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=2/Ma

A2 29 A Frtsta U= AT Sdde] nE ) R EFHLH
7] 9] ek 2 oy 7hA QA ZAE sAs] AT =8 F
UE QA 7Med AYS o] &8 #A s ARAY EFHLEHE
o] Wol /NE=Exm AYsHAA T Ut 53] EFZzII FtRY 0 E
(Poly(propylene carbonate), PPC): 47122 Fog ¥z U+
o] 2k} ¥k 4 (Carbon dioxide, CO»)¢} Z&d#dl L-Alo]=  (Propylene
Oxide, PO)& &R sto] FHul =4 stelA A=Y, vdE <3
AEAE & o 7134 9 FH4o] 53t st Ad §Yo] H
ok A wie B AL HokE J1d Ao JdiH ok 2y
PPCe Afr3tstemiy Axg vEad SS9 vaA 24 4
A g 7AA EAd0] Eotdl AAYdH xR Lo oyt FHol &
Hoz AAHHI k. wEkA B AFdA = ol ¥ PPCY ®EFF &

v

i

AL nestr] Y8 53 71430 EAY 943 EAS A g3
S Y "o mA A PPC/LEld YR FAE Axsnz &

modified Hummers 3HS ©|83&lo] ZLg|ufo]lEmNE 43t v

(Graphene Oxide Nanosheets, GONs)S A Z38}9)aL, vfo]aRuls FAL

s 5 2&a FAL =) vl 23 (Microwave Exfoliated
Graphene Nanosheets, MEGNs)-S 7z} al &3fe] zb7] b2 ¥ 54

& e adug Festach Zzte) adRg PPC WEE 2 0
06, 10 wi% FoE Azkskel Fo EFWE ol the B g
Azsgon, Felm Aol AsAA A2DY F dFALE Ba 0m

SASl e 4G BEE AZae] dRe] EASY D el vae 0
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w2 e B3 dEe] 24S vaskglvh. =8 GONso 49 1.0 wt%
o FFelA & FAHAM LA EF AHS WSAIA v A
o M vx H3 #BF EAe WiE vastdlrh. GONset MEGNs
% agvlel =2 E vlel¥e] PPC/L@ld vk B3 foo A )
T grAAAR A AEE 2o, 0.3 wt% FrEd A& 80%e F9HA
< °216}3’11113l, J#HA gl 5SS Y EF 459 FE4L

Ak AES ®WlY. XRD A#E Fd #ye] PPC wlEE 2
of wEASS #lstN i, SEME 53 2y¥o] nEa wWEZA
el & ZAE Y] &S #FsAT 2w o] 06 wt% FH7bE
RE W PPC/MEGNs Y33l Qd4dwet Q1% w@d&o| 7zt
165%, 254%% GONs¢t 53 oz FA=HUG. FEAoLE:
agye] HrtE A &£ PPCol W3 e AdaE veEhla gle
M, MEGNs®] GONs Rt} &4 Ax7l 2dch v B3 g9 4
At 548 GONs7t 1.0 wt% #7hel 2§ =438 PPCel Hl& 76% 3%
AE e, MEGNs® 7% 87% = dct. iz 893 GONs<]
&3 AZre] wWiste] wE PPC/GONs Ule E3F A5 49 9 vhg
AEE XRDE FalA st W E3F Azke] F7hgtdl w17
7 AAAA e A= FUMES el BA EF SAE o
PPC/GONs Y= H% dF9 d&A%4: ¥ A% dA&e ZZ 300%,
576% FFHALH, H2FENEE 79% FHERNSS FAEAG. o
3 ARy @A AlEn o @A eke] EF Alte] YB3

Ao 7= H EAL g FaE 24 AS & g AU

h.i
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1.1 07

AL g|o A 2 AlAlE v W o] Fepago] AalEo AnEa 9l
om 204]7] & o]F EFL EEt2ge] FAZ AR woF F dutolt. &4
=¥, 8o LH, Egolvlel= T M 73 7wt FYLAHELS Au|&
FA o] 7hEdta 4 AFEA, Hod 7t Ad A, 718 4854
(heat sealability)¥} #2-& 54 ujio] ¥ Amia] Wol Apgwojzx] %
ohl1]. =3 o AFAES] AAHJA AZH A 55 239 AF
Az F7heke] AFER AL 20199704 30009 Eelel o]& Holuh=
Bauzk AAJw2] 22y HFAY 7hke] SAE L AfAdg2RE YA
v E AL, YR W], A5 BaEA @i WygEAY 27E, 4
FARe FAAF ALGeR A7 7] T oA eLe FUte AT 2
5 ZFEAIZIAL A A A ZEE 7]deliE LA I Qlo] o]d wE 33
7} Azbsiel g AF7R A FE XA ALEEHE o] dEAHQ AsE
Q1 7hgtell ol& Azl 8 Wiy, &7 T HAHE 7A

71 wgel Az BFEAE o7 ool EF HIEL FE& EolWA

=

2

()

& Aol ey

i

HEe FEBE Ten HF) e FYAIN) AT PWoRA Yuay
542 M Qi ARE vele sluke] Fekxee] Auseld om gt

[1]. Poly(lactic acid) (PLA), polycaprolactone (PCL), poly(butylene
succinate) (PBS), poly(propylene carbonate) (PPC) 53 #2 Ad-sfAl i
As Ay oz WAstE vt glol, F3o], ZH9 L vAES AlE & ‘E_P

