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ABSTRACT 
In this research, a new low-cost bio sorbent material for application in heavy metal removal focusing on 
cadmium removal from wastewater. Previous research into tea waste, showed that modification of the 
surface via bleach and iron (II) chloride has a positive impact on the adsorbent capacity. A full adsorption 
study was completed by using the optimum MBTW (Magnetic Bleached Tea Waste) from the initial 
experiment. This experiment differs due to cadmium removal being the focus of the experiment. The 
Freundlich isotherm was the optimum fit for the experimental data for the three temperatures studied. For 
the kinetics of the experiment, the most accurate fit was the pseudo second-order kinetics model by 
Lagergren. Fourier transform infrared (FT-IR) analysis of the MBTW was before and after adsorption which 
shows the functional groups which changed due to adsorption of cadmium. All the results reported strongly 
applied the potential of MBTW as an economic bio adsorbent for removal of cadmium from contaminated 
waters. 
Keywords: cadmium; adsorption; magnetic teawaste; experimental design; iron chloride. 
 

1. INTRODUCTION 
Heavy metal pollution of natural water bodies has been on the increase due to industrial activities across the 
world. Heavy metal pollution causes a great threat to human health due to their toxic nature. Among all the 
heavy metals cadmium is considered as a toxic element and potentially cause chronic toxicity even at low 
concentrations(Cruz, da Costa et al. 2004). The main sources of cadmium pollution into waste streams are 
alloy manufacturing, battery production, plastics, electroplating, mining, and refining processes (Cruz, da 
Costa et al. 2004).  Cadmium readily accumulates in living systems. It has been reported that cadmium expose 
can lead to diseases such as pulmonary oedema, anaemia, trachea- bronchitis, lung cancer and brain 
damage(Pal and Maiti 2019). Cadmium poisoning can also result in changes in the constitution of the liver, 
bone and blood(Nogawa, Kobayashi et al. 2004).  
 The goals of this study were to produce a magnetic adsorbent material from tea waste by treating it with 
iron (III) chloride at different concentrations and to thermally treat this at different temperatures and 
durations to find the optimum combination for cadmium removal. From this material produced, the capacity 
of the adsorbent to remove cadmium from wastewater was found and evaluated in different conditions such 
as temperature and dosage.   

 

2. MATERIALS AND METHOD 
2.1 Preparation of the adsorbents 
Based on the method described in literature, bleaching the tea waste is to improve the surface oxygen groups 
and active sites making it more hydrophilic and enhancing the adsorption process (Sayğılı, Akkaya Sayğılı et 
al. 2018).Household bleach (6% sodium hypochlorite) is added to a 2000mL beaker and allowed to stir for 24 
hours. Every 24 hours the bleach is removed, and new bleach is added. This process is repeated until the 
black tea waste is now white. This white paste is then washed until all of the bleach residue is removed, it is 
then spread on a flat surface and allowed to dry in an oven at 60°C. This is bleached tea waste (BTW).  

This is the step which dictates the concentration of iron (III) chloride in which the BTW is in contact with. 
Using Design Experts, it was decided that the concentrations of iron (III) chloride used would be 0.2, 0.6 and 
1g iron (III) chloride per gram of BTW used. These mixtures were allowed to stir for 24 hours then filtered 
using filter paper to remove excess iron (III) chloride. The MBTW was then placed on a glass dish and allowed 
to dry in an oven at 60°C for 24 hours.  
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These samples are then divided up into the required size of sample for the experiment and placed in a 

furnace at either 200°C, 350°C and 500°C for a time of 2, 3 or 4 hours. This resulted in 17 samples while 
varying these variables to get an accurate overview of the optimum conditions for adsorption of cadmium. 
Samples taken from the 17 batches were contacted with cadmium solution with an initial concentration of 
190 ppm over a 24-hour period.  

The residual concentration of the solution was determined using Inductively Coupled Plasma Optical 
Emission spectroscopy (ICP-OES). The cadmium concentration in solid phases was calculated from the 
equation:  

 

𝑄𝑒 =
(𝐶𝑖−𝐶𝑒) 𝑉

𝑚
     (1) 

 
Where Ci and Ce are the liquid-phase concentrations of cadmium initially and at equilibrium respectfully 

and both measured in mg/L. Volume of solution (L) and m is the mass of dry adsorbent used for the 
experiment in grams. 
2.2 Characterization of the adsorbent 
2.2.1 FTIR Analysis  
The functional groups of MBTW were determined by Fourier Transform Infrared (FTIR) Spectroscopy using a 
Perkin Spectrum 100 within the range 4000–400 cm-1 with a resolution 4cm-1.  The FTIR analysis was also 
repeated after the adsorption.  
2.2.2 Thermogravimetric analysis (TGA)  
Thermogravimetric analysis allows the prediction of characteristics which can change the processability 
options of the material for scaling up to industrial sized production compared to lab scale. [11] For bio 
sorbents, this analysis can be described as moisture removal, cellulose decomposition, and lignin 
decompositions due to the heating rate being below 100°C/min [14]. The rate used for this analysis was 
20°C/min. 
 

