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Abstract: Silk and glass fiber reinforced hybrid polypropylene composites were prepared by using hot press 
machine at three level of fiber loading (5, 10 and 15 wt.%). For 10 wt.% fiber loaded composite, silk and glass 
fiber ratio was varied at 1:1, 3:1 and 1:3. Tensile, flexural and water absorption tests, thermogravimetric analysis 
and scanning electron microscopic analysis of prepared composites were subsequently. Thus present research 
discusses enhancement of properties of polypropylene composites through glass (synthetic) and silk (natural) 
fiber hybridization. Flexural strength increased, whereas tensile strength decreased with fiber loading. 
Young’s modulus, flexural modulus and water absorbed showed highest value for 10 wt.% fiber loading. 10 
wt.% fiber loaded composite also had the most improved interfacial bonding between fibers and matrix. For 
different fiber ratio, composite with fiber ratio of 1:1 had the best set of mechanical properties and adhesion 
between fibers and matrix. Thus composites containing 10 wt.% silk and glass fiber at 1:1 ratio of exhibited 
the best set of properties.
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Glass and Silk Fiber Enhanced Hybrid Polypropylene Composites

Introduction: A composite is a material, which is made by combining two or more dissimilar materials in 
such a way that the resultant material is endowed with properties superior to any one of its parental ones. 
Environmentally friendly composites are made by reinforcing natural fibers [1-3]. A lot of work has been 
done by many researchers on the composites based on natural and synthetic fibers [4-6]. But both these 
fibers have advantages and drawbacks. Synthetic fiber reinforced thermoplastic composites give better 
mechanical properties than those made by natural fiber, but they are not environmentally friendly. Silk is an 
animal (natural) fiber produced by certain insects to build their cocoons and webs. They are fibrous proteins 
with repetitive protein sequences and this makes it a lightweight fiber. Silk fibers have advantages over 
plant-based natural fibers, such as uniform fiber properties, continuous fiber type, high toughness, high 
crystallinity and high tensile strength [7]. Amongst all the synthetic fibers, glass fibers are being widely 
used due to their low cost and comparatively better physico-mechanical properties. Glass fibers have high 
strength to failure, better impact resistance, good fatigue life, good corrosion resistance and so on.  To 
balance the property of the fibers and overcome their weaker properties, the hybrid composite of glass and 
silk fiber reinforced polypropylene matrix will have its bulk property enhanced [8].
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Hybrid composites are a good combination of natural and synthetic fiber because it gives the composite 

structural strength, which the natural fiber lacks. On the other hand it is environment friendly, which is 
not true for synthetic fibers. Polypropylene is a widely used matrix material because of its transparency, 

dimensional stability, flame resistance, high heat distortion temperature and high impact strength (IS) and 

these widen its application. Present investigation discusses the property enhancement of polypropylene 

due to addition of silk and glass fiber reinforcements and is emphasized on the characterization of the 
composite.  

Materials and Methods:  

Materials: In present research, commercial grade polypropylene was used as the matrix material. It was 
collected from the local market in the form of granules. It had a specific gravity of 0.90-0.91, melting 

temperatures of around 160°C and crystallinity of 82% [9]. Silk fiber (Figure 1 (a)) was collected from 

Rajshahi, Bangladesh. It composed of (72.0-81.0)% fibroin,  (19.0-28.0)% siricin, (0.5-1.0)% fat and wax, 
(1-1.4)% ash. The density of silk fiber was 1.32-1.60 g/cm

3
. Glass fiber (Figure 1 (b)) was collected from 

the local market. It was white in colour and had density of 2.5 g/cm
3
, tenacity of 6.3-6.9 g/den and 

elongation at break of 3%. The die used to prepare the composite was made of aluminium. 

 

 
 

Fig. 1: Images of (a) silk and (b) glass fiber. 

