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Article info: 
The synergetic effect of amine functionalized multiple graphene 

layers (AMGL) and multi-walled carbon nanotube (AMWCNT) 

nano-fillers mixed with epoxy resin is investigated on the particle 

size distribution (PSD) and tensile properties of hybrid composites. 

The hybrid composites with an equal ratio of nano-fillers at a weight 

percent of 0.25, 0.50, 1, and 2 wt % are fabricated. The particle size 

analysis (PSA) is performed by the dynamic light scattering (DLS) 

technique and image analysis (IA) method; both verify PSD for 

composites. This is further verified by the analyses of scanning 

electron microscopy (SEM) images using Image J software. The 

optimum composite particle size of 6.8 µm and homogeneous 

mixture with a poly-dispersity index (PI) of 0.74 is investigated for 

a sample having filler content of 0.5 wt %. Tensile stress and elastic 

modulus is also found to be maximum at 0.5 wt %, which is 49.91 

MPa of 2302 Mpa, respectively. The chemical composition of 

composite affecting its PSD is characterized by energy dispersive X-

ray (EDX) process. Dimensional analysis of particle size in the 

domain of epoxy matrix provides deep insights to the researchers 

and may also provide them a direction for selecting an appropriate 

material for a particular application.   
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1. Introduction
Graphene and carbon nanotube (CNT) have

drawn great attention for fabricating epoxy-

based hybrid composites [1]. Graphene has a 2D

structure with one atom thick planar sheet of a 

hexagonal array of sp2 hybridized carbon atoms, 

while CNT has a tubal structure with a specific 

length to diameter ratio [2-3]. Though these 
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nano-fillers possess extraordinary mechanical, 

thermal, and interfacial properties, the problem 

of dispersion and agglomeration still needs more 

attention [3-5]. This problem of fillers 

distribution may be addressed by performing 

their surface treatment, such as functionalization 

[6-7]. Furthermore, researchers  observed that 

the functionalization of graphene and CNT can 

enhance its dispersion within epoxy [8-10]. 

Characterization of hybrid epoxy composites 

reinforced with surface treated fillers has been 

performed, confirming the improvement in 

mechanical properties of composite [9, 11-14]. 

Tensile properties are improved with amine 

functionalized multiple graphene layers 

(AMGL) and amine functionalized multi-walled 

carbon nanotube (AMWCNT) reinforced in 

epoxy resin [10, 15-16]. This reveals the 

synergetic effect of AMGL and AMWCNT on 

the overall properties of hybrid composites. 

Particle size distribution (PSD) using particle 

size analyzer (PSA) may be helpful in redacting 

the problem of agglomeration and also give the 

direction towards pinpoint applications of these 

hybrid composites. Hence, the  relation between 

PSD and the weight percentage of nano-fillers 

requires to be investigated. Determining the 

optimal processing method for obtaining a 

homogeneous hybrid composite comprising 

uniformly dispersed nanoparticles is crucial in 

material science which can be addressed by PSD 

analysis [17]. The importance of size 

characterization is an advent with the fact that it 

can help in selecting proper processing methods, 

and reduce time in size determination of 

nanoparticles. This provides strength for 

carrying out PSD analysis. 

Particle size affects the mechanical performance 

of composite material [18-21]. The composite 

fabrication process affects the particle size of 

hybrid composite [22]. As the particle size 

decreases both tensile strength and ductility 

increase due to the reduced ligament size and 

particle fracturing, accelerated wear is observed 

in the hybrid composite samples reinforced with 

coarse particles, showing a fairly uniform 

distribution of particles. A decrease in the size of 

reinforcement increases the strength by 50 % 

[23]. However, increasing particle size after a 

certain critical limit does not affect the hybrid 

composite properties [24]. 

As far as the present literature survey, there is an 

acute shortage of studies made for PSD of 

graphene-MWCNT epoxy hybrid composite 

[24]. Though the effect of particle size on 

mechanical properties of epoxy hybrid 

composite is investigated and results indicate 

that mechanical properties depend upon the 

individual particle size of constituents of 

composite [25]. 

There are different methods for performing PSD 

analysis, such as dynamic light scattering [26-

29], image analysis, centrifugal sedimentation 

analysis [30], and static light scattering [31]. 

Depending upon the specific parameter of 

particle size (like equivalent spherical diameter, 

length, intensity, width) to be analyzed, the 

appropriate method of PSD analysis is 

considered. In the present research work, the 

dynamic light scattering (DLS) method is 

selected for analyzing PSD since the hybrid 

composite structure consists of constituents, 

which are in nano-size and DLS is well 

established standard method used for the 

measurement of the nano-size particle [32]. 

Further to investigate the length, width, and 

equivalent spherical diameter, PSD is analyzed 

by image analyzer (IA) using Image-J software. 

Results obtained from PSD and IA are compared 

with each other. 

