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Abstract —In order to improve the compressive strength of graphite foams (GFms), mesophase pitch (MP) was sta-
bilized in air atmosphere and then fluorinated at different conditions. The Fluorine/Carbon (F/C) in surface-chemical
contents of fluorinated MP has range of 23.75%~61.48% according to the different fluorine partial pressure. The com-
pressive strengths of GFms prepared from fluorinated MP were increased in proportion to the apparent densities. The
compressive strength of the GFm produced from MP with 35.93% of F/C (%) showed maximum value in 2.93 + 0.06
MPa, which was increased up to 27.95% than that of the GFm prepared from un-fluorinated MP. This result was
attributed that the interface bonding between of MPs due to fluorine functional groups with high surface energy helped

to improve compressive strength of the GFm.
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223} AR = AR A Z ZEste] Tl T glon, o]
e} Jetdol E 0] AR 2T ey 2ls ol Fith9).
T3} Delabarrel 52 M7 HE o] 5 2 H] = (mesocarbon microbeads,
MCMBs)oll 23 4315 Falo] HESAIZRS 4R g 43}
WSS F133Hl T MCMBst= E4:8F RES-AIZRo] S7bg o wjet
ARFE] 717} Frotxl o, oo whet vl A o] F7 =T} 0] %
v EA o] Z7he E43HE MCMBss W UA|7F Z7}s o
AAgo] P om, olof e} 1 A7)7F 1~3 pm Y = 57
&= Ao VERASITHS). olelst ATER Y BAEde] 243t
EAg el o] I R3] FEE A & Utk =3,
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2-1. A M=

TEFo| E E2 FHI5H] Y5ke] W Z2H|o] A ] (mesophase
pitch, MP, Mitsubishi gas chemical company, Inc., softening point (SP)
275295 °Cyz A7AZ ARSIt slo] =R A S Al %8t f1sto]
Zuld &3 & (polyvinyl alcohol, PVA, 98~99%, MW 30,000~
50,000, Aldrich, USA) 2! o}=1 & Al(acrylic acid, AAc, 99%, Aldrich,
USAyE A4 Ak 9 #718k8he = 242 ARg-eielth. 2 F ek
&+t 8] = (glutar aldehyde, GA, 25 wt% dissolved in water, Kanto

chemical Co., Inc.) ¥ |2 AZ 2| t]w[Elo =12 #|o] E (ethyleneglycol
dimethacrylate, EGDMA, 98%, Aldrich, USA)S 13-} 7} a4 2
AFE3FA T, el H A #o] E(potassium persulfate, KPS, 99%,
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2-3. 2451F HI=H0|A HX|ZEE| J2OIE & M

PVA 84S A 2517 $1610] PVA (6 g)9} 1 M NaOH £9(52 mL)
AztEel Aol 9e 3 PVAZ} NaOH £90] ¢h33] 5 w7hA]
10 min <t 140 °Col A HFS AAI5IQIT) o] F Alze 1A}
LS A L71x] 2131 3 AAc (15 mL), GA (1 mL), EGDMA (1.5 mL)
1l KPS (2 wt% dissolved in water, 1 mL)E -} S-Hof Y1,
3 min E<F WRES AAISHITE B4k vz 2] (26 g)E
Az E3E Gl YW1, mizso|x AA7} hHs] EFEHES
1 h53F Aol x wrke AAEIGITE oju] &3k g-oofl 71
sk v zs|o] A JA] o] Ake] nlE-2 PVASH AAc iy
1.22 (w/wyZt Z7FE Qi EAske Wjzdlo] s A7 ot &
E §AS SFuut HHF: 6 em, F£0]: 5.5 em)ell €L °]E 9h
52t 60 °ColA 3-S5 213t EaslE wzso] X~ R3]
7} 71 slo| =2 AL 140 °CollA 13 h B9t AXZSISIT) o] &
AzE o] T2AE AALFEH 7N 5°C/mine] S2E5EZ
600 °CollA] 1h <t AA2E Y3 & EAH 22 5 CT/min2
S2EERE 1,000 °CollA 1h Ft @3 w85 &5kt o) u)
48k wZzdo) A RA] 71RE gk F(CMPI-FyE RESSHs B4
SRekof whebA ZH2F CMPi-0.05F, CMPi-0.1F, CMPi-0.3F %! CMPi-
0.5F°.% Waisl o, vxel g wizwo) A 3] 715 gha F&
CMPiZ UERAITE T18lulo] E #2 AlzH B F& o] §-5}0]
o2 (Ar) 2171914 10 °C/minY] $LE5EE 2,700 °ColA 1 h
FeF 53} NS ko] AZRE L) ol B4 Al E Wz
o] =] 7|6k 12}uo] E F(GMPI-F)yS 21 GMPI-0.05F, GMPi-
0.1F, GMPi-0.3F 2 GMPi-0.5F 2.2 g3}l or, njxjg]d vz
o)A Fx] 7|k Z1Efsfo] E F& GMPIE UERN

