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ABSTRACT

The research works have shown that the graphene can be considered as the

strongest material and the hummer’s method is a suitable method for its
production. Functionalization by chemical groups compatible with its matrix can
enhance dispersion of the nanoparticles within it. The effect of graphene nanoplatelets
on the isothermal and non-isothermal crystallization behavior, nucleation and crystal
growth is explained. Several contradicting results including both increase and decrease
in crystallinity have been reported. The change of electrical conductivity with the
addition of graphene and method of determining percolation threshold are presented.
The results showed a significant increase in electrical conductivity by incorporation of
graphene nanosheets. The mechanical properties of nanocomposites including elastic
modulus, elongation-at-break and tensile strength are reviewed. The reported results
revealed that modulus increased due to higher modulus of nanoparticles and there was
a contradictory result for tensile strength and elongation-at-break. Functionalization
of nanosheets could increase the tensile strength of nanocomposites through stronger
adhesion between filler and matrix. The thermal conductivity of these nanocomposites
and the desirable method for measurement of thermal conductivity constant are
discussed. The results showed that graphene nanoplatelets are less effective in
enhancing thermal conductivity in comparison to electrical conductivity. The
rheological properties of nanocomposites were affected by addition of nanosheets and
the obtained rheological percolation threshold was different from the electrical one.
The lower electrical percolation in comparison to rheological one means electrical
threshold is obtained from direct contact of nanoparticles.

ﬁ review study is presented in relation to polymer/graphene nanocomposites.
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sl 0318l B laatos 5 OlEYON (31 S -l

O 4k 3 S Jgmls gl gl Sla g
L5l 50 ol ol g 53 Sly3 sl a1, cuiS oS bl )
Rl balie sl ol coenl sl STy 4 Sbos
452)‘2J}P-JJ\)ALJJ‘J%J)SQS‘JJL;L&\&))MLLA&L.{)%S}L
el Jsloe DO 5 Colde LYt 53 S ey 51 o le
Gard b 235 5 Ll S SaSh D ey 5 s s SLS
4 ol S (gl gl s O ey SISy e 055 e
ool wl 2 iyl W Lade S
ok 518 ey el L obs b s ol Sk e el
LYe=TY] el
3 SO Ospen SaSa AL wils 1) ey 055 |- LB
Qy\f CJ)J»BJ.: C\jﬂl )\ salaze! E) Lo @y}b 6LAQL°)
sk Ji,1S isy I LCRG L awslis 53 TRG &3 gl 5 i
TRG (slaamin b ol 5 o lile Ll 5 0 O Lol s .ol
..us@dﬂf,i}.umauwwﬁﬁg;usmp
(IS Jew sk 5 (st DL il slacy s 508 50
Jsas Klgs o a8 oS W8 Gy, cpl b ol uT SaSw
slgdy [PYXF] il OF s 318 Glaamino cxl) 005
¢JJj&L;aL}>fwb 6L&’:J>&> )3456,]9% duﬂ.}g DL 4)}..:&
Shlaspl Jalse b bbb ao g ST, 03,50 Cawsay <l 5
[¥0] L5 s Jals sl b
LJJ‘D&M%WJQ‘JJ}))JQMgl-:‘w-bw(‘;dj‘)
L..[Y’?—Y’/\]g;..ﬂljgﬁi:}jéﬁ.:l.é@bp):.sﬁyduéﬂuqlﬁ)‘
QTQ.)}\‘\S))\JJ}#)AMJQfJJJJQJ)MAécleﬁJ
u::)j‘)e (_;LAJ )J Q‘JJ).:LJ OJASCM.J\ LsLéa}; j:"‘:“‘:’ LSJ‘J".’.LiL’
oo a Y"OC L Q}.:.«S‘ 6‘)‘2 6‘.}!0)15 cJL':.A Q\j«ﬁ&: &:».w‘
S BU SN s cpl 03 e slet socnl ST A
.J_,...:”: c)l.é.‘l...ul dl:d LSLaAJJ§ _)'.’.L"" Li a.\JCﬁL&‘ E) GO LS[:—‘U TRG
G N e B T B SR CLEN G S N O R e
a5 sladw s 55 45 (6 o 4 el 03 55 S 035205 RELE

\-6 AFAA 5 = 3133 (¥ 0 lods (09 39w Jw poss (55919355 9 pole (ArdY S - oke alxo



Ubled 9 5 leS 03w

Nucleation

() pEG-g-co

o

%(,

'.0 b v/

I—‘| ,\

Lamellar regiond Mesomorphic regiond Melt region /

@ PLLA ordered structure ' PLLA lamella -~ Activated PLLA chains

[¥#] (PEG) J,U8 -l L L sl (GO) wwst 31,8 (slols (PLA) dewd SN Ly slacy 55008 66 53 5 5ks 518550 -F s
Fig. 3. Mechanism of crystallization in polylactic acid (PLA) nanocomposites containing polyethylene glycol (PEG)-modified

graphene oxide (Go) [46].

