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Solubility Study of Graphene-oxide with Various Solvents

Su-Yeon Jung*, Sung-Woong Choi*’

ABSTRACT: Dispersion is one of the most important factors in the manufacture of composite materials. In the
manufacture of composite materials, solvents are used to better disperse the reinforcement, nano-filler in the matrix.
Since dispersion is affected with solvents, it is necessary to study which solvent is adopted to get good dispersion. In
this study, the dispersion behavior and solubility of graphene oxide(GO) were examined under various solvents (DMEF,
NMP, ethylene glycol, Acetone, DI water) to identify dispersion. As a result of UV-Vis spectroscopy absorbance
measurement, it was found that DMF and ethylene glycol had the best dispersibility, whereas DI water showed the
lowest dispersibility. In addition, as a result of visually observing the dispersion according to the surface tension and
time, it was found that the dispersibility was excellent in the order of DI water, ethylene glycol, NMP, DMF, and
acetone, which was consistent with the Hansen solubility parameter value.

ZE= E:EFAHRY Az QlojA AR Wi 523 a4 F stbolth B =9 Al x Al matrix -§-Afof] 7
S E Bk & 24bshr] f18te] & ARE-Sh=tl Suljoll whel RANETF Fekx] 7] ujZol ojwgk §ul 7t Ak
of goldxof Tt A7F dasirt B A to A= theFst SHIE 2 (DME NMP, Ethylene glycol, Acetone, DI
water)o]] Tl Uhie 2|2l AFSl 129 (Graphene oxide)o] grfjo] wE GO HAMAET Gol= A& Fdlf &
Aol 5-2]3t Bul| & u}etstaR} 31t 1 A3 UV-Vis spectroscopy S35 =72 53l DMFS} Ethylene glycolo]
NV Fe BAAL 1L o 4 o W Dl wateriz 71 W BARE HAS o 4 QT Eat
I} AJ7to]| w2 BAF S-oF =2 £33 DI water, Ethylene glycol, NMP, DME, Acetone <=2 2 EARJ o] Q231 715
& 4= 91%l=dl o]= Hansen solubility parameter 3f3} UX|sh= FFY-ES AT 4= AU}

Key Words: &3} 7 & (Composite materials), AF3} 12 3 (Graphene oxide), <9l E (Solvent), €3} = ¥ <4>(Solubility
parameter)

Received 26 September 2021, received in revised form 29 October 2021, accepted 7 December 2021

*Gyeongsang National University, Graduate School of Mechanical System Engineering
*'Gyeongsang National University, Mechanical System Engineering, Corresponding author (E-mail: younhulje@gnu.ac.kr)



Solubility Study of Graphene-oxide with Various Solvents 19

Fheieh. w Beld, 9714, 94 B4 F HEA By
Aol 7|4 G2 BAA e 2 GRS v HcH3A] o]
ot AlzE AEe] FAel 2A Fare 2w, oA
o= A AR BAR olofd 4 glrh. npebd BARS 3t

oA v Fag JTS 3“1}3’— = 4 ok

A mo| A HEA o= ARGE = 7] A A Q1 E73H
of| ZA| &} A3} 1) 7 (Graphene oxide, GO)& &3} A] GO
o 7|7k He A WEL AL shobe T fAkR
Grfoll Sl == S4o] Utk aLEAFS] &3 Al o= A
Z=(solubility parameter)7} H|523F AN A A Fal= =
E45 7HAA ﬂ”i Bl Alg= EAblA s A

ok HER o84 4= rh[5].

Bt g AR @S Uk gy F a#d
(Graphene)2- 72 9] 2008} 0]A}91 Hcﬂ‘d‘ a7 7w (oF
10 GPa), 9-5=31 AATA, w2 AR} 0|5, ok T/, H
ot FAd, gt A7) ArE 59 5L 7L 9tk
[6]. o= Z-0] 7} sp? Fxo A 7191t} sp? Agtoz

o|Folx QloH o]of w2 mho] A7} HHA Hﬁ} wlo] 9
3 GHEA 9 H7AEAEE 7HA] = B, BlAEAS |

N

AA7E AAF27kol S 3k EEAS 747 3 )
A SHA Hof Atel HiRt of =] AT

sp? AR LA E s DAL EQAste], Ang
A= @Al AR o] & sjEs] S8l Sde At
AAA GOR F= ARgRtth GO= e S gol z5
o7 Bo] =AF L2 F12 11 Q| HF st A v =
sp* FER7F HEH R AR UA o’ Aoz HPHch ¥
@l F2o|A] Theket 24871 5(0H, NO,, COH 5)o] b
e efee] S, B o] F9ATE Bo) FkE). of

A5k o] BolA] g T2} Aol A ol W 1
o gt BelH SHE fASH Bol BHlow 48
£} (8],

QFA I, S| 23} Go7k oAt
Aol 75ttt Gost 7t o] 24717}
a8 2071 Pl

7 ool A ¥ B G ARAE 425} Blo] Hof 9
t}. Ethylene glycol2 47H_,] H| L8 A 2}4-S 71| v DME,
NMP+= 37}], Acetone, DI water= 27 & 7} %] 31 it} DI
water®} Acetone2 ZH2 H|-Z-GHAZ 74E 7HA] 2L 9IA
B R ZwelH B QAW TR Aol e shA
I Qi

