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|.NLF Theory (1)

= Assumption : consideration of hole’ non-randomness

Configurational partition function (€2,)

Helmholtz Free Energy(A°) derivation

Nonrandom Lattice Fluid Theory Eos

Chemical potential , Fugacity

application

 Equilibria of vapor-liquid,vapor-solid,liquid-liquid phase, and
Multiphase equilibria including UCST behaviors

* Heat of mixing non polar- non polar, non polar- polar, polar-

polar binary mixtures of simple and complex molecules
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|.NLF Theory (2)

Helmholtz Free Energy
(A)

expansion

1. Partition Function

(1) Nonrandom Lattice Fluid Model Term

In a three-dimension lattice,

Expression for

Thermodynamic properties

» The coordination number : z =10

» Unit cell volume : Vi; =9.75 cm?/mol

» Effective surface area :

2q, =(z -2)r; +2
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(2) Configurational partition function (€2,)

~ QC=ggr0ygexp(—pU ")

HNoiiHK Ny j‘}
N ! N ! 2 c
QC:{ }{ } exp(—4U ~)

(3) Connection of thermodynamic function with configurational function

> A" =-1nQ°

_ a0, ZZ(aACJ ()ZZZZ(agk,ag”}gk'Jr .........

i>] i>] k>|
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4) BA° = N,InN,—N,+N,InN, + N, InN, +...

Z
=N, 0N, + N, =()Ng I Ng = Ng =N In N, +N, ]

2. Expression of Thermodynamic properties
OAC 0A° 1 (0BA°
0 {255 -l
aNO TN aNO TN,
S SRR SR

3) HE=U +PV)uwe— 2 XU +PV) ..
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The molar configurational internal energy for mixture

- AL

=zq_M1n{1+(q_M_1jp}
2 r

zﬁaM {22998(_'+i ay g+8 j ﬂzzzzwﬂk@'aj

a, 4q, 4y i

q. Qq; a E;
X {(g/./. +&, —€&, — gjk)(q ; qM o+ . 2}
i / M i

Gy
q/( O/

+ Ey — Ep — +—£
q/(( K ) g, MH
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Comparison of calculated excess enthalpies for binary system

400
® at0.101325 MPa ( Christensen et. al. [13])
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Comparison of calculated excess enthalpies
for cyclohexane + n-hexane system with
Experimental results at 298K and different
pressures (0.10315 and 15.0 Mpa).

1400 n-Octane ( Calculated )
7 ® n-Octane ( Christensen etal. [13])
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Comparison of calculated excess enthalpies
for benzene + n-alkane system with
Experimental results at 298K and 0.10315
Mpa.
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System a b Temperature VLE error HE error

range (K) Ay/ (%)

Ap (%)
n-Hexane + n-Hexadecane 0.0106 —0.00005 ©293.15-313.15 - 23
Cyclohexane + Toluene 0.027926 —0.00004 298.15-323.15 gz 4.9
Benzene + n-Octane 0.028096 - 0.000035 298.15-348.15 1'3 1.4
Benzene + n-Hexadecane 0.040517 —0.000072 298.15-353.15 (—)'2 2.6
B;:nzene + 1-Hexene —0.082482 0.00028 298.15-323.15 23 2.9
Benzene + CCl, 0.036346 —0.0001 298.15-313.15 (3;2 2.0
CCl, + n-Hexane 0.004508 —0.00005 298.15-323.15 g; 2.5
CCl, + n-Heptane 0.018526 — 0.00004 308.15-318.15 g;. 4.4
CCl, + n-Octane 0.017960 —0.000035 308.15-318.15 gi 4.6
n-Hexane + Cyclohexane 0.021380 —0.000065 298.15-333.15 gi 6.2
n-Hexane + 1-Hexene 0.021689 —0.00006 298.15-333.15 g? 11.9
n-Hexane + 1-Hexanol —0.087932 0.000402 298.23-313.15 —0.0 53.6
n-Heptane + Diisopropyl Ether 0.021158 —0.00005 298.15-343.15 gg 1.8
Methanol + n-Butanol —0.036753 0.000133 298.15-313.15 3,’82 1.4
Methanol + Acetone —0.030973 0.00015 293.15-313.15 (S)S 15.5
Ethanol + 2-Butanone —0.008753 0.000133 298.15-328.15 4112 6.4

2.1

List of binary parameters and comparison of results with experimental data
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I1. NLF-HB Theory (1)
[ Veytsman Statistics |

[1  Donors and acceptors distribution

N N 1
[T T

LI J

[1  Probability of Hydrogen Bonding

[1  The Veytsman statistics

N N 11
U e o2 2 A

S i
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1. NLF-HB Theory (2)

» Configurational partition function (€2,)
Q= Qs Qe

= Qpys o[ Physical term ]... You et al. (1994)