2-4. 451 HZHO|A JIXZRE HZ=E J2HPIE F2|
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=A% Yoo whE v zulo] A SA) 9] 58 i 24 WskE
ol 312} X-ray photoelectron spectra (XPS, MultiLab 2000
spectrometer, Thermo Electron Corporation, UK)& AF2-3lo %7}
sloick. 1eslol s Fol o) 7] 9 1 EAGALE B 9
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3] AAIEAL A1 1] 7 (field-emission scanning electron microscopy,
FE-SEM, Hitachi, S-4700)& AF8-ato] #Haqitt. E4st vz
Hlo] A AR ZHE] Hojzl TEtufe] E Fo] Y 72 gkls]
98t X-A 34 (X-ray differaction, XRD, Rigaku, D/MAX-2200
Ultima/PCy& AHg-8to] #3813t} Tetfol E o] AW Es =
Ast7] flste] AF L1718kl As AU E 579 7] (automatic gas
pycnometer, Quantachrome/Ultrapycnometer 1200e)E AM8-5101 &
Aelon, Jekulo) E Fo SIS A | flete] AE 7]

_ . . 150004 Clik2)
3x3x3 mm’ L& o] I 2 A § A3 7](micro material tester INSTRON
e 3 z z
5848, S00N)Z AHg-alo] it Tetulol & Fof g7t 2 10000 ‘o
AW o SRR, 1 S Bkl AT 12 2 gl
ol E Fo] diEwE ME A7) 12.5%12.5%3 mm’ & Xenon o o/ ,
flash diffusivity technique A-31o] =080 2 Aol 4] P g ey @ P admgenegyeyy
B9l eklo|= Fol S Al ¥ wkelel S 4w, oG o]
14000
12000 80004
27} gl EF 210000 > ]
3. 41} ala £ a0 g s
ﬁ ﬁ 4000
31, 2A5E HZEHO|A X0 AR W KR 200
| ZH|o| A F 2] 9] B4st A7) Ietulo] E E2] EAdef n]x] 0 S5 20 285 20 285 300

S Lol 7] 95k E4slE wzdo)~ 31X 1 74
AAstdh ARt o2 B4 287 A o] ek thE

Aol ¥ HYH YL W] 2AFYE AEF ol 7EEA B
A7} A E o ghrh23-25]. 2B B4 2477} o] oA W

THAE 22 e HH JeAdo] ta S7kE o [26] B4
AgE 249 xHAURAE ST o EZA ARATEE S Y
= otk wiEhd, B Adoai= XPS BAS o] 8-5o] |za|o] A
Fx o] BN oo} FAE B4 2879 HEHE FERIEgle
), BA4stE wxHo]A AR 7zt 73 A volHE
Table 101 7 2]t YEFAITE. Table 1914 & 5= Ql%©], Cls,
0Ol1s 4 F1s9] ¥ 3= 747} 284.30, 529.66 2 684.22 eVoll A &<l
Hlom, ghag] Akaghee] HlE<2l 0/C (%)E HHe3he B4
FRelo] 0.055E 0.5 barZ Z7Fg ) wEbA 33.73%%E 24.83%
7HA] 2 E QAL whaib] B4l B]&2] F/C (%) 23.75%
FE] 61.48%7H 57 A58 FR13 4= ATt gk B4l ||

Z o W e

Table 1. Elemental analysis of the fluorinated MP

o2

800004 (a) (b)

o]
275 280 285 290 295 300 275 280 285 290 295 300
Binding energy (eV) Binding energy (eV)

(c)

Binding energy (eV)

Binding energy (eV)

Fig. 1. The Cls spectra of the MP, OMP and fluorinated MP, MP (a),
OMP (b), MP-0.05F (c), MP-0.1F (d), MP-0.3F (e) and MP-
0.5F (f).

