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	 In the present work, a new and economic  method of functionalized Multi walled 
Carbon Nanotubes (MWCNTs) with olive oil has been improved as compared to the traditional 
methods, that composed of catalysts such as fatty acids (FFA), glycerol and triacylglycerols 
of oxidation power. This method is initiated by ultrasoniction the mixture which leads to 
functionalize the surface during the process of interaction with oil olive for a short time (30 min). 
Then, the results of this work were examined by using Scanning Electron Microscopy (SEM) and 
High Resolution Transmission Electron Microscopy (HRTEM) to study the morphology of the 
surface treated with olive oil, X-ray diffraction (XRD) was employed to confirm the functionalized 
method and using Fourier transformed infrared spectroscopy (FTIR) that shows the formation 
of functional group on to MWCNTs surface such as C=O and COOH. The final part includes 
a study antibacterial activity of Multi walled Carbon nanotubes (MWCNTs) against gram 
negative (E. coli and Salmonella typhi) and gram positive (S. aureus) bacteria using direct cell 
counting.  Besides, evaluating the antibacterial assays of treated MWCNTs after incubated for 
various time to elucidate the interaction between functionalized MWCNTs and cell membrane 
to determine the study the adsorption of bacteria on the surface of (MWCNTs), which are used 
in environmental applications, such as  sensing of contaminated water and using as a filter.

Keyword:  Oil olive, Fatty acids (FFA), Functionalized Multi walled Carbon Nanotubes
(MWCNTs), Antibacterial activity, Traditional methods.

	 Carbon nanotubes (CNTs), have great 
importance in the field of nanotechnology because 
of its extraordinary physical, electronic properties, 
mechanical properties and high surface area and 
since its discovery in 1991 by Japanese scientist 
Sumio Ijima (Ijima 1991)1. Carbon nanotubes 
are a promising part of growth due to possible 
applications in the fields of biomedical, water 
treatment, and alternative energy (Agui et al.2008; 

Balasubramanian et al.2006; Mita et al.2007)2-4. 
The idea of using CNTs such as (Single-Walled 
or Multi-Walled) can be applied three important 
areas: First, CNTs (SWCNTs or MWCNTs) used 
as a good media for adsorption microorganisms 
(biothreat- pathogens) in water treatment system.
Second, CNTs (SWCNTs or MWCNTs) can be 
used as an effective filter for pathogen removal 
in water treatment. So that the purpose of using 
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CNTs in the detection of bacteria due to the unique 
functional, physical and structural properties of 
CNTs by using functionalizing method to increase 
ability of MWCNTs to adsorb bacteria and virus 
elements from wastewater samples5,6. In addition, 
using nanotube shape in removal bacteria because 
of  a small volume to large surface area which  
known as high aspect ratio improving  bacteria 
adsorption  on functionalizing  MWCNTs surface as 
compared to the activated carbon (AC).In addition 
to the excellent features of MWCNTs mentioned 
before, it is characterized by a strong van der Waals 
bond  making it  high aggregation material, poor 
dispersion and bundling in MWCNTs, which is 
considered as one of the significant problems when 
using as a  adsorbed media in water treatment 
and poor adhesion  of metal ions or bacteria 
on the surface of the MWCNTs7-12. Since, the 
procedure of reducing aggregation raw-MWCNTs 
represented by functionaliztion of raw-MWCNTs 
using conventional method, (like mixture of 
concentrated acid solution such as H

2
SO

4
/HNO

3
 

and HCL) to improve their wettability and improve 
dispersion13-16. For the purpose of developing 
a new and economic method to functionalize 
MWCNTs, organic solvent, such as (oil olive) is 
used to improve functionaliztion the surface of the 
MWCNTs compared to the traditional methods, 
which results in destruction of material structure.
This method involve treated Raw-MWCNTs in 
Seed oil like (oil olive) as an economic method to 
increase their wetability and dispersion because of 
the olive oil composition contain a certain amount 
of glycerol and triacylglycerols that composed of 
a mixture of fatty acids (FFA) shown in Fig (1). 
The chemical formula of oil olive represented 
by: CH

