Chapter 4 Global Phase Diagrams

Global phase diagrams provide a systematic tool to investigate the phase behaviour of
simple as well as complex mixtures. In the early years the method was applied to
simple binary fluids mixtures (van Konynenburg and Scott, 1980; Deiters and Pegg,
1989; Kraska and Deiters, 1991; Y elash and Kraska, 1998; Kolafa et al., 1998; Lamm
and Hall, 2001) , whereas recent development focuses on complex systems such as
polar substances, ionic systems, polymer solutions or blends (Kraska, 1996; Y elash

and Kraska, 1999; Kolafa et al., 1999; Imre et a., 1999; Polishuk et a., 2000, 2002).

To generate a global phase diagram reduced differences of the molecular parameters
of the mixture are plotted against each other. The boundaries between the different
types of phase behaviour can be obtained by calculating high order thermodynamic
states which represent transition states between different types of phase behaviour. As
a result one obtains a map which provides an overview of the phase behaviour within
the validity of a molecular model. Full continuity of the molecular parameters is
possible only in theoretical work. In the experimental approach only a series of
discrete systems can be investigated. This limitation can be overcome by using in
multi-component mixtures binaries as pseudo pure substances which alow the
effective variation of a molecular property with mole fraction of the pseudo-pure

substances.

There are two main areas in which progress has been made in recent years. The
topological investigation of the complete globa phase diagram is necessary for its

basic understanding and the investigation of the properties of a certain molecular
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model. Another direction is the application of the method for the understanding of
selected phenomena in the science of phase equilibria, which are located in a limited

region in the global phase diagram.

4.1 Classfication of Description of Phase Behaviour of Binary
Mixtures

As discussed in the Chapter 2 (Figure 2.3), nine general types of phase behaviour
were found. Seven types (types | ® VI , and VIII) of binary mixtures are encountered
experimentally, whereas the other two types (Vm and VII) were reported from
equations of state calculations (Kraska and Deiters, 1991; Yelash and Kraska, 1998;
Wang et a., 2000; Lamm and Hall, 2001). There are various sub-classes of the main
type of phase behaviour, depending on the positions of the main critical locus

(Rowlinson and Swinton, 1982). We will discuss these sub-classes here.

4.1.1 Typel Phase Behaviour

The smplest possible behaviour is type | phase behaviour which is shown in Figure
4.1 (Rowlinson and Swinton, 1982). Typical examples are mainly mixtures of non
dipolar molecules such as carbon dioxide + oxygen (Muirbrook and Prausnitz, 1965),
methane + ethane (Wichterle and Kobayashi, 1972), methane + nitrogen (Stryjek et
al., 1974) and argon + krypton (Schouten et a., 1975), and a few examples of type |
behaviour are known containing polar substances such as sulphur dioxide +

chloromethane and hydrogen chloride + dimethylether (Prausnitz et a., 1999).
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Type | mixtures can be conveniently subdivided into five types by considering the
shape of the critical curve, and into two types by azeotropy (azeotropy is shown in
4.2.1). Figure 4.1 represents these possible type | critical phase behaviours in p-T

projection.

Mixture of curve (a) (type la) is convex upwards and frequently exhibits a maximum
in the (p, T) projection extremely common among type | systems and occur whenever
there are moderately large differences between the critical temperatures or volumes of
the pure components. Examples of type L, mixtures are obtained by combining n-
hexane with n-heptane, noctane, ndecane, ntridecane or ntetradecane (Rowlinson
and Swinton, 1982). Furthermore, mixtures of simple molecules aso frequently
correspond to curve (@) behaviour of type I, such as argon + methane, argon +

krypton and krypton + methane (Schouten et d., 1975).

Mixtures approximating to curve (3) (type Ig), where the critical locus is amost linear
in the (p, T) projection, are usually formed from substances with very similar critical
properties. Typical examples of type k are carbon dioxide + nitrous oxide and

benzene + toluene (Rowlinson and Swinton, 1982).

The critical curve of type I, (curve ? in Figure 4.1) concaves upwards and may exhibit
minimum in the pT projection. Such behaviour is found for binary mixtures of a
polar with a non-polar substance, and for some mixtures of aromatic hydrocarbons
with aiphatic or aicyclic hydrocarbons such as propane + hydrogen sulphide and

methanol + benzene (Rowlinson and Swinton, 1982).
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Figure 4.1 Five possible shapes critical curve (solid lines) of type I mixtures. Critical equilibria
of binary mixtures (—), the critical points of the pour components (C), and the vapour pressure

curves (1, 2——-) areillustrated.

