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Abstract 
    In this research, CNRs have been synthesized using pyrolysis of plastic waste(pp) at 1000 ° C for one hour 

in a closed reactor made from stainless steel, using magnesium oxide (MgO) as a catalyst. The resultant 

carbon nano rods were purified and characterized using energy dispersive X-ray spectroscopy (EDX), X-ray 

powder diffraction (XRD). The surface characteristics of carbon rods were observed with the Field emission 

scanning electron microscopy (FESEM). The carbon was evenly spread and had the highest concentration 

from SEM-EDX characterization. The results of XRD and FESEM have shown that carbon Nano rods 

(CNRs) were present in Nano figures, synthesized at 1000 ° C and with pyrolysis temperature 400° C. One 

of the advantages of this method is that using one reactor for a short time and without any use of inert gas as 

opposed to previous researches which used two reactors. 
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Introduction:  

Trashing of waste plastics is well 

acknowledged as a huge problem for the 

environment, with over 8 million tons of plastics 

being thrown in oceans (1). Even though huge 

efforts are being made to reduce the damage of 

waste plastics, rates of recycling are still somewhat 

low, for example just about (12%) from total plastic 

waste was recycled in the United States (2). In the 

European Union, over (40%) from plastic waste was 

dumped in landfills in 2010 (3). Researchers have 

been searching for different solutions to solve the 

troubles of huge amounts of waste plastics for 

years. At present time, the usage of landfills and 

incineration are some of the most widely used 

solutions, but the rising prices, environmental 

troubles and the reduction of area for landfills make 

other processing choices demanded. Different 

alternative ways have been submitted so that the 

plastic wastes can be processed. However, not every 

one of these alternatives is widely-used, because of 

the economic applicability (4). Currently, there are 

three methods of energy recovery to collect and 

recycle waste plastics from households which are 

thermal recycling, chemical recycling, and material 

recycling. Energy retrieval is quite efficient and 

simple.  
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It recovers thermal energy through 

pyrolysis. Even though energy recovery is simple 

and efficient, it should be considered as a last option 

from an ecological point of view. Chemical 

recycling is not widely utilized because of requires 

a lot of energy and extremely complex processes. 

The best way would be to recycle materials several 

times and use energy recovery only when recycling 

is difficult or is not possible (5). Plastic waste is 

blends of several polymers, like PE (Polyethylene), 

PP (Polypropylene), PS (Polystyrene), PVC 

(Polyvinyl chloride), PA (Polyamide), etc. Also, to 

develop plastics properties, worthy quantities of 

additives, “such as Chlorine, Bromine, Nitrogen, 

Antimony, Zinc, Titanium, Calcium, etc.” are 

usually added into the pure polymer through the 

manufacture operation. Then these elements appear 

in pyrolysis products which causes troubles for their 

usage in additional implementation. Although 

pyrolysis of plastic waste has been explored for 

quite a long time in order to obtain worthy products 

like “gasoline, syngas, pyrolysis oil, etc.”; this 

choice of recycling of raw material was notified to 

be just (0.3%) from plastic waste in 2007(6). 

           Even though plastic waste from domestic 

wastes to the industrial remains, rise harmful effects 

on environmental and health of human which is 

regarded a source of air, soil, water and marine 

pollution; wastes can be used as tools to produce 

useful goods. A significant technique to obtain this 
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goal is pyrolysis. Pyrolysis relates to thermal 

decomposition that is operated in an air-free 

condition (7). Pyrolysis is a probable alternative to 

landfill for processing plastic waste, and the 

resulting decomposition products which can be used 

as” fuels instead of gas, diesel or fuel oils” (8). 

Additionally, pyrolysis of plastics has also been 

utilized to manufacture various types of Nano 

Carbon such as nanotubes, nanofiber, nanorods, 

nanowires, etc., Carbon nanorods which have high 

value and exceptional physical and chemical 

properties because of their impressive characteristic 

like high surface area, porous-rich structure, high 

conductivity and excellent chemical stability, by 

blending plastics and catalyst in one reactor. The 

application of CNRs such as use as supports for 

metal nanoparticles, gas storage, electrochemical 

energy storage (9), biosensors (10), efficient 

electrodes for rechargeable batteries, 

supercapacitors and electrocatalysis (11).  The 

research objective is to produce new nanomaterials 

that inter into the technological industry. 

