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Abstract

Acid treated carbon nanofiber (t-CNF) reinforcedgp nanocomposites were fabricated by
hand lay-up method with various wt % of t-CNF laagh. Pristine or unmodified carbon nano
fibers (U-CNFs) were made compatible with epoxyrimadly means of mixed acid treatment.
Fabricated nanocomposites were characterized wothriér transform infrared spectroscopy
(FTIR), X-ray diffraction (XRD) study, scanning eteon microscopy (SEM), transmission
electron microscopy (TEM) and atomic force micrgescqAFM). Mechanical and thermal
properties of the nanocomposites were measuredfiscaon of t-CNF content. Effect of acid
treated CNFs on to the mechanical properties ofxypmnocomposites was justified by
comparing the mechanical properties of epoxy/t-Ciid epoxy/u-CNF nanocomposites with
same loading level. The electrical conductivity eakieved by epoxy resin with a threshold at 1
wt % of t-CNF. Substantial improvement in thernmakchanical and electrical properties of the

synthesized epoxy/t-CNF nanocomposites may beldaitar fabricating electronic devices.

Keywords: Carbon nanofiber (CNEF)Atomic force microscopy (AFM); Fourier transforms
infrared spectroscopy (FTIR); Scanning electron ragcopy (SEM); Thermogravimetric
Analysis (TGA)



Introduction

After the discovery of carbon fibers (CFs) from tt@bonization of cotton and bamboo
in 1879 and its application as filament materials;bon fiber based composites have gained
momentum in the fields of fundamental scientifis@arch and practical applications [1-4].
Nano-scaled fillers such as carbon nanotubes (Ciifl) carbon nanofibers (CNF) offer new
possibilities towards low-weight composites withtrewrdinary mechanical, electrical, and
thermal properties. Recently, nano carbon filledxgpcomposites have drawn a great deal of
attention owing to their potential applicationsantomotive, aeronautics, marine industry and
electronics. Moreover, carbon nanofiber reinforpetymer nanocomposites have also been used
for energy conversion, energy storage and selfusgnspplications [5-8]. Now-a-days,
researchers are also trying to fabricate heteroratoped carbon nanofibers (DCNFs) for the
development of high-quality supercapacitors [9,. It§rbon nanotubes (CNTs) are well known
potential filler for epoxy nanocomposites with slaaldimension, lower density and micro-
structural defects, but these are expensive. Fmatization or chemical modification of CNTs
can induce nanotube damage and van der Waals foacedrive the nanotube to form ropes or
reassemble after being dispersed. In this contaxbon nano fibers (CNFs) are cost effective,
can be produced at high yields and are also lésstafl by van der Waals forces as a result they
can stay dispersed for longer period of time [12]. Xarbon nanofibers with an average
diameter of 100-200 nm and fiber length=80-5Qum provide high aspect ratio by which it can
withstand a load of 2kg whereas; a steel wire ef ghme thickness endures only 200g [13].
Additionally, CNFs exhibit adequate physical prdjeari.e. conductivity (electricat10® S/cm,
thermal =1900 wm'K™) and mechanical properties (Young's modutuss00G Pa, tensile

strength= 3G Pa) [14]. As far as polymer matrix is concetregzbxy resins are considered to be



well established thermosetting matrices exhibitngst of interesting properties such as high
stiffness, high strength, dimensional stabilityeetical resistance and strong adhesion to the
embedded reinforcement [15].

