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Abstract 

This study investigates a comparative assessment of two adsorbents, prepared activated carbon from Kennan's Sugarcane 

Bagasse, AC (KSCB)KOH and AC (KSCB)H3PO4 combined with natural zeolite samples for cadmium(II) ions removal. 

Maximum Cd(II)removal was observed at pH (6.0 – 8.0) when using KOH and H3PO4 respectively. The Langmuir and 

Freundlich isotherm models were applied to the adsorption data. The coefficients for determination of the two models were high 

with Langmuir model providing the best description for the experimental adsorption data. The fitting of the adsorption data into 

Freundlich model shows that the mode of adsorption of the metal ions by both adsorbents follows physisorption. Investigations 

into the maximum adsorption capacity showed that Cd(II) has an excellent adsorption on both adsorbents. Maximum adsorption 

capacities for Cd(II) metal ions corresponding to monolayer coverage, obtained from the Langmuir plots, were (714.29) mg/g 

and (270.27) mg/g onto the AC (KSCB)KOH and AC (KSCB)H3PO4 combined with natural zeolite respectively. The Langmuir 

adsorption coefficient, KL which is related to the affinity of the adsorbents were (150.00) and (34.33) for adsorption of Cd(II) 

ions onto AC (KSCB)KOH AC and (KSCB)H3PO4 combined with natural zeolite respectively, following the initial order. The 

carbonized AC (KSCB)KOH Combined with natural zeolite based - adsorbent was generally found to have an increased 

adsorption capacity for the metal ions than AC (KSCB)H3PO4 Combined with Natural Zeolite. 
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1. Introduction 

The importance of Drinking water to human life should not 

impose a significant risk to humans [1]. Although some heavy 

metals are essential for human health, an excess percentage of 

them may have negative effects [2]. The natural process and 

anthropogenic activities are the main sources of released 

heavy metals into the environment. The surface waters; 
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ground water and sea water are always polluted by heavy met-

als [3]. Metals leaching from water distribution system (WDS) 

may contaminate drinking water. Seawater desalination pro-

cesses may remove some heavy metals, but desalinated drink-

ing water might contain various metals, this is possibly due to 

treatment and stabilization, blending with treated groundwater 

and leaching of metals from pipes of the WDS [4]. Major con-

cern heavy metals in drinking water and their negative effects 

on human health are Cd, Hg, As, Pb, Cr, Cu, and Ni, this is 

mainly due to their presence at relative high concentrations [5, 

6]. Tanning and leather industries, catalyst and pigments, fun-

gicides, ceramics, crafts, glass, photography, electroplating 

industry, corrosion control application, and manufacturing in-

dustries, are the main sources for Cadmium releasing [7, 8]. 

The most applicable methods for unfavorable metal ions re-

moval from polluted water are adsorption, ion-exchange, pre-

cipitation [9], membrane separation [10], electro coagulation 

[11], nanoparticles [12], dialysis/ electrodialysis [13]. The 

preferred well method among all of these is adsorption process 

this is because of its convenience, easy operation and simplic-

ity of design [14]. Further, adsorption has gained a lot of cred-

ibility because of its excellent performance, cost effectiveness 

and environmental eco- friendly nature, [15]. Furthermore, 

this process can remove different types of pollutants and thus 

have wider applicability in water pollution control. Adsorp-

tion is a process that occurs when a gas or liquid solute accu-

mulates on the surface of a solid or a liquid (adsorbent), form-

ing a film of molecules or atoms; on the adsorbate [16]. 

The objective of this study was to prepare a micro porous 

activated carbon from Sugar Cane Bagasse, (SCB) by chemi-

cal activation using KOH and H3PO4, then combined with 

commercial natural zeolite in different ratios to obtain a new 

product for an efficient removal of Cadmium metal ions from 

aqueous solutions at optimum conditions and to determine dif-

ferent process parameters effect such as pH, adsorbent dose, 

initial metals ions concentrations and contact time on the re-

moval efficiency of AC(KSCB) H3PO4 and AC(KSCB) KOH. 