Zo)~ RX| 2] B4 24719 EF 9 A RS Cls I3 248
&3to] aXslSl o, o1 5 2t Fig. 13} Table 200 YERARITE &4
A2 5 A 2 v ZzH o]~ X9l OMPL] Cls ¥ == C-C(spd),
C-C(sp’), C-0 2 C=0= TA =] gli=tl, B43} vzuo]~ R
%]¢1 MP-0.05F 3! MP-0.1F2] Cls ¥+ OMP2] 9] A9} 714
O F semi-covalent C-F ¥ C-FZ TAE Ao 2 gelxict. o= A
FA % B4 Z87]5 F semi-covalent C-F2] 2352 MP-0.05F
9 MP-0.1FolA 242} 14.74% 2 23.99%% AojF o o]
C-F&] A&E7 nlwete] 2~4n) =2 3L 2 dojgfrt. B4 Fi
¢} 0.05~0.1 bar®] FHO & vlw3 W& 54 deko 7 27E o

= o
=

Samples Cls (at.%, 284.30 eV) Ols (at.%, 529.66 eV) Fls (at.%, 684.22 V) 0O/C (%) F/C (%)

MP 97.65 2.34 - 2.40 -

OMP 84.21 15.79 - 18.75 -
MP-0.05F 66.24 18.03 15.73 27.22 23.75
MP-0.1F 58.94 19.88 21.18 33.73 35.93
MP-0.3F 55.78 15.26 28.97 27.36 51.94
MP-0.5F 53.68 13.33 33.00 24.83 61.48

Table 2. Cls peak positions and peak assignments of the MP and fluorinated MP
Samples C(1) C-C(sp) C(2) C-C(sp®) C(3)C-0 C4)C=0 C(5) Semi-covalent C-F C(6) C-F C(7) C-F,
(at.%284.5eV) (at.%285.87eV) (at.%287.11eV) (at.% 288.42¢eV) (at.% 290 eV) (at.%291.55eV) (at.%293.35¢eV)

MP 60.19 28.34 5.04 6.43 - - -

OMP 56.36 29.27 8.77 5.59 - - -

MP-0.05F 2597 35.78 3.76 15.83 14.74 391 -

MP-0.1F 17.35 20.7 6.17 17.12 23.99 14.66 -
MP-0.3F 5.6 11.87 16.84 13.81 30.51 12.07 9.29
MP-0.5F 9.21 14.72 13.59 12.15 18.04 21.46 10.83
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ZH|o] 2~ F A= C-F W28 %21 semi-covalent C-F7} 2
FA o] N7 A ST el w}i} ABATHo] =2
ZHo]A FAE DS F S F 0 F A AFITH22,23]. RFA MP-
0.3F 2 MP-0.5F¢] Cls ¥ 2+ MP-0.05F 2 MP-0.1F¢] 3] 3.9}
F7H 0% C-Fy7F doj Aoz It &, MP-0.05F 2
MP-0.1F2] Ag28} g w|Za|o] A Axof gk Ea
=] o]—o] Z7]_51 oﬂ u:]_{—q_/q EL Tr@tﬂ—o C-F ul C-F /] zsl—a]:o]
21.36%%E] 32.29%74] A% 07 Z71HE A o7 BEE Qo)
olg]dt Arfs Foo] 2 B Frgto g Az|E vzo] A
2 C-F 9 C-F,°] 3-ago] wopgel we} wjz=so] A~ X3t
of| AlaAgo] tha 7Ag F 07 ofAZIL)