S5 o wiE ®alsl Aot BEsE 4 UrH3l 58 PPCE R4 1
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A4 1969\ Inoue wLF AE-E Figure 10] WERWl npe} Fhe] FHu) 3l
Al 2RI SAo] = (Propylene Oxide, PO)9F A+ 2d3lo] =LA 7193}
<7129 F8 AR oL FFHA M PPCE FAE &+ A
2 RAdn Az A g7] Fog dEd o] d& ARFoR
Masta, 4 M 7Nt YR E YT 7 don A F 3 ojitE
i wsE = oale] olE A#Este] gA PPCE A2 5 e 4 A
s} A o|tH4-5]. Mg EFet2¥ AFZZA PPCE #eAl= &8 AdAdE
B e wdeya glem AMAdE wolv] sls FHull, A g4
M 5 og dtEel Ay U6-8]. PPCE FAIEd od£H AfES
VA A At FAAd R SR 86 BF 54§ oy, =2 7FEA,
-3 g B4, =2 U4, AR SA4E 1A A58 AA, €F5A, 4
o8 Au, TFE BF H4F XA T AAHeE B2 HELokE /XY
[9,10]. Z22{v PPCE FA43¥ nEAelw g Alg 3P 452G wiEd &

Aol (glass transition temperature, Tg)7F 40T of&lel]l Qo] o}k d =
AN S JAF ZFEE Ze EHE HAR do] AEHY AR AH@
Alokg 7hA2oH11] old g @& 57 $a PPC A=l 453 A
S B3 BAESE FHAAAY & A 39 v d@FA e FFIAE
A|zste] PPCO 7IAH A4S F3A7I8E =] ALHAvHIZ] EF o
2 A EAWGAY gt Fr] e Hrbstel HFAE A= o
TEE Rusfn Jo513-17]. &R UxBFAEE Uk A7 HYE
A v EY 2 e fdstA BAAH 2N i Eio] o3 -

HE Aol Heolx] 71A1% 54, EA, d714 54, Ad 54 T 98 =
Aol 4 Ede o AF & JAUH18] o]gF of

A717]1 S8l MEHoer 4 T2E A HEL

2 e BPARE AR}E ATS)
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CH3 CH3 0
catalyst )’L )/
+ co, o 0/,
O

Propylene oxide Carbon dioxide Poly(propylene carbonate)

Figure 1. Synthesis of poly(propylene carbonate) from propylene oxide and

carbon dioxide.
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ojgigt Fdlo] v HEAELS EAHS FEANTNZ flEAM BAE 20wt
o ¥ e Edeol7t Mt ook st @] i H #4 ¥ e
e & FIHE VR E AAEA U deEd 3 8o sted Ux &
3 84E& veod AREE Heold 71AA (Young's modulus © 1 TPa,
ultimate strength : 130 GPa), 9% (thermal conductivity : 5000 W/(m-K),
1714 &4 (electron mobility @ 250,000 cm®/Vs), W EHA (2630 m*/g)&
A= AR o] T 2o B 2HWE XA FHEA EAS
T &9 Sdojutal wEle advelEe] 33 72E HEAA dE T UL
M, ¥ FIHE e YA 72 Uk FFAR EFT EHS F
o3k ¢ 9ol B Fofe] S&H| AR UrH22]. 2HAE & F U= W
HE vhe -4 (bottom-up) &4 H-th& (top-down) $HLE Y=s T 3l
tH23] v - dAHe2E 384 F7] T3 (Chemical Vapor Deposition,
CVD)E o] &3t ¥ FWHA &4& F4 2 A= 24AE ¢& + A
= oy aH24] of=r Y] (are discharge)S o] &3le] 2-47¢] Fo8 A ¥
gl F2zbe A Z§ e [25], 18] Rollings 5& oyelAg AANS
S8l A shutol=o] e el o @ Fo 1Y¥E AlxE)
cH26]. o213k vle-q] WAl e ¥ e £48 DAANIR e FHE
ZPA I QA E A gRte] Qo] 7] wiEe] W Y] de]l e Y
A UGB EAE Alzshed AsA & o] 1 gte]lE = kst g
solERRE W Ex 533 A o JiEAE 2 ANEE 9 A
71 "o WS AMEste] dige] s FAstels Ao Bel W
5o} gith. Brodie S°] 1859¢ AFo g volERRE 4 g delE
2 A #893[27], ]F Hummers 5-°] L dle]Eol 3vd7H2baH (KMnOy)

3ogre FAsAE ARgetel elstelE Ewlel we Fo =AY

(-OH), 7+2E47] (-COOH), 9 &Ate]= (-COC)7], }EJ_EKGJU
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25 Faats FE7)E w£9ste] A | ve)lEE A5 uH28]. L v}

o= HWel Ak A471EY] A

g delE W 2 |AA Abo] 9] wt

g 2uks 38 okslAlA 2 o aw ¥ UeAES) vbel e y] 498
i miA viEdast 2d¥ F2F Ik el F Aol nEA B
A FEE R YT F QES @29 Gao T Ho AYWE Agstel

PPCel 1.0 wt%®] A3t 289 YAEE Hrlete QA= A% @&
o] z}z} 1000%, 1800% FdERom freldolLEE 105 T F71% Ax&

w14l 2 AFA

o whakol Absl rE|¥ (1, 5, 10, 20 wi%) S

PPCOl A7HIAS W 10 wio% 7AX7E Atsh 2ewel Y 537 AASS
watstgl oI5l Bian §& PPCSE 7148 4ksh walslol =i g9 AW
Fal WapAls Azstgon, 3 wiwel AAR Absh aedlstel=st WobE A

§ fFrEdel ks &% PPCe

Hl3 138 T F718ten, AR EE

100%2] F&4S BASS BashdvH30]. ol2d 3h3h4 4bshibgS §% 2
PA FAO|E YA EE Y=ERA L] £49 Fdo HAAYUTE AAE 7}

A i YA AZFA 9AI}

WA el AAA e =77

an Az gol v, Beha Aahuge A

EHo] &A= Aol AA 249 &

ol FAAME 7 TH30). v B T atolEE o &% e a1 uelE

Al Fe] Az
A2l

O;l
—z—'

oA HA el sthv]

_‘ﬂ}‘i

T A AbE o ae) vl iAo FAo] heksiar AL

e QAEE, F3 e ARF AL,

& WA, ARG A S 5L M A2, whA), B, ads g 4

A wobdll A BE #AE ZFASTH31-37]. B 2YFdelEE AEHL

glatol £ A el #iE

AP AIZ I 1000°C 8] SR T4

1

.

