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Application and Functionalization of Graphene Oxide on Cotton Fabric Via Aerosol
Spray Pyrolysis

Hyunji Ohm and Gilsoo Cho'
Dept. of Clothing & Textiles, Yonsei University; Seoul, Korea

Abstract: Today, graphene loaded textiles are being considered promising smart clothing due to their high conductivity.
In this study, we reported reduced graphene oxide(r-GO) deposited pure cotton fabrics fabricated with a colloidal solution
of graphene(GO), using a one-step aerosol spray pyrolysis(ASP) process and their potential application on smart textiles.
The ASP process is advantageous in that it is easily implementable and can be applied for continuous processing. More-
over, this process has never been applied to deposit r-GO on pure cotton fabric. The field emission-scanning microscopy
(FE-SEM) observation, Fourier transform-infrared(FT-IR) analysis, Raman spectroscopy, X-ray diffraction(XRD) analysis,
and ultraviolet transmittance(UVT) were used to evaluate material properties of the r-GO colloids. The resistance was
also measured to evaluate the electrical conductivity of the specimens. The results revealed that the r-GO was suc-
cessfully deposed on specimens, and the specimen with the highest electrical conductivity demonstrated an electrical
resistance value of 2.27 k Q/sq. Taken together, the results revealed that the ASP method demonstrated a high potential
for effective deposition of r-GO on cotton fabric specimens and is a prospect for the development of conductive cotton-
based smart clothing. Therefore, this study is also meaningful in that the ASP process can be newly applied by depositing

r-GO on the pure cotton fabric.
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1. M E 2014). w2bA] ol gt oF W] ArfESR AAS f)EiA]
= Hold 2eAt Wk opg} o F Ao 7 1] A=
H COVID-19 % vio] sl I¥F A7t 532 & Foslof a1, o]F HsiA= ZntEE2ELI A (smart
U= 233l FlRlo] £4A AR Ase] AL Bk A7 textile sensor)7} FFAQ @ 4o|n), WAl HAo] U= Al
AEE BRI = Q= dAlo] tufe]zof gt 717] ARgo] F (electro-conductive materials)S 53l e-textiles®] FENZ Al
F7kslal JaL, ool mEh AANS FHE 7N R Fl= 4 AME Azl oF A Zfe AEe X8, 1714 A4

o E tulo]ze gt 4o =gk FrEIAL QUth(lang & T2 74T 4 dtkJang & Cho, 2019).
Cho, 2019). dloj8lE Unlo]lAZE A AUEY X (smart ) F (graphene)> £ 2x1H9] Wi FERE A 9
watchy} 220FE Q] F (smart clothing)S &2 & 4 dom, OHA F2 HEH 4 9 ddEwel e BEA4o= s vt
nlES|Fol Y Axl A& F&shk= oF & W (on- Z FELT e A7) A=A YAle]ti(Samanta & Bordes,
clothy®tte o F W4 (in-clothyo] A& ETHZeng et al, 2020). ZejTE B QA shte] FAZ JRHEA spt IES
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ste] B A=, olxf AR, 2EA EHA 5 thdg Tofel
Al o]g g AFEI Ut

T SA}O)=(graphene oxide, GOy= 2] 3}o] E (graphite,
SR LstE SgEolw, GOl ek A8 AFE2 F
2 9L Aik(liquid phase)ollx] thEklalalr] 9late] Agt
Aok 2y 23 Z7ke] o] B2 918 (van der
Waals force)Z} dfo] slo]-gto] 2|7 (n-n stacking) W=oll Al



r
l?i
= 3
Ll
2
3
[t
?f
z

o A
st EH«] GOE “Hﬂ"]?ﬂ]
sbls gl el TYEITE AR digAeR
19589 Hummers®} Offerman®] KMy0,8F H,SO,& A3}
o] Tl E APl =5 38K (Hummers & Offerman,
1958), AlE7H = 7P @o] AR-E= WHolth

