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Abstract Porous graphite was synthesized by removal of template in HF after pyrolysis of pyrolyzed fuel oil
(PFO) at 900°C using the template of Co or Ni intercalated magadiite. Porous graphite had a plate structure like
template, and d-spacing value of about 0.7 nm. The extent of crystallization of porous graphite was dependent on
the contents of Co or Ni intercalated in interlayer. It can be explained that the metal such as Co and Ni acts as a
promotion catalyst for graphite formation. Porous graphite shows the surface area of 328~477 m?/g.
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2.1. AR2 AJof

FHor AN vl E9] S 418l sodium
silicate(Shin-hung, 38%), H,SO,(Oriental chemical,
99%) 12|32 NaOH(DC chemical, 98%)% *H&-3}
gt A E vlrlrto] EX  dodecylamine(DDA,
Junsei, 98%), L8] EtOH(Jin chemical, 95%)%
o] 83le] Z7t AE HWH2w Co(NO,), - 6H,0
(Aldrich, 98%), Ni(NO,), - 6H,O(Aldrich, crystalyZ-
o]-83led 27 AMlE Al =3 ] AT E
pyrolized fuel oil(PFO)S ©]-4-3}%1v}. PFO(Honam
petrochemicaly= H7F-5E-AsFo| tj=F 8000 A= #]
HiEa) vbekE ebslpae] ERREEA, vl o] 288°C
o)3le) eI AT}l 67%e)3L, 288°ColAtel 33%E
TAEY, 1 F 60%e]/do] W52 o]Fo]zi9]
o}, 3t 50°CellM A x 38004200 cpsol™, B
EEA 3o 0.1-0.2%, A7} 20-40 ppme] EJHH
et sletel E 38 8% A7) $1siA HF
(DC chemical, 48%)% AM&-s}oich.

2.2. OP7ICI0|EQ &

F80=8 o0]x= Na-magadiite™ sodium silicate
Z 982 o]83l= Kwon er a/>'02] WhL =&
3l H,S0,£°8(10%) 250 ml& 70-80°CS] 2=
ol Al & o)A, of7]el] sodium silicate-8-<}
(38%) 250 g& pH 6-70 =23t wj7}x] Ars] A
7¥5k] Aeizke ARAIZ. o719 S5 NaOH
Z F7lsled Si0,:NaOH:H,0¢] & ®j7} 1:03:
33.3°] =& A8 ., stainless steel autoclave
o] W3 160°CollA 72 h Bt 4 vkgAIZ . vt
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SES AAZ F, FHFE. 33 oA AlFEl el
L2 ool 99 GAE AAS 40°ClM 7
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2.3. OPICiO|EQ] HX2| 2pH

gAY Na-magadiiteE- 302 3} FLEE
o] 43le] o]l o F7+ A s 4%
6.26, 12.52. 25.04 g8 Co(NO,), - 6H,0Z ZF5 100
miol] SiA1A B8-S Azt oluje] TUE A
AF2} Na-magadiite®] Co/Si ¥AM)= z+7 0.29,
0.58, 1.16°199e}. #|z5 8ofo A5l Na-magadiite
5 g% Aol abskuiA FAAIZIE 20 h B9
A1 F FHrE ARl 33 oaf o7k A
Ha F 80°ColM H=E3led Co-magadiite® 92
= o)A& CoMAZ A3l

3 27t 2P| WE TUE o] 29| 27t Al
< s A3l AA= FAHE AR 1A &
A% Na-magadiite 40 g& 355 500 miol] FAHA]
7131, 0.10 N-HCl $4-& 12 hell HH AA3] A
ssle] pH7l 192 HEZ & F 12 h 3¢ A
st of ojAe] pH Wisht o s, S5
SR Crol2o] dA| =5 23] Aolaz 40°Cell
A Z1zs3ict. HClll 93l Akxle] ¥l H-magadiiteE
0.5M dodecylamine-ol|eh-g Sefol) FAFAF|I 20
o] &3l FAMAZL F, 50°CH]
2Bo)A) 2 A xsle] £7]13HE magadiiteS A Z
gen o] DDAMAZ AFA"?. AxH
DDA/MA 5g2 626, 1252 g2 Co(NO,), - 6H,0
o] &aflxe] U= ollgre £ 100 miel ERstEA
FAAA AZBsch TEE o] o] 27k ARSIl A
25 Co/DDAMAZ Aslgdet. o|d2] DDA/MAS]
Co/Si GzAp)= 2=} 058, 1.160193ct.

FHE o]glel] IA0) AL FAlshe e Y
A (NINO,), - 6H,0)= o|-&3te] THES} FU3 W}
Hog 27 43S skt Na-magadiiteZ ©]83}od
o] 23l o3 F2F Afle] o]Fixl AIRE Nv
MAz} A9l om, DDAMAE o]43led Nio] 37}
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30 gofl BARAZ] F 30 min F9F TH)E o] £3}e]
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E31 225 Akl 15 h B] ukxisle] PFO2)
ApEAE 27F AR =3 F Tube fumacedA 3
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X434 BEAML Xray powder diffractometer
(Rigaku, D/MAX-NIIBYE °]&3led CuKa, 40 kV,
40 mA, Ni-filter £71¢] #9202 1.5~60° el A
0.02° 7FH2 8 FAES 4%min2 P3peict. =3
scanning electron microscopes(Philips, XL 30S FEH,
XL V55008 AHale] A=) 9 e Basial
on, gAE ABE VIEDHS AFEHEA
(Micrometrics, ASAP 2010Y3 ARg-3lo] AARA &
SRR Advks FAR AR2IE Fo,
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AL, B vkl Eek 270 AR el gEe
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610) +4& skt
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Fig. 1. XRD patterns of template. (Co/Si=1.16). (a) Na-
magadiite (b) Co/MA (c) DDA/MA (d) Co/DDA/MA

