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An experimental study of the effects of carbon nanotube and graphene addition
on the impact strength of Epoxy/Basalt fiber composite

Hossein Bashiri Goodarzi, Mehdi Yarmohammad Tooski *

Department of Mechanical Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran.
* P.0.B. 16846-13114, Tehran, Iran, m_yarmohammad@azad.ac.ir

Abstract

As the nanoscale materials and nano-composites are increasingly used in everyday life and industrial applications,
extensive research has begun into this field. For this reason, in the course of previous research, carbon nanotubes
and nano-graphene materials were added separately with weight percentages of 0.1, 0.3 and 0.5 in the composite
; . . phase consisting of epoxy resin and basalt fiber, and nano-composites laminates with 6 layers of basalt fiber were
Field-emission scanning made through hand layup. In order to determine the amount of energy absorbed during impact, composite and
electron microscopy (FE- nanocomposite samples were subjected to Charpy impact test, and the specimen deformations were studied under
SEM) electron microscopy. An increase in the energy absorbed by samples containing nanoscale materials with all weight
percentages was observed in comparison with conventional composite specimens. The highest increase in absorbed
energy in nanocomposite samples with regard to the composite specimens was observed in samples containing 0.1%
graphene particles by weight. The highest increase in absorbed energy in carbon nanotubes composites was detected
in samples consisting of 0.3% carbon nanotubes in the matrix.
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SEM MAG: 5.00 kx Det: InBeam L1 MIRA3 TESCAN

WD: 5.92 mm Bi: 7.00 10 pm
View field: 41.5 ym | Date(midly): 10/31/17

Fig. 6 Fiber surface with nanotube
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Fig. 7 Fracture surface of specimen without nanotube
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Fig. 8 Fracture surface of specimen with nanotube(0.3% wt)
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Fig. 4 Impact strength of nano-tube samples with different content
and composite without nano-tube
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Ayl b g S s 5 S

414

359400 (5 )9Ud 9 pgle &y juis



259405 (5)9US 9 pgle g ks

W 933exo b (Se 9 (5395 (S pui e

it 6 Sl sy (3155 x5 e S As) 536 039381 il 275 aslliae

25 SLdgl (3938058 (oo oy 0By S i Juad Jobo yo (2>, 4
0> By SU g anej G S piie Juad plSotal (59 000 0.1 (5 &
Aelgil a5 aldl od gu> )0 b (39 aeyo ol Ll woidn o Sg (o5
gl Al L 0gd ity die) (ooled ;0 S 19iSy 5 (Kew poboas (oS
0903 S sl el wslhe iy 5 (F5s we s 0.3 e 4 08
Y jhs @y Job Cod o9 o e 4y Ll a5 w09l 0 il oS gyl atis;
ol plple igd ad) b pe S ailes gad Ll sl (L Gl o
S Gl 05 ge el a5 ool 5L S5 aclil (gl (6 ey 651 2>
S5 5 el plyie S p5lSe ) S Ty Il Kiges (5551
sl Vb olie 5 (o8 sl (S59 900,3 0.5 (135331 L o9 o DU
a9 Jeds a Lol o9 oo Jigsd SLl g o) le gy o U )8
Slooyaslsl slml g a4 9IS oady 4 i (Sl die) 9,0 osllasl
doe plgie 4 oad a3slS 3blie 09 o0 ()5 slo Uil I S
g oo S 5 aslil 5l 0590 (6551 palS 4 mie g 03,5 Jos AL S ped
adgl Gblie Glyie 4 Guizmes 5 LS 5 ol Sen Sl badolS izen
CaSd (G5 ol Gl Az o AT WS oo Jes S5 ool