3. RESULTS AND DISCUSSION 
3.1 Characterisation  
Figure 1 FTIR analysis for samples before and after adsorption. The peak at 3400cm-1 on pre and the peak at 
3230cm-1 corresponds to -OH bonding groups. The peaks at 2100 and 2230cm-1 have been linked with C≡C 
stretch. The peak at 1750cm-1 could be due to carbonyl group stretching.  

 
 

Figure 1. Comparison of the FTIR spectra of the MBTW sample before and after adsorption of cadmium.  
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The peaks at 1560 and 1510cm-1 could correspond to the C single bond O stretching mode conjugate with 
the amine group. The peaks at 1030 and 1080cm-1 are related to the C single bond O stretching of alcoholic 
groups. As can be seen from Figure 1 the peaks change after adsorption with cadmium showing an alteration 
in chemical structure from the adsorption. The slight change in the peaks shows the biosorption of the 
cadmium ions to the MBTW. This shows that the changes are within the chemical structure of the MBTW, 
concluding that there must be chemisorption taking place to alter these groups and to stretch bonds when 
adsorbing cadmium by MBTW (Wan et al. 2014). 

 
3.2 Design Experiment  
As stated above there were multiple variants of the MBTW made. The variables which were used for this 
were; time of pyrolysis, the concentration of iron (III) chloride within the tea and the temperature at which 
the pyrolysis took place. With the results, these variables were modelled to calculate the variable which 
affected the adsorption efficiency the most and which had the lowest impact on the adsorption efficiency. 
The equation which was used for this modelling is shown below. 
 

𝒒𝒆 = 𝜷𝟎 + ∑ 𝜷𝒊𝒙𝒊
𝒌
𝒊=𝟏 + ∑ 𝜷𝒊,𝒋𝒙𝒊

𝒌
𝒊,𝒋=𝟏 𝒋≠𝒊 + ∑ 𝜷𝒋𝒙𝒋

𝟐𝒌
𝒋=𝟏     Eq.4 

 
In equation (4) 𝜷𝟎 represents the residuals term 𝜷𝒊,  and 𝜷𝒋are coefficients for the linear and quadratic 

terms respectively and 𝜷𝒊,𝒋 are coefficients for the interaction terms. 𝒙𝒊 is the normalize process/ 

formulation variable (i.e., temperature, duration of pyrolysis and concentration of Fe).  
The ANOVA analysis results are presented in Table 1.  The P-values and F-values reported in the table 

show that the most influential variables are concentration of iron chloride and the pyrolysis temperature. 
The p-Value for the model of is reported as 0.0018 implying there is only 0.18% chance that model F-Value 
is due to error. The coefficient of terms of eq. (4) are reported in the last column of Table 1. 

 

Table 1: ANOVA analysis table showing effect of process variables on Qe values.  

 

    Sum of   Mean  F  p-value  Coefficient 

Source  Squares  df Square  Value  Prob > F 

Model  432.96  9 48.11  35.79  0.0018  92.10 

  A-T   22.19  1 22.19  16.51  0.0153  -2.58 

  B-con  179.95  1 179.95  133.89  0.0003  +6.23 

  C-time  0.26  1 0.26  0.19  0.6820  +0.28 

  AB   42.26  1 42.26  31.44  0.0050  -4.30 

  AC   59.46  1 59.46  44.24  0.0027  +3.74 

  BC   9.14  1 9.14  6.80  0.0595  +2.00 

  A^2  39.15  1 39.15  29.13  0.0057  +4.42 

  B^2  57.25  1 57.25  42.60  0.0028  -5.67 

  C^2  17.10  1 17.10  12.72  0.0234  +2.92 

Residual  5.38  4 1.34 

Lack of Fit  4.71  2 2.35  7.06  0.1240  

Pure Error  0.67  2 0.33 

Cor Total  438.34  13 

 
Figure 2 shows the variation of Cd loading on the adsorbent with the process conditions use in their 
production. The highest loading was obtained with the absorbent produced with a duration of thermal 
activation of 4 hours, pyrolysis temperature of 200 °C and with the highest concentration of iron chloride of 
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1.0g/g. The worst percentage removal over the 50-hour duration of the experiment was 42.21% for MBTW 
under the conditions of 500°C for 2 hours and concentration of 0.2g/g. At lower concentrations of Fe and 
lower activation temperature, the duration of thermal processing had a little effect on removal of Cd ions 
form solution, however at higher concentration and higher activation temperature differences in 
performance of the adsorbents become more significant. At short duration of activation increasing the 
processing temperature resulted in high reduction on the Cd loading capacity of the adsorbent material.  

 
Figure 2. Effect of processing conditions on the cadmium loading on to the resultant biochar adsorbent 
materials. Adsorption experiments performed using dosage of 2.5g/L and solutions with initial 
concentrations of 190ppm at room temperature. 
 
