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The removal of triphenyltin chloride (TPT) from contaminated artificial seawater by adsorption was investigated. The 

adsorbents used were nFe3O4/fly ash composite, nFe3O4, and fly ash. This study revealed that the sorption of TPT onto the 

adsorbents increase with the adsorbent dose, pH, stirring speed, and contact time, and decreased gradually with increase in 

the solution  temperature. The equilibrium  and kinetic data were analyzed by the Freundlich isotherm and pseudo 

second-order kinetic model, respectively. Experimental results therefore showed that 95.37, 96.44, and 98.40% of TPT were 

removed by the nFe3O4, fly ash, and nFe3O4/fly ash composite, respectively when the maximum conditions for the adsorption of 

TPT from artificial seawater were applied to TPT – contaminated shipyard wastewater. 
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1 Introduction 
 

Triphenyltin chloride (TPT) (Sn(C6H5)3Cl) belongs to the group of 

compounds known as organotins which have several applications. 

TPT is use as fungicide, pesticides, anti-parasite, wood and stone 

treatment, textile preservatives, etc., and has been found to cause an 

increase in post-implantation embryonic loss as well as implantation 

failure in rats. It also cause detrimental effects on body weight, 

testicular size, and structure, and decreased fertility in Holtzmann 

rats [1]. TPT is also used in the manufacturing of antifouling paints [2] 

which are used to prevent the growth of fouling organisms on marine 

structures and vessels. TPT therefore contaminates the marine 

environment during painting and hosing activities in the form of 

paint particles at the harbor/dockyard. Although banned in some 

countries on vessels <25 m in length [3], studies have found high 

concentration of organotins (TPT and TBT (tributyltin)) in tissues of 

marine mammals, their presence has been linked to imposex 

formation in mollusks and mass mortalities of marine mammals [4], 

and in human, consumption of seafood is thought to be the possible 

source of TPT [3], hence, a need to treat shipyard process wastewater 

free from TPT before discharge into the marine environment. 

Several treatment processes are available for the removal of 

organic pollutants from wastewaters. However, adsorption technique 

has been studied intensively using a wide range of adsorbents. 

Adsorption thus emerged as one of the most promising techniques 
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due to their low investment cost, ease of operation, and efficiency for 

the removal of organic and inorganic pollutants [5]. Activated carbon 

is regarded as an effective material for controlling both organic and 

inorganic pollutants. Nevertheless, many authors have intensively 

investigated other materials such as  coal and  wood fly ash [6], 

biosorbents [7], agricultural wastes [8], nano particles [9, 10], and 

composites [11, 12] for the remediation of organic pollutants. 

The remediation of pesticides and endocrine active compounds 

(EAC) such as dieldrin and chlorpyrifos [5], aldrin and dichloro- 

diphenyl-trichloroethane (DDT) [10, 13], phthalates [14], and TBT [15, 

16] have been extensively investigated but there are very  limited 

works on the remediation of TPT, except Han et al. [7] who reported 

the adsorption of TPT onto modified chitosan. Adsorption and 

degradation of triphenyltin by Pseudomonas chiororaphis immobilized 

in alginate beads was reported by Takimura et al. [17] while the 

adsorption of phenyltin compounds onto phosphatidylcholine/ 

cholesterol bilayers has also been reported by Langner et al. [18]. 

Limited studies consider the remediation of TPT from real matrices 

(seawater), the kinetic and equilibrium data on the sorption of TPT 

to nano oxides, fly ash and composite are also very limited and no 

work has also been reported on the use of nFe3O4/fly ash composite for 

the remediation of TPT from contaminated water. In our study, the 

adsorption efficiency of nano-iron(III) oxide (nFe3O4), fly ash, and 

nFe3O4/fly ash composite for the removal of TPT from artificial 

seawater was examined. The effects of adsorbent amount, pH, stirring 

speed, contact time, and temperature on the adsorption capacity of 

precursors and the composites have been investigated. Based on these 

studies, the Freundlich model was used to analyze the equilibrium 

data, the adsorption kinetic was explained by the pseudo second- 

order kinetic model, and the thermodynamics of TPT were also 

evaluated. Optimal conditions for the adsorption of TPT from 

contaminated artificial seawater obtained were then applied to TPT 

removal from shipyard wastewater and the adsorption capacity of 

the composite material and precursors compared. 

