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Investigation on Mechanical Properties of Flax/Vinyl Ester Natural
Fiber Composite

Hyunbum Park*, Changduk Kong**', Jeonghwan Lee***, Ingwon Kim****, Hoyeon Lee*****

ABSTRACT: In this study, an investigation on mechanical properties of flax/vinyl ester natural fiber composite was
performed as a precedent study on the design of eco-friendly structure using flax/vinyl ester composite. Vacuum
Assisted Resin Transfer Molding(VARTM) manufacturing method was adopted for manufacturing the flax fiber
composite specimen. The mechanical properties of the manufactured flax composites were compared with flax
composite data cited from some references. Based on this, the experimental data showed that the flax/vinyl ester
composite has some advantages when it is applied to environment-friendly structure.
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Table 1 Mechanical properties of natural fibers

Fiber Density Tensile Young’s
(g/cm?) Strength (MPa) | modulus (GPa)

Jute 1.3-1.45 393-773 13-26.5
Hemp - 690 -
Kenaf - - -
Flax 1.5 345-1100 27
Ramie 1 400-938 61.4-128
Sisal 1.45 468-640 9.4-22.0
Coir 1.15 131-175 4-6
Lyocell 1.5 1400 36

Table 2 Mechanical properties of thermosetting matrix materials

Property Polyesters [Vinyl esters| Epoxies | Phenolics
Tensile strength
34-105 73-81 55-130 50-60
(MPa)
Flexural strength | 7, 151 130,150 | 110-150 | 80-135
(MPa)
Specific gravity | 1.1-1.4 1.1-1.3 1.2-1.3 1.2-1.3
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Fig. 1. VARTM manufacturing method
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(a) Flax dry using oven

(¢) Resin injection and curing under vacuum condition

Fig. 2. Manufacturing process of specimen

Fig. 3. C-scan image of flax laminate (2-D Fabric)
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Table 3. Flexural properties of untreated and treated flax fiber/
epoxy composites (Fiber volume fraction: 25%)

Fiber Treatment
NaOH
1% | 2% | 3%

Flexural Property - 4
ntreate

Longitudinal Strength [MPa] 218 237 | 261 | 283
direction | Modulus [GPa] 18 23 | 20 | 22
Transverse | Strength [MPa] 8 20 15 19
direction | Modulus [GPa] 0.4 23 | 1.1 | 12

Table 4. Mechanical properties of UD flax/vinyl ester specimen
(Fiber volume fraction: 25%)

Test type Strength (MPa) Modulus (GPa)
Tension 1224 13.2
Flexure 170.0 10.3

In Plane Shear 51.3 2.1

Table 5. Mechanical properties of 2-D fabric flax/vinyl ester spec-
imen (Fiber volume fraction: 25%)

Test type Strength (MPa) Modulus (GPa)
Tension 62.0 7.9
Flexure 107.3 6.7

In Plane Shear 41.1 1.7
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Table 6. Specimen test method

Test type ASTM Standard
Tension property test ASTM D3039
Flexure property test ASTM D790

Shear property test ASTM D5379
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Fig. 4. Specimen after tension test (2-D fabric)

Fig. 5. Specimen after flexure test (2-D fabric)

Fig. 6. Specimen after shear test (2-D fabric)

Table 7. Mechanical properties of UD flax/vinyl ester specimen
(Fiber volume fraction: 35%)

Test Institute Jeonnam Technopark
Test type Strength (MPa) Modulus (GPa)
Tension 157.5 10.4
Flexure 188.0 9.7
In Plane Shear 26.24 3.8

Table 8. Mechanical properties of 2-D fabric flax/vinyl ester spec-
imen (Fiber volume fraction; 34%)

Test Institute Jeonnam Technopark
Test type Strength (MPa) Modulus (GPa)
Tension 157.5 10.4
Flexure 188.0 9.7
In Plane Shear 26.24 3.8

Table 9 Mechanical properties of UD flax/vinyl ester specimen
(Fiber volume fraction: 51%)

Advanced Manufacturing Research
Test Institute Centre with Boeing, The University of
Sheffield, UK
Test type Strength (MPa) Modulus (GPa)
Tension 227.2 223
Flexure 252.1 14.3
In Plane Shear 27.6 -
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