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ABSTRACT: Cadmium (Cd) is known to have adverse effects on the kidney, liver, bones and cardio-

pulmonary system, this heavy metal is usually consumed from drinking water with higher Cd 

acceptable limits. In this study, Activated Carbon (AC) is produced from Date Tree Leaf (DTL) and 

impregnated with Zinc Oxide catalyst, where an adsorbent (ZnO/DTL) was developed and used in 

the adsorption of heavy metals from water samples from three areas of Maiduguri, Nigeria where 

there are reported kidney problems caused by Cd. The highest concentration of Cd from Dala Kwanan 

Osi is of Maiduguri (0.017 mg/l) is observed to be completely remove even less than the maximum 

permitted limits of 0.003 mg/l. The outcomes from SEM, EDXRF, FTIR spectra and XRD patterns 

revealed the characteristics of the adsorbents. Also, the isotherm study indicated that Langmuir 

isotherm supersedes (0.9684) the characteristics shown by Freundlich isotherm (0.8479) hence it is 

more suitable to explicate the correlation of experimental results. It is proven for the first time in 

Maiduguri, Nigeria that the DTL can now be considered as a waste-to-wealth commodity suitable for 

the cheap and simple means of removing Cd contamination and other heavy metals from borehole 

water.  
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1. Introduction   

Water is a very basic source for the existence of life on 

earth however, the increase in industrialization and 

modernization has contributed negatively to clean water 

resources. Many substances such as heavy metals, dyes, 

pharmaceuticals, surfactants, pesticides, personal care 

products, and others have contaminated the water 

resources [1]. These pollutants are environmentally 

hazardous to human beings and animals [2]. The excess 

quantity of heavy metals in water causes irritation of the 

central nervous system and damage to the kidney and 

liver, Lead (Pb) and Cadmium (Cd) are the most toxic 

heavy metals which cause many diseases [2,3].  

Biomass is abundantly available from several sources 

all over the world and has numerous roles to play in 

sustainable development. In addition, to being a food 

source and renewable raw material, biomass can be used 

for energy production, carbon sequestration, and as an 

essential element to produce biochars and activated 

carbon [4,5].  

The conventional technologies for heavy metal 

contaminated water are precipitation, electrochemical 

treatment, ion exchange, membrane separation, and 

adsorption. However, adsorption has been proven to be 

one of the most suitable and universal methods, which 

offers remarkable advantages such as fast water 

treatment, ease of operation, availability, and efficiency 

[6]. Various adsorbents have been employed in 

adsorption, ranging from natural products to synthetic 

materials, carbon materials, such as activated carbon, 

graphene, and fullerene, were found to be promising 

adsorbents for removing heavy metals from aqueous 

solutions due to their stability and large surface area [6-7]. 

Date Palm fibers are lignocellulosic materials that consist 

of three vital components: Cellulose (40-50 %), 

hemicellulose (20-35 %) and lignin (15-35 %) [8] and may 

be used as adsorbent to remove heavy metal ion from 

water. 

Each date palm tree produces 20 kg of dry leaves yearly 

[9] while the area under date palm cultivation in Nigeria 

was estimated at over 1,466.00 ha with an annual 

production of nearly 20,000 tons of date fruit per annum 

http://www.jenrs.com/
https://dx.doi.org/10.55708/js0104016


  K. Silas et al., Utilization of Date Tree Leaves Biomass 

www.jenrs.com                           Journal of Engineering Research and Sciences, 1(4): 137-147, 2022                                      138 
 

[10]. The Date Tree Leaves (DTL) stems and branches are 

waste and are being burnt while in most cases, they are 

thrown to liter the environment to become the part of 

teaming solid waste. As of now, there are no sustainable 

long-term management strategies to utilize the DTL 

towards an economical and practical approach to 

environmental cleanup however, other study [11] 

reported that AC produced from waste biomass can be 

utilized to that effect.  

