
3 C3 284 391 48.7 6.3 45.0 
4 C4 278 405 77.0 8.4 14.6 
5 C5 161 260 72.7 5.2 22.1 

 
 
3.3. Crystalline properties 
 
X-ray diffraction of chitin samples are shown in Fig. 4. All samples follow similar patterns but 
with different intensities, indicating the effect of prolonged NaOH reactions. A major peak 
(19.5º) corresponds to (110) while other four peaks of 9.8, 20.6, 23.4 and 26.50 diffracting on 
(020), (120), (130) and (013) are observed. Increasing deproteinization time culminates in 
reduction in peak intensities of each sample. The Crl of C1 is 84.5% while 81.3, 78.3, 73.8 and 
67.8% are calculated for C2, C3, C4 and C5 respectively. This implies that the structural stability 
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of chain decreases as a result of gradual removal of N-acetyl groups, which eventually scales 
down its crystallinity. The crystallite sizes (Dhkl) of chitin samples processed from varying 
deproteinization times are illustrated in Table 3 Information from the results imply that the lower 
the average crystallite size, the less crystalline the polysaccharide.   The lowest Crl processed by 
C5 could be responsible for its least response to thermal energy as discussed in Fig. 3.  

 
Fig. 4. XRD of isolated chitin after 1, 2, 3, 4 and 5 h deproteinization 

 
 

Table 3.Crystallite properties and crystallinity of isolated chitin after 1, 2, 3, 4 and 5 h 
deproteinization 

 S/N  Chitin 
 D020  

 (A)̇  
 D110 

 (A)̇  
 D120 

 (A)̇  
 D130 	

 (A)̇  
 D130 	

 (A)̇  
 Average  

 (A)̇   Crl (%) 
1 C1 0.6004 1.1821 0.1792 83.874 0.0386 17.170 84.5 
2 C2 1.3823 1.2483 1.5558 0.6918 1.3988 1.2554 81.3 
3 C3 0.9757 1.3594 0.4997 0.2748 2.6899 1.1599 

 

78.3 
4 C4 0.7438 1.816 0.4973 0.0348 0.2864 0.6767 73.8 
5 C5 0.4285 0.943 -- 0.0505 -- 0.4707 67.8 

 
 
3.4. Morphology 
 
The morphology of C1 as presented in Fig. 5a shows a plate-like fibrillar form. This fibrillar 
nature is also processed by C2, but with a reduced geometry (Fig. 5b). It is noticed in this study 
that prolonged deproteinization time makes the surface of chitin particles look shiny/bleached. 
This could be an indication of gradual reduction of nitrogen and carbon in C=O and CN (from 
Amides I and II). There has been steady reduction in size of these plate-like fibrils as 
deproteinization time was carried out for 3, 4 and 5 h (Fig. 5c-e). 
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Fig. 5. SEM of chitin (a) C1 (b) C2 (c) C3 (d) C4 (e) C5 

 
3.5. Effect of contact time on Fe3+ sorption capacity of chitin 
 
The concentration of Fe3+ that can be adsorbed on to chitin samples (C1, C3 and C5) by virtue 
of chitin - Fe3+ contact time between 30 – 180 min was investigated at room temperature, pH 5 
and 150 rpm stirring speed. It is evident from Fig. 6 that for each chitin, the amount of Fe3+ 
adsorbed increases from 30 min and reaches a maximum value at 120 min. Within these periods, 
it can be reported that chitin provides favourable surface areas for Fe3+ adsorption. Beyond 120 
min contact time, adsorption capacities of each chitin sample gradually drop and this can be 
attributed to saturation of surfaces occupied by Fe3+.   This is similar to the investigation of 
Gokila et al. [33] who confirmed that the decline in adsorption capacity of chitosan-alginate-
nanocomposite on Cr6+ after 300 min was ascribed to the exhaustion of adsorption sites as there 
were no more unsaturated surfaces for adsorption. Chitosan has been used as adsorbent on Pb 
and Ni [34], After 180 min, the amount of Pb2+ and Ni2+ remained constant. The maximum 
content of NH2 groups as depicted by the highest DDA (43.8 %) may be responsible for the best 
adsorption performance displayed by C5. Its ability to allow aqueous solutions penetrate through 
its structure owing to its least value of Crl (67.8 %) may also be a determining factor for its best 
adsorption display. The Crl and DDA of C3 are 78.3 % and 31.5 % respectively; this implies 
there exists 31.5 % of NH2 groups compared to C1 that has 24.2 %. It (C3) will still give room 
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for aqueous solution penetration into its structure than C1 whose Crl is 84.5 %. This could be the 
reason why the Fe3+ adsorption feature of C3 > C1.   
 