2 AP =(GOYE 7PEAREI 7AW B o] Ak
715 7KL Jths HolA ejws Ajolzt glow, o#gt &
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(hydroxy groupy= ™ d-f-
g o= Ao] WM tH(Cai et al, 2017). Eﬂrﬂ}/‘ﬂ kil
ANE 7o R sled TR Hojd A4, Eld EAS
|3 2utE "iEd AR AR 5L e T ol gl
AESE AT} 7ido] Fasirt.

dol2E FHFEH3 (aerosol spray pyrolysis; ASP) X2
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SRS T §UL TAA PEE olgle] oojzzs)
S5 /1S el WSk AES AT F Y= ol

(Lee et al, 2017). dlo|2= AE2 E3E T¥ SAlol=
(GO)®l AHEL 25k 7|Ae o3l w2 252 FAE ¥hg7]
2 HYAH, A5 Zo] &af T 2 GO € 2 (thermal
reduction)ZFd S 7Af3le] HE A= g a9 SAlo]
Z(r-GOy’F AAETHKim & Kim, 2007). ©] WS EFo}
BAll @ gelo] o] FojAm AYAE A] H|-go] HA

rdsls] A&AQ

7)) FAES Mstel Wel 9l 37e]
7Fsslths o] Ati(Jang et al, 2013).
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21. Mz

2 ArddE HO100% HEE ARsislen, el c=
B85k 27ke) A8 ASP 4X9] HEo] I 4= 9]
5 A7 10eme] 9% Fui= e} FHsiich &, ASP ¥
< A A= AF S a#j¥ SARI=E(E-GOYE S
FAG AZSIGATE & Aol ARSE 2 SAL
ol=E &9 E(Alfa Aesar, 99.99% Purity)S M2 ¥
Hummers®] WO 2 Alslsle] 22 T27) 14wt%2] Ate]
GO°|t}(Ha et al., 2019).

2.2. J2HHE SAo|= 8 M=

ASP ZAE E&] A8 -GOE 7317 Yste] 571x1¢)
T P8l GO &3 &4 Alxsdict. WA A £
< 71A% Hummerse] WH o2 Aslsle] 2E F=7t 14wt%
31 A%l GOE ﬂlzﬂ = ol% FHT sl 5451

HEHoZ T7F 27 0.0wt%, 03wt%, 0.5wt%, 0.7wt%,
0.9wt%°ll H%F— B2 Azl 2L o] E Aol
250 pme] =2 307t wnkste] g9 AxE sl

23. A2

2 At E AR AT AFe ASP RS
o] &-3FAth(Fig. 1). BA& Alfl‘ée 273 1ocm4 °J_i Z
2t FHISTE FHIE Al KU
Z}zte] Fxol wE %%?9} @%‘o}oq «1*4*1 AR L))
& FAPIE A4 259 B5 AR AdsiH BF 3%
Q3 F=h)7) gs Y, A2 2xe HEd 93 YA
-GO9| 23S S8 F2e ¥ A5 S48 WX st
o] 400°CZ A7gslgen, =gu 4 FEF X (ultrasonic
1.7MHz J52F U7 F2H A8 757171

R o Ha| =

nebulizer)2+
AHEEGIT B 9 B AEARYE W 92 A
33, GO B9l9) REE HLoz §AAY A5l WAL

s AT F

20 mL/min) 2 EHFon, Idxjg] w-s7]

Table 1. Specification of specimen

Fabric code C
Fiber contents(%) Cotton 100%
Mass per unit area(g/m’) 185+10
Weave Plain 1/1
. ) Warp 24+1
Pick count(pick/cm)
Wett 24+ 1
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Fig. 1. Schematic diagram of ASP facility.

