324 -315 PP 97 e 3 opleis S ala

SR 93y el Ay i

H“}”w so9lis 5 rO}.Lc

http://jstc.iust.ac.ir

u'/&;ﬂuﬁﬂ%

)

<L SU /GmSg.Ll &g.)'s.:,olf @M)L:é)ﬁ)lad.ou u.el)f c.‘;lzé..og.ils ).’l
3 Syl oMl Loy 2 5 0low (ymmuns dommo domws o SSIIo] S g g5 S

O csmgb palleal azlys iars oSl wlge ple 5 (pwige il (eSS gyl -1
O wsmsb (il 4zl (o olRals wlse ple g (piige liolinl -2

S omsb (nalleal azlys (o o8l wlge ple 5 (pmiige leils -3
siadati@kntu.ac.ir 19991-43344 ., Gsoco )l #

ol

s

ele Lasgs 3,5l 0 dllas il Bl [ S 3l g ualS soass lsd o o dole 3,5 Slomiogilh i i el 5
0.4 0.3 0.2) Js e 0,5 Glisn 35 slaims b csonalS sl oz 5 95 o ele P oeSsios 3 Jovs ppinslis 5 bl
55y e el IS 53 04% (s el tipad e ol ol 5 s 5L s iS4V Gy, & 053
Sol 6553 5 BT 3B (S S0 SujeelS 9 LS 505 Jloele e g BT 359 S oy Szl (LS (pies
i 4 Joele S 535 0% (5o oSl (318 8 g sl 5 3505 4 35 el b (55 04%
0.4% (sol> 2o 550alSgil Lol eols ylis 095 5l Sl (65,0 5 (oiem Joo (siad plSoil [ iul38l 0s 5 44.6 4 252.6 89.6
@ ol shed Jsde a4z )5 ols Gl cunS (53 5 (o el (o (ol 00,0 10.8 526.2 iy 4 Jelezm S S
O iy aSan 1) g die) 10 o1 oo gs5 Gl (81,5 505 s Jule a8 wols jlis bt icils Gialisl oo ys 3.1 Jlaie
Pl 50 05t 308 Hgole mwcads BT L Gillae (ol 00l Co 356l olsS Sgaps Ecly Ao S o g oad BLII g 4wy L
S Ly 5oy sl e a1y Ll S SISl o5 42 5 s 55, el Slhog 5 5 ] 21 2
stz slop 5l G & oy s (St okzms L ity g 250 Sy St laLin (i a3 e

Wlie oSl
96/7/1 il yo
96/8/9 : iy

:oB5lguals
S

o35S bl
el G
59!
e ol

il o eSS o 59, I ele BT jehm 0 S H ad LS 5 (AT slaay (5,5 o5 5 el aiile

Effects of functionalized graphene.nanoplatelets on the flexural behaviors of
basalt fibers/epoxy composites

Seyd Navid Hosseini Abbandanak, M. Hossein Siadati”, Reza Eslami-Farsani

Faculty of Materials Science and Engineering, K. N. Toosi University of Technology, Tehran, Iran.
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The effects of functionalized graphene nanoplatelets (FGN) on the flexural properties of basalt fibers/epoxy
composites were studied. The functionalization of graphene was performed by 3-Aminopropyltrimethoxysilane.
Four nanocomposites with different weight percentages of FGN (0.2, 0.3, 0.4 and 0.5) were fabricated via hand
lay-up method. Among these four, the nanocomposite reinforced by 0.4 wt.% FGN showed the best flexural
behavior. To investigate the effects of graphene as well as its functionalization, two other composites one without
graphene and another reinforced by 0.4 wt.% of unfunctionalized graphene nanoplatelets (UFGN) were also
fabricated. In comparison to the sample without graphene, the nanocomposite with 0.4 wt.% of FGN showed
respectively 89.6, 252.6 and 44.6 percent improvements in the flexural strength, flexural modulus and fracture
energy, but the nanocomposite with 0.4 wt.% UFGN showed respectively 26.2 and 10.8 percent decrease in the
flexural strength and fracture energy, although had a slight increase of 3.1 percent in the flexural modulus. These
results indicated that functionalization facilitated the dispersion of graphene in the matrix and thus enhanced its
interaction to both matrix and basalt fibers. According to the Fourier transform infrared spectroscopy results, the
improvement in the flexural properties is related to the functional groups whose presence on the graphene platelets
enhanced better adherence to the polymer’s molecules and the basalt fibers. Furthermore, scanning electron
microscopy observations of the fracture surfaces showed better polymer to fiber interfacial adhesion and thus
caused toughening mechanisms such as crack deflection, graphene delamination and crack pining in the FGN
containing samples.
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Fig. 1 Functionalization process of grapheme, a) Reflux system, b)
Centrifuge in right and oven in left of the image and c) Functionalized
graphene powder.
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Fig. 2 Dispersing of graphene in epoxy and testing of bending samples.
a) Ultrasonic operation, b) A number of tested bending samples and c)
three-point bending test.

