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Thermal / Electrical Conductivities of Graphites Treated in Aqueous NaOH Solution
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Abstract: Thermal and electrical conductivities of the natural, artificial, and expandable graphites were analyzed after
treatment in NaOH aqueous solution. In order to investigate the elimination of the oxidized groups and impurities
on the graphite surfaces after NaOH treatment, the graphite samples were structurally characterized by using XRD,
XPS, Raman, FE-SEM. The thermal and electrical conductivities of the graphite samples were significantly
improved after NaOH treatment. These results were caused by the structural rehabiliation.
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Fig. 1. Comparison of XRD patterns measured from graphites;

natural graphite (n-Gr) and the alkali-treated sample (n-Gr-al).

The inset of this figure shows the peaks at ~26.5°.
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Fig. 2.
of this

XPS plots of graphites (a) n-Gr (b) n-Gr-al. The inset
figure shows the Ols peaks.

Table 1. Comparison of atomic % in XPS measurements n-Gr,
a-Gr,
graphites, respectively.

and x-Gr indicate natural, artificial, and expandable

Cls (at%) Ols (at%)

n-Gr 95.8 4.2
n-Gr-al 96.4 3.6
a-Gr 96.0 3.6
a-Gr-al 96.6 2.8
x-Gr 95.3 4.0
x-Gr-al 96.1 3.5
XPS £4& &t PARIHEF 80 A2jo] gt
59| ©A(Cls)et 4t4(01s) T3 Halkg FAIGHI
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Fig. 3. SEM images of graphites (powder states). The scale

bars in the figures are 5 (m.
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Fig. 4. Raman Spectra of graphites; x-Gr and x-Gr-al. oAl sl &RlstAtt (& 2). o]ef Zo] 2fPtAHE

Table 2. XPS measurements band intensity ratios (Ip/lg) of ARPIEF 808 X2jof] ot S F41E0] st
Raman spectra obtained from graphites. FxAGH] 3)Eo] st AP BEF)E S Qo).
In/lg
Before alkali After alkali 3.2 FMIILIEE $£2UMoZ HEEl ZSHAR9
treatment treatment MEE BEM
n-Gr 0.91 0.63
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BHEA 2% S¢F YAREC] ESHL oy A4 FASE AubE 7 504 vlwskich. 1™ 5(a)olA
SIHEE #8A R o o2fgh YAEo] 2% Al AAFA(n-Gr)o] A L=+ 250 W/mKo|Qlx, oA
AEQILh. o] fARTHER 28 A2 a1y 5 2 AU EE 89 X3t Alg(n-Gr-al)d &
SARUY S5 UAEC] ador AAE 4 9l AE=E 436 W/mK2 37| FFEHJG. ol2eh &
&= HoFre Ao Aewol Fg2 Adx5A(a-Cr)t W ZA(x-Cr)
o[et 7| SEM ©oJu]x] o] YAtE2 ZF powder o HisiA k= {AME Btz SERIFICH JAREA
FHIE Hlagt ZA=dd fARIYER 289N 2] & (a-Gr)9] A==+ 330 W/mK, NaOH #|2{€ <l
o] ojujxlzo] fASPHEF & A2 A9 oJu]X]  FE5HA(a-Gr-al)e 445 W/mKo|lch. 5 (x-Gr)
Hot duidez Uert =2 JHE AU X B Y A=EE+ 268 W/mK, NaOH A2|d #FsA
It (x-Gr-al) 330 W/mKolit). 2= FF/o 59
ol2{gh Aut= oA XRD ZAoA 7]=sld vttt disto] AU EF £8% A2 o] A==t oF
2ol fARIUERF 28 A2 2o SAYAEY  50% ol VHAES & 4 AT
BAlo] A|YUsi M A d-spacingo] &ol& Ayt A Tt 28 5(b)9 A7IA== 57 Aol tigt v
Aol A9E 4 ot #ayxRE, SAd(d2hd) 5 wolAE ZE SAA RSO HeiA fARIUESF 2
o HaaEe 2 FMZS fof AUAHEHS &N AL Lo AVIHEETE oF 50% ooz IA
Wol 4. 5 Ee It HUtAHERH  JYEUSS AT 2 AUSE AASA(n-Gr)o] A7
A 1,580 cm™'T}t 1,350 cm lofA] GQF DE ©Wust AEri 731 S/cm, NaOH A2]d MHAESHA(n-Gr-al)
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Fig. 5. Comparisons of (a) thermal conductivities and (b)

Thermal Conductivity (W/mK)

-G

Electrical Conductivity (5/Cm)
X-Gr

electrical conductivities obtained from graphites.

