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ZE: Poly(ethylene-co-vinyl acetate) (EVA) Zoll X34 HHoMEHo|E9] T7FS 0~40 wi% HEIAA M3tA7]H
A, I3} a8 HAE(functionalized graphene sheet, FGSYEVA E-3Al 52 B4 WH3lE ZAIAY. EVA 5 =
A& 7H AldolAE|o| B dlfo] TS FGSeRe] E3Mdo] S, FGSS] #4ke] oA HAl EVAS] X
W AT A REHS S @307 Yt EVA 5 HdolE|o)|ES] ko] Fo) FGS9te] AT AR
o] 22 9= ALl Haeo] Yol AHS Frlek 49 g7t §43] M=o gFHere] A=t A
Al 7Tk BEAEAA EVAS] A3l FGS2e] o802 giA-oz 7HAeitt. spA5, HidolAE|
olE gkl 2k EVAC &%Fe] FGSE 7K A= 713 &l ogt AAst o] AFE et

Abstract: The physical properties of functionalized graphene sheet (FGS)/poly(ethylene-co-vinyl acetate) (EVA) was
examined with various kinds of EVA, having vinyl acetate (VA) contents in the range of 0 to 40 wt%. The compatibility
between FGS and EVA was enhanced as the polar VA content of EVA increased. Thus, the dispersion of FGS in EVA
became finer, and the decrease of surface resistivity and the increase of tensile modulus by the added FGS became more
effective when the VA content of EVA was high. When the VA content was low, the elongation at break was reduced
drastically by added FGS due to the poor adhesion of FGS/EVA interface. The crystallization of EVA was generally
retarded by the interaction with dispersed FGS. However, when both the VA content of EVA and the added amount of
FGS were low, the crystallization of EVA was enhanced, probably due to the predominant nucleating effect by FGS.
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AHE 9Igk SuiE AMSSA] or=E AgA1F, 1E|al 218
ook, &, 4k vido] glon® e o] AATE
FAsleT) o]t AU O Z AFS 1AL BE &
Mol 2EiH Fo] HA = few-layer I FS 2 Brunauer,
Emmett, Teller(BET) ¥ 08 A4 &2 Ao 2 XHAS
Z7g8Pa 400~1500 m*/g T TH@ AT 2efae] EHZ
2600 m¥g*). B W o 7 A %3 a3k
A o FA7], S eS8} e A s ¥dtele
57150] z&Esleg #A53F 23¥ 4] E(functionalized
graphene sheet, FGS)Z}2. M 3l71= gt} o] FGSE A=
ste 4 A7) el thFek v, vheFet At F
7re] i glol AA A ¢ e Aol Uk’ 2EE
2 FGSE EFAIES] Azl a3 o2 &8d F Ut

i AFHolxe FGSE Z89dE, of=2gA aEakst &
dote AT & B4 SEEAETE AZRE ] F% nwhe
FGS?| H7I2 A7AEws} REe 2] & s dS &
AS-S B3 vl Uk B W, Macosko W S0l A
© Z7IRU0|E, EgoAE, S EE9-dwt FGSE
S5 B RS EA4S Wrkekal Bargh v Qloh ot &
Zollgdl 32 o]59] FFFA= FGS E3tate] dixd=|
A=, A RS 52 SxolA ksl 82 3
onz ol BE3AFo B3t 7| 2AFRES FHY 84
o] At} spAIRE, FGSE WSA4de] Z2joddl &2 Zejold
Ae] FSFA} et Az EFA s A A=
2 opA7HA] HArE vl ity meba] 2 =ioas EEd
g, 223 og@l v dolAlE o) E 353 (poly(ethylene-
co-vinyl acetate), EVA)2} FGSE &3t S3E 52 &8
THOE A xolL SHES A, o8 HdAge] &
FA &S ST 712 ARES AFstarst gt

ot rlo

4=

d H
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Alef. A= Zg]o &l (low density polyethylene, LDPE)
F} vdolAElo]E stafo] 5wi%2] EVA(EVAS)E 23|
Z2HE A W9k, YA EVAS Aldrichol A Fojisled