2 Ao A= ol whE GO 4t s B8 e 4
= &0l 24l 23t 8ulE hofstarat ik 57HA] o)
FZA9] £HE 2ujo] DMF(Junsei,N,N-Dimethylformamide),
NMP(Junsei, N-Methyl-2prrolidone), Ethylene glycol(Junsei,
Ethylene glycol), Acetone(SKY SOLTECH, Acetone), DI
water(Honeywell, Water)ol| o3l GOS] At A =& u}o}5
KTt UV-Vis spectroscopy 9= &4 Sl &3l A4

Iﬂ.l
e

fol
A
of
ok
%)
i)
Kl
re
o}
)
@
c
=
=
I
I
2
o
2
e
Ho
o
-0,

2.1 Lambert-beer HZ|
Lambert-beer B} 22 1.8 0] 83}o] ERo] AHE ¢
U= B3333 = W (Spectrophotometry) o] 48 %] += ﬁZ,
oh HEEER O AlRo] WE ETAA Ao F4
AI719F Aol F=AF E Ho) NI7]E HlaLsto] Alm7
g9l AI7|E F8f AR AHE vl = Q=
= ﬂurolﬁk

l:l—r—v
1__0‘)6}—

2 omo e o S

o ¢

o
A<
T
H

=]

E3lo] & 4= 9J= 7RS B3 (transmittance)
(absorbance)7} Qth Exfn L A|F o A
ol A58 S 51 9| AVIE 8 Lieh
ol ol -logit AT ho] FHEIL.
Lambert-Beer 22 Z3f &4 =2} A|29] El"—E Aol
AS Aoz Jeld 4= Qith dlo| A gE Eist=
10](path length), A|29] B 5 53] ST :rLsL 2= 9]

oli= ofzl 4] (1)7} Zo] Lyehd 4= gk,

A = &bc

m{qf

= o to
S

N r_r._l‘

Ko

o‘
fr
NE
o

7| A FFE, &2 AR & T3,
Bete Az, o= AR BEES

e2 7]17] oA A} 3 Hlo] A|RE &
2] Zo](1 cm)2} &M o] =1 1 mol/Le] &M O
o] FYEE Kkt 54 o
oot AT UEhfs AR AFEETH

qn ©

o

P O
o B
1o

WE ok

ot I o
27
7 %
to x& L S o

mlo

il

2.2 Hansen Solubility parameter
Qe HEE AR o 7 ZAF= WFAle thoFs)

Aot=dl 2 LEA}F &0 Alo]o] AT UAE SEl =
stol o] Ay THA W o] AL o =5} HF

Aoz o|FoRit. g8e M5 S45k= U 5, Hansen
solubility parameter -2 H|=4] Sufj¥iqt opuzl, 24 &
sel 24 mAje] ol setuleziA] 24 4 s

AHL 7].1] Il

4 Qltt. Hansen solubility parametery= F-AF

2, S48, el ot o= vietulE, Al 7HA] &
&5 At FFH &oli= wetuEE o Q=T
1 A2 okl A (2)9 Zt

S+ Ot Oy=10 )

o714 Gy Bt ol
ol o3 o= sheulg,
2hulE] e vepd.

ol shefolel, g 4

Gre o] 2%t &8l wt



20 Su-Yeon Jung, Sung-Woong Choi

Table 1. Information on solvents

Solvent Chemical Viscosity Density
formula (Pa-s) (kg/m?)
DMF C,H,NO 151.6 0.95
NMP C,H,NO 114.7 1.03
Ethylene glycol C,HO, 52.7 1.12
Acetone CH,COCH, 106.1 0.79
DI water H,O0 50.8 1.00
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Fig. 1. Absorbance graph by concentration of DI water using
UV-vis spectroscopy
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Fig. 2. Absorbance slope graph by concentration of 660 nm
wavelength of DI water using UV-Vis spectroscopy

Table 2. Extinction coefficient according to solvent concentration

Solvent Molar extinction coefficient
0.001 5872.3
DME 0.002 11410.3
0.003 15115.5
0.004 19835.9
0.001 1756.8
NMP 0.002 5623.1
0.003 8732.5
0.001 5869.3
0.002 9832.8
Ethylene glycol 0.003 12474.2
0.004 17179.3
0.001 256.8
Acetone 0.002 5987.8
0.003 9021.3
0.001 6419.5
DI water 0.002 8051.7
0.003 10416.4
0.004 11547.1
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Table 3. UV-Vis spectroscopy concentration

Solvent A (Absorbance)
DMF 118.6218
NMP 114.7495

Ethylene glycol 120.3338

Acetone 106.1335

DI water 58.3918

Table 4. Solubility parameter for each solvent

Solvent solubility
St | iy | pammeter
parameter) [11,12]
DMF 249 1.96
NMP 23 8.70
Ethylene glycol 33 5.50
Acetone 19.9 0.8
DI water 47.8 6.6
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Table 5. Surface tension value of pure solvent and solvent suface
tension value after GO input

) Mix GO
Solvent Surface tension .
Surface tension

DMF 37.1 36.47
NMP 40.79 40.51
Ethylene glycol 47.7 47.07
Acetone 25.2 24.43
DI water 72.8 70.83
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Fig. 3. Results of GO dispersion experiments for each solvent
conducted to observe long-term dispersion stability; (1)
0's, (2) after 2 weeks later
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