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b) Magnification of the microscopic image of the aggregation of
graphene nanoplatelets
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a) Aggregation of graphene nanoplatelets in clusters with different sizes
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Fig. 1. Epoxy modified with XG-H-THF 1.0 wt%. The red enclosed areas are large clusters and smaller clusters of
GNPs, marked with red arrows [20].
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2 Repeated unit cell (RUC)

1 High-fidelity generalized method of cells (HFGMC)
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Fig. 3. Schematic representation of multiphase composite with three-dimensional periodic microstructures [24].
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Table 1. Properties of GNP nanoparticles [8].
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Table 2. Properties of EPON 828 resin [8].
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«ee 4+« Extended MT model [2]
30 | =3 + Present model- considering aggregation dependent on GNPVF
® Experiment [8]
29 | —&— MT model [8]
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a) EPON 828 matrix nanocomposite with graphene nanoplatelet reinforcement phase
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33 e Present Model considering GNP size // .
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Fig. 4. The variation of elastic modulus of GNP-reinforced nanocomposite at GNP contents
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Table 3. Properties of GNPs reported in [9].
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Table 4. Properties of EPON 862 resin reported in [9].

E

JSSs Y

5[] )3 ets B8 @l b g orb e Cojgels SVl Jsso
Caioenls el Jodo Sl ¥ S5 ol oad awglia[ VY]
SIS oS ) 5 lsie & 1y culgbd SASY EPON/
Mo plla (0 e &S Cwl (gygpe 4S5 pl & dsg > o ol
08,8 48350 ] 8ol & ygo 4 l)dgl (oS s ey jerelS sl
ol ol Bl 3 Bly ot 5l cal (Sen (gilo e 5 plate il
b Cojgrels SVl oo (durpie jl Jolbs bt (1035 jshaten;
EPON (15, cy9y0 cdishgiby3l,3 (il psls i 53 ¢ oy55 (slodl
(ol pls Caslodds (il i (Bolal Gygay (gamdw glad 3 ASY
P zedy @ e ) plete 45 93 adl oo 0959l Cujorels 513,
b pols Jae o SVl Jodo i «Jgl 2505 sdmlive ¥ S
Sl e ) 55 S Slidglh bt S B i
oS slgze (09381 b ¢pgd oW ARY ) [a] sl yimgh > oddplx]
Cojpels SVl Jpo ooy +1F 5l 55 ) liyglicdlS
b olge gt ) a5 BB Gialdl snims slis cpl il oo Sal3l VY

Gl 813 glgizee | (oS lade 2434

Sl Bl qas B ¥ -V
Do oS 5 Loles il ple & Lol oM I S
oo 4 e ol o cul Sldgl s SuSTy cunds
Sy Slail asb ials & s (gl o b Sl gl

PIA YT Gl die b awslio 3 psls Jao i <83 55 M3
(S393S TV b sl 5yl s kg8 YL Sjgps
ol & cul Jgd BB IA Y] Ui 93 byl Jao in i <]
Comd (S il (99,0 ChihpbpdlS ©ob (SaSly @ (g Iy i
A3 b sl Jae s S5 g 0315 0,351 gy el o
S (£ it €83 b SV g (0055 4y 2B 5536 oo (4385
el 03 gy 93

S yorly jopalS 31 shigas [R] 20 )3 oaplonl 10> g, 52
)yl o jarels SVl ol 055 linles] )b 5l g b axslus
g 4 cdibgbodlS 5l opiy olgie 4 ASY EPON I layl i
Dgd oo odalie Y S o oS jehailen L1035 edlasl cogai;ls
2 050 ) jeome g ol YV Lgyigpl dois il Jae
WY S 0 el 5 slbyeie 4 ds g bl gyl dis
ly (2] Gingsy 33 (228 @l Sl 0ss b )15 (o0 gyl Lolss
¥ dsa s ¥ s b gillae sy 4 APV EPON 5 clihglidls
il e

5 Jsb e 35 ¥ i glidl,S s o Canl 5 s
DR 5 e - Cusl gl ¥ (] Cuslbes g jtagSea ¥ ol 15y
o9y 5 oozl bl ond mw V] )3 48,5 plool imngs 441
ol Jae S e 1) CojeelS sl SVl Jode GMC

b5



e 48,5 las s &S Cunlosds edly L oplpogMe b o yiol3dl
Cojgals SVl Jgdo (sly Canydb (53900 K5, @lo Gy = ¥ Jj>
07 S 4 (B 0)350 @eaS ()9 Ay dr g BB 50 &S 9
oL 1) Cojasels’ (pgmlyy o 9 Sl Jgda 59y 2 ol 86 5 ¢

.Am)L;o

e B algl-F -y

OBS L oddCa gl (6 pouly Cujopels SVl oo il IS5 5
4l )5 Sl o b cdugldlS dilse Sy sla s il
@55 slows 3195 Slojb Lolyon pob Juo cuwslord dpuloe (Slejlé
(ol 4 dsgipie Sy WSST b 0yl [A] oyms slaeshs L
AEFUSE ) g0 Gt ) Sl el sy Gl e
Jote «lihgbp8S (Sjg S (I L ojlgen o5 298 0 onlive
b GRlEljenls (9> Sleils o il W SV
7 10) 5313 0,396 (Sl s jlaide L5 a3l b &S 355 s odnlie
Ol 4 Cujorels Sl Joto (Slajl 3929 ()9 8
SV oo 45 Cal dgpitio zody 4 eonlply b ialjdl 44
bl olas 815 — Sl Sl 4ol 4 (granly CojorelSsil
StV 9o ccg poly o b gl ) Slo b il b 4y a2
09 ek CujorslSoil 1yt Sleajl b (pony CujoralS il sl
Gl (Sl 6