Table 1. Designations and Characteristics of Polymers

ANt

ARSI, o5 JAbEel wek GAHIRE JH= Table 1°]
eIt o & AR S SR EA (M, S
AL (M, gel permeation chromatography(GPC, Waters,
Alliance GPC V2000)= 150 °CellX Z-8315itt. EgjE ==
S gedoz A8, ZT| e BFEEARE Ba)
FS APgeiiTt. 7F atAke] Bl A< 3 Fedors®] Tl
°]E] & Al&-3}e] group contribution methodZ 7] 2F3} 93 T}
(Table 1)." FGSO] A|zel] ARE-gF S -S-A(ES350 F5, 8+t
YAFA7]: 280 um)-2 Qingdao Krompfmuehl Graphite Co.,
S=)elA Felsisl:.

FGSe| HM=. GOE o it =wollxe}t FYU3 Brodie
< Zkshste] Azt GOE Ao
& 238 C00;45H, 5510 GOE 1100 °CE
91719 Zofl 127 FYste, AAnE 23e}
o] COZE 3liz]=HA] Sd=]ar, TE CO,0l
Aol ofall 7t Fol vlE]E FGSE AxskAth® FGSe|
A AL Ci0psHos1 L, BET Ho =z =43¢ ¥H
428 m*¥go] Atk FGSE o g0 EAMAIA,
(Beckman Coulter LS 13 320)Z =% 3+ Ho
8.3 ume| 3tk

FGS9| PE &2 EVA2le| S8IA& M =. Plasti-Corder
(PL2100)°] 17 ¥ Brabender Mixer(W30, 300 mL)Z FGS
of XFAE &§ EHsATE WA LEAE FY 5
100~120 °C A=A 60 rpmo = 587F wrkshdar -3
a1, olojx] AAS] FGSE FYst 1017 it &
3 B9AIEE 120°C, 9.8 MPa o 24oA k5P 3t
of 77 03 mmel F1E FeHE A|HE AZsict,

A, 53R I #FE 28l AP A
Aol o] Wzhek 3 sifjetar, waE 9IS scanning
electron microscope(FE-SEM, Jeol JSM-6500F)2 #2313
o},

dEAA G A5 FHA S four-point probe system
(CMT-SR 1000N, AIT Co. Ltd, 3-=)g AR&3lo] =43t}

g7 AHEL differential scanning calorimeter(DSC, Q20,
TA Instruments)E AF&-3to] 4319 th AR 10 mgs A
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Lo Vinyl acetate Molecular weight Solubility
Designation Kind of pol " Sunpli
code ind of polymer content Iy " parameter upplier
(Wt%) n w (J/em®)!
LDPE Low density polyethylene 0 12600 105900 17.5 Hanhwa Chemical
(963-LDPE)
EVAS Poly(ethylene-co-vinyl acetate) 5 12400 85300 17.7 Hanhwa Chemical
(1155-LDPE)
EVAI12 Poly(ethylene-co-vinyl acetate) 12 14500 102800 17.9 Aldrich
EVA25 Poly(ethylene-co-vinyl acetate) 25 13000 67900 18.3 Aldrich
EVA33 Poly(ethylene-co-vinyl acetate) 33 12800 55600 18.5 Aldrich
EVA40 Poly(ethylene-co-vinyl acetate) 40 11900 41700 18.7 Aldrich
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oA 71716 FI8laL 120 °C7HA] 71 8tar, ThA] -40 °C7HA
WzsteA AAse(T)et 2839 (AH,)yS A3
olojA] thA] SL3lAN HEH(T)H S22 (AH,)yS 93}
At L3 e £r= BE 20 °C/ming AT
dE=AFs EIAEE 4ol 27mm, ZF 10mm, T4
03mm 7] AlSeE e} Q1A E 7] (0TU-2, Oriental
™, 3FE QAAEE 50 mm/ming 14EA4S A8t}

