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Abstract: The study focused on the test for the potentiality of Mango (Mangifera indica) leaves in producing adsorbent for the removal of 

Copper (Cu+2) in industrial wastewater. The percent removal of copper was analyzed through Atomic Absorption Spectrometry. The surface 

morphologies of adsorbent derived from mango leaves as well as of commercial activated carbon were determined through X-ray 

Diffraction Analysis. Experimental and linear and non-linear regression models were used in the determination of the efficacy of activated 

carbon from Mango leaves for the removal of copper from industrial wastewater. Two-way Analysis of Variance (ANOVA) and 

Independent t-test were used to test the validity of the hypothesis. The percent yield of mango leaves after activation was found to be 

21.54%. It was also found that Mango leaves that had undergone chemical activation have higher metal adsorption compared to ordinary 

adsorbent. X-ray diffraction analysis revealed the mean particle size and particle size distribution while experimental method was used to 

obtain the bulk density and total surface area of the adsorbent from Mango leaves. The results of this study indicated that the uptake of 

copper metal from industrial wastewater was affected by factors such as dosage and contact time. The optimum condition for the reduction 

of copper metal was found to be at 0.75 grams‟ dosage and 60 minutes‟ contact time. At optimum condition, the percent removal of copper 

was 93.33 %. It was found that the effect of time does not depend on what level of dosage is present. Mathematical modelling was used to 

describe the capability of activated carbon to adsorb copper metal in industrial wastewater. Using Design of Experiment (DOE) software, 

the equation generated was Y= 0.1057 – 3.8295E-3*A + 2.5510E-5*B where Y was the percentage copper removal (%), A and B were 

actual variables for dosage and contact time, respectively. Based from the experimental and mathematical analysis, it had been shown that 

Mango leaves have potential in removing copper metal from industrial wastewater. 
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1. Introduction 
Many industrial manufacturing processes produce 

wastewaters containing heavy metals. As a result of 

improper treatment prior to discharge, many dissolved metals 

have been found in harmful concentrations in ground waters 

which are destined for potable drinking water.  Heavy metal 

toxicity can result in damaged or reduced mental and central 

nervous function, lower energy levels, and damage to blood 

composition, lungs, kidneys, liver, and other vital organs [1]. 

Among these heavy metals found in industrial wastewater, 

copper is one of the most common. Copper is often found 

near mines, industrial settings, landfills and waste disposals. 

Because of this, more and more copper ends up in the 

environment. Due to disposal of Cu-containing wastewater, 

rivers are depositing Cu-contaminated sludge on their banks. 

Removal of heavy metals from industrial wastewater is of 

primary importance because they are not only causing 

contamination of water bodies and are also toxic to many life 

forms. Several techniques such as chemical precipitation, 

oxidation, reduction, coagulation, solvent extraction, ion 

exchange, filtration, electrochemical treatment, reverse 

osmosis, membrane technologies, evaporation recovery, and 

adsorption have been commonly employed in the removal of 

metal ion. Adsorption has been found to occur in many 

natural physical, biological, and chemical systems. 

Adsorption has been found to be superior to other techniques 

for water re-use in terms of initial cost, flexibility and 

simplicity of design, ease of operation and insensitivity to 

toxic pollutants [2]. Nowadays, activated carbon is the most 

widely used type of adsorbent. It is a highly porous, 

amorphous solid consisting of microcrystallites with a 

graphite lattice, usually prepared in small pellets or a 

powder.  

 

2. Objectives of the Study 
The study primarily aimed to remove the Cu

2+
 in industrial 

wastewater using activated carbon derived from Mango 

(Mangifera indica) leaves. Specifically, it sought to attain the 

following objectives: 

2.1 To determine the percent yield of the activated carbon 

produced from Mango (Mangifera indica) leaves. 

2.2 To determine if there a significant difference between 

the activated carbon derived from Mango leaves and the 

commercially available activated carbon in terms of the of 

the Total Surface Area, Mean Particle Size, Particle size 

Distribution and Bulk Density. 