7o @ A2E A (guest molecule)E

A 183 7hekA =W g atelE F3b

o A4dE EZ Fod 93 AFA ZYolEVL AxHAAE 5 3leH,

FEER 42 B8k A Y=

S ke Ktﬂ]
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Atell oSl A Z7} 745 8HeH37]. 53] wholARuE RAbSte] vt 1@ b}
OJEE AZxdE WS Y utolEd k3t I istAE UM H vt
o|AZTE 18 RASIA BAIZH] A2H HL AR Az F 3]
kel 2elNE AlFsh=d vl fEsithe B2hE e 21vh31,32,38,39]1.
T. Wei 792 71 S5 doll oJ8) Azxd B g vo]Es wio]a
2ol A o3 AxE A vaES w violaRIE FARE FF 2
HuajelEe] FFLE A o FAAF|W EZ AShA 9] FHol wel g Abks)
AN A ZE (KMnOg)#F oF3E AFskal)l ksl 4 (H00)F 242) 37t
gto] mlo|aRuE FAIGAS W HAsEAE ASAR HUbe A At
£x71 =8 a#dgeo|lEe o] AAEA Ftow, AsAs 2P TolE
AT ToF 849YE WRUH39]. 2HTE o &7 nEA/2HYA e
A= 2A 953 28 A 7HA e o8 AxE 4 o A HAs
in-situ =&Y (in-situ polymerization)& &4 A &57F §§%9 vhda) == o
FA & QoA H-Fojx A dEEAvE MR F Few 49 Eo
d, A, 71 AAA B Fo) Sl 8] Fdo| TS WYos dF
Ale] wapgko] aiitAbe] wlaf Ao} F3k T} Bo]sri{40]

g-o AW (solution intercalation)©.& 4 A &7F full oA EEojx 1
LEAe} B AR EYo] EFHAE W nEA AlEo] FI Alol2 A E
of & uie BwiE At AdE F
. 7t FR0E AYEI 2 Fol BolAFE F A FdHY &
of ol A 4tglel deojumz matel] it w7l wom F4 AR
A B & de BulE AASE Aol Fasc4ll vkAY Al ¥
A e AF 8§ AYW (direct melt intercalation) 2. &, &5 “JEHlolA] a1

WA AbEe] Mg s F4 2He] FI Ftew W Eort AYHE l_l

g o, §ulzk Aol WastA gkob & AW v ﬂﬁmﬁﬁ@l’

Collection @ kyongdi

ol;\

oA P

FEE fAE WHoE, 1EA

)-

RZA <

o{;\
Oh

ol




Aoz AHZairi42]. olHd W T2E JHAE LY E o] &3 ukA
REFAY e F /AR EFE 4+ 9o Figure 20 =4 o2 JA
stalch. wadAle] F3b F3E Abol & AR} Abol AbgE o] F3t kAo F
7be Gtz A9)E % (intercalated structure)@t ¥HAFA 7} A& 2] ¥ o
B0 A% wI DA dEds U pael EAst Wy Px
(exfoliated structure)® W™, dwkxo g welg F25 744 ) 22 Dy
o dFnorr Hold EAY F4E ol £ 7] HES oA YxE
Aol Fxzukar g vH401 o ARl U ighAle] xE ZHA 7] 914
M Stz AbEo] WA FF I Alol2 FEI] AAYEHE AL Yk
FAE At e FoF 20w, EIHA nEA AE A 21E
glo] WAoln}, ey AEA AAEF v JYAS HAH EF ¥
A A 24 O AT A9 Rug v glen, 7)Ee gEhEel Ak
SOl o8 Az s afAS o] &% nEA/ZHA YieHEA E A
TE 38Rt Bol F¥FH A KA, nlo]lamsE o] &3 vy ¥l H
7t iR B Az % B i dFE ofF Be] JAEHA
@2 Aol welA welamusE o] &3¢ aEA/YW i EFHA ] o
3 A7l Wo] MAH A Ao w JRE 7)EL] A agAE o] EF it
EA/2d8 deBgAe vle]lazsdE o] &d nEA/aYA YeBFAES

ua BAlsh T m@ Wasivla Aza.
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Intercalated structure Exfoliated structure

Figure 2. Structure types of polymer/nanocomposite material.
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1.2 A5-54

