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Abstract 

Mont MorinoliteNanoclay (MMT) reinforced in Acrylonitrile Butadiene 

Styrene (ABS) has evoked interest of researchers for development of 

packaging materials. This paper deals with parametric optimisation of 

fused deposition modelling (FDM) specimens. ABS/MMT specimens 

were prepared via soften mixing and extruded as filaments for producing 

FDM specimens. Parametric study was performed considering layer 

thickness, shell thickness and infill density as parameters. Tensile, 

flexural and impact strengths of the FDM specimens were determined. 

All the three parameters of FDM influenced all the three responses. 

However, Grey Relational Analysis showed significant influence of shell 

thickness. 

Keywords: ABS/MMT,Fused Deposition Modelling, Grey Relational 

Grade, ANOVA 

1.0 Introduction 

Rapid Prototyping (RP) is a fabrication technique for developing 3D 

models based on Computer Aided Design (CAD) of physical parts. RP is 

used to develop products based on the scaled down dimensions to fully 

developed product. It is widely used in automobile industries for 

manufacturing automobile parts to cut down production time and 

production cost of manufacturing the components [1-5]. Usage of RP is 

growing in medical applications such as organ and tissue building, 

anatomy modelling, customized prosthetics and implant fabrication [6-

11]. FDM is used for development of concept models, manufacturing of 

tools, end-use parts and functional prototypes [12-14].  Thermoplastics 

used in FDM include polylactic acid (PLA), polycaprolactone (PCL), 

acrylonitrile-butadiene-styrene (ABS), polylactic acid (PLA), polystyrene 

(PS), polypropylene (PP), and polycarbonate (PC) [15-18]. Addition of 

nanoparticles in FDM feedstock enhances mechanical and electrical 

properties of 3D printed parts [19-22]. 
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Nanofillers such as short glass fibres, carbon fibres, nanoclay and carbon 

black are explored for FDM feedstock. Incorporation of nanofillers 

increases the viscosity of the materials, which influences the printability 

of nanocomposite filament. Most common of the mixing methods is melt 

extrusion [23-25]. Among reinforcing materials, short fibre reinforced 

with ABS has greater porosity in 3D printed composites than those of the 

compression moulded. Sithiprumnea et.al.reported that graphene 

nanoplatelets compounded in 4 wt. % ABS improved its mechanical 

properties[26]. Sun et al. observed that PC/clay improved tensile strength 

[27]. Chamil et al.reported that ABS in PLA at 100% infill density 

resulted in Young's modulus of 1538 MPa [28]. Sajjad et 

al.reportedhighest tensile strength with 2 wt. % nanoclay and highest 

hardness with 4 wt. % nanoclay in ABS/MMT [29]. Priyanka et 

al.reported that ABS/cloisite 30B showed improvement in torsional, axial 

and impact properties and hence the potential of the materials for 

application of external orthotic devices [30]. Venkatesh et al. reported 

preparation of PP/organomodifiednanoclay with and without 

compatibilizer and improvement in storage modulus with increase in 

nanoclay content from 3 to 9 wt. % [31]. Nevin et al. reported carbon 

fibre/ PA6 increased in tensile strength [32]. Nikzad et al. reported that 

ABS/Fe and ABS/Cu with metal nanopowderupto 40 vol. % was carried 

out to study their viscoelastic properties [33].  Li et al. reported that ABS 

/HNO3 treated short carbon fibres showed improvement in tensile 

modulus and tensile strength [34]. Basavaraj et. al.reported influence of 

thickness of layer, shell thickness and on FDM of nylon[35]. Singh et al. 

reported 5wt. % of Al2O3/Nylon showed high tensile strength [36]. Feng 

et al. observed that good interfacial adhesion between RCF/nylon6 

resulted in significant improvement in tensile strength [37]. Francis et al. 

reported ABS/polymer-layered silicate (PLS) improved mechanical 

strength of FDM parts [38]. 

Review of Literature indicates that several authors performed studies to 

improve surface roughness, mechanical properties and dimensional 

accuracy of FDM components. Also parametric studies are reported on 

the influence of layer thickness, air gap, orientation of part build, raster 

angle, and raster width on FDM parts. Latest FDM machines have 

provision for optimising the feed stock and hence the properties of FDM 

components by selecting the best parametric combination of shell 

thickness, infill density and layer thickness. It provides scope for 

extended study and parametric optimization of FDM components. 

Software Cura with Slic3r was used in the present research to set 

constant parameters namely speed, print temperature, bed temperature 
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and varying parameters namely infill density, shell thickness, layer 

thickness to achieve lower consumption of material and improved 

strength. Efforts for improving properties of ABS by dispersing fillers 

showed promising results.  