Mean size of dispersed particles in hybrid 

composite, poly-dispersity index (PI), and 

pattern of the PSD can be obtained by DLS 

method (ISO 22412: 2008, ISO 22412-2008a, 

and ISO 13321: 1996) [33]. Analysis of particle 

size by DLS method is done by assuming that 

particles are spherical in shape, however in 

actual the particles are of irregular shape and 

size. Along with PSA, it is also a powerful tool 

to analyze the quality of dispersion, and particle 

agglomerates present in the hybrid composite 

[17]. Morphological analysis of particle size and 

chemical analysis can be studied by SEM [17], 

DLS [34], and EDS [35] methods, respectively. 

The particle size of the composite can be 

computed using PSD and PSA methods [35]. 

Particle sizes affect the tensile properties of 

hybrid composite material [23, 36-37].  
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The irregular shape and size of particles can be 

analyzed by image analyzer [38]. Particle size 

stability was investigated and calculated from 

the DLS, CLS, and ELS data [33]. DLS is based 

on the methodology for determination of 

hydrodynamic mean size and nature of the 

dispersion of the particles [26-27, 39]. Results 

obtained from different PSD analyses can be 

compared basised on different parameters like 

DLS is used to find out spherically of particles in 

the liquid matrix, whereas SEM gives a 

qualitative impression of the final particle size in 

cured hybrid composite [30, 40] The results of 

SEM image analysis depends on certain major 

factors such as the quality of samples, SEM 

image, operating parameters set in image 

analysis software and investigation of obtained 

results [17]. PSA using SEM images has been 

done by using Image J software [41]. Variation 

in PSD is further due to various elements which 

can be analyzed by chemical composition 

analysis, through which both qualitative and 

quantitative analysis is done to determine the 

concentration of elements present [35]. 

Therefore, it is advent from the above literature 

review that the reinforcement of nanofillers [42-

43] and variation of filler content [44] along with 

its particle size affects the properties of epoxy 

composite materials. 

Though a number of studies have already been 

done on the calculation of PSD of nano-fillers, 

synergetic effects of both functionalized nano-

fillers are still to be discussed in deep. In general 

particle size of nano-fillers after applying all 

processing techniques can be approximated by 

measuring the equivalent diameter of AFML and 

AMWCNT by treating it as a sphere. Variation 

in PSD and tensile properties of hybrid 

composites due to the synergetic effect of AFML 

and AMWCNT fillers is explored using SEM 

images and the DLS method. Thus, size 

determination of composite particle and 

dispersion of filler in epoxy is analyzed. 

Chemical characterization using EDX for 

different hybrid composites is also done, which 

certainly helps in investigating the effect of 

different chemical group evolutes during the 

chemical functionalization and processing of 

hybrid composites. Hence, this study provides a 

direction for finding out the appropriate 

application of such hybrid composites, which 

obviously depends on the PSD of nano-fillers 

used.  

 

2. Experimental setup 
2.1. Materials  

 

Two nanosized particles amine functionalized 

multi-graphene layer (AMGL) and amine 

functionalized multi-walled carbon nanotube 

(AMWCNT) is supplied by United Nanotech 

Innovations, Bangalore (India). The resin used in 

this study is epoxy (Diglycidyl Ether Bisphenol 

A (DGEBA)) commercially available LY556, 

and the hardener used is tri ethylene tetra amine 

(TETA, HY-951) obtained from Sakshi Dying 

and Chemicals, Delhi (India).  

In the present experimental research work, 

graphene and MWCNT filler content are 

maintained at 1:1. The weight percentage of 

filler used is 0.25, 0.50, 1.0, and 2 %. The effect 

of filler quantity variation on the resulting 

particle size of hybrid composite is evaluated. 

PSD analysis of the hybrid composite obtained 

is performed. Elemental constituents of both the 

fillers are given in Table 1. 

 

2.2. Material processing and specimen 

fabrication 

   

Sample processing is performed by the 

sonication method. The amount of weighted 

epoxy resin is put in a suitable beaker. To reduce 

viscosity, it is mixed with ethanol and 

ultrasonicated. To avoid temperature rise and 

temperature variation during the sonication, the 

beaker containing mixture is submerged in 

water. After this, the mixture is mechanically 

stirred for 10 to 15 min. The obtained solution is 

mixed with pre-weighted filler.  

 
Table 1. Chemical composition of AMGL and 

AMWCNT (Ref: United nanotech Innovations, 

Bangalore, India). 
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AMGL 72 0.8 0.2 17.6 8.8 0.5 0.1 

AMWCNT 72 1 0.2 16.2 8 1.5 0.1 
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The rigorous mixing of these ingredients 

produces highly reactive volatile vapor bubbles. 

For removing these vapor bubbles, high vacuum 

degassing is applied for 30 min. After the 

bubbles are removed, the mixture is transferred 

to molds which are put cured for 24 h in the oven. 

The obtained samples are machined and trimmed 

for employing mechanical testing and 

characterization. Samples are further cured for 4 

h at 100ºC. Configuration of the sample 

depending on weight percentage of different 

constituents is given in Table 2. 

