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Abstract- In this article's abstract, we look at the mechanical characteristics of composites 

with various polymer matrices. To the this aim, studies are being conducted on the 

mechanical characteristics of Nylon 66 composites containing 30% glass and molybdenum 

disulphide (MoS2) in varying volume fractions. Mechanical characteristics of nylon 66 

composite are studied in relation to the amount of MoS2 reinforcement used. Using an 

injection moulding machine, we create test specimens of nylon66 30% glass filled with 2%, 

4%, 6%, and 8% MoS2. Tensile strength, compressive strength, flexural strength, and 

hardness tests are performed. The findings show that the amount of glass fibre has a major 

impact on the mechanical characteristics of the nylon composites. In order to investigate and 

analyse the morphology of the fracture surfaces, a scanning electron microscope (SEM) 

examination was conducted. 

1.  Introduction 

Polymers and composites made from polymers are often utilised now when high-quality 

tribological and mechanical qualities are essential. Tribological applications like cams, 

brakes, bearings, gears, etc., have specific property requirements that can't be met by 

homopolymers alone. Fillers are used in polymer goods to both enhance their qualities and 

reduce their overall production costs. Metallic particle matter, organic fillers, and inorganic 

fillers in micron and nanometer sizes are all viable options. In recent years, there has been a 

lot of interest in modifying the tribological behaviour of polymers by adding fillers in order 

to alter friction coefficients and wear rates. 
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During the last few decades, Nylon 66 has become an indispensable engineering 

thermoplastic polymer. Throughout the years, several investigations have been conducted on 

the mechanical characteristics of Nylon 66. As a result of their expanding usage in industry, 

polymers with inorganic fillers have been the subject of much research. Micrometer-sized 

inorganic particle fillers are used to increase tensile strength, hardness, impact strength, and 

toughness at the cost of elongation. To fill polymer composites, MoS2 is a crucial 

component. It is a promising reinforcing material since it is simple to mix and process and 

has the potential to enhance the mechanical, tribological, and rheological characteristics of 

polymer composites. 

There has been a shift towards enhancing composites' mechanical and tribological qualities. 

There are several studies, analyses, and investigations being conducted in this area in order to 

discover its various potential uses across a variety of industries while keeping costs to a 

minimum. This viewpoint is at the forefront of the investigation of nylon 66 filled with MoS2 

and glass fibre. As a material, nylon 66 composite has several desirable qualities, such as 

flexibility, abrasion resistance, and a balanced set of toughness and strength. MoS2 also has a 

low coefficient of friction, a high creep value for moulding, and oil solubility. Its 

employment, however, was restricted to a select few industries and not expanded to structural 

components because of drawbacks like as nylon's unstable dimensions and a higher water 

absorption rate. Nylon66 with different filler materials has been studied to eliminate these 

drawbacks and broaden the scope of its potential uses. The adhesive connection between the 

matrix and the fibre material has a significant impact on the characteristics of composite 

materials. To improve mechanical properties like mechanical strength, flexural strength, 

modulus, stiffness, and fatigue strength at high strength, it is common practise to include 

filler material within the matrix mixture. This helps to extend the bonding strength of the 

structure by narrowing the gap between the materials.  

2. Experimentatal work 

We used an injection moulding machine to create the test specimens. Injection moulded 

dogbone specimens were prepared for tensile testing in accordance with ASTM D638 

standards. These specimens were made from pure nylon as well as nylon composites with 2, 

4, 6, and 8% MoS2 content (reinforced and unreinforced plastics). Pure nylon and nylon 

composites are mechanically characterised by how they respond to mechanical stress. Key 

mechanical qualities were identified by tensile testing. Tensile tests were performed on the 
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samples using an Instron universal testing machine (Jit 80 T0). Modulus of elasticity, yield 

strength at 0.2% offset, tensile strength, tensile elongation at break, and flexural strength are 

all examples of mechanical characteristics. Pure nylon and nylon composites with varying 

molybdenum disulphide reinforcing weights were tested for compressive strength and 

hardness. 

2.1 Materials 

The material for the experiment is Nylon 66 available at CIPET Aurangabad and the 

reinforcement selected is molebdenum disulphide (MoS2) supplied by Institute of Chemical 

Technologies Mumbai (Marathwada campus, Aurangabad), All the reagents used in this 

study were acquired from commercial sources 

In this context, "nylon" denotes a class of man-made polymers. In this case, aliphatic or 

semiaromatic polyamides are preferred. It's a thermoplastic material that may be spun into 

yarn or rolled out into thin films. Nylon is a synthetic fabric available in a wide range of 

densities, from nylon 6 to nylon 66, and even higher to nylon 11 and nylon 12. Aliphatic 

polyamides, of which Nylon 66 is a kind, are a class of synthetic polymers with a wide range 

of applications. The material is a common plastic. Reinforcement materials introduced into 

the nylon polymer matrix, together with design optimization and enhanced manufacturing 

techniques, may significantly increase mechanical qualities while reducing weight. 

2.2 Composite preparation 

Compounding using a twin screw extruder allowed for the production of a Nylon 66 

composite containing microparticles of Al2O3 in varying concentrations. 