2.0 Experimental Details  

2.1 Materials and processes  

ABS with tradename Sinkral®F322 supplied by Versalis S.P.A. 

(Mantova, Italy) was used in this research. The polymer softens at 14 

cm3/10 min (@220 0C/10 kg) and has a density of 1.04 g/cm3 

[31].ALDRICH 682624-500G, MMT, surface modified with 35 to 45% 

dimethyl dialkyl (C14-C18) amine, manufactured from Nanocor, batch 

#04005HJ, Sigma Aldrich MMT, was used [32]. 

2.2 Fabrication of FDM feedstock 

ABS in pellet form was mixed with MMT in a blender. ABS/ MMT was 

dried for two hours at 60oC to 80oC. The dried ABS/MMT was passed 

through a single screw extruder at 120oC to 220oC, through several 

heated chambers for melting and mixing. The melt mix was pulled out of 

a die of fixed dimensions. A laser diameter gauge was used to ensure 

1.75 mm diameter of the filament. Finally, the filament was wrapped for 

spool refills. The filaments were vacuum sealed to avoid moisture 

ingress.  

3.0 Experimental Investigation Acrylonitrile Butadiene 

Styrene (ABS) with MMT Filler 

ABS with MMT filler was fabricated in fused deposition machine as per 

ASTM standard dimensions. The fabrication was conducted depending 

upon the design of experiment with the help of Taguchi L9 orthogonal 

array. The experimental plan of L9 orthogonal array and responses for 

tensile, flexural and impact strength were tabulated in table 1. 

3.1 Calculations for ANOVA  

ANOVA was performed in order to investigate the influence of process 

parameters such as layer height, shell thickness and infill density for 

tensile, flexural and impact strength response of ABS with MMT. The 

strategy of pooled sum of errors was considered and the results of 

ANOVA are analyzed most influencing factor responses of ABS. 

Influence of the parameter was investigated using ANOVA at 95% 

confidence level using MINITAB 16 version. The assessment was made 

using F and P distributions [21].  
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Table 1.Experimental Investigation ABS with MMT nanofiller- L9 Orthogonal Array  

 

Sl 

No. 

Layer 

Thickness 

(mm) 

Shell  

thickness 

(mm) 

Infill 

density 

(%) 

2.5% 5% 7.5% 10% 

UTS FS IS UTS FS IS UTS FS IS UTS FS IS 

1. 0.1 0.5 20 15.92 38.23 41.83 26.41 68.21 24.60 31.58 94.14 19.68 24.03 99.40 29.52 

2. 0.1 1 30 24.09 54.96 31.98 27.36 63.45 44.29 26.47 83.51 29.52 24.83 93.70 44.29 

3. 0.1 1.5 40 20.05 52.34 22.14 35.21 79.65 51.67 34.56 104.26 27.06 28.52 120.80 49.21 

4. 0.2 0.5 30 12.52 36.45 46.75 23.65 47.71 29.52 27.59 86.41 41.83 23.69 76.60 46.75 

5. 0.2 1 40 19.92 37.82 49.21 28.23 53.21 46.75 32.45 97.23 49.21 32.54 84.30 41.83 

6. 0.2 1.5 20 24.56 68.48 63.97 32.74 92.54 59.05 23.62 78.35 56.59 24.53 78.90 59.05 

7. 0.3 0.5 40 10.12 32.34 44.29 29.73 79.15 34.44 27.27 86.37 39.37 36.82 110.00 46.75 

8. 0.3 1 20 23.14 63.78 41.83 24.24 54.59 39.37 20.85 70.19 44.29 29.34 105.00 29.52 

9. 0.3 1.5 30 20.34 61.36 44.29 28.95 85.42 41.83 24.74 82.74 49.21 30.54 90.60 39.37 

 

UTS – Ultimate Tensile Strength (MPa), FS – Flexural Strength (MPa), and IS- Impact Strength (KJ/m2)
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3.2 Grey relational Analysis for ABS strengthened with MMT 

The grey theory method applies small samples random improbability to 

solve some problems in systems that are complex in nature and have 

incomplete information [34]. Generally, two kinds of systems are present 

namely white system and black system. A system having adequate 

amount of information is white system and a system having completely 

unknown information is black system. The grey system has limited 

information that lies between the white and black system [35]. Grey 

Relational Analysis (GRA) is a normalization process to solve difficult 

multi-performance characteristics. 