Hence, there has been an up-growing interest arti@gew generation researchers for
the study of advanced composites with the diffeedlattropic forms of carbon and epoxy resin
[16-19]. In order to achieve a well dispersed phasearbon nanofibers (CNFs) within hot
polymer matrix, different fabrication techniquessédeen adopted by different researchers [13,
20-21] and a partial success in improving variotgpprties of epoxy/CNF nanocomposites has
been achieved [22-25]. Choi et al. [21] has obskavenaximum tensile strength of CNF/epoxy
nanocomposite at 5wt % of CNF whereas; Zhou ef2&l and Sun et al. [12] have obtained
maximum tensile strength at 2 and 1.0 wt % of CB$pectively. Similarly, Sun et al. [12] has
reported a significant increment in electrical coctivity by a magnitude of four to ten orders
with changing the CNF content from 0.1 to 1wt % veas; Zhu et al. [2@]bserved eight orders
of magnitude change for epoxy nanocomposites withi® 1wt % u-CNF loadings. A very low
percolation threshold of 0.064 wt % CNF is obtaitgdAllaoui et al. [14]. Substantial amount
of work has already been done on epoxy/CNF nanoositgs, but the utilization of epoxy (LY-
556) as matrix is rare in the literature.

In this present work, t-CNF reinforced epoxy namoposites were prepared by simple
fabrication method with various wt % of t-CNF loags (0.5, 1, 2, 3 and 4wt %). Pristine or
unmodified CNF (u-CNF) is nonpolar carbon allotrop#ereas; epoxy is a polar thermosetting
polymer. The compatibility of nonpolar filler ikeNF and polar matrix like epoxy is a challenge
for making epoxy nanocomposites with improved prbee. Herein, u-CNF is chemically

modified to achieve the polar nature with substtutof organic functional groups. Hence, the



modified CNF (t-CNF) is more compatible with stromgerfacial adhesion for epoxy resin.
Different techniques such as X-ray diffraction (XRBcanning electron microscopy (SEM) and
transmission electron microscopy (TEM) were used cmaracterize the epoxy/t-CNF
nanocomposites. Mechanical, electrical and therpraperties of the nanocomposites were

measured as a function of t-CNF content.

2. Experimental
2.1. Materials

For preparation of the composites, carbon nandcfibéth & 96% pure) outer diameter of
500 nm and fiber length of 600-900 nm was obtaifredh Intelligent Materials Pvt. Ltd,
NANOSHEL LLC, USA . The epoxy resin (LY 556, Bispia Diglycidyl ether, Merck, India)
and hardener or curing agent (HY 951, aliphaticrenMerck, India) were purchased and used
as starting materials. Araldite LY-556 is an anlgyelcured, low viscous matrix system with
extremely long pot life. It is easy to process #nths good fiber impregnation properties along
with excellent thermal, mechanical and rheologipabperties. Concentrated sulphuric acid
(H2SOy), concentrated nitric acid (HNpwere of analytical grade reagents (AR) and used a

such without any further purification.

2.2. Acid treatment of CNFs
Carbon nanofibers (CNFs) have a strong tendenag¢omerate due to their nano size
and their respective high surface energy. Howdbergrafting of chemical functionalities on the

CNT surface, such as carboxylates, imparts negativerges and, therefore, creates the



electrostatic stability required for a colloidalsgersion. Neat or unmodified CNFs (u-CNFs)
were added to a mixture of conc,3D, and HNQ in a volume ratio of 3:1 and were sonicated
for 24 hr at 40C. Using distilled water, the mixture was dilutastiahen filtered. On refluxing
the mixture of HNQ@ and HSQO, with pristine or unmodified CNFs (u-CNFs) defeetsre
generated on the surface of u-CNF, which can saswvanchor groups for functionalization. The
resultant residue was then washed with distilletewadut stirring for a prolong time can affect
geometry and length of carbon nanofibers (CNFsgrdfore, a strong oxidizing agent;® was
added to the processed u-CNFs for the generatipolaf functionality by which it can be more
compatible to polar epoxy. CNFs were allowed tat&ath strong oxidizing agent, 8,/H,SO,
(volume ratio, 1:4) under constant stirring forthutes at 76C. Addition of HO,/H,SO, to u-
CNFs, introduced the polar functionality by whigicould be more compatible to polar epoxy.
To obtain the acid treated CNFs (t-CNFs), the fs@ution was centrifuged for several times in

distilled water to remove the excess acid fromstiingace of t-CNFs.