= A& Qo7 47t 70 mm, 140 mme) YEF ] A gHo]
AMEEIQTE B4 Soll WIS GO 4 (droplety> 400°Ce] A
71RE Fote] HFH R gy RN HAE AR &
ek 253 70 o8] $A GOE EFHe 94 (droplet)
2 400°C2 fAIHE 8715 BH38IHA r-GO7} A=
3, FFH R G| A HAE A (Ol FHEh
ASP F4& 53l AME GOl T3] ¢had Zh7te] Alg
E2 o)F 7z 2xd wE WAEgke] ¥s) FolE HHs]
$18te] AL 21°CoIA AZg A|EE(C-01, C03, C-05, C07,
C-09)7} 2471|753t 80°Ce] QB A3 A 8E(C-H-01, C-
H-03, C-H-05, C-H-07, C-H-09)2 A|Z3}ATHFig. 3).
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e B3l -GO7F T3 ZHte] wEd WAE A
FEe =431, N=(add-on) #S AES AAE
B3] 27) Aol AREAE Al 717)e A4 A
(Analytical balance, Explorer Analytical balance, Ohaus, United
States of Americaye AFZEIGOH, 33] WhE =4 F 7 9
waks A=t S8E AR TS HIROE =2 (add-
on) #& AH=EsIlem, 2 22 ol ()2 ZTHKim et al,
2020).
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Fig. 2. Sheet resistance of C specimens according to add-on.
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245, 3}8kx B4 Hr}
ASP 3HE T3l -GO7t 2 Z7te] = RAE Al
BE9] 3ot £z W= Bl 98kl Ealo HEk HeA
37| (Fourier Transform Infrared Spectrometer, FT-IR)S A}
g3e] BAS ANETE 7171 Vertex 70(Bruker, United
States of Americaye AFESIAT, BA1E Slsje] AlRE lom’
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Fig. 3. Schematic diagram of experimental process.

A7)z et Fusinh 24 M9 4000 cm”~650 cmE
A3 2™, ATR(Attenuated Total Reflection) XS AR
1=

T, Zhzte] 89 W GO
T4 54E #4517] #Iske] Raman
T} Raman #3F £4& Figeo] w2 54 W= (band)} WF

R

Aramis (Horiba Jovin Wvon, Japan)y2 AR&-3I3 3, B4& 9
alo] AlBE 1em” A712 e} Fulsiith

nR 9o 2 -GO7F S2E Ao s HAE A
sl Ag el dial A8k flste] XPS 48 AAlst
Stk 7171= XA 3%} 237](Xray Photoelectron spectroscopy,
K-alpha, Thermo Fisher Scientific, USAYE ARE-3I93, 4
S falo] NEE 1om” 7|2 2} st

3.1 A= =%

Table 2= ASP F4S 53 rGO7l F2He zizte] v
C NEEY %3 = (add-onyS YERIT QoM Fig. 2=
=2kl tist A EEe] WAYgke] Hals YeRl i)
I A3, ASP 33E Edl GO &3 g9 BByt ¢7d C
ABEo) thale] §d9) GO TE7} FoldSE AR F7
o] F7¥etaL, ol wk = = Frkehes A3 BT
ol €99 GO =7t HE5E WAE A5 B S

—

Filter

-

D.C. High 400°C)
Voltage —_— 21°C,

24hrs

GO
Solution

Ultrasonic Nebulizer
Vacuumt
pump

Table 2. Weight and add-on value of specimen

Specimen Weight(g/cmz) Add -on(%)
C-00 0.0164 -
C-01 0.0165 0.6
C-03 0.0166 1.2
C-05 0.0167 1.8
C-07 0.017 3.7
C-09 0.0182 11

d rGOg o] Wolx|7] wiEo|gt AlgE). o3 AFAES
A7) AxAH ARl B uf, AlEe| FHo| S/IETE
7] Amdo] sPdEitia siAst 5= Qi) o= Table 3014 =
At v}l 7o) GO FE7F 0.1wt%el A 0.9wt%= Z7 s
C A58 HAZZES 392 kVsqollA 227 kVsq= 7Hshe 7
&S Ealo] AW 5= ok a7 ASP 34S 58 -GO
& SEBl] Ad2elA] 2477t Axs C, CP Ao dis)
o] ZHZke] GO Fxo thdt o= k) WA AAS

Table 3. Sheet resistance of C specimen

Sheet resistance(k $2/sq)