AC can be used as a support of Metal Oxides (MO) in 

the adsorption of heavy metals and are impregnated on 

the AC as an active catalyst phase due to their low 

production cost [12]. Wheat Straw Biochar (WSB) was 

activated for cadmium removal from contaminated water, 

they found that WSB is a cost-effective and 

environmentally friendly strategy for the removal of 

metals from contaminated water [13] however, there is no 

detailed adsorption time study that is expected to be high 

due absence of a catalyst. A review on the removal of 

Cd(II) and other heavy metal ions from aqueous solution 

by Zinc Oxide (ZnO) nanoparticles as adsorbent was 

reported [14] however, the shortfall of unsupported MO 

catalyst involves high cost. The ZnO/activated carbon 

adsorption capacity (96 mg/g) for the adsorption of Cd2+ 

ions was reported [15] but AC is expensive, therefore, 

there is a need for developing AC from a cheap local 

source. Many studies of the removal of heavy metals from 

contaminated water using AC/MO can be found in the 

literature [16]–[18]. Hence, ZnO is cheap, and be easily 

synthesized with AC. 

The objective of this work is to produce Activated 

Carbon using DTL and to impregnate the AC with Metal 

Oxide (ZnO) also, to characterize the adsorbents before 

and after adsorption by FTIR, XRD, SEM, EDXRF 

techniques. The developed adsorbent (ZnO/DTL) will be 

used to remove heavy metals from three water samples 

obtained from some areas in Maiduguri, Nigeria. 

Furthermore, the adsorption isotherms based on 

Langmuir and Freundlich will be used for the description 

of the adsorption of the heavy metals over the adsorbents. 

2. Materials and methods 

2.1. Material 

Zinc Oxide (ZnO), Hydrochloric acid (HCL) and 

deionized water were purchased from Sigma-Aldrich. All 

the chemicals and reagents used were of analytical 

reagent (AR) grade or as specified. 

2.2. Adsorbent preparation and impregnation 

The DTL were collected from a date palm plantation 

in Moduganari, Maiduguri, Nigeria. the collected leaves 

were crushed to smaller particle size and washed with 

distilled water several times to remove dirt particles and 

water-soluble materials. The washing process is 

continued until the wash water contained no color. The 

washed material is then dried in an oven at 50 OC for 24 h. 

The sample obtained from the pretreatment process 

above was then heated in furnace at 600 OC for 1h and left 

in the furnace for 24 h to cool in the absence of oxygen. 

The result obtained from this process is the carbonized 

sample otherwise known as the Non-impregnated Date 

Tree Leaves (NIDTL) adsorbent as used in this work. The 

NIDTL adsorbent produced was activated in accordance 

to the literature [19] to obtain an activated carbon material 

Non-impregnated Date Tree Leaves Activated Carbon 

(NIDTLAC). Further, the NIDTLAC is impregnated with 

an appropriate aqueous solution of ZnO to develop 

ZnO/DTLAC adsorbent. The impregnation is simple and 

easy to carry out [12] unlike other synthesis methods 

which require specialized equipment such as 

microscopic/spectroscopic technique as explained in 

another study [15].  

 The adsorbent was heated with constant stirring 

at 70 OC and 300 rpm until the entire liquid is evaporated 

and then dried at 110 OC for 24 h. After which the obtained 

samples were later calcinated at 400 OC for 2 h to bind the 

ZnO catalyst to the AC surface. 

2.3 Adsorption activity 

The water sample collected from the wash 

borehole in Maiduguri is analyzed via Atomic 

Adsorption Spectroscopy (AAS) to detect the presence of 

arsenic, cadmium, chromium, copper, and lead. After the 

adsorption, water sample is tested again to check the 

reduction/ removal of heavy metal initially present in the 

water sample. water samples collected at three different 

borehole water points within Maiduguri metropolis. 

2.4. Characterization techniques 

The characterization of the samples was carried out with; 

SEM analysis (JSM-6010LA, JEOL, Japan); XRF analysis 

(X-ray Fluorescence Spectrometer-EDX7000, SHIMADZU 

Corporation, Japan; FTIR spectra, Bruker Alpha infrared 

spectrophotometer) with a resolution of 4 cm−1 (range 

400–4000 cm−1); XRD analysis (BRUKER X-ray 

Diffraction). 

