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Abstract: 
In this work, a functional nanocomposite consisting of multi walled carbon nanotubes combined with 

nanoparticles of silver and Pomegranate peel extract (MWCNTs- SNPs -NPGPE) was successfully 

synthesized using ultra sonic technique. The nanocomposite has been characterized using Transmission 

electron microscope (TEM), XRD, Energy dispersive X-ray spectroscopy (EDS) UV-Vis and FTIR. The 

obtained results reveal that the MWCNTs-SNPs-NPGPE nanocomposite exhibits form of nanotubes with 

rough surfaces and containing black spots, which are the silver nanoparticles. The dimensions of this tube are 

161 nm in length and 60 nm in width with nanoparticles of silver not exceeding 20 nm. The XRD pattern of 

the prepared MWCNTs-SNPs-NPGPE nanocomposite showed four main peaks corresponding to the carbon 

nanotubes and planes of face centered cubic silver nanoparticles. The IR spectra referring to the(O-H) group 

stretching vibrations in carboxylic acid groups might come from NPGPE, and the stretching vibration of 

aliphatic C-H in carbon nanotubes. The carbon nanotube was used in solar cells (CNSCs) fabricated with 

and/or without fluorine-doped tin oxide (FTO) on the glass substrate with poly(3-hexylthiophene) (P3HT) 

and [6,6]-phenyl C61-butyric acid methylester (PCBM) blends (P3HT: PCBM). The FTO-(MWCNTs-SNPs-

NPGPE / P3HT: PCBM/CNT/FTO-glass revealed more efficient CNSCs.  

 
Key words: Carbon nanotubes, Date stones, Pomegranate peel, Silver nanoparticles, Solar cell, 

Spectroscopy. 

 

Introduction: 
In up-to-date research, there is a growing 

interest in the agricultural by-products that are 

chosen based on purity, price, potential extent of its 

activation and continuity of its supply such as dates 

stones )1,2(, corncob )3,4(, coconuts shells )5,6(, oil 

palm stones and shells )7,8(, rice straw and lignin 

)9,10(. In addition, the use of pomegranate husks is 

of great importance in its work as a natural source 

in preventing oxidation by resisting the formation of 

free radicals. 

Nanomaterials most likely have a much 

larger ratio of surface area to volume compared to 

that of their imitative forms, which can lead to 

greater chemical reactivity and impact their 

strength. However, the quantum effects refer to 

much more importance in identifying the materials 

properties and characteristics which lead to 

behaviors of novel optical, electrical and magnetic 

)11,12(. 
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Carbon nanotubes can open an unbelievable 

enforcements range in electronics, chemical 

processing, materials science, energy management, 

and many other applications )13(. However, there are 

many other resources of potential applications for 

CNTs, such as solar collection. Carbon nanotubes 

have been widely introduced in solar cell (CNSCs) 

specially to fabricate high-efficiency organic solar 

cells because of their extremely high surface area 

)14(. Meanwhile, the possibility to make 

semiconducting carbon nanotube films, may 

provide the greatest efficiency improvement with a 

lower concentration of carbon nanotubes on the 

active semiconducting electrode )15(. The device 

possesses an appreciated power conversion 

efficiency of 14.9% and 0.63% )16, 17(.   

In our study, the modification of MWCNTs 

in the surface was executed with carboxylic acid 

groups yielding MWCNT-OH which come from 

nature products of Pomegranate peel. The contact 

points between MWCNTs and SNPs can be 

remarkably improved by precluding the utility 

of isolated surfactants and other chemical 

compounds. The functionalized carbon nanotubes 

can be used in electronic applications and also 
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found to be good supports for decorating Ag 

nanoparticles. So, the potential of the work is 

concerned on the electro-application using a waste 

by-product. The novelty of our work can be 

restricted in using a nano byproducts of natural 

products (Pomegranate Peel) in new technological 

applications.   

   

Materials and Methods: 
Synthesis process of MWCNT  

The MWCNTs were carefully prepared 

from carbonized date palm stones as raw materials. 

The ultrasonic technique was used to produce 

MWCNTs by adding 1 g of carbonized material to 

10 mL of distilled water for half an hour at 50 W 

and PH of 6.5. 

Synthesis process of silver nanoparticles colloidal 

suspension 

Ablation technique was used to produce 

silver nanoparticles colloidal suspension(SNPs) by 

using Nd-YAG laser at 500 pulses (λ=1064 nm) for 

four seconds. 

