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Properties Prediction with EoS

The Properties of

GASES
AND
LIQUIDS

FIFTH EDITION

BRUCE E. POLING
JOHN M. PRAUSNITZ
JOHN P. O'CONNELL

(1) Pure properties calculation
Based on Corresponding State
Principle --- Critical Properties -
about 400 Substances are

reported.
To apply to unfamiliar molecules, prediction

of critical properties with group contribution

method is famous
Lydersen (1955)—Joback (1984)

Constantinou and Gani (1994)
Wilson and Jasperson (1996)
Marrero and Pardillo (1999)

(2) Mixture properties prediction
Fitting to small amount of VLE data, Binary
interaction parameter, mij is obtained.

Poling, Prausnitz, O’Connell, Properties of Gases and Liquids
(5 Ed.), McGraw-Hill (2001)



Joback method

TABLE 2-2 Joback Group Contributions for Critical Properties, the Normal Boiling

Point, and the Freezing Point

A
T. P, . T, Ty
Nonring increments:
—CHj,4 0.0141 —0.0012 65 23.58 —5.10
>CH, 0.0189 0 56 22.88 11.27
>CH- 0.0164 0.0020 41 21.74 12.64
>C< 0.0067 0.0043 27 18.25 46.43
=CH, 0.0113 —0.0028 56 18.18 —4.32
=CH- 0.0129 —0.0006 46 24.96 8.73
=C< 0.0117 0.0011 38 24.14 11.14
=C= 0.0026 0.0028 36 26.15 17.78
=CH 0.0027 —0.0008 46 9.20 -11.18
=(C- 0.0020 0.0016 37 27.38 64.32
Ring increments:
—CH,— 0.0100 0.0025 48 27.15 7.75
>CH- 0.0122 0.0004 38 21.78 19.88
>C< 0.0042 0.0061 27 21.32 60.15
=CH- 0.0082 0.0011 41 26.73 8.13
=C< 0.0143 0.0008 32 31.01 37.02

T.[K] :@0.584+0.9652AT (A )]

T,[K]=198+) A,

P.[MPa]=0.1x(0.113+0.0032n, - "4, )"

V,[cm*/mol] =17.5+ > A,



Critical properties prediction with
Joback method

Av. Dev. [%]

Tc (Tb:experimental) 1.7
Tc (Tb: Group contribut.) 5.9
Pc 6.1
Vc 3.0

For about 400 molecules

How much deviation will produce when we
predict properties using the Joback method ?



Tc prediction with Joback method

* Tetraglyme M.W. 222 Joback method Tc=708 K

* Oleic acid M.W. 283 Joback method: Tc=942 K

* Triolein M.W. 885 Joback method: Tc=4,019K

* PAG-1 MW. 1,082 Joback method:Tc= 8,541 K
Failed to predict properties

% As M.W. increases, big Tc value is obtained —
not for practical use.



First problem with Joback method

T.[K]=T,| 0.584-+0965% A, ~(3_4, )ZT

T,[K]=198+> A,

As Tc is proportional to Tb, too big Tc value
is obtained.

Hint to improve prediction of Tc in Joback method

T

> =0.584+0.965 A, ~(X 4, )



>T_vs. Tb/Tc in Joback method

0.9

0.584+ 0.

0.2 0.

4 0.6
3ITc

0.8 1.0

+ @ X X b 1H o

= === JobacktH [

For about 400 molecules

Except higher alcohols,
Excellent results are

alkane

loalk .
veesiane obtained
alkene
alkyne Observation
alcohol

1:0OH contribution for
higher alcohols is
neglected.

ether
carboxylic acid
ketone

ester

halognatedcompound 2. Maximal of Tb/Tc is
aromatic uiity at most

N-compound

S-compound

3. As 2Tc increaces,
Tb/Tc increases
monotonically and
apropches unity at
most.

O-compound
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Th/Tc=-1/(1.3+2Tck)*+0.93=f(2Tck)
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Second problem with Joback method: Tc vs. Tb/Tc
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Correlation for hydrocarbons
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Correlation for alcohols and carboxylic acids
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Correlation for esters and carboxylic acids
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Tb/Tc [-]

Novel method to predict Tc not using Tb directly
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Vapor pressure prediction of Oleic acid
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3.5

3.0

2.5

2.0

15

1.0

0.5

Vapor pressure of Diglyme

a
/
/
/
/
/
/'m
7
/ '/'
/'l "
-
5 e—a =
200 250 300 350 400 500 [: 600

This wrok
@ NIST antoine

== = Joback



Liquid density prediction of
Triglyme (at 1atm)

