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Abstract 
 

The preparation and physicochemical characterization 

of activated carbon, nano metal oxides, and activated 

carbon – nFe3O4, activated carbon – nSiO2 and acti- 

vated carbon – nZnO hybrid materials has been under- 

taken. The materials have been characterized by scan- 

ning and transmission electron microscopy, x-ray 

diffraction, CNH analysis and Fourier transform infra- 

red spectroscopy. Surface area and porosity, ash content, 

pH, and point of zero charge were also measured. The 

results showed that the surfaces of activated carbon, 

nSiO2, activated carbon – nFe3O4, activated carbon – 

nSiO2 and activated carbon – nZnO are suitable for the 

sorption of cationic complexes while the surfaces of 

nFe3O4 and nZnO are favourable to the sorption of 

anionic complexes of heavy metals. Results also showed 

that the composition of the activated carbon and nano 

metal oxides increased the surface and micropore areas 

of nano metal oxides due to the large number of micro- 

pores and crevices on the surface of the hybrid materi- 

als. 
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1 Introduction 
 

Adsorption has been developed as an efficient method 

for the removal of heavy metals, organic and inorganic 

pollutant from contaminated water and soil [1]. A vari- 

ety of adsorbents, including clays, zeolites, dried plant 

parts, agricultural waste biomass, biopolymers, microor- 

ganisms, sewage sludge, fly ash, activated carbon [2 – 6], 

metal oxides as well as nano metal oxides have been 

widely used. Nanoparticles are sized between 1 and 100 

nanometres, metal oxides that comprised of nanometre 

sized grains have important advantages over conven- 

tional metal oxides. These advantages include lower sin- 

tering temperatures, high surface areas, and improved or 

unusual physical properties. Owing to the large surface 

area and unique physicochemical properties, nano and 

ultrafine particles have drawn much attention in recent 

years for their roles in adsorption/desorption of con- 

taminants in the environment [7]. Nano oxides are 

among the most used nanoparticles [8]. The high specific 

surface areas and abundant surface reactive sites   lead 

   interaction of nano metal oxides with various  environ- 

* O. S. Fatoki, O. S. Ayanda (corresponding author), B. J. Xim- 

ba, B. O. Opeolu, Department of Chemistry, Faculty of 

Applied Sciences, Cape Peninsula University of Technology, 

P.O. Box 1906, Bellville (South Africa). 

E-mail: osayanda@gmail.com 

**     F. A. Adekola, Department of Chemistry, University of  Ilorin, 

P.M.B 1515, Ilorin (Nigeria). 

mental components or environmental contaminants, 

which could potentially cause unexpected health or 

environmental hazards [9]. 

Peng et al. [10] studied the adsorption of lysozyme onto 

nano-sized magnetic particles (Fe3O4) at different pH. 

The surface  area of the nFe3O4  magnetic  particles  by 

mailto:osayanda@gmail.com


 

 179 

Brunauer, Emmett and Teller (BET) was 108 m
2
/g. 

Yang et al. [11] examined the adsorption of humic acid 

(HA) by TiO2, SiO2, Al2O3, and ZnO nano metal oxi- 

des. The surface area of nano a-Al2O3, nano TiO2, nano 

ZnO, nano s-SiO2, and nano p-SiO2 were 4.73, 324, 30, 

191 and 570 mg/m
2
, respectively. They showed that the 

adsorption of HA was a function of surface    characteris- 

tics and specific surface area. Shin and Song [12] 

reported the use of adsorbent consisting of silver nano- 

particles attached onto the surface of granular activated 

carbon for the removal of formaldehyde. The BET sur- 

face areas were 907  5 m
2
/g for the granular activated 

carbon and 641  12 m
2
/g for the Ag-granular activated 

carbon. They reported that the silver nano-particle 

deposited on the granular activated carbon (GAC) 

blocked the pores of the GAC reducing the available 

surface area for adsorption. However, the overall mass 

of formaldehyde removed by the Ag-granular activated 

carbon was increased due to catalytic oxidation as a 

function of the ratio of the surface coverage by the 

nano-particles. Wang et al. [13] prepared nano-sized 

coupled oxides ZnO/SnO2 for the adsorption of methyl 

orange. The BET surface areas of ZnO, SnO2, and ZnO/ 

SnO2 in molar ratio of 1:1 and ZnO/SnO2 in molar ratio 

of 2:1 were 6.25, 20.89, 20.13 and 30.95, respectively. 

