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Abstract: Graphene oxide-g-poly(e-caprolactone) (GO-g-PCL) was synthesized and characterized in order to use it as a
nanofiller for enhancing the toughness of poly(vinyl chloride) (PVC). Graphene oxide (GO) prepared from graphite was
reacted with thionyl chloride to obtain acyl derivative of GO, and then GO-g-PCL was synthesized by grafting PCLs of
three different molecular weights (530, 1250, 2000 g/mol) on it with various reactant ratios at 50 °C using a grafting-to
method. Graft yield of the GO-g-PCL was obtained by TGA analysis comparing solvothermal treated GO. When the
molar concentration of PCL per g GO was constant during the synthesis, increasing the MW of PCL reduced the number
of PCL molecules grafted onto GO but increased the maximum graft yield. PVC/GO-g-PCL composite films were pre-
pared by adding 0.3 wt% of GO-g-PCLs with a similar graft yield of 5.3-5.5% to PVC and their toughness changes were
analysed. The composite films showed excellent increases in toughness compared to neat PVC, and the degree of increase
was greater when the MW of PCL used for grafting was smaller.

Keywords: graphene oxide, poly(e-caprolactone), grafting, graphene oxide-g-poly(e-caprolactone), toughness of poly
(vinyl chloride).
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A A3 GOLl Az AHEgH 98 SAL 99.6%7F B
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(b)

S0Cl;, DMF
T0°C, 24 h

Polycaprolactone-grafted graphene oxide (GO-g-PCL)

Table 1. XRD Analysis Results of Graphite and GO

Sample 26,4 peak (°) d-spacing (nm)
Graphite 26.3 0.34
GO 11 0.80
AAIBEAL A=, B AFoA Axg GOs @A o

2} AR 7T 1.422 oK} Zrolxd] AthE 0 F Hummers’}
A G ARt 2bas A7) FaFo] Wkt o] & AolA
Az GOl A 5717t T2d] E3HEo] e o
ERATEH

ok GOE YE=Z 3+ GO-g-PCLe] 3 WL Scheme
17} Zo] @ 194 GO9] Hslold feA|stel @ 254 PCL
t&o] 2Zg o= FHof Qln. dsleld FEAls Gl
DMF &vf slellA H3lE 29 vHAIA GOoll a7l1E
Foaj = Zlolty. 2= d ©Al= DMSO &1f afell A

PCL diol, DMSO
50°C, 12~72h

Scheme 1. Scheme for the synthesis of (a) acyl chloride derivative of GO from GO and thionyl chloride; (b) GO-g-PCL by grafting of PCL

diol on it.
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Figure 1. FTIR spectra of (a) graphite; (b) GO; (c) GO-g(5.4%)-
PCL(530); (d) GO-g(6.4%)-PCL(1250); (e) GO-g(7.8%)-PCL(2000).

PCL UZ9] 3 EFAI7|E Fa7]et WA A HFH o=
GO-g-PCLe| FA=A) f&t}.

Figure 12> 3¢, GO} ©]&83 GOE Y3lobd F=A)3}
g & FApgFe] zkzh 530, 1250, 2000 g/mol¢l PCL 22
ZF7F GO 1g & 24 m-mol®] FE= 3lod 50 °CollA] 48A4]7F
B9 | Z-AA A& 37K GO-g-PCLY] FTIR 2=ZEF]
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21, 1219 em o] FA]7]9] C-O AFZI5ol & Hﬁtﬂ
et wba] o] Abste]o] of g A #s 717t
Fol® GO AZREYSS & 5 Ut 3 79 GO-g-PCL
& B 29229} 2850 cmloll GOdllE= gl WiEE 7ol 23k
Eui=r) YeRa 9lo] Goell Wig#l7]S 717 PCLe]
PR EAS & Arh® 5SF 1724 em™ol] C=0 41531
& WMErE Yeh=t, ol 2 ZEEA 45 AF3 GO
o] 7HEA719F 2R El PCLO| ol =H|E7]e]] o] ZlolTt.,