2.3. To investigate the effect of varying the Dosage 

(0.25g,0.50g and 0.75 g per 500 mL) and Contact Time (30, 

60, and 120 minutes) in the adsorption capacity of Mango 

leaves as activated carbon in the removal of Cu
2+

 in 

industrial wastewater. 

2.4. To compare the percent heavy metal removal using 

the best condition utilizing activated carbon derived from 

Mango leaves with the commercially available activated 

carbon. 

 

3. Materials and Methodology 
 

3.1 Material Preparation 

Five kilograms of matured Indian Mango leaves are to be 

collected in Brgy. Tabangao, Ambulong, Batangas City. 

Leaves are to be washed thoroughly under running tap water 
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to remove dust and any adhering particles. The leaves are 

then dried under sunlight for three days and then in oven for 

an hour at 350degC until it become crisp. Dried leaves are 

then to be cut into pieces. Dried leaves were crushed and 

pulverized using to form powder and sieved using sieved 

shaker with 30 mesh. 

 

3.2 Production of Activated Carbon 

For 24 hours, the raw material is to be impregnated into 

60% of H3PO4 in a 60:40 ratio.  

Impregnation ratio = mass of impregnation reagent/ 

                                  mass of AC 

60/40 = (volume of H3PO4 (ml) )                                     (1) 

(mass of raw materials (g))          

The impregnated leaves were decanted and carbonized on a 

furnace in the absence of oxygen at 350
o
C for half an hour 

and another hour at 480
o
C. The leaves were being weighed 

before and after carbonization. The chars were immersed in 

0.1 N KOH solutions on a 3:1 ratio (mass of KOH (g)/mass 

of chars (g)) and stands for 24 hours. It was then carbonized 

on a furnace at 700degC for an hour. In order to remove 

excess KOH, the chars are to be rinsed with 0.1 M HCl, 

filtered and rinsed with warm deionized water [3]. The pH of 

the filtrate should range from 6 to 8. It is to be dried and 

stored in a container with desiccant for further use to avoid 

contact with moisture in the atmosphere. 

 

 
Figure 1. Schematic Diagram for the Production of 

Activated Carbon  

 

3.3 Determination of Activated Carbon Properties 

X-ray diffraction analysis was performed on activated 

carbon in order to determine the degree of crystalline or 

amorphous nature of the activated carbon. In order to 

determine the surface area of the activated carbon, BET 

method was used. The size, mutual orientation and stacking 

of the microcrystallites are strongly associated with the 

microporosity and high surface area [4]. The relationship of 

the stack height of the graphitic microcrystallite and the BET 

surface area (S) of the material is given by: 

                                 S=2/ρ(xrd)L                                        (2) 

 Where:   S = surface area 

          ρ(xrd) = X-ray density 

             L = crystallite size 

  

 

The x-ray density is given by the equation: 

    ρ(xrd)=(d(graphite))/(d(ac))*ρ(graphite)                         (3) 

  

The d(graphite) and ρ(graphite) being used are 0.344 nm and 

2.268g/cc respectively [4]. The interlayer spacing of 

activated carbon (d(ac)) can be determined using Bragg‟s 

law:                          d=γ/2sinθ                                             (4) 

 Where : γ= wavelength,1.54056 

            θ= angle of diffraction 

  

Particle Size. (Procedure similar to that described in ASTM 

D 5158-98 “Test Method for Determination of the Particle 

Size of Powdered Activated Carbon by Air Jet Sieving”). 

The ASTM D 5158-98 describes methods for measuring 

particle size of activated carbon by Air Jet Sieving. As an 

alternative, sieve shaker will be used with 30 mesh. Also, 

actual particle size distribution of activated carbon will be 

measured through X-ray diffraction analysis (XRD). 

 

Bulk Density. (Procedure similar to that described in ASTM 

D 2854-70 “Standard Test Method for Apparent Density of 

Activated Carbon”).  The bulk density of powder can be 

distinguished as tapped density and non-tapped density. Non 

– tapped density can be determined by: 

             Bulk density = Wac/Vreading                               (5) 

              Where:    W = weight of activated carbon 

V = Volume reading of Activated carbon contained in a 100 

ml graduated cylinder. 

