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Abstract — Full-scale utilizations of batch separation process often require knowledge about thermodynamics and cor-
relation techniques of physical properties of complex mixture consisting of a great number of many unknown compo-
nents. Various empirical correlations have been proposed to predict the physical properties mostly about the pseudo-
component of petroleum. In this study, one parameter correlations are developed for the calculations of the critical phys-
ical properties and ideal heat capacity of the pseudo-component of coal tar fractions. Developed model can provide a
tool for the design and operations for the batch distillation of coal tar mixture.
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o] ¥2 Zlog yEhdth 18y TWU method?] 7% NBPRHS:
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Table 1. Comparisons of the properties for tar fractions between the existing predictive values and the experimental values

TAR-Entire range (Deviation, %)

TAR-NBP 540-780 K (Deviation, %)

T, P, MW T, P, MW

Lee-Kesler 2.50 15.24 11.69 338 2475 11.86

TWU 991 5339 25.99 1334 63.15 40.96

Modified-TWU 120 8.68 17.93 0.96 7.96 28.26

Winn 1.45 14.55 12.87 137 19.99 20,51
Cavett 226 1527 - 2.66 2335 -

Riazi 1.99 10.77 1223 175 10.02 10.23
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Table 2. Comparisons of the properties for the Anthracene oil mixture
between the existing predictive values and the experimental

values

T, P, V., MW

Lee-Kesler 3.77 20.08 13.68 12.95
TWU 12.47 59.87 101.74 2938
Modified-TWU 242 10.51 13.67 19.09
Winn 3.06 18.84 15.14 15.747
Cavett 3.47 20.10 14.52 12.947
Riazi 3.05 13.73 15.25 8.943

Deviation, %=(| Pre - Exp| YExp x100, Pre=predictive value, Exp=FExperimental
value

gl 2 AFelal= oA 7] Zb7] thE o524 v]wske] coal tar
fell 71 AEst 215 A 519 A O 7 coal tar AdE2)
AAIES gkl tH*‘-H modified TWU method”} 7} 22 @ 2182 1}
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gL °RZ wtol vy gk
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Fig. 1. NBP vs. T, for the tar fractions.
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FIAE YeRZ] $18l ARE-SE A3 242 coal tarell tdt A &
A%k = 1., P, VT8 AXtell 7P AL @A Holi= modified-
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ARd\=

Modified-TWU method 2152 f;=fT,)Z RF=F Al ASG,
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ASG,= =022 22
SGr = @)
o714 A=0.0398285- 228123
b
~0.362456
B= 172
T,
C=-f,

ARFE ASG,E 21 (17-3)°] i3k ASG,ell thgt a7} 47) v
2t} coal tar’dol thall TWU methodoll A AV SGo7F A A SG
B} 22 glo] vei=dl o= ASG)Y 08t Za -1 K} &
Zholl E=AEE ou]gict. As 19 siF ASG/7F 0xr} ZHan -1
Hrp & 97 v A
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172
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B

C=—f,
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Te
T.= 1.1548xNBP+280.6

A7 a=1-T,/TL]IL T,(R), TRy 217} QAL E, =2
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Coal tar Zd3ze] tgte] 1 Aol 7kt 2 o 2 HE AXF 3k
< 7188 o] 7] dSaEel gJal] AREE ks AAl AR
FEapekghol that ek v|wdt A7} Table 37 7o) vhERt)

Table 3004 Hi=n}e} o] B oAtolA Aokt 418 coal tarol
gisl] T 7P A2 2a&S Bolon Pas eakgo] 7P A2
modified-TWU method Xt} 1.93% HE 32 23182 U3 MW
= x1&o] 71 AL Riazi method XU} 6.56% 52 2342 H
Stk Z12v Tableoll ] 22703 pseudo Aol Thdt YAEd 2}
S dl5sk= 482 5 Lee-Kesler, Modified-TWU, Winn, Cavett,
Riazi method=-2- NBP2} SG7} Q3P H Ao A AQkstk 218
A NBPYE APRES: 918l ARSEIT R Tableol|A] Hol= A-&2
A Acka @ 4 Qi o]fdt A2 2 AroA] Abst Az wf
1A 2 NBPYHE: ARE-3o] AlAksh= TWU method®] LAH&S

b

Table 3. Comparisons between existing equations and new equations
(developed in this study) for the tar fractions

TAR fractions (Deviation %)

T, P, MW SG
Lee-Kesler 2.50 15.24 11.69 -
TWU 991 53.39 25.99 28.27
Modified-TWU 1.20 8.68 17.93 -
Winn 1.45 14.55 12.87 -
Cavett 2.26 15.27 - -
Riazi 1.99 10.77 12.23 -
This study 1.12 10.61 18.79 6.23

