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A Study on the Mechanical Properties of Glass Fiber
Reinforced Composites repaired by stepped Patch Method
with particles.

Jung, Kyung Seok

Department of Marine Equipment Engineering

Graduate School of Korea Maritime and Ocean University
Abstract

Fiber-reinforced composites, ~which are polymer matrix composites,
have a low specific gravity compared to metal materials, and have high
nodal strength and non-rigidity. They are excellent in corrosion
resistance and moldability, and are wused as high-functional materials
to replace metal materials in various industries. However, due to weak
toughness and vulnerability to impact, continuous maintenance of the
damage of the composite material is required. Currently, most of the
research on the repair of composite materials is about repairing carbon
fiber and sandwich structure focused on aviation industry. In addition,
studies on the addition of various particles have been carried out in
order to enhance the mechanical properties of composite materials.

In this study, the contents of Halloysite Nanotubes and Milled Carbon
were changed in a stepwise patch and added to the matrix.
Mechanical and environmental tests were carried out using the repaired
specimens. The applicability of the repair method with particle addition
in the maintenance market was evaluated in comparison with the
existing non - particle addition specimens.

In the mechanical test, it was confirmed that the addition of up to 1
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wt% of Miled Carbon and the Halloysite Nanotube in the tensile
strength improved the recovery rate compared to the non - particle
addition specimen. The bending strength of the specimens was higher
than that of the non - particle addition specimens except for 5 wt%
addition of Milled Carbon. On the other hand, bonding strength was
lower than that of non-particle addition specimen. In the environmental
test, the addition of Milled Carbon showed lower moisture absorptivity
than that of non - particle specimens. In the deterioration of
mechanical properties due to water absorption, both particles showed
similar tendency to decrease in physical properties.

The results of this experiment proved that the repaired specimens with
added particles improved the mechanical properties at certain contents.
However, further studies are needed to improve the interfacial bonding
between the repair specimen and the patch and to distribute the
particles evenly. Solving these problems can improve the recovery rate
of mechanical properties when repairing fiber-reinforced composites.
and the life span of fiber-reinforced composites will be extended in
various industries.

KEY WORDS: Composite &%#]%, Glass Fiber @ A
AGd X%, Halloysite Nanotube & ZoJAlo]lE ULk &
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£, Mechanical test 7]A1% &4, Water absorbtion & &
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Fig. 1 Schematic of mechanical fastening method
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Table 1 Property of glass fiber

Properties Units Values
Tensile strength MPa 3400~3600
Density g/cm?2 2.5
Elastic modulus GPa 75

Diameter um 4.70

Table 2 Property of resin

Value
Properties Units
KFR-120V | KFH-141
Equivalent weight gleq, EEW 170~180 -
Density g/ml 1.12~1.17 0.8~1
Viscosity CpS 900~1050 5~50
Total amine value mgKOH/g - 500~700

_‘]‘I_




Table 3 Property of Milled Carbon

Properties Units Values
Filament diameter um 7.2
Carbon content % > 92
Sizing content GPa 0.5~1
Mean fiber length um 100
Bulk density g/ml 0.25

Table 4 Property of Halloysite Nanotube

Properties Units Values
Molecular weight g/mol 294.19
Specific gravity - 2.53

Pore volume ml/g 1.26~1.34

- ‘]2 -
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(a) Adding particles to resin (b) Stirrer setting

(c) Ultrasonic agitation (d Cooling at room temperature

Fig. 6 Particle dispersion procedure
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(a) Mold release treatment (b) Glass fiber prepreg

lamination
R S T

(e) Vacuum molding (f) Demolding and surface

treatment
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() Laminating auxiliary materials (j) Vacuum molding

Fig. 7 Making process of repair specimen
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100mm

Vacuum bag " — Teflon plate
) I
\ : : Repair plies
; T - 1 a//
1 [ 1 I
I L
I e T
B | [ ] i
Amm — ] A—— | 457°
| L—————1 A
~ L. C—1 A —
2mm = N —
Nl A=
:|:|.—\
Sealant tape
Vacuum hose
Fig. 8 Schematic of repair specimen
Table 5 Code of specimens
Name Added particle Content(wt%) | Damage(O/X)
u.s X 0 X
N.P X 0 (@]
MCO0.5 Milled Carbon 0.5 @]
MC1.0 Milled Carbon 1.0 (@]
MC2.0 Milled Carbon 2.0 (@]
MC3.0 Milled Carbon 3.0 (@]
MC4.0 Milled Carbon 4.0 @]
MC5.0 Milled Carbon 5.0 @]
HNTO0.5 | Halloysite Nano Tube 0.5 (@]
HNT1.0 | Halloysite Nano Tube 1.0 @]
HNT2.0 | Halloysite Nano Tube 2.0 @]
HNT3.0 | Halloysite Nano Tube 3.0 @]
HNT4.0 | Halloysite Nano Tube 4.0 (@]
HNT5.0 | Halloysite Nano Tube 5.0 (@]
- ’]8 -
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LA
(d) Wet prepreg making