This study also deals to investigate the porous characteristics 

of the products obtained and to determined the optimum sam-

ple for the metal ions recovery from its aqueous solutions. 

2. Martial and Methods 

Cd(II) aqueous solutions were prepared by dissolving re-

spective amount of the metal nitric salts, Cd(NO3)2.4H2O 

(Fluka, Germany), in distilled water. The initial total metal ion 

concentration used in the adsorption equilibrium experiments 

was in the range between 10 mg/l and 150 mg/l. 

Kennan's Sugarcane Bagasse, (KSCB) collected from Ken-

nan's Sugar Company in White Nile State –Sudan, was used 

as a precursor for preparation of activated carbon and denoted 

as AC(KSCB). Prior to use, sample was washed smoothly nu-

merous times with hot distilled water until the washing water 

was clean to get rid of most contaminations present on the sur-

face and then dried at 105°C for one week. The natural zeolite 

(clinoptilolite) was supplied from (Fluka, Germany). Accord-

ing to the data from the supplier, it consists mainly of clinop-

tilolite (more than 80%), heulandite, and mordenite, with 

quartz, sanidine, and biotite present in trace quantities. Ana-

lytical grade chemical reagents, (Merck, Germany) or (Fluka, 

Germany), were used throughout this work without additional 

purification. 

2.1. Preparation of Activated Carbon 

After complete drying, the prepared activated carbon 

AC(KSCB) was crushed and grinded in a ball mill. Grinded 

sample was sieved to obtain homogeneous particles of uniform 

<90-125µm). Two 100g AC(KSCB) samples were impregnated 

with KOH and H3PO4 for 72 h each in a ratio of 1: 1.5 at 50°C 

to achieve well saturation of the chemical into their interior. Af-

ter saturation, the samples were dried for 72 hrs. at 105°C. The 

solid residues were cooled to room temperature, then thor-

oughly washed with double distilled water followed by 0.10 M 

Hydrochloric Acid (HCl) or 0.10 M Sodium Hydroxide (NaOH) 

to remove or eliminate the chemical residual, until the rinsed 

water pH values were neutral. The adsorbents prepared were 

denoted as AC(KSCB) H3PO4 and AC(KSCB) KOH through-

out the work, and shown in Figure 1. 

2.2. Combination of Activated Carbon with 

Natural Zeolite 

A series of natural zeolite (clinoptilolite) and activated car-

bon adsorbents were initially screened for the removal of cad-

mium ions from its aqueous media. Adsorbent screening was 

performed in ratio according to Table 1. 

Table 1: Natural Zeolite and activated carbon adsorbents ra-

tio for the removal of cadmium ions from aqueous media. 

Table 1. Natural Zeolite and activated carbon adsorbents ratio for the removal of cadmium ions from aqueous media. 

Sample no. 

AC (KSCB) (H3PO4) + Natural Zeolite in (g) AC (KSCB) (KOH) + Natural Zeolite in (g) 

AC (KSCB) (H3PO4) Zeolite AC (KSCB) (KOH) Zeolite 

1 0.1 0.9 0.9 0.1 
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Sample no. 

AC (KSCB) (H3PO4) + Natural Zeolite in (g) AC (KSCB) (KOH) + Natural Zeolite in (g) 

AC (KSCB) (H3PO4) Zeolite AC (KSCB) (KOH) Zeolite 

2 0.2 0.8 0.8 0.2 

3 0.3 0.7 0.7 03 

4 0.4 0.6 0.6 0.4 

5 0.5 0.5 0.5 0.5 

6 0.6 0.4 0.4 0.6 

7 0.7 0.3 0.3 0.7 

8 0.8 0.2 0.2 0.8 

9 0.9 0.1 0.1 0.9 

 

2.3. Evaluation of Activated Carbon 

The samples of Kennan's Sugarcane Bagasse, (KSCB), Ac-

tivated Carbon With KOH and H3PO4 modified with natural 

zeolite were evaluated five ways: 

2.3.1. Energy Dispersive X-ray Spectroscopy (EDX) 

Energy dispersive X-ray spectroscopy (EDX) analysis was 

carried out using (Perkin-Elmer 2400 Series) analyzer. The el-

emental compositions data of the two ACs, AC(KSCB) H3PO4 

and AC(KSCB) KOH for (carbon, hydrogen, nitrogen, sulfur 

and oxygen (CHNS-O) and other constituents, (Mg, Si, P, K, 

Ca, Al, and Fe), were determined. 