Powder blends that need to be extensively mixed in addition to being melted and shaped are 

processed often using twin screw extruders because of their outstanding mixing of material 

and shaping. Maintaining a temperature of around 240 °C, this technique is used to pull nylon 

66 wires from granular form. The composite is preheated at 130 C for 1 hour to remove any 

remaining moisture before being subjected to the technique. After collecting the wires, a 

cutter was used to trim them down to the correct dimensions before they were sent into an 

injection moulding machine. 

2.3 Apparatus and Methodology 

The specimen is prepared by using injection moulding machine model JITMATCH 80T. A 

heater is used for preheating the sample to remove moisture and it helps in melting.. The tests 

were conducted according to ASTM D 638 standard. Table 1 states the specification of the 

Ijnection molding setup used in this study. All the experiments were conducted CIPET, 

Aurangabad, and Maharashtra, India 
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Fig. 1: Injection Molding 

Make JIT 

Model Jit 80 T 

Clamp Force (TON) 80 

Max. daylight (mm) 850 

Injection pressure (bar) 160 

Injection stroke (mm) 160 

Mould height Max/min (mm) 100/320 

Distance B/M tie bars (mm) 130 

Table1: Injection moldng specification 

2.4 Specimen Preparation 

Standard size Specimen as shown in Figure 2 is prepared by injection moulding machine, 

model JIT 80T injection moulding machine is used for moulding the specimen.  

 

Fig. 2: The Specimens manufactured as per ASTM D 638 dimensions. 
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The injection moulding machine specimens were produced under conditions of 40Mpa 

injection pressure, 40s of cooling time, and 60rpm screw speed. In Fig.2, we see the 

process by which the collected specimens were prepared for mechanical testing in 

accordance with ASTM D638. 

3. Results and discussion 

Table 1 displays the results of a number of tests conducted on the mechanical characteristics 

of produced ASTM D 638 composite material. 

Table:1 Mechanical Properties of composite material. 

Sr. 

no. 
Test Name 

Nylon66 reinforced with MoS2 

0% 2% 4% 6% 8% 

1 Tensile Strength Mpa 79 84 86 92 90 

2 Elongation % 21 16 13 10 9 

3 Density gm/cm
3
 1.09 1.12 1.21 1.28 1.32 

4 Flexural Strength Mpa 115 121 125 124 120 

5 Compressive Strength Mpa 76 77 84 87 88 

6 Hardness 56 58 59 59.5 60.1 

3.1 Tensile Strength 

Tensile strength measures how much force a material can bear while being pulled. Nylon 66's 

tensile strength improved after being reinforced with composites. Figure 3 shows the 

beneficial effects of increasing the MoS2 content of nylon66 from 2% to 8% wt%. 

 

Figure: 3 Comparison of Tensile strength with wt% of MoS2 composition 
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Tensile strength of nylon composite with various molybdenum disulfide percentages is 

shown in Fig. 3. The tensile strength of a composite material is its intense attribute; it is the 

greatest stress the material can bear before breaking when stretched at a certain strain rate. 

With this data, we can determine that the tensile strength of 100% nylon is 79Mpa. The 

addition of only 2% MoS2 increases the tensile strength of nylon66 by 6.32 percent, to 84 

MPa. Tensile strength is more than 86 MPa for the 14% MoS2 composite. The tensile 

strength of the composite increases to 92 MPa when the molybdenum disulphide 

concentration is raised from 4% to 6%. Ultimately, the tensile strength of an 8% MoS2 

composite is found to be 92 MPa, or around 16.92% greater than that of pure nylon66. Good 

interfacial bonding between the fibre and the nylon is thought to boost the strength as the 

molebdenum disulphide level rises. 

3.2 Flexural Strength 

If the flexural strength value is high, it means the specimens are more resistant to bending, 

and the fibre can bear the majority of the applied stresses. 

Using MoS2 as reinforcements to strengthen nylon66's bonding results in enhanced flexural 

characteristics between 2 and 4 wt%, and then diminishes progressively as more composite 

material is added. 

 

Figure: 4 Comparison of Flexural strength with wt% of MoS2 composition 
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Figure:5 Comparison of compressive strength with wt% of MoS2 composition 

Compressive strength of MoS2 reinforced nylon66 composite is found to grow from 0 to 6 

wt% as 76 N/mm2 and 87 N/mm2, and thereafter decrease with increment of wt% 

composition. Values increase dramatically from 77 N/mm2 to 84 N/mm2 when 4 wt% MoS2 

are utilised as a composite in nylon66 material. As can be seen in Figs. 5 and 6, the 

compressive strength decreases as the mixture's excessive composition causes weaker bonds 

3.4 Hardness 

Durometer or Shore durometer is a standardized way to measure the hardness of plastics 

materials. 

 

Figure:6 Comparison of compressive strength with wt% of MoS2 composition 
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Nylon 66 material hardeness can be increased by adding MoS2 into it. The Figure 6 shows 

that the increase value of hardness of Nylon 66 by adding the molebdenum disulphide 

reinforcement. All the sample test value shows that by increasing composite material, the 

hardness is increasing its value up to 59.5 by adding 6% of MoS2. 

