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Abstract : Particle reinforced composites are materials that have enhanced physical properties by adding particle reinforcements to
polymer materials and have been applied to a wide range of fields such as the aerospace, bio-technology and automative industry. In this
study, particle reinforced composites were prepared by mixing SiC/AlLO; to the vinyl ester as the thermoset resin. The purpose of this
study is to evaluate mechanical properties and fracture behavior by the tensile test and single edge notch specimen according to the
addition ratio of reinforcement. Addition of 1 and 2 wt% of the particle reinforcement to the vinyl-ester resin was effective for the strength
improvement. However, when it was more than 3 wt%, its strength was decreased. Also the highest elastic modulus obtained as 3.19 GPa
was found at the 2 wt% addition of reinforcement. Futhermore the fracture toughness was evaluated by the energy release rate and the
maximum critical energy release rate was obtained when 1 wt% reinforcement. The results show that the limit of adding of SiC/Al,O; for
improvement of the mechanical and fracture performance is 2 wt% reinforcement particles.

Key Words : digital image correlation, fracture toughness, particle reinforced composite, rule of mixture, strength improvement

1T.M2

Ao A ABFALe] T4 du|sle] LRe
ANeze] et ovA] dokS 7heshA dtoll wet
QRO AMEo] FHE L EetAE AR A=
7} ol A& Ay A= ZdekE AeEkE
312 Z(Fiber Reinforced Plastic, FRP)7} 7l|dtE]o] ARE-
=1 QtkD F gt ZapaE YE o] AL Akl o3t
Ag4o] Ho] ABpRGe] BEHE W o)oix|
Holuf AFelAl Foll &Jsff ¥, 3} 59 =24 Hat
7} ageiet? o) & ulsly] $iste] npola® H719)
n|A|gk QJAFel ] S (particle)S H7FeE QASSHES)
A & (Particulate Reinforced Composite)7} 7/2H=| i Tk

olefgh YA R HAFe EbAel tigt 7| A%

4t B ASS 85 9lstel che A7t A
F=lo] 931 9lrt Tjong 572 BEolgr|&s Az
H B3l =] SiC(Silicon Carbide; ©]|3} SiC)E YA=
7)ol whet d7Feto] a2 GeoA] A AP ZAIHS
SEHT, Hu S92 AFS ol gdt 2ae Akt
o] SiC YAE A7FeE dFnlw7|A] SRl st
of ANTE pasIgon FUFEYR /)5
AT} vlgo] Frashal A7 E W AlAgo] 3FEH
Ae Ruslgth Lu 598 37N avus
2791 m2olHe FAH E4S FHsly] skl
SiC JA7F A71E AL Os(Aluminium Oxide; ©]5} ALOs)
Aﬂlﬂ-nl/\e 12 3HNA FIAAEL} oyl dLe J
it ALt Sl el S 57
S A S A olifas wold

)

_4

*Corresponding Author : Oh Heon Kwon, Tel : +82-51-629-6469, E-mail : kwon@pknu.ac.kr
Department of Safety Engineering, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan 48513, Korea



A
oM &

o= Zradt=e AL 9;}0 steit}. Juliane 592 SiC ¢
Z7F A7 wHAAAA-G-ESHR 2 (Carbon Fiber Reinforced

Plastic, ©]3} CFRP)Z SENB(Slngle—Edge Notch Beam)
AdS diste] BaAE 9 F=BrEE SHIh
Yoon”& TiO, ¢JAF2 Zslel o EA] TEAEFAR
S YA 2719} H7keo] Al wlAl= el disl
Asiston] o] oA Sl ¥ T 41
ol whet FRAE W FAAE PAE AL S5
At ey WA QAdEEERe] Sice)
ALO; JAHF7} HlEof RISt A7} nlv|sich
uepA 2 Agtolis A3 AR Bl o 2E
E(Vinyl-ester)o]] YWt o @ AMRE Ql= G328 Al
A 3l sicet ALO; YA E Egtsto]
VaRTM (Vacuum-assisted Resin Transfer Molding) 3%
o= YAskEEAE Hustdon dxel Wb

&l T2 °1XPAlff4ﬂJr XS st 7AA 5
Azt 227 5-S Bk
2. AlEE o Alsjubd
2.1 ARE U AIRH
2 Ao ARgE wjdo|AHIE 4X= CCP

Composites Korea(F2)o)| A AJALE] = Epovia® RF-1001
AlEolm, AR SiC= = ()T LA
A= 27 oF 1 mo] GC-#10,000 2E-& A3}
th. AbOs:= R&B INC.ofl4] hijsh= 2% oF 1 ime]
AP-100 #8-Z ARESHGItE a2 v do|AH 2
A GdR o]Rol At A7} 1, 2, 3 D 4 wi%2)
SiIC/ALO; AAABIAE AH7lsE Aoz 5711 222
433}k Table 13} 2= A= Y52 259 7hz-

Table 1. Ratio of reinforced and matrix by composites type

Particle weight percentage
Product
resin 1 wt% 2 wt% 3 wt% 4 wt%
SiC 0 0.5 1.0 1.5 2.0
ALO; 0 0.5 1.0 1.5 2.0
Vinyl ester 100 9 98 97 96
Table 2. Physical properties of materials
Size Specific Tensile Elastic Fracture
Material (um) gravity strength | modulus toughness
(gfenr’) (MPa) (GPa) | (MPa - m'?)
GC-#10000 1 3.20 138 400 4.6
AP-100 1 3.92 260 370 3.0
Epovia®
RE-1001 NA 1.02 79 3.66 NA
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Fig. 1. Schematic diagram of Vacuum—assisted Resin Transfer
Molding process(VaRTM method).
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Table 3. Denomination of tensile and SENT specimen

Material Tensile specimen type SENT specimen type
Resin only RT RF

1 wt% PT1 RT1

2 wt% PT2 RT2

3 wt% PT3 RT3

4 wt% PT4 RT4

Table 4. Crack ratio of SENT specimen

Specimen | Particle weight fraction w a W
type () (mm) | (mm)
RF resin 18.44 9.22 0.5
PF1 1 wt% 18.75 9.375 0.5
PF2 2 wt% 18.67 9.335 0.5
PF3 3 wt% 18.55 9.275 0.5
PF4 4 wt% 18.51 9.255 0.5

SIS0k 85| K|, M3 M35, 20174

unit: mm
«_ 40
18.5
016 .
(a) Tensile specimen
unit: mm

« 92 5

)

(b) SENT specimen
Fig. 2. Specimen configurations,
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Fig. 3. Relationships of stress—strain acquired from a tensile
test according to the reinforced particles ratio,
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results for an elastic modulus,

Table 5. Mechanical properties of the tensile specimen

Material Ultimate Yield strength | Elastic modulus| Poisson’s ratio
type | strength (MPa) (MPa) (GPa) )
RT 31.36 14.99 2.65 0.305~0.330"
PT1 38.24 16.53 2.99
PT2 33.29 18.54 3.19 0.354
PT3 28.91 18.44 2.92 0.344
PT4 26.53 16.29 293 0.361

") Information resource with material properties data on MATWEB website
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