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Abstract : Extraction of valuable light hydrocarbon from atmospheric residue using pentane as a solvent has been carried
out. The SIMDIS was used to calculate the true boiling point of atmospheric residue containing complex components before
the modeling of the extraction process could be performed. In order to simplify the procedure, modeling was adopted and a
lumping method was used, such that a large number of compounds were divided into similar component classes called
pseudocomponents. The modeling of the extraction process of the atmospheric residue-pentane system was based on the
isothermal flash calculation, and the Peng-Robinson equation of state was used to calculate the fugacity coefficient of vapor
and liquid phase during calculation steps of modeling. The agreement between the experiments and the calculations was
reasonable considering the uncertainties involved in modeling such complex processes.
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Table 1. Relative FID Sensivities to n-paraffins of
the D 2887 Quantative Calibration miix
. Relative FID ) Relative FID
n-Paraffin | o ey | PRI ensivity
CHs 097 CisHzs 0341
CsHig 1.033 CooHae 0.898
CoHy 1.086 Costls 0.780
CioH 1.069 CxHss 0677
CuHa 1.076 CaHss 0.566
CioHs 1.067 CasHrny 0.469
CiHz 1.027 CaoHge 044
CisHsy 0.981 CuHgp 0.450
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Fig. 2. Correction factor correlation for the compen-
sation of FID sensivities with the carbon num-
ber by n-paraffins by Cf=161205-0.12432Cn+

0.00649Cn’-1.59x10 °Cn’.
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Table 2. Properties of Atmospheric Residue Fractions

Used for Regrouping Studies

Petroleum| BP (K) :
fraction | &) | b) | a) | b) |(288/288 K)|of AR’

MW sG? | Mol%

Cu 460 | 468 | 147 | 1% 0.791 0.40
Cu 481 | 489 | 161 | 170 0.802 212

Cis 500 | 508 | 175 | 134 0.313 1.89
Cu 520 1 526 | 190 | 198 0.824 194
Css 539 | 543 | 206 | 212 0834 4.07
Cis 556 | 560 | 222 | 226 0.841 4.04
Cr7 573 | 575 | 237 | 240 0.849 4.46
Cis 536 | 590 | 251 | 24 0.84 491
Cus 508 | 604 | 263 | 268 0.859 6.14

Cxn 611 | 617 | 275 | 282 0.864 6.02
Ca 624 | 630 | 201 | 2% 0.869 6.78
Cn 630 | 642 | 305 | 310 0.874 6.62
Cxn 648 | 653 | 318 | 324 0.879 6.15
Co 659 | 664 | 331 | 338 0.883 525
Cs 670 | 675 | 345 | 352 0.887 467
Cx 631 | 685 | 359 | 366 0.891 4.16
Cx 691 | 6% | 374 | 380 0.8% 4.01
Cx 701 | 705 | 388 | 3% 0.898 379
Cx 709 | 714 | 402 | 408 0.901 344
Cs 719 | 723 | 416 | 422 0.904 3.19
Ca 727 | 732 | 430 | 436 0.908 2.9
Ca 736 | 741 | 444 | 450 0911 2.84
Cas 745 | 749 | 458 | 464 0914 2.18
Cy 752 | o6 | 472 | 478 0916 2.06
Css 760 | 764 | 486 | 492 0.919 1.32
Css 767 | 711 | 500 | 506 0921 1.08
Csr 774 | T8 | 514 | 520 0.924 0.5
Css 781 | 78 | 528 | 534 0.926 047
Cxo 783 | 791 | 542 | 548 0.928 0.25
(o) 7% | 798 | 556 | 604 0.930 0.10
(o 1w - |[2500] - 1.168 2.18

a) Generalized properties of petroleum Cio. group[17]

b) Data of crude oil assumed by n-alkane(CpHon2)

¢) Specific gravity from Katz’'s generalized properties[17]

d) Mole percent for the atmospheric residue used in our
studies

e) Cy is asphaltene fractions in atmospheric residue
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Table 3. Boiling Point Distribution of Pseudocompo-
nents Generated for Representing

Boilin int
Feedstocks | Pseudocomponents g ol wt%
range (K)

Pseudocomponent 1 | 440 ~ 520 3.00
Pseudocomponent 2 | 521 ~ 539 2.28
Atomspheric| Pseudocomponent 3 | 540 ~ 55 244

residue Pseudocomponent 4 | 557 ~ 573 2.83
Pseudocomponent 5 | 574 ~ 530 23.15
Pseudocomponent 6 > 631 66.25
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]2k Kay's mixing rule[13]& ©] &3ttt
B At E EASol waE 2E3H17]

SCN(single carbon number) IEE A Al A

3 1508 B

£, F MHRd BHXE ToE Pl

s Ty

Zi
= 2(;) Ty

SG =

1.0/ [2(fuil fu)/ SG1]

#% MCN(multiple carbon number) I

@D

(32)

710 2,9 fi= SCNAIA, 2,3 f,= MCNe)

A 2 FALEI.