3-2. EA5E HZHO|A HXIZHE HOIRl Bt Zo| SHA

E2349 WizHo) A Rx) 7k §h4 E9) FA4HS Fig. 201 UEl
ATt gha EF2 mZzHo) 2~ Rx] 9] B43) Aol whe) ohekst
FI 2 dojFlom, BAste wxao] A X7 AldelA 2] A
THEE doixl gk Fo| Fu5 Tt gelstaz) sl &
4 Z29] ¥3]E= CMPi, CMPi-0.1F & CMPi-0.3Foll A 22} 33.32,
28.82 4! 37.82 cm>2. 2 doF Ul CMPi-0.1FE C-F HHa-+2%
TZ0] B4 A7) E ZH= MP-0.1FE AR5l #| 2510 o]
w} 7 H3)= CMPis) B st 0.158) 7HAE Ao ' elE|gr).
ot o] 3.18 00X A EH %] C-F A 72 &

HolYA| 7} 350l mhebA] wjzsjo] 2 2] 2] ﬁ]‘ﬂé?ﬁ‘% i
WA o7 FTIANZT] Wit o & oA JEQITE 1 & Li 5 BA
3} A7} S-g8 wiZo] 2 Aol 7k A9 1 mieuRE

STIAA ARBGAZ 288k S BoFeleh10]. 2&vh
2 ZHg-7) 9] gEFo] &2 MP-

CMPi-0.3F& C-F 34 %9 &

lolx A2 Alxd el E Fo 22/t 54 833

0.3F5 AHgslo] Az 3o, o]d w2} CMPi-0.3F] F-3] & 7|
wAagE ] AR Qlste] CcMPigt vl w sk gs]aq 0.148) =7}
" 20w SRl Gk 7]E = ollA Kim 52 SatheFH
(carbon nanotubes, CNTs)”7} 50% ©]4}2] C-F ¥ f-4d%o =z ¥
AH A vl LAY as 7P Bk ofet vE A v
e REsE H7EE et E Fo) ST gro] A
o] o}3lz Qlsto] AAEE A HAFEATH26,27). o] e A=
Soto] E4s) Wzuol s AX| o) AHA T ehaEe] 29
A @ EAAARe] Y vha-Ea Agae] wEba 24o)
7FsshH, o] dojx g 2o Hu)E Fake] B E 5 ol
Zo7 A=t

3-3. E451E HZH0|A SXZHE] HoEl J2fE0|E Z2o
Jdgl__rlx
Eashd wxmo] 2~ X 2R Aol 'a &5 2,700 °Cel
A ZA3) WS Bote] aEko|E FE Alxzselor, 1 A%
TZE XRDE AHESHo] #4331 XRDE %fsﬂ w29 g2t
O|E Fo| AATZ HAr) Els| v F EE yES 2
G2 3#slo] o] Fig. 30 YRS ZEM Esl vz
o]z A7k 1Efuto] E Eﬂl ARTZ J3AA7 = B A
ol e} 27 zle)7t Qlis Ao E ARSI ehAER ] v 3
20~25.5° 2 459004 z}2} °*<>1Z1U%, o] (002) 2 (101) 2]
932 JePdTH18]. 53], ©aAl5] ARpAzE S AY 7=
20~25.5%1141 (002) 272 3T E Tl dojd = Qlut. 1kt
O|E Z o] AAATIA-L Bragg WA S AMEE] 1 4= gloH
Bragg W22 v 2] (1)#} 2

Fig. 2. Photographs of the carbon foams produced from MP and fluorinated MP, (a) CMPi, (b) CMPi-0.1F and (¢) CMPi-0.3F.
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(002)
(101)

,L Mo\ GMPi-0.5F; |

- Jk e\ GMPi-0.3F,
/k e A A GMPi-0.1F,

J L M A GMPi-0.0i

GMPi
10 20 30 40 50 60 70 80
20 (degrees)

Fig. 3. Log intensity XRD analysis of the graphite foams produced
from MP and fluorinated MP.

Log Intensity

2dsinf = A

d: lattice plane (A)

0: angle of diffraction(radian)

A: wavelength (A)

Brage WA di= 2 & ojvlated QA 94 ask
F ) v =o)X o] 7 65 ARg-ate] & o QAT ofw] da= 1.5406A%
AHg2t3lom, Bragg 7t 6= XRD &3l 9] =e4 20)=FEH 7
T Atk

Tepel E E0] A7 1= Scherrer W7 AE AR 713 e,
W Scherrer W74 T 2] (2)2 2t

Lc = KM(B-cos0)

Lc: crystal size (V)

K: Scherrer constant (k=0.89)

B: FWHM (radian)

0: angle of diffraction (radian)

A: wavelength (A)

Scherrer 72104 K= AR} A2 0.895 245131 0,
B HE7F5(full wdith at the half maximum intensity, FWHM) 2%
LR SATE B 6= (002) AW 935 B3 dojRlon
radian® = LFERAITE. A= A4 AR XA 90 = 1.5406 AS
2 g3 TH28]. 015 E3l dojxl TaehuolE o) 34 W A
“d=17]= Table 301 YFERAIE}.