= Q.5 :[Chemical term ] ... Extension of Veytsman statistics

0 The total number of donor groups of type k:  N¥4 = Z d' N.
i
O The total number of acceptor groups of type | : N'4 = Z a'iN,
|

- d : The number of Kk-type of proton donor for molecule i

= a'| : The number of |-type of proton acceptor for molecule |
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[1 The total number of hydrogen-bonded pair
N HB _ ; lz N HBkI

[1 The number of proton donors and acceptors that do not participate in the

hydrogen bonding pairs
N, = N —Z N ™y

i
N, = Nla—ZNHBkI
K

[1 Partition Function of the Veytman statistics

HB eX

r
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[1 The complete statistical formulation for the hydrogen bonding

TN exp(—AAY N

=110

k=1

HO' N HO
ki
j lN

klllN

Re =Tu /N,

P, : Probability of finding an acceptor site around donor site

[1 Expression of excess enthalpy

H = (U © + I:)V)mixture _ZXI (U Ny + Pv)pure,i
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The molar configurational internal energy for mixture
( NLF-HB)

L

ZqM 1Il|: (q_ ljp:|
2 r,

Z,BOM {2209 £, (CI,, Zj ZZ 9+ ’y j 'BZZZZ%;@M&]

i

’ f 4 e
X{(é‘/./+£k/—g/_k_8/k)(q/ q, +OM 6+i_2j

- ZM 82¢, +4¢, — 3¢, -3¢, )+ &) + &, — &) — £
M
qk (5k| — & —E; )"‘ G €y z CI' VP — 22 | Viiv
Qk q z—2 ™ C T KT )
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[ Physical Parameters |

[ Coordination number : z=10
[0 Lattice volume : V, = 9.75 cm’¥/mol

L] Pure parameters (I, &;) :
=r,+r,(T-T)+r[TIn(T,/T)+T-T,]

/K=, +& (T -T)+&[TIn(T,/T)+T-T,]

] Binary parameter (4;) :
1/2
Ei~ (8“ '8“) (1_24])
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| Hydrogen Bonding Parameters |

0 The segment number of donors and acceptors :y " =0.05

[] AdHB:UleB —TSleB

U ki Sd

alcohols —251x1003/mol | —26.5J/moal

water —15.5%10° 3/ mol —16.6J/mol

Hydrogen bonding parameters for NLF-HB EOS
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I1'l. Comparison of Excess enthalpy using NLF and

NLF-HB Theory

[] System
(1) HEXANE ----oemmmmemmmeeeeeee C6H14
(2) 1-HEXANOL  -----------o--mmmo- C6H140

[1 Purecomponent parametersfor NLF-HB EOS

Component 7/a 7/b 7/C £ £ £
n—Hexane 11.469 —-1.066E-03 7.080E-03 97.26 2.446E-02 -4.027E-02
1-Hexanol 11.572 2.470E-03 1.081E-02 106.27 3.114E-02 -1.561E-02

[1 Hydrogen bonding parametersfor NLF-HB EOS
Component U B gHe
1-Hexanol -25500 (J/mol) -26.50 (J/mol K)
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(1) HEXANE
(2) 1-HEXANOL

———————— C6H14
———————— C6H140

» TEMPERATURE = 25.00 deg C (298.15K)

ref. : BROWN [.,FOCK W.,SMITH F.
AUST.J.CHEM. 17,1106(1964).

0.241400
0.478500
0.494500
0.495100
0.495400
0.731400
0.747700
0.862900
0.875500

253.00
454.00
456.00
462.00
475.00
494.00
489.00
430.00
417.00

ref. : WANG X_.,LIU Y.,SUN X.,
THERMOCHIM.ACTA 253,51(1995).

0.096700 100.30 0.601100 499.90
0.151600 153.10 0.648300 507.80
0.201600 204.00 0.700200 504.50
0.248700 255.10 0.750700 492.50
0.308500 303.30 0.796400 472.10
0.351300 349.20 0.850300 440.50
0.396300 392.00 0.900700 394.90
0.448600 428.80 0.930300 320.40
0.500900 460.50

0.546700 484.90
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Comparison of calculated excess enthalpies (NLF : NLF-HB)
for n-hexane + 1-hexanol system with experimental results
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V. Conclusion

NLF and NLF-HB Theory is based on the extended Veytsman
statistics(1990) and You et al(1994).

The NLF-HB EOS is better agreements with experimental data than
pure physical NLF EOS for associating molecular.

The NLF-HB EOS is applied to binary mixtures of water , alcohol,
acid , and amine, etc...

Simultaneous representation method of VLE and excess enthalpy

using NLF-HB EOS is studied and applied to nonpolar + associating
components.
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