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Abstract

The objective of this work is to cdculae criticd and phase equilibrium
properties usng equdions of dae with mixing rules. The god is to determine
whether such equations of date modds can both quditativdy and quantitatively
predict the complex types of phase behaviour found in red sysem. The van der
Wads, Guggenhem and Heilig-Franck eguations are combined with the ven der
Wads one-flud mixing rue and used to cdculae phase eguilibria of binary and
ternary mixtures. Equations of sate and mixing rules are aso reviewed.

The unlike interaction parameters for binary mixtures of ammonia + n-dkane,
anmonia + gmple geses, hdium + nonpolar gases and water + noble gases are
obtained by comparing experimentd criticd data with cdculaions usng the van der
Wads, Guggenhem and Helig-Franck equations of dae  These interaction
parameters and equations of date are used to predict binoda curves for helium + non-
polar gas and water + noble gases mixtures. The predicted binodd curves are
compared with experimentd daa for a wide range of pressure, temperature and
compogtion. Good agreement between theory and experiment is obtaned for the
isobaric  temperaturecompodtion  phase  behavior and  isothemd — pressure
compasition phenomena

The citical propeties of the carbon dioxide + ethylene + hdium ternary
mixture and the phase behaviour of the waer + benzene + carbon dioxide ternary
mixture are cadculated and compared with experimentd results. The purpose of the
andyss is to illudrate how the cdculation of ternary critica trandtions and phese
behaviour can provide an indght into the generd fluid phese behaviour of
multicomponent mixtures. The cdculations ae in quditaive agreement with
avalable experimentd reaults Theoretical ternary mixtures o equad Sze compaonents
are dudied.

There is condderable interest in the prediction of phase equilibria of ternary
and multicomponent mixtures. This research just presents a window on the phase
behaviour of tenary and multicomponent fluids. The chdlenge for the future is to
improve our &bility to predict the phase behaviour of ternary and multicomponent
fluid and the most important is to accurately modd multicomponent fluids.
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NOTATION

Abbreviations

APACT asociated perturbed anisotropic chain theory

BWR Benedict-Webb-Rubin

CPA cubic plus asocidion

a gesliouid

GF-D generdised Hory-dimer

HCB hard convex body

HSE hard gphere expansion

HTA high temperature gpproximetion

Il liouid liquid

liv liquid liguid vapour

LCEP lower critica end point
LJSAFT Lennard-Jones datistica associating fluid theory
MHV1 modified Huron-Vidd first order
MHV2 modified HuronVida second order
PACT perturbed anisotropic chain theory
PHCT perturbed hard chain theory

PR Peng-Robinson

PVT pressure volume temperature

RK RedlichKwong

RKJZ RedlichKwong-Joffe-Zudkevitch
RPA random phase gpproximeation
SAFT datigticd assodiating fluid theory

SAFT-HS  datidicd associating fluid theory - hard sphere
SAFT-VR  datidica associating fluid theory - varidble range
SPHCT samplified perturbed hard chain theory

SRK Soave-Redlich-Kwong

SSAFT amplified satistica Associating fluid theory
STPT-D smplified thermodynamic perturbation theory dimer
TPT thermodynamic perturbetion theory

TPT-D1 thermodynamic perturbation theory dimer 1



TPT-D2
TPT1
TPT2
UCEP
VLE
WCA

thermodynamic perturbation theory dimer 2
first-order thermodynamic perturbation theory
second-order thermodynamic perturbation theory
upper criticad end point

vapour liquid equilibrium
Weeks-Chandler-Andersen

WCA -L L-GH Weeks-Chandler-Andersen L ee-Levesque Grundke-Henderson

Latin Alphabet

o o > o

>

- 82 g Tz Z2 >

Py

equation of state parameter

Helmholtz function

equation of state parameter

equation of state parameter; 1/3 the number of externa degrees of
freedom

equation of state constant

conformal parameter, free energy

conformal parameter; interaction energy between molecules
Gibls function

gte-gte corrdation function

redid digtribution function

conforma parameter
Boltzmann congtant; equation of ate congtant

interaction parameter

number of segments; number of monomers
number of moles

number of molecules

Avogadro's number

pressure

reduced pressure

number of externd segments per molecule
intermolecular distance; the number of segmentsin amolecule

Universd gas congant; 1/4p multiple of the mean curvature integrd



S shortest surface-to-surface distance between two molecules; number of

segments per molecule
S surfece aress
T temperature
T reduced temperature
u intermolecular potentia
u(r) potentid energy
Y reduced volume
vV, reduced volume
\Y volume
V; freevolume
W (es defined in 4.20)
X mole fraction
X (asdefined in 4.21)
Y eguation of state parameter
Y parameter of SPHCT equation of sate; (as defined in 4.22)
Z compressibility

Greek Alphabet

a non-sphericity parameter
equation of state parameter
e energy of interaction; depth parameter of attractive well
z interaction parameter; reduced density
h packing fraction
o} characteridic of the equation of state
I equation of sate parameter, width of well
m chemica potentid
X interaction parameter
p 3.14159
r number dengty

S distance of interaction between molecules



numerical congant

characterigtic of the equation of Sate
pair potential

acentric factor; orientation of molecule
length of the thermd de Broglie wave

summation

Subscripts and Superscripts

N B O

*

ani

BH

cb
chan
dpde
disp

ij

HC

hBH
HD
Hs
HS

successive derivative, different phase
successve derivative, different phase

denotes component; reference system

denotes component; first-order term of perturbation theory
denotes component; second-order term of perturbation theory
configurational property; perfect gas contribution
anisotropic

associgtion

atractive

Barker-Henderson

critical property

combinational property

chain term

dpde-dipole term

digperson

universal condants

equivaent substitute property

hard chain

herd convex bodies

hybrid Barker-Henderson

hard dimer

hard sphere

hard sphere



HTA high temperature gpproximetion

i ith component

ideal ided gas

j jth component

LJ Lennard-Jones

m mixture

mf long-range digpersion forces
mono monomer-monomer term

p perturbetion

r rotationd mation of amolecule; number of segment per molecule
rep repulsve

RPA random phase gpproximation
res resdud

R repulsve

&g segment

SW squarewdl|

% vibrationd motion of amolecule

VDW van der Wads