Specimen
Mean Standard deviation
C-01 392 36.17
C-03 18.38 1.31
C-05 4.67 0.58
C-07 4.66 0.63
C-09 227 0.42
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Fig. 4= ASP 3H< 58] ¥ 100% &A(C)el 39 22
A FAPIE(-GO)E T3S ARES 24875t A2 21°C
oA AZI AEE(C-01, C-03, C-05, C-07, C-09)4} 2477+
B2t 80°Ce] 2EoA 7= AFE(C-H-01, C-H-03, C-H-
05, C-H-07, C-H-09)l ths}ed 7# tel GO s=¥ HWAYS
UeR I ok WA S BS W, GO =] T
7tell w}a} HA ko] 7HAaghs 1015} GO F=9| T7l w

Table 3+ Q
A Az AEEY] HARS UERIRZ 99 Table 4= 24
AIZRE<E 80°Ce] QBN Axd A BB HARZES VR
Itk B Aol AMEE ASP AX|9 d|Re] 2%
400°Cel™, o] wj 7Ilix= Gl eJal 37 Foll ghdo] o]
oItk & Stk ASP 388 B3l GOl F3e ¢sgl
ABEo) thsll 80°Ce] BN AxE A3EN C-H-0137
C-H-03 A|59] HAAggS zH2F 2181 kQVsq, 116.38 kQVsqZ
AZE AL21°CoA AYPsHA™ C-01(392 ksq)Z+ C-03
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Fig. 4. Sheet resistance of C and C-H specimen.

Table 4. Sheet resistance of C-H specimen

Sheet resistance(k $2/sq)

Specimen
Mean Standard deviation
C-H-01 2181 495.67
C-H-03 116.38 26.33
C-H-05 10.81 0.54
C-H-07 10.06 2.26
C-H-09 14.51 1.23

QBN ANEE AXIINS W AF] T3 -
=8 (crack)o] HASAA Ao A FEE A

l
HARge] Fod Aoz AE .
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GO?OH v A 5k
Z3NRES wjHh

3.3. HH =4
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=8 r-GO7t 3E 4749 &
ICOM 4oM&= 3 FE-SE
ojmizlo|y ©]F & H N7e FHd AFdog rGo7t 57
HASS ERI 4 ok &, £ W] GOl s&Ut F7HE
& o B2 4 GOt ALLA FH F3E 5SS HAo
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1w
I3 3 C-05¢F C-07 AE2] FE-SEM o]u]|R|dAlE Ad o
2 YR T o] AJF(C-01, C-03)] HlalA #UEA £3F §

He| Fejrt B ol H“% 49 o] Goe =7t
FolATE ASP 34 Fol € o] FA dojuhHA HAH
(accumulateyel FENQ] r-GO7F RIS A3, o] ufe}
HHo] #dsA] Hel FEIE Hols Ao AlRHL)

Fig. 6= ASP 378% %3] rGO7t 539 7479 Fsxd
AE AEES 80°CY S2oA 24A17H5<t AXxS AEE
40M]-&-2 243 FE-SEMO|u|=|o]t}. AL 21°CollA] 244]
et A3 ASEF vlwsle] BHoks u], Al5e] Tl
ZE -GOollA Z& (crack)e] FAYSIATE o= 80°Ce] 2E-9
A 24775 AZFIRY A B S ﬂ%o}oq WAzt St
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T Ao mE 43t T AelE HAES Aksk e
AR AR FFE st e A9 At A4S Tt
Zi}.

Fig. 72 ASP 33% %3 -GOE &3 22 21°Cd)

M AxE C AEES UV 23 BEAE ARl Faes
Z4gk Ao}, mixE] A5 C-000) Hlﬂz‘s}oq Hoks ),
-GO7} Z&E C-01%E C-0971A1¢]
ol dAsA ishe S Bt I
TLrt ol et C AR FHY H B2 4 GOt
PN wWZolgt X 5 Aok =, M2 2=rt
ASP FA8E E3 r-GO7} A2 ZFEE U 400°CY] &
Z7F $AEEA GOl r-GORS] ghelo] o] Fo HaL, ol u}
2} ek e At 548 7HEAA HAokaL Als

n rlr
° oo
o 12
I
Q
(@]
o

35. al8f5 84

ASP 34 Tl rGO7F T3 Ae] F=E HAE A



227 SAj[=9] ojel2E HFEE] S F HEES] Y ¥ &Y §)

(a) C-00(Untreated) (b) C-01 (c) C-03 (d)C-05

Fig. 5. FE-SEM image of the C specimens.