Poly(propylene carbonate) (PPC)= %2 7184, =& 94, 5% ad
54 R AL 54 T A i gFe EofidA &3] 8 B2
AFE0] TYHAAZ AT S 7AH Fx, FFER 23 54, tF <
Aol "WolxE dHEL PPCY 4YUAA ALE-E Al o]d wat #
Aol A= PPCol 24, 7IAH, 7k Ad S4E F4A77] 98 v 9
g 24 B Ao thE F FH9 199 AAANE =Yste] nEA Yk
FAE Axstaz st WA =279 A R FWH S BE EA F
del gAE 7HA = 71Ee] 4k3l ¥ (Graphene Oxide Nanosheets,
GONs)¢] @3S Hestarx hds] g ato]Ed nfolamald FAMAIZ F
Al A T uto]lEe] W SN FAE A4 FWH 5A4E JHXE vlol
A vhe] a8 (Microwave Exfoliated Graphene Nanosheets, MEGNSs)
& AxsRY. 899w A ¥ e B9 Sl 2 A
N-Dimethylformamide (DMF)E A}-8381¢ 3. PPC vjE= 29} 8o &3

o) G davle 1dve EFeon, 2od B FH 93

2

tlo

sl A vhE @ RabEo] gl PPO/dlW v ¥ $o1e Alzaelrh

Yo Bg g0l WE o Fa o EE o gal Fulw flo] AxLE A UF
Azstol the B3 AFS Azstgon, adue wusy 2 Fe W

o W Uhw B WEO wERA, A 54, FUA, AAH BAY Ak 3
¢ 549 77 XA H4W (XRD), FAAAATZ (SEM), ool ew

(glass transition temperature, Ty), & Alg, AFAFIHEL] FAHSE F3A
2159l ek =3 GONs9 79 1.0 wt%e] $Fakol| ths] ¥zl Al&Ee] &
g AIZES gdstA Aol 2w mdA] Alo]Rel miE-AF AME] A Y %
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AL WSAA e vty Axe] wE PPC/2#l¥l yieE3A 9
EERA, 7144, A& Ad 50 vAE 9FE ARG
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2. A 3
2.1 A A=

2 9A/PPC YB3t 7] niA FRRA EEZ2gd Ry el
(PPC, SK innovation Co.)& AH&3F5ltl. PPC LA 42 &&] 2 ea
o] ®AFS 98] NN-yWEESZoln = (N,N-Dimethylformamide, DMF,
DUKSAN)S S 24 ARgstdck Akak 289 U=AlE (Graphene Oxide
Nanosheets, GONs)¢| #| 3ol kAl Zrefjufe]lE 9] 4ks} 32| (Preoxidation)
= 98l Y dlelE (3¢ %140, Sigma  Aldrich), &4 (H.SO4 95%,
DUKSAN), #3425 (KoS20s, 99%, Sigma Aldrich), #d-7FAH25E (KMnOs,
99%, Sigma Aldrich), 24F3}Q1 (P2Os, 99%, Sigma Aldrich)& A}-8-8}%]0.1,
Axglg euelEe] AM3tE 9l b, IAstEzE, s A (He0,,
34.5%, DUKSAN)S A}-83lo] modified Hummers 39S #alstelct =3k
vpol =1 g ul  wly] ¥l YAlE (Microwave Exfoliated  Graphene
Nanosheets, MEGNs)Z  A|%35l7] §18] rdjvfe]l & A4 (HNOs, 65%,
DUKSAN)3} #}4kshvg3b-& AF-8-8F v

2.2 A3t e e] Az

B AF o) A= modified Hummers 39S o] 835fo] 43} 1@ujo]l E

(Graphite Oxide, GO)& AF& At Akshg A 1jaje]Ee] AAE 9

& relvlo]lEE 80TCE 71 % HSO0s KoS:0s, P05 £3F 8-oe) FH7ksk H,

NS WH exE Ao AMAE wFHFwWA 647 Bk nfavlE mne i—l

KG
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st Whgo] B EFEL FTHTE &5y dHEEYE B3I =5}
~70] # u] 71X AFHEFow, A AT ¥ 60T i oA 124]
F ok AxEe] AA e #AALSE AR 2gvlolE AolaE Ay}, 47 ¥

7o HoSO4E B3 ¢8FLFZE o]L35le] w7 W 899 255 0C=

N

FAAZ 7 AAE BAHL AF agdolE Aolas FUs H 240rpme)
2 7]AA WRkS SFT o] & wkg-r] Ul B-ole] %7} 20T oo

2 gepbA QRS fASY KMnOiE AAE wg] bl R

KMnO;2] %¢lo] tayw whg-&Ee L5 5 35CE 29 ¥ 247 5k A3}
S-S AYPAFTL o] F FFHRFE Hrlstm uwksdy. (v, SR 34
3 AE3 IgE DAYAFER, G 5

F2447)7] 913 HO% W7ol w
& 110 WEe) 9 Fgolst 1A Fo EFste] AahE Wl w4
8 % BE e AAXUL, ofF AAEAE olFT AHE B ol
PAE AVE 79 A advtel S Aleh A4¥eE Fal BolA DMF2

x5S Fastgda, vAto R eu BA @ QAR E S Ao

o
j=|

dralg AsladgE YA EE 98 5 UAG. 43 9§ FAH L Figure 39

LHER QAT

23 vholZLw st Aol ol @ uhe] relne] A%

MEGNs® Alx3t7] 98] Z1elate] 2, HNOs%t KMnOs& A E7buel 3
i1 &k wlolAR sy 2 E (T00W)el A 40% &<t vpol AR E FA}E}o]
W% 1Y 9}o]E (expanded graphite)& A& &Flvh. wlo]amup AL wf L]

gl Al FE FAL Figure 49 YeERN Sl Figure 53 L) dpo] E 9} 4()_1_

KGU

Collection @ kyong§i

SN



ot vlol AR IE FAFE Y] Al F%¥l MEGNse| Y9 & vjudt zdajo)r}, A%
¥ W% reule] Ex DMFO| &35 ¥ ZSatS 3083 FASEY] U EHA
whg] 9 BAkE] MEGNs 8918 o9l