 

Materials and Methods: 
   Waste of polypropylene was collected from local 

grocery stores. The samples were washed, air-dried 

and shredded into small pieces of an area that’s 

around (1mm²). 25 g of shredded PP was placed 

inside a stainless-steel reactor which has a height of 

11cm and a diameter of 5.5cm. 0.5 g of (MgO) was 

placed in tube nozzle connected with reactor. The 

reactor was tightly closed and put in an electric 

furnace to be heated. This reactor is connected to 

Condenser and then to three neck round-bottom 

flask for product collection, Fig.1and 2. The 

temperature of the furnace was gradually raised. 

When the temperature of 400°C was reached and 

the polypropylene began to decompose, the catalyst 

was added from the tube nozzle. At this level the 

distillation process began and at the end of 

distillation the temperature was raised to 1000 °C at 

a heating ramp rate of 15 °C/min, and maintained 

for 1 h, then allowed to cool to room temperature 

naturally. It was found that the final product in the 

reactor included carbon powder.  

 
Figure 1. Schematic diagram of unit used for 

synthesizing carbon nanostructures by pyrolysis 

method. In this diagram, 1) Electric furnace, 2) 

Stainless steel reactor, 3) tube nozzle containing 

catalyst, 4) Rubber, 5) Condenser, 6) three neck 

round-bottom flask, 7) Rubber bag to collect the 

resultant gas, 8) Water bath.  

 

 
Figure 2. Designing of carbon nanorods 

synthesized system 

    

Carbon Nano Rods Identification.  

   To identify CNRs properties, the following 

equipment were used: 

       X-Ray Diffraction (XRD).  

   The X-ray diffraction (XRD, X’PERT PRO from 

Philips, Netherlands) was evaluated to determine 

the crystal structure and phase the samples, with 

Cu-Kα radiation (λ=1.54178 Å), operated at 40 kV 

and 40 mA, was measured in 2θ range from 10
o
 to 

80
o
, performed on a University of Kashan (Iran). 

Field Emission Scanning Electron Microscopy 

(FESEM): 

   The morphology and size of samples were studied 

by scanning electron microscopy (SEM; FEG-SEM 

MIRA3 TESCAN, Czech Republic), which is 

configured to operate at (15.0 kV) various 

magnification level.  

Energy Dispersive X-Ray Analysis (EDS): 

   The elemental composition of samples was 

studied by (EDS, MIRA3 TESCAN, Czech 

Republic). 
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Results and Discussion: 
   Figure 3 shows the XRD patterns of the CNRs, 

the diffraction peaks at the three values of 23.2°, 

28.5°  and 43°  were ascribed to the (002), (100) 

and (101) reflections, respectively of the CNRs 

(JCPDS PDF no. 41-1487)(12-14), and the Nano-

MgO showed peaks corresponding to (111), (200) 

and (220), (222) planes, indicating the presence of 

cubic face centered MgO and the intense peaks 

were observed at 18°, 36.8° , 62.1° and 75.5° can be 

assigned to a pure phase of MgO (JCPDS PDF no. 

77-2364)(15,16). The XRD patterns of the 

MgO/CNRs hybrid are shown in Fig.3. Excluding 

the characteristic CNRs (002), (100) and (101) 

peaks, all the other peaks could be indexed to the 

cubic phase of MgO, revealing that MgO had been 

incorporated into the MgO/CNRs hybrid sample. 

     Many other peaks for other elements which were 

added to polymer can also be noticed. (pp).  

 

 

 
Figure 3. XRD Pattern of the CNRS. (A) PP 

without catalyst at 1000 ºC for one hour of 

pyrolysis. (B) PP with catalyst MgO at 1000 ºC 

for one hour of pyrolysis. 

Average crystal size in the product can be 

found by using X-ray diffraction profile. 

Calculating the particle size (D) can be done by 

using the Debye Scherrer equation, equation 1:  

D = 
𝐾𝜆

𝛽𝐶𝑂𝑆𝜃
 ……..1 

Where 𝐾 is the Scherrer constant, λ is the 

wavelength of light used for the diffraction, β is the 

full width at half maximum of the sharp peaks and θ 

is the angle measured. The Scherrer constant (𝑘) in 

the above formula accounts for the shape of the 

particle and is generally taken to have the value 0.9 

(17). 