mailto:osayanda@gmail.com


 

 

W 

e 

 

2 Materials and methods 
 

2.1 Adsorbents 
 

Fly ash from Matla power station, Mpumalanga, South Africa and 

nFe3O4 (particle size <50 nm) was purchased from Sigma–Aldrich 

(USA). The nFe3O4/fly ash composite involving nFe3O4 and fly ash in 

the ratio 1:1  was  prepared  by  the  method  reported  by  Ayanda 

et al. [19] and Fatoki et al. [20]. The IR spectra of the adsorbents were 

obtained by Fourier transform IR spectroscopy (FTIR; Perkin Elmer 

Spectrum 1000) using the potassium bromide (KBr) pellet method, 

specific surface area of the precursors and composite were obtained 

by the use of a Tristar 3000 analyzer with N2 adsorption at -196°C, 

phase characterization by X-ray diffraction (XRD; PAN-analytical PW 

3830 diffractometer) and point of zero charge (PZC) by mass titration. 

Some other physicochemical properties of the precursors and the 

composite analyzed are presented in Tab. 1. 

 
2.2 Chemical reagents 

 

TPT (purity 98%), methanol, hexane, acetic acid, sodium hydroxide, 

and sodium tetraethylborate (NaBEt4) were purchased from Sigma– 

Aldrich. Carbonate, sulfate, chlorides salts, KBr, and NaNO3 were 

supplied by Merck. Stock solution containing 1000 mg/L TPT was 

prepared by dissolving the organotin compound in methanol and 

stored in the dark at 4°C. TPT contaminated artificial seawater was 

prepared daily in which the stock TPT solution was spiked in artificial 

seawater. The artificial seawater (pH 8, marine water condition) was 

prepared by the method reported by Ayanda et al. [15]. Tris–HCl- 

buffer and NaOH solution were used to vary the pH during the study 

of the effect of pH. 

 
2.3 Analysis of TPT 

 

The concentration of TPT before and after the adsorption studies was 

determined after derivatization by the addition of 1 mL of acetate 

buffer (pH 4.5) and 1.0 mL of 1% NaBEt4 and extraction into hexane by 

horizontal shaking in a separation funnel. The extracts were reduced 

to 1 mL and analyze by the use of GC-flame photometric detector 

(GC-FPD; Shimadzu GC-2010 Plus) with a capillary column HP 5 

(5%  phenyl  methyl  siloxane,  30 m x 0.25 mm  id,  film  thickness 

0.25 mm), and the temperature was programmed as follows: initially 

at 60°C hold for 1 min, then heated to 280°C at 10°C/min, hold for 

4 min [15]. The injection and detector temperatures were 270 and 

300°C, respectively, and the carrier gas was high purity helium. 

 
 

Table 1. Physicochemical properties of fly ash, nFe O , and nFe O /fly 

2.4 Adsorption experiments 
 

 
2.4.1 Effect of adsorbent dose 

 

The adsorbent doses ranging from 0.0625–1.0 g per 25 mL of TPT 

solution were investigated on the efficiency of the adsorption process. 

The experiment was performed at 20°C in Erlenmeyer flasks, stirred 

on an orbital shaker (Orbita Shake Labotec). The different masses of 

the adsorbents were thoroughly mixed with 25 mL of 100 mg/L 

TPT solutions. The samples were filtered after 60 min and the 

concentration of TPT remaining in the filtrates were determined. 

 
2.4.2 Effect of pH and stirring speed 

 

The adsorption performance of TPT on the adsorbents was studied at 

different pH values in the range of pH 4–9. Studies on mixing speed 

were also performed by comparing the adsorption efficiency of TPT 

on the adsorbents at various mixing speeds from 160 to 200 rpm. 

 
2.4.3 Effect of contact time 

 

The adsorption kinetics was  conducted  by shaking  0.5 g of the 

adsorbents in 25 mL of 100 mg/L TPT solutions (pH 8) at a 

temperature of 20°C and a stirring speed of 200 rpm. After a contact 

time of 10–70 min, the samples were filtered, and the amount of TPT 

that was left in the filtrate was determined. 

 
2.4.4 Effect of temperature and thermodynamics 

 

The thermodynamic study was conducted by shaking 0.5 g of 

adsorbents in 25 mL of 100 mg/L TPT solutions (pH 8) at a stirring 

speed of 200 rpm and at different intervals of temperature from 40 to 

80°C. After 60 min, the samples were filtrated, and the amount of 

TPT in the filtrates analyzed. 

