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ABSTRACT 
 

Banana peel(BP) ability is discuss on the thorium removal from aqueous solutions using different design 
parameters by adsorption process. The design parameters studied to adsorb thorium using BP as an adsorbent 
material were initial concentration of thorium, absorbance material packing height which was BP, pH of thorium 
feed inlet, treatment time, feed flow rate and feed temperature. Results show that the higher removal efficiency 
was 95.34% for thorium from aquatic solution and this efficiency was decreased with increasing of initial 
concentration and flow rate while the removal efficiency increased with increasing pH, sorption media bed 
height and feeding temperature. The samples of BP remaining after using it in the removal of thorium above 
from aqueous solutions aforementioned were predestined to investigate the utilization of it in useful method. 
One of these methods was using it as a promoter in preparing type Y-zeolite catalyst, compared these type 
prepared above with normally type Y-zeolite catalyst and tested in the process of n-heptane catalytic cracking 
under different operating conditions. The results show that the promoted type Y-zeolite catalyst by thorium 
gives higher conversion and better selectivity of n-heptane catalytic cracking than normally type Y-zeolite 
catalyst. By this way we can possess different benefits which are: remove the hazard and toxic thorium 
contaminated the water, get rid of waste BP, in the same time, produce light and more benefit hydrocarbons 
from n-heptane catalytic cracking using a promoted type Y-zeolite catalyst synthesis using remaining waste BP. 
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Introduction 
 

Thorium is a chemical, toxic, heavy and radioactive metal element. It is founded in the nature and vastly 
spread in the earth’s crust (Bozkurt et al, 2011). This metal was detected in 1828 by the Norwegian mineralogist 
Esmark and the Swedish chemist Berzelius recognized and named it after Thor, the thunder Norse god 
(Berzelius, 1829). Thorium is existed naturally in a tetravalent cation only adsorbed onto normal colloidal bulk 
matters or founding in natural residue either in detrital minerals like monazite, rutile and thorianite, but the most 
paramount provenance of thorium is the monazite (Syed, 1999). The content of thorium synthesis from monazite 
is around 1500 tons a year. The great thorium in monazite precautions are in India, USA, Australia, Norway and 
Russia; and also, not exploited until now, in Canada in the form of urano thorianite (Salinas-Pedroza and 
Olguín, 2004). For long decades thorium has been widely applied in a diversity of implementations like a fertile 
material in nuclear power reactors, refractory material for crucibles, tubes, rods, etc., anti-reflection coating in 
optics, making  ceramics, gas lantern mantles, additive for special glass, alloying metal for some aerospace 
industry and aviation components, welding alloys, stopper crystalline growth of W and to increase time of use of 
light bulbs, catalyst in organic chemistry, additive in wolfram filaments of magnetron tubes, reagent in 
chemistry laboratories (as thorium nitrate), fuel for generating nuclear energy etc. (Metaxas, 2003). These uses 
lead to different wastes containing isotopes and ions of various radioactive elements. Finally, these wastes are 
transferred to the water resources like rivers, lakes or ground water. On account of the thorium is stabled at 
surrounding temperatures, thorium toxicity of is very low. Human will always be exposed to small amounts of 
thorium through air, food and water, because it is found nearly anywhere on earth (Khazaei, 2011). Humans 
typically consume nearly three micrograms per day of thorium. From this concentration, less than 0.03% rest in 
human body. Out of the thorium that does rest in the incarnate, three quarters of it heaps in the skeleton. 
Thorium is radioactive element decayed very slowly compared to many other radioactive materials (half-life of 
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223Th is 1.405×1010 year) to produces a radioactive gas, radon-220, radium and actinium and emits alpha 
particles which can be breathed in and swallowed. Because thorium gives very dangerous radiations, it has the 
potential for causing reproductive damage in humans. Exposure to thorium over a long time can cause cancer. It 
can take as much as thirty years after the ingestion of thorium for symptoms to manifest themselves. It has been 
shown to cause angiosarcoma, dermatitis and kidney tumors, lymphoma and other tumors of the blood system, 
and tumors at the site of application. Exposure to thorium leads to increased risk of liver diseases and reduce the 
ability of the bone marrow to make white blood cells (ATSDR, 1990).Adsorption processes is one of the most 
commonly and efficacious methods in radioactive wastewaters treatment. Recently, banana peel which is a type 
of agriculture waste is used as adsorbent media for adsorption process of many pollutants because it is available, 
very inexpensive and ability to remove different heavy metals by this process, thus the banana peel usage will 
decrease the cost of wastewater treatment considerably and would represent practical benefit of agriculture 
waste residue in disposal toxic matter in save way. The aim of this investigation is studying the ability of banana 
peel(low coast adsorbent material) for removing thorium from simulated syntheticqueous solution, and 
utilization from the banana peel residue in eco-friendly method. 