 

2.3. Characterization of hybrid composite 

 

PSA of different samples is done using a DLS 

analyzer. PSD and PSA are obtained through 

DLS Zeta potential instrument (Beckman 

Coulter Delso Nano C instrument) at room 

temperature. The scattered light is collected by 

the probe to determine particle size. During DLS 

testing operating parameters like temperature 

(250C), diluents (ethyl alcohol), refractive index 

(1.3611), and viscosity (1.1015 cP) are being 

prevailed, which are being kept constant, while 

scattering intensity, which provides the 

information about uneven particle shape and 

size, is being varied with volume of the particles. 

Cumulant method is adopted for data analysis. 

DLS instrument can determine PSD and particle 

zeta potential (electrical charge of the particle).  

For surface morphology of tested (tensile) 

samples, SEM images are captured using a high- 

resolution scanning electron microscopy 

(HRSEM) in Zeiss-ULTRA plus SEM 

instrument for investigation of fractured 

surfaces. In this study, the accelerating voltage is 

set at 0.9 to 1.5 kV (for providing a conductive 

environment in and around the sample), and the 

surface charge of SEM image is 20 kV.  

 
Table 2. Sample code of hybrid composites. 

Sample 

code 

Epoxy 

resin 

(wt%) 

Carbon nano-

filler (wt%) 

(AMGL+ 

AMWCNT) 

Carbon nano-filler 

composition (wt%) 

AMGL AMWCNT 

A 100 0 0 0 

B 99.75 0.25 0.125 0.125 

C 99.50 0.50 0.25 0.25 

D 99 1 0.50 0.50 

E 98 2 1 1 

An optimal combination of brightness and 

contrast is adjusted such that clear microscopic 

observation of samples containing nanoparticles 

can be obtained.  

PSA is performed on specimens of each sample 

code using Image J, and particles are 

investigated for shape detection and calculation 

of mean area equivalent diameter. The original 

image size has 1024 × 768 resolutions in terms 

of pixels, the magnification scale of the image is 

10 µm and other operating parameters prevailing 

during image analysis are given in Table 3. 

Computation of elastic properties of hybrid 

composites is done through the tensile test. A 

series of tensile tests have been performed on 

Instron-H25KS machine as per ASTM D 638 

standard. Dimensions of samples for the tensile 

test are 57× 14 × 5 mm. Furthermore, the 

samples are tested by keeping operating 

parameters such as a clamp length of 220 mm 

with a displacement rate of 5 mm/min. These 

aforementioned tests are conducted on every five 

specimens of specific composite code. Finally, 

the averages of these values obtained are being 

considered, and also the standard deviation for 

tensile tests has been calculated. Operating 

parameters prevailing during the experiment 

were: clamp length: 220 mm, Displacement rate 

of 5 mm/min. at room temperature of 30ºC. 

Tensile test are performed on five specimens and 

the result is calculated for the average of five 

measurements. Energy dispersive X-ray 

spectroscopy (EDX) is performed for analyzing 

elements present in a hybrid composite sample. 

EDX is an analytical characterization technique 

performed to find out the distribution of 

elements in a hybrid composite sample. 

 
Table 3. Operating parameters for image analysis 

Sample 

code 

Equivalent 

distance 

(pixels) 

Scale, 

(pixels/ 

µm) 

Calibrated 

image size 

(pixels) 

Lower / 

Upper 

threshold 

A 
 

34.25 

 

3.4 

303564 × 

205247 
122/ 255 

B 
 

17 

 

1.7 

602352 × 

451764 
91/ 168 

C 
 

50.5 

 

5.0 

202772 × 

152079 
145/ 255 

D 
 

68 

 

6.8 

150588 × 

112941 
101/ 255 

E 
 

58.75 

 

5.9 

174297 × 

130723 
127/ 255 
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It helps in finding the elements present in the 

hybrid composite. An energy dispersive 

spectrum is obtained comprising X-ray beam 

energy (0 to 10 keV) on the x-axis and the 

number of counts per second (cps) on y-axis. 

Usually, the spectrum is set at a point in the SEM 

image, at this particular point, chemical 

composition is being analytically obtained. 

  

3. Results and discussion 

3.1. DLS method for particle size distribution 

analysis 

 

The results of the DLS test, performed on 

AMLG/ AMWCNT hybrid epoxy samples are 

shown in Table 4. Composite with a filler 

content of 1 wt% shows the maximum size of its 

constituent particles, whereas the minimum size 

of its constituent particles is observed for 

composite for filler content of 0.5 wt%. The 

reason for this observation can be attributed to 

the extraction of graphene layers and tubular 

structure of MWCNT. This leads to 

improvement in filler dispersion in the 

composite. Moreover, the particle diameter is 

inversely proportional to the diffusion 

coefficient, as indicated in Eq. 1, which is 

justified by the highest value of diffusion 

coefficient in the case of sample C. Lowest value 

of PI is obtained for sample C with 0.714, 

indicating the best dispersed filler in composite 

mixture due to reduction in agglomeration.  
 