4. Scanning Electron Microscopy (SEM) 

The distribution of MoS2 particulate reinforcement in polymer metal matrix composite needs 

to be carried out to check the presence of reinforcement. Scanning Electron microscopy 

images of worn surfaces of molding speciemn were taken at Central Facilty Center, Dr. 

Babasaheb Ambedekar Marathwada University, Aurangabad. Electrode surface morphology 

was analysed using this method (JEOL JSM-6510A).  

 

Fig. 7: SEM image analysis 

Nylone66+30% glass  filled 
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5. EDS (Energy-dispersive X-ray spectroscopy) Analysis 

Energy dispersive X-ray (EDX) analysis is a microanalytical technique for the quantitative 

analysis of elements that uses a characteristic spectrum of X-rays. Its provides both 

qualitative and quantitative information related to the elemental composition of the materials. 

Pure Nylone66: 

 

Fig.8 SEM micrograph of worn surface and corresponding EDX result of Pure Nylon66 

Sr. No. Elements Weight % Atomic % 

1 C  69.05 76.65 

2 O  25.95 21.62 

3 Al  0.53 0.26 

4 Si  1.77 0.84 

5 Ca  1.08 0.36 

6 Ti  0.27 0.07 

7 Zr  1.36 0.20 

Totals  100.00  

Table 2 Elemental composition of nylon66  

Nylone66 with 2% MoS2: 

 

Fig.9 SEM micrograph of worn surface and corresponding EDX result of 2%MoS2 with 

Nylon66 
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Sr. No. Elements Weight % Atomic % 

1 C  72.52 81.78 

2 O  19.18 16.20 

3 Si 0.81 0.39 

4 S  0.92 0.39 

5 Ca  0.55 0.18 

6 Ti  0.67 0.19 

7     Zr   5.06 0.75 

8 Mo 0.28 0.12 

Totals  100.00  

Table 3 Elemental composition of 2%MoS2 with Nylon66 

Nylone66 with 4% MoS2: 

 

Fig.10 SEM micrograph of worn surface and corresponding EDX result of 4%MoS2 with 

Nylon66 

Sr. No. Elements Weight % Atomic % 

1 C  69.73 79.71 

2 O  21.31 18.18 

3 Si  0.82 0.40 

4 S  0.92 0.39 

5 Ca  0.55 0.19 

6 Ti  0.46 0.13 

7 Zr  5.69 0.85 

8 Mo 0.52 0.14 

Totals  100.00  

Table 4 Elemental composition of 4%MoS2 with Nylon66 
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Nylone66 with 6% MoS2: 

 

Fig.11 SEM micrograph of worn surface and corresponding EDX result of 6%MoS2 with 

Nylon66 

Sr. No. Elements Weight % Atomic % 

1 C  7.049 79.28 

2 O  23.02 19.24 

3 Mg  0.20 0.11 

4 Si  0.32 0.15 

5 S  0.96 0.40 

6 Ca  0.25 0.08 

7 Zr  3.89 0.57 

8 Mo 0.86 0.16 

Totals  100.00  

Table 5 Elemental composition of 6%MoS2 with Nylon66 

Nylone66 with 8% MoS2: 

 

Fig.12 SEM micrograph of worn surface and corresponding EDX result of 8%MoS2 with 

Nylon66 
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Sr. No. Elements Weight % Atomic % 

1 C  73.85 82.73 

2 O  18.02 14.97 

3 Si  0.74 0.35 

4 S  2.84 1.18 

5 Ca  0.48 0.16 

6 Ti  0.34 0.09 

7 Zr  2.70 0.39 

8 Mo 1.03 0.13 

Totals  100.00  

Table 7 Elemental composition of 8%MoS2 with Nylon66 

6. Conclusions 

The specimens of nylon66 with 30% glass filled reinforced MoS2 composite at various wt% 

like 2, 4, 6 and 8 wt% produced using twin screw extruder and molded by using injection 

molding. The examination for mechanical properties were gone through in detail. It was 

determined that some of the mechanical properties like Tensile strength, Flexural strength, 

Compressive strength and hardness increases up to 6 wt% of MoS2 and then decreases.  

1. molybdenum disulfide added to nylon66 nanofiber reinforcement improved the 

material's mechanical qualities even more than they already were. Mechanical 

parameters such as tensile strength, flexural strength, compressive strength, and 

hardness were all found to be improved when compared to nylon66.. 

2. Nylon66 shows the lowest tensile strength which increases gradually with the increase 

in MoS2 content of the nylon composites. However, 6% molebdenum disulphide 

nylon66 composite shows significantly improved tensile strength. Test reports were 

analysed and it is found thatinNylon66 addition of 6% MoS2 increase its tensile 

strength upto 92MPa, hardness also increases as elongation decreases. 

3. The flexural strength was improved upto  124 Mpa with 6 wt% of molebdenum 

disulphide content and compressive strength upto 88Mpa with 8 wt% of molebdenum 

disulphide content 

4. The methods in this work may provide new ideas for the preparation of high-

performance nylon66 composite materials by other reinforcement and provide a 

reference for other nylon material. 
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