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Synthesis of Carbon Materials from PFO, Byproducts of Naphtha Cracking Process
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Separation of naphthalene from pyrolyzed fuel oil, by product of Naphta cracking process (NCC) process, has been accom-
plished by the solvent extraction, distillation and purification process. The residual pyrolyzed fuel oil (PFO), called precursor
of carbon materials, has been calcined at 300~800 ‘C in nitrogen gas to raw pitch. After the treatment of PFO by hexane
and methanol, either a flake phased carbon at 350 ‘C or a carbon sphere at above 400 C forms. As the calcination temper-
ature increases, the shape of raw pitch changes from the flake phase to the sphere one, and the size of them decreases to
several um. Based on the BET and XRD spectrum, the carbon sphere is classified to a mesophase amorphous carbon with

a cubic phase.
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Figure 1. Preparation of raw pitch after recrystallization of naphthalenes
from PFO.

1) Chemical treatment of PFO
2)Naphthalene extraction

y

3)Formation of Raw Pitch
4)Carbonization/N;

PFO Carbon Sphere
Figure 2. Synthesis of carbon sphere from PFO.
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2.1. A X2
£ 3o A8-E PFO YNCC (Yeocheon Naphtha Cracking Center,
Korea)ollA 20091 7€ AAHE AFO T 7fATZRulE T gk
A7I(GC-MS)E Fall 4% PFOS] 4 Table 17} 2tk

. Y2 ZIX|(Raw Pitch)2| H|=

PFOL o] Awrk 52 AAolrk Table 10 HAE A
vkl Weguzgdl 227 oF 30% JEE ARASk Q)
ol et YxEuls gw5SE(solvent extraction)¥} AFA-AA%
(self-recrystallization process)s 713 #|7 aoi’ﬁ raw pitch7} TH&
o]tk PFOE ole] 7HA] &l AFgsto] =l & guje] F=d &
5eollA 30~120 min WHIAIZL §- o] A A, Gl FolA= el
F2 3745 AL o9 Soll o] PRO]I HaEd LA
(precursor of carbon materials)”} YH5¢] A|:=H, ©]& muffle furnace
ol Ai 715 Bojyo] Fui(flow rate : 100 cc/min), 300~800 T
oA dHHE AAlste] dEHA A (raw pitch)E AlZ38Hck o] #
oA FEFH A (raw pitch)y= S11C] A7l whe} Figure 29} 2ol &
R ) iﬂ(carbon sphere) Bo flake 2] TheF
& RAFoh & A8 HA X (raw pltch)t water vaporg =0] Yol
™ 300~1000 T4 30 minollA] 1 h H % activation A1F 3 Y7
A717] S8l AAE BT 4~5 h Aol WA ZTL

3t morphology

2.3. Y2 TX|(Raw Pitch)2| & l:'15’-I- £ "ot
A5 FA 8 G7 B4 WgE gl flste] i #907] el
A H2 FE 1~10 C/minlZE ZF14 900 CT7}A] thermogravi-

metric analyser (TGA, Mettler TG50 Thermobalance)S AH3-510] 24|
SFth 42 TGS} DTG (differential thermal gravimetric)7} $H|
S745e] 715H

2.4. X-ray Diffraction (XRD)
A A5 APAHE ERI8H7] $13 X-ray powder diffraction
(XRD, Rigaku MAX-2500V)S AFH-3F3ich
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Table 2= PFOE &"lE& AFHg3to] =581& o S3liule 5433 31X
FA o] Abe vERS=aL STk Toluene, chloroform, dichloromethane,
xylene, tetrahydrofuran®} 7= g-jjolAl= PFO7} €ll9] #i=4 &%

oAl 30~120 min WHIAIZ] § o HA|7|H 2bd3] G3ljx]o] o
PFO]! 454 2] A(precursor of carbon materials)7} THE01A]
| 9k9k31, hexane, methanol, ethanol, acetone, diethyl ether, ethyl ace-
tateoll = A L3 1, T PFOSQ! BHAEZ 2] A (precursor of
carbon materlals)ﬂ wHEolA A2 e7dS AR raw pitch7F TS
o} kS ARESte] Gt El/ A A 3R 7% n-hexane SollE LR
=gl O]ﬂoﬂ}}_ Qlel 2 ey} & [ightdt AJH-Eo] o] L3
Qo] At Sl AAdsHE Bl e vrEdls AEd
& = SiHi16].

