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Abstract

In this study, we investigated various coating methods of graphene oxide on the surface of

a petri dish made of polystyrene and analyzed the physical and chemical properties of the
coated surface. For coating, spinning, spraying and pressing methods were attempted. The
coated surface was characterized by SEM, Raman Spectroscopy, AFM, FT-IR, UV-Vis
Spectroscopy and Contact Angle measurement. By spin coating and spray coating, well
distributed graphene oxide in the form of multiple islands on the plastic surface with an
average size of 5 to 20um are observed by SEM, and high binding energy between
graphene oxide and plastic surface is measured by AFM. In case of hand press coating,
graphene oxide of 10um or more was observed, and low surface energy was measured. By
FT-IR and Raman Spectroscopy analysis, surface coating of graphene oxide was confirmed.
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2.1 M=z

H 7oA AREE graphene oxide powders=
@F 1 HU(Gyeonggi-do, Korea) 2 ZHE L5}
o] hand-press coating®| ARSI O™, Ultra
highly concentrated single-layer graphene
oxide solution(6.2mg/ml, ©°]s} US GO)
graphene supermarket(New York, USA)°A]
4ot spin coating, spray coating®| A3}
Atk EZYAHAS AEEjSo] AMEEE=  petri
dish(35*10mm, PS, ©J|3} polystyrene dish)&=
SPL LIFE SCIENCES(Gyeonggi-do, Korea)°l
Al FUsHo] ARESEIH-

N

2 Ay

B ATEolA A b 4GS A% A
So A8 ool 29

e
fujrt

Aedsta]  spin

coating, hand-press coating& ZYs}tt.

0.5mg/mlE coating,

2.2.1 Spin coating

Spin coating o g = spin
coater(ISP-200FH, IMPEC Co. Korea) oI
polystyrene dishE Aoz AT US
GO solution& 0.25ml 13 ¥ H 0~10%
1000RPM, 10~50%  2000RPM, 50~60%
1000RPM 4O = 13] spin coatings 25}t
Atk o] IFZ 33 wHERE § SR 3%, ot
& 332 AE & US GO 0.375mg°| spin
coating® polystyrene dishE AR5t

2.2.2 Spray coating

Spray coating ®HHOZ+= hot plate 9o
polystyrene dish& =2 110Ce 2L= 387t
A GAIFTE. ©o]F hot plate 15cm 9ol ZAH
air gun(Richpen 112B, Fuso Seiki Co. Japan)
< B9 N2 7k~ 10psi®] 4oz A US
GO solution 0.25ml 13 ¥ % polystyrene
dish S%ol BAMAIA spary coating= X3stA
o} o|AZ 33| RHES] SRS 33, ofE 39
Z A|E ¥ US GO 0.375mgP] spray coating®
polystyrene dishE A|2}stAitt.
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2.2.3 Hand-press coating

Hand-press coating O 2+= graphene oxide
powder 0.375mg= polystyrene dishof] £Ho| &
2|40 2 HA UL 7IoHH hand-press coatingS
At

Materials
Graphene oxide Plastic
* US GO
(Ultra highly concentrated single-layer) ° Polystyrene
* GO powder

o

Coating method

Hand-press

Spin coating coating

Spray coating

Hand-pressure

e

o

Washing method

Distilled water wash - Ethanol wash

3 times 3 times

Fig. 1 Schematic diagram of the fabrication process

2.3 ENYY

2.3.1 FAPHXRA0|AE(Scanning Electron Microscope,
SEM)

Spin coating, spray coating, hand-press
coating® polystyrene dish®] FH¥ HEHO| F
28 Asiaduel gejet REE AN 99
FAPAAFE T 4 (Phenom, Phenom-World Co.
Netherlands)& ARSI T A|HS 20mAZ 3&E
&t 2314 ptIEste] A2

2.3.2 27t 2AHITE|0] Het KoM 2a

Polystyrene dish EHO| Aket12jd 9 {72}
FRHE ARt S ERlshy] S5l =t 23
7](Raman spectrometer, inVia reflex, Renishaw
Co. NK), H&J4/FAQd £33 =A(FT-IR/NIR
spectrophotometer, Frontier, PerkinElmer Co.
USA)YE ]85t L, 2t F3842 918l 532nm]
g 2708 St AUERS EASII

2.3.3 {X1H 2k $0|A(Atomic Force Microscopes,
AFM)