 
Preparation of Composites: Hybrid composites of polypropylene matrix with varying amount of silk and 

glass fiber were prepared by hot press technique in a 150 x 150 x 10 mm aluminium die. A hydraulic type 

machine having maximum load of 35kN and maximum temperature of 300°C was utilized. The fiber 

loading was varied at 5, 10 and 15wt.% with the ratio of silk to glass of 1:1 and also for silk to glass ratio 
of 3:1 and 1:3 with 10 wt.% fiber loading. The fibers were chopped into approximate length of 3 mm. The 

required amount of fiber and PP were weighed in a balance. The weighed fiber was place into the oven at 

100°C temperature for at least 1 hour. It was done to make the fiber dry and remove all moisture in order 
to prevent air bubble in composite. A clean aluminium mold was used and mold releasing agent was 

sprayed on it uniformly for easy removal of the finished composite. PP granules and fibers were placed 

into the mold die with the fibers sandwiched between the PP granules layer. This technique improved the 
uniformity of the fiber within the polymer and increased wettability. Then the mold die along with PP 

granules and fiber mixtures were placed in hot press machine at 30 kN. The temperature was initially 

raised to 160°C and held there for 15-20 minutes. The temperature was then raised to 195°C and held 

there for 5 minutes. The die was cooled to room temperature by the water-cooling system. The pressure 
was released and the composite was withdrawn from the die. 

Characterization Techniques: To characterize the properties of silk and glass fiber reinforced PP, 

mechanical, physical, thermal and microstructural analysis were performed. The mechanical analysis 
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involved tensile and flexural tests. During the tensile test, a universal testing machine (Model: MSC-

5/500, Agawn Seiki Company Limited, Japan) was used along with ASTM D 638-01 method maintaining 
6 mm/min crosshead speed. The tensile specimen dimension was 100 mm x 19 mm x 3 mm. Flexural 

tests were performed with the same universal testing machine and with same crosshead speed according 

to ASTM D 790-00 method. Water absorption test was performed according to ASTM D 570-98 test 

standard with specimen dimension of 40 mm x 10 mm x 3 mm. The specimen was immersed in water for 
24 hours. The weight of the specimen was measured before and after the test. Finally, the difference 

between final and initial weight of the specimen was calculated to observe the water uptake capacity of 

the composites. Thermogravimetric analysis (TGA) was carried out for determining the thermal stability 
of silk and glass fiber reinforced hybrid polypropylene composite. A Research Instrument Q50 TGA 

machine was used for the purpose. TGA method used was based on continuous measurement of weight 

during increase of sample temperature in an inert atmosphere. 20mg sample from all types of composites 
were taken for TGA study. The temperature range was varied from 0-500

0
C at an interval of 10

0
C/minute. 

Data were recorded as a thermogram of weight versus temperature. The morphology and interfacial 

bonding between the silk –glass fiber and polymer matrix in manufactured composites was examined 

under a scanning electron microscope (Model: Philips XL 30). 
 

 

Results and Discussion:  

Effect of Fiber Loading: 

Mechanical Properties: Typical stress-strain curve for 15% (silk:glass = 1:1) fiber reinforced hybrid 
polypropylene composite is shown in Figure 2. Mechanical properties of silk and glass (silk:glass = 1: 1) 

fiber reinforced hybrid polypropylene composites at different fiber loading are shown in Figure 3. From 

the graph, it is observed that tensile strength decreased with fiber loading. As fiber loading increases, 

contact area between the fibers and matrix increases. As a result, the weak interfacial bonding area 
between them also increases. Thus the ease of failure increased and tensile strength decreased [10]. The 

same trend was also observed by other researchers [11-14]. The Young’s modulus values of silk and glass 

(silk:glass = 1:1) fiber reinforced hybrid polypropylene composites at different fiber loading are shown in 
Figure 3 (b). Young’s modulus increased significantly up to 10 wt.% fiber loading and then decreased 

beyond 10 wt.% fiber loading. During tensile loading, partially separated micro spaces are created which 

obstruct stress propagation between the fiber and matrix [15]. This increases the stiffness. Young’s 

modulus decreased for 15 wt. % fiber loading because of the non-uniform agglomeration of the fibers into 
the matrix.  