B4 A A 2 vzdo] A R3] 7|gt 2Etglol E E<l
GMPi®] F3F 1A% 27 A71%= 247} 0.337135 nm 2 33.360 nm.>.
2 dojxick £4 Aeld vzdlo] A AX| 7|HE 1Etglo] E 2l
GMPi-Fs2] &%+ -4 & GMPi-0.05F, GMPi-0.1F, GMPi-0.3F 3!
GMPi-0.5Fol A1 242} 0337580, 0.337322, 0337400 2 0336535 nm

O

@

Table 3. Interlayer spacings and crystalline sizes of the graphite foams
produced from MP and fluorinated MP

Samples Interlayer spacing, dyy, (nm) Crystalline size, L, (nm)
GMPi 0.337135 33.360
GMPi-0.05F 0.337580 31.118
GMPi-0.1F 0.337322 30.687
GMPi-0.3F 0.337400 30.258
GMPi-0.5F 0.336535 29.267
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o7 dojxion 144 77]= 747} 31.118, 30.687, 30.258 L
29.267 nm2. 2 JERSITE GMPi-Fs&] S7HHAS 24 FReko
gl A xpo)7F VERR] ¢k wbde] 71 A H71E GMPig) H]
W3k HHSSHE B4 FEto] S7hgtel whekA] 31.118 nmi-E
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Fig. 4. Surface morphologies of the carbon foams produced from
fluorinated MP, (a) CMPi, (b) CMPi-0.05F, (c) CMPi-0.1F,
(d) CMPi-0.3F and (e) CMPi-0.5F.
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Fig. 6. The properties of the graphite foams produced from fluorinated
MP; (a) compressive strengths and (b) thermal conductivities.
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Table 4. Compressive strengths and thermal conductivities of the graphite foams produced from fluorinated MP

Samples Compressive strength (MPa) Thermal conductivity (W/mK) Apparent density (g/cm’) True density (g/cm’)
GMPi 2.29+0.34 60.61 +0.27 0.74 2.10
GMPi-0.05F 2.00+0.48 46.10+0.28 0.69 2.10
GMPi-0.1F 2.93 +0.06 50.51+£0.25 0.75 2.08
GMPi-0.3F 1.35+0.11 19.19+0.10 0.61 2.09
GMPi-0.5F 1.24+0.34 16.70 + 0.06 0.57 2.14
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Fig. 7. The relationship between compressive strength and apparent
density of the graphite foams produced from fluorinated MP.

v A 2] 2o AR ZRE A|zE Tetule] E Fa) vl wake]
AR7] %7} 1.35%2] tha S7H o= fojR om o]of we}
M7 27.95% 71 202 1]t o]2]3t o]f-+= C-F
THAY T2 B4 ZE77F A7y A1, ole gk 2§
717k Hele wlxso] 2~ AX7 e Frka AlaA o] 11 HR)

UEE S7MF7] Wit o & o] AR st B4l wixso]
] 714 el E Fo) ARy) U A 1k Al s
Fig. 761 YERNISITE. Fig. 70l vrebd 219} o] HR7] vt 3=
o Azl Fadlel] EAlshs @i B2 2] ko] ¢ wolA]7|
E|31 o] & 13, 71 Z1Efulo] E 2 § %%‘Eﬂ q FA veRk=
S Hole 1o % akdrt, A¥A 02, GMPi-0.1F2] d4%