At el Il b gles T aS 035 T T, (gles
Sl ol s 1B i Kl 5 005 2TA(T,HT) L
T,=T 30K 5 a5 bR b o 2l T, 5l 28 & s oS
525 n gt s eSS S o Ol 3 8 el e Sl
LS e e Colg o S w351 S
Ll o5l S lesen ks Sz [FY] OLs 5 Sl
SATO AT AN (glales 53 1) sl 313 5 s SISV
Avrami Jde U 1 ool Cowsay glaesls 5 L3 S o) 0 \YH°C
SolS Avrami ol Ol gews | n=Y/F liie a0l sls cilas
oS Ll 51l ol om0 |y baany oS Sl (5 S 3545 45 Ws S
s iDL 03530 b ks e RS 6l ol
Jolse 035310 ad sl Ol (gl sl 300 (sl ol (55158
Al SITFOT O 5 it ol o plonil o sl 40 15315 o5
oslizal o3l S glaasmins sl-denl SV L ol s J SIS
ok Glo s S o5 il e 0diSe 5 Ol e o3le s S
S andllan 5 das il ool laslle LS5 <y )
IS Il b edapdlol (1S laamin iU Sl (8,503
Ly 5 alsamen Jolie 55 Olajes 3 g S A3 Lesl 5 eslizal
3l Jas S8 55l [F9] a8l o Bl esle ol 352y Clews
Rl 53 8 Hsbolea ol sdd eals DL Y IS s s Slol
Olssa IS8 GG b s a0 o pd e sy S
sy S o0 5 Ad, e 3 5 03 S e s ule
L35 ool Ol S o oS g5k phae sl 1S5 6l
sddol Sl Sl ghils a8 5L s iledles (g5 )

gi?;:.»w)f&lf)DSC g:»,«‘(POM)oJ».:«L_;)fJ}g’N)Jg?A
S Loea gs.’.LAu’L‘JJ szr}.»fPOMj (LAJVAL) LA:('.A )}l.;
DEYFY] S e sslizad O Kassy

oot Hskd

B ol & ooy Yyame DSC L loses sla s 3
Les (al 53 (3lselS L 5 55 00 3 Do pts 5 A5 4R (S35
35l 4 Ghy el 3 Jeols s s obas ks S
laamio 5L oyl JLS b bl o 55k S s
@b o USe s oledis OIS S e 1S
SLUBS gl s il eddize gla IS s il
O 53 Sl (a8, catS Sl 5 el Sl 4 28l
SeSa |, PPIGO (sloson S [YY] 0LSn 5 XU 133 8 s
shye ool kS asaas Olos X3 S 2,18 5 ws » POM 5 DSC
305 Sl Gil3l el 08l (Y IKE) sls OLES (g 2alS
ool LOT isls s GO oS s 5525 40 1y ol satees o330
Lauritzen-Hoffman aslxs 53 5= glaosls slas polol 1) 3 50
155 S il (1) dsles)

G =G exp| - u exp| — K, )
TP TR - [P TATE

Sl oledl 55U iz 5§ iy Co s G dlslas ol s
ST AT 5 olares COUK a5l 4 bs sy slaasS L]

WWAA 525 = 31353 ¥ o)lasds (0939w Ul poaly (53919355 9 okt (AMRYJ3 - ok Alxo "?



OIS laaxaogili— rouls (5la s 1940l 53l SLS y3 5 9 yolod

Sand (a,4) 10.

open symbols: PEO nanocomposite samples, solid symbols: SPE nanocomposite electrolytes; cooling rates (°C/min): (o,m) 2, (0,®)

55
S — 130
45
s )
g =
g - 1204
< 35 =
= |
. ° g%
sl
— 0 L
15
00 05 10 15 20 25 30 00 05 10 15 20 25 30
FGnP Concentration (wt%) FGnP Concentration (Wt%)
(a) (b)

t,,, (min)

1.0 &/“\o
354

0.8 e
25 ~ \ .