Table 4. Comparisons of the properties of heat capacities for tar fractions
between the predictive values and the experimental values

This study
Eqn. (26)=  Egn. (27)=  Lee-Kesler
f(T,,5G) f(T,)
Deviation, %, in the range 14.249 17.391 672.366
of 144-3,000 K
Deviation, %, in the range 6.455 8.447 628514

0f298-1,00 K

= o v FEsHA vERdTE SGO) 739 TWUE 28.27%2] 24k
£& Hoj 3 AFol|A] ARISE A2 QA8 6.23%01| 4.597} E-
QAES H3oM T, P, MWE] A& 212} 991, 53.39, 25.99%
= Ho] B Ao A-ket 2] @318 1.12, 10.61, 18.79% K.t}
717} 8.8, 5.0, 1.4 B2 @3-S Holar Qlu}. ol #gksk
212 acentric factor’} T, P, NBP2| 3+ A 4= Q1L 75~
acentric factor2 -8 Ak 4 9lew v =/ RT/P, o] & 74
Ql oz 12} P& 7HAaL UMA| AAIES ARk 4= 9t

2-3. O&} 7IM| |3

2 Agella= o 7IA19] g e} AA| 71A|1 2] dEw] 9] A}o]
2 YER}= departure functions ©]-2-510] <NEky] W3lE Alksh
Stk olelgh WhH& AR 79 2 RS o TIA E8% #
o] g3 Felsleli= Aol o7 Aol obd coal tar 72
EgEo|nR o 714 8l thgh ofl52]o] A3ttt o) 7
Al Ag2 Al EAJell tIst pseudo A2l B4 5T} vt
A& normal boiling point®} specific gravitys ©|-83}9] 3k oI5
k= Zlo] dntdolt), 7]5=9] pseudo Aol thsk o) 71A] 4
2 o 52]-2- Lee-Kesler”} petroleum fraction®l] thalod AQFsH 2Jo]
om o5} o] BRI

C)=A+BT+CT*+CF(A' +B'T+C'TY)

o714

A=-0.32646+0.02678K
B=-(1.3892-1.2122K+0.03803K*)x 10~*
C=-15393x10"
A’=-0.0084773+0.080809SG
B’ = (2.1773-2.0826SG)x 10™*
€’ =—(0.78649—0.70423SG)x 10~
CF = [(12.8/K—1)(10/K—1)x 100]*

173

K =Ty /SG (Watson factor)
T, T="R,Cy=Btu/lb-R

(24)

it

Lee-Kesler2] |52 paraffin®|t} oleffin A|2] B34 &3+
of&= v & &5} Watson factor®] W3le] whe} gro] w17ksHA
W3} o] Qlth. = Watson factor”} 124} 13 T3]l Q1+
paraffin®]} oleffin 712] §Halr4olli= nlwd Jest Avjgro] v

3L

r

o

=

A9t Watson factor’} 1001811 polycyclic components-2 =% 3

L]

Table 5. Compositions of defined components in the Anthracene oil

mixture

Component wt% SG NBP(K)
Naphthalene 1.54 1.152 490
Acenaphthene 2.73 1.069 551
Dibenzofuran 7.30 1.058 561
Fluorene 0.62 1.203 567
Phenanthrene 18.08 1.179 613
Anthracene 5.62 1.250 614
Carbazole 313 1.100 628
Fluoranthene 9.48 1.252 657
Pyrene 7.36 1.277 666
Total 55.87
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3}l Q= coal tar A34E-2] A olSoll= AESHA] Lt} Table 59+
0] Lee-kesler?] 38212 coal tar 930l il 24 g8 7k}
205 HO|PRE coal tardl] 288 4= Qle}. £ Aol A= coal
taroll A3t o 71A] S8 of|S52lo] HAQslo] oy 2 W
How ol 7IA| A& AISAE /TSIt WA coal tard] ©]
A 71 D8 ASAE ve] el e 22 A S
33t
(1) BEFpe 20| dish Akxpalo® ey

Cl=A+BT+CT’+DT’

(2) Al5= A, B, C, D= normal boiling point?} specific gravity2]
A o2 e},
A. B, C, D=f(NBP. SG)

olelgt 713}l coal tar Aol tIste] Cp8F MW, SG, NBP2)
AE ol ] $la g 2xlMe] .l MW, SG, NBP 3441
S 13 Kottt o1 A Fig 294 2ol il Mw SRxlo] 7k A
FHog YePdE & ATh = FHe AlE Zh=r