On the other hand, tapped density can be determined by 

weighing the activated carbon contained in a 100 ml 

graduated cylinder, tapping it for 50 times, then reading the 

volume afterwards. The formula to be used is the same with 

non – tapped density.  

 

3.4 Determination of Adsorption Capacity of Adsorbent 
 The effects of dosage and contact time were investigated 

by agitating 0.25 grams of AC in 500 ml of industrial 

wastewater over time periods of 30, 60 and 120 minutes at 

constant agitation speed. The above step was repeated using 

0.50 and 0.75 grams of activated carbon. 

 

3.5 Determination of Copper Concentration Before and 

After Treatment 
 The change in copper concentration of industrial 

wastewater was determined using Atomic Absorption 

Spectrophotometer (AAS). The uptake of Cu
+2 

using AC can 

be computed using: 

%UPTAKE =
(     )

  
 x100                               (6)             

Where:  

Ci= initial concentration               

Ce = equilibrium concentration 

 

Statistical Treatment 

All statistical analysis on the significant difference of 

properties and adsorption capacity of the activated carbon is 

to be subjected to mean, standard deviation and analysis of 

variance. The significant difference among the properties of 

activated carbon produced from Mango leaves and to the 

commercially available AC in terms of surface area, bulk 

density and particle size is to be analyzed using independent 

t-test. The significant difference on the change in metal ion 

concentration before and after treatment is to be evaluated 

using ANOVA. The level of significance to be used is 0.05. 
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4. Result and Discussions 
 

4.1 Percent Yield of Powdered Activated Carbon Derived 

from Mango Leaves 

In terms of assessing the feasibility of preparing activated 

carbon from precursor, production yield was considerably 

important. As the activated carbon was to be sold in a weigh 

basis, high conversion yield, as much as possible, is 

expected. As compared to the study of de Lara et. Al [6], the 

percent yield of activated carbon derived from Mango leaves 

is larger. The percent yield from modified peanut shells was 

in the range of 12.506-18.4016% as compared to the percent 

yield from Mango leaves with 21.5439%. Higher percent 

yield gives an advantage to Mango leaves as raw materials 

for the production of activated carbon and can be accounted 

to the bulk density of the sample after carbonization. The 

result indicated that Mango leaves as a raw material were 

efficient in the production of adsorbent.  Because of 

considerably high percent yield, the raw material was fully 

utilized for characterization. 

4.2 Determination of Physical Properties of Adsorbent 

Derived from Mango Leaves and Commercially 

Available Activated Carbon  

 Determining the properties of powdered activated carbon 

(PAC) derived from Mango leaves was important in the 

study to know the factors affecting its capability for 

adsorption. The surface area of PAC derived from Mango 

leaves and from commercially available activated carbon 

were estimated using BET method. The bulk densities, 

categorized as tapped and non-tapped bulk density, were 

conducted experimentally. Using X-ray diffraction analysis, 

mean particle size and particle size distribution were 

measured. 

 

Table 1. Properties of AC derived from Mango leaves and 

commercially available AC 
Activated 

Carbon 

Total Surface 

Area (m2/g) 

Mean 

Particle 

Size (nm) 

Particle 

Size 

Distribution 
(nm) 

Bulk 

Density 

(g/cc) 

AC from 

Mango 
leaves 

NT:481.9842 

T: 560.3356 

2.5942 E-03 

 
 

1.5884E-03 NT:0.3435 

T: 0.3991 

Commercial 

AC 

NT: 830.735 

T: 1001.1085 

 

1.5668 E-03 

 

1.8236E-03 

NT:0.3381 

T: 0.4074 

*NT stands for non-tapped bulk density while T stands for tapped density. Total 

Surface Area,mean particle size, particle size distribution has been analyzed using 

XRD. The properties of AC from Mango and CAC presented are the average values. 