Rakhshaee et al. [14] modified Fe3O4 nano-particles by 

extracted pectin of Azolla for the adsorption of methyl 

orange. Ghasemi et al. [15] reported the adsorption   of 

Hg (II) on nano-TiO2 from aqueous solution, the speci- 

fic surface area of the nano-TiO2 was 98.743 m
2
/g and 

about 96 % of Hg (II) was removed by nano-TiO2. Liang 

et al. [9] investigated the adsorption and desorption of 

humic and fulvic acids on SiO2 particles at nano and 

micro-scales and reported that the adsorption of  humic 

acid and fulvic acids on 20 nm SiO2 was much stronger 

compared with their adsorption on 100 and 500 nm SiO2 

due to the specific surface properties of the nano metal 

oxides. Boparai et al. [1] investigated the use of nano 

zerovalent iron particles for the adsorption of cadmium 

ion. The freshly prepared nano zerovalent iron particles 

have a specific surface area of 26.3 m
2 
g

–1 
and the maxi- 

mum  adsorption  capacity  of  Cd
2+   

was  found  to  be 

769.2 mg g
–1 

at 297 K. Shi et al. [16] prepared composite 

adsorbent for the removal of phosphate from   aqueous 

solutions by loading iron oxide onto activated carbon. 

They reported that the composite adsorbent showed fast 

adsorption rates and high adsorption capacities for the 

removal of phosphate ions. 

The use of nano metal oxides for adsorption processes 

is expensive. The adsorption capacity of adsorbents for 

the remediation of pollutants is also dependent on the 

surface area of the adsorbents in the absence of other 

chemical reactions such as oxidation, reduction, etc. 

The surface area of nano metal oxides is thus excep- 

 

tionally low compared to widely used activated car-  

bon. Hence, there is a need to increase the surface   

area of nano metal oxides as well as reducing the cost 

of using nano metal oxides alone for adsorption pro- 

cesses; these can be achieved by composition of nano 

metal oxides with activated carbon. The use of acti- 

vated carbon – nano metal oxide hybrid materials for 

the remediation of environmental pollutants will also 

combine the adsorption characteristics of activated car- 

bon with the magnetic and catalytic properties of the 

metal oxides. 

The aim of this study is, therefore, to prepare activated 

carbon – nano metal oxide hybrid materials capable of 

enhancing the adsorption of environmental pollutants 

and to carry out a detailed characterization of these 

materials to understand the properties that will be of 

great importance to environmental management. 

 

 

2 Experimental 
 

2.1 Materials 

 
Activated carbon (100 – 400 mesh), iron (II, III) oxide 

nanopowder (particle size < 50 nm), Silica nanopowder 

(particle size 12 nm) and Zinc oxide NanoGard (particle 

size 40 – 100 nm APS powder) were purchased from 

Sigma Aldrich, USA. Methanol was supplied by Indus- 

trial Analytical, South Africa. Sodium Nitrate (NaNO3) 

and potassium bromide (KBr) were supplied by Merck, 

Germany. Milli-Q water was used for all the analytical 

preparations. 

 

 
2.2 Preparation of Hybrid Materials 

 
Activated carbon and nano metal oxides in the ratio 1:1 

were dispersed in 0.5 M HCl to form slurries. The slur- 

ries were stirred and evaporated to dryness in an oven. 

The hybrid materials were washed with Milli-Q water, 

filtered and further dried  in  an  oven  at  100 °C  for 

24 hours. They were finally ground to fine powder using 

agate mortar and pestle [17 – 19]. 