oot MD MI|IMET. FGS/AEAF 53171 4/100
21, & 4phre] 2 HS T3S EREE AAELd 29
Wzkek & sf3k WhHS Figure 19 YERNRIT}. Figure 1(a)
o|x LDPES FGS®} &3t 79 33tel F83] BA=EA|
Z5 FGSe| @ojelvt g S B 4 stk gEAl] XS
UIEE FAISIAL, o3 gt 21S Figure 1(b)oll e}
YRAsd T8 A=A 23 FGS BojdlE & ¢ Uk
FGSE EVAS, EVA12, EVA25¢9} £33t 79-= B]S=$t FGS
o] Qgolglg #ET 4 Aom, tEA = EVA259]
792 Figure 1(c)9} Figure 1(d)°l YeER STt aFA] 9t
EVA333} EVA40S FGS$} 41 749 Figure 1(e)ollA =2
= ko) o] o]y st Yojuls HA HAT 5 gl =
Figure 1(HolIA Hi= v} 7ho] E4kel FGS ol EVAZE
ZH FYEo] IS B F AUTh

Ruoff W4~ Ag o] A4 Al oehH .’ GOE s
Az agHe FAo] o toddHE, B4, WA,
EE Toll, 2Elal 0] ol =2 =, HEkE: 5ol
FakE|z] 9k, T2 Ao FA4S 2t g EEoE,
grd&Zalol= ol EUEY, oeke, gy Sof & &
2HELE o] GOE $Hste] Azt il dRshes 4t
25 xdshs B9 FAaAY S A4S Fol
283 g = At FUF FsiA )9 HsTIE
7HAL Sl Bt z1skEo] e HolET). whEbA Figure
19] A3 GOE €33t A= FGSE H=4 9
LDPESH= &3do] £4] ZapH, 54 WHEES]] BidolA|
Ho|E9] go] Zrtete] Sallm A gkl S7kgel met
(Table 1 =) E3Pdo] SdES HojFETh 9, EVA33H
EVA402 th2 EA1E0) H]3)] #A=Fo] 2t} (Table 1). 3L
2E &8ss Ae &3 uksEE ERY S ST
Aol ZSrE Ak, B EAlgo] 2R At ARES &
Eo] ol Wz gHHo T E3hE 4 e} o]#fst e
WA w o] E3tol feldt sk, FHsH QAE
gk EVA333} EVA40°] FGS9F & &3S 7= & o
£ AAEY Aog AyztHct
Table 20l E3ANEES] THAL 3he g3t el
. LDPE®] 9= FGS9| &3}l <Jsl] A ge] Fsish
74227} YelU = percolation threshold %ol 6 phr F-2 2

& = 9t ol9) ¥l EVAS, EVAI2, EVA259] E3tr) 50

i3 mmE

z |0

Figure 1. SEM images of fractured surfaces of FGS/LDPE composite ((a) and (b)), FGS/EVA25 composite ((¢) and (d)), and FGS/EVA40
composite ((e) and (f)).
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A& 5phr F2o) A threshold7} VFEFES B 4= ok &
EVA332] 7%= 4phr 202, EVA402] 3$-E 2.0 phr
F2O =2 threshold7} ] Wolzint. olgf gt FHAE FHE2]
W3} JA] EVA T HdotAlHo| ES] FHefo] e85 FGS
o] FAto] FolA HHA o] aHH o HAFE HofF
th ol AT AFEolA Griad EeldEehs guljol =
¢l & FGSe} &35t S3A1858 A=t 749+ threshold
ol 1 wt% njRto] oM 5 FGSE ZEdo|2H|E e =

FtRY|o|E9}l 8§ E33F 9= threshold %ol 1 wt% W]
go]Siet. o o] ko] AES FGSe HIS49] LDPESH &
sPdo] 4] FatH, dgdlS S dEAY et =
S SHANTI= A5 E3Hdo] S Hojsrt

ojde] Hi® =5 oatd, SIS raEZelddl
(high density polyethylene, HDPE)3} &3et 74, 7| =
o] F213t o] BAEE threshold’F < E=ko] 20 wt%
o3l 749 HEEHAL BAEAES BEAA AxT 54