3. Results  

3.1. SEM morphology 

The structural properties of activated carbon are 

effective at adsorption capacity, also the interactions of 

adsorbate/adsorbent play an important role in the 

adsorption process however, the improvements of the 

activated carbon properties is realized by impregnating 

the ZnO over its surface. The ZnO/DTLAC shows that the 

morphology contains many pores and caves, which may 

http://www.jenrs.com/
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be due to ZnO evaporation during the carbonization step, 

similar finding has been reported [11]. The surface of the 

adsorbents is rough with particles and with amorphous 

nature of carbon in accordance with previous researchers 

[20]. Large blocks containing regular channel arrays can 

be observed with larger pores, this can indicate that the 

DTLAC preserved the original structure, even after 

calcination these pores can facilitate the diffusion of the 

organic molecules inside the composite. This observation 

was found to favorably agree with other study [21]. 

Previous SEM analysis after surface modification, showed 

that the surface structure remained porous with ZnO 

nanoparticles [22]. The morphology of the ZnO/ DTLAC 

and NIDTLAC adsorbents are shown in Figure 1. 

Also, there are visible pores on the adsorbent that 

necessitate the adsorption to occur, similar morphological 

structure can be seen for all the adsorbents. Large blocks 

containing regular channel arrays can be observed with 

larger pores, this can indicate that the DTLAC preserved 

the original structure even after calcination. 

 

 
 

 
 

 

 

Figure 1: NIDTLAC (a) before and (b) after adsorption; ZnO/DTLAC 

Adsorbent (c) before and (d) after adsorption 

Furthermore, the porous nature of DTLAC can be 

seen to have provided a more possibility of additional 

loading space for ZnO nanoparticles, this agrees with a 

study [23]. Figure 1 showed many white spots distributed 

over the surface of DTLAC, confirming the presence of 

ZnO nanoparticles, reported similar morphological study 

can be found in the literature [11,21]. Also, the SEM 

images of TiO2/kaolinite nanocomposite is presented [24] 

that shows the white spots of TiO2. 

The outcomes of the current SEM images 

demonstrated that after the heavy metal removal, the 

surface became relatively smooth however with visible 

pores and white spots of nanoparticles which suggests 

that occupation of the adsorbent sites by the adsorbates 

are partial and there is room for further adsorption 

activity. From the discussions, an evident change 

occurred for the morphology of ZnO/DTLAC and 

NIDTLAC adsorbents before and after adsorption. The 

same behavior of morphological transformation has been 

revealed previously [25]. 

http://www.jenrs.com/
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Figure 2: EDXRF of ZnO/DTLAC (a) Before adsorption (b) After adsorption

3.2. Elemental analysis  

Characterization of EDXRF shows the chemical 

composition of the adsorbent which indicates the 

formation of nanocomposites for ZnO/DTLAC with the 

visible presents of Zn on the spectra while there is none 

of these metal oxides on NIDTLAC adsorbent since it is 

not impregnated with any of the metal oxide, similar XRF 

result previously can be found elsewhere [26]. Figure 2 

shows the EDRF spectrum. 

The EDXRF spectra show also that the higher peaks 

correspond to a greater quantity of the corresponding 

element in the sample [27]. Table 1 shows the EDXRF 

elemental analysis.  

 
Table 1: EDXRF Elemental Analysis 

Element ZnO/DTLAC 

(%) before 

adsorption 

ZnO/DTLAC 

(%) after 

adsorption 

NIDTLAC 

Zn 37.167 27.876 0.5608 

Cu - - 0.3243 

Sn 8.586 9.458 16.512 

Cd 0 -0 0 

LOI 32.49 41.74 68.15 
LOI=Loss in ignition by EDXRF spectroscopy 

The importance of the knowledge of the LOI can also 

be employed as an indicator in monitoring the quality of 

the final product, it is the amount of weight loss through 

raising the temperature of the material to a 

predetermined level [28]. Many studies showed the loss 

on ignition by EDXRF spectroscopy [29-31]. 