A=

(T), 9ALH (Po), JHIA () &

)=]
a

A% (M,)& Kesler-Leed] A#24[16]S o] &34t}

T. =

341.7 + 8l11SG

+ (0.4244+0.1174SG) T,

+ (0.4669—3.26235G) x 10°/ T,

InP, =

X

o = (

8.3634 — 0.0566/SG
(0.24244 +2.2898/SG +0.11857/SG?)
10737, + (1.4685+3.648/SG
+0.47227/SG* x 107 T
(0.42019+1.6977/SG? x 107°T3

In Py, —5.92714 +6.09648/ T,

+1.288621In T4, —0.169347 T5,)/

(15.2518 — 15.6875/ T, —13.4721In T,

+0.43577T%) (for T,,<0.8)

g
Il

+

—7.904 + 0.1352K
0.007465K° + 8.3597T,,
(1.

408 —0.01063K)/ T,,  (for T,>0.8)

MW = —12272.6 + 9486.45G

+

+

X

X

X

(4.6523—3.3287SG) T,
(1-0.77084SG—0.02058SG?)
(1.3437~720.79/ T})

107/Ts + (1—0.808825G+0.02226SG?)
(1.8828~181.98/T) x 10%/ T}

-

(34)

(35)

37
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Table 5. Carbonic Phase Compositions Predicted by

Table 4. Regrouping Thermodynamic Properties of

Phase Behavior Calculation Using the PR
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Table 6. Comparision of the Experimental Extracted
Phase Compositions with the Phase Beha-
vior Calculations for Atmspheric Residue-
pentane Extraction at 44 MPa and 483 K

(Unit : Mol%)

- First Middle Last
Initial Extraction | Extraction | Extraction
Overall Window | Window | Window

Compositions Exp| Cal |Exp| Cal | Exp | Cal
n-Pentane 76.18  192.99|93.54|94.48(|95.12|95.70 | 95.61
F1 Oil 2.34 0931098,07410.741 057 | 0.67
F2 Oi - 137 0601071048054 037|043
F3 Ol 1.26 05010551039 042|031 | 0.37
F4 Oil 131 04410511035]039]027 | 035
F5 Qi 748 1921841511139 117 | 1.5
F6 Qil 10.06 262187205140 161 | 1.27

Exp : Experimental data
Cal : Data predicted from phase behavior calculation
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B2 . XZ3Y A B} F&4o| =4 (Carbonic(Vapor) phase composi-

tions)

[ 1% extraction window ; 1 hour ]

2 xM(Overall(Feed) compositions)
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d 14 mPs, 48 K
100 g atmospheric residue ~—----------- — 145 onf
(= 0.6899 g/cr)

pentane(cr) = (autoclave free volume - atmospheric

residue) = 448 - 145 = 303 (cr)

d 14 MPa, 43 K
303 cr pentane -------——---~-- —> 7293 g
(= 0.2407 g/cm)

~-—— 1.0129 mol (76.18 mol%)

MW = 181

563 (g) F1 oil -—=-———-—-—- — (0.0311 mol (2.34 mol%)
MW = 206

375 (g) F2 ol ———---—-—- -~ 0.0182 mol (1.37 mol%)
MW = 222

373 (g) F3 ol ~———————- — 0.0168 mol (1.26 mol%)
MW = 237

412 (g) F4 ol ~—----— — 0.0174 mol (1.31 mol%)
MW = 281

2795 (g) F5 oil —~——---—- — (.0995 mol (748 mol%)
MW = 410

5482 (g) F6 oil ——~---- — (0.1337 mol (10.06 mol%)

of 7] el A,

F1 cil(Pseudocomponent 1) : C;; ~ Cu fraction

of extracted oil
Ci  fraction

of extracted oil

F3 oil(Pseudocomponent 3) : Cis  fraction

F2 oi{Pseudocomponent 2) :