(d) C—H-07 ' (e) C—H-09

Fig. 6. FE-SEM image of the C-H specimens.
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BE9 33 X W3E BA] st F)o Wk FeA stretching, BItH3 C-H stretching, C=0O stretching, CH2 T}
37|12 ARgsle] BA4S AAE AAE Fig 89 YR A bending 23 C-O stretching®] 23+ Zo|tH(Cai et al.,
A AlZEe] thale] 3340, 2900, 1650, 1430 =z 2017). BFAl, ASP 348<S AX ZHzke] GO9| kol we
1057em ' HE2oA 3 A7t JEsten, ol& 7tz OH AZEY) tharlE 1650 cm™ H2o] T3E AR, 29003
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Fig. 7. UV transmittance spectra of C specimens.
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Fig. 8. FT-IR spectra of the specimens.
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Fig. 9. Raman spectra of the specimens.

3340 cm™ F2¢] FAE kATt olF B3] ASP FHS A

A EFE 48T AESe] telA tiFEe] GorE AdeE e

2

2 r-GOE FAEUSS & + Utk
ASP 3L F3l -GOE SH3 Z47te] GO = A8
o] sle} P24 5L #487] fl8te] Raman 23 4

Ci1s —C-09

O1s

Intensity (a.u.)

O

T T T T
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Fig. 10. XPS spectra of the specimen.

AN AFE Fig. 9 LERAZITE BA R GO F33
S 132024 1595 cm™ oA ¥2E Holw, o= zz} D=}

TFollA DIE o GIHE=EY % BIEIDAGE AAE 2% +
zx9 AER 778 T Uvke Zo] =%tk €079 IDAG
e 1.090]M, C-09¢] IDAG #He 1.04= UERTE o]2idt
ARE Sl © HB| Z3E Go2| AFHE B sp’ vl
EfA A=t T7RIESS ¢ 4 93(Cai et al, 2017), 4
FH o7 ASP FAHE Ed C AR GO} AR =
0SSN

-GO7F 2 W A& AEE T 7P Hold A3 54
< H2l C-09 AlEol tiste] 3135k A3 dElE A5 4
3 XPS £45 HAAE AFE Fig. 109 YERNSIT). Tian et
al(2016)e] Aol mEw, a2 ZHe| gk I 1Fe
C-C(284 eV), C-0(285.6¢eV), C=0(287.8¢V) L& O-C=
0(288.6 eV)E UENSITE), C-0(285.6¢V), C=0(287.8¢eV) L
22 0-C=0(288.6eV)Z UERHeH Cls ¥ Ols 33 7}
7} 284 eV, 532eVeld] HZET. Fig. 8olM9t 7ol C-099}
CP-09 A8l thale] 280eV, 532eV F-2olX Y72 9=
(peak)® Holw Jomz ASP 34 =9 GO r-GOE2
3hdo] o]FojHom, -GO7H AR FHO| FFH o= F3E
PSS &, AHE 53 -Gort T3 AR F
H 7 84V BA, AHAlS & 9L, C-09 AR B

9} Ak H|S-S 717} 78.39%, 21.61%= LERTH

dlo o

4.

IR
T

2 AFME doRE ERERs] 3HS 78 HAE
3 ¥l SARe]=(reduced graphene oxide, -GO)YE 3
3l3, 2ntE o F 9l AulEHXEIJAINRS] A8 7S
ARSI olF flsle] Z47te] wko] wWE GO &<l ASP
TS ol SAR AAE AF tat] A71H, ¥4, 5t

2

tlo

o B &
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S B4 B3I 7P Hold 714 BAS Ad Al
o that] 227kQsqe] HAIZES UERIY, ¥H4 &4
SFA

S B, e 348 F9l GO
& S wARCl tele] g Akl A S48 7RI
= 2ol EIEI vl ASP 34E 53l -GO7t S
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