3.3 Comparison with literature 
 
Table 2 shows a collection of Qmax results from various papers researching the use of tea waste in various 
forms to remove pollutants from aqueous solutions. The majority of papers researching the removal of 
cadmium have fairly low removal values. The most modified adsorbent was the use of biochar without the 
bleaching step. The papers which have a step which modifies the tea waste, for example alkali treated which 
was using sodium hydroxide which had a large removal of 430 mg/g. The paper by H. Saygili et al shows that 
bleaching had a very positive effect on the black tea as it improved the removal from 125 to 416mg/g. Also 
shows that adding iron nanoparticles within the structure of the tea waste allows for a slightly better removal 
of the contaminant and easier removal of the adsorbent due to magnetic tendencies caused by the addition 
of the iron (III) chloride. 
 

Table 2: comparison of the adsorption capacity with values reported in literature. 

Adsorbent pH/T (K) Qmax (mg/g) Reference 

Tea factory waste 5.5/298 11 Cay and Ozsik (2004) 

Teawaste 5/328 16 Kamsonlian et al. 2011 

Teawaste biochar 5/298 42.0 Pal, D. and S. K. Maiti (2019) 

Teawaste biochar 6/298 5.9 Fan et al. 2017 

Saw dust 8/298 41.21 Albadarin et al. 2011 

Food waste digestate granules  -/298 217 Chen et al. 2019 

Jatropha Carbon 6/298 20.79 Mohammad et al. 2013 

Magnetic Bleached Biochar 7-8/333 511 Current work 
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4. CONCLUSIONS 
This can be seen visually from Figure 2 as the point that has the highest Qe (mg/g) is the optimum variables 
for the MBTW. The worst percentage removal over the 50-hour duration of the experiment was 42.21% for 
MBTW under the conditions of 500°C for 2 hours and concentration of 0.2g/g. The optimum MBTW was 1g/g 
concentration, 200°C for pyrolysis temperature and the time of pyrolysis was 4 hours. The detailed 
adsorption study showed that MBTW had Cd removal capacity (511 mg/g) which is competitively high when 
compared to other adsorbent materials reported in literature.  The new adsorbent developed in this work 
show great potential for heavy metal removal. Future studies will focus on evaluating its performance in a 
continuous system. 
 
 
REFERENCES 
 
Abdelwahab et al,(2005), Use of rice husk for adsorption of direct dyes from aqueous solution: a case study 

of direct f. Scarlet," Egyptian Journal of Aquatic Research, vol. 31, no. 1.  
Albadarin A.B., Mangwandi C., Walker G.M., Allen S.J., Ahmad M.N. (2011), Biosorption characteristics of 

sawdust for the removal of Cd(II) ions: Mechanism and thermodynamic studies. Chem. Eng. Trans.;24: 
1297–1302. 

S Çay, A Uyanık, A Özaşık,Single and binary component adsorption of copper(II) and cadmium(II) from 
aqueous solutions using tea-industry waste,(2004)Separation and Purification Technology,Volume 38, 
Issue 3, Pages 273-280. 

Chen H., Osman, A.I, Mangwandi C., Rooney, D.,(2019) Upcycling food waste digestate for energy and 
heavy metal remediation applications,Resources, Conservation & Recycling: X,Volume 3,2019. 

Cruz, C. C. V., A. C. A. da Costa, C. A. Henriques and A. S. Luna (2004). "Kinetic modeling and equilibrium 
studies during cadmium biosorption by dead Sargassum sp. biomass." Bioresource Technology 91(3): 
249-257. 

S. Fan et al, (2017), Cadmium removal from aqueous solution by biochar obtained by co-pyrolysis of sewage 
sludge with tea waste, Research on chemical intermediates, vol. 44, no. 1, pp. 135-154. 

Kamsonlian S. et al, (2011), Biosorption of Cd (II) and As (III) ions from aqeous solution by tea waste 
biomass, African Journal of Environmental science and technology, vol. 5, no. 1, pp. 1-71. 

Mohammad et al, (2013) Carbon Derived from Jatropha Seed Hull as a Potential Green Adsorbent for 
Cadmium (II) Removal from wastewater, Materials, vol. 6, no. 10, pp. 4462-4478. 

Nogawa, K., E. Kobayashi, Y. Okubo and Y. Suwazono (2004). Environmental cadmium exposure, adverse 
effects and preventive measures in Japan. BioMetals. 

Pal, D. and S. K. Maiti (2019). "Abatement of cadmium (Cd) contamination in sediment using tea waste 
biochar through meso-microcosm study." Journal of Cleaner Production 212: 986-996. 

Sayğılı, H., G. Akkaya Sayğılı and F. Güzel (2018). "Surface modification of black tea waste using bleaching 
technique for enhanced biosorption of Methylene blue in aqueous environment." Separation Science 
and Technology 53(18): 2882-2895. 

Wan et al, (2014)Sorption of lead (II), cadmium (II) and copper (II) ions from aqueous solutions using tea 
waste, Industrial & Engineering Chemistry research , vol. 53, pp. 3629-3635,. 

 


