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ABSTRACT

H yb rid p o lym e r c o m p o s ite s re in fo rce d w ith n a n o a n d m ic ro fille rs h a ve

a ttra cte d s ig n ifica n t a tten tio n d u e to th eir en h a n ce d m ec h a n ic a l a n d th e rm a l

p ro p erties . In th is s tu d y, a h yb rid c o m p o s ite m a terial w a s f a b ric a ted u s in g e p o xy res in

a s th e m a trix m a teria l a n d re in fo rce d w ith M u lti-W a lle d C a rb o n N a n o tu b es (M W C N T s )

a n d A lu m in u m O x id e (A l₂O ₃). T h e a im o f this w o rk is to in ve s tig a te th e e ffe ct o f th es e

rein fo rc em en ts o n th e m e ch a n ica l a n d th erm a l p e rfo rm a n c e o f th e c o m p o s ite

m a te ria l. D iffe ren t w e ig h t fra c tio n s o f M W C N T s a n d A l₂O ₃ w e re in co rp o ra te d in to th e

ep o x y m a trix u s in g a m ec h a n ica l m ixin g m eth o d . T h e p re p a red s p ec im e n s w e re

s u b jec te d to ten s ile te s tin g , the rm a l co n d u c tivity te s tin g , a n d m ic ro s co p ic a n a lys is .

T h e res u lts in d ic a te th a t th e a d d itio n o f M W C N T s a n d A l₂O ₃ s ig n ific a n tly im p ro ve s th e

ten s ile s tre n g th , Y o u n g ’s m o d u lu s , a n d th erm a l co n d u c tiv ity o f th e e p o x y co m p o s ite.

T h e h yb rid rein fo rc em en t a p p ro a ch o f fers a p ro m is in g ro u te fo r d ev elo p in g

h ig h -p erfo rm a n ce co m p o s ite m a teria ls s u ita b le fo r a p p lica tio n s in a ero s p a ce ,

a u to m o tive , a n d elec tro n ic p a c k a g in g in d u s trie s .
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INTRODUCTION

C o m p o s ite m a teria ls a re w id e ly u s e d in e n g in ee rin g a p p lica tio n s b e ca u s e o f

th eir h ig h s tren g th -to -w e ig h t ra tio , c o rro s io n re s is ta n c e, a n d e xc ellen t m e ch a n ic al



p ro p erties . In rec en t yea rs , p o lym e r m a trix c o m p o s ites h a v e g a in ed p o p u la rity d u e to

th eir lig h tw eig h t n a tu re a n d e a s e o f f a b ric a tio n . A m o n g th e v a rio us p o lym er m a tric es ,

ep o x y re s in s a re e xten s iv ely u s ed in ind u s tria l a p p lica tio n s d u e to th e ir g o o d a d h es io n ,

ch e m ic a l res is ta n ce , a n d ele ctric a l in s u la tio n p ro p e rties .

H o w ev er, e p o xy res in s g en e ra lly ex h ib it lo w th erm a l co n d u c tiv ity a n d lim ited

m ec h a nic a l s tren g th w h en u s ed a lo n e. T o o ve rc o m e th es e lim ita tio n s , rein fo rc in g

m a te ria ls s u ch a s ce ra m ic p a rtic les , fib e rs , a n d n a n o p a rtic les a re in co rp o ra ted in to the

p o lym e r m a trix. T h e d e ve lo p m en t o f h yb rid c o m p o s ites th a t c o m b in e d if feren t ty p es

o f re in fo rcem e n ts h a s b e co m e a n e ffec tiv e a p p ro a ch to e nh a n c e th e o v era ll p ro p e rties

o f c o m p o s ite m a teria ls .

M u lti-W a lled C a rb o n N a n o tu b e s ( M W C N T s ) a re c ylin d ric a l n a n o s tru ctu re s co m p o s e d

o f m u ltip le g ra p h e n e lay ers . T h ey p o s s es s ex ce p tio n a l m e ch a n ica l s tre n g th , h ig h

ele ctric a l c o n d u ctiv ity , a nd ex ce lle n t th erm a l p ro p erties . D u e to th e s e ch a ra cte ris tic s ,

M W C N T s a re w id e ly u s e d a s rein fo rce m en t m a teria ls in p o lym er n a n o c o m p o s ite s .

A lu m in u m o x id e (A l₂O ₃), c o m m o n ly k n o w n a s a lu m in a , is a c era m ic m a teria l w ith h ig h

h a rd n es s , g o o d th erm al co n d u c tiv ity , a n d e xc ellen t ch e m ic a l s ta b ility . It is w id e ly u s e d

in e n g in e erin g ce ra m ics a n d a s a re in fo rce m e n t m a te ria l in c o m p o s ite s ys te m s .