 
 

Fig. 2: Typical stress-strain curve for 15% (silk:glass = 1:1) fiber reinforced hybrid  

Polypropylene composite. 
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Fig. 3: Variation of (a) strength and (b) modulus against fiber loading. 

 

The flexural strength and flexural modulus values of silk and glass (silk:glass = 1:1) fiber reinforced 

hybrid polypropylene composite at different fiber loading (5, 10 and 15 wt.%) are shown in Figure 3. It is 
seen from the figure that flexural strength increased with an increase in fiber loading, which agrees with 

the findings by other researchers [16-18]. This might be due to the lower amount of clustering of fibers, 

which resulted due to the non-uniform dispersion of fibers with increase in fiber loading. Clustering 
affects the effective load transfer and reduces the flexural strength [19]. Enhancement of number of fiber 

loading provides non-uniform dispersion of fibers which increases flexural strength.  The flexural 

modulus values of silk and glass (silk:glass = 1: 1) fiber reinforced hybrid polypropylene composite at 
different fiber loading are shown in Figure 3 (b). Flexural modulus increased up to 10 wt.% fiber loading 

and then decreased slightly for 15 wt.% fiber loading [17]. Since both silk and glass are materials having 

high modulus, higher fiber concentration demands higher stress for the same deformation [14] and 

increased fiber-matrix adhesion provides increased stress transfer from the matrix to the fiber. This result 
can be attributed to the incorporation of rigid glass fiber into the soft PP matrix. As a result, high modulus 

fiber incorporation into the soft polypropylene matrix increased flexural modulus. 

 

Water Absorption Characteristics: Water absorption characteristics of silk and glass (silk:glass = 1: 1) 

fiber reinforced hybrid polypropylene composites at different fiber loading are shown in Figure 4. It is 

observed that water uptake increased with increase in fiber loading up to 10 wt.%. The water absorption 
of composites is mainly because of the presence of the protein materials, since the non-polar PP matrix 

absorbs no or little water. The water absorption of composites is due to hydrogen bonding of the water 

molecules to the free OH group present in the protein cell wall materials, and the diffusion of water 

molecules into the fiber matrix interface. Water is also absorbed due to the capillary action. Therefore, 
with increase in fiber content, there are more water residence site (OH groups), which result in more 

absorbed water [20]. Again, with further increase in fiber content, amount of glass fiber content also 

increases along with silk fiber content so there is slight decrease in water absorption [21]. 
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Fig. 4: Variation of water absorption against fiber loading. 

Thermo Gravimetric Analysis: TGA and DTGA curves for fiber 5, 10 and 15 wt. % fiber (silk:glass = 1: 
1) loaded composites are shown in Figure 5. Composites started to decompose at 232.6°C, 229.5°C and 
220.6°C for 5, 10 and 15 wt.% fiber loaded composite respectively. Thus it can be concluded that the 

thermal stability of the composites decreased with the increase in fiber loading. For 5 wt.% fiber loading, 

4.5% residual substances are found. This is because of small amount of fiber content and the extremely 

volatile nature of PP. For 10 and 15 wt.% fiber loaded composites 9.1% and 27.1% residual products are 
obtained after decomposition. This is due to some non-decomposable organic oxides and impurities 

present in the composites. 

 
 

Fig. 5: TGA and DTGA curves for prepared composites against fiber loading. 

 

Surface Morphology: SEM micrographs of silk and glass (silk:glass = 1:1) fiber reinforced composites 
for different fiber loading are shown in Figure 6. For 5 wt.% fiber loaded composite had better adhesion 

between fibers and matrix (Figure 6 (a)) as compared to 15 wt.% fiber loaded composite (Figure 6 (c)). 
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Numerous voids as well as agglomeration of the fibers in polypropylene matrix are also in those 

composites. Whereas for 10 wt.% fiber loaded composite, fiber and matrix are not clearly differentiable 
due to most improved interfacial bonding between them (Figure 6 (b)). Fiber pull-out traces and 

agglomeration of the fibers in the matrix is substantially reduced here. 