Fig 4.2 Two critical curves of type | which form a positive critical azeotrope (a) and a negative

critical azeotrope (b). Both positive and negative azeotropic lines (....) areillustrated.

The critical curves of type Iq (curve d in Figure 4.1) which extends through a
temperature minimum, is observed for several mixtures and is usually associated with
the occurrence of a positive azeotrope extending up to the critical line in Figure

(4.28). The azeotropic line is given n the later. Typical examples are acetone + n
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pentane, + nhexane and + n-heptane, water + 1-propanol and carbon dioxide + ethane

(Rowlinson and Swinton, 1982).

The critical curve of type le (curve e in Figure 4.1) extends through a temperature
maximum before bending back to the critical point of the more volatile component
and is also associated with the occurrence of a negative azeotrope extending up to the
critical line in Fig. (4.2b). This means that there is partial phase immiscibility over a
certain range of concentration, which immiscibility is occurring at temperatures
higher than the critical temperature of both pure components. By common definition
the substances in this region should thus be considered to be in the gaseous state and
phase behaviour such as this is one example of so-called “gas-gas immiscibility”. The
binary mixtures cycloheptane + tetraethylsilane (Hicks and Young, 1975) is an
example of type le. Both type 14 and type le also are called type |A phase behaviour in
which the azeotropic line is tangential to the projection of the critical locus but does

not meet it at the temperature minimum in the globa phase diagram.

4.1.2 Typell Phase Behaviour

Type Il mixtures are characterized by the presence of liquid-liquid immiscibility at
temperatures below the vapour-liquid critical temperature of the more volatile
component. In addition, there is a continuous vapour-liquid curve which links the
vapour -liquid critical points of component 1 and component 2. The extra liquid-liquid
line extends down with either positive or negative slopes to low pressure, and
terminates at an upper critica end point (UCEP). A three-phase line (LLV) extends

from the UCEP to lower pressures and temperatures. There are three common
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variations of type Il phase behaviour as illustrated in Figure 4.3a. The distinction
between these types depends on the shape of the LL lines (types ll4-115). Typica
examples of type Il are water + phenol (Roth, et a., 1966), CO, + n-CgHis (van
Konynenburg and Scott, 1980) and acetic acid + triethylamine (Rowlinson and

Swinton, 1982).

There is only one possible azeotropic behaviour of type I, which is positive
azeotropic behaviour, it is called type IIA in Figure 4.3b. Positive azeotropy is aways
limited azeotropy because the azeotropic line must disappear at low pressures at upper
critical end point where it is tangent to a three-phase line LLV. An experimental
example with positive azeotropy giving a type I1A phase diagram is the mixture CO;

+ GHe.

Figure 4.3. Type Il and type IIA phase behaviour. UCEP is upper critical end point, three phase
line liquid-liquid-vapour (— — ——) isillustrated.
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4.1.3 Typelll Phase Behaviour

Type Il mixtures have two distinct critical curves. One critical curve starts from the
critical point of the pure component with the higher critical temperature and extends
to high pressure. The other critical curve starts from the critical point of the other
component with the lower critical temperature and extends to the UCEP on the end of

a three-phase line. Five possible kinds of type Ill behaviour are depicted in Figure

4.4(a) p T projections.

A, IHIAm IH

]

ucep~/ C,

Figure 4.4 Typelll, type 1lA and type | 1IH phase behaviour.

In the globa phase diagram, type Il kehaviour is aso divided into five sub-types
(Konynenburg and Scott, 1980, Deiters and Pegg, 1989, Yelash and Kraska, 1998).
Type llg-lle in Figure 4.4, are united to the genera type Ill phase behaviour, and
type Ill; is incorporated into type Ilim phase behaviour. The possibility of an
azeotrope allows us to identify sub-classes of type Ill behaviour. Type Il behaviour
with the addition of an azeotrope is called type Il1A, and type IIIAm have both type
1A and type IlIm behaviour. These features of type Il behaviour are illustrated in

Figure 4.4b. In Figure 4.4(c), a three-phase line LLV runs froman UCEPto p=0, T
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= 0 at lower temperatures than the one pure component vapour-pressure curves,
producing heteroazeotropic behaviour. The existence of a heteroazeotrope is signified

by classifying this mixture as type I11H.