The amount of TPT adsorbed (mg/g) was calculated by the use of 

Eq. (1) [21]: 

q 
ðC                 0                       -      C                 e                     Þ                  

V  1
 

¼ ð Þ 
 

 
where q is the equilibrium adsorption capacity per gram dry weight 

of the adsorbent (mg/g); C0 is the initial TPT concentration in the 

solution (mg/L); Ce is the equilibrium TPT concentration in the 

solution (mg/L); V is the volume of the solution (L); and W is 

the weight of the adsorbent (g). 
 

 
2.5 Kinetics 

 
ash composite 
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The  adsorption  kinetics  was  established  after  optimization  of 

all  working  parameters.  Pseudo  second-order  kinetic  rate  equa- 
 

Characteristics Fly ash nFe3O4 

nFe3O4/fly 
ash 

tion  [22–24]  has  been  used  for  modeling  the  kinetics  of  TPT 

adsorption onto the adsorbents (Eq. (2)): 
pH 10.70 5.95  3.54 
PZC 12.17 6.58  3.57 t 1 1 
Surface area (m2/g) 1.06 37.18 207.01         tÞ ð2Þ 

Micropore area (m2/g) 0.38 3.98 209.41 

External surface area (m2/g) 0.68 33.20 197.60 
Ash content (%) 97.4 ± 0.14  97.2 ± 0.02  89.25 ± 0.07 
Carbon content (%) 1.54 0.46 0.55 
Nitrogen content (%) BD BD BD 
Hydrogen content (%) BD BD 1.00 

qt  

¼ 
k2 qe  

þ 
qe 

ð
 

 
where k2 is the rate constant of  the  pseudo  second-order 

adsorption (g/mg min). A graph of t/q against t was plotted and the 

constants qe  and h0  determined from the slope and intercept of the 

   graph. When t ! 0, h0   is defined as h0 ¼ k2 q2 . h0   is the initial 

BD, below detection limit. adsorption rate. 
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2.6 Isotherm 

 

Adsorption isotherm expresses the quantity of adsorbates per unit 

mass of the adsorbent as a function of the equilibrium adsorbate 

concentration (www.adsorption.com/publications/AdsorbentSel1B.pdf) 

[25]. The adsorption isotherm was investigated by varying the initial 

TPT concentration from 12.5 to 200 mg/L at optimized adsorbent 

dose, contact time, pH, and stirring speed established after 

optimization of working parameters, the equilibrium data  were 

then fitted to the Freundlich isotherm model (Eq. (3)) [10, 26]: 

 
1 

log Ca  ¼ log kF þ    log Ce                                                                                                              ð3Þ 
F 

 
where Ce (mg/L) is the equilibrium TPT concentration in the solution, 

Ca (mg/g) is the  TPT adsorption capacity for the adsorbents at 

equilibrium. kF and nF are the Freundlich constants, and are 

correlated to the adsorption capacity and  strength,  respectively. 

The constants kF and nF were calculated from the intercept and the 

slope of the plot obtained from Eq. (3). 
 

 
2.7 Thermodynamics 

 

The thermodynamic parameters were determined from the thermo- 

dynamic equilibrium constant Kc. Kc was calculated by using Eq. (4). 

The standard Gibbs free energy DG0 (kJ/mol) was obtained from Eq. (5) 

while the values of the standard enthalpy change DH0 (kJ/mol) and 

standard entropy change DS0 (J/K/mol) were calculated from the 

linear plot of logKc versus 1/T (Eq. (6)): 
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Figure 1. FTIR spectrum (a) of fly ash, nFe3O4, and nFe3O4/fly ash 
composite and XRD (b) of nFe3O4/fly ash composite. 