 

Table 1. Structural parameter of Carbon Nano 

Rods (CNs) 

2θ 

(deg) 

FWH

M 

(deg) 

Cos θ 
FWHM 

(rad) 

I/I

1 
D (nm) 

23.2

7 
0.09 

0.97944645

2 

0.00157068

1 
29 

90.2692

5 

28.5 0.1604 
0.96743840

1 

0.00279930

2 
82 

51.2785

1 

43.0 0.248 
0.93039603

5 

0.00433856

9 
99 

34.4028

2 

 

From Table 1, The average crystal size of CNRs 

could be calculated as shown below: 

    Average crystal size = 58.6 nm 

 

The morphology of the sample was 

revealed by FESEM. Fig. 4A shows a typical 

FESEM image of the sample. It is found that large 

quantities of nanostructures (CNRs) were obtained. 

These nanorods are carbon (25-46) nm in diameter, 

and a few micrometers in length, as shown in Fig 

4B and 5 show the EDS for the CNRs. The result 

shows the ratio of the elements, which is 

confirmed by the result of the XRD. The other 

peaks notices in EDS refer to the additives of 

polymer and the substrate used in the 

measurement. 
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Figure 4. FESEM image of CNRs grown on MgO (A) 500nm (B) 200nm 

 

Figure 5 the energy dispersive x-ray 

analysis shows the high concentration of the carbon 

content which indicates high purity, and shows the 

amount of catalyst used in pyrolysis. The other 

components (Ti, Ca, Mo, Fe and Na) are additives 

to improve properties of polymer, and the other 

elements noticed (Si, Al and Cl) refer to the 

elements in standard in analysis device.  

 

 
Figure 5. EDS spectra 

 

Conclusions: 
   The conclusion of this research is that the 

temperature of the pyrolysis of polypropylene is at 

400 ° C for about 30 minutes and the result of XRD 

and FESEM shows there is carbon nanorod at all 

temperatures and marked by a peak intensity at 2θ = 

43. Moreover, the range of crystallite size of CNRs 

(90-34) nm.  

 

Authors' declaration: 
- Conflicts of Interest: None. 

- We hereby confirm that all the Figures and Tables 

in the manuscript are mine ours. Besides, the 

Figures and images, which are not mine ours, have 

been given the permission for re-publication 

attached with the manuscript. 

- Ethical Clearance: The project was approved by the 

local ethical committee in University of AL-Anbar. 
 

Reference: 
1. Zhang Z, Gora-Marek K, Watson JS, Tian J, Ryder 

MR, Tarach KA, et al. Recovering waste plastics 

using shape-selective nano-scale reactors as catalysts. 

Nat. Sustain. 2019 Jan;2(1):39. 

2. Bajwa DS, Bajwa SG, Holt G, Srinivasan R, Coffelt T, 

Nakayama F, et al. Recycling of ligno-cellulosic and 

polyethylene wastes from agricultural operations in 

thermoplastic composites. Waste Biomass Valori. 

2014 Aug 1;5(4):709-14. 

3. Europe P. Plastics—The Facts 2016. An Analysis of 

European Latest Plastics Production, Demand and 

Waste Data. Available online: https://www. 

plasticseurope. 

org/application/files/4315/1310/4805/plastic-the-fact-

2016. Report. pdf (accessed on 7 August 2017). 2016. 

4. Bazargan A, McKay G. A review–synthesis of carbon 

nanotubes from plastic wastes. Chem. Eng. j. 2012 

Jul 1; 195:377-91.  

5. Tominaga A, Sekiguchi H, Nakano R, Yao S, Takatori 

E. Advanced recycling process for waste plastics 

based on physical degradation theory and its stability. 

J. Mater. Cycles Waste. 2019 Jan 22;21(1):116-24.  

6. Wu C, Nahil MA, Miskolczi N, Huang J, Williams PT. 

Processing real-world waste plastics by pyrolysis-

reforming for hydrogen and high-value carbon 

nanotubes. Environ. Sci. Technol. 2013 Dec 

6;48(1):819-26.  

7. Deng J, You Y, Sahajwalla V, Joshi RK. Transforming 

waste into carbon-based nanomaterials. Carbon. 2016 

Jan 1; 96:105-15. 

8. Alston SM, Clark AD, Arnold JC, Stein BK. 

Environmental impact of pyrolysis of mixed WEEE 

A B 

http://bsj.uobaghdad.edu.iq/index.php/BSJ/workflow/access/4112


Open Access     Baghdad Science Journal                                P-ISSN: 2078-8665 

2020, 17(2 Special Issue)NICST:609-613                                                      E-ISSN: 2411-7986 

 

613 

plastics part 1: experimental pyrolysis data.  Environ. 