 
Materials and Methods 

 
Banana peel (adsorbent media): 

 
Banana peel (BP), mature banana with yellow peel, was collected from local market in Baghdad. The BP 

was washed three times with excess double distilled water and boiled to remove dust, impurities and other fine 
dirt particles that may be attached to the BP. The washed BP was cut into small pieces (0.5-1 cm) after that and 
then dried at 50°C for 24 hours. The surface area of BP was measured by BET method (Brunauer - Emmett - 
Teller nitrogen adsorption technique) and was found about 13.5 m2/g. X-ray diffraction (XRD) of BP were 
presented in Figure 1.  

 
Stock solutions: 

 
In order to avoid interference with other elements in wastewater, the experiments in this study were carried 

out using simulated synthetic aqueous solution (SSAS) of different thorium concentrations. 1000 mg/l stock 
solution of thorium was prepared by dissolving known weight of thorium nitrate Th(NO3)4.5H2O in one litre of 
double distilled water, all solutions using in the experiments were prepared by diluting the stock solution with 
double distilled water to the desired concentrations for the experimental work of this investigation. The thorium 
concentrations were measured using spectrophotometer method using spectrophotometer thermo – genesys 10 
UV, USA. 

 

 
 
Fig. 1: XRD of Banana Peel 
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Sorption unit: 

 
Fixed bed column of continuous mode experiments were conducted in order to examine thorium removal 

by treated SSAS of above thorium at desired concentration with the various bed heights of the BP(adsorbent 
media) using different flow rates of SSAS of thorium at various pH. The pH value was adjusted using 0.1 N 
NaOH and 0.1 N HCl solutions. The sorption unit consists of two glass container for SSAS of thorium one for 
inlet feed and another for outleteach of (1 liter) capacity. Glass column has 2.54 cm ID and 150 cm height. The 
sorption column packed with adsorbent media to a height of (10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 cm) 
supported from the top and the bottom by glass hollow cylinder layer, each cylinder have (0.5 cm ID, 0.1 cm 
thickness and 1 cm long). Before starting the runs, the packed bed sorption column was rinsed by double 
distilled water down flow through the column. The adsorbent media is packed in the column to the desired 
depth, and fed to it as slurry by mixing BP with distilled water in order to avoid the formation of air bubbles 
inside the media. After the packed bed sorption column was accommodation and putting the required amount of 
adsorbent media, the adsorption process started by allowing the thorium  SSAS of required concentration and 
pH down flow through the sorption column from inlet container by gravity at a precise flow rate in experiment 
which is adjusted by rota meter. To determination the best operational conditions, the experiments were carried 
out at a temperature between (20-55°C), various pH values which are (1-8) and initial feed concentrations of 
SSAS of different thorium which are between (1-100) mg/l each one alone and at different flow rates which are 
between (5-100) ml/min for SSAS of thorium initial feed concentration. Outlet samples after treatment in each 
experiment were collected every 10 minutes from the bottom of packed column and the unabsorbed 
concentration of thorium in SSAS was analyzed by spectrophotometer. 

 
Reusability of Banana peel: 

 
In order to check the reusability of sorbent media, the treated BP with different thorium concentrations was 

firstly dried and tested again in sorption unit at the conditions of experiment gives the best percent removal of 
thorium from SSAS aforementioned. The capacity of the sorbent was found to be decreased until be constant at 
destined percent removal after different times repeated use. The destined percent removal and number of 
repeated uses were dependent on thorium concentrations; thus ten times of sorbent use was seen to be feasible. 