Sllee @ e sladiges yge3] g eSal o 1 gilwenssTy 20 IS
5 s hed 9031 (€ 5 ondiale)] Lied sladiges 5l solass (B «Sigasl 1

ey g @l -3
et N5 53 T femmlin STy 5 Stz il sl
].A)B Qjou Lwcado J...L?u )‘09.45 3 JS...: o oolaiuwl Lg‘;da..u C)Lc‘
Lo by Roe oles Jolegg 5 slele Sl g o 1) (815

S5 mhe pad Nkl 5l S wsload ools olas SSyokew 2l
slael b Sy rizmad Nib oo (581,5 mlaw (53, » axio 5l z 5 CH
Si- slawisy 5 256 SLslo)\ s 5 & 1131 ecm™ 5 1024 cm™ z40
1024 Sy axdl oS e L1 XS oot loele 5 (Do Jole b
LA o)l s9zy s Jelecign WIF 4 bgpe sloges o cm
samsplas 1222 em™ Saes Sy Nobs C-C wign olils)|
51478 cm™ zge slacl ;5 e S 93 sl QN Wiy o225 Slilss |
CH3 9 CHZ ‘_ngas)f )9
[24] simo o olis (81,5 wikio

ez olils) sy 4 1610 cm*?

» l) NHZ ..\;5..4

! Energy Dispersive X ray

2 MAP Analysis

3 Scanning Electron Microscope
* TESCAN

> ASTM D790

® Koopa

910l 5)9Ud 9 pgle Ay puins

ej

818


www.sid.ir

92005 5 )9U3 9 pole &y puiss

J

[ ¥

319

O 9 SlaipnT Slwa 3555 Sy

L B/ o 9ol a3 940l ibiod S8y 4 s Jole 31,5 clmiio gil il

&, YU e 4 b Cod Ol,3506 a5 ST 5l ams e 7y Lole
G (Sealusge s Blod 515 00g 0,55 YL (w55 )
g andly glay bsls a5 815 asbe glo,dgil (gl alas pl osisl o
badlioe Sazgs Bl jlews o) 1) 059 mhaw i S350 Glos o
9y el 5l g sl Giels Suss 5l eyl alold caie; 4o 03,5 jlade iols8l
Olobogil il (5055 a3 055 Joo G a5 g JIST zalS 6l
a0 s e |y GBS slaadolS LS8 g oo [0Sy & (1S
Gl 4 s g Bl 2alS o (6550 ] s Hlade LRalS L
ol o O3 oz w2 4 ) Ll ooed 0 5 SGon Joles
i) )3 A 35 ped BB (ygzmen iili oo 45 35800 Sedyd (laaSolS
9 P el G g 0dged Joo SLl g ey Sitie Jad o L
Sldas Ol3gb ol azolS 5l 65> gl Wed dshd Sool,
5 Sy o, g Sldas ul 5 o a5 Sl 5l Lol s ploul Ssgal I
o2 4 1 @)l vezg ul asolS sl BB by CojeelSel el
balecry slr oloy crl 5o 6551 palS Cuar 315 Slxie Grsn
IRCE PP P I ASER PR Y IR

3 OIS Fowle @ig 63y 2 035 Hldele 2b (owyn iz
Sy delegsn G315 Sis 0.4% gol> dges ciad plSouinl i)
S-a IS sllae ol fans b Jele 81,5 0.4% Jols diges b anslie
271 Joleygs 5315 S35 0.4% Jolis dges (gly oded plSoxial
Jols digas g 81,5 08U sladiges 4 Cod &5 0l dwbre JKWLKe
0 mels w611 3262 Ly s o o Jele 815 0.4%
cobie @395 1 50,5 Yo dele 58U pe5 4 asl cpl ol bl plSociul
09,5 Shodele bams oo i 1y o] Sl Gialisl g aie; 5o 0,340
55 0 3l s liss Gl 0T b Wse S5 4y ey Blod (liee 315
Aol (o a5 Sged oslaiwl ainey jo 1) 815 I g polae e e
3eolaiwl Jdo 4 elem Gialidl 5 clils pasles (6 5YL Ay ao o
Jolo i CojealSal & IS (oles i Wy i 81
pas o a o] aige lade (81,5 04 o Jele &jge j0 Ll 0o S e
Msn 2815 51 L gy LS5 (sl ey 5 Blad 5 ki (S5
4 ol b 5 oS sloasslS Syl Slbec 5l o

Jgdwe e 50 Slo Jale 81,5 auo o o i L 5D JSo b Gl
Sl Si9 03% 0 Jsse Jlade i aboe GRIP (oA
@ Coms g wBboo JKLLKS 342 L ply a5 0gd o0 Jool> lo fale
b aws o lias 0gug 252.6% (JWLIKS 9.7 Joow b (31,5 08l aiges
318 4 i Jedo s 0.5% o b ele 315 e ol
55 0.3% (g5l wges 4 Cand T Yoo 4y a5 sy o0 JSWLKS
539 0.4% L oleaiges 5o el o sl 08,8 oy als Jls Lale
Iy 0,090 (! b Lials o 0,5 Jloule pas 31 Jaleygny 81,5
2 Gl B1% Jalegns G5 gl aigad 5, ol S on e
i diges 4 Cond Lol o oo lis (31,5 08l diged 4 Cons 1) Jooe
68.7% _iws Joso o Jule 81,5 559 0.4% (ol aigei xy 095
Wles o 2l

005 Cuto jub CanSlls (65,50 al38l j0 03450 36 5-C JSa b gillas
S (558 GG Jodele B3T3l (555 0.4% Jals sladiges )3
Al Aiged 4 Cod Sgupe 44.6% e oS e deo 5 Jo3 107 4

1

8_

6_

. N

_ € si

4_

2_

0- e .‘II e
0 2

Fig. 4 Image and chart from SEM investigation of functionalized
graphene powder, a) MAP Analysis, b) MAP Analysis for Si, c) MAP
Analysis for N, d) MAP Analysis for C and €) Energy Dispersive X ray
Analysis
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Fig. 5 The effect of graphene on the flexural properties of basalt
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crack deflection and b) crack pining mechanisms
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