Preparation of nano pomegranate peel extract 

(NPGPE)  

A pomegranate was collected from local 

markets, washed with the distilled water and dried 

under the sun, then grinded with a mortar. Two 

grams of grinded pomegranate were mixed with 200 

ml distilled water, then boiled for 10 minutes. The 

extract was then sonicated by using ultrasound 

technique. 

Formation of MWCNTs–SNPs-NPGPE 

composite  

One gram of MWCNTs was dispersed in 

the mixed solution with 5 ml of NPGPE and 5 ml of 

SNPs at 25
o
C and then dried at 120

o
C. The 

functionalization process of MWCNTs and 

formulation of MWCNTs–SNPs-NPGPE composite 

(multi-walled carbon nanotubes with side wall 

functionalization with OH groups) is shown in Fig. 

1. 

Characterization  

High-resolution and clarity of the 

microscopic measurements were produced applying 

a transmission electron microscope (TEM). The 

XRD (X-ray diffraction) profile was gained using 

an automated powder diffractometer and nickel-

filtered Cu Ka radiation (k = 1.542 A ˚). A scanning 

speed of 0.02/second was anticipated. Electronic 

Data Systems (EDS) were used with electron 

microscopes to analyze the elements present in 

materials. EDAX analyses of the functionalized 

MWCNTs were measured. The ultraviolet-visible 

spectrophotometry was used to record the UV-Vis 

absorption. The optical absorption and 

transmittance measurements were scanned at slow 

rate over the range of 190 - 800 nm. Both 

absorption and transmittance characteristics were 

explored to obtain the relevant optical constant. The 

spectrum results were analyzed more clearly in 

terms of intensities of nanotube-related peaks and 

setting as a function of wavelength energy. Infrared 

spectral assessments of the functionalized 

MWCNTs were complete on an FTIR spectrometer 

using KBr pellets.   

 
Figure 1. Surface functionalization of MWCNT 

and the formulation of MWCNTs –SNPs-

NPGPE composite. 

 

Synthesis of photovoltaics cell  

CNT films were used to fabricate three 

types of Photovoltaics (PV) cells with the mixture 

of C60-based derivative (phenyl-C61-butyricacid 

methyl ester: PCBM) and P3HT (poly(3-hexyl) 

thiophene) (18). These films were employed as an 

active layer to absorb incident radiation and 

generate exactions Fig. 2. Current density-voltage 

(J-V) characterization was examined, while 

consistent of each cell is presented in Table 1. 

 
Figure 2. Diagram of solar cell composition 

 

Table 1. A detailed composition of each solar device used in this study 
5th layer 4th layer 3rd layer 2nd layer 1st layer Sample 

Ag-paste MWCNTs- SNPs –NPGPE P3HT: PCBM MWCNTs- SNPs –NPGPE glass/FTO device 1 

---------- Ag-paste MWCNTs- SNPs -

NPGPE 

P3HT: PCBM glass/FTO device 2 

---------- Ag-paste MWCNTs- SNPs -

NPGPE 

P3HT: PCBM MWCNTs- SNPs –

NPGPE 

device 3 
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Results and Discussion: 
Transmission electron microscope (TEM)  

   TEM measurement showed a unique 

shape of the prepared material, which was in the 

form of nanotubes with rough surfaces and 

containing black spots, which are the silver 

nanoparticles (19,20). The dimensions of this tube 

are 161 nm in length and 60 nm in width with 

nanoparticles of silver not exceeding 20 nm Fig. 3. 

The synthesized morphological structure of the 

modified MWCNTs surface was studied using 

TEM. However, Fig.1 shows representative image 

for the original MWCNTs –SNPs-NPGPE 

composite. It is clear that the original MWCNTs are 

highly complicated tubes with diameters of 50 nm. 

However, there is no significant conversion for 

morphological structure in a side-walled 

functionalization MWCNT surfaces. The carboxylic 

acid groups submitting MWCNT-OH enhanced a 

modification of MWCNTs. The displacement of 

carboxylic acid groups is most probably to occur at 

the interfacial interaction between the SNPs and the 

nanotubes due to the bond of hydrogen created 

between acetate groups and modified MWCNTs 

(21). The contact points between MWCNTs and 

SNPs can be remarkably amended by precluding the 

utility of isolated surfactants and other chemical 

compounds. The functionalized carbon nanotubes 

can be used in electronic applications and also 

found to be good supports for decorating Ag 

nanoparticles.   