 
Statistical Model: 

 
Fixed bed dynamics are describing by a set of convection-diffusion equations, coupled with source terms 

due to adsorption and diffusion inside adsorbent particles. Inside the particle, molecules of adsorbate diffuse into 
the inner portions of particle via surface diffusion, pore diffusion, or both. The solution of these equations will 
give rise to the prediction of the needed concentration distribution. This investigation focuses on understanding 
the mechanism of both surface diffusion and pore diffusion. To formulate a generalized model corresponding to 
the dispersion flow, surface diffusion and pore diffusion mechanism, following assumptions are made: 
1. The system operates under isothermal conditions. 
2. The equilibrium of adsorption is described by Langmuir isotherm. 
3. Intraparticle mass transport is due to Fickian diffusion, and it is characterized by the pore diffusion 
coefficient, Dp and the surface diffusion, Ds. 
4. Mass transfer across the boundary layer surrounding the solid particles is characterized by the external-film 
mass transfer coefficient, kf. 
5. Film transfer resistance for mass transport from the mobile to the stationary phase. 
6. Local adsorption equilibrium between the adsorbate adsorbed onto the adsorbent surface and the adsorbate 
in the intraparticle stagnation fluid. 
7. Both surface and pore diffusion are included in the mass transport mechanism. 
8. Axial dispersion. 

 
Simulation Technique: 

 
Equations used in simulation technique represent a set of simultaneous, nonlinear, partial differential 

equations (PDEs) that can be solved numerically. The discretization was applied to space coordinates (Z and r) 
to convert the PODs to a set of ordinary differential equations (ODEs). The resulting ODEs can be solved using 
an existing ODE solver provided by MATLAB (Cesar, 1999). 

 
 
 



339 
Adv. in Nat. Appl. Sci., 7(3): 336-344, 2013 
 
Result and Discussion  

 
The ability of BP to remove thorium  from SSAS in fixed bed column of continuous mode at various 

parameters which are pH’s of SSAS of thorium  (pH), height bed of adsorbent media BP (h), flow rates of SSAS 
(F), SSAS temperature (Tfeed) and time of treatment (t) was investigated. The experiments were achieved by 
varying all above parameters for different initial concentrations (Co) of SSAS of thorium. Thus, the results 
obtained are explained below. 

 
Effect of Initial Concentration: 

 
The results showed that using adsorbent material, the percent removal of thorium was decreased when the 

initial concentration (Co) of SSAS of thorium was increased at constant other variables as shown in Figure 2. 
This can be explained by the fact that the initial concentration of thorium had a restricted effect on thorium 
removal capacity; simultaneously the adsorbent media had a limited number of active sites, which would have 
become saturated at a certain concentration. This was lead to the increase in the number of thorium molecules 
competing for the available functions groups on the surface of adsorbent material. Since the solution of lower 
concentration has a small amount of thorium than the solution of higher concentration of it, so the percent 
removal was decreased with increasing initial concentration of thorium. For adsorbent media, higher percent 
removal were 95.34% for thorium  at initial thorium  concentration of 1 mg/l, so adsorbent material was found 
to be efficient to thorium  removal from SSAS and wastewater. 

 
Effect of pH: 

 
The results showed that using adsorbent material BP, the percent removal of thorium was increased when 

the pH of SSAS of thorium increased too, at constant other variables as shown in Figure 3.This increase can be 
explained as follows: the pH of the solution affects the surface charge of the adsorbent, degree of ionization 
along with speciation of different pollutants. The effect pH was very less pronounced in adsorption but had a 
marked effect on the stability of thorium. At low pH values thorium exists as Th(OH)4 which is a weak soluble 
in water. This affinity of water at low pH prevents its adsorption onto BP. Also at a higher pH the deprotonation 
on BP surface provides functional groups, for chemisorption, on its surface that can undergo ion exchange type 
of interaction with thorium. In the alkaline conditions free thorium is present predominantly in Th(OH)4 form. 
Equilibrium adsorption between BP and thorium indicates that extent of adsorption is not dependant on pH in 
high pH ranges (Duo-qiang et al, 2011) . 
 
Effect of Adsorbent Media Bed Height: 

 
The results elucidated that when the adsorbent media bed height was increased, the percent removal of 

thorium was increased too at constant other variables as shown in Figure 4. The increased of bed height (h) 
meaning increased in the amount of adsorbent media BP, thus increasing the surface area of adsorbent material, 
hence increased the number of active sites in the adsorbent material surface i.e. increased the availability of 
binding sites for adsorption and consequently increase thorium  removal capacity on BP. This lead to increase 
the ability of adsorbent media to adsorb greater amount of thorium from SSAS at different initial concentrations 
and ultimately the percent removal of thorium increased. 