24 Y 53 59 Ax

PPC/2#jd Ux B3 §4& PPC €97 zgd g4 EFE 58 &
of EFWE ol &a) AxsAr). PPCo rej¥le] S FA & F Table
1ol YeEtiglcl. DMFel PPCE #7bste] Ad&elA wlzuvg mwkg 53
PPC £-91& At} o]7]o] GONs2} MEGNs &9 2z}7} 0.3, 0.6, 1.0 wt%
A7k 5 2&9E 1087 AR § 48417 whoulg wnke 78 Ee
PPC/1 e vy BF &4& Az Al=xs PPC/adA Y 5F &
o2 ] 9ol AaAZ] FH 500 FAR Beo]=e] o]yt HE AE o
F¥ A el¥]l (REF. 1117, Sheen-instrument)& ©]€3lo] #AA~®3 5 60T <2
A7 A 2412 &<t AFEe] 35~40ume] FAE 7FA|= PPC/EH
Ly Bl Alaw] HES A %E) Figure 69 PPC/2e3 vy B3 d&
o] Az FA4E e AT
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Pre-Oxidated graphite
Pristine graphite Addition of H,50,
v

& Addition of H,50,#K,5,0,+P,0 Mixing
Pre-oxidation | Addition of KMnO,
Oxidation
: : (2hr)
Washing & Filtering Addition of H,0
a
\ Mixing
Drying | Addition of H,0,
Mixing
Pre-oxidated graphite | Addition of 10% HCl solution
Mixing

l Washing with H,0

Solvent exchange
H,0—+DMF

a
Sonication &
centrifugation

y
Exfoliated graphene
. luti

Figure 3. Experimental process for the preparation of graphene oxide

nanosheets by using modified Hummers method.

KGU

Collection @ kyonggi \




Pristine graphite

lAddition of HNO5, KMnO,

Microwave treatment
(40s)

Microwave assisted
expanded graphite

, Addition of DMF

Mixing

4

Sonication
(30min)

!

Microwave assisted
Exfoliated Graphene solution

Figure 4. Experimental process for the preparation of microwave exfoliated

graphene nanosheets.
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Figure 5. Digital images of (a) parent graphite (b) MEGNs after

microwave irradiation.
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Table 1 Various compositions of PPC/graphene nanocomposite film for PPC

and graphene nanosheets

Polymer matrix Nanofiller
Sample
e PPC graphene nanosheet
(wt26) (wi2)

neat PPC 100 0
0.3% Graphene/PPC 99.7 0.3
0.6% Graphene/PPC 99.4 0.6
1.0% Graphene/PPC 99.0 1.0
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Graphene + PPC —>)

n

PPC/graphene
anocomposite solution

!

!

Mixing
(25°C, 500rpm)

Casting on glass plate

!

!

Sonication Drying
(10min) (60°C, 2hr)
Mixing PPC/graphene
(25°C, 300rpm, 48hr) nanocomposite film
Figure 6. Experimental process for the preparation of PPC/graphene

nanocomposite casting films.
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FT-IR ¥4

age] AWHSAS WAs7l $18] Fourier  Transform  Infrared
Spectroscopy (FT-IR, ALPHA, Bruker co.)& AH&sich a9l o$9&
KBr3} 1:2008] 2% vz &33te] wpapapde] Zel mter] Jefz wHE F

FHA GH L A WY el gEo] B,

XRD 4]

e EHEA 9 e & 2dd YA ES v AEE XRD (
D/MAX-2500, Rigaku Co.) 41& &8l A% 4 stk Cu(dokV, 150mA)
1S BZloR o] &3tom, 1°/min o &HER 5°~40° WA ZA A

>

SEM -4}

a2 gte] E, GONs, MEGNs®] x99 @] EHEA ¥ #%, 18z
oW PPC AMES] E£F Alxkel St W& PPC/eldl Ui 5% #HF
o] REZAE Aty 98 FAAAA YA (SEM, S-4800, Hitachi Co.) &
o] §3lo] WEF vetdE FASAUC PPC/2ald v HF HES AAA
AE o]f3te] gudgon], U 53 HBEe] sguwd a#sto]E, GONs,
MEGNs& ¥W5 s®ste] A& Fustdrh.

KGU
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DSC #4

aAe BU5Y ® e wste wE PPC/ad® vk EF LEF
freldol s A87] 98] A=At @A) (DSCL, Mettler Toledo Co.)&
ALg3trE. efjdle] WUSA I § Frbel wet AlzE PPC/Ldd v
Wa WES 1% heating @ 25TolA 80C7HA], 20C/ming £E=2 71981,
20C/min®] £X2 -20CT7AHA WYzhsiglen, gA] 10C/ming] £E2 80T7t
Al 7k Ele] doj 22k F-& thermogramS ©]-83te] PPC/1e]l¥ U E3F
FE9 944 AFS £ A
NAA 5

adHe] #HEA 9 % aeln 2@ PPC A& &7 Al7te] W3l
o m& PPC/2#|d Y= 57 HBEQ Y EA4E FAHEY] Sl UeARs
A& 7] (Universal Testing Machine, QM100S, Qmesys Co.)S A}&-3}%t).
ASTM D638t Al Edte] AZAIPE JAstglen], A WS MDEEFLE 15
mm X 50 mme] ZL7|® #¥]8k9lar, 30 mm/ming] crosshead & %R Q1% A|
& Y. AlEE 5 ol EHEHen, Hags st A% A
& Ml aek gl
A4 A F4

e FUEA, ¥ F7F 2 2 AT PPC ALE9 EFATY Wl
of m& PPC/2d¥ Yx B dF AAFHEE A7) Y8 A4aF}
T F4 ¥ (OX-TRAN Model 2/21, MOCON)E A}&-3t%lv}. PPC/zLe]#
Uk B &AM 6 x 6 cm 719 AR E F3tY AAaFIAE SHE ¢F

g Ede AIF o] A4 2D EAS PrpsiAd
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44 4