Astego] B2 polystyrene dish FHE] A
712k H2HE 2 gelst] 918 AFM B[(MEP-3D-
BIO, Asylum research Co. UK)2} Probe(BL-TR
400PB, Mikromasch Co. Bulgaria)g AH&-5}o]
contact mode& air mode(tapping,morphology),
contact(force analysis)2] ZAA A5t

2.3.4 2HETH|(UV/Vis spectrophotometer)
Polystyrene dish HHO E3}T: A 9|
UV/Vis E343F=A(UV/Vis spectrophotometer,
UV-1604A, Shimadzu Co. Japan)E AR&ste] 7}
AlFA J9(400~700nm)ollA ZA3HATE AR
H polystyrene dish®] 39 F93t AZolm=z
g & EHY EFEAEEZ B9 IPYAHS BUle
o
AA

o
At eimo] FYE polystyrene dish HEHO
FHYRQ}F H2A(wettability)S Q157 3|
H&Z &=%7](Contact angle measurement,
DSA100, KRUSS Co. Germany)Es %o A&7
= S74skelt

3. Zm 9 1%

3.1 SEM

Spray coating, spin coating, hand-press
coating® polystyrene dish®] £HES SEMOZ &Y
stof 19.20] YEATE. Spin coating®] H
polystyrene dish HOA= FH X 45t wo]
WEEPOH T F7|= 5~10pme] 22 AketiEid
¥} 20~40pme] F2F 2719] Aksl1E|Ho] waEE]le
o 50pumolde  AEtagdE TEEJAGL(O
9.2a) Spray coating®] ¥ polystyrene dish FEHO|
Al TR 717} 5~10pm2] 2R Akst 1|} 20~40
pme| 73719 Asta=mo] BWAE o™ 50um
oo & AslaHuE A4 TEEQCH(O™.2b) I
2|3l spray coating®| B|3l] spin coating®| 7%,
At o] HiAFeRE ¢ & ASs TET
9lth o] spin coatingd AS W2 9%
FElQl polystyrene dish QoA EARE AksH 1)
Ho| Ho| RAXHA A= SAHA= dAe] dojuyt
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spray coating®]|

dish #HLE 10um
A =L 22 F7|9] Aksldjdo] @Wo
TEEA] Skt (1. 20) TR EHo] FFo] o]
OojRA] ¢k Fio] tih A=Y, ol=
ol = AT dlo] dAFSHA %7 "Ed
2 mdE
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U

b
lo mlio (!

5~10um particle

20~40m particle
50~um particle

Fig. 2 SEM micrograph(x1500) of spin coating (a), spray

coating (b), and hand-press coating (c) Compared to
spray coating, in the case of spin coating, it was
observed that the size of the coated GO is larger.
In the case of hand-press coating, it was observed

that GO with a size of 10um or more entirely coated the
surface.

3.2 Raman&FT-IR
2t B4 = 2 ¥ Raman effect) & 40
73 g o] 1S Bl Ay EgetA =Y
JARG T} 22 oE 711 W olQ]of npE9] AY)
EdAo] #SE= dFZ ol&stoiA A9 AF
HEHS Aot £A9] 25 2 4 SH=4
;ﬁ*é A 4o AR} E9] S9A A9
% 3—45}**3] AojA o] AREEH T
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Tﬂ 74]%119] EZA %83 53= D peak? G
peakZl At} D peak + 13® F29 disorder
of 95 Bt G peakE 54 EHA T35
2oz ZAEE m3Foln 2D peaks 24k Agho]
ogt wHolH tEFx IHULFE oA WHE
F7F S7Fet7] wiEol ot Alstatgo] dAgste
2D peak7} S7FsHA €. D peake= Wi=F 1350

j21>'l
J

rN
2
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i

H|sf 2 Absligo] ghEofxl A
o7 mAELh Hand-press ZH®E  polystyrene
ol Atst1gwol| &35t