  Diffusion constant:     𝐃 =
𝛋𝐓

𝟔𝛑𝛈𝐑
                   (1) 

where, D = Diffusion constant, m2/s 

            R = radius of particle, m 

           K = Boltzmann constant, m2kg/Ks2 

            T = Temperature, K 

            η = shear viscosity of solvent or medium, 

Pa.s 

 
Table 4. Cumulated results obtained using DLS. 

Sample 

code 

Scattering 

intensity, 

(cps) 

Cumulant 

diameter, 

(nm) 

PDI 

Diffusion 

constant, 

(×10-9 cm2/s) 

A 11117 1072.3 0.523 3.697 

B 8720 3277.4 0.878 1.210 

C 4153 1577.6 0.714 2.513 

D 7972 3439.4 0.918 1.153 

E 2851 2098.2 0.955 1.890 

 

Table 5. Particle size contributing 10%, 50%, and 

90% of the PSD. 
 

 

Volume % 

Diameter, d µm 

10 50 90 

Sample code    

A 0.18 0.23 23.85 

B 1.17 24.12 38.16 

C 0.14 6.81 13.83 

D 1.18 28.83 44.96 

E 0.21 29.99 49.45 

 
Fig. 1 shows the PSD of different composite 

samples measured by DLS considering 10, 50, 

and 90% volumes. Sample C is preformed 

optimally amongst all hybrid composites with a 

particle diameter of 6.80 µm, which physically 

shows the least cluster formation. However, the 

highest mean diameter of particles is 

experienced in sample E with 29.98 µm due to 

agglomeration of the particles, which decreases 

the tensile properties of hybrid composites. 

Volume contributions other than 50%, illustrated 

in Table 5, are being considered only for 

comparison purposes because highly disruptive 

values have been observed on above-mentioned 

volume contributions, which may also be 

justified from Fig. 1.  

 

3.2. PSD analysis of SEM image of tested 

samples 

 

SEM images of hybrid composite samples are 

shown in Fig. 2. Same images of tested samples 

are further processed for PSA. SEM images for 

fractured surfaces with filler contents of 0.25, 

0.5, and 1 wt% are shown in Fig. 2.  
 

 
Fig. 1. PSD of hybrid epoxy composite. 
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Fig. 2. SEM images of AMGL/AMWCNT hybrid 

epoxy composite with nano-filler; (a) 0, (b) 0.25, (c) 

0.50, (d) 1, and (e) 2 (wt%). 

 
The best composite structure in terms of 

dispersion of fillers is observed in sample D, 

which is verified by SEM images and image 

analysis (IA) software. 

Fractography of composite, as shown in Fig. 2, 

exhibits rough surfaces, which signifies that 

crack initiation is resisted to propagate; this may 

be due to the deep rooted nano-fillers in the 

epoxy matrix and also the enhanced resistance 

offered by epoxy to the nano-fillers when being 

pulled out from the surface. This may also be 

justified through the minimal point and edge 

dislocation for sample D, when it experiences a 

series of tensile tests. However, beyond 1 wt% 

of both the filler contents, cluster formation in 

the form of irregular patterns is observed, which 

deficit the efficacy of hybrid composite, this may 

also be justified through the cavity formation as 

seen in Fig. 2(e) because of inadequate 

dispersion, results in poor load transfer 

capability of nano-fillers to the epoxy matrix. 

 

PSD analysis by SEM image is done to compare 

results obtained by the DLS method. Processing 

of hybrid composite SEM images is performed 

in Image J software. To increase the 

comparability to SEM, particle sizes are 

determined according to the maximum ferret 

diameter. Various steps carried out in Image J 

software for finally making SEM image ready 

for PSA are enumerated in Fig. 3. 

Image analysis results are shown in Fig. 4. Color 

threshold, along with the binary method, is 

enabled in order to increase image accuracy for 

particle size computation. Results obtained in 

terms of the processed figure are shown in Fig. 

4. Output from Image J delivers an image 

indicating particle size shown within a red circle, 

through which the cumulated particle size 

distribution can be calculated. Locations of 

agglomeration are indicated by continuous black 

portions present in Fig. 4 (a-2, b-2, c-2, d-2, and 

e-2). 

A comparative of PSD for hybrid composite 

obtained after image analysis is shown in Fig.5. 

 

 
Fig. 3. Flow process for PSD used in Image J 

software. 
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Fig. 4. Image analysis of AMGL/AMWCNT hybrid 

epoxy composite nano-filler; (a) 0, (b) 0.25, (c) 0.50, 

(d) 1, and (e) 2 (wt%). 
 

 
Fig.5. PSD of AMGL/AMWCNT hybrid composite. 

 

The relation between the cumulated volume of 

particles and particle diameter is shown. Slight 

variation in PSD is observed for different 

compositions of hybrid composites when 

compared with DLS results which verify the 

analysis. The smallest particle size diameter is 

observed for sample code C.  

Cumulative results of IA are indicated in Table 

6. Results obtained depend on image selection, 

its quality, and processing method. Minimum 

sizes of particles are present in sample C, which 

ranges from 0.066 to 2.678 µm. Similarly, the 

maximum size of particles is present in sample 

A which ranges from 0.33 to 57.97 µm. The 

volume-based distribution delivers a minimum 

mean particle size of 0.29 µm for sample C. 