Considering the smaller the Better criteria, the normalised values are 

given as: 

𝑥𝑗(m) =
max 𝑦𝑗(m ) −  𝑦𝑗(m )

max 𝑦𝑗(m ) − min 𝑦𝑗(m )
… . . (1) 

Where xj(m) gives the response after grey relation generation, Max xj(m) 

and Min xj(m) are the highest and lowest value of mth response. 

𝑖(𝑚) =
min + max

𝑥𝑗(m) − max
… … … … … (2) 

 

The grey relation coefficient i(m) is calculated using equation (3), 

Where Min, Max  corresponds to the minimum  and maximum value of  

xj(m). 

The GRG (Grey relational grade) is analysed as: 

𝛾𝑖 =
1

𝑛
∑ (

𝑖
(𝑚)) … … … … … . … . (3)

𝑛

𝑚=1

 

Here n represent the responses. i(m) correspond to the GRC (grey 

relation coefficient). I corresponds to the GRG (grey relation grade).  

Equation (1) to (3) was used to calculate the response of grey relation 

grade and order. 
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Table 2.ANOVA calculation for ABS 2.5% with MMT 97.5% 

 

Source 
DOF 

UTS Flexural Strength Impact Strength 

SS MS FTest P SS MS FTest P SS MS FTest P 

Layer Thickness 2 6.96 3.48 3.85 0.20 40.83 20.42 0.64 0.61 683.6 341.8 4.10 0.19 

Shell Thickness 2 168.7 84.4 93.2 0.01 973.3 486.7 15.2 0.06 17.51 8.75 0.10 0.90 

Infill Density 2 30.51 15.3 16.8 0.05 392.6 196.3 6.12 0.14 187.1 93.53 1.12 0.47 

Error 2 1.81 0.95   64.18 32.09   166.8 83.40   

Total 8 208.0    1471    1055    

FTest 2,8 = 4.46 

 

Individual ANOVA analysis of flexural strength and UTS shows that infill density and shell thickness were significant 

parameters. Table 2 shows that any of the parameters doesn’t influences the impact strength. The Degree of Freedom 

(DOF), Sum of Square (SS), and Mean Sum of Square (MS) are evaluated in ANOVA tables. 
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Table 3.Grey Relational evaluation for ABS 2.5% reinforced with MMT 97.5% 

 

EXPT  

No. 

Grey Relational Grade of UTS, FS and IS 

Overall 

Relational 

Grade 

Grey 

Relational 

Order 

L1 0.0506 0.0385 0.0540 0.0477 7 

L2 0.1043 0.0602 0.0439 0.0695 3 

L3 0.0684 0.0553 0.0370 0.0536 6 

L4 0.0417 0.0370 0.0609 0.0465 8 

L5 0.0676 0.0381 0.0651 0.0570 5 

L6 0.1111 0.1111 0.1111 0.1111 1 

L7 0.0370 0.0341 0.0572 0.0428 9 

L8 0.0928 0.0859 0.0540 0.0776 2 

L9 0.0701 0.0769 0.0572 0.0681 4 

 

Table 4.Response for GRA of ABS 2.5% with 97.5% MMT 

Process Parameter Layer Thickness Shell Thickness Infill Density 

Level 1 0.0569 0.0457 0.0788 

Level 2 0.0715 0.068 0.0614 

Level 3 0.0628 0.0776 0.0511 

Max-Min 0.0146 0.0319 0.0277 

Order 3 1 2 

Mean value of grey relational grade = 0.0247 

 

Table 3. shows the grey relational grade for tensile, flexural and impact 

strength of ABS with MMT. Based on ranking order obtained using GRA 

it is concluded that experiment set no 6 has higher rank order. Hence the 

overall optimized values are 0.1111. Rank order obtained based on grey 

relational grade on table 4, shell thickness has more influence on tensile, 

flexural and impact strength of ABS with MMT followed by infill 

density and layer thickness. 
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Table 5.ANOVA calculation for ABS 5% with MMT 95% 

Source 
DOF 

UTS Flexural  Strength Impact Strength 

SS MS FTest P SS MS FTest P SS MS FTest P 

Layer Thickness 2 6.51 3.25 0.69 0.59 115.6 57.80 0.24 0.80 69.93 34.96 0.66 0.60 

Shell Thickness 2 64.90 32.45 6.92 0.12 1326.3 663.10 2.81 0.26 704.04 352.02 0.63 0.13 

nfill Density 2 31.32 15.66 3.34 0.23 66.8 33.40 0.14 0.87 49.76 24.88 0.47 0.68 

Error 2 9.38 4.69   472.2 236.1   106.24 53.12   

Total 8 112.12    1980.9    929.96    

FTest 2,8 = 4.46 

 

Individual ANOVA for UTS shell thickness was significant. Flexural and impact strengths revealed that none of 

the parameter has influenced (Table 5).  
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Table 6.Grey Relational analysis for ABS 5% reinforced with MMT 95% 

EXPT 

No. 

