
 مجله ایرانی شیمی تجزیه 

 (100-109) 1404فروردین، 1، شماره 12دوره 

Iranian Journal of Analytical Chemistry 

Volume 12, Spring 1, March 2025 (100-109)                 Original Research Article 
 

 

* Corresponding author:  

T. Rohani; E-mail: Rohani@pnu.ac.ir 
 

 

 

MnO₂ /MWCNTs Nanocomposite Modified Carbon Ceramic 

Electrode: A Renewable Platform for Ethanol Oxidation 

Tahereh Rohani*1, Sayed Zia Mohammadi1, Masood Nayebli1 

1Department of Chemistry, Payame Noor University, 19395-4697, Tehran, Iran 

 

*e-mail: Rohani@pnu.ac.ir 
 

Received: 2 October 2024         Accepted: 22 October 2024 

DOI: 10.30473/IJAC.2025.76680.1332 

 
 
Abstract 

     In this study, a carbon ceramic electrode was fabricated and subsequently modified by manganese 

dioxide/multiwalled carbon nanotubes composite (MnO2/MWCNTs). MWCNTs were hybridized with 

Manganese dioxide to enhance the electrocatalytic properties. The resulting nanocomposite was evaluated for 

its efficacy in catalyzing ethanol oxidation. Characterization of the catalyst was performed using X-ray 

diffraction (XRD), Scanning electron microscopy (SEM) and Fourier-transform infrared (FT-IR) spectroscopy. 

Electrochemical properties were studied using cyclic voltammetry (CV), differential pulse voltammetry (DPV) 

and chronoamperometry. The results indicate a linear range from 0.02 to 0.3 mM with a detection limit of 6.2 

μM and a diffusion coefficient of 5.24 × 10-7cm2s-1 for ethanol. The high surface area and conductivity of 

MWCNTs, hybridized with the catalytic activity of MnO₂ , demonstrate the potential of the as-prepared 

nanocomposite for high performance fuel cell applications. 
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1. INTRODUCTION 
    As the global pursuit of clean and sustainable 

energy intensifies, fuel cell technology has 

emerged as a compelling alternative to traditional 

fossil fuels. Among the various fuel cell systems, 

direct ethanol fuel cells (DEFCs) have garnered 

significant attention for their ability to harness 

bioethanol, a renewable fuel derived from biomass 

such as sugarcane, corn, and cellulose [1,2]. 

Ethanol presents several notable advantages as a 

fuel source: it boasts a high energy density, is 

relatively easy to store and transport, and can be 

sustainably produced from agricultural feedstocks. 

Additionally, ethanol is less toxic than methanol, 

making it a safer option for widespread use. 

Despite these promising attributes, the 

advancement and commercialization of ethanol-

powered fuel cells still face considerable 

challenges [3-6]. One of the primary challenges 

lies in achieving complete oxidation of ethanol to 

carbon dioxide, a process that requires the cleavage 

of carbon–carbon (C–C) bonds, an energetically 

demanding step. This often leads to the 

accumulation of partially oxidized byproducts 

such as acetic acid and acetaldehyde, which 

diminish the overall efficiency of the fuel cell. To 

address these limitations, researchers have focused 

on developing and optimizing catalytic materials 

capable of facilitating the full oxidation of ethanol, 

thereby enhancing the performance and viability of 

DEFCs [7,8]. Among these catalysts, carbon 

nanotubes (CNTs), due to their unique structure, 

high specific surface area, excellent electrical 

conductivity, and chemical stability, have attracted 

significant attention. However, previous studies 

have shown that carbon nanotubes alone exhibit 

limited catalytic activity in oxidation reactions [9-

11]. So, to effectively utilize carbon nanotubes in 

catalytic reactions, surface modification with 

active compounds, particularly metal oxides, is 

essential [12,13]. In recent years, numerous carbon 

nanotube (CNT)/metal oxide heterostructures have 

been synthesized and extensively investigated for 

their electrochemical properties. For instance, 

Jiang et al. developed a highly sensitive 

nonenzymatic glucose sensor based on CuO 

nanoparticle-modified CNTs fabricated via 

sputtering deposition [14]. Similarly, Fang et al. 

reported a novel hydrazine sensor utilizing a CNT-

wired ZnO nanoflower electrode, synthesized 

through an ammonia evaporation method [15]. Liu 

et al. also demonstrated the promising 

electrochemical performance of a CNT/Fe₃ O₄  

composite for glucose detection [16]. 