Relanes \

(e) Specimen bonding (f) Final vacuum forming

Fig. 9 Making process of bonding test specimen
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(c) Bonding test

Fig. 10 Images of method for each test
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(b) Moisture absorption test machine

Fig. 11 Moisture absorption test
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(a) Imaging microscope (b) Optical microscope

Fig. 12 Microscope apparatus
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(a) Scanning electron microscopy (b) Platinum coatinger

Fig. 13 SEM apparatus
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(b) Bending strength of specimen with Milled Carbon
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N.P MC0.5% - MCL.0%  MC2.0%  MC3.0%  MC4.0%  MC5.0%

(c) Bonding strength of specimen with Milled Carbon
Fig. 14 Comparison of mechanical property of Milled Carbon

Table 6 Recovery rate of Milled Carbon specimens

Recovery rate (%)
Tensile strength Bending strength
u.s 100 100
N.P 64.7 75.8
MCO0.5 72.0 82.6
MC1.0 74.2 81.9
MC2.0 64.7 79.3
MC3.0 57.3 88.2
MC4.0 55.1 85.4
MC5.0 52.9 56.3
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(a) Tensile strength of specimen with Halloysite Nanotube
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(b) Bending strength of specimen with Halloysite Nanotube
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(c) Bonding strength of specimen with Halloysite Nanotube

Fig. 15 Comparison of mechanical property of Halloysite Nanotube

Table 7 Recovery rate of Halloysite Nanotube

Recovery rate (%)
Tensile strength Bending strength
u.s 100 100
N.P 64.7 75.8
MCO0.5 76.4 91.3
MC1.0 69.8 89.0
MC2.0 58.0 88.5
MC3.0 63.9 82.9
MC4.0 60.2 78.9
MC5.0 58.8 78.1
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(a) Specimen containing Milled Carbon

Water Content (%)
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(b) Specimen containing Halloysite Nanotube

Fig. 16 Moisture absorption behavior of repairing specimens
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Fig. 17 Degradation of mechanical properties of Milled Carbon
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Table 8 Rate of diminution of Milled Carbon specimens

Rate of diminution(%)
Tensile strength Bending strength
u.s 17.6 17.0
N.P 14.7 25.2
MCO0.5 20.4 32.3
MC1.0 20.7 35.2
MC2.0 11.3 29.1
MC3.0 8.9 26.2
MC4.0 5.3 27.6
MC5.0 8.3 25.4
- 138 -
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Fig. 18 Degradation of mechanical properties of Halloysite Nanotube
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Table 9 Rate of diminution of Halloysite Nanotube specimens

Rate of diminution(%)
Tensile strength Bending strength
u.s 17.6 17.0
N.P 14.7 25.2
HNTO.5 15.3 36.0
HNT1.0 14.7 27.0
HNT2.0 8.8 30.0
HNT3.0 13.7 31.1
HNT4.0 10.9 27.7
HNT5.0 L 32.8
- 40 -
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(a2) N.P fracture section

(b) MCO0.5 fracture section
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(c) HNTO.5 fracture section

Fig. 19 Image taken with a Imaging microscope
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(a) N.P fracture section

(b) MCO0.5 fracture section
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(c) HNTO.5 fracture section

Fig. 20 Image taken with a Optical microscope
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MIRA3 TESCAN
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= B e —

SEM HV: 13.0 kV ‘ WD: 26.63 mm

(b) The laminated side of MC5.0

_47_

Collection @ kmou

MIRA3 TESCAN
KMU




SEM HV: 13.0 kV WD: 26.69 mm MIRA3 TESCAN

= o
(a) The laminated side of HNTO0.5

' SEM HV: 13.0 kV WD: 27.46 mm MIRA3 TESCAN
SEM MAG: 2.00 kx Det: SE KMU

(b) The laminated side of HNT5.0

Fig. 21 Surface taken with a scanning electron microscope
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SEM HV: 13.0 kV WD: 26.68 mm MIRA3 TESCAN
SEM MAG: 3.49 kx Det: SE KMU

(a) The laminated side of N.P

-
SEM HV: 13.0 kV WD: 26.73 mm MIRA3 TESCAN
SEM MAG: 3.50 kx Det: SE KMU

(b) The laminated side of MC 0.5
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SEM HV: 13.0 kV

SEm MAG: 3.51 kx
(¢) The laminated side of HNT 0.5

Fig. 22 Surface taken after the moisture absorption test
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