2.3.2. Fourier Transform Infrared Spectroscopy 

Transform Infrared (FTIR) spectroscopy (Shimadzu, Japan) 

was used to estimate the surface functional groups for the pre-

pared AC(KSCB) H3PO4 and AC(KSCB) KOH samples and 

recorded within 400 – 4000 cm-1 range. The KBr pellet was 

used to record he sample’s transmission spectra. Approxi-

mately 1.5 – 3.0% of each sample was mixed with dry grinded 

KBr. Then hydraulically pressed. The transparent in appear-

ance and homogeneous pellets were dried at 100°C for 24 hrs., 

and then inserted, for the analysis, into the IR sample holder 

[17]. 

2.3.3. Scanning Electron Microscopy (SEM) 

AC(KSCB) H3PO4 and AC(KSCB) KOH samples were 

performed using The (JSM-6380LA) scanning electron micro-

scope. The instrument was operated, at 55°C inclination and 

5kV/SE, using accelerating voltage machine. Prior to analysis, 

samples were coated in a sputter shell unit, using Edwards 

Vacuum Components Ltd., Sussex, England, so as to reduce 

charging and improve the secondary electron signals for im-

aging. The micrographs were recorded via photographic tech-

niques. 

2.3.4. Process Parameters Effect 

Batch experiments for adsorption of Cd(II) metal ions on 

AC(KSCB)KOH and AC(KSCB)H3PO4 each modified with 

Natural Zeolite, at 25 ± 0.5°C., were conducted using Cd(II) 

metal ions aqueous solutions. A 1000 mg/L stock solution was 

prepared by dissolving appropriate weight of dissolving re-

spective amount of its metallic nitric salt. To obtain different 

concentrations, the stock Cd (II) metal ions solution was di-

luted as required. For each run, a definite amount of 

AC(KSCB)KOH and AC(KSCB)H3PO4 each modified with 

natural zeolite was added to 25 ml Cd(II) solution taken in 100 

ml Erlenmeyer flasks. 

(i). pH Effect 

An electronic pH - Meter (3510) was used to study the pH 

effect on metal adsorption, which was monitored over a pH 

range of 2 to 10. In this work, 25 ml separate solutions, 50 

mg/L Cd(II) metal ion, was transferred into100 ml conical 

flasks, vigorously stirrer well for 60 mints. with 0.25g 

AC(KSCB)KOH or AC(KSCB)H3PO4 each modified with 

Natural Zeolite, at 25 ± 0.5°C. The filtered mixture was ana-

lyzed for residual metal ion concentration via Atomic Absorp-

tion Spectrophotometer (AAS). The equilibrium concentra-

tion (Ce) of Cd(II) and removal percentage were determined 

at the different pH. 

(ii). Contact Time Effect 

To investigate contact time effect on Cd(II) metal ions re-

moval percentage from its aqueous solutions, experiments 

were carried out using 75 mg/L initial concentration and 0.25g 

AC(KSCB)KOH or AC(KSCB)H3PO4 each modified with 

Natural Zeolite dose at different contact times, 15-180 
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minutes. The filtered mixtures were well centrifuged. The fil-

trate of the metal ions residue was spectrophotometrically an-

alyzed, using (AAS) [18]. The equilibrium concentration (Ce) 

of Cd(II) and removal percentage were determined at different 

contact time. 

(iii). Adsorbent Dosage Effect 

Optimization of adsorbent dosage was carried out experi-

mentally using different weights, 0.05 - 1.50g, of 

AC(KSCB)KOH and AC(KSCB)H3PO4 each modified with 

natural zeolite. 75 ml of desired concentration of metal ion in 

250 ml conical flask at the optimum pH for Cd(II) metal ion 

solutions. Aliquots concentration was analyzed to determine 

the extent of Cd(II) metal ions adsorption at equilibrium [19]. 