Characterization of the ZnO/activated carbon 

nanocomposites in Cd sequestration was reported [15] for 

FTIR, SEM and XRD without elemental study. It is 

observed that the intensity peaks of Zn with respect to the 

other elements is higher for ZnO/DTLAC while the other 

elements are in very low quantities, so they are not 

significant for the composition of materials. This finding 

agrees with a literature [32] however, Sn is also a major 

element in the composition of DTL and can be seen to be 

present in all the samples. The amount of Zn reduces after 

the adsorption which can be attributed to the blockage of 

Zn nanoparticles dispersed on the DTLAC by the 

adsorbed heavy metals. The Cd element in the water 

sample is totally adsorbed and due to its minor amount, 

it does not show in the peaks of the adsorbents after 

adsorption. Loss on ignition value of the adsorbents are 

high indicates high carbonaceous matter [31]. 

3.3. FTIR analysis 

The peak position on the spectra illustrates the 

presence of a certain functional group with the form of 

vibration it exhibited. Figure 3 shows the FTIR spectra of 

NIDTLAC and ZnO/DTLAC adsorbents.  

 

 

Figure 3: FTIR spectra of NIDTLAC/ ZnO/DTLAC adsorbent (a) before 

and (b) after adsorption 

The shifting of peaks to higher wavenumber and 

appearance of new peaks showed successful adsorption 

of the heavy metals [33] and may be due to the interaction 

of the heavy metals with the functional group [34]. The 

absorption band at 1578 cm-1 arising from aromatic group 

(C-C), is indicating the formation of carbonaceous 

material [31]. Table 2 shows the functional groups on the 

FTIR peak positions and their vibration forms. 

http://www.jenrs.com/
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Table 2: Functional groups on the FTIR peak positions and their 

vibration forms 

Peak 

position 

(cm−1)  

Functional 

groups  

Vibration 

form 

Reference 

38062a 

3864b 

―OH 

and―NH 

Stretching 

vibrations 

[35-37] 

3761a 

3763b  

3768c,d 

3870c,d 

3358 c, d 

3355 d 

3431d 

O―H  Stretching 

vibrations 

[36-37] 

3271b C–O  stretching 

vibrations 

[38] 

3036b,d 

3133d 

 

O―H  Stretching 

vibrations 

[39] 

2905b C -H  stretching 

vibration 

[33] 

2838a 

2840b 

2713c,d 

2830c,d 

C-H stretching 

vibrations 

[39] 

1951a,d 

1959b 

C–C  Stretching [40] 

1568 a,b,c,d 

1584 c 

1574 d 

 C-C Stretching [31] 

1197a 

1186b  

C–N Stretching [34] 

694a,b  

 

 C − H  bending 

vibration 

[39] 

687 c 

 

Si–O Stretching 

and bending 

vibrations 

[41-42] 

aFTIR peak of NIDTLAC before absorption, bFTIR 

spectrum of NIDTLAC after adsorption 
cFTIR spectrum of ZnO/DTLAC before absorption, dFTIR 

spectrum of ZnO/DTLAC after adsorption 

3.4. XRD minerology 

The XRD patterns show the diffraction peaks of 

several phases according to the non-impregnated date 

tree leaf activated carbon adsorbent. Again, the activated 

carbon pattern showed an amorphous halo centered at 2θ 

= 23O, which is refers to the reflection of the plane (002) 

[43], a common feature of non-crystalline structures such 

as activated carbon. The plane (002) corresponding to 

activated carbon is confirmed in other studies [39,44]. 

XRD pattern shows the diffraction peaks of many phases. 