3
 (CH

2
)nCOOH where (n) is typically an 

even number between 12 and 22 which represented 
oxidizing agent leads to oxidized the surface and 
generate functional groups ( like OH, and COOH) 
on the surface of MWCNTs. The carbon chains 
of all fatty acids have a carboxyl group (COOH) 
at one end17. Also, Olive oil is analyzed for minor 
compounds, including the phenolics and the sterols. 
These compounds give olive oil its unique flavour 
and contribute greatly to the nutritional benefits 
and they play a major role as antioxidants18. Since, 
the Seed solvent showing hydrophilic behaviors, 
and they lead to functionalize (MWCNTs) without 
destroying the structures of (MWCNTs) by using 

ultrasonic microwave technology when they are 
treated with organic solutions (oil olive) because 
raw–MWCNTs cannot be used in any biological 
applications, since raw–MWCNTs cannot be used 
as  adsorbing of bacteria or viruses and other 
biological materials on the surface of MWCNT , 
as a result  the introduction of functional groups 
represented by (COOH, -OH) on the surface of 
(MWCNTs) which facilitates the possibility of 
dispersion of MWCNTs after functionaliztion  in 
polarity or non polarity  solutions and proving the 
compatibility between the (MWCNTs) and host 
materials (such as metal oxide, bacteria, viruses 
....... etc.). This method is one of modern methods 
because till nowadays there is no more information 
about using olive oil as solvent in functionalization 
of (MWCNT) through our research of outsourcing 
magazines or foreign research and according to 
research that are talking about functionalization 
method by using concentrated or dilute acids or 
catalyst factors19. Functionalization MWCNT 
known by its ability to penetrate wall of bacteria 
because of its nanostructure shape and flexibility 
which facilitates their capture and kills bacteria 
proving their antimicrobial activity on the 
pathogens trapped on them20. In this work, we 
developed functionalization method of MWCNTs 
using Seed oil like (oil olive) as an economic 
method to increase their dispersion and increase 
bacterial inactivation.  Besides, the antibacterial 
assays were studied on bacterial organisms 
especially those found in diverse environments 
such as like Escherichia coli, Salmonella typhi 
and Staphylococcus aureus which their presence in 
water system is an evidence of contamination. Also, 
study the penetration or interaction of CNTs with 
cell bacterial walls during the adsorption process 
by testing their toxicity.
Experimental Method 
Functionalization of MWCNTs
	 In this  s tep (raw-MWCNTs) are 
functionalized by treated with oil olive by using 
0.1g of raw-MWCNTs with 100 mL of oil olive 
in flask of 500ml. In order to produce a stable 
suspension the flask was vortex for 10min and 
ultrasonic in water bath ultrasonic at temperature of 
25°C for 30 min as shown in Fig (2a,b) that shows 
the mixture of MWCNTs and oil olive in glass tube 
before and after ultrasonic method. After that, the 
functionalized MWCNTs was collected via filtered 
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Fig. 1. The chemical composition of oil olive with fatty 
acid and carbon atoms

Fig. 2. Image of treated MWNTs by olive oil for 30 
min a) MWNTs and b) functionalized MWNTs by olive 
oil solution after exposure to ultrasound waves for 30 
minutes

Fig. 3. Images of mixture collected F-MWNTs after filtration using vacuum-filtered through a 0.22 µm polycarbonate 
membrane , a) after drying treated MWNTs at T=60oC  for 5 min ,b) shows MWCNTs after the filtration  method 
with specifications pore size:0.2µm ,Diameter:47mm

method under vacuum in a Buchner filter with a 
0.22 micro- membrane and then washed thoroughly 
400ml of Chloroform ( ChCl

3
 ) to remove oil from 

each sample. The obtained film was easily peeled 
from the 0.22 membrane and dried at temperature 
50oC for 24 h under vacuum in order to obtain 
the powder of MWCNTs containing functional 
groups as shown in Fig (3 a,b) and the schematic 
diagram of functionalized raw-MWCNTs with oil 
olive is shown in Fig (4 a,b) which represented 
the mechanism of treated and introduction of 
functional groups on the surface of (MWCNTs). 
These functional groups present in the treated 
carbon nanotubes by oil olive (F-MWCNTs) allow 
that their suspension remain stable by long periods

Characterization
	 The surface morphology of treated-
MWCNTs was performed using High Resolution 
Transmission Electron Microscopy (HRTEM, 
JEOL, JEM-2100 model) analysis. Studying the 
morphology of adsorption Gram negative and 
Gram positive bacteria on treated MWCNTs 
using SEM analysis.. X-Ray Diffraction (XRD, 
6000-Shimadzu X-ray Diffractmeter) has been 
used to determine the crystal structure of raw 
and treated-MWCNTs. a dispersion test of raw 
and treated-MWCNTs by setting them in a polar 
solution (99%ethanol) with concentration of 5mg/
ml and sonication 5min then monitored for one 
week to sediment in a polar solvent (ethanol) 
and compared it with the raw material before 
the treatment and recording notes about the 
deposition process of MWCNTs for each of the 
raw-MWCNTs before treatment and the sample 
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Fig. 4. Schematic diagram of MWNTs a) before treated 
with oil olive and b) after treated with oil olive