(iv). Initial Concentration Effect 

25 ml metal ions solutions with different initial concentra-

tions between (10.0 – 150.0 mg/L) Cd(II) were contacted with 

optimized adsorbent dosage at the optimum pH. The mixtures 

were shaken well for the desired time at 25 ± 0.5°C. The mix-

tures were filtered, centrifuged and the concentrations of the 

metal ions adsorbed were determined [20]. 

2.3.5. Equilibrium Adsorption Studies 

Cd(II) metal ions adsorption isotherms on AC(KSCB)KOH 

and AC(KSCB)H3PO4 each modified with natural zeolite, 25 

± 0.5°C., were investigated by varying initial concentration 

(10.0 –150.0 mg/L) Cd(II), at optimized pH, contact time, ad-

sorbent dose, temperature, which were established after opti-

mization of working parameters. To examine the equilibrium 

data obtained, Langmuir and Freundlich Isotherms models 

were used. The equilibrium metal ion adsorptive amounts 

(mg/g) in each batch modes were calculated using the follow-

ing expressions [21]: 

qe = (V/w) (CO - Ce)                (1) 

% Removal = 100 (CO - Ce)/CO            (2) 

Where qe is the amount of Cd(II) removed per unit weight 

of AC(KSCB)KOH or AC(KSCB)H3PO4 sample, each modi-

fied with Natural Zeolite in (mg/g), Co and Ce are the initial 

and equilibrium concentrations of Cd(II) respectively in 

(mg/L), V is the treated volume of the solution in (L) and w is 

the mass dose of AC(KSCB)KOH or AC(KSCB)H3PO4 

which modified with Natural Zeolite, in (g) [22]. 

3. Results and Discussion 

3.1. Energy Dispersive X-ray Spectroscopy 

(EDX) 

The elemental composition of the adsorbents samples, 

AC(KSCB)KOH and AC(KSCB)H3PO4, were determined. 

Energy dispersive X-ray spectroscopy (EDX) data of the two 

ACs were presented. The ACs samples contain C, Ca, O, Fe, 

Mg, Al, and Si. The presence of the elements P and K, which 

are in corporate by chemical activation with, is due to H3PO4 

and KOH activators respectively. The high adsorption effi-

ciency of AC(KSCB)KOH and AC(KSCB)H3PO4 for Cd(II) 

metal ions solutions can also be confirmed by observing the 

EDX profiles results shown in Figure 2. 

 
Figure 1. Sample No. (7) the best optimum one, when using KOH 

activator (0.85g. KSCB + 0.15g. Natural Zeolite). 

 
Figure 2. Sample No. (4) the best optimum one, when using H3PO4 

activator (0.40g. KSCB + 0.60g. Natural Zeolite). 

3.2. Fourier Transform Infrared Spectroscopy 

(FTIR) Analysis 

The FT-IR spectra of the two adsorbents, prepared activated 

carbon AC (KSCB)KOH and AC(KSCB)H3PO4 Combined 

with Natural Zeolite, were performed in order to explore their 

surface characteristics Figure 1. The spectra display a number 

of absorption peaks, indicating the possible functional groups 

present on these biosorbents, that may be responsible for the 

removal of Cd(II) metal ions from solution. The peak posi-

tions were observed at 3564.45, 1435.12, 1597.06, 1207.44, 

1161.15 cm-1 for AC (KSCB)KOH and 3442.13, 1458.18, 

1338.60, 1093.67, 1033.85, 802.39 and 1685.79 cm-1 for AC 

(KSCB)H3PO4. The bands at 3564.45 and 3442.13 cm-1 are 

due to N-H stretch (mainly primary and secondary amines) 

present on the adsorbents. The band observed at 1458.18, 

1597.06 cm-1 are assigned to C=C bond (from alkenes), the 

https://www.sciencepg.com/journal/sdc


Science Discovery Chemistry https://www.sciencepg.com/journal/sdc 

 