In th is s tu d y, a h yb rid c o m p o s ite c o n s is tin g o f ep o x y re s in rein fo rc ed w ith M W C N T s

a n d A l₂O ₃ p a rtic le s w a s fa b ric a te d . T h e m ec h a n ic a l a n d th e rm a l p ro p e rtie s o f th e

p re p a red c o m p o s ite s w e re ev a lu a ted to d ete rm in e th e eff ec tive n es s o f hy b rid

rein fo rc em en t.

LITERATURE REVIEW

S ev era l res e a rc h ers h a ve in v es tig a ted th e in flu en c e o f c a rb o n n a n o tu b es a n d
ce ra m ic fillers o n p o lym e r co m p o s ites . C a rb o n n a n o tu b e s a re c o n s id ered id ea l
rein fo rc in g m a teria ls b ec a u s e o f th eir u n iq u e m e ch a n ic al a n d e le ctric a l p ro p e rties .
W h e n d is p ers e d in a p o lym e r m a trix, th e y s ig n if ic a n tly im p ro ve th e m e ch a n ica l
s tre n g th a n d s tiff ne s s o f th e co m p o s ite.

S tu d ies h a ve s h o w n th a t in c o rp o ra tin g c arb o n n a n o tu b e s in to ep o x y m a tric es
in crea s e s te n s ile s tren g th a n d e la s tic m o d u lu s . H o w e ve r, ac h iev in g u n ifo rm d is p ers io n
o f n a n o tu b es in th e p o lym er m a trix re m a in s a ch a lle n g e d u e to th eir te n d en c y to
a g g lo m era te .



R e s ea rch e rs h a v e a ls o ex p lo re d th e u s e o f c era m ic fille rs s u ch a s a lu m in u m o xid e ,
s ilic o n ca rb id e, a n d m a g n e s iu m o x id e in p o ly m e r c o m p o s ites . T h e s e fille rs im p ro v e
th e th erm a l co n d u c tiv ity a n d w ea r re s is ta n c e o f th e co m p o s ite m a te ria ls .

H yb rid co m p o s ites c o n ta in in g b o th n a n o a nd m ic ro re in fo rce m e n ts h a v e
d e m o n s tra ted s u p e rio r p e rf o rm a n c e co m p a red to s in g le f iller s ys te m s . Th e
co m b in a tio n o f ca rb o n n a n o tu b es a n d c era m ic p a rtic le s p ro vid es im p ro ve d
m ec h a nic a l, th e rm a l, a n d ele ctric a l p ro p e rties .

P rev io u s s tu d ie s in d ic a te tha t th e a d d itio n o f a lu m in a p artic les im p ro v es h a rd n es s a n d
th erm a l s ta b ility , w h ile ca rb o n n a n o tu b es en h a n c e m ec h an ic a l s tren g th a n d ele ctric a l
co n d u c tiv ity . T h e re fo re, co m b in in g th es e m a teria ls in a n e p o xy m a trix c a n res u lt in
m u ltifu n ctio n a l co m p o s ite m a te ria ls s u ita b le fo r a d va n c ed e n g in ee rin g a p p lica tio n s .

3. MATERIALS USED

3.1 Epoxy Resin

E p o xy res in w a s u s e d a s th e b a s e m a trix m a teria l fo r fa b rica tin g th e co m p o s ite.

E p o x y re s in s a re th erm o s e ttin g p o lym e rs k n o w n fo r th eir s tro n g a d h es ive p ro p ertie s ,

ch e m ic a l res is ta n ce , a n d m ec h an ic a l s ta b ility . T h e y a re w id e ly u s e d in c o a tin g s ,

a d h e s ive s , elec tro n ic co m p o n e nts , a n d s tru ctu ra l co m p o s ites .

3.2 Aluminum Oxide (Al₂O₃)

A lu m in u m o xid e is a c era m ic m a teria l w ith h ig h h a rd n es s , e xc ellen t w e a r

res is ta n ce, a nd g o o d th erm a l c o n d u c tiv ity . It is o n e o f th e m o s t w id ely u s ed

en g in ee rin g c era m ic s d u e to its c o s t e ffe ctive n es s a n d m ec h a nic a l p ro p e rties .

A lu m in a p a rtic les w ere u s e d a s re in fo rce m e n t to im p ro v e th e s tre n g th a n d th e rm a l

p e rfo rm an c e o f th e e p o xy c o m p o s ite.