|1 FE& vkl PFO J-EQ] &AEZ ZEAH M (precursor of
carbon materials)= 92 C] Wl AL} 352 N (sticky liquid) ¥}
Hgol= MAVY B EA19 JO= vtk ko Ay § I
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Table 1. PFO Compositions

Component Content (wt%) Component Content (wt%)
ethylbenzene 7.09 1-ethenyl-3-methyl benzene 0.92
Indene 225 1-ethyl-3-methyl benzene 0.92
1-methylethylbenzene 1.35 2-ethyl-1,3-dimethyl benzene 0.5
propylbenzene 1.77 1-methyl-4-(2-propenyl) benzene 0.95
1,1a6,6a-tetrahydro-cycloprop[a]indene 2.32 2-ethyl-1H-indene 0.76
1-methyl-1H-indene 4.68 4,7-dimethyl-1H-indene 0.87
1-methyl-9H-Fluorene 1.32 1,7-dimethyl naphthalene 0.59
2-methylindene 4.09 4,4'-dimethyl biphenyl 0.59
naphthalene 16.62 4-methyl-1,1"-biphenyl 0.97
1,3-dimethyl-1H-indene 2.98 2-methyl-9H-Fluorene 0.5
Phenanthrene 3.57 4H-cyclopropa[ 1 Jphenanthrene 0.95
1-methylnaphthalene 5.46 Anthracene 0.59
2-methylnaphthalene 7.47 2-methyl-1,1"-biphenyl 0.83
1,1"-Biphenyl 2.74 2-methyl-anthracene 0.64
1,8-dimethylnaphthalene 1.82 Fluoranthene 0.54
2-ethylnaphthalene 1.42 pyrene 0.71
1,1"-methylenebisbenzene 1.16 1-methyl-pyrene 0.61
acenaphthylene 1.06 2-phenyl naphthalene 0.69
9H-Fluorene 1.54 triphenylene 0.61
2-methyl-phenanthrene 1.28 Others 12.71
1,3-dimethyInaphthalene 1.56 Total 100

Table 2. Solvent Activity and PFO Solubility in Chemical Treatments

Entry Solvents Pitch formation PFO solubility
1 Hexane Active Insoluble
2 Methanol Active Insoluble
3 Ethanol Active Insoluble
4 Toluene Inactive Soluble
5 Acetone Active Insoluble
6 Chloroform Inactive Soluble
7 Diethyl ether Active Insoluble
8 Dichloromethane Inactive Soluble
9 Xylene Inactive Soluble
10 Tetrahydrofuran Inactive Soluble
11 Ethyl acetate Active Insoluble

Bt T FAME 300~350 Cold A 7ol Iz
b AalollA S8 um @] Gol2) R raw pitch7} THEO] =1 400 T
2 A EE S TN S8 ume] Yof2]X raw pitch
7} ZWAH § um 27|E2 FoEY FAAE flake AdellA T Fogo]
U ¥ FoFo] 53 moko 7 ulH Al Fth(Figure 3). Figure 32 (b)*]
g ko AH|gh & d2 ZEAXRE 700 T7HA L=F 22|
W nmelA 4= pm 2719 & 2 raw pitch7} THEo] ZIth wgk
2 A F A2 waE ZelAAME 350 CollA] Fa 287104
x5 A = HolA = W ume] Fo2X raw pitch7} ¥HEoixl
ChFigures 3(d), 3(e)). ©1213t Vg2 A3} 7hsst AA| 9} W= &
AL 7HdshE 350~500 T AtolellA] 54 RXZYE el JA R

(d (e)

Figure 3. SEM images of carbon materials synthesized from the
residues of (a) n-hexane extraction at 350 C, (b) n-hexane extraction
at 700 C, (c) methanol extraction at 350 C, (d) methanol extraction
at 400 C, and (e) methanol extraction at 450 T.
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Figure 4. BET images of carbon materials synthesized from the residues
of methanol extraction at 400 C.