REs

Table 2. Surface Resistivity and Thermal Properties of Functionalized Graphene Sheet/Poly(ethylene-co-vinyl acetate) Composites

Surface resistivity

Thermal properties

Composition
(Q/square) T, () AH, (J/g) T, (°C) AH,, (J/g)
FGS/LDPE (0/100) 3.2x10"% 94.8 103.4 107.9 94.6
FGS/LDPE (1/100) 3.2x10" 96.5 108.4 107.9 97.6
FGS/LDPE (3/100) 3.2x10" 92.9 91.9 107.4 84.6
FGS/LDPE (4/100) 1.6x10" 92.2 91.4 107.8 84.2
FGS/LDPE (5/100) 3.2x10" 92.4 93.2 107.2 87.9
FGS/LDPE (6/100) 1.0x10°% 92.0 86.4 106.7 81.4
FGS/EVAS5 (0/100) 2.0x10" 84.6 84.4 102.2 78.4
FGS/EVAS (1/100) 1.3x10" 84.6 89.2 101.4 82.8
FGS/EVAS (3/100) 1.3x10" 83.9 74.6 101.8 70.5
FGS/EVAS (5/100) 1.4x10’ 834 74.3 100.4 71.1
FGS/EVAS5 (6/100) 7.2x10° 82.6 72.5 102.4 71.6
FGS/EVA12 (0/100) 5.9x10" 76.1 723 95.8 66.0
FGS/EVA12 (1/100) 4.0x10" 75.8 76.5 94.8 67.3
FGS/EVA12 (3/100) 3.2x10" 75.2 68.4 94.6 61.8
FGS/EVA12 (4/100) 1.0x10" 75.0 66.1 93.8 60.5
FGS/EVA12 (5/100) 2.1x107 74.9 64.7 93.6 61.4
FGS/EVA12 (6/100) 4.7x10° 72.5 55.9 93.9 55.9
FGS/EVA25 (0/100) 4.0x10" 54.8 47.5 77.0 442
FGS/EVA25 (1/100) 2.9x10" 55.1 459 75.4 42.6
FGS/EVA25 (3/100) 2.7x10" 54.1 42.4 74.8 40.4
FGS/EVA25 (4/100) 2.3x10" 53.5 40.9 74.6 39.7
FGS/EVA25 (5/100) 3.7x107 53.9 40.1 73.2 38.8
FGS/EVA25 (6/100) 2.7x10° 54.2 394 73.9 38.6
FGS/EVA33 (0/100) 6.3x10" 39.5 353 67.6 294
FGS/EVA33 (1/100) 2.5x10" 41.0 345 68.5 29.8
FGS/EVA33 (3/100) 2.1x10" 422 322 65.5 26.4
FGS/EVA33 (4/100) 5.0x107 40.5 30.3 65.3 255
FGS/EVA33 (5/100) 2.1x10° 40.4 28.5 65.2 24.4
FGS/EVA33 (6/100) 3.8x10° 40.9 30.9 63.6 25.2
FGS/EVA40 (0/100) 2.0x10" 28.0 26.4 53.0 18.3
FGS/EVA40 (1/100) 2.0x10" 26.1 20.5 54.3 16.6
FGS/EVA40 (2/100) 6.3x107 27.0 223 52.0 16.7
FGS/EVA40 (3/100) 1.6x10° 26.4 21.7 52.2 16.5
FGS/EVA40 (4/100) 7.9x10* 24.8 18.4 52.4 159
FGS/EVA40 (5/100) 7.9x10* 24.8 18.1 513 15.4
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4] E (graphite nanoplatelet, GNPYS HDPES} £33 7%
£ threshold”} GNP &) 10 wt% o dollA] =St >
o|E Aol HlgiM = B =F<] FGS/LDPE E3A 57}t &
2 threshold 7t 7H& & = SUth olefst AxE2 A
o2 Qo] FAL T Aol GNP HsiA= FGS
74 Eelollddl Foll AtHH o ® mAlsH EAbES o
th. ghd, GNP WS H5A49] oz 58 X2t
linear low density polyethylene(LLDPE)S} &313t Z 9=
GNP gFako] 5 wt% 2ol threshold”} &&= 77,2 Ak}
247 dodecyl amines RHEAIX] 5 SHddto] Az 22
A, & 39| dodecyl”]7} 2 183> LLDPES} &%
3P threshold 7] 3 wt%ollA FaEt= Ry % Q>
olg]dt AAESL H|FA U BH S ETF FL o
2 FGS 3FHol| F2beto] Wk gho] FAER] FGSe] W
FE WFoFo =2 E EEjdlgae] TS A
T ULS HojFE