Among various metal oxides, manganese dioxide 

(MnO₂ ) is particularly promising for enhancing 

the catalytic performance of CNTs due to its strong 

oxidizing power, high catalytic activity, excellent 

chemical stability, low cost, and high energy 

density [17,18]. The combination of these two 

materials can lead to the development of hybrid 

catalysts with synergistic properties, offering 

superior efficiency in oxidation processes [19-22]. 

This study introduces a highly effective 

electrocatalyst designed for application in direct 

ethanol fuel cells (DEFCs) and ethanol sensing. 

The catalyst comprises MnO₂ / MWCNTs, which 

is supported by a carbon ceramic electrode. This 

hybrid configuration leverages the extensive 

surface area and conductivity of MWCNTs and 

catalytic efficiency of MnO₂ .  The resulting 

modified electrode demonstrated superior 

electrocatalytic activity toward ethanol oxidation. 

Furthermore, it was successfully utilized for the 

quantitative detection of ethanol via differential 

pulse voltammetry (DPV), exhibiting consistent 

sensitivity across a wide concentration range. 

 

2. EXPERIMENTAL  
2.1. Chemical and instrumentals 

Multi-walled carbon nanotubes (MWCNTs) with a 

purity of 95% were sourced from Plasma Chem. 

GmbH (Berlin, Germany). These MWCNTs had 

an average outer diameter of 3–20 nm, a length of 

1–10 µm, 3–15 walls, and a specific surface area 

of 350 m²/g. Methyltrimethoxysilane (MTMOS, 

99%) and manganese (II) sulfate (MnSO₄) were 

purchased from Merck. Graphite powder (95%) 

was obtained from Sigma-Aldrich. All other 

chemicals used were of analytical grade and were 

procured from reputable suppliers. 

Electrochemical measurements were performed 

with a Metrohm electroanalyzer (Model 797 VA) 

using a standard three-electrode cell. The setup 

consisted of an Ag/AgCl (3.0 M KCl) reference 

electrode, a platinum rod counter electrode, and a 

modified carbon ceramic electrode (CCE) as the 

working electrode.  

 

2.2. Preparation of the carbon ceramic electrode 

The standard carbon ceramic electrode (CCE) was 

prepared according to a previously reported 

method [23]. Briefly, 0.5 mL of 

methyltrimethoxysilane (MTMOS) was mixed 

with 0.8 mL of methanol in a clean, dry test tube. 

Then, 0.08 mL of 11 M hydrochloric acid was 

added as a catalyst, and the tube was sealed with 

parafilm. The solution was sonicated for 5 minutes 

to ensure thorough mixing. Subsequently, 1.2 g of 

graphite powder was incorporated into the mixture, 

which was then sonicated for another 5 minutes to 

form a homogeneous paste. This paste was tightly 
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packed into glass tubes (5 cm in length, 3 mm inner 

diameter) to a depth of 5 mm. A copper wire was 

inserted into the paste to establish electrical 

contact. The electrodes were then left to dry at 

room temperature for 48 hours. After the drying 

process, the electrode surfaces were polished 

smooth with polishing paper and rinsed thoroughly 

with deionized water before use. 

2.3. Preparation of the carbon ceramic electrode 

Multi-walled carbon nanotubes (MWCNTs) were 

first oxidized to create surface binding sites and 

remove impurities, following a reported procedure 

[24]. Briefly, 1.0 g of MWCNTs were dispersed in 

10 mL of concentrated HNO₄ and the mixture was 

stirred for 2 hours at 35 °C and rinsed several times 

with double distilled water until the pH of the 

mixture reached 7.0. The product was filtered and 

oven dried at 80°C. Next, 0.09 g of the pre-treated 

MWCNTs was dispersed in 150 mL of deionized 

water using ultrasonication for 30 minutes. 

Potassium permanganate (KMnO₄ , 1.58 g) was 

added to the suspension, which was further 

sonicated for 30 minutes. Afterwards, 8 mL of 3 M 

hydrochloric acid (HCl) was slowly added, and the 

mixture was stirred for approximately 30 minutes 

at 50 °C. The resulting suspension was transferred 

to a 100 mL Teflon-lined autoclave and subjected 

to hydrothermal treatment at 160 °C for 24 hours. 