 

 
2.3 Scanning and Transmission Electron Microscopy 

 
The scanning electron micrograph (SEM) of the precur- 

sors and hybrid materials were viewed by the use of a 

Nova Nano SEM 230 scanning electron microscope 

while the transmission electron micrograph (TEM) of 

the materials were measured by a Tecnai G
2 

20 transmis- 

sion electron microscope at Electron Microscope Unit, 

University of Cape Town, South Africa. 
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2.4 Carbon, Nitrogen and Hydrogen (CNH)  Analysis 

 

Samples of approximately  3 mg were measured into 

tin capsules. The tin capsules were sealed and were 

loaded on Euro Ea elemental analyzer where the sam- 

ples were combusted and analyzed for the percentage 

carbon, nitrogen and hydrogen contents. 

 

 
2.5 Fourier Transform Infrared Spectroscopy (FTIR) 

 

FTIR absorption spectra were obtained using the potas- 

sium bromide (KBr) pellet method. The spectra of the 

samples were recorded over 4 000 – 400 cm
–1 

range using 

Perkin Elmer
TM 

Spectrum 1000. 

 
 

2.6 pH Determination 

 
The pH was determined by gently boiling 50 ml of Milli-Q 

water in a flask containing 0.1 g of the samples for 5 mins. 

The pH was measured after the solutions were cooled to 

room temperature using a Mettler Toledo pH meter. 

 

 
2.7 Point of Zero Charge (PZC) Determination by 

Mass Titration 

 
Increasing amounts of sample from 0 to 2.0 g  were  

added to 10 mL of 0.01 M NaNO3 solution. The resulting 

pH of each  suspension was measured after    24 

hours. The pH plateau for the highest concen- 

trations of solid in a successive series of mass 

titrations was taken as the PZC. When the pH 

is lower than the PZC value, the acidic water 

donates more protons than hydroxide groups, 

and so the adsorbent surface is positively 

charged (attracting anions). Conversely, above 

PZC the surface is negatively charged (attract- 

ing cations/repelling anions) [20]. 

2.9 X-ray Diffraction 

 
X-ray diffraction analysis for the qualitative evaluation of 

the common and predominant phases within the hybrid 

materials was determined using a PANalytical PW 3830 

diffractometer. The diffractometer was operated at 40 kV 

and 25 mA for 1 h over the range of 2h from 0° to 80°. 

 

 
2.10 Surface Area and Porosity  Determination 

 
The specific surface area of the precursors and hybrid 

materials were obtained using a TriStar 3000 analyzer 

with N2 adsorption at – 196 °C. The samples were first 

degassed at 200 °C for 4 hours prior to the analysis. 

 

 

3 Results and Discussion 
 

3.1   SEM and TEM Result 

 
The SEM and TEM of activated carbon (Fig. 1a and 1b) 

showed that activated carbon exhibited aggregated irre- 

gular surfaces with a large number of micropores and 

crevices of various sizes at the surface. 

The SEM and TEM of nFe3O4 (Fig. 2a and 2b) showed 

that the nFe3O4 consists of uniform spherical nanoparti- 

cles with particle sizes ranging from 10.8 – 77.3 nm. 

The SEM of nSiO2 (Fig. 3a) showed that the nSiO2 ex- 

hibited  agglomerated  irregular  surfaces  with  a  large 

 

 
2.8  Ash Content Determination 

 

Approximately  0.1 g of samples were mea- 

sured into crucibles and were heated in a muf- 

fle furnace (Carbolite Sheffied model LMF 4) 

at a temperature of 600  1°C for 4 hours. After 

ashing, the samples were withdrawn from the 

furnace, allowed to cool in a desiccator and 

were reweighed. The ash content of the sam- 

ples was calculated by difference and the 

experiments carried out in triplicate [21]. 

Fig. 1: a) SEM of activated carbon; b) TEM of activated carbon. 
 