Results observed from DLS outcomes and image 

analysis resemble each other. This validates both 

methods. 

Table 6. Cumulative result of image analysis. 

Volume % 
Diameter, d µm 

 

PI 

10 50 90  

Sample code     

A 0.11 0.42 0.36 0.3895 

B 0.12 0.50 1.18 0.1348 

C 0.15 0.29 0.63 0.2667 

D 0.16 0.39 1.25 0.1469 

E 0.10 0.42 1.32 0.1031 

 

3.3. Tensile properties of hybrid composites 
 

Mechanical characterization of hybrid 

composites in the form of tensile tests is 

performed on five specimens for each sample 

code. Test results of the hybrid composite with 

standard deviations are illustrated in Fig. 6 and 

Fig. 7. The brittle failure in the form of the stress-

strain curve of different hybrid composites can 

be seen in Fig. 6. Samples C and D show the best 

results for brittle failure. Thus composite with 

filler content below 1 wt% shows better tensile 

properties. However, tensile properties decrease 

when filler content is increased up to 2 wt% due 

to difficulties faced in obtaining uniform 

dispersion and formation of agglomeration, as 

shown in SEM images, Fig. 2. 
Comparative analysis of tensile stress and elastic 

modulus for different sample codes of hybrid 

composite is shown in Fig. 7. An increase of 

19.25 and 13.10% in tensile modulus is observed 

for samples B and C, respectively, in comparison 

to pure epoxy sample A. This may be due to 

imperfections involved in sample preparation 

majorly contributed by an optimal value of 

sonication, resulting in sedimentation, which 

further forms small clusters of nano-fillers. 

 
Fig. 6. Tensile test curves of hybrid composites. 
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Fig. 7. Tensile stress and elastic modulus of hybrid 

composites 

 

The maximum value of tensile strength (49.91 

MPa) and minimum particle size observed for 

composite with filler content is 0.5 wt%. For 

composite with a filler content of more than 0.5 

wt%, the size of particles becomes coarser. The 

maximum value of tensile properties observed 

for hybrid composite with a filler content is 0.5 

wt%. DLS results indicate mean particle size of 

the composite varied from 2.31 to 29.98 µm, 

whereas the image indicates variation from 0.25 

to 5 µm. Variations in terms of particle size due 

to different methods followed for analysis of 

particle size. However, a similar pattern of PSD 

for different composite samples is shown by both 

DLS and IA methods. 

Variations in particle size dimensions from IA 

and DLS are due to the number of particles 

considered for particle size evaluation from both 

methods. In SEM the numbers of particles 

considered are lower in comparison to DLS 

techniques [30]. IA shows mirror processing of 

certain sections of SEM images which may be 

the reason for variation in statistical results. 

Also, the DLS method is based on 3-D analysis, 

whereas IA specifies a 2-D image. Another 

reason for variation in IA and DLS results is the 

sphericity of the aggregates. This becomes the 

reason for similarity in the pattern of PSD by 

both methods though variation in numerical 

values exists. Current research work may be 

helpful in the selection of filler particle size to 

achieve improved tensile properties of hybrid 

composite. 

3.4. EDX analysis 

 

EDX analysis, as shown in Fig. 8(a), justifies the 

chemical composition of carbon and oxygen in 

the pure epoxy composite. EDX analysis 

confirms the presence of carbon and oxygen as 

97.16 % of the total elemental composition. 

However, Fig. 8(b) illustrated the presence of 

other elements, such as silicon and 

chlorine.  Similarly, EDX analysis of hybrid 

composite shown in Fig. 8(b) confirms the 

presence of carbon and oxygen as main elements 

and found 99.65 % of the total elemental 

composition. Elements present in the substrate, 

due to chemical reaction and impurities, 

constitute for remaining 0.35% weight 

percentage, accumulating other elements such as 

magnesium, aluminum, silicon, chlorine, 

potassium, calcium, and iron. 

The dark areas in SEM micrographs of Fig. 2 are 

due to the presence of carbon, whereas white 

areas indicate the presence of oxygen. The 

diffused grey regions constitute remaining 

element. 

 

 
Fig. 8. Elemental composition of hybrid composite 

obtained from EDX analysis; (a) pure epoxy and (b) 

hybrid composite. 

 

4. Conclusions  

 

A hybrid composite comprising different filler 

weight percentages of AMGL and AMWCNT in 

epoxy resin is successfully fabricated. 

Investigation of particle size along with PSD 

analysis, mechanical properties, and chemical 

composition is performed. Characterization of 

hybrid composite is done using SEM, DLS, IA, 

and EDX, while mechanical testing is being 

done through a tensile testing machine. 