Finally, the product was centrifuged, washed, and 

dried overnight at 70 °C to obtain highly purified 

MnO₂ /MWCNTs. 

 

2.4. Preparation of the carbon ceramic electrode 

Prior to modification, the bare carbon ceramic 

electrode (CCE) was polished to a mirror-like 

finish on polishing paper and rinsed with deionized 

water. A modifier suspension was prepared by 

dispersing 0.01 g of the MnO₂ /MWCNTs 

nanocomposite in 0.5 mL of tetrahydrofuran 

(THF) with 5 minutes of ultrasonication. Then, 10 

µL of this homogeneous suspension was drop-cast 

onto the polished electrode surface and left to dry 

at room temperature. Finally, the modified 

electrode was rinsed thoroughly with deionized 

water before being employed as the working 

electrode in the electrochemical cell. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Characterization of MnO₂ /MWCNTs 

Nanocomposite 

The phase structures of the MWCNTs and the 

synthesized MnO₂ /MWCNTs nanocomposite 

were characterized by X-ray diffraction (XRD) 

over a 2θ range of 0° to 80° (Fig. 1). The XRD 

pattern of the MWCNTs (Fig. 1a) shows 

characteristic peaks at approximately 26° and 43°, 

which are typical for the graphitic structure of 

carbon nanotubes and align with literature values 

[25]. In contrast, the XRD pattern of 

MnO₂ /MWCNTs nanocomposite (Fig. 1b) 

exhibits major diffraction peaks at 2θ values of 

~29°, 35.2°, 37.1°, 38.5°, 41°, 43°, 48°, 50°, 56.5°, 

63°, 65°, and 69°. These peaks are indexed to the 

crystalline planes of α-MnO₂ , thereby confirming 

the successful deposition of manganese dioxide 

onto the MWCNT surface [26]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Fig.1, XRD pattern of MWCNTs (a) and 

MnO₂ /MWCNTs nanocomposite (b) 

As well, the elemental composition of MWCNTs 

(Fig. 2a) and MnO₂ /MWCNTs (Fig. 2b) was 

investigated by EDS analysis. The resulting 

spectrum confirms the presence of carbon, 

manganese and oxygen, providing definitive 

evidence for the successful synthesis of 

MnO₂ /MWCNTs nanocomposite. 
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Fig.2, EDS analysis of MWCNTs (a) and 

MWCNTs/MnO₂  nanocomposite (b) 

FE-SEM analysis was used to examine the 

morphology of both materials. The MWCNTs 

(Fig. 3a) show a uniform size distribution with an 

average particle size of ~94 nm. In contrast, the 

MnO₂ /MWCNTs nanocomposite (Fig. 3b) has a 

larger average particle size of ~138 nm, improved 

dispersion and increased thickness. These 

observed changes confirm the successful coating 

of the nanotubes with manganese dioxide. 

 

Fig.3, SEM images of MWCNTs (a) and 

MnO₂ /MWCNTs nanocomposite (b) 

Fourier-transform infrared (FTIR) spectroscopy 

was used to identify the functional groups involved 

in stabilizing and coating the carbon nanotubes. 

The spectrum for MWCNTs (Fig. 4a) shows a 

broad band at ~3443 cm-1, corresponding to O–H 

stretching vibrations from surface-adsorbed 

hydroxyl groups. The intense peak at 1577 cm-1 is 

attributed to the C=C bond stretching in the 

graphitic structure. Additional peaks at 1427 cm-1 

and 1139 cm-1 are indicative of C–H groups and C–

O–C/C–OH stretching vibrations, respectively, 

while the peak at 1044 cm-1 corresponds to C–O 

stretching. In contrast, the FTIR spectrum of the 

MnO₂ /MWCNTs nanocomposite (Fig. 4b) 

reveals a key new feature: a broad and intense peak 

at 569 cm-1. This band is characteristic of Mn–O 

stretching and Mn–O–Mn bridge vibrations, 

providing direct evidence for the formation of 

MnO₂  and its successful deposition onto the 

nanotube surface. 