56 

bands at 1068.56 and 1161.15 cm-1 are assigned to C-O stretch 

(alcohols, ethers, acids, esters), 11701.62 and 1685.79 cm-1 

corresponds to N-H bend of amines and amides, 1033.85 cm-

1 is due to C–H bend of CH2=CH2- from vinyl groups. These 

peaks which correspond to different functional groups are pos-

sible sites for adsorption of Cd(II) metal ions by 

AC(KSCB)KOH or AC(KSCB)H3PO4 adsorbents. The peak 

intensities indicate that especially the OH groups, carboxylic 

acids or esters, the C-O stretch of either alcohols ethers, the 

N–H stretch of the primary or secondary amines, N– H bend 

of the amine or amides and the C=C stretch of the alkenes may 

play a major role in the adsorption of Cd(II) ions from the 

aqueous solutions. These functional groups contain either - 

electron which is electron - rich or lone pairs on nitrogen or 

oxygen, with which they can coordinate with the metal ions 

leading to their adsorption. Comparing Figures 1 & 2, one can 

conclude that, some of these peaks are either absent or new 

ones detected. This may be due to surface variation resulting 

from the combination of the AC (KSCB)H3PO4 with natural 

zeolite. 

 
Figure 3. FTIR spectrum of AC (KSCB)KOH combined with Natural Zeolite. 

 
Figure 4. FTIR spectrum of AC (KSCB)H3PO4 combined with Natural Zeolite. 

3.3. Scanning Electron Microscopy (SEM) 

Scanning electron microscopy images of the modified acti-

vated carbons with natural zeolite when using KOH and 

H3PO4 as activators are shown in Figures 3 & 4. The SEM 

scans show that the optimum prepared samples of the modi-

fied activated carbons {Samples No. 7, the best optimum one 

when using KOH activator (0.85g KSCB + 0.15g Zeolite)} 

and {Sample No. 4, the best optimum one when using H3PO4 

activator (0.40g KSCB + 0.60g Zeolite)} has a more devel-

oped porous structure than the other prepared ones when using 
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other different fractions from KSCB/ KOH modified with ze-

olite and KSCB/ H3PO4 modified with zeolite. The scans fur-

ther show that, the treatment enhanced the porous structure of 

the modified activated carbon leading to the development of 

channels, pores and great increase in the surface area. The en-

hancement in surface area, in the case of the treated modified 

samples, is likely due to the interaction of zeolite and ashes, 

and also due to the basic and acidic nature of the KOH and 

H3PO4 activators respectively. Nevertheless, the scans showed 

that, zeolite has deposited on the surface of the treated acti-

vated carbon samples. On the other hand, the increase in the 

surface area of the treated KSCB activated carbons is likely 

due to the opening of the structure of the biomass due to the 

acidic and basic digestion in the KOH and H3PO4 solution. 

The deposition of the zeolite is observed to be more thor-

oughly distributed through the ridges, channels and pores of 

the treated KSCB activated carbons. 

  
Figure 5. Sample No. (7) the best optimum one when, using KOH activator (0.85g. KSCB + 0.15g. Natural Zeolite). 

  
Figure 6. Sample No. 4 the best optimum one when using H3PO4 activator (0.40g. KSCB + 0.60g. Natural Zeolite). 

3.4. Process Parameters Effect 

3.4.1. pH Effect 

The adsorption of Cd(II) metal ion from its aqueous solu-

tions on adsorbent is significantly influences by solution pH, 

which has been introduced as one of the effective factors in 

process parameters [9]. Kennan’s sugarcane bagasse AC 

(KSCB)KOH/ H3PO4 prepared by chemical activators(KOH 

and H3PO4) Combined with Natural Zeolite were engaged for 

Cd(II) removal at different pH values (2–10). The preliminary 

experiments at definite experimental conditions (initial Cd(II) 

concentration 75.0 mg/L, adsorbent dose 0.25 g/100ml, con-

tact time 60 min, and temperature 25 ± 0.50°C) were per-

formed. The removal of the metal ions was affected by 

changes in pH as shown in Figure 6. It is proved from the fig-

ure that adsorption percentage was higher at pH(6 and 8). On 

the other hand, the highest average removals of Cd(II) ob-

served at pH(6 and 8), was 88.49% and 83.72% when using 

H3PO4 and KOH activators respectively. Generally, metal ions 

are more soluble at lower pH values and this enhances their 

adsorption. Removal of metal ions at higher pH values could 

be attributed to their hydroxides formed, which results in pre-

cipitates, this is consistent with the observation. The results 
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obtained are in close agreement with previously reported in-

vestigations [9, 10]. 