 

Fig. 2: a) SEM of nFe3O4; b) TEM of nFe3O4. 

 a)   b)  

 b)  
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number of micropores and a few voids and cre- 

vices. Fig. 3b thus showed a bimodal distribu- 

tion of particle size. This is in support of the re- 

sult obtained by Gianina et al. [22] who 

reported the TEM result of SiO2 powder. 

The SEM and TEM of nZnO (Fig. 4a and  4b) 

showed that the nZnO particles consist of non- 

uniform granules with regular surfaces. Fig. 4b 

confirmed the various shapes and sizes of 

nZnO particles to be spherical, hexagonal and 
rod-like shapes. 

Fig. 5a showed that the activated carbon – 

nFe3O4 hybrid material exhibited an irregular 

surfaces with a large number of micropores 

and crevices of various sizes at the surface. The 

SEM and TEM (Fig. 5b) of this hybrid material 

also showed that the various nFe3O4 particles 

are embedded in the porous activated carbon. 

The activated carbon – nSiO2 hybrid material 

(Fig. 6a) is made up of irregular surfaces with 

crevices and pores at the surface. The SEM 

also showed that the nSiO2 is deposited 

throughout the surface of the activated carbon. 

The TEM (Fig. 6b) thus showed that activated 

carbon was aggregated with nSiO2. 

The activated carbon – nZnO hybrid material 

is made up of smooth surface materials (acti- 

vated carbon) with nZnO deposited at various 

positions throughout the surface of the acti- 

vated carbon (Fig. 7a). The TEM (Fig. 7b) also 

showed an aggregated activated carbon and 

nZnO particles with the ZnO particles main- 

taining their morphology after the preparation 

of the hybrid material. 

 

 
3.2  CNH Analysis Result 

 
The carbon, nitrogen and hydrogen analysis of 

activated carbon (Fig. 8) showed that the acti- 

vated  carbon contained 71.40 %,  0.35 % and 

2.82 % of carbon, nitrogen and hydrogen, 

respectively. The nitrogen content of nFe3O4, 

nSiO2 and nZnO was below the detection limit. 

The carbon and hydrogen contents of nSiO2 

were 0.76 % each while the hydrogen content  

of nFe3O4 and nZnO was also below the detec- 

tion limit. Upon the preparation of activated 

carbon  –  nano  metal  oxide  hybrid   materials, 

Fig. 3: a) SEM of nSiO2; b) TEM of nSiO2. 

 

Fig. 4: a) SEM of nZnO; b) TEM of nZnO. 

 

 

Fig. 5: a) SEM of activated carbon nFe3O4; b) TEM of activated carbon nFe3O4. 

 

Fig. 6: a) SEM of activated carbon nSiO ; b) TEM of activated carbon nSiO . 

the activated carbon – nFe3O4 hybrid material 

contained 33.28 % carbon, 0.19 % nitrogen and 

1.91 % hydrogen content. Activated carbon – nSiO2 

hybrid material contained 37.95 % carbon, 2.03 % 

hydrogen and the nitrogen content was below the detec- 

tion limit. Activated carbon – nZnO hybrid material 

thus  contained  34.72 %  carbon,  0.23 %  nitrogen and 

2.08 % hydrogen contents. 

 a)   b)  

 a)   b)  

 a)   b)  

 b)   a)  
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absorption at 1616 cm
–1 

(curve (a)) is assigned 

to the C = C stretching of activated  carbon 

[23, 24], and the absorption at 586 cm
–1 

(curve 

(b)) is assigned to the Fe – O stretching of 

nFe3O4    [25]  The  wavenumber  of  Fe   –   O 

stretching changed from 586 cm
–1 

of nFe3O4 to 

558 cm
–1  

(curve (e)) of the activated carbon – 

nFe3O4 hybrid material. The wavenumber of 

the absorption peak decreased by 28 cm
–1

. It 

could be explained that a new C–O–Fe   bond 

Fig. 7: a) SEM of activated carbon nZnO; b) TEM of activated carbon nZnO. was formed during the preparation of the acti- 

vated carbon – nFe3O4 hybrid material. 