 
Fig. 6. Effect of contact time on Fe3+ adsorption capacity of C1, C3 and C5 

 
3.6. Effect on pH on Fe3+ sorption capacity of chitin 
 
Fig. 7 shows the effect of pH on the adsorption of Fe3+ by chitin samples (C1, C3 and C5). Results 
were taken for pH values ranging between 1 and 6 at constant stirring speed (150 rpm) and 
contact time of 120 min at room temperature. The pH has been confirmed to an important 
parameter that influences ionization degree of metal, solubility of metal ions and surface features 
of adsorbent [19, 35]. Each sample display improved Fe3+ adsorption performance as the pH 
gradually increases to a maximum sorption coefficient at pH 5. At lower pH, the solution is acidic 
and there will be electrostatic repulsion between H+ and Fe3+ which compete for bonding sites 
on chitin surface. In addition, NH2 groups in chitin are protonated by the high concentrations of 
H+ in the acidic solution; this further engenders repulsion of Fe3+. As the pH values increase, the 
concentration of H+ in the solution decreases as well as NH2 protonation. This elevates the 
sorption coefficient of each chitin sample as more binding surface is increased and electrostatic 
repulsion is limited [36-37]. Although all chitin samples display adsorption potency for Fe3+, C5 
shows the best performance and this can be attributed to the highest DDA it possesses. It implies 
that the sample (C5) has the highest density of free NH2 groups that culminates in creation of 
active adsorption sites. This is a feature that makes chitosan a better heavy metal adsorbent than 
chitin [38].   Beyond pH5, adsorption capacities of C1, C3 and C5 drop as a result of a likelihood 
of a metal hydroxide (Fe(OH)3 in this case) formed which could have prevented the metal ions 
from contacting chitin active site [39]. 
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Fig.7. Effect of pH on Fe3+ adsorption capacity of C1, C3 and C5 

 
 
4. Conclusions 
 
Influence of deproteinization time on the properties of prawn chitin has been successfully 
studied. Thermal stability of chitin decreases as the time allowed for deproteinization increases. 
More time is allowed for the glycosidic bonds in chitin to disintegrate and on the 5th hour, the 
thermal characteristics of the sample is comparable to that of chitosan as this is justified by its 
lowest DDA value of 43.8 %. There is also a gradual decrease in chitin’s crystallinity from 84.5 
to 67.8 % after deproteinization from 1 to 5 h. This implies that the bond strength in chitin can 
be altered as more of RNH2 groups are formed during deacetylation. Results from this study have 
shown that RC=O groups are responsible for chitin strength and will thus play important role in 
its thermal and structural properties. Sorption capacity of selected chitin for Fe3+ offers its best 
performance at pH 5 and 120 min contact time at room temperature and constant stirring sped 
(150 rpm).  It can be affirmed that existence of more RNH2 in chitin improves the adsorption 
potency of chitin and that is why in terms of Fe3+ adsorption performance, C5 (DDA 43.8 %) > 
C3 (DDA 31.5 %) > C1 (DDA 24.2 %).  This study has been able to establish that apart from 
reagent type, temperature and concentration considered during deproteinization, reaction time is 
also a notable parameter that can affect the structure and performance of chitin. Further studies 
are ongoing with the aim of considering the kinetics and mechanisms involved in the interactions 
between chitin adsorbents (of different physical and structural modifications) and other heavy 
metals including Fe. 
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