i}

', G peak: tZF 1580~1585cm™ ‘oA &
=t 2D peak: tigF 2680cm ™' o]Aoll A BEE

o]l
AR

HHH o2 Jetutol E(graphite)E T/J5HL
g€ o
K

op? Barh Astadwo s AgEWA F4E
2 287|159 AFE0] sp’ ©®HAY} THEATES
Agt 07 sp® TAEAT FAEHA disorders
UEtHl= D peak G peak?] &Rl Fk Hl&
(ID/IG)%ke] Zu et F71stA "rt.[13] Spin
coating o] ID/IGS] AAF 2 0.97, spray
coating<= 0.96, hand-press coating< 1.01=%
e 37 o Wit ID/IG g
UEF AR hand-press coating® 4%
2D T A7} spin, spray coating®th 274 YE}
U=t ol ARERE 4FstT1eE el FR/2] Xfo] wE
o Yyehd Aoz oAt Hch(19.3) Polystyrene
o] spettxE (GHy), 250IdH. FT-IR 34 2
3} hand-press coating®] A&t 2] C-0,
C=O Z3to] W= &, ol polystyreneol §
= B4} A4 9] F-A%0|E R polystyrened
ﬁg}lﬂﬂlﬂo] IFEZ & 4 Aok (g4
D peak G peak oD

b {

lo/le= 1.01
x AN N ©

intensity (arb. unit)

lo/le = 0.97

T T T T T T T T T T T 1
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Raman shift (cm™)

Fig. 3 Raman spectrum of US GO 0.375mg spin coating
(A), US GO 0.375mg spray coating (B) and GO
powder 0.375mg hand-press coating (C)
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Fig. 4 FT-IR of GO powder 0.375mg hand-press coating
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3.3 AFM

A8 7+ @u)7(Atomic Force Microscope, AFM)
2 T (probe)t A& Ato]Q] 7HAolut 520 =
PR = vy 28 A $](Van der Waals Force)oll 9
sto] &30l FZol= AL ST olF S A=
HHO] A 28} FHE SHoHAY EHY A7,
A2 S B3 ARME B9 S48 ((PS) i
I AlEe] HarE Skl IYE HHe
ks

Spin coating< XWHO =IO HRFWHAP}
32.259nm=z ZAEth(19.5a) Spray coating ¥
Ho| F3o] FEHAL 17.771nmZ ST (2
2.5b) Hand-press coatingS ¥H2] 232 #5H
27} 47.181nmo.& S Eh(1H.5¢) ST =l
ofx9] S=tAE(PS) EHI IR H At Ee] w3
o] z}o]7} spin coating 195.67nm, spray coating
196.22nm, hand-press coating 255.33nmo.& =
A=} Spin coatingd} spray coatingS 2 2fo]7}h
Y= Ao=E FAEU=Y olA2 SEM TEoA
spin, spray coating & o $%F 2719 Ake}1ewo]
o] #HakEl A3} hand-press coatingS SEM 3H2Ho]]
A & A AR S 4= Q= A S
St= At wdE

Spin coating®] surface adhesion intensity+=
27.05GPa, spray coatinge = 42.96GPa,
hand-press coating2 4.05GPaZ &3 Hh.(¥.1)
Surface adhesion intensity= young's modulus@}
< YER Y surface adhesion intensity’} S5
polystyrene®] 2+ Ast1jdy} g3ake] Fo|
Z AE Yetd} oA Akslef o] polystyrene
of F2at=]oil= Fol A= A= 9R[SHEE surface
adhesion intensity”} £ spray coating®A] AFs}1
2ol polystyrene ¥E¥o] 7FF & F2lEo] Q= A
oz wotE

oft
it

Table. 1 Surface adhesion intensity of samples, Spin
coating (a) Spray coating (b) and Hand-press coating (c)
It was confirmed that the surface adhesion intensity was
large in the order of hand-press coating (4.05GPa), spin
coating (27.05GPa), and spray coating (42.96GPa). The
larger the surface adhesion intensity is, the greater the
force between the tip and the GO on the surface.

Spin Spray Hand-press
coating coating coating
Surface adhesion 27.05 42.96 4.05
intensity(GPa) ) ) )
Reduced
Modulus(GPa) 537 36.74 441

Fig. 5 AFM images of roughness, spin coating
(32.259nm) (a), spray coating(17.771nm) (b), and hand-

press coating(47.181nm) (c)
B the line, the height difference of spin coating

is observed as 196.67nm, spray coating as 192.22nm,
hand-press coating as 255.33nm. The difference in
height of hand-press coating is greater than that of spray
coating and spin coating.