Fig. 5. XRD patterns for a) raw, b) functionalized MWCNTs using oil olive treatment 

treated with olive oil over a period of time. The 
antibacterial activity of the treated-MWCNTs 
with oil olive was performed towards bacterial 
strains of (E. coli and Salmonella typhi) as gram 
negative and (S. aureus) as gram positive bacteria 
which is provided by (Nanotechnology and 
advanced material research center in Iraq). The 
various types of bacterial culture were pre-culture 
on nutrient agar (N. agar) and incubated 24 h at 
37°C. One milliliter of bacterial suspension was 
add to different concentrations (1,3,7) mg/ml of 
F-MWCNTs  and cultivation at 370C  overnight 
in shaker  incubator at 160 rpm. Then, 100µ of 
bacterial suspension is used to inculcate on N. agar 
in Petri dishes and incubated at 37°C for 24 h. and 
counting the number of bacteria colonies survived 
after incubation and determined the percentage of 
survived bacteria.
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Fig. 6. FTIR spectra of raw-MWCNTs a) and b) 
functionalized MWCNT with oil olive

Fig. 7. HRTEM images of the sample of Carbon nanotube a) before treatment b) after treatment with olive oil at 
magnification 200nm

RESULTS AND DISCUSSION

Characterization studies of functionalized 
MWCNTs with oil olive
	 Fig (5 a,b), indicate XRD patterns of 
raw and functionalized MWCNTs with oil olive 
(F-MWCNTs) samples26. The results reveal 
significant diffraction peaks of raw-MWCNTs 
and F-MWCNTs that appeared at 2Ÿ of 26.1° 
as shown in Fig. (5 a,b) ,which indicates that the 
functionalization method using oil olive does not  
damage the structure of the MWCNTs. Besides, 

(002) reflection peaks was observed at the same 2Ÿ 
values in both raw and functionalized MWCNTs 
diffractions. According to these results the structure 
of MWCNTs after treated by oil olive is protected 
and did not make structural damages to the 
nanotubes as confirmed from XRD analysis.
	 In Fig (6 a,b) ,The FTIR spectrum 
indicate the presence of main absorption bands 
of raw-MWCNT (green line)and functionalized 
F-MWCNTs by oil olive (red line) in the range 
about 500 to 4000 cm-1, respectively. The FTIR 
results of raw and functionalized MWCNTs 
demonstrate absorption peak at 3433 cm-1 is due 
to O-H stretch indicating the presence of hydrogen 
bonded hydroxyl (-OH). Particularly, the peak sited 
around 2360 cm-1 is assigned as stretching vibration 
of strong H-bond. Besides, the absorption peaks 
C=C and C-C bonding is due to aromatic rings 
of the carbon skeleton and known as carbonyl 
group structure were found at 1631and 1377 cm 

1, respectively24,25. Also, observe typical band 
(C=O) at 1781 cm-1 that correspond to carboxyl 
groups (-COOH) produced on the functionalized 
MWNT surface. These absorption bands has 
been confirmed the introduction of functional 
groups (like carboxyl and hydroxyl groups) on 
F-MWCNTs after treated by oil olive without a 
severe damage in the structure of MWCNTs.  
	 Fig (7 a,b) display HRTEM (JEOL, JEM-
2100 model) images  of raw and functionalized 
MWCNTs. In Fig (7 b), it is noticed that there 
is no strong destruction occur in the structure 
of treated MWCNTs with oil olive as compared 
to raw-MWNTs before treatment in Fig (7 a). 
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Fig. 8. Photograph of MWCNTs in ethanol for: 1) raw 
-MWCNTs and 2) functionalized MWCNTs with oil 
olive: a) after two hours     b) after one week

Fig. 9. Photograph of a) E.coli, b) Salmonella typhi, and c) S. aureus colonies grown on Nutrient Agar plate as a 
function of F-MWNTs concentration (1, 3 , 7mg/ml)