4 ZEAAFo] vlvhe] wiks 2t Wzl ez e &
A P BrAaFINteSs sk BAWSE sddnh g
oy gt F27F FAEH A Wl FEu-go] A% dojubAl
ww o] T3k ke A& w29 o] ~(mesophase)2t FHTE. |
Zyo| A T 28 AALT Alv] A (semicoke) ALY T
s deeh ' o] wzuo] At S JX| 9] T THA] AdH
(two phase system)E HZ#0]2 H X2} S} Mesophase JHIE T
5731 smetic state?} nematic state ©. % pd 4= Qlth 53] wgEkS
< 0]8-3}% PFO 3}8#2](solvent extraction) 3= 74-$- 400 C ©]7
oA GAEE sHH 3~7 pm A719] ¥ A 7LeF TR T
ZA|(carbon sphere)® A3} F ATk Carbon sphereZ- activation A
71 ¥ BETZS =7%3 23} BET surface areat= 0.183 m’/g, Langmuir
surface area™ 0.2612 m*/gC & A3 FZ site7} WdEx] 4SS
U = S TH(Figure 4). HE FUverE 2719 & B2
BRATZAE 1000 C o] al2efa] Fuj ‘,310] WEke] pyrolysis
Hhe-& Eell REEOIAIAU17,18], €, EF4, WAl A[SZEE
I IS ARE-EEO] 900~1200 T2 F’_ioﬂfﬂ pyrolysis 3ko] $/3 |
+H[17], ¥ ATl E WgkEE Ay § e vahad AN
400 CellAl Aax F21716M dA2E shd &gA AR 2719 3
Blo] SR BT At YES Ik fAKSE AdE A
golL} Afrofla] W F XS 380 C ooz 7Fdshd S HE
& B A wHEol A= 430 Cof
A 2~4 pm7HA] 717 STV E ok 'RATE 30% PR U1
o] Kirgu} glth22].

RS Bhslraell A W2 AR E FA ] Ve TS Sl &
Al slell A FEH-S(catalytic condensation)& A At EAF3}E o
7=l $ARe] CH, A§AkEo] ShilAlR S3s Halshs A
o7 Hyakal Sl B ATl f5 veeE A & 9L
=4 ZYAAMZ 400 CollA da E7]elM GAYA 94 & 2%
T2 A7 FAE S kata-type WS Sl FAE H3E
< HAYUES Ws7] izl Ao s Al ET20]. & 2ok 'AT
A 7HEE, fluid coke, graphite nodes, mesophase sphere, carbon
spherules, glass like carbon sphere 5 °.% T2 4 Sl=dl[23], W&
7 AP F I ¥ B §ATF A= mesophase sphereE 03] H
tH23]. #< Gedanken “LiEollA= wAIE #(1,3,5-trimethyl benzene)
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Figure 5. Low angle XRD spectra of carbon materials synthesized
from the residues of capsule treated by a) methanol-hexane (1 : 1)
extraction (heat treatment at 450 C for 2 h), b) hexane extraction
(heat treatment at 800 C for 2 h), and c¢) methanol extraction (heat
treatment at 450 C for 2 h).
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Figure 6. XRD spectra of carbon sphere treated by methanol at 400
and 450 C.

< 700°C = ¥*2]31 non-graphitic3t ¥ F.oF ¥hAA7} HEo]ZITh
I X st 27].

Figure 5 Wgb&oly eato s yxgdl 24 5 & i &
AEA ZAXNE 450 T Ei= 800 CollA dAH2 $ A raw
pitch®] low angle XRD spectrum®|t}. Al 7§2] 3|4 I3+= (211),
(220) 128]31 (332) W3] H(intralayer scattering) = ©|3l|= =0, o=
ordered CMK-32] 73-$-oll4 9} B]<=3}, ordered bicontinuous cubic
Ia3d mesoporous carbon©. 2 34 E]o]x|w[27,33,34], ©]+= E} meso-
pore7} AE L USE It T vk WEE FEF9 raw
pitch Bt Wgg/A £3 32 AHE £ I 5 HES
800 ColA 2 h AA2|3te] /33t raw pitch®] XRD 13 9] 1.1°
oA mesopore (211) &) ] Z wdEl Zlo] A=F|AT). Figure 6=
wide-angle XRD spectrum ©. = raw pitch7} 3% ©Z non-graphitic
3] 77 % (amorphous)?l =8 -5 ERJIAAFTH28-33]. Figure 6
wehE —Zré—wr Ao A& A F/JE raw pitche] XA 3] 9
Holli= 7 7119 broad$t peak7} 2 6 = 23.5°9) 43°0f|A] FA5E=d] ©]
52 (002) 43} (001) BE2 M= 1, BE5E AxEH] d spac-
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ing 2F 0.35 nm=Z AXIEE FOE RAEHQITH33]