Figure 2& 3¢, GOS} o] 248 43 GO-g-PCL A&
9] gt 2 EQS e Zojt}, Sdoivt e 4k
shth 3 Agel ogh 71sstel ofaf o] &de] WAyst
Az, olel] wt D Wi=e] =77t S7R ! S99 Fig G
=7 JERA T D e A e A ekttt et
B AFoM Axd GO D WErt FEshA Yelsted),
ol ek Akst wk-gol oal ofsf sp® FE7F sp’ FRE W
slate] 2 W] sp? GG A7) Faste] Yeh=
Fafolth® G M=o st D M=o A&l 7wl 1/
IG5 ko] ARsHEh ojuel ey 22 sheh A
o] A Z melshet), Az GOY Iylss 0.98=, 0.022]
I/lgE YR SAF vlarste] Akstel] o5 D M=e] F7]
7} Z7VslSdtt. webA Akstel] ofgk Abashy Her17F 23

iy
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Figure 2. Raman spectra of (a) graphite; (b) GO; (c) GO-g(5.4%)-
PCL(530); (d) GO-g(6.4%)-PCL(1250); (e) GO-g(7.8%)-PCL(2000).

d(ppm)

Figure 3. '"H NMR spectra of (a) GO; (b) GO-g(5.4%)-PCL (530);
(c) GO-g(6.4%)-PCL(1250); (d) GO-g(7.8%)-PCL(2000); (e) PCL
diol (MW 1250 g/mol). Solvent: CDCl;.

Aoz FAHAES & 7 drh GO-g-PCL ©|¥t} D ul
o] =77} g Zrtete] o £ 1.24~1.299] /IS VE
wigler, oo mwEt GOoll PCLe| WH3alteS & &
Figure 32 GO, 393 3 T/ GO-g-PCL ¥ PCL E]il
MW 1250 g/mol)®] 'H NMR A= E8S el A
PCL &L 7% T 1~-7H $IX]9] 40| sdsl= 54 A
=l iﬂlEf“éOﬂ e Aok v, GO9| 739 ©]
23t 54 F350] s YERA] itk 37?%] 7e] GO-
g-PCLoX = PCL t-&9] &8}+x & BhE ©9]e] 4 ¢
2ol #Fete 2, 5, 6, TH X §4 FAEC] UEES
o, HHE 9] o]e]o] i) SFshe 1, 3, 48 X9 &
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4 M AELS YERA] et B3 37E4] GO-g-PCL A&
9] 2,5, 6, H = A7} (by>(c)~>(d) M= AR, z+
Nge] W ZELE 7t7t 54, 6.4, 7.8%= (by—>(c)—>(d) &
A= Eolx PCL Y& 54 9=9] A719 1ef2ES9] 2
It o A IAFS & 4 Aok PCL UL U= 49
fIx]9] F)F+= Y] -OHell e ol 2o A= 74
o] 93k Ao 2 GO-g-PCLAl= YERFA] 4oL Qith. SR,
o]Zlo] Rkgel oJgh Z1A] opH vhe T E g3} PCL
O&o] 4 T AAQ] o Aoz 13 A= &
T glom, Bt A3 vk o o] 1S flsiAE th
of Awe F7HAQ AF AFHES I efelior & slem
ke

GO-g-PCLe| €% 54& dolir] 918k DSC #41< %
33T}, Figure 4= 982 AR 3 7<) PCL t&3
o] SRR FAT GO-g-PCLES] 80°CoM 2 &§ F 7
& FA3} 0|59 Afs S e Zlolt). 3572 PCL
U&2 25 Wapgolr] Agstel ofe ddu|=Ar} vept
I Al HAA AR S8l g FEF AT YER
ow, FAfgo] AAGTE AAS} B 8257} oA 4
Astd¥ &A% A vebdTh v, F4E 3 TR/
GO-g-PCLES BF ARt &8 slidste I27F Ut
UA] k9Tt $HA, Figure 19] FTIR 2~ E& 3} Figure 39
NMR 2| E7] Ao A= GO-g-PCLYY| PCL AJ&-0] E=A)
sh= Zo] ERl=A. wetA GO-g-PCLe PCLe] &3}
71& AN A8S FAsHAY 82 T A= JAEA A
B2 EAsk= Zle] ofet z17ke] PCL wApt 222y vt
ol oaf HEE GOoll T-Fa%E Ae Fegte A
& & Atk F, °]E GO-g-PCLY] LW ZELL 54~7.8%
o]7] wjizol] Aol EAISH= PCLe o] 27 1% SHA|RE, 7t
Zke] PCL #AFE] M= 24 FAT sk A JH
7} of7] wjiEeltt.