 

Table 1 shows the values of different factors needed to 

characterize the activated carbon derived from mango leaves. 

Commercial activated carbon, on the other hand, was being 

used for comparison. Using the equation given, values of 

mean particle size for Ac from Mango leaves and 

commercial AC are 2. 2.5641 E-03 for trial 1 and 2.62428E-

03 for trial 2 and 1.5598 E-03 for trial 1 and1.5737 E-03 for 

trial 2 respectively. The higher uptake with decreasing 

particle size was attributed to the fact that smaller particles 

had larger external surface area; hence more binding sites 

were exposed to the surface and thus, leading higher 

adsorption capacity [5]. 

 

Based on the principle, smaller particle size corresponds to 

larger surface area which has better adsorption capacity. 

Commercial AC has relatively small particle size and its 

adsorption capacity over AC from mango leaves can be 

reflected from treatment of industrial wastewater at optimum 

condition. Percentage removal of heavy metal using 

commercial activated carbon is 99.99%.   

Bulk densities obtained for both activated carbons from 

Mango leaves and commercial activated carbon were 

comparable. Small bulk density of produced activated carbon 

was due to the high temperatures being used during 

activation. Similar values of bulk densities for both activated 

carbons from Mango leaves and commercially activated 

carbon [6].   

 

 
Figure 2. XRD data of AC from Mango Leaves 

 
Figure 3. XRD data for Commercial Activated Carbon 

 

Figure 2,3 shows the x-ray diffraction analysis of AC 

derived from mango leaves and CAC projecting 2theta 

versus intensity. Theta represents the angle of diffraction of 

activated carbon while the intensity can be used to determine 

the full width half maxima (FWHM) of the peak. These 

variables are relevant for the determination of total surface 

area, mean particle size and particle size distribution of 

activated carbon using XRD analysis. In trial 1, the value of 

intensity of activated carbon from mango leaves is 555 and 

the angle of diffraction is 13.02. For the commercial 

activated carbon, the intensity was found to be 913 and the 

angle of diffraction is 13.2. In trial 2, the value of intensity of 

activated carbon from mango leaves is 540 and the angle of 

diffraction is 11.93. For the commercial activated carbon, the 

intensity was found to be 905 and the angle of diffraction is 

13.21. These values were being substituted in the Scherrer‟s 

equation to arrive at the mean particle size of both activated 

carbons. This study obtained a randomly disordered graph 

which is fairly identical XRD spectra with activated carbon 

obtained from corn cobs by chemical activation using zinc 

chloride [7].  

In order to be specific, t-test was used to find out which 

activated carbon offered a significant difference in terms of 

the surface area, mean particle size, particle size distribution 

and bulk density. 

 

http://en.wikipedia.org/wiki/%C3%85ngstr%C3%B6m
http://en.wikipedia.org/wiki/%C3%85ngstr%C3%B6m
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Table 2. Comparison on the Properties of Activated Carbon 

from Mango Leaves and Commercial Activated Carbon 

Parameters p-Values Interpretation 

Surface Area 

   Non-tapped: 

   Tapped: 

 

0.0041 

0.0042 

 

Significant 

Significant 

Mean Particle Size 0.0009 Significant 

Particle Size Distribution 0.4158 Not Significant 

Bulk Density 

   Non-tapped: 

   Tapped: 

 

0.4292 

0.1108 

 

Not Significant 

Not Significant 

 

Table 2 presents the comparisons of the properties of 

powdered activated carbon, it can be noticed that almost all 

variables were statistically not significant.  It means there is 

no significant difference among the properties of activated 

carbon produced from Mango leaves and to the 

commercially available activated carbon in terms of mean 

particle size, particle size distribution and bulk density. 

However, there is statistical difference between the total 

surface area of activated carbon derived from mango leaves 

and the commercial activated carbon. 

 

4.3 Effects of Varying Dosage and Contact Time on 

Cu
+2

 Adsorption 

Table 3 shows the result of experiment by varying 

parameters like dosage and contact time which greatly 

affected the percent removal of copper from industrial 

wastewater. 