== GMPiS} HI Y 16.66%7F A 21%1“} AEEE GMPig}
Hlwate] 27.95%7F T7HeE A= ERIE I

O

=

4. 4

=
IEtlol E o] S AEE 5&%*1?171 8to] wlzHo] A A
A& I 17 W Abslery st ot
g3t =4 755 0.05~0.1 barA Hlﬂ* S EA e
o7 Agd UﬂZ: o]~ HX] = 14.74%~23.99%2] -2 gheFo]
C-F W23 727t T2 FAAE ST 4712 Z3dellA Aozl
W Zs|o] 2 HRQ1 MP-0.1FE ARE-5Fo] A28 18kuo] E &<l
GMPi-0.1F2] 4&FA == nAeld Wzo)~ JX|ZHE] Alxw
GMPi¢} w5} 27.95%7} 2719 A 0= Sl Q). o] S Eslo
C-F W43 722 B4 A-87]= deuA7t A, o2 st
1‘%717} AR vzAo| 2~ AX|7ke] Frke AE o] 1 ¢
L5 S Wi o ® oA 18y GMPI-0.1F2] &
NEEE GMPIY AAEE 9 v w3l 16.66%7F 4w 2oz

¢

Korean Chem. Eng. Res., Vol. 54, No. 6, December, 2016

Administration and Agency for Defense Development under the contract
UD140046GD.

References

1. Inagaki, M., Qiu, J. and Guo, Q., “Carbon foam: Preparation and
Application) Carbon, 87, 128-152(2015).

2. Klett, J., Hardy, R., Romine, E., Walls, C. and Burchell, T., “High-
thermal-conductivity, Mesophase-pitch-derived Carbon Foams:
Effect of Precursor on Structure and Properties; Carbon, 38(7),
953-973(2000).

3. Kim, J. H,, Jeong, E. and Lee, Y. S., “Preparation and Characterization
of Graphite Foams) J. Ind. Eng. Chem., 32, 21-33(2015).

4. Lee, S., Kim, J. H., Jeong, E. and Lee, Y. S., “The Preparation and
Property of Carbon Foams From Carbon Black Embedded Pitch
Using PU Template] Korean Chem. Eng. Res., 54(2), 268-273
(2016).

5. Jafari, A. J., Kakavandi, B., Kalantary, R. R., Gharibi, H., Asadi,
A., Azari, A., Babaei, A. A. and Takdastan, A., “Application of Mes-
oporous Magnetic Carbon Composite for Reactive Dyes Removal:
Process Optimization Using Response Surface Methodology,
Korean J. Chem. Eng., 33(10), 2878-2890(2016).

6. Delabarre, C., Guerin, K., Dubois, M., Giraudet, J., Fawal, Z. and
Hamwi, A., “Highly Fluorinated Graphite Prepared From Graphite
Fluoride Formed Using BF; Catalyst, J. Fluorine Chem., 126(7),
1078-1087(2005).

7. Zhang, J., Shi,, J., Wu, G, Guo, X., Guo, Q. and Liu, L., “Changes
in the Structure and Functional Groups Produced During the Fluori-
nation of Mesophase Microbeads, Carbon, 49(5), 1628-1634 (2011).

8. Fujimoto, H., Yoshikawa, M., Mabuchi, A. and Maeda, T., “Trans-
parent Carbon-fluorine Compounds Prepared by the Heat Treatment
of Pitch Fluoride Under a Fluorine Atmosphere} J. Fluorine
Chem., 57(1-3), 65-71(1992).

9. Mochida, I., Korai, Y., Ku, C. H., Watanabe, F. and Sakai, Y.,



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Eas) HlzEol A X Alxw kel E o =88 54 837

“Chemistry of Synthesis, Structure, Preparation and Application
of Aromatic Derived MP} Carbon, 38(2), 305-328(2000).

Li, S., Guo, Q., Song, Y., Shi, J. and Liu, L., “Effects of Pitch Fluo-
ride on the Thermal Conductivity of Carbon Foam Derived From
Mesophase Pitch)’ Carbon, 48(4), 1312-1320(2010).

Kim, D. W. and Kim, J. S., “Mechanical Properties of Carbon
Nanotube/Polyurethane Nanocomposites via PPG Dispersion with
MWCNTS? Korean Chem. Eng. Res., 53(6), 703-708(2015).
Fischer, L., Siemann, U. and Ruland, W., “Structure and Properties
of Fluorinated Carbon Fibers,” Colloid. Polym. Sci., 261(9), 744-
749(1983).