2.3. Synthesis of epoxy/t-CNF Composites

The acid treated carbon nanofibers (t-CNFs) ofed#iit wt % (0.5, 1, 2, 3 and 4 wt %)
were sonicated in acetone medium for 2 hr for beligpersion or to avoid agglomeration of t-
CNF bundles. These well dispersed nanofibers were added to the polymer epoxy resin and
further sonicated for 3 hr followed by drying incumim oven for 24 hr to eliminate air bubbles.
Then hardener (10 wt % of the epoxy resin) was @dde¢he mixture by manual stirring for 10
minutes. Finally, it was casted into a mold andeduat open air for 48 hr. Same synthetic
protocol was also adopted to fabricate epoxy namposites with unmodified CNFs (epoxy/u-

CNF nanocomposites).



2.4. Characterization of Materials

The surface morphology of epoxy/t-CNF nanocompesitas observed by SEM (model
5200, magnification x 30000, Jeol, Japan). The TH®ECc-nail2, Philips, USA) of the samples
was taken at 120 kV. FTIR spectra were recordedn(&fzu IR Affinity-1 Fourier infrared
spectrophotometer, Japan) in the range 400-4060¢tRD pattern were taken by an X-ray
diffractometer (Rigaku, Japan, Model no. DD966)%® mA and 40 kV with Cu (A= 1.54 A)
radiation. The TGA (Model DTG-60, Shimadzu Corpmat Japan) measurement was done
under nitrogen purge at a heating rate of@@nin. A thin film of the sample was deposited on a
mica surface to measure AFM using pico plus 5500 AFM. The samples pressed into pellets,
coated with silver paint on both surfaces and tbemductivity was measured using LCR-Hi
Tester (HOIKI, Japan, 3532-50) at ambient tempeeaflihe mechanical properties were carried
out by universal testing machine (Instron, UK, Me8i&67) at a crosshead speed of 50 mm/min
as per ASTM standard (D-638-00). All results weaketh with an average of five samples of

same composites.

3. Results and Discussion
3.1. FTIR analysis

The FTIR spectra of acid treated CNF (t-CNF), eparyg epoxy/t-CNF nanocomposite
are shown in Fig.1. Acid treated CNF (t-CNF) shaksorption bands at 3440 ¢rand 1710
cm™ associated to hydrogen bonded O-H stretching viaraand C=0 stretching vibration in
carboxylic acid (-COOH) groups respectively. Th@egrance of a peak at 1623 tim due to

intermediate oxidation products, quinine groups].[Zhe 1380 cri peak results from the -OH



bending vibration from -COOH groups. For epoxy, @Esorption bands at 3417 ¢rand 1719
cm® are assigned to -OH stretching and carbonyl groeggectively. It is also observed that in
FTIR spectra of composites, these bands shiftddvier wave numbers of 3343 &and 1711
cm’respectively in comparison to the epoxy. The shifiof FTIR peak from 3417 cfrio 3393
cm® is due to inter-molecular hydrogen bonding betwe@&NF and epoxy linkages of epoxy
resin. Besides the above two bands, the overatitispef the composite appeared to be similar to

that of epoxy. The results obtained in this presewestigation are very similar to the results

reported earlier [28].
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Fig.1l. FTIR spectra of t-CNF (inset), epoxy and epoxy/tFohNinocomposites (4 wt %)

3. 2. XRD analysis

X-ray diffraction pattern of acid treated carbomaoiber, t-CNF (Fig. 2 inset) shows a

strong crystalline peak ab2 26 is assigned to the (002) crystal plane of grap}?€d along