K ey p ro p e rties o f a lu m in u m o x id e in clu d e:

● H ig h h a rd n es s a n d w ea r re s is ta n c e
● E x ce lle n t d ielec tric p ro p e rties
● G o o d th e rm a l c o n d u ctivity
● H ig h s tre n g th a n d s tiffn e s s
● C h e m ic a l res is ta n ce a t h ig h te m p era tu re s

3.3 Multi-Walled Carbon Nanotubes (MWCNTs)



C a rb o n n a n o tu b es a re cylin d rica l ca rb o n s tru ctu re s w ith ex ce p tio n a l m ec h a n ica l

a n d th erm a l p ro p e rties . M u lti-W a lled C a rb o n N a n o tu b e s co n s is t o f m u ltip le c o n c en tric

g ra p he n e la yers a n d h a ve d ia m e ters in th e n a n o m eter ra n g e.

M W C N T s a re u s e d a s rein fo rce m en t m a teria ls d u e to th e ir:

● H ig h te n s ile s tren g th

● E x ce lle n t th erm a l c o n d u ctiv ity

● H ig h elec tric al co n d u c tiv ity

● La rg e s u rf a ce a rea

● G o o d c h em ica l s ta b ility

3.4 Polymer Matrix

T he p o lym e r m a trix p la ys a n im p o rta n t ro le in h o ld in g th e re inf o rce m e n t

m a te ria ls to g e th e r a n d tra n s ferrin g lo a d b e tw e en th em . In th is s tu d y, e p o x y re s in a c ts

a s th e m a trix th a t b in d s M W C N T s a n d A l₂O ₃ p a rtic les to g eth er to fo rm th e h yb rid

co m p o s ite.

4. FABRICATION OF HYBRID COMPOSITE

T h e h yb rid c o m p o s ite s p ec im e ns w ere p rep a re d u s in g a m ec h a n ica l m ixin g
a n d c a s tin g p ro ce s s . T h e re q u ired a m o un t o f e p o xy res in w a s m ea s u red a n d p o u re d
in to a m ixin g c o n ta in e r. M W C N T s a n d A l₂O ₃ p a rtic les w ere th en a d d ed to th e e p o x y
m a trix in p red eterm in e d w eig h t p e rc en ta g e s .

T h e m ixtu re w a s s tirred u s in g a m a g n e tic s tirre r to en s u re u n ifo rm d is p e rs io n o f
rein fo rc em en t p a rtic le s w ith in th e m a trix. P ro p er m ix in g is e s s en tia l to a vo id
a g g lo m era tio n o f n a n o p artic les a n d to a c hie ve h o m o g e n eo u s c o m p o s ite s tru ctu res .

A f te r th o ro u g h m ixin g , a h a rd e n er w a s a d d e d to th e e p o xy m ixtu re a n d s tirred
co n tin u o u s ly. T h e p rep a re d m ix ture w a s th en p o u re d in to m o ld s d es ig n ed a c co rd in g
to A S T M s ta n d ard s .

T h e s p ec im en s w ere a llo w ed to cu re a t ro o m tem p e ra tu re fo r s e ve ra l h o u rs u n til th e
co m p o s ite m a te ria l h a rd en e d co m p letely. A fte r c u rin g , th e s am p le s w e re re m o ve d
fro m th e m o ld s a n d p rep a re d fo r m ec h a n ic a l a n d th e rm a l te s tin g .

5. EXPERIMENTAL SETUP

5.1 Tensile Testing



T he te n s ile te s t w a s co n d u cte d u s ing a U n iv ers a l T es tin g M a c h in e (U T M ). T h e
s p e cim en s w ere p re p a red ac co rd in g to A S T M s ta n d a rd s in a d o g -b o n e s h a p e .

D u rin g th e te s t, th e s p e cim e n w a s c la m p e d b e tw e en tw o g rip s o f th e m a ch in e. A
g ra d ua lly inc rea s in g lo a d w a s a p p lie d u n til th e s p e cim e n fra c tu re d . T h e ten s ile
s tre n g th , elo n g a tio n , a n d Y o u n g ’s m o d u lu s w ere ca lc u la ted b a s e d o n th e lo a d a n d
d is p la c em en t d a ta .

5.2 Thermal Conductivity Test

T he rm a l co n d u c tivity te s ts w e re c a rrie d o u t u s in g a h e a t flo w m eter a p p a ra tu s .
T h e tes t m e a s u re s th e a b ility o f th e co m p o s ite m a te ria l to co n d u ct h ea t.

T h e s p ec im en w a s p la ce d b e tw e en tw o p la te s a t d iff eren t te m p era tu re s . H ea t f lo w
th ro u g h th e s p e cim en w as m ea s u red a n d u s ed to c a lc u la te th e th e rm a l c o n d u ctivity .

