Abstract

Toughness of epoxy resins was significantly enhanced with two types of reinforcing
agents, silica nanoparticles and epoxidized natural rubber. Diglycidyl ether of bisphenol A
(DGEBA) cured cycloaliphatic polyamine was used as epoxy system. Silica nanoparticles (SN)
with average particle size of 20 nm in diameter and epoxidized natural rubber (ENR) containing
50% mole of epoxide group were used as reinforcing agents. Thermal and mechanical properties
of hybrid SN-ENR epoxy nanocomposites such as glass transition temperature (T,), Young’s
modulus and fracture toughness were investigated. For a single filler system, the addition of ENR
resulted in reduction of T, and modulus of epoxy resins, whereas the addition of SN resulted in
slightly increased values of T4 and significantly improved modulus. However, for the hybrid ENR-
SN nanocomposite systems, the enhancement in both T, and the Young’'s modulus were
observed. Interestingly, the addition of a few weight percent SN to an ENR toughened epoxy
can lead to more than doubling of the K,; value. Through visual evidence via SEM, particle
cavitation of rubber particles and particle debonding of silica nanoparticles were attributed to be
responsible for the toughness improvements for epoxy. A possible explanation is that the
presence of SN may increase ductility of the epoxy matrix around the ENR particles and facilitate
the particle cavitation, which simply increase the toughness of epoxy resin.
”@qﬂizmﬁmaamﬁf{'fslLﬁamsﬁm:rmavlﬂﬁmmuﬂ'mmﬂﬁ'ﬂLLa:auﬁ'@L%aﬂa/l,%am’m%amaﬁa@l
NRUANDNTIITULNITITN AUz lUTaN ludﬁuiﬁ'ﬂf:ﬁﬂﬂﬂiﬂ%'uﬂ*gaLLazﬁﬂmauﬁamao
SWenFududismaudnisgoimmisessiia laud pesTsum@snendlad ez luEam g
?luﬂ@]Lﬁuﬂ:I’]ngTﬂﬂ’N 20 nm mﬂmsmaaawm"]mstﬁui’aqNaui’mﬁ”’aaamﬁmﬂﬂu’é‘ﬁaﬂ%
ialilslavsanannanuasdfendisdusnsuazun Iudanin dsnansznude Tg 1intas uawuin
ﬁmaqé’madLLa:mmm@Tmmumm@mﬁ'ﬂﬁ@hLﬁwij}uazml,ﬁuvl,ﬁ%'@ ﬂavl,ﬂmua'%mmwadi'a@;
HRUINNIFILAAINNNINTZILNSINWULL particle cavitation maoi’a@gwaw ﬂm'sﬁmﬁai’a@l
vLﬁ%ULLiGﬂizﬁ’]'%’]ﬂﬂ’]U%aﬂLLix‘]ﬁdﬂﬁ’]’Jﬁltﬁx‘ivLﬂgﬂ’?ﬁ@]Lﬁ%&JLLNLLﬂt'ﬂZﬁ’]ﬂ’]iﬁ’]%LLNfu‘[@ULﬁ@ﬂ"l‘i
aﬂ?ﬂ(ﬂﬂ’]UI%LLQ:Lﬁ@]ﬂ’]iﬂixﬁ]’]UWﬁdx‘i’]%ﬂﬂﬂvLﬂ ﬁ?lﬁﬁﬁﬂﬂ‘%%ﬂLLNﬂiZ‘ﬁ’]’i}’mﬂ’WEluaﬂvlﬁ&l’mﬁu %d
nalndsnanmunInanaseldaiondasansiriiuuganme aoﬁmmjﬂﬁmmmﬁﬂﬂ

ﬂ'@um@fa@; LRZNNTOANUUUNRAN N BINITAMNLTILIINUNI WA T 1T e

Keywords : epoxy, silica nanoparticles, natural rubber, toughening mechanisms




	In conclusion, based on the literature review presented, silica nanoparticles have been investigated as a toughening agent to rubber toughened epoxies with modest success. Rubber particles mostly are based on CTBN and ATBN rubber toughened epoxies. T...