It indicates the type of XRD peaks belonging to 

amorphous structure of activated carbon changes into 

some degree of crystalline nature, previous research 

shows similar trend [11,45]. Figure 4 shows the XRD 

analysis of the adsorbents which NIDTLAC showed a 

highly amorphous nature of the adsorbent in absence of 

any of the heavy metals, similar conclusion was reported 

[42]. The intense (100), (002), and (110) peaks can be 

ascribed to crystalline ZnO with the hexagonal structure 

(JCPDS card No. 36-1451) [46]. 

This study suggests an increasing of crystallinity for 

ZnO/DTLAC adsorbent attributed to the much lower 

DTLAC amount when compared to the NIDTLAC and 

same pattern was observed [43]. The phases are presented 

in Table 3 for the adsorbents. 

The change in chemical composition of the adsorbent 

after adsorption occurred due to the catalyst activity. At 

the XRD peaks, Cd and Cr appeared at 2θ= 36.4 and 58.7O 

respectively. The ability of the adsorbent to remove the 

metals from water is depicted by the present of those 

metal on the diffraction peaks and the corresponding 

absence of the metals in the AAS analysis after adsorption. 

The result indicated that Cd and Cr are attached onto 

ZnO/DTLAC adsorbent after adsorption furthermore, the 

XRD spectra with the presence of Cd and other heavy 

metals indicated the formation of partially amorphous 

solids [42,47]. The study of activated carbons adsorption 

of heavy metals [48] showed the present of elements and 

not compounds on the XRD diffractions also, in this study 

there is no obvious single compound on the XRD 

diffraction.  

3.5. Water Analysis 

The source of Cd is from the drinking water (0.017 

mg/l) at Dala kwanan Osi while the maximum 

consumable amount is 0.003 mg/l. Table 4 shows the AAS 

analysis results before the adsorption of the heavy metals.  

http://www.jenrs.com/
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Figure 4: XRD pattern of of NIDTLAC adsorbent (a) before and (b) after adsorption; ZnO/DTLAC adsorbent (c) before and (d) after adsorption 

Table 4: AAS analysis Results Before Adsorption 

Sample Arse

nic 

mg/l 

Cadm

ium 

mg/l 

Chromi

um 

mg/l 

Copp

er 

mg/l 

Lead 

mg/l 

Sample 

A 

(Police 

college) 

0.000 0.002 0.003 0.169 0.009 

Sample 

B 

(Modag

anari 

bypass) 

0.000 0.000 0.001 0.038 0.010 

Sample 

C (Dala 

kwanan 

Osi) 

0.001 0.017 0.014 0.060 0.010 

WHO 

standar

d 

- 0.003 0.050 1.500 0.010 

 

Table 3: Phases, Chemical Formulae and Quantifications of Adsorbent 

Before and After Adsorption 

 

Before 

Adsorptio

n  

Chemical 

Formula 

After 

Adsorptio

n 

 

Chemical 

Formula/ 

(%) 

                                NIDTLAC 

Graphite C6.00 (20.2) Cadmium Cd2.00 (2.4) 

Quartz Si3.00 O6.00 

(7.1) 

Silicogerm

anate 

Si152.00 

O304.00 (50.1) 

Moganite Si12.00 O24.00 

(14.1) 

Arsenic As6.00 (3.5) 

Silicogerm

anate 

Si152.00 O304.00 

(58.6) 

Carbon C16.00 (44) 

      ZnO/DTLC  

Zinc Zn2.00 (3) Cadmium Cd2.00 (6) 

Graphite C16.00 (8.1) Zinc Zn2.00 (21) 

Chromiu

m 

Cr2.00 (3) Chromiu

m 

Cr2.00 (7) 

Iron Fe2.00 (1) Copper Cu4.00 (1) 

Westervel

dite 

Fe4.00 As4.00 (1) Iron Fe2.00 (1) 

Graphite 

3R 

C6.00V(79.8) Arsenic As6.00 (10) 

  Iron Fe6.00 (33) 

  Carbon C16.00 (21) 

http://www.jenrs.com/
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The heavy metal Cd is a toxic non-essential transition 

metal that poses a health risk for both humans and 

animals, its exposure is known to have adverse effects on 

the kidney, liver, bones and cardio-pulmonary system, 

but the kidney is the critical organ, where chronic 

exposure to Cd often causes renal dysfunction [3,49]. 