Grey Relational Grade of UTS, FS and 

IS 

Overall Relational 

Grade 

Grey Relational 

Order 

L1 0.0440 0.0533 0.0371 0.0448 7 

L2 0.0471 0.0484 0.0599 0.0518 6 

L3 0.1111 0.0705 0.0778 0.0865 2 

L4 0.0370 0.0370 0.0410 0.0383 9 

L5 0.0503 0.0403 0.0649 0.0518 5 

L6 0.0778 0.1111 0.1111 0.1000 1 

L7 0.0570 0.0696 0.0458 0.0575 4 

L8 0.0383 0.0413 0.0519 0.0438 8 

L9 0.0533 0.0843 0.0556 0.0644 3 

 

Table 7.Response for GRA of ABS 2.5% with 97.5% MMT 

Process Parameter Layer Thickness Shell Thickness Infill Density 

Level 1 0.061 0.0469 0.0629 

Level 2 0.0634 0.0492 0.0515 

Level 3 0.0552 0.0836 0.0653 

Max-Min 0.0082 0.0367 0.0138 

Order 3 1 2 

Mean value of grey relational grade = 0.0195 

 

Table 6 shows the grey relational grade for tensile, flexural and impact 

strength of ABS with MMT. Based on ranking order obtained using GRA 

it is concluded that experiment set no 6 has higher rank order. Hence the 

overall optimized values are 0.0100. Rank order obtained based on grey 

relational grade on table 7, shell thickness has more influence on tensile, 

flexural and impact strength of ABS with MMT followed by infill 

density and layer thickness. 
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Table 8.ANOVA calculation for ABS 7.5% with MMT 92.5% 

 

Source 
DOF 

UTS Flexural  Strength Impact Strength 

SS MS FTest P SS MS FTest P SS MS FTest  

Layer Thickness 2 65.20 32.6 3.00 0.25 303 151 2.71 0.3 946.2 473.1 37 0.02 

Shell Thickness 2 7.42 3.71 0.34 0.74 51.79 25.9 0.46 0.7 178.9 89.43 7.0 0.12 

Infill Density 2 64.39 32.2 2.97 0.25 375.5 187 3.36 0.2 5.38 2.69 0.2 0.82 

Error 2 21.70 10.8   111.7 55.8   25.55 12.78   

Total 8 158.7    842.0    1156    

FTest 2,8 = 4.46 

 

The ANOVA analysis of flexural, UTS, and impact strengths revealed that infill density, shell thickness, and 

layer thickness have not influence the characteristics (Table 8). 
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Table 9.Grey Relational analysis for ABS 7.5% reinforced with MMT 92.5% 

 

EXPT 

No. 

Grey Relational Grade of UTS, 

FS and IS 

Overall Relational 

Grade 

Grey Relational 

Order 

L1 0.0774 0.0697 0.0370 0.0614 4 

L2 0.0510 0.0501 0.0450 0.0487 8 

L3 0.1111 0.1111 0.0427 0.0883 1 

L4 0.0551 0.0543 0.0617 0.0570 6 

L5 0.0850 0.0787 0.0794 0.0810 2 

L6 0.0428 0.0441 0.1111 0.0660 3 

L7 0.0538 0.0542 0.0575 0.0552 7 

L8 0.0370 0.0370 0.0667 0.0469 9 

L9 0.0457 0.0491 0.0794 0.0580 5 

 

Table 10.Response for GRA of ABS 7.5% with 92.5% MMT 

Process 

Parameter 

Layer 

Thickness 

Shell 

Thickness 

Infill 

Density 

Level 1 0.0661 0.0579 0.0581 

Level 2 0.068 0.0589 0.0546 

Level 3 0.0534 0.0708 0.0748 

Max-Min 0.0146 0.0129 0.0202 

Order 2 3 1 

Mean value of grey relational grade = 0.0159 

 

Table 9 shows the grey relational grade for tensile, flexural and impact 

strength of ABS with MMT. Based on ranking order obtained using GRA 

it is concluded that experiment set no 3 has higher rank order. Hence the 

overall optimized values are 0.0883. Rank order obtained based on grey 

relational grade on table 10, infill density has more influence on tensile, 

flexural and impact strength of ABS with MMT followed by layer 

thickness and shell thickness. 
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Table 11.ANOVA calculation for ABS 10% with MMT 90% 