PPC/a2d¥l vx 5§ HBE9 FUAS AFHoz FAsy] 98 £33
L7 (Optizen 21200V, Mecasys Co.)5 ARE3le] 500~850nme] 744334 w5}
ol A e RASAHH FFe] Frbd wE PPC/add Uk BF IUE

S
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31, c1elve] ¥WEAY wE P

e 9ko] E, GONs, MEGNs®] RRE5AE #4817 918 FT-IRE o] &3}
Ao, Figure 7¢] FT-IR 2 E# & JelUAt) a2#igo]Ee] 24 W
olw gt He|e HA| Fokr] widel #Tr]el % 5A HAst JEFYA] sk
o, ejutel =) Ao ® GONse 49 3260, 1617, 1039 cm ' Yol A
Zt7} o]l =EA7] (-OH), 7}2Rd7] (-C=0), o ZEA}o]=7] (C-0-C) 54
gag yey, ol 384 AsirgS F3 GONs ZWHo #5717 £
H A& ¢ F Ju36). 22U MEGNse| Z$ #wd #5771 A9 =4
A ol #E7)ol g AHEF ¥'aArt BFAFHA ke, LEuo|Eg}
28 geld 4= 9lAt}. Figure 8o <ll4% += GONs
9} MEGNs®] ¥ 335 eyl

agate] E 31 GONs, MEGNs®| ¥le] A& &4]37] 98] XRDE o] &
dglon], XRD 54 ¥=E Figure 99 yeEbWiYl. XRDO 54 ¥ae
Braggs' lawa ©]-83to] (1) 2ol 3 2ga AEe] F37 & ANE
Rom, 1 Ho]E, GONs, MEGNs®| &3t 2] & Table 201 YERAATE

Mg EW 5AS 2h

rr

n\ = 2d'sin® (1)
XAl 54, d: ARAA 144, 0 ¢ JAZe] 747)

0>"
_4»

(n: 4

B

KGU
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Graphite

Transmittance (%)

1 I I I 1 I
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 7. FT-IR spectra of pristine graphite, GONs and MEGNs.
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Figure 8. Molecular structure of graphene : (a) GONs, (b) MEGNSs.
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Graphite
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Vd

W
e
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MEGNs
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20 (degree)

Intensity

Figure 9. XRD patterns of pristine graphite, GONs and MEGNs.
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Table 2 XRD characteristic peak results of graphite, GONs, MEGNs

Sample name 20 (°) d-spacing (A)
Graphite 26.4 3.37
GONs 19.3 4.59
MEGNs 19.5 4.55
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T EulolEx 264°9A4 A% 20 5AY A UERW e, ol&E
Bragg's lawel 98ty 337A2 Z3A8E zZEt). GONs9 9 264°9)
A7k k3] AbgbA AL 19.3° A4 ksl 5337 YERSien, 459A 9

TUAAYE Zert ole ZHIoEE o|FE AW HAAAA =9dd 4

&

g7 5o wkdEo] ofs) e wFALEe] Az ok WEA A H9, =
o b Fd oz 3 won A, wulEds s S8t a9
AA7E s vteld Ao r AdEry EF wlo]lamnt A o) A=
¥ MEGNs®e] 45 26.4°2 195°A4 F 719 543 =27 YeEg e 19.5°9)
3= 455A9 S E Ztet nfolarste] Al &) AxEH= BF
®H aduolEE W o ¥ A Art HeA, 259 24
of ol& &F7te] n-n AFEE, g E2ds L FEET GEHASES B
o a2y s advte|lEe 5A4¥ A (20=264°)7F 3t Heldle A
g% & e, ol 2y HH dhEHE BAFE 4 Qe M FE7
of FAl® Q3 zwe] gt whelrh dojux] Ry WEe Mol

FN

o

v}, refjuolEe] Ao el wAka|7be] 7E mow Ay, wbgleaks $) o)
ola] #& Z7HAYE 7HA= 29 F+RE el Y. GONset MEGNs

.L.\l
-
1o

U
=
P
dlo
L)
2
LS
=2
1o
2
N
>,
do

8 B¥ 747 Astd FEe 3349 T

4
P

S FEsn delE F2E JH F &2 RAE

>
ok

-1 A¥Y, de=d

=
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(b) GONs :f i

J

(a) pristine graphite

......................

2.00um @ KGU 5.0kV 7.9mm x20,0k SE(M) 2.00um

!

5.0kV 13.9mm x10.0k SE(U)

Figure 10. SEM images of (a) pristine graphite, (b) GONs, (c) MEGNs.
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3.2. v M3 8] kg

PPC/z18]¥ Y EF 8d9 4 AAAE =AY A& £ EFFH A
o3 AMzE PPC/2e¥ Yk EF &9 MAALS w8y Figure 119
GONs¢ MEGNs7F 7t} 0.3, 06, 1.0 wt% $Feko s H7he PPC/1e| 9l v
E3 &0 Azd A 6/MYo] A F HIF &) ol Ao}, GONss}
MEGNs + A% &% & 2 AP S W Ao FFd weE FRE
atol= vEREA] Fokn, #AE &9 AEHE HYry. E=dF PPC/2dW e
B3 &9 67199 ATte] HgoE E7En $53 89 dAFLE FA
stiL gtk ol FI2RAV|S AFA i Z2Adde LA FE
7FA 3 Q& PPC7} GONs¢t MEGNs & tholl thdh 78 das8& o7
wliEe] e AJEZE A viE 2 o] a2 EAEdL
Y AEQ 3t At i3] Wiz FAAG LA et FA A
S omc}i[34]. =3 PPCe} a9l F Azte] A3 Adszbgol o3 #w
ANEZE ME2 $HEE 43S A Fert B8k @dSS BHoE

c}.
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Figure 11. Digital images of MEGNs/PPC nanocomposite solution; (a) 0.3
wt% MEGNs, (b) 06 wt% MEGNSs, (c¢) 1.0 wt% MEGNs, GONs/PPC
nanocomposite solution; (d) 0.3 wt% GONs, (e) 0.6 wt% GONs, (f) 1.0

wt?6 GONSs.
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3.3. Ui B3 WEo mEZA