with another distinctive peak of graphitic natute@of 43.4. The XRD pattern of epoxy shows
a broad peak centered at arour=1®.5’, indicating the amorphous nature of epoxy [30].
Nevertheless, all the epoxy/t-CNF nanocompositdk different t-CNF loading show a strong
peak at 224with varying intensity. The upward shifting of tlepoxy peak in epoxy/t-CNF
nanocomposite clearly reveals a well dispersedgbas-CNFs into epoxy resin which in turn
influence the microstructure of the composite byangeof interfacial interaction between the t-
CNFs and epoxy matrix [31]. In other words, therakteristic crystalline peak of t-CNF is not
in their initial position in epoxy nanocompositesitis observed in case of t-CNF (inset Fig. 2)
and it may be due to the broadening of the d-sgaefrt-CNF by the epoxy matrix. It is also
found that the intensity of the peak increases withincrease of t-CNF loading. It suggests that
a crystalline phase is developed within the epoagatomposites at higher wt % of t-CNF
loading due to strong chemical interaction of t-GN#hd epoxy resin [31]. In other words, the
upward shifting of the characteristic XRD peak nimy accounted from the development of
structural strain in epoxy nanocomposites. Suchirslp in XRD peaks confirms the formation
of epoxy/t-CNF nanocomposites via effective inteidh interaction between t-CNF and the

epoxy matrix.
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Fig.2. XRD pattern of t-CNF (inset), epoxy and epoxy/t-Chiihocomposite at different weight

percentage (wt %) of t-CNF.

3. 3. Morphological analysis

Fig. 3 shows the typical SEM images of the epoSMF nanocomposites with different
wt% of t-CNFs. Fig. 3a and 3b are the low-resolutiS8EM images of epoxy/t-CNF
nanocomposites and reveals the crushed surfacethiofnanocomposite. From the high
resolution image of this nanocomposite, t-CNFsabserved in the form of agglomeration as
clusters or bundles with a diameter of about 10 (kny.3c). The bundle acts as a stress
concentration sites within the epoxy/t-CNF nanocosmes. In major portion of the SEM
images, carbon nanofibers (t-CNFs) are dispersedofgeneously i.e. well separated and
uniformly embedded in the resin matrix [24]. Howevehe t-CNFs in epoxy/t-CNF
nanocomposites (3 wt %) show small aggregates waitths (Fig. 3d). These void numbers and
size are gradually increased with increasing CNaslihg beyond 1wt%. The presence of voids

in higher CNF loading due to filler aggregates @adés poorer dispersion [21]. Again, from the



TEM images of epoxy/t-CNF nanocomposites, a welpdised phase of acid activated t-CNFs is
observed at lower t-CNF content (Fig. 4a) , wherdas higher wit% of t-CNF, a local
agglomerating phase within the epoxy nanocompasitsdserved. However, for higher t-CNF
content (>1wt %), this surface activation stirré@ tarbon nanofibers to join and form larger
aggregates (Fig. 4b) [33]. Moreover, the TEM micegd in Fig. 4c indicated that in the process

of making composites, the carbon nanofibers arkdiralue to intensive rolling [34].

Fig.4. TEM images of epoxy/t-CNF nanocomposite (a) at 1wf#%CNF (b) 2wt% of t-CNF (c)
after intensive rolling.

10



The compositional mapping with AFM is often used foe identification of multiple
phases through color contrast. The brighter anedbhd image can be attributed to the greater
force experienced by the cantilever tip when inigontact with the filler (tubular or spherical)
whereas; dark patches appears when the tip isrtacbwith amorphous matrix state. Surface
roughness can be calculated by measuring the heidghe peak observed in the out of plane (z)
direction. Fig. 5 shows the three dimensional ARMns of fracture surfaces of the impact tested
materials. The images are captured with a scantisadines between 0.5 and 5 um at the scan
speed rate of 0.5 lines/sec. Images are procegsiatten using pico view 1.12 version software
and manipulation has been done through pico-imadyareed version software (Agilent
technologies, USA). AFM image (Fig. 5a) of virgipoxy reveals almost smooth surface, on the
other hand, the images of epoxy nanocomposites sevated peaks evidencing extremely
rough surfaces caused by the presence of t-CN#girpoxy matrix. The average roughness of
virgin epoxy (Fig. 5a) is found to be 1.18 nm wilasxethe average roughness of the
nanocomposite (Fig. 5b) in z direction is 10.52 fom4 wt% of t-CNF loading. It is due to the

strong chemical interaction between the t-CNF grakg matrix.