olgfgt AHdS £ SRlsl] Pl Xeray A4S AT
t}h. Figure 55 Y982 AM3 37k4] E2}3ke] PCL
o] AME3ElY] 43 GO-g-PCLY XA 34 48 v}
el Zolt), Exbko] 530 g/mol¢l PCL T]-&-& g3o] vj
§- Yol Ag2ox] dA el EAlst] A wA7t yeRt
A e¥skrk. B 12502 2000 g/molé! PCL t]&-& 20=
21.4°, 22.0°, 23.7°°14 Z}z} (110), (111) 2 (200) 274G ol
sdste 244 FaEo] YerHTE?* 22t GO-g-PCLY|
+ ©]E PCL ZAWo| sfigshz gaso] VehtA] &L -
% halo ¥ro] YEisith. webA] GO-g-PCLAIA PCLo| ¥
T JFAR SAste] 48S FAdske Blo] ofuel e
ol 9&ll Z+ PCL #AF=°] GOl 3= o] Atk A
< ERIT & o, o]ejgt A= Figure 4¢] DSC 574
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Figure 4. (A) DSC cooling; (B) reheating curves of (a) PCL(530);

(b) PCL(1250); (c) PCL(2000); (d) GO-g(5.4%)-PCL(530), (¢) GO-
9(6.4%)-PCL(1250); (f) GO-g(7.8%)-PCL(2000).
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Figure 5. X-ray diffraction curves of (a) PCL(530); (b) PCL(1250);
(c) PCL(2000); (d) GO-g(5.4%)-PCL(530); (¢) GO-g(6.4%)-PCL
(1250); () GO-g(7.8%)-PCL(2000).
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Figure 6. TEM images of (a) GO; (b-1) GO-g(6.4%)-PCL(1250);
(b-2) enlarged image of the area indicated by the small square in (b-
D).
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Figure 7. (A) TGA; (B) DTG curves of (a) GO; (b) solvothermal
treated GO; (c) PCL diol(1250); (d) GO-g(6.4%)-PCL(1250).
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Figure 8. High resolution Cls XPS spectra of (A) GO; (B) GO-g
(6.4%)-PCL(1250) with peak separation of each functional group.

Table 2. Binding Energy (BE) of Each Functional Group in
GO and GO-g-PCL and Its Composition Obtained by Cls
XPS Spectrum

Function] GO _ GO-g(6.4%)-PCL(12.5.0)

group BE (eV) Com(l?)ziltlon BE (eV) Com([s;:;ltlon
C-C/C=C/C-H  284.8 43.3 284.5 52.8
C-O/C-OH 286.9 47.7 285.5 28.5
C=0 287.7 1.1 287.8 3.6
C=0-0 289.0 7.9 288.6 15.0
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Figure 9. Changes in graft yield with (A) increasing PCL diol con-
centration at 50 °C for 48 h using PCL diols of MW of 1250 g/mol;
(B) increasing grafting time at 50 °C using PCL diols of MW of (a)
530 g/mol; (b) 1250 g/mol; (c) 2000 g/mol.
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Figure 11. Toughness of PVC/GO-g-PCL composite films contain-
ing 0.3 wt% GO-g-PCL prepared from different MW of PCL. (a)
neat PVC; (b) PVC/GO-g(5.4%)-PCL(530); (c) PVC/GO-g(5.3%)-
PCL(1250); (d) PVC/GO-g(5.5%)-PCL(2000).
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