Sl pall oy i onl > Slejls Sl gy 2 09Mle
Ly Slejb Cebis g (0] (Stimer cups G (Sleile ol
2l S e Slcsys @ F g oF JSS 0gd e aidhy
(V2] o a8 Spbol img3y 3 2 ama oo (s StV 3o (55,
Y S youhy SacajorelS ol > SVl Jodo (5:55 (e jslaie 4
Jode & 25 oo odmlie A5l atdly V1 55,5 (o)l @ Hlade
e N Gl xS )5 sbe il b GBIl e GBI L cojeels
b slea b gotte ©glds g Canl laSy Loy ST Jodo a8
ol ods 48,5 a3 d Y L ply € jlade e yimghs pl 50 plplo bl 0
lgoe sy gl o pd (Sodie OlpesS =7 S8 5 il sl &
Ol ol oAb gy @ il plie jodn > gl S
S)lie (St o oS 2Bl o BT Sloj gulyy cupS > RS
S9y Vb sglue gyt polie lil g L8L ails YL L 5V Ll

Ak ;0S5 Badaie by bt Lo yd g sy ials

ey

Foe 0ol gl —pedy (e piiSeny (alS W nlple
w0 Sladiss el 5 [Y0 Y8 VA 590 o5 o jomelS il
srgbas addlas o [ Al @l )3gl Lawgs oidcu s (slacyjomls co) 2
Ol b S xe cpl 4 ol dtunly l)dgl e S @ il ydail
Db o LA (15) (190 Sl geaS Cundg 039l (e yuS

@l (oo S & Ay Sl b BlS @oa I (o) yglateds
Aty zazd &S b )0 (oo S &) diunly SVl Jode o e
OB 9 Ze3S 4 dag pas (e 50> Al 93 b Sl pez puS 4
@ Sl 4B8)5 15wy )90 (oS A ge3S (g S
sdnlie cll-0 JS 3 [A] oyo05 ol b duslio g oy oyl j1 Jools
0l iy S b N GigpS b oS a5 390
P2 Jds e 39wl (5) (90> Sl b (SaS]y sals
Sl Jgdo (nitay & P8 g & eIV (Sig S 3 gy 4
b oSSl b sl o o5 028 sloodly 4 g ditwn Cujguel
DRI gl geas (LS gl g e e il
Gy GRS g Cojgnals ol 05T 4 e o)k 4 oS Wb
pobs Jse a5 bl 5l ol e e o] SVl Jodo Lil3al o
b wl 03y dagi ez S A dtuly cdiligl 85 xeod @
Al o 055 sl odldy & Koo )] i

oSS wujoels ol goip Gup bl oy slaien;
oL Cojorels olgd 55y 2 |y Gy lisie ol 56 &0 5 o0
iyl g Lial3bl L &S Canl (asein o UK 5l a3 e
@ dialy zox 4 4oy b Jlo ol b bbge (il SV oo
ey Sig S TooIV 3 g e le 9y ilygliipdlS (slgice
ORIPI L pSe g sl A, gyn 4 Sl oo (38l
Al as G bbb o GialS awls o s i gl 81,5 glgixe
Cajoels Sl Jgso (G =V) clidyglidlyS 0590 (Susly
P95 )8y gl gl Ggwlyy cupd @b JSB 50 bk SRS
iy gboBl)S (SiepS By e 4 Y e I &, yialS b S copuy
ol Mo SIS LVIY iz & (ogulyy o sy Zon YD 4+ )

TNEID s as e ¥ 5 &y s (o) Siza) Jgio (sl e

1 Scanning Electron Microscopy



OVF b ¥R domio ¥V Lo oF 0yl DO 0593 ¢S yual SilSo puwdines 4y pu

33 ¢ = = Present method, without aggregation consideration
32 r Present method, non-NPVF dependent aggregation V' y
31 | @ Experiment [8] I/

3 | —aA — Present method, NPVF dependent aggregation, cag= 2.64 //
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a) The effect of graphene aggregation dependent on volume fraction on the elastic modulus of graphene/epoxy nanocomposite
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b) Effect of graphene nanoplatelet aggregation parameter on the elastic modulus of nanocomposite
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c) Effect of graphene nanoplatelet aggregation parameter on Poisson's ratio values of nanocomposite
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Fig. 5. The variation of the effective properties of nanocomposites at GNP contents versus aggregation
factor containing 0, 100, 150, and 200
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® Experiment [8]
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a) The effect of the interphase on the accuracy of the micromechanical method for predicting the elastic modulus of nanocomposite
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c) Investigating the effect of adhesion coefficient on Poisson's ratio of nanocomposite
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e) Investigation of interphase thickness on Poisson's ratio of nanocomposite
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b) Investigating the effect of adhesion coefficient on the elastic modulus of nanocomposite
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d) Investigating the effect of interphase thickness on the elastic modulus of nanocomposite
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Fig. 6. The variation of the effective properties of nanocomposites at GNP contents versus (a) interphase (b,c) adhe-
sion coefficient, (d,e) interphase thickness
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