The result showed that the carbon content of activated car- 

bon decreased by 53.39 %, 46.85 % and 51.37 % in the acti- 

vated carbon – nFe3O4, activated carbon – nSiO2 and acti- 

vated carbon – nZnO hybrid materials, respectively. The 

percentage nitrogen content of nFe3O4 and nZnO in the 

corresponding hybrids was raised to 0.19 % and 0.23 %, re- 

spectively while the nitrogen content of nSiO2 remain be- 

low the detection limit. The hydrogen content of activated 

carbon – nFe3O4, activated carbon – nSiO2 and activated 

carbon – nZnO hybrid materials was also raised to 1.91 %, 

2.03 % and 2.08 %, respectively. 

 
3.3 FTIR Absorption Spectra 

 
In the FTIR spectrum of activated carbon, nFe3O4, and 

activated carbon – nFe3O4  hybrid material (Fig. 9),  the 

From Fig. 10, the absorption at 1616 cm
–1  

(curve (a)) is 

assigned to the C = C stretching of activated carbon, and 

the absorption at 1101 cm
–1 

and 809 cm
–1 

(curve (c)) is 

assigned to the asymmetric and symmetric  vibration of  

Si – O, respectively [26]. It was found that the wavenum- 

ber of the asymmetric vibration of Si – O changed from 

1101 cm
–1  

of nSiO2  to 1110 cm
–1  

(curve (f)) of the   acti- 

vated carbon – nSiO2 hybrid material. The wavenumber 

of the absorption peak increased by 9 cm
–1

. The 
increased in wavenumber for the absorption peak  indi- 

cate that the intensity of Si – O bond increased. It could 

be explained that a new C–O–Si bond was formed dur- 

ing the preparation of the activated carbon – nSiO2 

hybrid material. 

From Fig. 11, the absorption at 1616 cm
–1  

(curve (a)) is 

also assigned to the C = C stretching of activated carbon, 
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Fig. 8: Plot of element (%) against the precursors and hybrid materials. 
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the adsorption at 1110 cm
–1 

(curve (d)) 

is assigned to the asymmetric vibration 

of Zn – O, and the absorption at 808 cm
–1 

(curve (d)) is assigned to the Zn – O 

stretching of nZnO [27]. The wavenum- 

ber of Zn – O stretching changed from 

808 cm
–1 

of nZnO to 720 cm
–1 

(curve (g)) 

of the activated carbon – nZnO hybrid 

material. The wavenumber of the ab- 

sorption peak decreased by 88 cm
–1

. It 

could be explained that a new C–O–Zn 

bond was formed during the preparation 

of the activated carbon – nZnO hybrid 

material. 
(r) – Reference, (a) – Activated carbon, (b) – nFe3O4, (e) - Activated carbon – nFe3O4 

 

Fig. 9: FTIR spectrum of activated carbon, nFe3O4 and activated carbon nFe3O4 

hybrid material. 

 

(r) – Reference, (a) – Activated carbon, (c) – nSiO2, (f) - Activated carbon – nSiO2 

 

Fig. 10: FTIR spectrum of activated carbon, nSiO2 and activated carbon nSiO2 

hybrid material. 

 

(r) – Reference, (a) – Activated carbon, (d) – nZnO, (g) - Activated carbon – nZnO 

 

Fig. 11: FTIR spectrum of activated carbon, nZnO and activated carbon nZnO 

hybrid material. 

The FTIR results showed that the shift 

in the bands is a function of the metal 

ions present in the hybrid materials. The 

FTIR data also confirm the absence of 

impurity in the precursors and the acti- 

vated carbon – nano metal oxide hybrid 

materials. 