It is probably due to the mild condition of oil 
olive solvent as compared to the concentrated 
acids which caused sometimes severe structural 

damage to the nanotubes structure through tubes 
scission21,22. HRTEM images of treated MWCNTs 
allowed reliable length measurements of only a 
few nanotubes, and all of them were between 1 
and 3¼m, similar to raw material23.Furthermore, 
aggregation property is reduced and the nanotube 
bundle are separated from each other which leads 
to enhanced of interaction between the bacteria 
and F-MWCNTs with increasing adsorption of cell 
by increasing MWCNTs surface area. Since, little 
agglomeration, debundle  F-MWCNTs and high 
dispersion are resulted after treated with oil olive  as 
compared to strong acids like H

2
SO

4
, HNO

3
 which 

leads to severe damage  nanotubes structure . 
Dispersion test
	 The presence of functional groups on 
the CNT surface can be identified by dispersion 
test which is a common technique since it is fast, 
cheap and provides qualitative information through 
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Fig. 10. Number of survival cells (CFU) against E.coli, Salmonella typhi, and S. aureus in the 1mg, 3 mg, 7mg 
concentration, respectively using treated-MWCNTs with oil olive after 10 h in shaker incubator with bacteria

estimation the time required for MWCNTs to 
sediment in a polar solvent.
	 As shown in Fig (8 a,b), treated MWCNTs 
by oil olive  is remained as stable suspension in case 
2 after a tow hours and one week, respectively  as 
compared to raw-MWCNTs in case 1, that shows 
MWCNTs solution before and after the treatment, 
respectively. These results refers to the presence 
of functional (COOH, -OH) groups on the surface 
of the carbon nanotubes which led to a reduction 
of van der Waals interactions among them which 
promotes their separation and dispersion in ethanol 
as compared with as-synthesized MWCNTs 
through its treatment with oil olive and change from 
the hydrophobic to hydrophilic material during the 
functionalization therefore it can be used in other 
applications.
The Antimicrobial Activity of F-MWCNTs 
against bacteria
	 The results in Fig (9 a,b,c), indicate 
treated-MWNTs with oil olive have an obvious 
antimicrobial activity against gram positive  and 
negative . Fig (10) shows the number of colonies 
survival against positive (S.aureus) and gram 
negative (E.coli, Salmonella typhi) using plate 
count method27. As shown in Fig (9 a,b), limited 
number of survival cells present against E. coli 
and Salmonella while there is a large colonies 
of S.aureus at high concentrations of MWNTs 
after incubated for 24h as shon in Fig (9 b). 

The results in Fig (10), illustrate the effect of 
increasing concentrations of treated-MWNTs on 
the growth of bacteria with the role of longtime of 
shaker incubator (overnight) which leads to direct 
interaction of bacteria membrane with MWCNTs 
at high concentrations. 
	 In Fig (11a,b,c), the SEM analysis images 
after treatment with cells  represent the microbial 
adsorption or capturing efficiency of bacteria 
on functionalization F-MWCNTs by olive oil as 
shown in Fig (11 a,b) with E. coli, Salmonella typhi 
While  S.aureus adsorb and wind with F-MWCNTs 
as shown in Fig (11 c) as a result of the existence 
functional groups on the surface of the carbon 
nanotube, suggest direct interaction between 
F-MWCNTs and cell membrane which cause cells 
death and thus enhance the antimicrobial activity 
against the E. coli, Salmonella typhi as shown and 
S.aureus .In addition, the results of SEM suggest 
the presence of the functional groups which 
increase surface area and thus, high molecular 
weight portion of bacteria is adsorbed relatively 
strongly.

CONCLUSION 

	 In this study, the results reveals  the 
possibility of introducing functional groups 
(COOH, OH) on the surface of multi walled 
carbon nanotubes (MWCNTs) by functionalization 
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Fig. 11. SEM images of treated-MWNTs with olive oil and a) E.coli, b)Salmonella typhi and  c) S. aureus incubated 
for 60 min with normal saline prior to SEM imaging  at magnification a)10¼m b) 2 ¼m

with (oil olive)  as improved by FTIR and SEM 
analysis and dispersion test because oil olive 
contains certain amount of phenol and few rates 
of  acids in, which makes it a good solvent for the 
functionalization process , providing a good quality 
and inexpensive method compared to traditional 
methods represented by using concentrated acid, 
which are often expensive as well as their dangerous 
to the user in the laboratories. Furthermore, such 
a treatment improved antibacterial agent of 
F-MWCNTs against different pathogens and 
enhancement its role as filter in capture and 
removal of microorganisms like (S.aureus) and 
(E.coli, Salmonella typhi) bacteria from an aqueous 

solution by using MWCNTs functionalized with 
olive oil. 
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