 

Table 3. Percentage Removals of Cu
+2

 at Varying Dosage 

and Contact Time 

*Note: The percentage removals of Cu
2+

 presented are the 

average values 

 

The initial concentration of industrial wastewater to be 

treated was determined as 0.65 ppm. Table 6 shows that the 

average percentage removal of copper for dosage of 0.25g of 

activated carbon derived from mango leaves and contact time 

30 minutes in industrial wastewater was 89.23077%, wherein 

there is a continuous increase observed up to 90.76923 

percentage removal as the dosage was increased up to 0.75g. 

There were also continuous increases in the percentage 

removal of copper in 60 minutes-contact time from 90.26% 

to 93.33% and 120 minutes-contact time from 85.13% to 

88.72% as the dosage was increased from 0.25g to 0.75g. 

This is due to the significant effect of dosage to the 

percentage removal. However, at 120 minutes-contact time, 

there is a sudden decreased in percentage removal of copper 

as compared to 60 minutes-contact time. The activated 

carbon from mango leaves indicated the maximum 

percentage of Cu removal at contact time of 60 minutes and 

dosage 0.75 g, that is 93.33% removed, thereafter desorption 

occurred at contact time of 120 minutes which can be due to 

the decreased or lesser number of active sites [8]. It can be 

seen that metal adsorption increases as the dosage has been 

increased. It can also be noticed that the relationship of 

contact time and dosage showed minimal significant in the 

metal adsorption, especially between 60 and 120 minutes. 

Dosage imposed greater effect on copper removal than 

contact time. It was observed that copper removal increases 

with increases in dosage. The highest copper removal was 

obtained at the maximum dosage within the range of study.  

 

By using response surface 3D plot and contour graph, the 

interaction between two parameters, the interaction between 

two variables and their optimum levels could be easily 

understood. Figure 4 and 5 shows the effect of dosage and 

contact time in percent copper removal. For every 

combination of contact time and dosage, there is a 

corresponding percentage removal. As shown, optimal 

percent removal of copper metal was observed under 0.75 

grams‟ dosage and 60 minutes‟ contact time, which is 

93.33%.       

 
Figure 4. Surface Plot of Metal Removal versus Contact 

Time and Dosage 

 

 
Figure 5. Contour graph of the Effect of Dosage and 

Contact Time on Percentage Removal of Copper, Cu
2+

 

 

Table. 4 shows comparison of different polynomial 

models and the most appropriate polynomial model for the 

data points gathered from the experiments. It utilizes the 

sequential model where it selects the highest polynomial 

order that is significant and not aliased at the same time. It 

reveals that Quadratic Fit Model is the suggested model.  

 

 

Contact 

Time (min) 
% Removal of Copper, Cu

2+ 

 Dosage of Activated Carbon Derived from 

Mango Leaves in Industrial Wastewater (g) 

0.25 0.50 0.75 

30 89.23077 90.25641 90.76923 

60 90.25641 90.76923 93.33333 

120 85.12821 87.69231 88.71795 
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Table 4. Summary for Curve Fitting Test 

Source Sequential 

p-value 

Adjusted 

R-squared 

Predicted 

R-squared 

Decision 

Linear 0.0067 0.7492 0.5901  

2FI 0.8190 0.7025 0.2102  

Quadratic 0.0469 0.9355 0.6688 Suggested 

Cubic 0.5691 0.9374 -1.0136 Aliased 

The predicted R
2
 of 0.6628 is not as close to the adjusted 

R
2
 of 0.9355. This may have indicated a large block effect or 

a possible problem with the model and/or data. The rule of 

thumb in the software being used is that the predicted and 

adjusted R
2
 should be within 0.2 of each other. Having the 

independent factor levels far apart generates a large signal-

to-noise ratio and it is relatively easy to estimate the slope. 

Because the signal (change in the response) is large relative 

to the noise around the model prediction, thus R
2
 approaches 

one. On the other hand, low R
2
 is caused by having 

independent factor levels closer together, which generates 

smaller signal-to-noise ratio. This gives difficulty in 

estimating the slope given the random error in the system. 