Figure 129} Table 3% 5 ZrelgtolE9} 0.6 wt% §%F¢] GONs, MEGNs
7k A7k PPC/1eld v BE P& XRD 54 92 434S deEiy.
GONs7} PPC WjEY o] #H7iso] At o] vn 5§ HAFE AxsA&
W) EA 93 193° (d=459A)01A] 19.2° (d=4.62A)& o] E3t¢la, L3
Al el #2727 003A Frhsgich ol A AbEo] WA Alol&
AE F EEa Bl o8 nEA vlEYE o] ghEtA e R R4t
gdrka derEch, MEGNse] 24 v 53 458 AxddS 4% 5
J 2 195° (d=4.55A)9A4 194° (457A)Z ol F3la, 1efd A &
24787k 0.03A F7Ht9th. MEGNse] 4 -0l %= izt Apseo] e a4
A Aboli Abeld]l S0l 4 glew, g vo]lE9 utE] 7} dojkSE Ko
Zr), 2eu o] A3 264° (337A)NA LElmolEe] 54 ¥ A7 Wolle
Ao g Hol LFEA AbEe] gl % kug wlE]rl dojitA] Rstar PPC
WER 2~ Yo Eate]lErl HEA o2 ol A zlow AZEr) Figure
132 224 PPC ®E3 GONs, MEGNs, 123 ko]l w2 PPC/1e|¥

dim
o

v BE B2 Huws #e3 SEM ¥4 Axolrh. n#jwe] FiFe]l Tt
groll wel PPC Wi EY 2o FAbE e A el b ok AL wt s
BAE QS-S #8084 vl MEGNs® 749 GONskrtl 13l A9
a7 9538 2 A& ¢ & e o= GONse AMxHAAA He 2
318t A] AL A AEubSoel o)) rElwm WAl Tt 5 Axe] AVAY

A el A7)7F EolEw Aol YElEY] "EoR BT3B

by
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1 1 1 T I T
5 10 15 20 25 30 35 40
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Figure 12. XRD patterns of graphite, GONs, MEGNSs, nanocomposite films

of 0.6 wt% graphene contents.
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Table 3. XRD characteristic peak results of graphite, GONs, MEGNs and

0.6 wt% graphene/PPC nanocomposite films

Sample name 20 (°) d-spacing (A)
Graphite 26.4 3.37
GONs 19.3 4.59
MEGNSs 19.5 4_1-.557”77”7
0.6% GONs 19.2 4.62
06% MEGNs 194 457
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(a). Neat PPC

(& *'0.__3%fc30t\_,_i-§\-= | (e) 0.6% GONSs (F)-10% GONs -~

A b

h) 0.6% MEGNs

Figure 13. SEM images of (a) neat PPC, (b) GONs, (c) MEGNS,
nanocomposite films of (d) 0.3 wt% GONs, (e) 0.6 wt% GONs, 1.0 wt%
GONSs, (g) 0.3 wt% MEGNSs, (h) 0.6 wt% MEGNs, (i) 1.0 wt% MEGNSs.
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Figure 148} Table 49l 1.0 wt% %#ke] GONsel tishe] e 53 &
pPPCelt zE|de & EF AIZHS 1AZE, 6413, 4823k e. WMEtAIZ] PPC/
299 e B3 gE9 XRD ZA#E Jehliglel PPC AREF GONsel &
& Alzro] 1A7h, 6A17), 4842t F7hgtel whel XRD S5A¥ s 3 &
o g olFatglon, 48417 EetA-E W 1Ak wjarste] 19.7° (45A)
A 19.7° (455A)% F7H8gieh ol WA wiEg 2ol Tl wAdA e &
Fralzko] Holdol whal mEA} Abzo]l ulw A tow HE 9 Sty
= A7l ZE71et 7] wiiel A wlEZ 2 el whe] 3l @24k ARV T

Jhste] cel® gk 7he) 27k AWE WA Ao e

KGU
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Figure 14. XRD patterns of 1.0 wt% GONs/PPC nanocomposite films with

various mixing time; lhr, 6hr, 48hr.
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Table 4. XRD characteristic peak results of 10 wt% GONs/PPC

nanocomposite films with various mixing time; 1h, 6h, 48h.

Mixing time 20 d-spacing (A)
1h 19.7 4.5
6h 19.6 4.52
48h 19.5 4.55

KGU
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34. Y= 53 d5o FEA

Figure 15& PPC/2d|® Yk EF dEe FYAE AAH o2 v}
98] &94% oluA| o]}, PPC/GONs Ui 53 AFo Mz wmAE oju
AEd 2 olfE L TolEE ASIAIZIA HW T4 fAAAM 4t ZE7
Eo] 9l wil elgtolE SAlol=e] Ao] w7 ¥ wiio|t) 17
U A2 2877t EA48X &8 PPC/MEGNs W= 53§ d§e] 2 89
EAo] u%d advtolEg} vsdk HAME vERI e, F A4S BF
aPwe] gl Fbgel uwhel Mol AajAu, 1.0 wt%e] kel uigtd
o] SHE Lol + YUY PPC/28lHA i B BEQ FEAE A FH
o uasty] fla) BF BEAE o] 438te] 550 ~ 850nme] 7HAFA 9
oo A BEINES Z=As 2i}E Figure 163} Figure 179 e 1
due] g SAo #Aglel zejwel ol FUhE el whel v HF BE

o] e #Faste AFAHS Jedn ok, 03 wte] Al H7t
g 4$ 80% Axe FHAEL A o= PPC WlEYE Yo E4ts
B oaga sgAe el Skl whet e 59 AE e Re) A
Zo] Frtsl FHAdel AT ZAor dAdtEn

