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Abstract: The nanocomposites containing graphene oxide flakes were prepared in order to improve the mechanical
properties of artificial marbles based on poly(methyl methacrylate)(PMMA) matrix. Graphene oxide flakes were
prepared from graphite by oxidation with Hummers method followed by exfoliation with thermal treatment. Surface of
graphene oxide flakes were modified with oxyfluorination in various oxygene:fluorine compositions to improve the
interfacial compatibility. The nanocomposites containing graphenes modified with oxyfluorination in the oxygen
content of 50% and higher showed the significant increase in flexural strength, flexural modulus, Rockwell hardness,
Barcol hardness, and I1zod impact strength. The morphology of fractured surface showed the improved interfacial
adhesion between PMMA matrix and the graphenes which were properly treated with oxyfluorination. The mechanical
properties of nanocomposite were deteriorated by increasing the content of graphene above 0.07 phr due to the
nonuniform dispersion of graphenes.

Keywords: PMMA, graphene oxide flake, oxyfluorination, mechanical property, artificial marbles.

N =2 A2 E(polymer cement concrete, PCC), Z2| WS A%
A2 ARESte] e E2W Z32] E(polymer concrete,

9 A8 A5 2T ADAE 2 AR PO, LA ASA Lol $5) FoIE A A
A58 A2AZA DRARNE BIA RS Axele]  w@ Feiv] §3 222 E(polymer impregnated concrete,
Ho] 2 W itk 19604 274 E Feiv] FAE  PICY} Uk o]H BIAEE B, fAloh, A L )
AR} ABHR AL el het ATARY A G52 FYe2 mAE age) whd, v, 24
AESt Felv] EIAE FRAol B Fel] NAE 2 A, B4 9 AT ZALE AF SOl A0, B

Zoll= v FAYE A5 17] /42 ol& W
. s h: o o = = J s
"To whom correspondence should be addressed. AAE, BAVS A7) &2 7ELS—_ ST Ae871, % quﬂ%’
E-mail: hikim@ecnu.ac.kr goldAF B dl&F ol ek A77F =L Q)

251



252 Eak-%

s
9
B
kv
2

dd

olgst B3R FoAM ZMuS AFAZ AL
Zoy 23 EV 2599 dzxug oz v g
ATh Az A o] Azxd] AFEE = At EY AR =
ola A A, B3} ZE2EHE X, A EA] 4],
gge 2 s A ol AREA o, FUAksHE
FAA = st FErE, s g, A 2 4
HAAFZA 5 v &L 5] o] &5 ).

Z (W e el a2 g o) EYPMMA) A9} FAeYE
H5-S AHE-gF PMMA 12t 242 1968 P =-9] F3&
Abell 9 3te] ==, dAdEA g e A0S 7t
A Ak, He vl 5o 7heo] golste] = A= g,
AT A, E4 ), 7, HolE 2 A= W] - oA
59 O¥s AEF AR AREHI ATE? g dAgiE]
Auo} 7PH 3 WE A o] sk Alge] &0t Wit
YAl @ A oA §& Fobrt WAl A FH o]
Fshy Ago] #dE Byt ol ol H U okE
gol Zstal 3 Al FARFTE folgk FHE THA AL
AT SHARE HE Eo] ThFs A &EokollA F7HARI
715sE St 7] Wl Al 2 sl o] oheF
3 Wk ofel 71A|A E/do] FdE AU dxdE
A A o] o] A 8FEH AL AT

wEbA] B AF = 7] PMMA Q224 Bt
AGAR o g TAA BAreE dA%] FNE F e
U=A XA ES}S Tt AxugA Ao yAe S &
A7) 22} AT PMMA ¢lzdlg4l o] 71414 7w
PN ) FAA R LB A2lste] THS
A3 g AFsHE- 2| o] H(graphene oxide flake, GOF)Z
ARSI 2 FH 2 AAF R Es] A=A Q)
= BAAEEZA 7PEa Bt AR BT 2008 o)
Zstal Rk 1008] oY A7 & 5 AEE 7]
AA, 17174 50| st A LAjete] T E
Hlw 2 gt 2102 dejx] ks & Ao Al=gh
ShakAE A3t A2l 9)ste] GOF WS /st &
PMMA "l Eg29fo] Al M-S 239 o]df] &
7IAA B4 9 FEHSHY 59 WstE AT

z

o i

X 2. MMA(Mitsubishi Rayon Co.)E ©#A 2, PMMA
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7d0] 25 um<! aluminum hydroxide(Chalco)E AF&-3}5
T} PMMAS$}H 534 Atolo] AHATS 4417171 f1st
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SEE 40°CE fFAAZIEA 12027k ykete] PMMA7E
A3 gal® PMMA/MMA Alg S A %33Th v g
MMA®] &1t E43) 7/ dE GOFE B 3087 259
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Table 1. Sample Codes Designation Depending on Oxyfluori-
nation Condition and GOF Contents