[

|72 HEF o]&o| FHUE o|2o% w3E A
37 1A 0] 7t Aol e Hed F3 9le. 18
l(cy= DDAE Na-magadiite®] & Woll 23 A
A& DDA/MA®] ZAA s]=e|™ d-spacinge] 5.1
nm®] 2 23t 7HH | AA FA=| vl DDA
o3 27 FAE DDA/MAC] IRE. 0|8 =7}
AFJA)Zl AR Co/DDAMAL] ZAA Fx2F 19
1(dell “eRisic). DDA o8 7t gd=|gid vf
7¥cto| E7} FHE. o] o] 371 AMIET DDAZ} -
ZHEA 37t 7HF 0] BA] FolgleS o 4 Ut

2% 2+ Na-magadiites} Ax2] AAL Ea] =
7+ AAdE Al2E9) FTIR spectrum$ 4000~100
em” WA ZA sl mpplrle| Eol F71 Al
A852] -OH band® W3l ME =9)¥= CH,,

(d)

(b) C-H band band

(a)

Transmittance

OH band

Si-0

4000 3000 2000 1000
Wave number (cn™")

Fig. 2. FT-IR patterns of template. (Co/Si=1.16). (a) Na-
magadiite (b) Co/MA (c) DDA/MA (d) Co/DDA/MA
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Table 1. BET surface area of porous graphite prepared at various atomic ratios of metal and template.

Atomic Ratio of Metal/Si Atomic Ratio of Metal/Si BET
Template Metal Existing in Slurry Existing in Template Surface Area

Solution (EDS analysis) (m’/g)

Co 0.29 0.09 400

- Co 0.58 0.08 328

Na-Magadiite

Co 1.16 0.09 373

Ni 1.16 0.05 366

Co 0.58 0.19 477

DDA/MA Co 1.16 0.27 428

Ni 1.16 0.18 477
CH,, NH, band®] ®#2 vJehdl 7lelch 3600 em™  Na-magadiiteo] B3l 5wl o]Ake] Z7kaII%0] <)
FZell4 -OH band’} vepds A 5= 9low  FF HIslT. o= DDAMAS F7 7He]
DDA°]| °d3k5 who} ot 3has 7133 2ol Qs A B F5ERbEe] AT
olvh. =3 1000~1100 cm™ ¥oA SiO band7t  E folsHl S Bl ohel FEIRER F )

vehts DDAl E3=e] 3= CH,, CH7} 13
2c)lllMxE ZHzE 2800~3000, 1465 cm™ H-ZollA]
EAlslAc | eS| 27} *J°J°ﬂ o3 A|=% Co/
DDA/MANAME EA181A] 55 23 2(dplM &
ol3t 4= Qi DDAS} FUE o] 28] A5 W3lo)

ol FlEE AE & 4 AR oJAH HA el
ofs 27+ AMIEUY DDAYE FHE o]o] 47

27t AR RS nplde|E] 27 AE] k] o
A3 sl SS I o
:?'_E e LA o] o] 3 AMIE A
24 Adlo|v}, Na-magadiite® F3.2
1%3}03% £ejel?] Co/si 9Ape] W
oﬂE Brala Ao JdAEA 009 AEY e o
ehflo] £ Fof] UES] ol BAIY] UA F
T o|Abell M o] emalyl FHFEQ] ofo] UAFS
145}141311:} A9t DDA/MAE F3H o2 o]83lg]
£ <929 Co/Si A7} 05804 1.162
2 F71l atel 270 ARlE AlRe] Co/Si AP
7F 0.19901A 0272 29 o) VIS Hed T,
o] AL FLEL Z70e wol A= 55 et
g 2 270 A 24 AR a; 399

s}ed
e

E

LU oF 20%2H UFE] FEE A, i3
A 2L HAT 5 AUk =Y FY R

o] W& W3S u|ws] ¥ Na-magadiite?} DDA/
MAS] A8 7% &3fe] AlRe CofSi AAk|7}
0.58¢] uhHell F2F Ald€l Al84] Co/Si A7}
77zt 0.08, 0.199] & e ow, DDAMAZE
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Fig. 3. XRD patterns of porous graphite by various Co/Si

ratios of Co/MA. (a) Co/Si=0.29 (b) Co/Si=0.58 (c) Co/
Si=1.16
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Fig. 4. XRD patterns of porous graphite by various Co/Si
ratios of Co/DDA/MA. (a) Co/Si=0.58 (b) Co/Si=1.16
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Fig. 5. XRD patterns of porous graphite by Co/DDA/MA
and Ni/DDA/MA. (Co/Si=1.16, Ni/Si=1.16) (a) Co/DDA/
MA (b) Ni/DDA/MA
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Fig. 6. SEM images of the template of DDA/MA and
porous graphite prepared by Co/DDA/MA and Ni/DDA/
MA. (Co/Si=1.16, Ni/Si=1.16) (a) DDA/MA (b) Co/DDA/
MA (c) NVDDA/MA
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Fig. 7. Nitrogen adsorption isotherm for porous graphite
by Co/DDA/MA (Co/Si=0.27)
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Fig. 8. Schematic drawing for the preparation of porous graphite.
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