g on S joals

A1 $b 4 50 Lol (o) z -4

Syge Bl b ood Cugl CujenalS GBS $U 0938 A Ceend nl o
Seolad 6551 Gliae ) 9 Slge (S woyd ki b3S (o8 H1F (o) 2
Ssb> slacejeals gl wslen 859U ol sl jeels $U St
e Sigl31 L 4 (g 5b 4y 105 ca saline (glalixde Ll &l a5 algils
SISl (oo 85 eSS ol Gdz (6551 e (BT PL (G590
) oglie (G55 sloso,s b 8550 L o jorels S (5,00 Jloges 11
@ 81,5960 59 doyd 0.1 o558l b 11 JSs & azg5 b ams oo olis
O3 Sl o 4y S Sl mhas ol e (65l i o
3l G359 00,00.3 3938 b g Wb e rl38l asye 507 gk il 3
4 OITPL 59 003 0.5 5 w3 124 flie 4 st (5551 (38
b e Glj8l aoys 384 4l

0.18
~ 0.16
g
£ 0.14
Eo12
£ 0.1+
1>
E 0.08 A
% 0.06 -
g .
8 0.04
E 0.02

0
B G001 G0.3 G 0.5
nano Graphene (wt%)

Fig. 11 Impact strength of composite with different content of nano
Graphene
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Fig. 9 Crack bridging effect of nanocomposite with 0.3% wt
nanotube
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Fig. 10 Agglomeraion of nano particle in sample with 0.5 %wt
carbon nanotube

S Ay gb Gis 00,0 015 L 6 diges yo Sl)dgil oy 4551510 S

b 4o plSouinl sl oas ools (Las 10 B4 glo S o a5 jshailen

5P &S el cle Gy ol g 09d oo yiin (su)S Aelail polae yiol3dl
S sdgdgl yisy ogon 13l Cod Do 4 badiged CnSE (gl y p3Y
4>l Fdnd Glaie iy el e le b anee 0 S 59,00 S5
oads Jloel )l 31 50 conds olon) S 5 0gd 0 wgtne g eelS o
9 SIS i fad a4y B 0o,S ol die) jo (o)l a0 by digel 4



S 533exo)ly (Sl 9 (590355 (5 puily

g a6 plSxianl (35 lxiio 5 oS As) 536 039381 il 75 aslllae

g ol SLIL ane) 51 (e (St 3908 i oo BLS5L (539
odpiSy Sgety aie) S 3 1) w2 55, p SIS (e (B53) o> b
m e Ol gl e yile 5 B3 Sl b b conle Loy [8] ]
Ol ol osls BLI ol 4 Liled auoy0 0.1 6 81,546 04531 ams
S RICRE TUE WP WINPT JETECE JERIN
S35 515 s 1 ole 3,558 00,9 0.5 4 31,55 (99381 455,50
Cosl 5o 1) pmle 9 SIS i Jad sl Yool i 5le 5 LT

205 (o0 Cujgals oy plSotinl 4 poeie 4T wled

SEM MAG: 500 x Det: InBeam MIRA3 TESCAN
WD: 4.67 mm BI: 7.00

View field: 415 ym | Date(m/dly): 10/31/17

100 pm

Fig. 13 Fracture surface of nanocomposite with 0.3 %wt graphene
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Fig. 14 Fracture surface of nanocomposite with 0.5 %wt graphene
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Table 1 Absorbed energy and impact strength of composite and
nanocomposite specimens

. N a4y &35 Colae & 651 S
Hged
(mm?) ) (I/mm?)
B1 43.99 3.7 0.0858
B2 43.38 3.9 0.0899
B3 42.90 3.2 0.0746
Cco0.11 42.55 3.6 0.0846
Cco0.12 42.41 3.9 0.0919
co0.13 41.49 39 0.0939
co031 45.48 6.3 0.1385
C0.32 44.74 6.3 0.1408
C0.33 47.44 6.5 0.1370
Co051 37.81 41 0.1084
C052 37.98 35 0.0921
C053 37.12 3.8 0.1024
G011 43.40 7 0.1613
G012 43.59 7.7 0.1766
G013 43.04 7 0.1626
G031 41.678 41 0.0983
G032 41.82 41 0.098
G033 41.13 35 0.0851
G051 42.90 5.7 0.1329
G052 43.01 5.6 0.1302
G053 42.22 5.8 0.1374
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