Oxyfluorination Contents of

Sample code

condition of GOF GOF (phr)
U-AM* - -
AM-G’ - -
AM-GOF001 - 0.01
AM-GOF<003 - 0.03
AM-GOF005 - 0.05
AM-GOF<007 - 0.07
AM-GOF“010 - 0.10
OF37-001 O,:F,=3:7 0.01
OF37-003 Oy F,=3:7 0.03
OF37-005 O,F,=3:7 0.05
OF37-007 Oy F,=3:7 0.07
OF37-010 O, F,=3:7 0.10
OF55-001 OyF,=5:5 0.01
OF55-003 0, F,=5:5 0.03
OF55-005 OyF,=5:5 0.05
OF55-007 0,:F,=5:5 0.07
OF55-010 OyF,=5:5 0.10
OF73-001 O0,F, =73 0.01
OF73-003 O,F,=73 0.03
OF73-005 O0,F, =73 0.05
OF73-007 O,F,=73 0.07
OF73-010 O0,F, =73 0.10

“PMMA artificial marbles without GOF. "PMMA artificial marbles
filled with graphite. ‘PMMA artificial marbles filled with GNS.
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Figure 1. WAXD patterns of graphite, GO and GNS.
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Figure 2. Raman spectra of graphite, GO and GNS; (a) A1' vibration
mode of D peak, E2, symmetry mode of G peak. Left inset, intensity
ratio of D peak/G peak; (b) 2D peak.
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Figure 3. FTIR spectra of GNS and oxyfluorinated GOF.

Table 2. Elemental Surface Compositions (%) Determined
by XPS

Sample name C (¢ F
Graphite 97.22 2.78 0.00
EG* 83.34 16.66 0.00
GNS 96.76 3.24 0.00
OF37 83.25 7.11 9.64
OF55° 83.29 8.27 8.44
OF73’ 83.02 9.46 7.52

“expanded graphite. °‘GOF oxyfluorinated with O,/F, gas ratio.
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o} 7] 913 XPS 41 A7E Table 2 2 Figures 4-601 1}
ERJSITE AE 392 Shirley background @7 2 Gaussian-
Lorentzian 33 28 A3} th Table 20 SALAE
23} A2 WE GOF9] B4y, 2k 9l B4 g4 AN E
YUERH AT o8] s=Fol| A7 Bare vpe} o] Aks) A
glate] Az WF Sdo= T @ 7o) AAS XF}
gt o8 A7l APHH, dA2E F3 v 48
3 iR #5715 F9H Ao #dd Fake
GNSE A2 4 Ut} o]# ek A= Table 22] EG 2 GNS
o] kA /3] WSt A = ER1E = Q). 23y oA
A ZE GNSE= &5 YepH ol= 2144 A} v
Eg o] Bibd 2 J8A4S dA3] AsAZIA
i G2 E Tl vl 2 $dE A5A GNSE ks
243} g)ete] 21574 GOFE /A staith g4 o] dhake
GOFoll tiallA %71 GNS 96.76%, OF37 83.25%, OF55
83.29%, OF73 83.02%= FAkshHaAas) 2o o3l e49
2307t A RE Ak 9 B A E3b7EA 2w
E B4 A Zole AA LS ¢ F AUtk 2kl
790l GOFell talA] %7] GNS 3.24%, OF37 7.11%,
OF55 827%, OF73 9.46%% ¥ tslE4s) A 2lol 9ls) 4k
Ao 2A87F A FUbetal E7ERe] 4kA gk
7HEE GOF9] ArA 240 HAt Z71she & 4 dth
EA4E £7] GNSOM & A2 & GIAA T shitag s}
g e e A2 £33 A7)0 AAE
st on E3trte] B4 dEo] S7HEE GOFe
B4 27 AR 21k & 4 Sl o8 B
H GNSE HtaEAS) A2 E 58 GOFZ M3ty = 34
oAl 27, Flerdr] 2 72847 Fo] AthE 29
ke FA7189] el S7kslaA GOFel A& o] )
o g hFAol FAoR HEES o = A
3, 0|23 o] f-E PMMA/AH ZHEAE mjEgxo}o] &
23 2 8ol AHE ¢ AT Figure 4= FAkAEA
3} Aol oJa) HEE GOFSl Cls 3 =Z chemical shiftell
we} E2]8 Zlolt} GNSolA = AP Al C-C AgUA
7} 284.5eV F-ZolA YEFGAL C-OH ¥ C=0 #57]
= 47 +1.4, 2.2 eV H = chemical shift¥ o] Yelyt
stk EA8E A2 E (b), (¢) 2 ()4 semi-ionic C-F 2
st CF &74% 2 #8438} CF 35715 247 432,
+4.8, +83 eV A X chemical shift® o] WE}RETET T3
FAFAE A4S E37E0) oA W BA A 9] ol w
2 93 =] a7t oS 1 4 Ak Ao
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Figure 11. SEM fractography of fractured surface; (a) U-AM; (b)
AM-G (0.05 phr); (¢) AM-GOF005; (d) OF37-005; (¢) OF55-005; (f)
OF73-005.

Figure 12. SEM fractography of composite interface; (a) U-AM; (b)
AM-G (0.05 phr); (c) AM-GOF005; (d) OF37-005; (e) OF55-005; (f)
OF73-005.
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