 

 
the micropore areas of fly ash and nFe3O4  are 0.38 and 3.98 m2/g, 

respectively. The result shows that the use of nFe3O4  and fly ash for 
Kc  ¼ 

e 

ð4Þ the preparation of nFe3O4/fly ash composites greatly increase the 

surface area of the precursors. The increase in the surface area is in 

DG0  ¼ -RT ln Kc ð5Þ support of the work by Wang et al. [11] who reported the deposition of 

iron–nickel nanoparticles onto carbon nanotubes (CNTs) to form 

DS0
 DH0    1 nanocomposite materials. 

log K c ¼ 
2:303R 

- 
2:303R T                                                             

ð6Þ
 

 
where Ca (mg/L) is the amount of TPT (mg) adsorbed per liter of 

the solution at equilibrium, Ce (mg/L) is the equilibrium TPT 

concentration in the solution. R, T, and Kc are the universal gas 

constant (8.314 J/mol K), absolute temperature, and thermodynamic 

equilibrium constant, respectively. The Kc value in Eq. (4) is 

dimensionless [27]. 
 

 
3 Results and discussion 

 

3.1 Characterization of the adsorbents 
 

In Fig. 1a, the absorption at 1097 cm-1 is assigned to the CC 

stretching of fly ash, the absorption at 586 cm-1 is assigned to the 

FeO stretching of nFe3O4. It was found that the wavenumber of FeO 

stretching changed from 586 cm-1 of nFe3O4 to 556 cm-1 of the 

nFe3O4/fly ash composite material. The wavenumber of the absorp- 

tion peak decreased 30 cm-1. The decrease wavenumber for the 

absorption peak indicated the intensity of FeO bond decreased. It 

could be explained that a new COFe bond was formed during the 

preparation of the nFe3O4/fly ash composite material. 

From Tab. 1, the surface area of nFe3O4, fly ash, and nFe3O4/fly ash 

are 37.18 ± 0.19, 1.06 ± 0.0030, and 207.01 ± 1.20 m2/g, respective- 

ly. The micropore area of nFe3O4/fly ash was also 209.41 m2/g whereas 

For the PZC, increasing amounts of the adsorbents from 0 to 2.0 g 

were added to 10 mL of 0.01 M NaNO3 solution. The resulting pH of 

each suspension was measured after 24 h. The pH plateau for the 

highest concentrations of solid in a successive series of mass titration 

was taken as the PZC. The PZC of fly ash, nFe3O4 and nFe3O4/fly ash 

composite obtained are 12.17, 6.58, and 3.57,  respectively. The 

estimated value of the PZC of nFe3O4 which was 6.58 is close to the 

value 7.33 and 7.11 as determined by Wang et al. [28] and Astumian 

et al. [29], respectively. The change in the PZC of the precursors and 

composite is as a result of type and number of functional groups 

present on the adsorbents [30]. 

The XRD spectra of nFe3O4 and fly ash have been reported by Fatoki 

et al. [20] and Ayanda et al. [31], respectively. The XRD spectrum of 

nFe3O4/fly ash composite (Fig. 1b) therefore showed that the nFe3O4/fly 

ash composite consists of mullite (Al6Si2O13), quartz (SiO2), and 

magnetite (Fe3O4). Mullite and quartz are from the fly ash [31] while 

magnetite is from the nFe3O4  [20, 28]. 

The scanning electron micrograph (SEM) of the adsorbents before 

and after adsorption is presented in Fig. 2. Figure 2 shows that the 

spherical and smooth surfaces of fly ash [32] and the aggregated 

nFe3O4/fly ash composite particles were clearly seen before the 

adsorption whereas TPT was deposited on the surfaces of these 

adsorbents after the adsorption process. The particles of the nFe3O4 

were also distinct and clearly seen before adsorption but the surface 

morphology was also changed after adsorption. 

http://www.adsorption.com/publications/AdsorbentSel1B.pdf


 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. SEM of fly ash before (a) and after (b) TPT 
adsorption, nFe3O4 before (c) and after (d) TPT 
adsorption and nFe3O4/fly ash composite before (e) 
and after (f) TPT adsorption 

 
 

3.2 Effect of adsorbent dose 
 

The results on the effect of fly ash, nFe3O4 and nFe3O4/fly ash 

composite amounts on the adsorption of TPT as shown in Fig. 3 

indicated that the percentage of TPT adsorption increased with 

increasing adsorbent amounts, reaching an optimum at 0.5 g, 

corresponding to 96.03, 93.43, and 94.13% TPT removal by the fly ash, 

nFe3O4 and nFe3O4/fly ash composite, respectively. The adsorbents 

dosage affect the adsorption capacity directly, this is because, as the 

adsorbent dosage increase, more active sites become available for the 

TPT. 0.5 g was therefore selected as the optimum adsorbent amount 

used for further studies. 