Conclusions of research work are enumerated 

below: 

 

• The synergetic effect of both AFML and 

AMWCNT nano-fillers with their different 
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wt% on PSD and tensile properties of hybrid 

composites is analyzed. The best results for 

tensile tests and optimum particle size are 

produced for a 0.5 wt% (each AFML and 

AMWCNT) hybrid composite. The optimum 

composite particle size for 0.5 wt% sample 

comes out to 6.85 µm. This information may 

be very much helpful in procuring the nano-

fillers for the initial fabrication process of 

hybrid composites. Thus results are helpful in 

optimizing the processing of hybrid 

composites, the particle size of constituents of 

composite and the properties of composites. 

• The comparisons of above mentioned 

composite particle size and SEM images with 

different wt% tested samples through the 

DLS method using image J software are also 

performed in this work. The composite 

particle size obtained by this method comes 

out to 0.29 µm, which can be considered as 

nano-dimension but very much differed from 

the value obtained through PSA. This may be 

justified through the number of particles 

evaluated in SEM image analysis being lower 

in comparison to those considered in DLS 

method. This may be further justified that for 

the same volume the cluster formation in DLS 

contained more particles as compared to 

image J software, therefore, this study 

certainly helps the researcher in performing 

the analysis of microstructures at a lower 

level of particle dimensions.     

• Due to chemical reactions during composite 

processing different elements in the 

composite sample are present. Further 

investigation of composite by chemical 

characterization using EDX analysis reveals 

that the composition of oxygen and other 

heavy metals occurs more in the hybrid 

composite as compared to pure epoxy 

composite, as a result particle size increases. 

 

Acknowledgment 
 

The author would like to gratefully acknowledge 

the support provided by IET, GLA University, 

Mathura, and IISER Bhopal, India. 

 

 

 

References 
[1] A. Kumar and K. Sharma, “A review of the 

mechanical and thermal properties of 

graphene and its hybrid polymer 

nanocomposites for structural applications,” 

J. Mater. Sci., Vol. 54, No. 8, pp. 5992–

6026, (2018).  

[2] A. K. Geim and K. S. Novoselov, “The rise 

of graphene.,” Nat. Mater., Vol. 6, No. 3, pp. 

183–91, (2007).  

[3] E. Thostenson, “Advances in the science and 

technology of carbon nanotubes and their 

composites: a review,” Compos. Sci. 

Technol., Vol. 61, No. 13, pp. 1899–1912, 

(2001).  

 [4] V. Singh, D. Joung, L. Zhai, S. Das, S. I. 

Khondaker and S. Seal, “Graphene based 

materials: Past, present and future,” Prog. 

Mater. Sci., Vol. 56, No. 8, pp. 1178–1271, 

(2011).  

[5] Y. J. Wan, “Grafting of epoxy chains onto 

graphene oxide for epoxy composites with 

improved mechanical and thermal 

properties,” Carbon N. Y., Vol. 69, No. 

November, pp. 467–480, (2014).  

[6] G. Zhang, F. Wang, J. Dai and Z. Huang, 

“Effect of functionalization of graphene 

nanoplatelets on the mechanical and thermal 

properties of silicone rubber composites,” 

Materials (Basel)., Vol. 9, No. 2, p. 92, 

(2016).  

[7] P. K. Singh and K. Sharma, “Mechanical 

and viscoelastic properties of in-situ amine 

functionalized multiple layer grpahene / 

epoxy nanocomposites,” Curr. Nanosci., 

Vol. 14, No. 6, pp. 252–262, (2018).  

[8] J. Wang, “Graphene and carbon nanotube 

polymer composites for laser protection,” J. 

Inorg. Organomet. Polym. Mater., Vol. 21, 

No. 4, pp. 736–746, (2011).  

[9] C. Hadden, “Mechanical properties of 

graphene nanoplatelet / carbon fiber / epoxy 

hybrid composites : multiscale modeling 

and experiments,” Carbon N. Y., Vol. 95, 

No. July, pp. 100–112, (2015).  

[10] Z. Ghaleb and A. Z. Mariatti M, “Synergy 

effects of graphene and multiwalled carbon 

nanotubes hybrid system on properties of 

epoxy nanocomposites,” J. Reinf. Plast. 



JCARME                                             Manoj Kumar Shukla, et al.                                       Vol. 12, No. 1  

 

10 

 

Compos., Vol. 36, No. 9, pp. 685–695, 

(2017).  

[11] M.T. Le and S.C. Huang, “Thermal and 

mechanical behavior of hybrid polymer 

nanocomposite reinforced with graphene 

nanoplatelets,” Mater. (Basel)., Vol. 8, No. 

8, pp. 5526–5536, (2015).  

[12] U. Szeluga, B. Kumanek and B. Trzebicka,   

“Synergy in hybrid polymer/nanocarbon 

composites. A review ” Compos. PART A, 

Vol. 73, No. November, pp. 204–231, 

(2015).  

[13] F. Liu, “Investigation on the interfacial 

mechanical properties of hybrid graphene-

carbon nanotube/polymer nanocomposites,” 

Carbon N. Y., Vol. 115,  pp. 694–700, 

(2017).  

[14] G. I. Giannopoulos and I. G. Kallivokas, 

“Mechanical properties of graphene based 

nanocomposites incorporating a hybrid 

interphase,” Finite Elem. Anal. Des., Vol. 