 
Effect of Flow Rate: 

 
The results illustrated that when the flow rate of SSAS of thorium was increased, the percent removal of 

thorium was decreased at constant other variables as shown in Figure 5. This may be due to the fact that when 
the flow of SSAS of thorium  increasing, the velocity of SSAS in the column packed with the adsorbent media 
BP was increasing too, so the solution spend shorter time than that spend in the column while at low flow rate, 
and the SSAS of thorium  resides in the column for a longer time, therefore undergoes more treatment with the 
adsorbent media, thus the adsorbent media uptake low amount of thorium  from SSAS of thorium  for high flow 
rate, therefore the percent removal of thorium was decreased when the flow rate was increased. 

 
Effect of Feed Temperature: 

 
The results demonstrated that when the temperature of feed which was SSAS of thorium was increased, the 

percent removal of thorium was increased too at constant other variables as shown in Figure 6. The effect of 
temperature is fairly common and increasing the mobility of the acidic ion. Furthermore, increasing 
temperatures may produce a swelling effect within the internal structure of the adsorbent media enabling 
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thorium ions (Th+4)to penetrate further. It was indicated that thorium adsorption capacity increased with 
increasing feed temperature from 5 to 55°C. This effect may be due to the fact that at higher temperature an 
increase in active sites occurs due to bond rupture. 

 
Effect of Treatment Time: 

 
The results demonstrated that when the treatment time of SSAS of thorium increased the percent removal of 

thorium increased at constant other variables as shown in Figure 7. This may be due to the fact that when the 
treatment time of thorium SSAS increasing and the velocity of SSAS in the column packed with the adsorbent 
material was remaining constant, the solution spend longer time than that spend it when the time of treatment 
decreased, so the adsorbent material uptake more amount of thorium from SSAS, therefore the percent removal 
of thorium from SSAS was increased. 

 
Statistical Model: 

 
A statistical model was carried out to the experimental results obtained from this study. Regression analysis 

and π Theorem was adopted to maintain a relation between the percent removal of thorium and the feed 
temperature, flow rate, pressure, pH of feed solution, initial concentration of thorium, adsorbent media of BP 
bed height, treatment time, column diameter and other parameters. These relations are shown in equation 1 
below, which has a correlation coefficient (R2)0.99995. 
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Fig. 2: Effect of initial concentration (C˳) on the percent removal of thorium @ Tf =55°C, hb = 1 m, pH=8, t=60  
            min. and F=5 ml/min. 
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Fig. 3: Effect of pH on the percent removal of thorium @ C˳= 1 mg/l, Tf =55°C,hb = 1 m, t=60 min. and F=5  
            ml/min. 
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Fig. 5: Effect of SSAS flow rate (F) on the percent removal of thorium @ C˳= 1 mg/l, pH=8,Tf =55°C, hb = 1     
             m and t=60 min. 
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Fig. 6: Effect of feed temperature (Tf) on the percent removal of thorium @ C˳= 1 mg/l,pH=8, hb = 1 m, t=60  
            min. and F=5 ml/min. 
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Fig. 7: Effect of treatment time (t) on the percent removal of thorium @ C˳= 1 mg/l,Tf =55°C,  pH=8, hb = 1 m,  
            and F=5 ml/min. 
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Banana peel Employment : 

 
Huge amount of Banana peel was lingered after using it in removal of thorium from SSAS as explained 

above. Utilization from Banana peel uses can be achieved as a promoter of zeolite catalyst follows: 
 

Prepare promoted zeolite type Y catalyst: 
 