 
 
3.3 Effect of pH 

 

The effect of pH on the  sorption of TPT onto nFe3O4/fly ash 

composite and its precursors was studied at pH 4–9. It was 

observed from Fig. 4a that the percentage of TPT adsorbed by the 

adsorbents increases as the pH of the solution increases from pH 4 

to 8 and reaches equilibrium afterwards. It is therefore evident 

from Fig. 4a that  maximum  adsorption  was  recorded  within 

the pH range of normal saline water (pH 8). The result obtained 

 

on pH is in agreement with the result of Fang et al. [16] and Hoch 

et al. [33]. 

About 96.043, 93.65, and 95.93% of TPT was removed from the 

initial concentration of 100 mg/L TPT by the fly ash, nFe3O4, and 

nFe3O4/fly ash composite, respectively at a contact time of 60 min, 

stirring speed of 160 rpm, temperature of 20°C and pH 8. pH 8 was 

therefore chosen as the optimum pH and was used for further 

studies. 
 

 
3.4 Effect of stirring speed 

 

The effect of stirring speed  on  the  adsorption  of  TPT  onto 

the adsorbents was studied at a stirring speed of 160–200 rpm. 

The adsorption capacity of TPT onto fly ash, nFe3O4, and 

nFe3O4/fly ash composite increases with increase in the stirring 

speed of the mixture and  therefore  attains  equilibration  at 

200 rpm (Fig. 4b). 

Approximately 96.54, 95.50, and 98.44% of TPT was therefore 

removed from the initial concentration of 100 mg/L TPT by the fly 

ash, nFe3O4, and nFe3O4/fly ash composite at a contact time of 

60 min, pH 8, temperature of 20°C and a stirring speed of 200 rpm 

(Fig. 4b). 
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Figure 3. Adsorption efficiencies of TPT onto fly ash, 
nFe3O4, and nFe3O4/fly ash composite. Experimen- 
tal conditions: TPT conc. ¼ 100 ppm; volume of TPT 
solution ¼ 25 mL, contact time ¼ 60 min; stirring 
speed ¼ 160 rpm, temperature ¼ 20°C. 

 
 
 

It should be noted that the performance of the fly ash was initially 

slightly higher than that of the composites before the optimization of 

the stirring speed. The adsorption capacity of nFe3O4/fly ash 

composite, however, was greatly enhanced for  fly  ash  at 180–

200 rpm. This might be a result of the deposition of nFe3O4 on 

the fly ash which initially blocks some of the available pores [34] at 

the beginning of the optimization. The pores were unrestricted at 

high stirring speed making all pores available for adsorption. A 

stirring speed of 200 rpm was therefore used for further studies. 

 
3.5 Effect of contact time 

 

Figure 5 shows the effect of contact time on adsorption of TPT onto 

the fly ash, nFe3O4, and nFe3O4/fly ash composite. The TPT removal 

efficiency at different time intervals ranging from 10 to 70 min 

 

experiment. The initial increase is as a result of larger surface area 

of the adsorbents that was made available for the adsorption of 

TPT. As the surface adsorption sites become fully occupied, the rate 

of adsorption is controlled by the rate at which TPT is conveyed from 

the exterior to the interior sites of the adsorbents particles [35]. 

Equilibrium was attained after 60 min for all the adsorbents. The 

TPT removal efficiency for the fly ash, nFe3O4, and nFe3O4/fly ash 

composite reaches 4.80, 4.67, and 4.86 mg/g, respectively. A contact 

time of 60 min was therefore fixed for the study of the effect of 

temperature. 

 
3.5.1  Adsorption kinetics 

 

Figure 6 shows the pseudo second-order kinetic plot for the 

adsorption of TPT onto the fly ash, nFe3O4, and nFe3O4/fly ash 

composite. The R2 value obtained for all the adsorbents used was very 
2 

were obtained. Figure 5 also shows that the adsorption of TPT onto high (R ¼ 0.9999), this shows that adsorption kinetic data of TPT 
 

the adsorbents increases with time gradually at the beginning of the 

 
 

 
 

Figure 4. Effect of pH (a) and stirring speed (b) on TPT adsorption onto 
fly ash, nFe3O4 and nFe3O4/fly ash composite. Experimental conditions: 
TPT conc. ¼ 100 ppm; volume of TPT solution ¼ 25 mL, mass of 
adsorbents ¼ 0.5 g; contact time ¼ 60 min; temperature ¼ 20°C. 

onto the fly ash, nFe3O4, and nFe3O4/fly ash composite could be well- 

described by the pseudo second-order kinetic model. The pseudo 

second-order kinetic model assumes that chemisorption is the rate- 

limiting step. In chemisorption, the TPT ions are chemically bonded 

to the adsorbent surface and tend to find sites that maximize their 

coordination number with the surface [36]. 