 
Figure 7. Effect of pH on Cd(II) removal by AC (KSCB) Activated 

Carbon with KOH/ H3PO4 Combined with Zeolite (CO = 75mg/ L, 

Dose = 0.25 g /ml, Contact Time = 60 min., T = 25 ± 0.50°C). 

3.4.2. Adsorbent Dose Effect 

The adsorbent dose, of AC(KSCB)KOH or AC(KSCB)H3PO4 

modified with natural zeolite, as effective factor on removal per-

centage of Cd(II) was studied. The results were illustrated in Fig-

ure 7. Different series of adsorbent doses, (50 –1500 mg) were 

considered and other process parameters were maintained con-

stant, pH (6&8), using a concentration of 75 mg/L, contact time 

– 60 min, at 25°C ± 0.50). A significant increase in removal effi-

ciency with increasing adsorbent dose up to a maximum of 

0.25g/ml was found. The results showed that the corresponding 

optimal removal percentage were 99.10% and 94.60% when us-

ing KOH and H3PO4 activators respectively. In contract, the ob-

tained results showed that any further addition over the above 

mentioned weight, (˃ 0.25 g), will not make any enhancement in 

the efficiency of adsorption, where exactly negligible increase of 

removal efficiency over the identifiable specific adsorbent 

amount. The initial increase in removal of Cd(II) ions from their 

aqueous solutions with increasing adsorbent mass suggesting that 

it can be explained by the increase in the number of exchangeable 

sites on AC(KSCB)KOH or AC(KSCB)H3PO4 modified with 

natural zeolite for Cd(II) metal ion removal, after which equili-

brations was attained [10]. 

 
Figure 8. Effect ofadsorbent dose on Cd(II) removal by AC (KSCB) 

Activated Carbon with KOH/ H3PO4 Combined with Zeolite 

(CO=75mg/L, pH = {6 & 8}, Contact Time = 60 min., T = 25 ± 

0.50°C). 

3.4.3. Contact Time Effect 

The effect of contact time on the removal of Cd(II) using 

AC (KSCB) KOH and H3PO4 combined with zeoliteis were 

shown in Figure 8. The adsorption capacity of metal ions in-

creased by a nearly even dynamic trend with increasing time, 

reached equilibrium after approximately 60 mints; the adsorp-

tion capacity sequence was consistent with the result obtained 

in initial concentration tests. A constant adsorption is indica-

tive of equilibration due to saturation of adsorption sites. 

Rapid removal of Cd(II) ions during the initial stages was due 

to the large initial concentration gradient between its concen-

tration in solution and the number of available unoccupied 

sites on surface of AC(KSCB)KOH or AC(KSCB)H3PO4 

modified with natural zeolite. The removal of Cd(II) was 

79.41% at (pH=6), and 82.36% at (pH=8) each at 60 mints. as 

contact time, when using KOH and H3PO4 activators respec-

tively. 

 
Figure 9. Effect of Contact Time on Cd(II) removal by AC (KSCB) Activated Carbon with KOH/ H3PO4 Combined with Zeolite,(CO = 75 mg/L, 

pH={6 & 8}, Dose = 0.25g/ml, T = 25 ± 0.50°C). 
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3.4.4. Initial Concentration Effect 

The initial concentration of Cd(II) is an essential effective 

parameter since it changes over abroad extent in effluents ap-

plications. Different initial concentrations were used to carry 

out batch adsorption experiments. The variation of removal 

percentage for these different initial concentrations, using 

AC(KSCB) activated carbon with KOH or H3PO4 each com-

bined with natural zeolite were shown in Figure 9. The figure 

shows an excellent performance for Cd(II) metal ions initial 

concentrations, at equilibrium state and the most favorable in-

itial concentration, (75.0 mg/L) under the experimental condi-

tions. It is also clearly as well as observed, that the removal 

percentage of Cd(II) when using KOH and H3PO4 as activa-

tors were sufficiently high, (80.08%, 91.17%) respectively 

and no significant additional increase as the concentration in-

creases. 