5.3 Scanning Electron Microscopy

S ca n n in g E lec tro n M icro s c o p y (S E M ) a n a lys is w a s p erfo rm ed to e xa m in e th e
m ic ro s tru c tu re o f th e co m p o s ite m a teria ls . S E M im a g e s h e lp id e ntify th e d is p e rs io n o f
rein fo rc em en t p a rtic le s a n d th e b o nd in g b e tw e en th e m a trix a n d fille rs .

6. RESULTS AND DISCUSSION

6.1 Tensile Test Results

T he te n s ile te s t res u lts in d ic a te th a t the a d d itio n o f M W C N T s a n d A l₂O ₃

s ig n ifica n tly im p ro v es th e m ec h a n ic a l p ro p e rties o f th e e p o xy c o m p o s ite.

C o m p a red to p ure e p o xy, th e h yb rid c o m p o s ite s a m p le s ex hib ite d h ig h er ten s ile

s tre n g th a n d Y o u n g ’s m o d u lu s . T h e im p ro ve m e n t in m e ch a n ic al p ro p erties is m a in ly
d u e to th e s tro n g b o n d in g b etw ee n th e re in f o rce m e n t p a rtic les a n d th e e p o x y m a trix.

T h e p re s en c e o f M W C N T s in crea s e s lo a d tra n s fe r e ffic ien c y, w h ile A l₂O ₃ p a rtic les

en h a n c e s tif fn es s a n d h a rd n e s s .

6.2 Thermal Conductivity

T he rm a l co n d u c tivity te s ts rev ea le d th at th e h yb rid co m p o s ite m a te ria ls h a ve
b e tte r h e a t tra n s fe r c a p a b ility c o m p a re d to p u re ep o x y.

T h e a d d itio n o f M W C N T s c re a tes co n d u c tiv e p a th w a ys fo r h e a t flo w , w h ile a lu m in a
p a rtic les co n trib u te to im p ro v ed th erm a l s ta b ility . A s th e re in fo rcem e n t co n ten t
in crea s e s , th erm a l co n d u c tiv ity a ls o in c rea s es .



6.3 Microstructural Analysis

S E M im a g e s s h o w a rela tiv ely u n ifo rm d is p ers io n o f re in fo rcem e n t p a rtic les
w ith in th e ep o xy m a trix. P ro p er d is p e rs io n is e s s en tia l to a ch iev e im p ro v ed
m ec h a nic a l a n d th erm a l p ro p e rties .

T h e m icro g ra p h s a ls o rev ea l g o o d in terfa c ia l b o n d in g b e tw e en th e m a trix a n d
rein fo rc em en t p a rtic le s , w h ic h co n trib u tes to the o v era ll p erfo rm a n ce o f th e
co m p o s ite.

7. CONCLUSION

In th is s tu d y, hy b rid ep o xy c o m p o s ite s re in fo rce d w ith M u lti-W a lle d C a rb o n
N a n o tu b e s a n d A lu m in u m O xid e p a rtic le s w e re s u cc es s fu lly fa b rica ted a n d te s te d .
T h e e xp erim e n ta l re s u lts d e m o n s tra te th a t th e in co rp o ra tio n o f th es e rein fo rc em e n ts
s ig n ifica n tly e n h a n ce s th e m e ch a n ica l a n d th e rm a l p ro p ertie s o f the ep o x y m a trix .

T h e ten s ile s tre n g th , Y o u n g ’s m o d u lu s , a n d th erm a l c o n d u c tiv ity o f th e c o m p o s ite
in crea s e d w ith th e a d d itio n o f re in fo rcem e n t m a te ria ls . S E M a n a lys is co n firm ed g o o d
d is p ers io n a n d b o n d in g b e tw e en th e m a trix a n d rein fo rc em en t p a rtic le s .

H yb rid co m p o s ites rein fo rc ed w ith M W C N T s a n d A l₂O ₃ s h o w g rea t p o ten tia l fo r
a p p lic a tio n s re q u irin g h ig h s tren g th , th erm a l s ta b ility , a n d lig h tw eig h t m a te ria ls . T h es e
co m p o s ites c a n b e u s ed in a e ro s p a c e s tru c tu res , a u to m o tiv e co m p o n e n ts , a n d
ele ctro n ic d e vic es .

F u rth e r res e a rc h ca n fo c u s o n o p tim iz in g rein fo rc em en t co n te n t, im p ro v in g d is p e rs io n
tec h n iq u es , a n d s tu d y in g a d d itio n a l p ro p e rties s u c h a s e le ctric a l c o n d u ctivity a n d
w ea r re s is ta n c e.
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