The constants, k2, qe, and h0 for TPT adsorption onto the adsorbents 

were all presented in Tab. 2. The initial adsorption rate (h0 ¼ k2 q2 ) 

obtained from the kinetic plot for TPT adsorption onto fly ash, 

nFe3O4,  and  nFe3O4/fly  ash  composite  were  19.378,  62.893,  and 

19.084 mg/g min, respectively. 
 

 

 
 

Figure 5. Effect of contact time on TPT adsorption onto fly ash, nFe3O4, 
and nFe3O4/fly ash composite. Experimental conditions: TPT conc. ¼ 100 
ppm; volume of TPT solution ¼ 25 mL, mass of adsorbents ¼ 0.5 g; 
stirring speed ¼ 200 rpm; pH 8; temperature ¼ 20°C. 



 

 

 

 

 
 

Figure 6. Pseudo second-order rate equation plot for TPT adsorption onto 

fly ash (a), nFe3O4 (b), and nFe3O4/fly ash composite (c). 

 
Figure 7. Freundlich isotherm plot for TPT adsorption onto fly ash (a), 

nFe3O4 (b), and nFe3O4/fly ash composite (c). 

 

 
3.6 Adsorption isotherm 

 

Figure 7 shows the Freundlich adsorption isotherm plot for the 

adsorption of TPT onto the fly ash, nFe3O4, and nFe3O4/fly ash 

composite. The adsorption isotherm parameters obtained for the 

model are also given in Tab. 2. The values of quantification coefficient 

are also very high (R2 > 0.99) for all the adsorbents, this shows that 

the adsorption of TPT onto  fly ash,  nFe3O4, and nFe3O4/fly ash 

composite can be described by the Freundlich adsorption isotherm. 

The Freundlich isotherm assumed that the adsorption of TPT onto the 

adsorbents involved heterogeneous sorption with different adsorp- 

tion sites. This is in support of the work by Han et al. [7], they reported 

that the adsorption of TPT onto modified chitosan fitted well with 

 

 
Table 2. Kinetic and equilibrium model parameters for TPT adsorption 

 

Freundlich adsorption isotherm. From Tab. 2, the Freundlich 

constants kF and nF were 0.7008 and 0.6171 for the fly ash, 0.6371 

and 0.7789 for the nFe3O4, and 1.4997 and 0.3609 for the nFe3O4/fly ash 

composite, respectively. The value of kF suggests the adsorption 

capacity of the adsorbents while 1/nF value represents the adsorption 

strength [37]. The extents of kF and nF obtained showed easy separation 

of TPT from the contaminated artificial seawater and indicated a 

satisfactory adsorption. 
 

 
3.7 Effect of 

temperature 
 

The experimental result obtained on the effect of  temperature 

(Fig. 8a) showed that the TPT adsorption efficiency of all the 

adsorbents decreases with increasing solution temperature. This 

indicated that the adsorption of TPT onto fly ash, nFe3O4, and 

nFe3O4/fly ash composite is exothermic and it is also in support of 
Kinetic and equilibrium 
models 

 

Pseudo  second-order 

Fly 

ash nFe3O4 

nFe3O4/fly 
ash 

the work reported by Han et al. [7]. Approximately 80.135, 89.78, 

and 92.99% of TPT was removed from the initial concentration of 

100 mg/L TPT by the fly ash, nFe3O4, and nFe3O4/fly ash composite, 
qe  (mg/g) 4.8216 4.6773 4.7237 
h0  (mg/g min) 19.378 62.893  19.084 
k2  (g/g min) 0.8336 2.8748 0.8553 
R2 0.9999 0.9999 0.9999 

Freundlich 

kF  [mg/g (L/mg)1/n] 0.7008 0.6371 1.4997 
nF 0.6171 0.7789 0.3609 
R2 0.9971 0.9971 0.9908 

respectively at a contact time of 60 min, pH 8, stirring speed 200 rpm 

and temperature of 80°C whereas 96.54, 95.50, and 98.44% TPT was 

removed by fly ash, nFe3O4, and nFe3O4/fly ash composite, 

respectively, at 20°C at the same conditions. 