031

(a) = - Vidv (b)

Fig.5. AFM images of(a) neat epoxy an¢b) epoxy/t-CNF nanocomposite (4 wt %)
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3.4. Thermal properties

Thermal properties of epoxy resin, t-CNF and epe®MF nanocomposites are
compared by thermogravimetric analysis (TGA) in teenperature range 50-70C under
nitrogen atmosphere with a heating cycle of’C@min (Fig. 6). The thermal decomposition of
epoxy resin is occurred in three steps; (i) initi@ight loss from 106C is due to the expulsion
of water molecules from the surface of epoxy re6ip,another weight loss is observed at the
temperature of 272C due to decomposition of epoxy resin, and (ii§ fimal weight loss is due
to oxidation of partially decomposed epoxy resintlie temperature range of 600 Fig. 6
demonstrates that the significant decompositioalldhe epoxy/t-CNF nanocomposites is started
at= 290°C and completed at 620, 640 and 65%C for composites with 1, 2 and 3 wt % of t-
CNFs respectively. In case of epoxy nanocomposyigs 4 wt % of t-CNF, Fig. 6 shows the
highest degree of thermal stability due to thetstyfof 2'¢ and final decomposition temperature
to higher side, i.e. 345 and 68Q respectively. Thermal stability of the synthedizpoxy
nanocomposites with reinforcement of t-CNF is foundincrease with the increase in filler
content. This retarding effect is attributed toarporation of t-CNFs into epoxy matrix. This
may be offering a stabilizing effect against therthal decomposition of epoxy nanocomposites
with reinforcement of acid treated carbon nanofib@grCNFs) [21]. Our present investigation
shows that, acid treatment to pristine CNFs praviddetter compatibility to epoxy matrix and
thereby an excellent improvement in thermal stgbiiue to uniform distribution of t-CNFs
within epoxy/t-CNF nanocomposites. For the synttessiepoxy nanocomposites with 3 wt % of
t-CNFs, a residue of about 18 % is observed tceefieafter complete thermal decomposition in

the temperature range of 50 700° C, whereas; for the same filler loading in epd/, 3 wt %

12



in the reported literature [25] shows a residue~0l0 % after thermal degradation in the

temperature range of 3@o 600° C.
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Fig.6. TGA curves of virgin epoxy and epoxy/t-CNF nanocaosifes with different wt % of t-

CNF.

3.5. Mechanical properties

Fig.7 shows the graphical presentation of tendilength and Young's modulus of the epoxy
nanocomposites as a function of their filler cohter. wt % t-CNF. The graph suggests an
improvement of= 3 % in strength and 6 % in modulus with additidnOc wt% of t-CNF,
whereas; 20 % and 19 % increment in strength andutue are observed at 2 wt% of t-CNF.
However, both the properties begin to degrade \utther increase in t-CNF content. The
present results are similar to the data reporte€Chgi et al. [21]during the study of carbon
nanofiber reinforced epoxy nanocomposites. AccgrdmChoi et al., the maximum increase in