Cp A2 ol 0188 MWi= pseudo component®] 7-5- Alxte] 2]
a gtol vhem 1 gk SGeF NBRP2| #AI4) = vEhdt). Coal
tare] 73-9%- MWE Alilksh= ol=2] & Riazi method7} 71 A2
2342 UEhER o A& ollalol MWE AR S
Riazi methodZ5FE Ak MWE o]€ €8 #AlAe tigt 71&
719} AA-g 51 0 T3k, coal tar AE-E2] AAl MW C2
ARl tigt 712719k A gt 4 TsiQlch F 749-2] 7]
2715 AL xcol thg AR 0w ehiE A2 27} gl
Aol U= Elddr Qi) I PR o VA 485 o F
212 o537 o] vephd 4= Qi

b &

0.118

Cp=(Ag+ A, T+A, T + AT )x204.38T, ' "*SG" ** exp(0.00218T,)

2 3
exp(-3.07SG)+By+B, T+B,T°+B,T (25)
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Fig. 2. Cp vs. MW for the tar fractions.
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C)=A+BT+CT*+DT’ (26)

A71M T(K), TyK)E ZH2F 25, BE2% o)

A=-0.5338xRIA+18.189
B =6.0582- 10~ x RIA—0.024001

C=-4.4184-10 °xRIA+1-10"

D=1.09875-10 " xRIA+2.1888- 10"

RIA =219.0587T) " "*SG" *®exp(0.003924T,)exp(~3.07SG)

ob&2] NBPRE] $-= ¥ coal tard] o173 B&%F o521
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A=-0.95625xRIA’+71.962
B =5.818-10"xRIA’—0.030501
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D=1.0898-10" xRIA'+2.935-10"°
RIA’ =219.0587T; ' "*SG" ** exp(0.003924T,)exp(-3.07SG")

o714 SG' = SG"—éln(ASGﬁ 1ol 4] (23)0.% APkEof 7).
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Fig. 3. Process identification of batch distillation unit.
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2 Aol 7S simulation packages ARSI QFEERALR
A system®] 332 Fi ol diste] thdet. vluE fla |
A Aoz de] AMEIL QU programS ARSIGITEH B A
oA AMg-E AEA U2 I T system®] =7 AL
feed % 1,000 g, reflux ratio 5, T 7, product rate 2.5 gmol/hr, &+
2l 1 atmo]t}. 7+ ©2] hold-up<> 0.02 mole ©]3 condenser®] hold-
up 0.05 mole® SISt QFERMI e d&sthE 5 ezl A
-2 Table 5ol YERASIAL o]outE 7P 54.%-4 o &2 A
/n-] sk -_,-/HO:HZ:/\]oﬂ w2 BEA7EL

Table 6. Compositions of defined and pseudo components in the Anthracene oil mixture

Pseudo comp. wt% Defined comp. vol% wt% NBP(K) SG
Pse-light 12.190 napthalene 1.527 1.540 550.246 1.080
acenaphthene 2918 2.730
dibenzofuran 7.841 7.300
fluorene 0.589 0.620
Pse-2 25.229 unknown 27.124 25229 592.825 1.063
Pse-obj 23.700 phenanthrene 17.521 18.080 613.387 1.196
anthracene 5.137 5.620
Carbazole 3.130 carbozole 3.251 3.130 628.150 1.100
Pse-3 13.689 unknown 14.091 13.689 634.150 1.110
Pse-4 16.840 fluoranthene 8.651 9.480 661.083 1.263
pyrene 6.585 7.360
Pse-5 5.222 unknown 4.763 5.222 693.150 1.253
Total 100.00 100.00 100.00

slekast M43 M4= 20052 S
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Table 7. Properties of pseudo components in the Anthracene oil mixture

465

T(K) P (atm) V., (cm*/mole) ) MW Z.
Pse-light 820.560 32.168 502.671 0.306 159.907 0.238
Pse-2 840.495 28.843 565311 0.498 204.548 0.246
Pse-obj 879.931 27.602 633.918 0.428 178.234 0.242
Carbazole 899.183 31.165 481.938 0.494 167.210 0.204
Pse-3 888.216 27.490 613.800 0.540 227.605 0.243
Pse-4 893.011 24.967 693.807 0.735 202.257 0.237
Pse-5 966.926 26.018 664.476 0.536 234.914 0.243
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Fig. 4. Comparions of the variations compositions of top products
with time for the predicted values by rigorous method devel-
oped in this study and by commercial software.
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Fig. 5. Comparions of the variations compositions remaining in the
stillpot with time for the predicted values by rigorous method
developed in this study and by commercial software.
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