 

 

 

Fig. 4, FTIR spectrum of MWCNTs (a) and MnO₂  

/MWCNTs nanocomposite (b) 

3.2 Electrochemical characterization of 

MnO₂ /MWCNTs/CCE 

The electrochemical properties of the CCE and the 

MnO₂ /MWCNTs/CCE were characterized using 

cyclic voltammetry. The voltammograms were 

recorded in a 0.1 M KCl solution containing 0.5 

mM K₃ [Fe(CN)₆ ]/K₄ [Fe(CN)₆ ] (1:1 ratio). 

Both electrodes exhibited a well-defined, 

reversible redox peaks corresponding to the couple 

Fe(CN)₆ ³⁻ /⁴ ⁻  reaction (Fig. 5). A comparison of 

the current density responses between CCE and 

MnO₂ /MWCNTs/CCE revealed a marked 

enhancement in current density for the 

MnO₂ /MWCNTs/CCE. This enhancement is 

attributed to a substantial increase in the 

electroactive surface area and improved charge 

transfer kinetics afforded by MnO₂ /MWCNTs 

nanocomposite. 

 

Fig.5, CV responses related to CCE (a), 

MnO₂ /MWCNTs/CCE (b) in a solution 

containing 0.1M of KCl and 500 mM of 

[Fe(CN)₆ ] 3-/4- (Scan rate: 30mVs-1). 

The electroactive surface area (EASA) of both 

CCE and MnO₂ /MWCNTs/CCE was determined 

by cyclic voltammetry using a solution of 1.0 mM 

Fe(CN)₆ ³⁻ /⁴ ⁻  and 0.1 M KCl at different scan 

rates (10-100 mVs-1) . The resulting peak currents 
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were analyzed according to the Randles-Sevcik 

equation (equation 1): 

𝐼𝑝 = (2.69 × 105). 𝑛3/2. 𝐴. 𝐷1/2. 𝐶. 𝑣1/2        Eq.1                                           

 

From this analysis, the EASA values were 

determined to be 0.151 cm² for CCE and 0.312 cm² 

for MnO₂ /MWCNTs/CCE, while the geometric 

surface area of the bare CCE was calculated about 

0.08 cm2. The markedly larger EASA of the 

MnO₂ /MWCNTs/CCE electrode indicates a 

greater density of electroactive sites. This 

enhancement implies that the modified CCE offers 

superior sensitivity and a faster response compared 

to the unmodified CCE. 

3.3 Cyclic voltammetry studies  

The electrochemical performance was evaluated 

by recording cyclic voltammograms of an 

unmodified CCE, an MWCNTs/CCE, and an 

MnO₂ /MWCNTs/CCE in a 0.05 M sulfuric acid 

solution containing 0.02 mM ethanol. Figure 6 

shows the stable voltammograms obtained after 

several initial scans. As seen in figure 6a, the 

unmodified CCE showed negligible activity within 

the applied potential window. Modification with 

MWCNTs alone (Fig. 6b) resulted in a broad, weak 

oxidation peak around 1.1 V. In contrast, the 

MnO₂ /MWCNTs/CCE (Fig. 6c) exhibited a sharp 

and intense ethanol oxidation peak at a 

significantly lower potential, accompanied by a 

dramatically higher current density. This 

significant decrease in overpotential coupled with 

substantial increase in current density demonstrate 

the superior catalytic activity of the 

MnO₂ /MWCNTs nanocomposite toward ethanol 

oxidation.  

 

Fig.6, Comparative CVs of the unmodified CCE 

(a) MWCNTs/CCE (b) and the 

MnO₂ /MWCNTs/CCE (c) in the presence of 0.02 

mM ethanol and 0.05 M sulfuric acid as supporting 

electrolyte, scan rate: 30 mVs⁻ ¹. 

3.4 Ethanol electrooxidation mechanism  

As observed in figure 6 (curve c), the anodic peak 

current for ethanol oxidation was significantly 

enhanced at the modified electrode compared to 

the unmodified electrode. Simultaneously, a 

substantial reduction in the oxidation overpotential 

was observed. According to experimental results 

and literature reports, the possible mechanism for 

ethanol oxidation on the MnO₂ /MWCNTs/CCE 

in acidic medium involves a combination of 

physical adsorption and chemisorption of ethanol 

molecules at the anode surface, as follows [27]: 

Physical adsorption mechanism: 

CH3CH2OH + MnO2         CH 3CH 2O-MnOOH 

CH3CH2O-MnOOH            CH 3CHO + MnO2 + 

2H++ 2e                              (acetaldehyde) 

