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Abstract

A new attempt development of new hybrid composite materials has been studied. Increasing
the mechanical and physical properties of composite materials to lower their weight and cost is the
most frequent problem in engineering projects. This study's goal is to enhance the mechanical and
physical characteristics of composite materials. Also due to this, hybrid composite materials have
received recent attention. In this work, hybrid composite materials were created to enhance mechanical
and physical characteristics. In this investigation, glass fiber and mica fiber were both employed as
synthetic and natural fibers, respectively. The influence of mica as natural fiber with glass fiber as
synthetic reinforcement by weight percent (wt%) on the mechanical properties of hybrid composite
materials were investigated. Epoxy resin (thermosetting polymer) reinforced by various wt % of glass
fiber/mica fiber, such as (0-0, 15-0, 10-5, 7.5-7.5, 5-10, 0-15 %), as well as samples created by hand
lay-up method. In addition, glass fiber and mica fiber in long fiber unidirectional form are utilized;
mechanical properties such as tensile, flexural and impact strength have been tested. As the results of
this study, both glass fiber and mica fiber increased mechanical properties, although glass fiber has a
greater effect than mica fiber but also using mica fiber make great improvement between 26% to 67%.
Composites reinforced with 15% glass fiber had a better value of mechanical properties compared to
others. Additionally, the hybrid composite made of glass fiber and mica fiber performed well in all
tests, enhanced mechanical characteristics, which decreased the cost of making composites.
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1. Introduction

Composites have become an increasingly important aspect of today's materials due to benefits such
as low lightweight, resistance to corrosion, high fatigue strength, etc... [1]. Composite materials
utilizing natural fibers as reinforcing components have recently received much attention in a wide
range of sectors [2]. Natural fiber has various advantages such as low density, biodegradability, low
cost, reduced energy consumption and less health risk, which is why it is increasingly being used in
composite materials. Cotton, hemp, abaca, jute, kenaf, flax, sisal and other natural fibers are some of
the options [3]. These composite materials have been employed in a variety of sectors, including
aircraft, leisure, construction, sport, packaging and vehicle sectors [4]. As a solution to the
environmental issue and reduce costs when designing composite materials, natural fiber may play a
significant role. Natural fibers are lighter and less expensive than synthetic fibers, but they have lower
mechanical properties. Hybrid composites are a promising choice for tackling this problem in new
advanced composites [5].

Cotton fibers, among the natural fibers obtainable, have excellent properties such as high
strength and durability, as well as absorbency and biodegradability. This fibers contain the largest
molecular weight cellulose of any plant fiber, chemical composition contains (88-96% cellulose), (0.7-
1.2 % pectic), (1.1-1.9 % Protein) (0.4-1 % wax) and (0.7-1.6 % ash)[6]. As a result, polymer
composites based on cotton fibers have played an increasingly important role in specific applications,
including the automobile sector and also in terms of strength requirements. The fundamental drawback
of these composites is the insufficiency fiber—matrix interface adhesion, which has a negative impact
on composite properties [7], also cotton is one of the most widely produced textile fibers for
commercial use worldwide [8].

Adding natural fibers and synthetic fibers to polymer composites has enhanced their
mechanical and physical properties in various researches. Cotton fiber, one of their fibers, has also
been employed in other studies, including; [9] in their study, by adding cotton fibers to geopolymer
composites, the flexural strength of the composites was enhanced by 12.5 %, also when the percentage
of cotton fiber in composites increased, the density of the composites declined. [10] in their study, they
created composite materials with cotton fibers that reinforced polypropylene resin. They demonstrated
that the composite material's tensile strength has been enhanced (36%). Other studies [11] found that
adding cotton fiber to poly (ethylene terephthalate), increased mechanical properties such as flexural
strength, tensile strength and impact resistance. Cotton fiber, on the other hand, has been combined

with different fibers in various studies to improve mechanical properties. [12] in their study, to
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increase the mechanical properties of phenolic resin, cotton fiber was combined with jute fiber with
various orientations. They found that composites’ mechanical properties have improved, with the
highest values of (flexural strength, tensile strength and impact resistance) attained with (0°).

This review show that mica (Phenolic Cotton Laminated) fiber have never been used in fabrication and
preparing of epoxy based composite except our attempts to use it in this study. In the current study, the
thermosetting polymer is reinforced with mica fiber and/or glass fiber. Tensile, flexural strength and
impact resistance properties of the composites were evaluated at different weight fractions of fibers.
The main objective of this research is to enhance the mechanical and physical properties of composite

materials, as well as to develop a cost-effective natural fiber for a wide range of applications.
2. Experimental

2.1 Materials

In this work, employed various materials to create composite materials such as:

I. Epoxy resin: we employed two epoxy resins in our investigation (Sikadur-31 DW and
MasterBrace ADH 1420). Sikadur 21 DW is made up of two parts resin and hardener that must
be mixed in a 3/1 ratio by volume or weight, with a mixing density of 2kg/l. MasterBrace ADH
1420 is made up of two parts resin and hardener that must be mixed at a ratio of 2/1 by weight
or volume, with a mixing epoxy density of 1.55 kg/I.

ii. Mica fiber (Phenolic Cotton Laminated Rod): the phenolic cotton laminated rod is composed of
many layers of cotton fabric that were molded and processed under pressure and heat and are
coated with phenolic resin. The stiff laminated rods are then cured in various diameter molds at
high pressures and temperatures. We collected some size from mica fiber by using a wood wool
machine, and then divided it into (long fiber, particle, powder) forms using mechanical sieving.