YU ME, B3 g0l MEYA vEAe] AYsE B
AHE FEEe] A4s) 718 el o8 S/ 4 = b,
geje} FEA} Afole] s zbgo] & 9w A A%
s}5t7] 918t Az AuE vt Welisked A4sE 7
2N FE UTEH Table 2004 EFAEES] €4 44
< 2743 2345 YeRl 2=, LDPES} EVAS, EVA1L2
749 1phre] FGS 7l &3l AHSF AH01 F7Fe
71 FGSe] ol ¥ B2 A= AHSF AH, E5F7F FGS
7} HA7VEA 2 AR AAags Btk o] Ade
Age] FGS7L 713 @] gl aiEate] AAske 3147
u, o A7t 739w AARsE flg AREe] AxE W
Fele a3t o 38 HoFH, ¥]5:$t 437} mica/HDPE
ERIEAME BarE vf 9lth* EVA25, EVA33, EVA409]
EAE= FGS7F H7HE A 24X AH S AH, B
A AA RO FATS B 5 Stk o] A3k v)dot
AHO|E ghgo] B 739 #4HE EVAS)L FGS Alol9] 4%
Z+-g-0] LDPE, EVA5, EVAI29] Hl&] 714 AA 35S 93+
EVA ARE9] AMIXE Wellshes a3 o 34 Uepde B
o}

QIEZ4. Table 3914 FGS¢} LDPES &3}t H3AI 5
A1 FGS #7Fe] F7istel| met BEselrt S7Fste], 6 phr
o] FGS #7il o8l Beel2rt of 1.5 S71ks &+ 3l
t}. o]o]l Wkl GNPS9} HDPEZS &33 E3z)|F ol 4= GNP
o] el swi% olstllX= REH 20 F7F A B
Hx] Lol B HE ul Utk o]5 A} JA] GNP BHUrp=
FE oz FA7E GRS FGS7F 5Y S Fe B9 Z2
gl Fof i) o FEE HojEt) s, g deilA 9]
2z} T H7EA Q] oA F(energy absorption till
fracture, stress-strain curve®] 3+ H2Z)= LDPEY| FGS&
A7kt 2 7 ol Avjgt= A BATS ' 5 Ut

|t

o

500 -
400
&
@
“
3 300
o
£
»
2
2 200 -
[s]
=
100 -
w 0 g g o S
[ < < < < g
= c @ @ a c
0

Figure 2. Modulus increases of LDPE or EVAs by the reinforce-
ment with 5 phr FGS.

(Table 3). ©]2|3F A7= LDPE AHA¢] 7-9-= 95 14
o oJ3)] Al&e] AIAEHEA FrtE= oUYAE F5dte
4 o] dojy}, FGS/LDPE £ 52 7%+ FGS<}
LDPE AMe] F2fo] £4] ¥3ale, ejgo] FojR]= 745 A
oA ] ug]7} Rt 2 viE F18 =3, i Eg X I EAR]
LDPE®] A& Aol 2]t oUx] = o] Ae] doj
UA| 5318 wojFt), o]2fdt olux] E53e] 2HAE GNP/
HDPE H3A| oM #Ha By g ot o1 Fxs A
Aoz It} o)A GNPL] A5 8oz FA7F F7
9 5L FgollA] Hzro] ofst Ale] ofo] oz A
7] o= AztEc) 3, GNP TS B4 9] vebd
o2 ¥ 2|5} LLDPES} &3t 74,2 & Akslsdxt
dodecyl amineS ¥H-$AIZl & Y3t Az A
LLDPES} E5H3E -5l X ? Fejo] il &g w4
oMol Al 7H4r) #EEA oL}, B 9] FGS/LDPE £
ANFAY FRAE LAoUth ol5 A= GNP B 32
e FH S84 52 slEhA o g A I Aol
dejo} vjER X IEAIete] [ IS HoFT)