[CH3CHO] ads+H2O            [CH3COOH]ads+2H+ 

+2e                                       (acetic acid)   

Chemisorption mechanism:          

[ C2H5OH] +3H2O             2CO2 +12e +12H+ 

 

3.5 Effect of potential scan rate on ethanol 

oxidation 

Cyclic voltammetry of a 0.02 mM ethanol solution 

was performed at the MnO₂ /MWCNTs/CCE 

across a range of scan rates from 10 to 100 mV s⁻ 1 

(Fig. 7a). The anodic peak current increased with 

increasing scan rate, while the peak potential 

shifted positively. To investigate the reaction 

kinetics, the anodic peak current (Ip) was plotted 

against both the square root of the scan rate (v¹/²) 

(Fig. 7b) and the scan rate itself (v) (Fig. 7c). A 

strong linear relationship (R² > 0.99) was observed 

between Ip and v¹/², indicating that the 

electrocatalytic oxidation of ethanol at this 

electrode is a diffusion-controlled process [28]. 

 

https://doi.org/10.30473/ijac.2024.72409.1309


T. Rohani, et al / MnO₂ /MWCNTs Nanocomposite Modified Carbon Ceramic Electrode: A Renewable…                 105 

DOI:  10.30473/IJAC.2025.76680.1332   

 

 

Fig.7, Cyclic voltammograms of the 

MnO₂ /MWCNTs/CCE at various scan rates, 

ranging from 10 to 100 mVs-1(a→j) (a), the 

relationship between the (anodic) peak current and 

the square root of scan rate (b) and the relationship 

between the (anodic) peak current and the scan 

rate(c). All measurements were conducted in a 

0.05 M of sulfuric acid electrolyte containing 0.02 

mM ethanol. 

3.6 Quantitative analysis of ethanol by 

MnO₂ /MWCNTs/CCE 

A series of ethanol standards at varying 

concentrations were analyzed using differential 

pulse voltammetry (DPV) to generate a calibration 

plot. The recorded DPV responses (Fig. 8) showed 

anodic peaks whose current intensities were 

directly proportional to the ethanol concentration, 

as illustrated in the inset. The linear relationship 

observed across the 0.02 to 0.30 mM range 

confirms a dependable correlation between the 

signal and analyte concentration. 

 

Fig.8, Differential pulse voltammograms of the 

MnO₂ /MWCNTs/CCE recorded in the presence 

of different concentrations of ethanol (0.02, 0.06, 

0.10, 0.13, 0.15, 0.18, 0.21 and 0.3mM), inset: 

variation of the anodic peak current as a function 

of ethanol concentration. All of the experiments 

were done in a 0.05 M of sulfuric acid electrolyte 

solution. 

3.7 Stability and repeatability Studies of 

MnO₂ /MWCNTs/CCE 

Experimental results confirmed that the 

MnO₂ /MWCNTs/CCE exhibits excellent stability 

in the electrolyte solution, with both peak current 

and potential remaining nearly constant over 

multiple scanning cycles. After 20 consecutive 

cyclic voltammetry scans in 0.05 M sulfuric acid, 

the electrode’s stability was assessed using 

equation 2: 

Stability percentage: =(Ipn/Ip1) ×100       Eq.2                                                  

In Equation 1, Ip1 and Ipn represent the first and 

last anodic or cathodic peak currents, respectively. 

The calculated stability exceeded 90% after 20 

consecutive measurements, confirming the high 

operational stability of the 

MnO₂ /MWCNTs/CCE.  

The limit of detection (LOD) refers to the lowest 

concentration of an analyte that can be reliably 

distinguished from the background signal. It was 

calculated using Equation 3: 

      Limit of detection=3Sb/m             Eq.3                                                                              

where Sb is the standard deviation of the blank 

response and m is the slope of the calibration curve 

obtained from inset of Fig. 8. To determine Sb, a 

blank solution consisting of 0.05 M sulfuric acid 

was prepared, and differential pulse 

voltammograms (DPVs) were recorded using the 

modified electrode. Seven consecutive scans were 

performed, and the resulting data were analyzed. 

The calculated detection limit for ethanol was 

found to be 6.2 μM, indicating high sensitivity of 

the MnO₂ /MWCNTs/CCE toward ethanol 

detection. 