T

P

[K] [MPa ]

Zcal
[-]

Zexp
[-]

Vcal

[ g 1 [

Vexp Dcal

g/|

Dexp

]

mfz 8
[%]

273.15
278.15
283.15
288.15
293.15
298.15
303.15
313.15
323.15
333.15
343.15
353.15
363.15

0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

0.0075 0.0079
0.0074 0.0078
0.0073 0.0077
0.0072 0.0076
0.0071 0.0075
0.0070 0.0074
0.0069 0.0073
0.0068 0.0072
0.0066 0.0070
0.0065 0.0069

0.0009
0.0009
0.0010
0.0010
0.0010
0.0010
0.0010
0.0010
0.0010
0.0010

0.0010 1060.943 1003.990 5.67 liquid

0.0010 1056.801
0.0010 1052.584
0.0010 1048.300
0.0010 1043.955
0.0010 1039.557
0.0010 1035.111
0.0010 1026.091
0.0010 1016.927
0.0011 1007.644

999.230
994.480
989.740
984.980
980.230
975.480
965.970
956.440
946.890

0.0063 0.0068
0.0062 0.0066
0.0061 0.0065

0.0010
0.0010
0.0010

0.0011 998.255 937.300
0.0011 988.772 927.690
0.0011 979.199 918.020

5.76 liquid
5.84 liquid
5.92 liquid
5.99 liquid
6.05 liquid
6.11 liquid
6.22 liquid
6.32 liquid
6.42 liquid
6.50 liquid
6.58 liquid
6.66 liquid

Abs.Avg,Deviation

6.2

Data point: 13

Dev.[%] = 100x(calc.—exptl.)/exptl



CO,-Triglyme R M BfEE 313.15K

opt. mij=0.890

= E CO2+triglymeqt 313.15K x
g @ alC X
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Solubility of CO,-Diglyme at 313.15K
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Saturated density of CO,+Diglyme system
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Solubility of H, in Oleic Acid

P [MPa]
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Solubility of H, in Triolein
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Solubility of CO, in PAG-1 at 344.5K
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Prediction of Tc and Results

Digyme Triglyme Tetraglyme Oleic acid Triolein PAG-1
nf= 134 178 222 282 885 1105
: (Caroxylic (Ester) (Ether)
Tc(this work) [K] 592 652 698 acid) 943 835 910
Tc(Joback) [K] 570 636 703 8152 4019 8541
Vapor pressure better better
Lig. density at 1atm 2.8% 6.2% 9.0%
Excellent
Solubility of H, temp. Excellent
Opt. mij dependent —1.8
_1~_2
Excellent
solubility of CO; 0.900 0.890  0.845 temp. 0.6
Opt. mij dependent
-0.8
Sat. Liquid density 3.8% 6.5% 8.4%
Sat. vapor density 0.9% 1.1% 1.1%



Conclusion

* Extending the Joback correlation to a big
molecule has failed. Instead boiling point
prediction, relatinoship between Tc and
Tb/Tc depending family component seems
effective.
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Fig. Prediction of acentric factor (Red: This work, Blue: Joback)
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J731)—FHBE Tb/Tc=g(Tc)

1.[B $8HC(alkane/alkene/alkyne/diene)* T—T JLIZ—EIEMNF LY,
Th/Tc= 4.639E-07*Tc? - 6.783E-05*Tc + 0.5840 (T>=280K)
2.090F7 )AL -RIRT7IILA—IL-BIRT LY -SBRIELESY(IRIEE)
[&. Tb/Tc = 2.187E-04*Tc + 0.5213
3HILARVEREESE 7 IILO—IILIT—E T HEEZTLLY,
Th/Tc= 1.021E-06Tc? - 9.724E-04Tc + 9.197E-01(T>=400K)
A.TRT )L kIlE. Tb/Tc= 7.904E-04*Tc + 0.2407
5. 70 %\ WL Tb/Tc=2/3 =0.6667
6.HIZ7L>IE Tb/Tc=5.819E-04*Tc + 0.3056
758K ENIEE WL Tb/Tc= 3.804E-04*tc + 0.4609
8. IEFHIRENIEE ML Tb/Tc = 3.800E-04*Tc + 0.4110
9. 1L & Tb/Tc=0.60 ({R+EFRH)
10. O1E &%) Tb/Tc = 2.000E-04*Tc+ 0.5250 ({R 8 EH)
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CO,-Tetraglyme R MiAfEE 313.15K
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