BP waste adsorbed thorium from SSAS at different operating conditions were segregated and classified 

according to it’s contain of thorium and utilization from these remaining samples as a promoter for catalyst used 
in n-heptane cracking: zeolite type Y. The samples selected give different ratios of thoriumto BP. The ratios 
were between (0.1 to 0.5 wt %) for thorium adsorb. Rice husk (which was a raw material for zeolite type Y 
catalyst synthesis) firstly treated with 10% phosphoric acid (H3PO4) for 24 hours. Then they were well washed 
with double distilled water, filtered, dried in air, and calcined at 750°C for 6 hours. 12 g of calcined rice husk 
were then subjected for dissolution in sodium hydroxide NaOH (4 M) followed by refluxing at 90°C for 12 
hours. After that concentrated hydrochloric acid (HCl (37%)) was added to the aforementioned base dissolved 
rice husk for complete precipitation. Rice husks were filtered, washed with excess distilled water to be freeing 
from chloride ions and finally dried in an oven at 120°C for 6 hours. Zeolite type Y was synthesized using 
prepared rice husk above as a silica source in the following method. A 500 ml Teflon beaker containing a 
magnetic stirrer was washed with deionized water. Sodium hydroxide of 1.6616g was added slowly to deionized 
water and stir until clear and homogenous solution appeared for about 5 minutes. The aqueous solution of 
sodium hydroxide was ready for the preparation of seed gel. The gel was prepared according to the following 
molar chemical composition: 10.67 Na2O: Al2O3: 10 SiO2: 180 H2O. Two millilitres aqueous solution of sodium 
hydroxide was added to 0.7515g sodium aluminate oxide until a homogenous mixture was formed; 1.5361g of 
prepared rice husk above was added separately to 5.5 ml sodium hydroxide aqueous until mixed homogenously. 
Both of the preparations were heated under vigorous stirring to obtain a homogenous mixture. The sample was 
aged for 24 hours at room temperature in the Teflon bottle. The aluminate and silicate solutions were mixed 
together in the polypropylene beaker, subsequently stirred for 2 hours with the purpose of making it completely 
homogenized. This combined solution was used as the feed stock gel (Rahman et al., 2009; Mohammed et al., 
2008).The synthesized zeolite type Y which was in sodium (Na+) powder form. In order to make a promoted 
catalyst (Th-HY-zeolite) ready for test in any process, hydrogen zeolite (HY-zeolite) form must be prepared. 
The HY-zeolite was prepared by exchanging Na+ ions in the sodium form zeolite type Y with ammonium 
chloride solution NH4Cl. In order to obtain ideal degree of ion exchange the technique of multi-steps (three 
times repeating) was used. Thus, the first step, 2N of ammonium chloride solution (26.75 g of NH4Cl in 250 ml 
of distilled water) contacted with 90 g of prepared NaY-zeolite with stirring for 2 hours. In the second step, the 
procedure in the first step was repeated under the same conditions but on about 60 g of zeolite, which was taken 
from the total zeolite amount produced in the first step. Finally, in the third step, the procedure under the same 
conditions was repeated again but on about 30 g of zeolite, which was taken from the total zeolite amount 
produced in the second step. The exchanged ammonia zeolite were filtered off, washed with deionized water to 
be free of chloride ions dried overnight at 120oC and then calcined initially at 150°C for two hours. The 
temperature was increased 75°C per hour until it reached 550°C and it was held constant for 5 hours at this 
temperature. During calcination, ammonia and water were liberated and HY-zeolite was formed (Sherman et al., 
1978).A 25 g of prepared HY-zeolite powder was used for the preparation of Th/HY-zeolite by impregnation 
method. 1.3688 g of HCl was mixed with a solution of waste BP using in adsorbing thorium and water. 

 The resultant solution is added drop by drop to 25 g of prepared HY-zeolite with continuous agitation. 
Then, the sample mixed by using a magnetic stirrer to have a homogeneous distribution of thorium and, the 
slurry was dried at 110°C overnight and calcined at 400°C for 5 hours. The calcined catalyst was reduced with 
hydrogen at 380°C for 4 hours with hydrogen. The prepared catalyst powder was mixed with 15 % 
montmorillonite clay as a binder and water to form a paste. A spherical shape (nearly 0.5 cm) was formed, dried 
overnight at 110°C (Blanchard et al., 1979) and promoted zeolite which is Th/HY-zeolite catalyst was synthesis.  
 