    

 
Figure 3.   TEM of MWCNTs –SNPs-NPGPE 

composite 

 

X-ray diffraction measurements  

The XRD pattern of the prepared MWCNTs 

–SNPs-NPGPE composite showed four main peaks 

Fig. 4. These peaks were located at (2θ) 25.976° for 

C at MWCNT, and 38.818°, 45.470° and 65.208° 

corresponded to the (111), (200) and (220) planes of 

face centered cubic silver nanoparticles respectively 

(22,23). It should be noted that. this spectrum 

differs from that containing silver without the 

extract, because the peak that appeared at 

approximately 25° was less intensive after the 

addition of silver and also the broadening in the 

peak at 45 be more less. 

 
 Figure 4. XRD pattern of MWCNTs –SNPs-

NPGPE composite 

 

Energy dispersive X-ray spectroscopy (EDS)   

The composition of MWCNTs –SNPs-

NPGPE composite was evaluated using energy 

dispersive X-ray spectroscopy (EDS). EDS 

characteristics profile Fig. 5, confirms the presence 

of silver, carbon and oxygen atoms in the prepared 

material. The result shows signals at 0.9, 0.35, 0.5 

and 0.6 keV correspond to binding energies of 

carbon (24,25) while the oxygen signals was at 0.45 

and 1.0 Kev. The oxygen come from air reaction 

processes (26). Furthermore, the EDS profile shows 

that binding energies of silver at 2.75 and 3.12. It 

also shows that the elemental ratio of C: O: Ag is 

76.186: 15.83: 7.821 

 

 
Figure 5. Energy dispersive X-ray spectroscopy 

(EDS) of MWCNTs –SNPs-NPGPE composite 

The UV-Vis absorption  

     Figure, 6 shows the UV-Vis spectrum for 

MWCNTs –SNPs-NPGPE composite with an 

intensive absorption peak at 280 nm and less 

intensive absorption peaks at 320 nm attributed to 

the NPGPE, while the broad-single surface Plasmon 

resonance (SPR) absorption peak observed at the 

wave length of 380 nm which refers to the existence 

of SNPs (27,28).  
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Figure. 6  UV-Vis spectrum of MWCNTs –SNPs-

NPGPE composite 

 

FT IR spectrum  

Two broad peaks for FTIR spectrum of 

MWCNTs–SNPs-NPGPE composite were observed 

Fig. 7. The first broad and intense one appeared at 

3578 cm
-1

 attributed to the stretching vibrations of 

(O-H) group in carboxylic acids in the NPGPE (29). 

Besides, the second peaks at 2989 cm
-1

 may due to 

the stretching vibration of aliphatic C-H in carbon 

nanotubes (30).  

   

 
Figure. 7 FTIR spectrum of MWCNTs –SNPs-

NPGPE composite 

 

Photovoltaic performances of solar cells 

        The current density – Voltage curve was used 

to study the photovoltaic performances of solar cells 

under study. Current density-voltage (J–V) 

characteristics of the organic photovoltaic cells 

(OPVs) were shown in Fig. 8. The photovoltaic 

parameters of all kinds of devices are extracted and 

tabulated in Table 2. The highest value for short-

circuit current density (Jsc) achieved on device no. 

1 despite the resistance of CNT films are the same 

due to a relatively high optical transmittance of 

CNT films (17). The lower Jsc was indicated for 

CNT as top and bottom electrodes, which suggests 

that the conductivity is more contributive for carbon 

nanotube-based films as only electrodes (31). In the 

same way the open circuit voltage increased when 

the cell had the FTO/CNT fabricated. This leads to 

increase the fill factor and power conversion 

efficiency. So, the use of CNT in the CNSCs makes 

further performance improvement to the OPV (32). 

We are believed that these carbon-based electrodes 

can be further improved for potentially high-

efficient, low-cost, and green all-carbon solar cells. 

 

 
Figure.8. Current density voltage (J−V) 

characteristics of the three different devices 

under AM 1.5G. device A [FTO-(MWCNTs-

SNPs-NPGPE)] (black), device B [FTO] (red), 

and device C [MWCNTs-SNPs-NPGPE] (blue). 