 
Figure 10. Effect of Initial concentration on Cd(II) removal by AC 

(KSCB) Activated Carbon with KOH/ H3PO4 Combined with Zeolite, 

pH = {6 & 8}Dose = 0.25g/ml, Contact Time = 60 min., T = 25± 

0.50°C). 

3.5. Adsorption Isotherm 

The adsorption capacity of any adsorbent is conceder an ef-

fective specific function of concentration. The shape of an iso-

therm provides information about the adsorption affinity of 

molecules and stability of the interactions between adsorbent 

and adsorbate [23]. The equilibrium adsorption isotherms 

were described by plotting solute concentration in the solid 

phase (qe) against liquid phase concentration (Ce). Langmuir 

and Freundlich adsorption isotherms were applied to the ex-

perimental data to investigate the adsorption behavior of Cd(II) 

metal ions on prepared AC (KSCB) Activated Carbon with 

KOH and H3PO4 each modified with Natural Zeolite, at dif-

ferent conditions of process parameters. 

3.5.1. Langmuir Isotherm 

The Langmuir isotherm is applicable to homogeneous sorp-

tion where the sorption of each sorbet molecule on to the sur-

face has equal sorption activation energy and is represented as 

follows [24]. 

Ce /qe =1/qmKL + Ce /qm             (3) 

Where qm (mg/g) is the maximum adsorption capacity of 

the adsorbent, KL (L/mg) is the affinity parameter or Langmuir 

isotherm constants related to adsorption capacity (mg g−1), 

which can be correlated with the variation of the suitable area 

and porosity of the adsorbent which implies that large surface 

area and pore volume will result in higher adsorption capacity. 

Dividing equation (3) by Ce one can obtain: 

1/qe = 1 /qm + 1/ qmKLCe             (4) 

The analyzed adsorption data, according to Langmuir iso-

therm linear form (equation 4), was described by plotting of 

1/qe versus 1/Ce. The obtained linear plots shows that, the ad-

sorption obeys to the Langmuir isotherm model, Figure 10. 

The constant values were calculated from the slope (1/qmKL) 

and intercept (1/qm) and reported in Table 2. According to R2 

values, (0.9953 and 0.9856) for Cd(II) removal when using 

KOH and H3PO4 activators respectively, the Langmuir equa-

tion well fitted the experimental adsorption data for Cd(II) re-

moval using AC(KSCB) Activated Carbon with KOH/ H3PO4 

combined with Natural Zeolite, thereby representing a mono-

layer adsorption in each case. 

 
Figure 11. Langmuir isotherms of AC (KSCB) Activated Carbon with 

KOH/ H3PO4 Combined with Zeolite for Cd(II) removal 25 ± 0.50°C. 

To investigate in details the Langmuir isotherm, a dimen-

sionless parameter, Namely, separation factor RL, [25], de-

fined by equation (4): 

RL = 1/ (1+KL CO)                (5) 

Where CO is the initial metal ion concentration. The RL val-

ues for the prepared adsorbent, AC (KSCB) with KOH and 

H3PO4 combined with Natural Zeolite, were between 0.005 

and 0.012 which were in the range of: 0 < RL< 1; hence the 

prepared adsorbent sample show satisfactory adsorption of 
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Cd(II) metal ions under the specified conditions [24, 25]. In 

addition, RL was closed to zero at high CO values, thereby sug-

gesting that the prepared adsorbent sample undergo irreversi-

ble metal ion adsorption process at high initial metal ion con-

centration. 

The maximum adsorption capacity of the prepared adsor-

bent samples were compared with those of various conven-

tional adsorbent are tabulated in Table 1. Although the adsorp-

tion conditions differed among them, the prepared adsorbent 

sample had a level of adsorption capacity similar to that of 

conventional adsorbents, thereby suggesting that the prepared 

adsorbent samples can be used for the removal of Cd(II) metal 

ions. The reasonably high regression coefficients which con-

firm a well fitting to the Langmuir equation are summarized 

in Table 2. 

