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Abstract—The continuous supercritical propane(C;Hy) separations of residual precursor-pitches for carbon applica-
tions from a petroleum vacuum-distillation residuum were performed under different conditions to ascertain the effects
of system pressure and temperature on the yields of extracted oil and the properties of residual pitches. Deasphalted
oil-extraction yields were increased as the system pressure was increased corresponding to the increased density
of supercritical propane used as a solvent. The non-discriminatory yields and properties of residual precursor-pitches
were observed at the extractions performed in the vicinity of the critical temperature(370 K) of propane. The residual
pitches obtained near the critical temperature of propane and over 10.3 MPa showed appropriate qualities, representing
high asphaltene content, free toluene insolubles and the softening point of 401-424 K, for the precursor-pitch of carbon
fibers.
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Table 1. Feedstock characterization

Vac.uum Maltenes” Asphaltenes”
residuum
Properties
Specific gravity(288/288K)  1.0146
Gravity, API 7.96
C.CRY wt% 18.1
Viscosity, ¢St 2214@ 373K
Maltenes”, wt% 80.4
Asphaltenes”, wt% 19.6
Molecular weight? 1903 1490 3668
Aromaticity” 32.24 22.37 44.75
Elemental analysis’
C, wt% 84.29 85.12 83.37
H, wt% 10.21 11.10 8.36
N, wt% 0.67 0.51 132
S, wt% 4.83 3.22 6.45
C/H atomic ratio 0.69 0.64 0.83
TGA* residual, wt%
at 473K 100.0 96.3 100.0
at 773K 20.7 16.7 52.1
at 1173K 14.8 73 26.7

“n-pentane solubles of petroleum vacuum residuum feedstock
“n-pentane insolubles of petroleum vacuum residuum feedstock
“Conradson carbon number

“As analyzed by GPC(Gel Permeation Chromatograph)

“As analyzed by 'H-NMR(Nuclear Magnetic Resonance)

C, H, N, S analysis normalized to 100%

“Thermal gravimetric analysis
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Fig. 1. Schematic of the supercritical propane(C;Hs) extraction sys-
tem.
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Fig. 2. Thermal gravimetric analysis(TGA) of the vacuum residuum,
the pentane-solubles(maltene) and the pentane-insolubles(as-
phaltene).
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Table 2. Residual precursor-pitch yields and properties at 380 K for
different pressures

55 MPa 103 MPa 17.2 MPa

C:H; density, g/cm’ 0.2585 03825 04416
Cumulative yields, wt%

Extracted oil 20.3 40.8 51.1

Residual pitch 79.7 59.2 489
Residual pitch properties

Pentane insolubles, wt% 45 53 68

Toluene insolubles, wt% 1 3 4

Softening point, K 378 403 424

Table 3. Residual precursor-pitch yields and properties at 10.3 MPa
for different temperatures

339 K 380 K 422 K

CsHs density, g/cm’ 04728 0.3825 0.2672
Cumulative yields, wt%

Extracted oil 404 40.8 24.8

Residual pitch 59.6 59.2 75.2
Residual pitch properties

Pentane insolubles, wt% 52 53 31

Toluene insolubles, wt% 2 3 0

Softening point, K 401 403 366
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Fig. 3. True boiling point distributions of the vacuum residuum feed-
stock, the extracts and the residual pitch obtained from the ex-
traction process conducted at 10.3 MPa and 380 K.
(a) petroleum vacuum residuum, (b) extracted oil during first
extraction window(initial 20 min), (c) extracted oil during mid-
dle extraction window(60-80 min), (d) extracted oil during last
extraction window(120-140 min), (e) residual pitch after the
last extraction window.
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Fig. 4. Effect of pressure on the supercritical propane(C;Hg) extrac-
tion of petroleum vacuum residuum at 380 K.

wt% HEZ2 v]9 744 maltene S BJozy Fajsk ¥
ExAS AT 2dA 2o &4 £ A%E W ¥ T
(uc;m )7} ol2igt £3 A¥H= 103MPa, 380K =79 o4
F& A o2y Ae] AAgt wet e FEHELEOD-DF
&11 A A2 (e) 9 vl £2F Tale] o5 @ »| ¥ Fig. 39
AFRZHE o % g4 FlE 5 itk
Yt oz zodA dodedqel 22 FEE
Edege Ay, dw aela s =5

sl E2lA
7= 91e.m[10, 11]

=2

=9
o=



Z2oA R ol &7 ATA AR e 103

60

50 L

40 |

30

Cumulative wt% extracted

0 1 1 1 1 1 1 L
0 25 50 75 100 125 150 175 200

Cumulative volurne of propane used, liter

Fig. 5. Effect of temperature on the supercritical propane(C:Hy) extrac-
tion of petroleum vacuum residuum at 10.3 MPa.
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Table 4. Properties of the precursor-pitches prepared from the different raw materials and methods

Vacuum Pitch I Pitch 11 Pitch III
residuum (in this study) (from ref.[17]) (Ashland-240)
Raw materials atmospheric residuum vacuum residuum coal-tar cracked residuum
Methods vacuum distillation supercritical propane supercritical toluene thermal pyrolysis
extraction extraction
Softening point, K 318 395 399
C/H atomic ratio 08 12 18 14
Pentane insol., wt% 20 619 43"
Toluene insol., wt% 0 31” 10

“as determined by hexane insolubles
bas determined by benzene insolubles
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