      
 

 

Fig. 6: SEM micrographs (a) 5 (b) 10 and (c) 15 wt.% (silk: glass= 1: 1) fiber loaded composites. 

Effect of Fiber Ratio: 

Mechanical and Water Absorption Properties: Variation of mechanical and water absorption properties of 

composites reinforced with different ratios of silk and glass fiber are shown in Figures 7 and 8 
respectively. Both tensile strength and Young’s modulus increased with increase in silk fiber loading [22]. 

The chemical composition of the fiber and its internal structure affected tensile strength [17]. With the 

same fiber loading ratio of 1:1, the flexural strength and flexural modulus showed the highest value. This 
is due to the proper adhesion between the fibers and the matrix. Also, fibers were uniformly distributed 

throughout the matrix with the same fiber loading ratio. It is also observed from Figure 8 that composite 

with more silk fiber absorbed more water than composite with more glass fiber. The hydrophilic character 

of natural fibers is responsible for the water absorption in the composite. Therefore a higher content on 
natural fiber leads to a higher amount of water absorption [23]. 
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Fig. 7: Variation of (a) strength and (b) modulus against fiber ratio. 

 
Fig. 8. Variation of water absorption against fiber ratio. 

Surface Morphology: SEM micrographs of hybrid composite for 10 wt.% fiber loaded composites at 

different fiber ratio’s are shown in Figure 9. Due to intermolecular hydrogen bond formation between silk 

fibers and hydrophobic nature of PP matrix, hydrophilic silk fibers tend to agglomerate into bundles and 
became evenly distributed throughout the matrix [24] as shown in Figure 9. It can be observed that there 

are many fiber pullouts due to lack of interfacial adhesion between the fiber and matrix. The distance 

between the bundles of fibers increased when fibers are added at different ratio’s (Figures 9 (b) and 9 (c)) 
as compared to hybrid composite at 1:1 fiber ratio (Figure 9 (a)). This in turn decreased Young’s modulus 

of the respective composites. 
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Fig. 9: SEM micrographs of (a) 1:1, (b) 3:1 and (c) 1:3 silk and glass fiber loaded composites. 

 

Thermo Gravimetric Analysis: TGA curves of hybrid composites for 10 wt.% fiber loading at 
different fiber ratio’s are shown in Figure 10. For fiber ratio of 3:1 (silk:glass), fiber degradation 

occurred at around 225.0°C to 387.8°C. For fiber ratio of 1:3 (silk:glass), fiber degradation occurred 

at around 223.8°C to 360.0 °C. On the other hand, for fiber ratio of 1:1 (silk:glass), fiber degradation 
occurred at around 229.0°C to 388.0°C. These shows that excess amount of silk fiber made the 

composite more thermally stable as silk fiber is more thermally stable than glass fiber. Less residual 

substances (9.3%) were also obtained after degradation when the glass fiber percentage was higher in 
the composite. As glass fiber is a synthetic fiber, it produces more non-volatile products than silk. 

 

 
   

Fig. 10: TGA curves for prepared composites against fiber ratio. 
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Conclusion: In present research, silk and glass fiber reinforced hybrid polypropylene composites were 
prepared using hot press technique at three level of fiber loading (5, 10 and 15 wt.%). Fiber ratios were 

varied at 3:1, 1:1 and 1:3 for 10 wt.% fiber loading. Tensile strength of composites decreased with 

increase in fiber loading, whereas Young’s modulus increased up to 10 wt.% fiber loading. Flexural 

strength of the composites increased with fiber loading, however flexural modulus increased up to 10 
wt.% fiber loading. SEM micrograph showed that most improved interfacial bonding between the fibers 

and matrix was obtained for 10 wt.% fiber loading. Composites containing silk and glass fiber at 1:1 had 

better tensile strength, Young’s modulus and flexural strength. However for fiber ratio of 3:1 where 
percentage of silk was higher, flexural modulus, water absorption and thermal stability were found higher. 

Based on experimental results and analysis, composites containing 10 wt.% silk and glass fiber at 1:1 

ratio of exhibited the best set of properties. 
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