 

Table 2. The photovoltaic parameters of all kinds 

of devices  

Sample 

Open 

circuit 

voltage 

(Voc V) 

Short 

circuit 

current 

density(Jsc 

mA/cm2) 

Fill 

factor 

(FF%) 

power 

conversion 

Efficiency(ƞ%) 

Device 0.58 5.91 26 1.48 

Device 0.56 5.59 33 1.43 

Device 0.39 4.41 34 0.83 

 

Conclusions:  
Integrated analysis of functional group 

attached on the CNTs surface has been conducted. 

Moreover, density of carboxyl groups strongly 

depends on extract (NPGPE)were dominantly 

introduced on the carbon nanotube surface. In our 

study, data from both XRD and FT_IR have proven 

functionalized carbon nanotubes which can be used 

in electronic applications and also found to be good 

supports for enhancing Ag nanoparticles. The 

MWCNTs oxidation might be break bonds and 

introduces functional groups that can be considered 

as disorders on the structure as shown in FTIR 

analysis. Acid treatment in this method do not affect 

the crystallinity of MWCNTs as proved in XRD 

analysis. Moreover, the EDS analysis reveals the 

presence of C, O and Ag emphasizes the successful 

of decoration process with Ag nanoparticles. It 

shows that the elemental ratio of C: O: Ag is 

76.186: 15.83: 7.821. Furthermore, the results 

obtained have been characterized by transmission 

electron microscopy (TEM) analysis which ravels 

the successful SNPs decoration onto the MWCNTs 
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surface after functionalization that result from 

application of heat and this combination can lead to 

the very promising hybrid materials (MWCNTs –

SNPs-NPGPE composite) which could be used for 

water purification and disinfection or for medical 

purposes. 

We successfully fabricated OPV solar cells 

with all-carbon electrodes, using large-area and 

high quality of CNT films. The current densities of 

all devices with all-carbon electrodes, including 

CNT-FTO, are comparable to those previous 

reported for carbon-based devices with different 

materials. The best performance achieved for the 

devices with CNT/FTO bottom electrode is 1.48%. 

herein, strategy of using CNT from natural products 

have been developed to design nanostructure 

architectures of semiconductors, metals, and 

polymers for organic photovoltaic solar cells 

(CNSCs). This development of using natural 

products in solar cells are significant, because of 

lower cost materials and fabrication process.     
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 قشور الرمان -ةفض -تطوير كفاءة الخلية الشمسية باستخدام النظام النانوي كاربون

 
عمار حمزة
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 .الجامعة التكنولوجية، بغداد، العراقهندسة مدني،  
2

 .العراق ،الانبارقسم الكيمياء، كلية العلوم، جامعة الانبار،  

 

 الخلاصة:
وحبيبات الفضة النانوية ومستخلص قشور الرمان تم بنجاح تحضير مركب نانوي من الانابيب الكربونية النانوية متعددة الجدران 

( واشعة اكس ومطيافية TEMالنانوي باستخدام تقنية فوق الموجات الصوتية. وتم تشخيص المركب بواسطة المجهر الالكتروني الانتقالي )

. توضح النتائج المتحصلة بأن (UV-VIS)ومطيافية الاشعة الفوق البنفسجية ((FTIR( ومطيافية الاشعة التحت الحمراءEDSتشتت الطاقة)

 (nmالمركب النانوي الناتج ذو سطوح غير ناعمة ببقع سوداء دلالة على وجود الفضة وان ابعاد انبوب الكاربون النانوي في الطول حيث كان 

الاشعة السينية وجود  (. بينما توضح نتائجnm 20( وتتوزع عليه حبيبات الفضة النانوية بنسبة لا تتجاوز )nm 60وفي العرض كان )) 161

( O-H. وتشير نتائج الاشعة تحت الحمراء الى اهتزازات المجموعة )وحبيبات الفضةقمم رئيسية تعود الى الانابيب النانوية الكربونية  أربع

نوية.  تم استخدام ( للأنابيب الكربونية الناC-Hللحامض الكاربوكسيلي المتأتي من مستخلص قشور الرمان وكذلك الاهتزازات الاليفاتية ل)

-poly(3( على شريحة زجاجية تحمل المركب )fluorine-doped tin oxide,FTOالمركب النانوي الناتج في الخلية الشمسية بوجود )

hexylthiophene) (P3HT) and [6,6]-phenyl C61-butyric acid methylester (PCBM) )تم زيادة كفاءة الخلية  وفعلا فقد

 الشمسية.
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