Catalytic Activity of Synthesized Catalysts: 

 
The promoted and normally type Y zeolite catalyst activity was studied by applying n-heptane catalytic 

cracking reaction. The n-heptane catalytic cracking reaction was carried out in catalytic cracking unit which is 
operated under atmospheric pressure and the experiments of catalytic cracking were performed in an experimental 
fluidized bed unit. The unit consists of n-heptane storage tank, gas flow meter, dosing pump, evaporator, 
condenser/separator, cooler with appropriate control, and power supply box. A suitable amount of Th/HY-zeolite 
catalyst prepared above was charged in the reactor from the top of it. At preheating section, the feed was preheated 
at 400°C before entering to catalytic bed. The temperature controlled was setting at desired reaction temperature 
between (400-550°C) in the reaction zone. The first condenser was supplied with water from chiller and second 



343 
Adv. in Nat. Appl. Sci., 7(3): 336-344, 2013 
 
charged with ice. A suitable quantity of water was charged to the preheaterto remove air from the reactor. This 
water changed to steam used for air stripping from the reactor. The temperature in preheater kept at 400°C.After 
stripping air from the reactor, the flow of water was stopped and began to n-heptane flow at a rate 4.5 ml/min to the 
reactor for ten minute period. The reaction products were flown through double pipe heat exchanger, internal tube 
ice bath, separation and collection for liquid storage, while the gaseous products passed through the liquid products 
and were collected in a vessel over water.  

The gas volume is determined by water displacement. A sample of gaseous product was collected and then 
analyzed by gas chromatography device (GC) (Dani, Model GC 1000 DPC), to determine the chemical 
composition of the gaseous product result as shown in Table 4. Cracking liquid products also collected in a tube 
and then analyzed by gas chromatography, to determine the chemical composition of the liquids product. The 
catalyst was replaced after the end of each experiment. 

 
Table 4: n-heptane catalytic cracking using prepared zeolite catalysts 
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425 7.87 – – 24.2 – – 32.8 – 6.65 – – 6.29 4.44 – 17.8 
450 7.96 – – 22.2 – – 33.8 – 6.72 – – 6.39 4.48 – 18.5 
475 8.06 – – 20.3 – – 34.7 – 6.79 – – 6.48 4.51 – 19.2 
500 8.15 – – 18.3 – – 35.5 – 6.86 – – 6.57 4.55 – 20.1 
525 8.24 – – 16.4 – – 36.5 – 6.93 – – 6.66 4.58 – 20.7 
550 8.33 – – 14.5 – – 37.4 – 7.00 – – 6.75 4.62 – 21.4 
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400 1.7 2.02 12.8 15.9 1.53 1.46 41.6 1.35 1.68 1.09 1.27 0.52 – – 17.1 
425 1.53 1.69 13.5 13.8 1.18 1.09 43.2 1.78 1.78 1.09 1.77 0.28 – – 17.3 
450 1.09 1.09 14.9 12.6 1.79 1.74 44.9 1.7 1.88 0.82 1.48 0.41 – – 15.6 
475 1.7 1.2 16 11.3 1.62 1.19 46.2 1.7 1.88 0.91 1.58 0.28 – – 14.4 
500 1.61 1.03 17.1 11 0.53 0.91 49.4 1.44 1.29 0.54 0.9 0.41 – – 13.8 
525 1.09 0.82 17.9 10.7 0.82 0.52 51.2 1.53 0.9 0.45 0.81 0.28 – – 13 
550 0.73 0.54 18.1 10.3 0.91 0.62 55.7 1.09 0.8 0.54 0.31 0.41 – – 9.95 

 
Conclusion : 

 
The following conclusions can be drawn: 

1. BP showed a good ability to remove thorium from SSAS using fixed bed adsorption unit. So, it could be 
recommended for removal of thorium from wastewater instead of other material because it is valid, cheaper, 
economical, easy and simplicity for using, and has a high ability to adsorb thorium, can be used several times by 
costly regeneration method and can be used finally in another benefit use. 
2. Maximum removal of thorium was 95.34% at initial thorium concentration of 1 mg/l.  
3. The percentage removal of thorium was increased with decreeing flow rate of SSAS, and initial 
concentration of thorium while the percentage removal was increasing with increasing of pH, treatment time and 
the height of adsorbent material RH. 
4. It can be prepared a catalyst promoter  for cracking process of n-heptane from the residual samples of BP 
that adsorb thorium from aqueous solution to produce a fuel of higher octane number and remove the hazards 
radioactive waste in economic and eco-friendly method. 
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