Source 
DOF 

UTS Flexural  Strength Impact Strength 

SS MS FTest P SS MS FTest P SS MS FTest P 

Layer Thickness 2 70.97 35.48 12.00 0.07 1098.82 549.41 7.91 0.11 187.10 93.50 0.71 0.58 

Shell Thickness 2 1.70 0.85 0.29 0.77 8.98 4.49 0.06 0.93 187.10 93.50 0.71 0.58 

Infill Density 2 83.86 41.93 14.18 0.06 494.52 247.26 3.56 0.21 66.00 33.00 0.25 0.80 

Error 2 5.91 2.95   138.95 69.47   263.70 131.90   

Total 8 162.45    1741.26    703.90    

 

Individual ANOVA for UTS revealed that layer thickness and infill density were significant and 

flexural strengths only layer thickness was significant (Table 11). The analysis shows that any of 

parameters studied have not influence the impact strength. 
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Table 12.Grey Relational analysis for ABS 10% reinforced with MMT 90% 

 

EXPT 

No. 

Grey Relational Grade of UTS, 

FS and IS 

Overall Relational 

Grade 

Grey Relational 

Order 

L1 0.0377 0.0564 0.0370 0.0437 9 

L2 0.0393 0.0499 0.0556 0.0483 7 

L3 0.0491 0.1111 0.0667 0.0756 2 

L4 0.0370 0.0370 0.0606 0.0449 8 

L5 0.0673 0.0419 0.0513 0.0535 4 

L6 0.0387 0.0384 0.1111 0.0627 3 

L7 0.1111 0.0746 0.0606 0.0821 1 

L8 0.0519 0.0648 0.0370 0.0513 5 

L9 0.0568 0.0470 0.0476 0.0505 6 

 

Table 13.Response for GRA of ABS 10% with 90% MMT 

Process 

Parameter 

Layer 

Thickness 

Shell 

Thickness 

Infill 

Density 

Level 1 0.0559 0.0569 0.0526 

Level 2 0.0537 0.051 0.0479 

Level 3 0.0613 0.0629 0.0704 

Max-Min 0.0076 0.0119 0.0059 

Order 2 1 3 

Mean value of grey relational grade = 0.0084 

 

Table 12 shows the grey relational grade for tensile, flexural and impact 

strength of ABS with MMT. Based on ranking order obtained using GRA 

it is concluded that experiment set no 7 has higher rank order. Hence the 

overall optimized values are 0.0821. Rank order obtained based on grey 

relational grade on table 13, shell thickness has more influence on tensile, 

flexural and impact strength of ABS with MMT followed by layer 

thickness and infill density 

4.0 Conclusion 

• ABS with MMT procedure parameters showed importance with Shell 

thickness 2.5%,5 % and 10% infill density of 7.5% from the response of 

GRA. 
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• The ABS with numerous MMT values of nanofillers are used in the 

FDM to manufacture the specimen and envisioned the UTS, Flexural 

Strength and Impact strength. The factors inclusive of layer thickness, 

shell thickness and infill density had been numerous to estimate the 

UTS, Flexural and Impact strength. The ABS with 2.5, 5, 7.5 and 10 % 

of MMT have been used to estimate the characteristics of the materials. 

• The UTS, Flexural energy and Impact strength of ABS with 2.5 % 

MMT nanofillers are anticipated that Flexural strength is 68.48 MPa in 

layer thickness of 0.2 mm, 1.5 mm and 20 % infill density. The better 

Impact energy is completed as 63.97 KJ/m2 in 20 % infill density, 1.5 

mm shell thickness, and 0.2 mm layer thickness. 

• ABS with 5 % MMT nanofillers are estimated, as proven inside the 

Table 1. The ABS with 5 % MMT nanofillers have better UTS of 35.21 

MPa in 40 % infill density, 1.5 mm shell thickness and 0.1 mm layer 

thickness. 

• ABS with 7.5 % MMT nanofillers are predicted, because the higher 

UTS is performed as 32.45 MPa in 40 % infill density, 1 mm shell 

thickness and 0.2 mm layer thickness. 

• The UTS, Flexural and Impact strength of ABS with 10 % MMT 

nanofillers are envisioned, as the higher UTS is carried out as 36.82 

MPa in 40 % infill density, 0.5 mm shell thickness and 0.3 mm layer 

thickness. 
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