Repeatability is a key indicator of the method’s 

precision and is commonly expressed as the 

relative standard deviation (RSD%). To assess this, 

a 0.04 mM ethanol solution was prepared under 

optimized conditions and subjected to seven 

consecutive measurements using the modified 

electrode. The resulting cyclic voltammograms 

were recorded, and the anodic peak currents were 

extracted. The RSD% was calculated using 

Equation 4: 

RSD (%) = (S / X̅) × 100            Eq. 4                       

where S is the standard deviation and X̅ is the 

mean peak current. The calculated RSD was 
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1.30%, indicating excellent repeatability and 

precision of the electrode for ethanol detection. 

  4. Chronoamperometric measurements 

The electrode processes at the 

MnO₂ /MWCNTs/CCE were further probed using 

chronoamperometry, among other electrochemical 

methods. In this experiment, a constant potential of 

0.5 V was applied to the working electrode while 

measuring the current over time for different 

ethanol concentrations (Fig. 9). The resulting 

current-time transients are characteristic of a mass 

transfer-limited oxidation process, consistent with 

the behavior predicted by the Equation 5 (Cottrell 

equation) [28]:  

I = nFAD1/2C*/ π1/2t1/2                                                               

Eq. 5 

where A, D, and C* are the real surface area (0.08 

cm2), diffusion coefficient (cm2s-1), and the bulk 

concentration (mol cm-3), respectively.  The plot of 

I versus t-1/2 for MnO₂ /MWCNTs/CCE in the 

presence of ethanol shows a straight line. Based on 

the slope of this plot (inset of Fig. 9), the diffusion 

coefficient of ethanol was calculated to be 

5.24 × 10-7 cm2s-1, indicating efficient mass 

transport at the MWCNTs/MnO₂ /CCE surface. 

 

 
 
Fig.9, Chronoamperograms obtained by the 

MnO₂ /MWCNTs/CCE in the presence of various 

concentrations of ethanol (0.15, 0.20, 0.25, and 

0.30 mM). 

5.Conclusion 

In this study, a carbon ceramic electrode (CCE) 

was successfully modified with a multi-walled 

carbon nanotube/manganese dioxide 

(MnO₂ /MWCNTs) nanocomposite to create a 

highly effective electrocatalyst. The resulting 

MnO₂ /MWCNTs/CCE demonstrated exceptional 

performance for the electrooxidation of ethanol, 

exhibiting a significantly lower overpotential 

approximately 470 mV less than the unmodified 

CCE which signifies markedly enhanced reaction 

kinetics. Furthermore, the electrode showed high 

sensitivity with a low detection limit of 6.2 μM for 

ethanol. These results confirm the composite's 

superior catalytic activity and its strong potential 

for dual applications: as an efficient anode in direct 

ethanol fuel cells and as a sensitive platform for 

electrochemical ethanol sensors. 
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 چکیده

  دیواره های کربنی چنداکسید منگنز/نانولولهو با نانوکامپوزیت دی تهیه شده، الکترود سرامیک کربنی کار حاضردر 

(MnO₂ /MWCNTs) ها بهبود یابد. اکسید منگنز ترکیب گردید تا خواص کاتالیستی آندیبا  چنددیوارههای کربنی اصلاح شد. نانولوله

یابی کاتالیست با استفاده از نانوکامپوزیت حاصل برای بررسی کارایی در کاتالیز اکسیداسیون اتانول مورد ارزیابی قرار گرفت. مشخصه

انجام شد. خواص  (FT-IR) سنجی مادون قرمز تبدیل فوریهیفو ط (SEM) میکروسکوپ الکترونی روبشی ، (XRD) پراش پرتو ایکس

 ،نتایج بدست آمده .و کرونوآمپرومتری بررسی گردید (DPV) ، ولتامتری پالسی تفاضلی(CV) ایالکتروشیمیایی از طریق ولتامتری چرخه

برای اتانول را نشان داد.   s2cm  7-10 × 24/5-1 میکرومولار و ضریب نفوذ 2/6مولار، حد تشخیص میلی 3/0تا  02/0ی خطی محدوده

شده را برای ، پتانسیل نانوکامپوزیت تهیهMnO₂های کربنی چنددیواره، در ترکیب با فعالیت کاتالیستیسطح ویژه و رسانایی بالای نانولوله

 .گذاردهای سوختی با کارایی بالا به نمایش میکاربرد در پیل

 

 کلید واژه ها
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