 

 
3.4 pH Measurement 

 
Fig. 12 showed that the pH of activated 

carbon is higher than the pH of acti- 

vated carbon – nFe3O4 hybrid material 

by 21.8 % while the pH of the activated 

carbon – nFe3O4 hybrid material (pH 

2.58) was lower than the pH of nFe3O4 

by 56.6 %. The preparation of activated 

carbon – nSiO2 hybrid material invol- 

ving activated carbon of pH 3.3 and 

nSiO2 of pH 5.53 resulted to activated 

carbon – nSiO2 hybrid material of pH 

3.38, the pH was higher than the pH of 

activated carbon by 2.37 % and lower 

than the pH of nSiO2 by 38.9 %. 

The pH of activated carbon was lower 

than the pH of activated carbon – nZnO 

hybrid by 48.9 % and the pH of the acti- 

vated carbon – nZnO hybrid material was 

lower than the pH of nZnO by 3.6 %. 

It is evident from the results that the pH 

of the hybrid materials is a function of 

the pH of each of the component precur- 

sors that made up the hybrid materials. 

 

 
3.5 Point of Zero Charge (PZC) 

 
Fig. 13 showed that the PZC of the acti- 

vated carbon, nFe3O4, and activated car- 
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Fig. 12: pH of activated carbon, nano metal oxides and hybrid materials. 

 
 

 
 

Fig. 13: Result of mass titration experiments with activated car- 
bon, nFe3O4, and activated carbon nFe3O4 hybrid. Variation of 

pH versus mass of solid in 0.01 M NaNO3. 

 

Fig. 14: Result of mass titration experiments with activated car- 
bon, nSiO2, and activated carbon nSiO2 hybrid material. Variation 

of pH versus mass of solid in 0.01 M NaNO3. 

 

bon – nFe3O4 hybrid material are 2.06, 6.58 and 1.39, 

respectively. The value of the PZC of nFe3O4 (6.58) is in 

support of the result by Kosmulski  [28].  He  reported 

that the average PZC of commercial nFe3O4 is 6.6. The 

PZC of activated carbon – nFe3O4 hybrid material was 

lower than the PZC of activated carbon by 32.52 % and 

lower than the PZC of nFe3O4  by 78.88  %. 

From Fig. 14, the PZC of activated carbon, nSiO2, and 

activated carbon – nSiO2 hybrid material are 2.06, 4.25 

and 1.74,  respectively.  The  PZC  of activated carbon   – 

nSiO2 hybrid material was lower than the PZC of acti- 

vated carbon by 15.53 % and lower than the PZC of 

nSiO2 by 59.06 %. 

Fig. 15 showed that the PZC of activated carbon – nZnO 

hybrid material was 6.24. The PZC value was higher 

than the PZC of activated carbon (2.06) but lower than 

the PZC of nZnO (6.80) by 66.99 and 8.24 %, respec- 

tively. 

The pH of activated carbon, nSiO2, activated carbon – 

nFe3O4, activated carbon – nSiO2  and activated carbon 

p
H

 



 

 185 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Result of mass titration experiments with activated carbon, 

nZnO, and activated carbon nZnO hybrid material. Variation of 

pH versus mass of solid in 0.01 M NaNO3. 

 

– nZnO are slightly higher than their corresponding 

PZC values. This suggests that their surfaces are nega- 

tively charged [20] and will therefore attract cationic 

complexes (Fig. 16). 

Conversely, the pH values of nFe3O4 and nZnO are 

slightly lower than their corresponding PZC values. This 

suggests that the surface of nFe3O4 and nZnO are posi- 

tively charged and will therefore attract anionic com- 

plexes of heavy metal [20]. 

 

3.6 Ash Content 

 
Fig. 17 showed that the ash content of the activated car- 

bon, nFe3O4, nSiO2 and nZnO  are  0.45  0.07 %,  

97.2  0.02 %, 98.3  0.07 % and 99.2  0.14 %, respec- 

tively     while     45.15  0.21 %,     52.75  0.07 %   and 

44.25  0.07 % were recorded as the ash contents of acti- 

vated carbon – nFe3O4, activated carbon – nSiO2 and 

activated carbon – nZnO hybrid materials, respectively. 