of extracted oil
F4 oil(Pseudocomponent 4) : Ci7  fraction

of extracted oil
F5 oil(Pseudocomponent 5) : Cis ~ Cy fraction

of extracted oil
F6 oil(Pseudocomponent 6) : > Cs fraction

of extracted oil

THsE A 8 A A 2 3, 1997

199 333404 FLRAS 2244 3349

Z4(SIMDIS °l8)2 th&3 2t

350 (g) entane collected

——————— — 0.4860 mol (92.99 mol%)
0.88 (g) F1 oil extracted

——————— — 0.0049 mol ( 0.93 mol%)
065 (g) F2 oil extracted

———————— — 0.0032 mol ( 0.60 mol%)
058 (g) F3 oil extracted

--------- — 0.0026 mol ( 0.50 mol%)
055 (g) F4 oil extracted

————————— — 0.0023 mol ( 0.44 mol%)
2.81 (g) F5 oil extracted

————————— — 0.0100 mol ( 1.92 mol%)
559 (g) F6 oil extracted

————————— — 0.0136 mol ( 2.62 mol%)

199 FETHAA FA AL F FE4Y 24

rlo

g 2.

pentane -—— 93.54 mol%
Fl oil —— 0.98 mol%

(= 959 wt% — 1.06 g — 0.0059 mol)
F2 oil —— 0.71 mol%

(= 790 wt% — 0.88 g — 0.0043 mol)
F3 oil —— 0.55 mol%

(= 6.60 wt% — 0.73 g — 0.0033 mol)
F4 oil —— 051 mol%

(= 653 wt% — 0.72 g — 0.0030 mol)
F5 oil — 1.84 mol%

(= 2794 wt% — 309 g — 0.0110 mol)
F6 oil -— 1.87 mol%

(= 4144 wt% — 458 g — 0.0112 mol)

Aq7]A,

(wog), = MW (mol)

Mot

for extracted oil

Mmta; = (MW)I(MOI%)] =+ (MW)2(m01%)2
+ ... F(MWe(mols)s

[2™ extraction window ; 1 hour]
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£z x=M(Overall(Feed) composition]
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11.06 (g) / 0.6887 (g/cw) = 16.06 (cmw)
35.00 (g) / 0.2407 (g/cw’) = 14541 (cr)
&4 AARH = 16147 (cw)

N2d U4 MP)S &
A ez 428 $al16147
2 A9AYw, 19 34 F 9871
& g3 ol At
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16147 or x dag mpa, 483 k(= 0.2407 g/cn) = 3887 g
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pentane remaining = 1.0667 mol (79.33 mol%)
F1 oil remaining = (0.0311 - 0.0059) mol

= 0.0252 mol (1.88 mol%)
F2 oil remaining = (0.0182 - 0.0043) mol

= 0.0139 mol (1.03 mol%)
F3 oil remaining = (0.0168 - 0.0033) mol

= 0.0135 mol (1.00 mol%)
F4 oil remaining = (0.0174 - 0.0030) mol

= 0.0144 mol (1.07 mol%)

F5 oil remaining = (0.0995 - 0.0110) mol
= 0.0885 mol (6.58 mol%)

F6 oil remaining = (0.1337 - 0.0112) mol
= 0.1225 mol (9.11 mol%)

&AM =M (Carbonic(Vapor) phase compasitio

2% AN 714l 24L& Peng-Robinson “ZE|%
AL o] gstd ZYA AAE & Ae o 2

pentane -— 94.22 mol%
F1 oil — 0.88 mol%

(= 959 wt% — 095 g — 0.0052 mol)
F2 oil —— 0.63 mol%

(= 790 wt% — 0.78 g —— 0.0038 mol)
F3 oil —— 049 mol%

(= 660 wt% -— 065 g -— 0.0029 mol)
F4 oil —— 0.46 mol%

(= 653 wt% -— 065 g -— 0.0027 mol)
F5 oil — 1.65 mol%

(= 2794 wt% — 2.76 g —— 0.0098 mol)
F6 oil — 1.67 mol%

(= 4144 wt% — 4.10 g — 0.0100 mol)

o} 7)ol A,
ey, = M o)
total
for extracted oil
Myt = (Mw)l("wl%)l + (Mmz(mol%)g

S +(MW)6(mol%)6
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