90, pp. 31–40, (2014).  

[15] M. K. Shukla, A. Kumar, A. Yadav and K. 

Sharma, “Improved mechanical properties 

of graphene oxide reinforced cross-linked 

epoxy nanocomposites: a molecular 

dynamics approach,” Mater. Today Proc., 

Vol. 11, No. 2, pp. 679–685, (2019).  

[16] M. K. Shukla, A. Yadav, A. Kumar and K. 

Sharma, “Investigating the effects of amine 

functionalized graphene on the mechanical 

properties of epoxy nanocomposites,” 

Mater. Today Proc., Vol. 11, No. 2, pp. 837–

842, (2019).  

[17] P. J. Lu, “Methodology for sample 

preparation and size measurement of 

commercial ZnO nanoparticles,” J. Food 

Drug Anal., Vol. 26, No. 2, pp. 628–636, 

(2018).  

[18] B. Zewde, P. Pitliya, A. Karim and D. 

Raghavan, “Synergistic effect of 

functionalized carbon nanotubes and 

micron-sized rubber particles on the 

mechanical properties of epoxy resin,” 

Macromol. Mater. Eng., Vol. 301, No. 5, pp. 

542–548, (2016).  

[19] Y. Zhou, E. White and S. Jeelani, “Effect of 

particle size on the mechanical properties of 

polymer matrix nanocomposite,” Materials 

Science,Vol. 1, pp. 316–319, (2007).  

[20] S. K. Bhattacharyya and S. Basu, “Effect of 

particle size on the mechanical properties of 

poly ( vinylchloride ) -copper particulate 

composite,” Mater. Sci., Vol. 13, pp. 2109–

2118, (1978).    

[21] V. M. Dalfard, “Effect of particle size of 

tungsten carbide on weight percent of 

carbide in Ni-WC nano-composite,” Int. J. 

Electrochem. Sci., Vol. 7, No. 4, pp. 3537–

3542, (2012).  

[22] J. Ruzic, K. Jakimovska, N. Stoimenov, S. 

Gyoshev and D. Karastoyanov, “Influence 

of mechanical alloying time on particle size 

of copper matrix composite,” J. 

Achievements  Mater. Manuf. Eng., Vol. 68, 

No. 2, pp. 53–58, (2015).  

[23] A. Chaubey, P. Konda Gokuldoss, Z. Wang, 

S. Scudino, N. Mukhopadhyay and J. 

Eckert, “Effect of Particle Size on 

Microstructure and Mechanical Properties 

of Al-Based Composite Reinforced with 10 

Vol.% Mechanically Alloyed Mg-7.4%Al 

Particles,” Technol., Vol. 4, No. 4, p. 37, 

(2016).  

[24] S. Y. Fu, X. Q. Feng, B. Lauke and Y. W. 

Mai, “Effects of particle size, particle/matrix 

interface adhesion and particle loading on 

mechanical properties of particulate-

polymer composites,” Compos. Part B Eng., 

Vol. 39, No. 6, pp. 933–961, (2008).  

[25] S. Chatterjee, F. Nafezarefi, N. H. Tai, L. 

Schlagenhauf, F. A. Nüesch and B. T. T. 

Chu, “Size and synergy effects of nanofiller 

hybrids including graphene nanoplatelets 

and carbon nanotubes in mechanical 

properties of epoxy composites,” Carbon N. 

Y., Vol. 50, No. 15, pp. 5380–5386, (2012).  

[26] F. Ross Hallett, “Particle size analysis by 

dynamic light scattering,” Food Res. Int., 

Vol. 27, No. 2, pp. 195–198, (1994).  

[27] B. Krause, M. Mende, P. Pötschke and G. 

Petzold, “Dispersability and particle size 

distribution of CNTs in an aqueous 

surfactant dispersion as a function of 

ultrasonic treatment time,” Carbon N. Y., 

Vol. 48, No. 10, pp. 2746–2754, (2010).  

[28] U. Kätzel, R. Bedrich, M. Stintz, R. 

Ketzmerick, T. Gottschalk-Gaudig and H. 



JCARME                                           Assessment of particle size . . .                                    Vol. 12, No. 1 

11 

 

Barthel, “Dynamic light scattering for the 

characterization of polydisperse fractal 

systems: I. Simulation of the diffusional 

behavior,” Part. Part. Syst. Charact., Vol. 

25, No. 1, pp. 9–18, (2008).  

[29] M. Alkan, M. Karadaş, M. Doǧan and Ö. 

Demirbaş, “Zeta potentials of perlite 

samples in various electrolyte and surfactant 

media,” Colloids Surfaces A Physicochem. 

Eng. Asp., Vol. 259, No. 1–3, pp. 155–166, 

(2005).  

[30] H. Nolte, C. Schilde and A. Kwade, 

“Determination of particle size distributions 

and the degree of dispersion in 

nanocomposites,” Compos. Sci. Technol., 

Vol. 72, No. 9, pp. 948–958, (2012).  