Table 1 shows the physical and mechanical properties of mica fiber.
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Figure 1 (a) Mica fiber (Phenolic Cotton Laminated Rod), (b) Mica fiber after grinding by a

wood wool machine.

iii. Glass fiber: in this study, we used E6-glass fiber 368T direct roving. The physical and

mechanical parameters of glass fiber are shown in Table 1.

Table 1 Physical and mechanical property of mica fiber and glass fiber. [13]

Parameter Mica fiber Glass fiber
Density g/cm?® 1.25-1.4 2.62
Diameter 5 (cm) 21-22 (um)
Tensile strength (MPa) 78 2741
Flexural strength (MPa) 95
Limit temperature (°c) 120 15-35

2.2 Preparation of composites materials.

Steel plate was used for the preparing moulds for the fabrication composite materials, having the

dimensions of (200-100-3 mm) as shown in figure 2. The samples has been prepared by hand lay-up,

the epoxy was mixed with hardener at a 3/1 ratio for Sikadur-31 DW and 2/1 for MasterBrace ADH

1420 and the resin was mixed for 3 minutes to ensure homogeneity.
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Figure 2 (a) Steel plate moulds, (b) Samples after removing from moulds.

After pouring the required amount of epoxy resin over the moulding, the glass fiber was placed

unidirectionally over the epoxy resin, epoxy resin was poured over the glass fibers at second time, the

second layer glass fiber was placed unidirectionally over the epoxy resin and finally epoxy resin was

poured over it. This process is used for fiber glass composites and mica fiber composites, however for

hybrid composites; the initial layer of glass fiber is replaced with mica fiber. All samples were pressed

by 15kg at room temperature, and then kept in this state during 4 hours for Sikadur-31 DW and 24

hours for MasterBrace ADH 1420 before being removed from the mould. Auto-Cad software was used

to construct the dimensions of the (tensile, flexural and impact samples). The dimensions were then

used to create a Computer Numerical Control (CNC) water jet that cut samples. The content of

composite materials was shown in table 2.

Table 2 the composition of composite materials.

# Epox{g")"‘*ight FG weight % | Mica Fiber weight %
SO,MO 100% 0 0
SLML 85% 15% 0
S2.M2 85% 10% 5%
S3M3 85% 75% 75%
SaM4 85% 5% 10%
S5.M5 85% 0 15%

Where S= Sikadur-31 DW composites, M= MasterBrace ADH 1420 composites
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In addition, figure 3 depicts the sample for each test after being cut using a CNC water jet.

(@) (b) (©)

Figure 3 (a) Tensile test samples, (b) Impact test samples, (c) Flexural test samples.

2.3 Mechanical tests

The tensile test specimen was manufactured in accordance with ASTM D638[14] standard with
dimensions of (165-19-3 mm) as shown in figure 4. Tensile tests were performed using the salahaddin
universal testing machine in accordance with ASTM D638 at a rate of 5 mm/min. The samples'
flexural properties were determined using ASTM D790[15], a three-point flexural test technique for
unreinforced and reinforced polymers. The flexural tests were done on the koya universal testing
machine according to ASTM D790 with the crosshead speed of 5 mm/min and the span length is
80mm the dimensions of specimen used are (130-12.7-3 mm) which showed in figure 4. The charpy
impact test machine was used to conduct the tests and the salahaddin universal testing machine was
utilized to conduct the tests in accordance with ASTM D6110[16]. The dimensions of the specimen

used were (127-12.7-3 mm), as shown in figure 4.
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Figure 4 (a) ASTM D638 standard for tensile samples. (b) ASTM D790 standard for flexural
samples. (¢) ASTM D256 standard for impact charpy samples.

Also, in figure 5 showed some samples broken after mechanical testing like (tensile, flexural and
impact strength).

‘
L
)

(@) (b) (c)
Figure 5 (a) Tensile samples after testing, (b) Impact samples after testing, (c) Flexural samples

after testing.

3. Results and discussion:

In this study, conducted three mechanical properties for composite materials (tensile, flexural and
impact strength), all of them were conducted in accordance with ASTM standards. Tables 3 and 4
illustrate the results of their composite material testing.
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Table 3 shows the result tests of composite materials master brace.

Tests MO M1 M2 M3 M4 M5

Tensile strength (MPa) 13.7 79 40 35 25 23
Flexural strength (MPa) 30.95 | 132.88 | 108.98 | 80.477 | 53.42 | 44.84
Impact energy (J) 0.88 | 3565 | 2411 | 2092 | 1583 | 1.11

Table 4 shows the result tests of composite materials sikadur.