Figure 8b thus shows the van’t Hoff plot for the adsorption of TPT 

onto fly ash, nFe3O4 and nFe3O4/fly ash composite. The evaluated 

standard Gibbs free energy change (DG0), standard enthalpy change 
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Figure 8. Effect of temperature (a) and van’t Hoff plot (b) for the adsorption 
of TPT onto fly ash, nFe3O4, and nFe3O4/fly ash composite. Experimental 
conditions: TPT conc. ¼ 100 ppm; volume of TPT solution ¼ 25 mL, 
mass of adsorbents ¼ 0.5 g; contact time ¼ 60 min; pH 8; stirring 
speed ¼ 200 rpm. 

 
 
 

(DH0), and standard entropy change (DS0) are presented in Tab. 3. The 

negative values of DH0 (Tab. 3) showed the adsorption process is 

exothermic. The negative values of DS0 suggest a decrease in the 

degree of freedom of the adsorbed TPT onto the adsorbents. DG0 

values were found to increase as the temperature increases, which 

indicated non-spontaneous adsorption and the degree of spontaneity 

of the reaction decreases with increase in temperature. 

 
 

Table 3. Thermodynamic parameters for adsorption of TPT onto fly 

ash, nFe3O4, and nFe3O4/fly ash composite 

 

 
3.8 Application of laboratory findings to 

TPT-contaminated shipyard wastewater 
 

Optimal conditions for the adsorption of TPT from artificial seawater 

were applied to TPT removal from TPT-contaminated shipyard 

wastewater obtained from Cape Town harbor. The physicochemical 

properties   of   the   shipyard   wastewater   are:   pH   (6.75),   salinity 

(15.24 psu), turbidity (4.24 NTU), conductivity (26.34 mS/cm), TDS 

(13.17 ppt), resistivity (38.0 V) and 0.6432 mg/L TPT concentration. 

Approximately 95.37, 96.44, and 98.40% TPT were removed from 

shipyard wastewater by the nFe3O4, fly ash, and nFe3O4/fly ash composite, 

respectively after adsorption of TPT contained in 25 mL of shipyard 

wastewater by 0.5 g of adsorbent, contact time of 60 min, and stirring 

speed of 200 rpm under natural condition. The order of increasing 

TPT adsorption capacity was thus: nFe3O4 < fly ash < nFe3O4/fly ash 

composite. The percentage TPT adsorbed from the shipyard wastewater 

was slightly lower than the percentage removed from TPT – 

contaminated artificial seawater, this could be attributed to the 

adsorption of other species such as metal ions that might be present in 

the wastewater. 

 

 
4  Concluding remarks 

 

The study has shown that the fly ash, nFe3O4 and nFe3O4/fly ash 

composite have the potential to remove TPT from TPT-contaminated 

wastewater. The adsorption data suggest that all the operating factors 

considered in this study are important parameter in the control of 

TPT adsorption. The percentage adsorption therefore increases with 

increasing adsorbent dose, pH, stirring speed, contact time, and 

decreases with increase in temperature. It is also evident that maximum 

adsorption can be achieved at normal saline water condition (pH 8) 

and at normal atmospheric temperature. The equilibrium and kinetic 

data can be well-described by the Freundlich isotherm and pseudo 

second-order kinetic model, respectively. The thermodynamic analysis 

also showed that the adsorption process was exothermic. The results 

of this experimental study are therefore highly useful and the 

adsorbents may be extended to other organic pollutants in contami- 

nated seawaters. 
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Adsorbent 

Temperature 
(°C) 

DG0
 

(kJ/mol) 
DS0

 

(J/K mol) 
DH0

 

(kJ/mol) Kc 

 
The authors have declared no conflict of interest. 

Fly ash 40 -6.186 -52.11 -22.213  10.775 

50 -5.052 6.563 
60 -4.839 5.743 
70 -4.131 4.258 
80 -4.093 4.034 

nFe3O4 40 -6.948 -14.448   -11.458   14.444 
50 -6.799 12.577 
60 -6.594 10.825 
70 -6.505 9.790 
80 -6.374 8.787 
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