TGAE olg3ste] Aaw9171et 371171914 PFOS] % #ra
S5 S8 450 C ol3telA] 90%7F A2allE] 3L 800 T o)de] =
ZodeE AL o disl He s & iTE £FE 300~
450 CollA A& s 35 27~46%2] &= raw pitch?} T4
HoAA = AL SulFERZ Q8| H-2 heavy residue] X317} H]a
2 A3 A AES AASITE HekES o] §3te] PFO 18t
Z(solvent extraction) ©]F 450 CollA A& st THE 3~7 um
719 ¥ 5oF A *r—LZZﬂ(carbon sphere)= PFOS &A1 B4
HE 10%E0 R 15EE 35%7F 72817 Ho] PFo 24350 3}
4 Agrs st ¥ E‘.‘%}Ei S A% 3 raw pitch® HE S-S &
Q18 4= 9Iglt}. o]YA FAIH raw pitchD 900 C7HA] S8k 5

2 W3lE B53F A Figure 63 22 A4S AUt 450 CT7HAI=
@2 3% mnke] FEkA 7} B=H0aL 450 CTeollA 900 CTTHAE
25% "IRke] FEF kANt A Qlrk o] PFO 318k E(solvent ex-

traction) ©]F $MJE raw pitch7} LEA} EAZ Hlwd Gebgdol

et A =R AIE S-S rdth duFoE st 3
A= vkt BAER T o] dxE] WHOE mesophase
pitchE A|Z3 o mesophase A HdEAte] =271, FATE Adi
9 FaEE ol odiM S jteth B3 pitche] Aol E3bet
A E we] gkgol] v & 5}71 w]7o]| mesophase 3712
AA g W Aol g 7iokEe HoltH34).

TGAE T3 7H2E capsule®] AHYAS Thetsl ot & Aol
A= Aol 900 C7A] $9 s a9k WA PO A
Ak E971eIA ZhkR A s B9 450 T7HA 85%2] T34
27} B5ET 800 T o)AFoll= 2% m|wke] AJEwto] BSE i) o]
£ PFOE A gebA] &3 wiglald whh o] Uy s g5 9

gty SvjFES Tl UZEd fAEAE AAS e vAaER
S E]AX(precursor of carbon materials)= 25 ~46%2] FHZ M
Qdl AAEL7A 450 CollA] dAeshd A ol ot
28.0% (acetone), 26.4% (ethanol), 20.8% (hexane)@} 26.3% (methanol)
TF AATF A5EY, w2 A2 AFo] o]FoA= Fow
A=E ) Aoz 50~80 Tolldi: 4wl 713kl 23k FA)
7131—5\_7]_ xlsﬂgjﬁ 100 C o]/goﬂ/\ﬂ g]z% o7 ﬁx]—;] B 71—A7].
&), Az A pitch] pyrolysis 52 200~800 CAFelol=
devolatilization, polymerization, polycondensation ®=+= cracking reactions
oA vk 28, s @Abse] #5Eh dAE A
200~400 CollH 2] 7] 72t wlzao s AFshe] oo 2o

ApeFo] WFekE: 3-7)3}$HE(smaller aromatic organic compounds)2]
AF ougit) WEhES o] &sto] Yzgl FEAE AAS L W=
eAE4 A (precursor of carbon materials)= 400 CollA]
35%, 450 CollA 28%2] &= ==l 450 ColA 2 h Bt
AX st ZeAA JHES ©EAARE 500 CTollA 850 CT7HA <F
25%9 S04 BS5E K (Figure 7).
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Ui W PO RHEQ] AR TAME w53 300~800 C
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Figure 7. TGA spectrum of carbon materials synthesized from the

residues of capsule treated by methanol (heat treatment at 450 C for
2 h).

carbon) 28] o7t dojyitt. 53] wghES = PFOOIA L=
HAs FE2 e 38E A el gAasd A= 3
~7 um F719] ¥ 2ok QX7 e Rt BET SH 23] uf=d
oFA7HA F2 Mol Ed WeahA) gAY XRD A EYe] ey
S+J ¥ mesophase carbon< ordered bicontinuous cubic Ia3d meso-
porous carbon ©. % 314 E]©]2]1] (002)9} (001) 3 low angle 2~ E
42 Ba W21 2] FY AYL FAg > Aek

Z Al
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