Sci.  Technol. 2011 Oct 5;45(21):9380-5. 

9. Pachfule P, Shinde D, Majumder M, Xu Q. Fabrication 

of carbon nanorods and graphene nanoribbons from a 

metal–organic framework. Nat. Chem. 2016 

Jul;8(7):718.  

10. Li X, Liu J, Sun M, Sha T, Bo X, Zhou M. 

Amperometric sensing of ascorbic acid by using a 

glassy carbon electrode modified with mesoporous 

carbon nanorods. Microchim. Acta. 2018 Oct 

1;185(10):474. 

11. Amiinu IS, Pu Z, He D, Monestel HG, Mu S. 

Scalable cellulose-sponsored functionalized carbon 

nanorods induced by cobalt for efficient overall water 

splitting. Carbon. 2018 Oct 1;137:274-81. 

12. Girgis BS, Temerk YM, Gadelrab MM, Abdullah ID. 

X-ray diffraction patterns of activated carbons 

prepared under various conditions. Carbon Lett. 

2007;8(2):95-100.  

13. Shitole KD, Nainani RK, Thakur P. Preparation, 

characterisation and photocatalytic applications of 

TiO2-MWCNTs composite. Def. Sci. J. 2013 Jul 

1;63(4):435-41. 

14. Wulan PP, Cendana KD. Synthesis of Nanocarbon 

from Polyethylene Plastic using Stainless Steel 

Catalyst via Oxidative Heat Treatment Preparation 

Method. Int. J. Sustain. Hum. Secur. 2016:16-21.  

15. Mantilaka MP, De Silva RT, Ratnayake SP, 

Amaratunga G, de Silva KN. Photocatalytic activity 

of electrospun MgO nanofibres: synthesis, 

characterization and applications. Mater. Res. Bull. 

2018 Mar 1; 99:204-10. 

16. Zheng X, Huang M, You Y, Fu X, Liu Y, Wen J. 

One-pot synthesis of sandwich-like MgO@ Carbon 

with enhanced sorption capacity of organic dye. 

Chem. Eng. J. 2018 Feb 15; 334:1399-409. 

17. Das R, Bee Abd Hamid S, Ali E, Ramakrishna S, 

Yongzhi W. Carbon nanotubes characterization by X-

ray powder diffraction–a review. Curr. Nanosci. 2015 

Feb 1;11(1):23-35.  

  

 

تحضير قضبان الكاربون النانوية من المخلفات البلاستيكية )البولي بروبيلين( بأستخدام اوكسيد المعنيسيوم 

 كعامل مساعد

 
امال شاكر عبود 

                                
ابراهيم جليل ابراهيم 

 

 

 
 قسم الكيمياء، كلية العلوم، جامعة الأنبار، الأنبار، العراق.

 

 الخلاصة:
في هذا البحث، تم تحضير قضبان الكاربون النانوية بأستخدام الانحلال الحراري للنفايات البلاستيكية )بولي بروبيلين( عند درجة 

درجة مئوية لمدة ساعة في مفاعل مغلق مصنوع من الفولاذ المقاوم للصدأ باستخدام اوكسيد المغنيسيوم كعامل مساعد. تمت  1000حرارة 

. وقد لوحظت الخصائص (XRD)، حيود الأشعة السينية  (EDX)ناتج و تشخيصه باستخدام التحليل الطيفي للأشعة السينية تنقية الكربون ال

تبين أن الكربون منتشر  (SEM-EDX)من خلال قياس  (FE-SEM).السطحية لقضبان الكربون بأستخدام المجهر الألكتروني الماسح 

كانت موجودة في الأشكال   (CNRs)أن قضبان الكربون النانوية XRD, FE-SEMتائج بالتساوي وكان هو الأعلى تركيز. أظهرت ن

درجة مئوية. من مميزات هذه الطريقة أننا  400درجة مئوية ومع درجة الانحلال الحراري  1000النانوية، التي تم تصنيعها عند درجة حرارة 

 السابقة التي كانت تستخدم مفاعلين.  البحوثغاز الخامل على عكس أستخدمنا مفاعل واحد لفترة زمنية قصيرة و دون أي أستخدام لل

 
 قضبان الكاربون النانوية، الكاربون النانوي، المخلفات البلاستيكية، بولي بروبيلين، الانحلال الحراري.الكلمات المفتاحية: 
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