Tests S0 S1 S2 S3 S4 S5

Tensile strength (MPa) 9.5 54 33 22 18 11
Flexural strength (MPa) 23.3 | 111.99 81.51 63.01 | 40.69 | 34.04
Impact energy (J) 0.225 | 1.888 1.375 0.765 | 0.426 | 0.340

Figure 6 shows how tensile strength changes with different content of composite materials, we
observed that each composites glass fiber and mica fiber had improved the tensile strength of epoxy
resins, and also it can able to be seen that glass fiber composites show higher tensile strength compared
to mica fiber composites which is related to the nature of synthetic fiber in comparing with natural
fiber, the best value of tensile strength achieved with (S1,M1) which reinforced by (15%) of glass
fibers, Sikadur epoxy resin climbed by 460 %, while master brace epoxy resin increased by 470 %.
Due to the strong mechanical properties of glass fiber, tensile strength decreases as the wt.% of glass
fiber decreases. The tensile strength of epoxy resin was also improved by 15% for sikadur epoxy resin

and 67% for master brace epoxy resin when mica fiber was reinforced.

Stress-Strain Curve

(@)
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Stress-Strain curves
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Figure 6 (a) The result of tensile strength composite materials master brace. (b) The result of

tensile strength composite materials sikadur.

Figure 7 demonstrates the relation between flexural strength and fiber content of composite
materials. The neat epoxy composite materials obtained 23.3 MPa for sikadur composites and 30.95
MPa for master brace composites. However, by adding 15% glass fiber to neat epoxy, the flexural
strength dramatically increased and reached 111.99 MPa (380%) for sikadur epoxy and also reached
(132.88 MPa) (329%) for master brace epoxy. Also due to the strong mechanical properties of glass
fiber and the use of glass fiber unidirectionally, good interface adhesion between matrix and fibers
occurred, but flexural strength decreased linearly as the wt% of glass fiber was reduced. Using mica
fiber also increased flexural strength, reaching (34.04 MPa) (46 %) for sikadur epoxy and (44.84 MPa)
(44.87 %) for master brace epoxy.
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Figure 7 (a) The result of flexural strength composite materials master brace. (b) The result of

flexural strength composite materials sikadur.

Figure 8 illustrates the effect of fiber loading on the impact strength of mica and glass fiber and hybrid
fiber reinforced epoxy composites. We can also see that the increasing wt % has a large impact on the
mechanical properties of glass fiber composites, due to the same reasons discussed in tensile and
flexural strength, adding glass fiber to epoxy composites dramatically increases impact resistance from
(0.225 J) to (1.888 J) approximately (700 %) for sikadur composites, and from (0.88 J) to (3.565 J)
approximately (300 %) for master brace composites. Mica fiber also improved the impact strength of
epoxy composites, with sikadur composites improving to (0.34J) about (51%), and master brace

composites improving to (1.11) approximately (26%).
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Figure 8 (a) The result of impact strength composite materials master brace. (b) The result of
impact strength composite materials sikadur.

6. Conclusion

Mica fiber, which is a natural fiber, had been used for the first time in this study, and/or glass fiber,
which is a synthetic fiber was used to reinforce epoxy composites (thermosetting polymer).
Additionally, these fiber-reinforced epoxy composites may be made with single fibers or mixed fibers,
such as hybrid fibers. For this composite, three mechanical properties experiments were conducted,
and we were able to gain some results, which are discussed in the current work, few points can be

concluded as below:

i. Both fibers enhanced the tensile strength of both epoxies, due to the strong mechanical
properties of glass fiber, glass fiber composites achieved greater tensile strength than mica
fibers predictably, the best tensile value was found with (M1 and S1), which were reinforced
with 15% glass fiber.

ii. We attain the same results for flexural strength in coincidence with tensile strength, the best

value of flexural strength obtained when composites reinforced with 15% glass fiber.

iii. In the Charpy impact test, composites reinforced with 15% glass fiber got the best value. Mica
fiber raised the impact strength of composites as well, but it had a smaller impact value than

glass fibers.
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iv.

Vi.

Vii.

Mechanical properties (tensile strength, flexural and impact resistance) of composite materials
master brace (ADH 1420 Composite) it is higher than composite material sikadur (31 DW
composite). Coincidence with that the effects of mica fiber were more apparent in composite

master brace.

Although glass fiber has a greater effect than mica fiber for (tensile strength, flexural and
impact resistance) as expected, but also using mica fiber make great improvement between
26% to 67%. For all of them.

By properly fabricating mica fiber reinforced epoxy composites, this work offered opportunity
to use mica fiber with glass fiber in reinforced thermosetting polymers with light weight
composites to discover an appropriate cost-performance balance and ecologically acceptable

material.

Fabrications of composite materials raw ingredients for polymers are costly. As a result, we
may recycle mica fiber that was previously utilized in their application, lowering the cost of

raw materials.
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