Lee, Y. S. and Rho, J. S., “Fluorination of Carbon Materials and
Their Properties]” Prospectives of Industrial Chemistry, 6(2), 33-
42(2003).

Li, X., Basso, M. C., Braghiroli, F. L., Fierro, V., Pizzi, A. and Celz-
ard, A., “Tailoring the Structure of Cellular Vitreous Carbon Foams,’
Carbon, 50(5), 2026-2036(2012).

Munoz, E., Ruiz-Gonzalez, M. L., Seral-Ascaso, A., Sanjuan,
M. L., Gonzalez-Calbet, J. M., Laguna, M. and de la Fuente, G.
F., “Tailored Production of Nanostructured Metal/carbon Foam by
Laser Ablation of Selected Organometallic Precursors;” Carbon,
48(6), 1807-1814(2010).

Sanchez-Coronado, J. and Chung, D. D. L., “Thermomechanical
Behavior of a Graphite Foam)” Carbon, 41(6), 1175-1180 (2003).
Straatman, A. G, Gallego, N. C., Thompson, B. E. and Hangan, H.,
“Thermal Characterization of Porous Carbon Foam-convection
in Parallel Flow)’ Int. J. Heat. Mass. Transfer, 49(11-12), 1991-
1998(2006).

Kim, J. H, Lee, S., Jeong, E. and Lee, Y. S., “Fabrication and
Characteristics of Mesophase Pitch-based Graphite Foams Pre-
pared Using PVA-AAc Solution}” Appl. Chem. Eng., 26(6), 706-
713(2015).

Pandey, P. K., Smitha, P. and Gajbhiye, N. S., “Synthesis and

21.

22.

23.

24.

25.

26.

27.

28.

Characterization of Nanostructured PZT Encapsulated PVA-PAA
Hydrogel}’ J. Polym. Res., 15(5), 397-402(2008).

. Karthik, M., Faik, A., Doppiu, S., Roddatis, V. and Aguanno, B. D.,

“A Simple Approach for Fabrication of Interconnected Graphitized
Macroporous Carbon Foam with Uniform Mesopore Walls by Using
Hydrothermal Method’ Carbon, 87, 434-443(2015).

Hou, C., Zhang, Q., Li, Y. and Wang, H., “Graphene-polymer Hydro-
gels with Stimulus-sensitive Volume Changes;” Carbon, 50(5),
1959-1965(2012).

Kim, J. H. and Lee, Y. S., “Characteristics of a High Compressive
Strength Graphite Foam Prepared From Pitches Using a PVA-
AAc Solution)’ J. Ind. Eng. Chem., 30, 127-133(2015).

Lee, S. E., Kim, D., Lee, M. Y., Lee, M. K., Jeong, E. and Lee,
Y. S., “Effect of Fluorination of Carbon Nanotubes on Physico-
chemical and EMI Shielding Properties of Polymer Composites;’
Polymer(Korea), 39(1), 114-121(2015).

Park, M. S, Kim, K. H., Kim, M. J. and Lee, Y. S., “NH; Gas
Sensing Properties of a Gas Sensor Based on Fluorinated Graphene
Oxide}” Colloids Surf. A Physicochem. Eng. Asp., 490, 104-109
(2016).

Yoo, B. R, Park, I. J., Jo, S. M. and Hong, H. Y., “Synthesis and
Application of Advanced Materials Based on Silicon & Fluo-
rine-containing Compounds,’ Polymer Science and Technology,
21, 416-425(2010).

Kim, J. H,, Bae, T. S. and Lee, Y. S., “Effect of Fluorination of
Hydrogels Containing CNTs on Controlled Drug Reactivity;
Polymer(Korea), 39(6), 925-933(2015).

Kim, J. H,, Kim, D. Y., Jeong, E. and Lee, Y. S., “Characteristics of
Fluorinated CNTs Added Carbon Foams;’ Appl. Surf. Sci., 360,
1009-1015(2016).

Lee, S. and Lee, B. J., “Carbon Nanotube Synthesis with High
Purity by Introducing of NH; Etching Gas.’ Trans. KIEE., 62(6),
782-785(2013).

Korean Chem. Eng. Res., Vol. 54, No. 6, December, 2016