Table 2. Comparison of heavy metal removal capacities(mg/g) by 

different adsorbents. 

Adsorbent Cd(II) Sources 

Unmodified rice husk and 

modified rice husk 

8.82 
[26] 

11.03 

African white star apple shell 10.59 [27] 

Sphagnum moss peat - [28] 

Maple sawdust - [29] 

Activated carbon Sigma C-3014 1.51 [30] 

AC (KSCB)KOH combined 

with natural zeolite 
714.29 

This Study 
AC (KSCB)H3PO4 combined 

with natural zeolite 
270.27 

3.5.2. Freundlich Isotherm 

Freundlich empirical model can be applied to non-ideal 

sorption on heterogeneous surfaces as well as multilayer sorp-

tion and is expresses by the following equation [24]. 

qe = KF Ce
1/n                      (6) 

Where n and KF are investigative constants of the intensity 

of the sorption and the relative sorption capacity of the sorbent. 

Equation (4) can be linearized in the form of Equation (5) and 

the constants can be determined [24]: 

lnqe = ln KF+ 1/n lnCe                 (7) 

Where qe is the extent of Cd(II) adsorbed per unit mass of 

AC(KSCB)KOH or AC(KSCB)H3PO4 modified with natural 

zeolite in (mg/g) and Ce is the equilibrium concentration of 

Cd(II) in (mg/L). Figure 11 show the fit of data to Freundlich 

isotherm indicates the surface heterogeneity of 

AC(KSCB)KOH and AC(KSCB)H3PO4 each modified with 

natural zeolite. 1/n is the heterogeneity factor and it is a feature 

measure of the deviation from linearity of Cd(II) adsorption. 

The n value indicates the degree of non-linearity between so-

lution concentration and adsorption as follows: if the value of 

n = 1, the adsorption is linear; n < 1, the adsorption process is 

chemical; if n > 1, the adsorption is a favorable physical pro-

cess. The correlation coefficients, R = 0.9931 and 0.9894, ob-

tained from the Freundlich model when using KOH and 

H3PO4 as activators respectively, were comparable to that ob-

tained from Langmuir model. This result indicates that the ex-

perimental data fit to the Freundlich model, and n >1 when 

KOH activator was used. The values of Freundlich constants 

with the correlation coefficients are presented in Table 2. 

 
Figure 12. Freundlich isotherms of AC (KSCB) Activated Carbon 

with KOH/ H3PO4 Combined with Zeolite for Cd(II) removal at 25 ± 

0.50°C. 

As a result from these isotherms one can show that, the 

equilibrium adsorption amount of AC(KSCB) Activated Car-

bon with KOH and H3PO4 combined with Natural Zeolite for 

Cd(II) removal with different initial concentrations, and ac-

cording to the fitting curves and correlation coefficients(R2), 

Langmuir model was more suitable to describe the adsorption 

of Cd(II) onto the prepared adsorbent sample, indicating that 

the surface of AC(KSCB) Activated Carbon with KOH and 

H3PO4 combined with Natural Zeolite were homogeneous and 

the adsorption was monolayer, where it adsorption capacity 

(qm) for Cd(II) was 714.29 mg/g when using KOH activator, 

while it was 270.27 mg/g when using H3PO4, the obtained re-

sults are tabulated in Table 2. 

4. Conclusion 

The findings in this study revealed that Modified Kennan's 

Sugarcane Baggase Activated Carbon With Natural Zeolite 

can be effectively be employed as an eco-friendly adsorbent 

for the removal of Cd(II) ions form aqueous solutions. It will 
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also provide an ideal technology to utilize and convert this ad-

sorbent into valuable product which can be commercialized 

for the removal of contaminants from aqueous phase. The data 

from the batch adsorption studies provided essential infor-

mation in terms of optimum pH, contact time, adsorbent dose 

and Cadmium(II) initial concentration. 
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