[31] H. G. Barth and R. B. Flippen, “Particle Size 

Analysis,” Anal. Chem., Vol. 67, No. 12, pp. 

257–272, (1995).  

[32] R. Pecora, “Dynamic light scattering 

measurements of nanometer particles in 

liquids,” J. Nan. Part. Res., Vol. 2, pp. 123–

131,(2000).  

[33] A. Braun, V. Kestens and K. Franks, “A new 

certified reference material for size analysis 

of nanoparticles,” J. Nanopart Res. 14, 1021 

(2012). 

[34] M. De Kanter, “Enabling the measurement 

of particle sizes in stirred colloidal 

suspensions by embedding dynamic light 

scattering into an automated probe head,” 

Measurement, Vol. 80, pp. 92–98, (2016).  

[35] C. Zhao, “Enhanced strength in reduced 

graphene oxide/nickel composites prepared 

by molecular-level mixing for structural 

applications,” Appl. Phys. A. Mater. Sci. 

Process., Vol. 118, No. 2, pp. 409–416, 

(2014). 

[36] P. Kamalbabu and G. C. M. Kumar, “Effects 

of particle size on tensile properties of 

marine coral reinforced polymer 

composites,” Procedia Mater. Sci., Vol. 5, 

pp. 802–808, (2014).  

[37] D. Brown, V. Marcadon, N. D. Albrola and 

P. Me, “Effect of filler particle size on the 

properties of model nanocomposites effect 

of filler  particle  size  on  the  properties  of  

model nanocomposites,” Society, Vol. 41, 

pp. 1499–1511, (2008).  

[38] J. A. V. Gonçalves, D. A. T. Campos, G. de 

J. Oliveira, M. de L. da S. Rosa and M. A. 

Macêdo, “Mechanical properties of epoxy 

resin based on granite stone powder from the 

Sergipe fold-and-thrust belt composites,” 

Mater. Res., Vol. 17, No. 4, pp.878-

887,(2014).  

[39] M. K. Shukla and K. Sharma, “Enhanced 

dispersion and tensile properties of graphene 

/ CNT epoxy composites by varying the 

filler ratio,” Int. J. Innov. Technol. Explor. 

Eng., Vol. 8, No. 4, pp. 103–107, (2019).  

[40] M. K. Shukla and K. Sharma, 

“Microstructure and elemental investigation 

of graphene / CNT epoxy composite,” Int. J. 

Innov. Technol. Explor. Eng., Vol. 8, No. 4, 

pp. 108–111, (2019).  

[41] C. A. Schneider, W. S. Rasband and K. W. 

Eliceiri, “NIH image to image J: 25 years of 

image analysis,” Nat. Methods, Vol. 9, No. 

7, pp. 671–675, (2012).  

[42] M. K. Shukla and K. Sharma “Effect of carbon 

nanofillers on the mechanical and interfacial 

properties of epoxy based nanocomposites: 

A Review”, Polym. Sci. Ser. A, Vol.  61, pp. 

439–460, (2019).  

[43] M. K. Shukla and K. Sharma, “Improvement 

in mechanical and thermal properties of 

epoxy hybrid composites by functionalized 

graphene and carbon-nanotubes,” Materials 

Research Express, Vol. 6, No. 12, pp 

125323, (2019).  

[44] M. K. Shukla and K. Sharma, “Effect of 

functionalized graphene/ CNT ratio on the 

synergetic enhancement of mechanical and 

thermal properties of epoxy hybrid 

composite,” Materials Research Express, 

Vol. 6, No. 8, pp. 085318, (2019).  

 

 

 

 

https://iopscience.iop.org/journal/2053-1591
https://iopscience.iop.org/journal/2053-1591
https://iopscience.iop.org/journal/2053-1591


JCARME                                             Manoj Kumar Shukla, et al.                                       Vol. 12, No. 1  

 

12 

 

 

Copyrights ©2021 The author(s). This is an open access article distributed under 

the terms of the Creative Commons Attribution (CC BY 4.0), which permits 

unrestricted use, distribution, and reproduction in any medium, as long as the 

original authors and source are cited. No permission is required from the authors 

or the publishers. 

 

 

 

 

How to cite this paper: 
 

Manoj Kumar Shukla and Kamal Sharma, “Assessment of particle size 

distribution and tensile properties of hybrid epoxy composite reinforced 

with functionalized graphene and CNT nanofillers,”, J. Comput. Appl. 

Res. Mech. Eng., Vol. 12, No. 1, pp. 1-12, (2022). 

 

DOI: 10.22061/JCARME.2022.5312.1656 
 

URL: https://jcarme.sru.ac.ir/?_action=showPDF&article=1689 

 

 

 


	Contents
	[1] JCARME-1905-1656
	[2] JCARME-2007-1931
	[3] JCARME-2201-2175
	[4] JCARME-2102-2042
	[5] JCARME-2110-2139
	[6] JCARME-2104-2070
	[7] JCARME-2011-1999
	[8] JCARME-2105-2076
	[9] JCARME-1911-1795
	[10] JCARME-2004-1869
	T1