3.4 BN

Atslajgo] FEEZR %2 polystyrene dishs
71202 sto] Al FRE S S5kl
B 5T spray coatingS 84.04%T, spin
coating= 78.70%T, hand-press coating<
34.04%TE YerETH(19.6) ol ZEHHo| o
24 polystyrene dish EHo| ZEE0] HFE+=
ARt e] o] et FgA AT 24E
Fater gopzickal #EEY. o] F E5] spray,
spin coating®t hand-press coating® F$ &
o7 Yeh=dl ol ¥Rl Ao]&qt ofy
2} 4betiEme] F79 Zolo] wEk gEA Y
it Zlo® Helth(1d.6) o]+ US GO 7
2 o =9l YhH graphene oxide powder?
BF o5 ol7lo A= AAQ F Aol= <]
Fie 2p7tE A2 weETh
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Fig. 6 UV/Vis spectrophotometer of samples, control (A), US GO 0.375mg spray
coating (B), US GO 0.375mg spin coating (C) and Charm graphene Co. Ltd.
GO 0.375mg hand-press coating (D) Average transmittance is A: 84.04%T, B:
78.70%T, C: 34.04%T. Hand-press coating shows lower transmittance than other

coating methods,

==
3.5 Mxz2

aztold A7t wA wE o] Ao
Y olFL 42 L}Emm. = Ao} o, o

F ot F2 JE4e w2 2
0*3 =3 ‘/F*é(hYdfOphth)ﬂr =2 19 qUAE
7RI w2 HAEAE W2 234 & A4
(hydrophobic)¥ @2 ®H oyX|E 7}Ht}.[14]
AotF 4 plA 535 SollA 3% A HAgk
2 AAFSIT}E. Spray coatingS  44.4°, spin

coating< 48.3°, hand-press coating< 80.9°%
3= A (E.2)

Table. 2 Contact angle of sample

Spin coating and spray coating rendered similar
hydrophilic property to the surface while hand press
coating produced hydrophobic surface.

Coating Spin Spray Hand-press
method coating coating coating
Contact

angle(®) 48.3 44 .4 80.9

Spray, spin coating< A4S HH 2 2H
A& 7}FAH hand-press coatinge A543
mu W2 #HAYAE 7H Ao E wEH.

—_

4.8 B

E AFoAE A1l W-E Spin coating, Spray
coating, Hand pressing & Al $5F2 ZEYHS

Sl polystyrene dish :&Eﬂoﬂ FYsia, F9H
HHO EA4Z Brlste] 1 A5 Q95to] #.39
e it

which is evaluated by the difference between the coating
method and the graphene oxide layer.

Table. 3 Summary of characteristics according to coating

method
. . . Hand-press
Spin coating Spray coating coating
GO particle | 5~ 40,50 ~ | 5~ 40, 50 ~ 10 ~
The particles
GO cicl Particles of Particles of are
d'strl?l:tl'zr? various sizes various sizes distributed
1stributt are formed are formed into irregular
shapes
Bonding
iensity 0.97 0.96 1.01
GO(ID/IG)
R°‘é§}r$ess 32.259 17.771 47.181
Surface
adhesion 2 42.96
Intensity 7.05 2.9 4.05
(GPa)
Ty 78.70 84.04 34.04
Sﬁ;ﬁﬁi 483 443 80.9
Raman, AFM, &%, HEZE Eodlo] HU)st
A7}, spin coating®] A$ AA|FOR FEL o]

Solxh 2 gstadEo] Hwe] EAFOR QA
mels gskadE zre] Aol

UEIY 9™ spray coating® 7

Bz3 oz

4% spin coating

EE]- 2o AbslaEfolo] et FHI} Ak
Bt AoZ eyt E

2l

e orol L

vl

299 w3 %
EnzdiAE o £
A0E et

Hand-press coating®]

Wae] Hr} 3

e e

3% ®EHo|| 10#m3A7|0]

g9 Arstedo] Exstlor Atstied Atolo

coating©|

k. et v

o]0} 9}

o HE
‘TE’TEg

0}O HHo
1o

T

] 017(4 HE

XH o]—

s} 2448 Bt A0E 1

Ehdth. W5 AskEn]y o] QT EL ulolo
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Bofo| A& spin coating®} spray coatingS A5}
o] A}838l= Ho| Agsitiy B2 En B35k o
7} 312 53} hand-press coating®] °|F01% 7] uj
ol olE Eetote] 7AAR WS S 4Ed 9
< 23T = Q= press-coatingdHOE T U2
FPEINE I & Ao AR

o~
2 7

o] AT ToLAHF)O XYL wop Susta

71l olefl FA=EY
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