06] e S

05 s

00 0.0
00 05 10 15 20 25 30 00 05 10 15 20 25 30

FGnP Concentration (wt%) FGnP Concentration (wt%)

(©) (d)

Co o Sl (d) 5 () 55l jesaad Ol (€) «(AH) 5k L;JLJ b) (T,) ,5bs sles (@) 1 a,\.ic‘ytpl LSS0 a1 -F IS
[YY’] FGnP g:,.mﬁ ‘)\ L;Q.}U CJ)}JA.J e.,\..flcy\..p‘ AVrami UJL’U! wLﬂ‘ B (Zc) )}LJ
Fig. 4. Effect of content of modified nanographene on: (a) crystallization temperature (T ), (b) crystallization enthalpy (AH,), (c) half-

time of crystallization (t, ,), and (d) crystalization rate constant (Z,) based on modified Avrami equation as a function of FGnP

concentration [43].

03 Ol JlAde (LAd 4 g 5 L3 S eslatwl Ozawa-Avrami
S 45 A8 b i el RIS 05530 L Avrami dlsles
b5l el D3l s b ks S 5l 0555 s )
el ool ¥ SSE s g ol

53 Laeal sy 4 |, HDPE L5 [YA] 0L 5 Tarani
b oIl F ol W S sy 318 aamino 8L &y sl
Sheslizad U jeds opl Ssks Sk, o, (VO pm 5 Ve ©) o3l S
S e ol Ol C’L“ L3S ey e.x.';cy\..pl Avrami J.
by (S50 b ST 551 5 oledlad 550 sks
SIS s el 1 sle 5 w8 e i S350 03 Swlsl L
ol 5l 5k sl a3 S ladsins U Dasaslsl L .ol
RSy (K SN VR FC A TCH Y LS K AN L PG
Slaesls b edalle (6 iy Hsld Co w53 5 ol 0L
adsl 5ok oS 3 ) Sly edsidlol Aviami Juta Sl edaliwsa,
Jﬁu)%pm}f}wwwuﬁ@uu@;u)&u
303 (6 7108 Sl S itz S 1 Aol DS

= Aol bl o selS 5L s ks, [¥4] O, Ses 5 Zhang
L laosls cillan b 5038 ooy 1y s O ey 1 ol o3l S
AR @)é&lﬁﬂduwﬁﬁmbﬁéﬂf@Avrami slae
G il o 55 5 38 (6 S e sk (Y4°C/min
2 ophS slane Jla ki ol ol b e Ll 5ks Cs e
A Ol 5y S 3 lin S Dl 5 disly o 5l 1 e
el L (A s o 28l8) O s 1 (ol 5aan) 31 S e

\-Y

& Ll dodl SV L s YA T/mol lte 5 5 el alS
sddmol D6l ghils 2o 5elS 5L sl YAAY J/mol e

R ol

Lopnl yold
byads GRoslp lpd b i calis Loseall H5ls Ll 2
53 DSC Sty Vgane St sl sy ol ol 55 50
S it B e oo b 4ipes 1] 355 o0 plnil al e e
dghen andls oSS les opl 3 alds x5 ekd p S sd gles
s b s 358 Gd O 25 5 ol S a4z ,b U
B ooslss pom dmpe 53 5 edd 3w e glos U st
5 (Rl rm) o Jolye ol baosls 353 00 0 80 53 los Sl oy
o sl Jald oS Wkl (Olss b S) ps
53 b (8D Lk et (T ) Lok pus sles (T
slos «(H) 55k BT EWHM) 505 S iy plis)l i
55 el (X)) Kook s 5 (H) w5 Jl «(T) <b
LS5 b b el 5t slespal ks S anlllas
sl alS el Oysle 534S gduS] 318 5 (P3HT) 650
1GO oLl b K5k do s 5 bes s asiin (1GO) o
(Y] OLSan 5 ol [IV] Conl asls 0l (g &Ko il
b osdkizdhol S-St Gl lspal 5ks S
53 el gl ) S sl 3 1 IS I
S 5 s Avrami gladde 5l ol s S ) s 5L cdy S

AFAA 5 = 3133 (¥ 0 lods (09 39w Jw poss (55919355 9 pole (ArdY S - oke alxo



Ll R LG v el S Sl 52,8
DSl 95 5,8 e 13 VT Slem spds 4l e s S (S
= 5 Sk o eole bl g SOSIE Sl Lol
e G35 005 534S Aas e ) SR ksl el
3,8 3 LT G ey el 5 SSU Y 5 s Ko
s 5 S b 1S Sld bl b s a8 b s
Jime 318 3 ) ety s 5 05 5 dies s L
o35 A S5 ks sl oyl s oS slackle s 558 .
Sl (Ulasl slead 51 i) mie glachle s 8 J= o
oS 3l Sl sazanS g5l 5 e ol el S e
‘uumalﬁajp\.mumj;m;ﬂjchﬁj&ﬁﬁ
S SRl L 85 (g & el 50 50 D3 0l (6 e o
Ll s D3 S 6 sl s Ll ailial (g ke
w0 S5 056 Je b 2 slaesls Gl L Y pare Jlas! ilec]