 An important thing in the modeling is the p-value which 

indicates an active factor and a reasonable estimate of its 

effects. A significant p-value, along with a low R
2
, may 

mean a proper job of designing the experiments. 

 

The final equation would be: 

   Y= 0.1057 – 3.8295E-3 *A + 2.5510E-5 *B                    (7) 

 

Where Y is the percentage copper removal (%), A and B are 

coded variables for dosage and contact time, respectively.  

 

Contact time (B) had the greatest effect with lowest p – 

values of 0.0067and 0.022 for linear and quadratic, 

respectively and with highest coefficient of 1.022E-3 and 

1.320E-3 for linear and quadratic, respectively.  The analysis 

of variance (ANOVA) of the quadratic regression model 

demonstrated that the equation is highly statistically 

significant predictor of percent removal of copper with very 

low probability value. 

 

In Figure 6, the parity plot showed a good correlation 

between the experimental values and predicted values, 

wherein the mean data points were distributed and almost lie 

along the diagonal line, which indicates the good fit of the 

model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Parity Plot of Predicted versus Actual Percent 

Copper Removal  

The plot follows a normal distribution wherein there is no 

uneven increase and decrease in the residual which is 

comparable to that of de Lara et al, [6]. The levels of dosages 

were selected in range of 0.25 to 0.75g. The contact time was 

in the range of 30-120 minutes. The percent copper metal 

removal was maximized under the given range of 

aforementioned parameters. 

 

4.4. Comparison of Activated Carbon Derived from 

mango Leaves and Commercial Activated Carbon in 

terms of Percent Removal of Copper, Cu
2+

 in Industrial 

Wastewater at Best Condition 

 

In Table 5, the optimum level of copper adsorption of 

activated carbon from mango leaves where dosage is 0.75g 

and contact time of 60 minutes was also used for commercial 

activated carbon to compare the percent removal. As shown, 

activated carbon from mango leaves have a high percentage 

removal with the average of 93.85% however, commercial 

activated carbon has higher percentage removal of copper in 

industrial wastewater. 

  

Table 5. Percent Removal of Cu
2+ 

Using the Activated 

Carbon Derived from Mango Leaves and the Commercial 

Activated Carbon at its Best Condition 
Activated 

Carbon 

Trial Concentration 
before treatment 

(ppm) 

Concentration 
after treatment 

(ppm) 

% Cu2+ 
Removal 

Activated 

Carbon 

Derived 

from 

Mango 

Leaves 

1 

0.65 

0.04 93.84615 

2 0.05 92.30769 

3 0.04 93.84615 

Mean 0.04 93.84615 

Commercial 

Activated 

Carbon 

1 0 100 

2 0 100 

3 0 100 

Mean <0.01 99.84615 

 

5. Conclusions  

The percent yield of adsorbent derived from Mango leaves 

was 21.54%. There was no significant difference among the 

properties of adsorbent produced from Mango leaves and the 

commercially available activated carbon in terms of particle 

size distribution and bulk density. However, there was 

statistical difference between the total surface area and mean 

particle size of adsorbent derived from mango leaves and the 

commercial activated carbon. There was significant 

difference in the efficiency of adsorbent from Mango leaves 

using varying dosage and contact time in the removal of 

copper in industrial wastewater. However, the effect of 

different levels of time does not depend on what level of 

dosage is present. The optimum condition for the reduction 

of copper metal was found to be at 0.75 grams‟ dosage and 

60 minutes‟ contact time. The equation generated to describe 

the adsorption capability of activated carbon to remove 

copper from heavy metal was Y=0.1027 + 3.8205 E-3*A + 

2.5510 E-5*B. There was statistical difference between the 

mean values of the percent removal of copper in industrial 

wastewater using adsorbent produced from mango leaves 

and the commercial activated carbon. At optimum condition, 

the percent copper removal using adsorbent derived from 

mango leaves and CAC were 93.33% and 99.00%, 

respectively. 
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