The result showed that the percentage organic materials 

present in the activated carbon, nFe3O4, nSiO2, nZnO, 

and activated carbon – nFe3O4, activated  carbon  –  

nSiO2 and activated carbon –  nZnO  hybrid  materials  

are 99.55 %, 2.8 %, 1.7 %, 0.8 %, 54.87 %, 47.25 %  and 

55.75 %, respectively. The result obtained (Fig. 17) 

showed that the precursors have higher percentage of 

inorganic components as compared to the hybrid mate- 

rials. 

 

 
3.7 X-ray Diffractogram 

 
The x-ray diffractogram of activated carbon, nFe3O4, 

nSiO2, nZnO, and activated carbon – nFe3O4, activated 

carbon – nSiO2 and activated carbon – nZnO are shown 

in Figs. 19 to 25. Fig. 19 showed the absence of crystal- 

line substances in the activated carbon. The absence of 

crystalline minerals thus confirmed the amorphous nat- 
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Fig. 16: pH and PZC of activated carbon, nano metal oxides and hybrid materials. 
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Fig. 17: Ash content (%) versus activated carbon, nano metal oxides and hybrid materials. 
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Fig. 18: Surface area (m2/g) of activated carbon, nano metal oxides and hybrid materials. 

 

ure of the activated carbon. Fig. 20 showed that the 

nFe3O4 consists mainly of magnetite. The intensity of 

the magnetite is also very strong with sharp peaks. 

The x-ray diffractogram of nano silicon oxide (Fig. 21) 

showed that nSiO2 consists of quartz (SiO2) and cristo- 

balite (SiO2) while Fig. 22 showed that the nano    zinc 
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     Fig. 19: X-ray diffraction of acti- 

vated carbon. 

 

 

 
 

F – Magnetite (Fe3O4) Fig. 20: X-ray diffraction of nFe3O4. 

 

 

 

 

Q – Quartz (SiO2), C – Cristobalite (SiO2) Fig.  21:  X-ray diffraction  of nSiO2.
 



 

188 Part. Part. Syst. Charact. 29 (2012) 178–191 

 

Z – Zinc Oxide (ZnO) 
Fig. 22: X-ray diffraction of nZnO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

F – Magnetite (Fe3O4) 

 
Fig. 23: X-ray diffraction of acti- 
vated carbon – nFe3O4 hybrid mate- 

rial. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Q – Quartz (SiO2), C – Cristobalite (SiO2) 

Fig. 24: X-ray diffraction of acti- 
vated carbon – nSiO2 hybrid mate- 

rial. 
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Z – Zinc Oxide (ZnO) 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
Fig. 25: X-ray diffraction of acti- 

vated carbon nZnO hybrid  mate- 

rial. 

 

oxide consists of ZnO with sharp peaks. The sharp dif- 

fraction peaks indicated the good crystallinity of the 

crystals [29]. 

The x-ray diffractograms of activated carbon – nFe3O4, 

activated carbon – nSiO2 and activated carbon – nZnO 

hybrid materials contain crystalline substances corre- 

sponding to the nano metal oxides involved in the pre- 

paration of the hybrid materials. Fig. 23, the x-ray dif- 

fractogram of activated carbon – nFe3O4 hybrid showed 

that the activated carbon (amorphous substance) is 

dominated by nFe3O4, i.e., peaks corresponding to 

nFe3O4 are the peaks that appear on the activated car- 

bon – nFe3O4 hybrid diffractogram. 

The x-ray diffractogram of activated carbon – nSiO2 

hybrid material (Fig. 24) showed that the hybrid mate- 

rial consists of quartz (SiO2) and cristobalite (SiO2) 

which are attributed to the presence of nSiO2 in the 

activated carbon. Fig. 25 thus showed that activated 

carbon – nZnO hybrid material consists of nZnO. The 

XRD analysis also confirmed the absence of impurities 

in the hybrid materials. 