tensile strength, i.e. 75 MPa is observed at 5 wo%CNF loading, whereas; in present work
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only 2 wt % of t-CNFs are observed to be efficitantthe highest improvement, i.e. 47 MPa in
tensile strength of the fabricated epoxy nanocoitgmsApparently the magnitude of tensile
strength is appeared high for 5 wt % of CNF loadimgt with respect to the amount of CNF
loading it is very less as compared to our preseotk. The improvement in mechanical
properties of t-CNF reinforced epoxy nanocompositehighly affected by the nature of
dispersion of the nanofibers. Stress concentrgtimints are created due to agglomeration like
impurities. More agglomeration is observed at higia¢ % of t-CNF loading. The poor
dispersion of carbon nanofibers within epoxy netwégads to the weak improvement in
mechanical properties. The presence of void mag aks a reason for the degradation of
mechanical properties. These voids are increaséd tive increase of t-CNF content. On the
other hand, with increasing t-CNF content withire thpoxy matrix, it causes a tremendous
decrease in the plastic range of the epoxy matiix @ the development of crystalline phase
within the nanocomposites, as evidenced from th®XRttern. Due to such reason, ductility of
the nanocomposites decreases and the brittleneeages with increasing filler content. A clear
comparison of mechanical properties of acid trea@®tF reinforced epoxy with respect to
unmodified CNF has been drawn in Fig.7 and Figl8& thange in mechanical properties of u-
CNF/t-CNF reinforced epoxy nanocomposites with eespo the filler loading follows the same
pattern, i.e. in both the cases a highest degrampfovement is achieved for 2 wt % of u-
CNF/t-CNF loading. But the improvement is more pnamced for t-CNF as compared to u-CNF
reinforced nanocomposites. This fact can be ategibdrom the better interfacial interaction
improvised by the functional groups of acid treateMF (t-CNF) and epoxy matrix. The
expected improvement in mechanical properties akgfpi-CNF nanocomposite is hampered

due to self assembling nature of unmodified CNHsgtter wt % of filler loading.
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Fig.7. (a) Tensile strength and (b) Young’'s Modulus of ified and unmodified (t-CNF/u-

CNF) reinforced epoxy nanocomposites.

The strain to failure (%) has been controlled frsamples during the tensile test.
Further it has been seen that by adding more fitbetent into epoxy resin, strain to failure (%)
decreases (Fig.8). This indicates that additiofillef to the epoxy resin makes the composite as
brittle. The movement of polymer chains arrested ¢ addition of t-CNF filler makes the
composite more brittle and stiffer [35]. Moreovat, higher loading of t-CNFs, inconvenient
cracks are generated within the nanocompositespaopagated along the weak t-CNF and
epoxy interface. Hence, the optimum care shoultaken for the uniform dispersion of t-CNF
within epoxy matrix so that the improvement of thechanical properties will not be hampered.
Similar type of result has been reported by Zhoalef25] for vapor grown carbon nanofiber

reinforced epoxy hanocomposites.
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Fig.8. Failure strain (%) vs. filler content of modifieddaunmodified (t-CNF/u-CNF) reinforced

epoxy nanocomposites

3.6. Electrical properties

Fig.9 shows the variation in electrical conductivitf epoxy/t-CNF and epoxy/u-CNF
nanocomposites with increasing t-CNF/u-CNF contiéns. found that the electrical conductivity
of epoxy nanocomposite increases with increasellar tontent. The conductivity of epoxy
nanocomposites is found to be improved by 3 ordémmagnitude with just 0.5wt % of t-CNF
loading within epoxy matrix. However, it is intet@g to notice that a sharp increase of about
nine orders in conductivity from 0.5wt % to 1.0 ¥ of t-CNF. This indicates that the
percolation threshold is reached at 1.0 wt % oNt-Gor the nanocomposites. It is also observed
that after the threshold point, addition of morel amore t-CNFs (2 wt %, 3 wt % and 4 wt %)
within epoxy network has a very poor impact on éfectrical conductivity of nanocomposites
[25]. The expected increase in electrical conditgtiof epoxy/t-CNF nanocomposites at higher

loading level may be hampered due to the agglomeraf t-CNF within the host epoxy matrix.
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This reveals that, the chemical modification of Cé&#using improved nanofiber dispersion and
helped the formation of conductive network withiive tepoxy matrix with a significant increase
in electrical conductivity of epoxy/t-CNF nanocornsfies at lower range of t-CNF [36]. In case
of u-CNF reinforced epoxy nanocomposite (epoxy/uENhe electrical conductivity is found
to increase with increase in u-CNF content, butvhkie of conductivity is much lower as
compared to acid treated CNF (t-CNF) reinforcedxgpmanocomposites. This can be explained
from the high tendency of self agglomeration of odified carbon nanofibers (u-CNFs). Due to
such reason a highly connected conductive netwsrknat achieved for epoxy/u-CNF
nanocomposites, as it is seen for epoxy/t-CNF namgosites. The improved electrical
conductivity for epoxy/t-CNF nanocomposite reveidls better interfacial interaction between
acid treated CNFs (t-CNFs) and epoxy as compardd thwe unmodified CNFs. Same type of
result has been reported by Choi et al.[21], wheterpretation of electrical conductivity is

carried out in terms of decreasing electrical tasig.
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Fig.9. Electrical conductivity of the epoxy/t-CNF nanoqaosites at different wt% of t-CNF
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4. Conclusion