E3% FGSY 93 EVAS] REZ 2 Z71E EVA 5 H
dolAlE|o|EQ] Fhefo] WeTE tAH o= F7Isted, 5phr
°] FGS F71l ¢Jéll LDPE, EVA25, EVA40S Z}72F R &8
27} 14, 2.0, 479 Z7}18F tH(Table 33} Figure 2). ©] 2
=2 EVA 5 HDoMAHo|EQ] $lEfo] eSS EVA &
FGS9] Ak} Ao 9] & o] £2-8 HoFET) FGS
o] 7t 93 sl go o] 2l 7hae} sl g7z 9] o
YA F2] 1A Ax T3 EVA £ HidolAH o] EL] shaF
o] E= oS £ 4= Utk(Table 3). 15 23 9A] EVA
% HIHoME|0|E9] 3hefo] W5 AMA 9] H2lEo]
FolA, ARt} B2 ul2 M E7| ke EY X
EVA 3LEAko] Al AufA| ol ot olyA] & o] ¢
Bo| YHS HojFEt

O
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Table 3. Tensile Properties of Functionalized Graphene Sheet/Poly(ethylene-co-vinyl acetate) Composites

Composition Modulus Tensile strength Elongation at break  Energy absorptiorg till fracture
(MPa) (MPa) (%) (MJ/m®)

FGS/LDPE (0/100) 2326+205 5.56+0.42 205+53 12.2

FGS/LDPE (1/100) 3096+242 9.66+=0.87 9+2 0.8

FGS/LDPE (3/100) 3169+283 9.74+0.92 62 0.5

FGS/LDPE (5/100) 32334291 9.72+0.91 62 0.6

FGS/LDPE (6/100) 3450+365 11.18+0.98 8+2 0.8

FGS/EVAS (0/100) 2071+302 6.40+0.51 163+41 10.4

FGS/EVAS (1/100) 2711312 11.06+1.21 16+5 1.6

FGS/EVAS (3/100) 32254326 10.72+1.58 1243 1.2

FGS/EVAS (5/100) 37634342 12.58+2.08 13+3 1.6

FGS/EVAS (6/100) 3808+358 12.47+2.20 1443 1.6

FGS/EVA12 (0/100) 1396+216 13.73£1.45 750+42 622

FGS/EVA12 (1/100) 1496+168 8.48+0.78 406+43 26.4

FGS/EVA12 (3/100) 1922+186 6.81+1.72 28+4 1.8

FGS/EVA12 (5/100) 2296+216 8.57+1.07 2242 1.7

FGS/EVA12 (6/100) 2576+132 11.90+0.73 23+2 23

FGS/EVA25 (0/100) 509+54 14.81+1.20 803+82 60.1

FGS/EVA25 (1/100) 581+46 12.41+0.82 744+46 522

FGS/EVA25 (3/100) 857+67 12.22+0.84 684+38 51.8

FGS/EVA25 (5/100) 1018+56 7.07+£0.73 126426 7.9

FGS/EVA25 (6/100) 1241452 6.90+0.58 47+5 3.0

FGS/EVA33 (0/100) 272+14 21.26+1.13 885+48 76.0

FGS/EVA33 (1/100) 290+12 15.06+1.61 868+36 62.7

FGS/EVA33 (3/100) 484+11 11.97+0.53 663+32 44.5

FGS/EVA33 (5/100) 686+26 9.65+0.47 396+39 26.7

FGS/EVA33 (6/100) 927+34 8.80+0.63 247424 18.3
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