2 1,152 S/cmo]gitt. -Gr)9] A7|AT=
= 663 S/cm, NaOH ‘1E4% A x5 A(a-Gr-al)2
1,068 S/cmo]itt. ‘—%**J%ﬁ(x— e Ardre+s

YALS A (x-Gr-al) 743

w
=~
[
wn
S~
Q
B
Z
Q
o ¥
T
_>.L
L)
i

s |
o8| S Wl ThRo] Bl2e BT Uedct
A EAAREe FREN Aur AFF et 2
of $ARIES 28 Heo] o3 Ao gH
Cropet a2 5ol AT, AFAA Asto] o3t AR
Fx5 Aol BHPoRA A FeEYLe NY
sl 27 AME 4 b W0 A Ao W
=},
4. 4 B

MUY, XS, BYSAL FUAUEF 2§
oz Aestel Fulet AR T& BAY G L A
HEE 242 UASIETh 5 M NaOH 48] =

o
2
_nrn
_1.4

S| 0] :’7ﬂ H’\
off™ A= SHA] 9
NaOH 28doz xajg °°E]/\lfn—°ﬂ7\1 ==
o] aumtdloz ANALUCH, AtHAX o2 ArstE] ALt

J=2c

> 1ol rR
9'!"
o)
2

571 59 $EH A 59 A o5t FAHIFE
o] AAH= aUs &IT 4 U J2]7 NaOH
sgdoz st A9 FHEE AVHAEE

= A2ls SHA e AlR vls) 2% oF 50% ol
destdnt. o7l F2 FAoAM =Rld ute o]
NaOH 284 A2l &Foto] SARNY =o=
=81gscl AAHL & Aol S5H] o

olct.

Mo B -

-

7I-A|. |

O] T'D:S 2016":]E E—__}q—]ﬁ_‘]-_ﬁl_ ]_H ?—H]Oﬂ 94(_3_ ﬁ
o A

T5191-2(201601090001). 0] =8 AMIEAMRIR
S271EAAAE(ATC) 71&71EALE  (No.10048605,
[T7]7] AAjobxig] @ w8 wo] Jfm 4x] &%)
%49 =3 1,500 W/mKZ29] HldA|EJfah)o] x|YL
wol 2ayE A Al

REFERENCES

[1] S. Stankovich, D. A. Dikin, R. D. Piner, K. A. Kohlhaas,
A. Kleinhammes, Y. Jia, Y. Wu, S. T. Nguyen, and R. S.
Ruoff, Carbon, 45, 1558 (2007).

[DOLI: http://dx.doi.org/10.1016/j.carbon.2007.02.034]

[2] F. L. Vogel, J. Mater. Sci., 12, 982 (1977).
[DOI: http://dx.doi.org/10.1007/BF00540981]

[3] K. S. Novoselov, A. K. Geim, S. V. Morozov, D. Jiang,
Y. Zhang, S. V. Dubonos, I. V. Grigorieva, and A. A.
Firsov, Science, 306, 666 (2004).

[DOL: http://dx.doi.org/10.1126/science.1102896]

[4] W. S. Hummers and R. E. Offeman, J. 4Am. Chem. Soc.,
80, 1339 (1958).

[DOI: http://dx.doi.org/10.1021/ja01539a017]

[51 A. Lerf, H. He, M. Forster, and J. Klinowski, J. Phys.
Chem. B, 102, 4477 (1998).

[DOL: http://dx.doi.org/10.1021/jp9731821]

[6] S. Stankovich, R. D. Piner, X. Q. Chen, N. Q. Wu, S. T.
Nguyen, and R. S. Ruoff, J Mater. Chem., 16, 155



664 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 29, No. 10, pp. 659-664, October 2016: S.-W. Song et al.

(2006). [DOL: http://dx.doi.org/10.1039/B512799H]

[71 H. C. Schniepp et al, J. Phys. Chem. B, 110, 8535
(2006). [DOI: http://dx.doi.org/10.1021/jp060936f]

[8] G. Eda, G. Fanchinij and M. Chhowalla, Nat.
Nanotechnol., 3, 270 (2008).

[DOLI: http://dx.doi.org/10.1038/nnano.2008.83]

[9] X. Fan, W. Peng, Y. Li, X. Li, S. Wang, G. Zhang, and
F. Zhang, Adv. Mater., 20, 4490 (2008).

[DOLI: http://dx.doi.org/10.1002/adma.200801306]

[10] M. Koo, J. S. Bae, S. E. Shim, D. Kim, D. G. Nam, J.
W. Lee, G. W. Lee, J. H. Yeum, and W. Oh, Colloid.
Polym. Sci., 289, 1503 (2011).

[DOI: http://dx.doi.org/10.1007/s00396-011-2469-x]

[11] L. T. Szabo and O. Berkesi, Carbon., 43, 3186 (2005).
[DOI: http://dx.doi.org/10.1016/j.carbon.2005.07.013]

[12] E. Fuente, J. A. Menendez, M. A. Diez, D. Suarez, and
M. A. Montes-Moran, J. Phys. Chem. B, 107, 6350
(2003). [DOI: http://dx.doi.org/10.1021/jp027482¢g]

[13] S. Stankovich, D. A. Dikin, G.H.B. Dommett, K. M.
Kohlhaas, E. J. Zimney, E. A. Stach, R. D. Piner, S. T.
Nguyen, and R. S. Ruoff, Nature, 442, 282 (2006).

[DOL: http://dx.doi.org/10.1038/nature04969]

[14] P. Liu and K. Gong, Carbon, 37, 701 (1999).

[DOL: http://dx.doi.org/10.1016/S0008-6223(99)00036-6]

[15] A. C. Ferrari, Solid. State. Commun., 143, 47 (2007).
[DOLI: http://dx.doi.org/10.1016/j.ss¢.2007.03.052]