Acid treated carbon nanofiber (t-CNF) reinforced»xpnanocomposites are synthesized
by hand lay-up method and before processing, nder o pristine CNFs (u-CNFs) are made
compatible with epoxy matrix via acid treatmenteTdompatibility of nonpolar filler like CNF
and polar matrix like epoxy is a challenge for nmgkiepoxy nanocomposites with improved
properties. Mixed acid treatment on pristine CNg=employed to introduce functional groups
on the surface of carbon nanofibers (t-CNFs) anighfwove the interfacial interaction between
carbon nanofiber and epoxy matrix. The conversiom-GNF to t-CNF is confirmed through the
FTIR analysis of t-CNF. The synthesized epoxy/t-Ch&hocomposites are characterized by
XRD, FTIR, SEM and TEM whereas; the surface topplmginvestigated by AFM study. The
synthesized material is found to have high thermadchanical and electrical properties. The
improvement in mechanical properties is more proced for acid treated CNFs (t-CNFs) with
respect to the unmodified CNFs (u-CNFs). For epe®MF nanocomposites, tensile strength
and Young’s modulus are increased up to 20 % an&ol& 2 wt % of t-CNF loading. The
decreasing pattern of strain to failure (%) isilattied by the brittle nature of epoxy/t-CNF with
incorporation of higher wt % of t-CNF to the epaxyatrix. With a very little amount of the t-
CNFs (0.5- 1 wt %), an inter-connecting conductimgwork is formed within epoxy resin
resulting a sharp rise in electrical conductivityepoxy/t-CNF nanocomposite. This work may
contribute to tailoring of high performance epoxymposites with desired thermal, mechanical

and electrical properties.
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Figure Captions

Fig.1. FTIR spectra of t-CNF (inset), epoxy and epoxy/tFaNinocomposites (4 wt %).

Fig.2. XRD pattern of t-CNF (inset), epoxy and epoxy/t-ChiEhocomposite at different weight
percentage (wt %) of t-CNF.

Fig. 3 SEM of CNF/ epoxy nanocomposite: (a) 0.5, (bl 2(and (d) 3 wt% of t-CNF.

Fig. 4 TEM images of epoxy/ t-CNF nanocomposite (a) at%awf t-CNF (b) 2wt% of t-CNF

(c) after intensive rolling.
Fig. 5 AFM images of(a) neat epoxy an¢b) epoxy/t-CNF nanocomposite (4 wt %)

Fig. 6 TGA curves of virgin epoxy and epoxy/t-CNF nanopasites with different wt % of t-

CNF.

Fig. 7(a) Tensile strength an(b) Young's Modulus of modified and unmodified (t-CNXIF)

reinforced epoxy nanocomposites.

Fig.8 Failure strain (%) vs. filler content of modifieshd unmodified (t-CNF/CNF) reinforced

epoxy nanocomposites

Fig.9 Electrical conductivity of the epoxy/t-CNF nanoquusites at different wt% of t-CNF
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Highlights

Title: = Design of carbon nanofiber embedded conducting egp resin”

> Epoxy/t-CNF nanocomposites are characterized by XRD, FTIR, SEM, AFM
and TEM.

> Electrical conductivity was achieved by epoxy with athreshold at 1 wt% of t-
CNF.

» Tenslle strength is enhanced by 40% due to dispersion of t-CNF.

» Synthesized nanocomposites are suitable for fabricating el ectronic devises.