Collection @ kyong®ji



Figure 15. Digital images of nanocomposite films : neat PPC (a),
PPC/GONs (b) 0.3 wt%, (c¢) 0.6 wt%, (d) 1.0 wt%, PPC/MEGNs (e) 0.3
wt%, (f) 0.6 wt%, (g) 1.0 wt%.
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Figure 16. Optical transmittance of neat PPC and nanocomposite films with

various contents of GONs; 0.3 wt%, 0.6 wt%, 1.0 wt2.
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Figure 17. Optical transmittance of neat PPC and nanocomposite films with

various contents of MEGNs; 0.3 wt%, 0.6 wt%, 1.0 wt%
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35. U B3 WEe A5 44

GONs9} MEGNs7} #7bgl PPC/1dl¥l yx B 2Eo 94 AsS
Figure 18] uelWv}, FA43d 1291 PPCe 171 el
Fe|dol 2% (T o]&s] PPC/2#l® i 53 AFe €3 542 1
wakgieh. £5% PPCY Ty 33.0CE Yele, M7kE= GONsol 3ol
06 wt%= Z7H5be] wel Ty 1.8C olzth. MEGNse] 75 §&ol 06
wi%E F7hgkel wal Ty 64T A4d A3E e glvh o= a9
o] FHEAI PPC Aol 73 A3 zHgo o3 1#we] PPC WEE 2

of ¢kdabAl upe] B WArEe] iz AbEe A ES AMAY] dEl

iy,
o2
12

2 welvH24]. shAvE 1.0 wt%e] 3piko] rejye] Hrke A Tt ¥ ol

ZF7bst A= @ okth. GONs7F MEGNsel vla] Tgol A% A%zl 2 of&
GONs EWol| A#o] A7 Wiz A% & + Jov, sl Y=
L %ol o EAlol =7 ¥l mwe)] HFAEEY d¥l o) FAlol= nEE

s Aletel= AegAdol stz witol #@Ebd (unzipping)el dolvEA LA
o] Aol AV WA A7t AT F ATl Ry v oH33].
ol¢] & o] GONs7} v B3F dFo 94 AAs FaA7=d aA 7
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Heat flow
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Heat flow

. endo

Figure 18. DSC

various graphene contents (b) GONs/PPC nanocomposite films with various

KGU

graphene contents.

0 30 40 50 60

neat PPC |

0.3% GONs

0.6% GONs

1.0% GONs

T T » M T

Temperature ("C)

(a)
33.0°C
1 neat PPC
38.5%
0.3% MEGNs
39.4
0.6% MEGNs
37.8°C
' 1.0% MEGNSs
T L T L T

20 30 40 50 60

Temperature (°C)

(b)

thermograms of (a) GONs/PPC nanocomposite films with
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Figure 19. Tensile strength at yield point and tensile modulus of neat PPC

and nanocomposite film incorporated with various GONs contents
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Figure 20. Tensile strength at vield point and tensile modulus of neat PPC

and nanocomposite film incorporated with various MEGNs contents
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Figure 21. Tensile strength at vyield point and tensile modulus of

PPC/GONs nanocomposite films with various mixing time; lhr, 6hr, 48hr
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Figure 22. OTR of neat PPC and nanocomposite film incorporated with

various GONs, MEGNs contents.
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Figure 23. OTR of neat PPC and PPC/GONs nanocomposite film with

various mixing time.
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Abstract

MS. Thesis

Biodegradable poly(propylene carbonate)-based
nanocomposite films by incorporation of functionalized

and non-functionalized graphene nanosheets

Oh, Hyeok Gyun
Department of Chemical Engineering
Graduate School

Kyonggi University

Poly(propylene carbonate) (PPC) has biodegradability, good
processability, high transparency and good gas barrier properties.
However poor thermal stability and deficient mechanical properties
limit its applications. Therefore to supplement drawbacks of PPC,
graphene which has superior mechanical, thermal, barrier properties
was adopted as a reinforcement agent. GONs and MEGNs which has
different surface characteristic were prepared by modified hummers’
method and microwave treatment, respectively from parent graphite.
GONs and MEGNs were well exfoliated and dispersed in DMF

solvent and solution blended with PPC solution. Nanocomposite films

KGU

Collection @ kyonggi

B,




with various graphene contents and mixing time were prepared by
casting method. It was confirmed that graphene platelets were well
dispersed in polymer matrix from solution stability result and XRD
and SEM observation, optical transmittance results for nanocomposite
films. Oxygen barrier properties of the PPC/GONs nanocomposite fim
were improved by 76% compared to neat PPC. Tensile strength and
tensile modulus were improved 300% and 576%, respectively. Ty of
the MEGNs/PPC nanocomposite was increased obviously compared
with GONs. Mixing time of the polymer solution and GONs lead to
increase in intercalation chance between polymer chain and GONs
platelets and result in well exfoliated structure. Also, Tensile
strength and tensile modulus were improved 300% and 576%,
respectively. Oxygen barrier properties were improved by 79%. It
was confirmed that mixing time of the polymer chain and graphene
platelets was important factor to improve exfoliated structure and

enhance physical properties of polymer/graphene nanocomposites.
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