3 yh e ol () asles 02

6, =0 [(d—.)/(1—-d,)] )

w}?fms (I) ceJ&;SJ._:: éﬂ)‘:ﬂ\ ;Mb) G, calslxo U"‘ L
Sl sl Slpu g colit 5 Jlasl Sl @, oS
o 55 1083, 5 @) S e (0) S S
denlowe @) 5t solie jove g3 opl 5l sl e = log (¢-9,)
osly LIS O S s sdkal s as Sla s 3l gl el 350 o
[YY] ol 0

A gl wl p bSO Sl
Oy 5 L [OFT (PA6) # el L {OY] (PET) oV 5 sl L
L0581 (PT) deaul L [00] (PS) & szl L [O¥] (PVDF) s, 5 5l
=2 [OVI (HDPE) J&o , sl L 5 [Y] (PU) 06,5 b
51 a8 Jlasl il oyl s iz glaesls xin .ol ol
sddoslizal (1S 5 4wt cpl s b cdites e VI
sl il S sde o ieS Gl sl olus 50 VSl i olis
orl s [0V] el Stankovich S 4 Slate oS 035y saze +/V.
Slls 2l b el mSal GO-0 il Ly &l r sl 50 6
Db s b el ol GO 5 Al ag Jyle o) &
sdosliial 131 S sl (g bt ol 5 sl ST 3L ralS
ol Jlast Sl 1S sl cpl e ey ool W5 L

o elS 8L SO Sl Sl ol = [0Y] 01, 5 Zhang
A3 S ey |y Olie LYl 55 ) sdslwsa PET b

......... O3S Slaaxogili- rouls Lo H9a0lSgil Lo sy )15 9 yolsd

OB 6118 ey jeml gl (K g Tl
el S slamin oU SO Sl Sasley 515 05l Jsa
Ll 1 6 e (gl el S S Sl il 5l el ol
alie 53 )by Koy 318 281, cdS @ s sl wlead
oy LS r S Sie b GBS S sl S S e
ol (il g Ll ey s Ul Skl B Gl
S okl o e s G Clew 31T Glaamis lead
G ol g e ol 51 Sl Sl j2alS Cx s
K3 S 3 5 (S S S0y Gl 330 ok (5 pmcky Lo
dnt 5 oo S (Sl SRl o pe skl o 5 L
L;YJ:Q\ ;J»;L.o) LJ‘}LM L‘)&;—l L)j'ﬁ) cJ‘J QLJ.A LA&A}}:
Lo ile S 4 o ) gt (Sl 58 Sl 3 sla oy
JSs il e 3 S350 51 glaSs (sl wlead s

10!
10-2-
B
@/ 105-
o || et | 2
2 1084 i . En
E 1 L o/9
Eo ] Bl |F,
= 1014
o
g Vs i 7
© S , ,
10741 SRESE =5 ! 3 2
log (¢-6)
D " I 1 L 1
0.0t 0.5 1.0 1.5 2.0 25

Filler volume fraction, ¢ (vol%)

S0l by sl S50 (S (Sl -0 S
oS e S e Sblwspl fd b oeddls ele
ol s 056 bl 5 1y Saile, Sawly [l owe)

[OV] (das e
Fig. 5. Electrical conductivity of polystyrene/phenyl isocy-
anate-functionalized graphene nanocomposites versus filler
volume fraction (inset plot shows the power law dependence

of conductivity) [51].
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Fig. 6. (a) Electrical conductivity against filler volume fraction for neat polystyrene (PS) and its nanocomposites and (b) TEM

image for selective dipersion of PS/PLA (6/4) nanocomposite with 1 wt% graphene [55].
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nanocomposites with graphene nanoplatelates [59].
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curves for PLA versus graphene nanopaltelates concentration [74].
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Fig. 13. (a) Schematic diagram of synthesis procedure of PS/
CNT/graphene, (b) and (c) SEM images of nanocomposites
in two different magnification which confirm CNTs act as

bridage between adjacent nanoplatelets [79].
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