Chromium (Cr), Copper (Cu) and lead (Pb) are known to 

cause cancer, gastrointestinal disorder, poor mental 

development respectively was found at maximum 

concentrations of 0.014mg/l, 0.169mg/l and 0.012mg/l 

respectively as against the maximum acceptable 

benchmark of 0.050mg/l, 1.00mg/l and 0.010mg/l 

respectively for Cr, Cu and Pb thereby indicating that all 

the three metals existed below the maximum permitted in 

all the three (3) borehole water sample. However, Cd 

which is known to be toxic to the kidney was the only 

heavy metal which was found to be existing at a 

concentration higher than that permitted for portable 

drinking water and thus if not significantly reduced in the 

water, it may pose a great danger to the consumer. Table 

5 shows the AAS analysis after adsorption. 

Table 5: AAS Analysis Result After Adsorption 

 Dosa

ge (g) 

Ars

enic 

(mg

/l) 

Cadm

ium 

(mg/l) 

Chro

mium 

(mg/l) 

Cop

per 

(mg

/l) 

Lea

d 

(m

g/l) 

Sample 

A 

(Police 

college) 

1.0 

ZnO/

DTL 

0.00

0 

0.000 0.004 0.00

0 

0.0

00 

 1.0 

NI/D

TL 

0.00

0 

0.005 0.005 0.01

1 

0.0

30 

Sample 

B 

(Modag

anari 

byepas

s) 

1.0 

ZnO/

DTL 

0.00

0 

0.000 0.000 0.02

0 

0.0

00 

 1.0 

NI/D

TL 

0.00

0 

0.000 0.017 0.01

3 

0.0

02 

Sample 

C 

(Dala 

Kwana

n Osi) 

1.0 

ZnO/

DTL 

0.00

0 

0.000 0.005 0.00

7 

0.0

35 

 1.0 

NI/D

TL 

0.00

0 

0.003 0.007 0.01

7 

0.0

90 

 WHO 

standar

d 

 - 0.003 0.050 1.50

0 

0.0

10 

 

The water samples A, B and C, is have shown a 

significant change of heavy metals based on the AAS 

result hence, Ar is completely removed from the water 

samples as a result. Cd which is queried has been 

removed significantly in Samples A, B and C with the 

most efficient adsorbent being ZnO/DTLAC further 

confirming that adsorbents impregnation improves the 

efficiency of the adsorbent, this finding agrees with other 

studies [50-52]. In sample C, which was initially 

harboring the highest concentration of Cd, it can be 

observed that the concentration is within the maximum 

permitted limits of 0.003 mg/l from Table 5. 

Moreover, Cr, Cu and Pb has shown significant 

reduction in concentration where Cu and Pb were 

completely removed from water sample A by using the 

ZnO/DTLAC adsorbent. Cr and Pb were also completely 

removed from water sample B respectively. Also, Cr, Cu 

and Pb has also been significantly removed in sample C 

by the ZnO/DTLAC adsorbent. From Table 5, Cd was 

removed completely using impregnated adsorbent and 

reduced significantly by the application of non-

impregnated adsorbent.  

3.6 Adsorption isotherm study 

The description of the ZnO/DTLAC adsorbent, was 

studied for the adsorption behavior using adsorption 

isotherm models where the adsorption capacity is 

explained by the models. The Langmuir is formulated as 

follows [53]: 

qe =
qmKLCe

1+KLCe
   (1) 

where, qe is the equilibrium adsorption capacity (mg/g), 

qm and KL are the maximum adsorption capacity to form 

a complete monolayer on the surface (mg/g), and the 

Langmuir constant related to the energy of adsorption 

(bonding energy of sorption in (L/g), respectively. The 

linearized form of Langmuir equation is: 

Ce

qe
=

1

qmKL
+

Ce

qm
   (2) 