3.8 Surface Area and 

Porosity 

 
A summary of BET surface area and porosity determi- 

nation of activated carbon, nano metal oxides and acti- 

vated carbon – nano metal oxide hybrid materials are as 

shown in Table 1 and Fig. 18. 

From Table 1 and Fig. 18, the surface area of nFe3O4, 

nSiO2,  nZnO,  and  activated  carbon   are   37  0.19,  

217  1.76, 14  0.034 and 1156  8.69 m
2
/g, respectively 

while the surface area of activated carbon – nFe3O4, 

activated carbon – nSiO2, and activated carbon – nZnO 

hybrids are 361  1.66, 605  3.11 and 275  1.56, 

respectively. The results showed that the composition of 
activated    carbon    and    nano    metal    oxides   greatly 

increased the surface area of nano metal oxides. The 

surface area of nFe3O4, nSiO2 and nZnO were increased 

by 89.71, 64.06 and 94.77 %, respectively. The highest 

increased surface area was observed with activated car- 

bon – nZnO hybrid  material. 

The micropore area of activated carbon – nFe3O4 hybrid 

was 122.86 m
2
/g, activated carbon – nSiO2 hybrid has a 

micropore area of 205.49 m
2
/g while activated carbon – 

 
Table 1: Textural properties of activated carbon, nano metal oxides and hybrid materials 

 

Samples BET Surface area 

m2/g 

Micropore Volume 

cm3/g 

Micropore Area 

m2/g 

External Surface 

Area 

m2/g 

Average pore Diameter 

Á 

Ac 1156  8.69 0.182 442.75 713.89 48.89 

nFe3O4 37  0.19 0.001 3.98 33.19 217.42 

nSiO2 217  1.76 0.006 16.13 201.49 88.08 

nZnO 14  0.034 0.001 3.18 11.23 98.50 

Ac – nFe3O4 361  1.66 0.049 122.86 238.25 56.73 

Ac – nSiO2 605  3.11 0.083 205.49 400.09 56.09 

Ac – nZnO 275  1.56 0.033 82.62 192.87 53.29 

Ac-Activated carbon      
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nZnO hybrid micropore area was 82.62 m
2
/g. The micro- 

pore areas of the hybrid materials were also higher than 

the micropore area of nFe3O4, nSiO2  and nZnO which  

are 3.98, 16.13 and 3.18 m
2
/g, respectively. It could there- 

fore be concluded that the presence of activated carbon 

also increased the micropore areas of the nano metal 

oxides. 

 

 

4   Conclusion 
 

Experimental results showed that the pH values of acti- 

vated carbon, nSiO2, and activated carbon – nFe3O4, 

activated carbon – nSiO2 and activated carbon – nZnO 

are slightly higher than the corresponding PZC values. 

This suggests that the surfaces of these materials are 

negatively charged and will be suitable for the sorption 

of cationic complexes. The pH values of nFe3O4 and 

nZnO are slightly lower than their corresponding PZC 

values and suggest their surfaces to be positively 

charged. The nFe3O4 and nZnO will therefore be 

favourable to the sorption of anionic complexes of 

heavy metals. The ash content showed that the level of 

inorganic materials present in the hybrid materials is a 

function of the inorganic content of the precursors that 

make up the hybrid materials. BET surface area and 

porosity determination showed that the composition of 

nano metal oxides and activated carbon improved the 

properties of nano metal oxides and thus greatly 

enhanced the surface and micropore areas of nano metal 

oxides. The hybrid materials will also combine adsorp- 

tion by activated carbon with catalytic oxidation by 

nano metal oxide when used for the remediation of 

environmental pollutants. Apart from the cost of nano 

metal oxides, the results also suggest activated carbon – 

nano metal oxide hybrid materials a better adsorbents 

when compared to the use of nano metal oxide alone for 

adsorption processes. We are currently working on the 

application of these hybrid materials for the remediation 

of environmental pollutants. 
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