The dimensionless characteristic of Langmuir 

isotherm referring to the separation factor (RL) is useful 

in predicting the adsorption efficiency of the adsorption 

process. It is an indicator of Langmuir isotherm suitability 

as either unfavorable (RL > 1), linear (RL = 1), favorable (0 

< RL< 1), or irreversible (RL = 0); RL can be express as: 

RL =
1

1+KL.Co
   (3) 
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Figure 5: The plot of (a) Langmuir Isotherm (b) Freundlich isotherm 

where Co is the highest initial concentration of the 

adsorbate (mg/L), and KL (L/mg) is the Langmuir 

constant. The Freundlich model is defined as:   

qe = KfCe1/n   (4) 

where Kf and 1/n are the Freundlich constants related to 

sorption capacity and sorption intensity, respectively. The 

linearized form of equation 1 can be obtained by taking 

logarithms on both sides: 

log qe = logKf +
1

n
log Ce  (5) 

The applicability of an isotherm may be determined 

by the coefficient of determination (R2) [54] thus, the R2 

value for adsorbent was found to be high in the Langmuir 

isotherm (0.9684) while that of Freundlich isotherm 

showed lower R2 (0.8479). Previous similar study can be 

found in the literature [55].  

A dimensionless characteristic of Langmuir isotherm 

termed as the separation factor (RL) [50] is useful to 

predicts the adsorption efficiency of the adsorption 

process and shows the suitability of Langmuir isotherm 

as unfavorable (RL>1), linear (RL=1), favorable (0 < RL< 1) 

or irreversible (RL=0) [47]. Moreover, the Langmuir 

isotherm suitability was indicated by the favorable 

separation factor (RL) values gotten as 0.27. The 

heterogeneity factor (1/n) describing the adsorption 

capacity by Freundlich isotherm, and its value becomes 

more heterogeneous as it gets farther to one with the 

range of favorable adsorption as 1 < n < 10 [56-57].  

In this study, the heterogeneity factor is 0.8180 which 

is not favorable. Therefore, the Langmuir isotherm 

supersedes the characteristics shown by the Freundlich 

isotherm hence it is more suitable to explicate the 

correlation of experimental results, similar work has been 

reported earlier [54,56,58]. Figure 5 shows the plot of (a) 

Langmuir Isotherm (b)Freundlich isotherm. 

The Langmuir assumptions stated that at maximum 

adsorption, only a monolayer of adsorbed material is 

formed. Also, the molecules of adsorbate do not deposit 

on each other while the adsorption sites were identical. 

Secondly, under constant temperature, the adsorbed 

molecules do not interact. Thirdly, there are equal 

adsorption sites, and the surface of the adsorbent was 

uniform. Fourthly, the adsorption occurs through the 

same mechanism. By implication, these assumptions are 

applicable to the ZnO/DTLAC adsorbent, this finding 

agrees with the previous work [57]. 

4. Conclusion 

The adsorption capacity of the activated carbon metal 

oxide impregnated (ZnO/DTLAC) and non-impregnated 

(NIDTLAC) adsorbents were studied, and the adsorbents 

were able to remove the heavy metals from three water 

samples to the required consumable standard. The 

micrograph by SEM showed that the surface structures 

are porous, with distributed pores over the carbonaceous 

matrix, while EDXRF showed the chemical composition 

of the adsorbent indicating the formation of 

nanocomposites and the loss on ignition value of the 

depicts high carbonaceous matter. The absorption band at 

1578 cm-1 due to aromatic group (C-C), indicated the 

formation of carbonaceous in composite. XRD spectra of 

the showed a highly amorphous nature in absence of any 

of the heavy metals and the activated carbon pattern 

showed an amorphous halo centered at 2θ = 23O, which 

refers to the reflection of the plane (002), a common 

feature of non-crystalline structures such as activated 

carbon. The adsorbents developed are suitable for the 

decontamination of heavy metals from borehole water in 

some areas of Maiduguri, Nigeria.  
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