In type Ill,, the critical curve starts from the critical point of the component with the
higher critical temperature, runs to direction of the critical point of the another
component, passes through a pressure maximum and a pressure minimum, and then
goes to very high pressure. Ethane + methanol (Brunner, 1985) is a typica type IlIm
mixture which has a pressure maximum and a pressure minimum in its critical curve

that goes to infinite pressure.

The critical curve of a type Illg mixture has a negative sope whereas in type llle
mixture, it has a positive dope without a pressure maximum and minimum in the pT
projection. That is, the critical curve in type |11z extends to lower temperature whereas
the critical curve in type Ille extends directly to higher temperature. In type Ill-
behaviour, the critical curve only has a temperature minimum without a pressure
minimum and a pressure maximum. Type Illq is aso possible, the critical curve starts
from the critical point of the component with the higher critical temperature and near

vertically rises to very high pressure.

Binary systems of helium + xenon (de Swaan Arons and Diepen, 1966), water + neon
(Mather et a., 1993) and water + helium (Sretenskga et a., 1995) are type llle
mixtures, which show gas-gas equilibria without a minimum critical temperature.
Water + argon (Tsiklis and Prokhorov, 1966; Lentz and Franck, 1969; Wu et al.,

1990), water + xenon (Franck et a., 1974), water + krypton (Mather et al., 1993) and
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ammonia + methane, argon or nitrogen (Brunner, 1988) are type I1l, mixtures. They
display “gas-gas immiscibility” in which the critical line passes through a minimum in
temperature. The helium + methane (Sinor et a., 1966; Streett, 1969) binary mixture

is an example of type Illq4 critical phase behaviour.

4.1.4 TypelV Phase Behaviour

The pT projection for type IV mixtures isillustrated in Figure 2.3 of Chapter 2 (Type
V). The critical line starting at the vapour -liquid critical point of the less volatile ends
at a lower critical end point (LCEP) where it connects to the three-phase line. The
critical locus thus changes its character continuously from vapour-liquid to liquid-
liquid and provides a clear example of the confusion that can arise from a careless use
of the words vapour and liquid in the critical region of a mixture. The three-phase line
is quite short and ends at higher temperatures and pressures at a UCEP that connects,
through a short critical line, with the vapour-liquid critical point of the more volatile
pure component. A region of liquid-liquid immiscibility at temperatures below the
vapour -liquid critical temperature of the more volatile component is aso presented in
type 1V. The systems methane + 1-hexene (Davenport et a., 1966) and carbon
dioxide + ntridecane (van der Steen, 1989) are examples of systems showing type IV

fluid phase behaviour.
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4.15 TypeV Phase Behaviour

Type V is smilar to type IV but without the liquid-liquid critical line and the three
phase line at lower temperature. An example of type V system is methane + n-hexane
(Davenport and Rowlinson, 1963). In figure 4.5, the possible kinds of type V
behaviour are shown. Type V with an azeotropic line is caled type Va phase
behaviour (Figure 4.5 b). Recently, Boshkov and Yelash (1998), Yelash and Kraska
(1998) and Wang et al. (2000), respectively, calculated another kind of type V
mixture denoted as type Vm (Figure 4.5 c¢). A feature of type Vm behaviour is the

presence of closed-loop liquid-liquid immiscibility.

Figure 4.5 TypeV, type VA and type V, phase behaviour.

4.1.6 TypeVI and VIl Phase Behaviour

Type VI phase behaviour consists of a liquid-vapour critical line connecting the two
critical points of the pure components, and a liquid-liquid immiscibility critical line
with a pressure maximum connecting both UCEP and LCEP of the same three-phase

line. Another possibility is the existence of a second liquid-liquid critical curve at high
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pressure with a pressure minimum. Type VIl phase behaviour has the same liquid-
liquid immiscibility critical line as type VI phase behaviour, but the liquid-vapour
critical line is interrupted by a three-phase line. In Figure 4.6, type VI and type VI

phase behaviour are illustrated.

Type VI phase behaviour can be found in the system water + 2-butoxyethanol
(Schneider, 1963). Type VIl phase behaviour has not been confirmed by experimental
measurements. Boshkov (1987) reported type VII phase behaviour for Lennard-Jones
mixtures of molecules of equal size. Yelash and Kraska (1998) and Wang et al. (2000)
also obtained this phase behaviour for binary mixture of molecules of equal size using

the Carnahan-Starling and Guggenhaim equations of state, respectively.

Vi VI

Figure 4.6. Type VI and type VI phase behaviour
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4.1.7 Type VIl Phase behaviour

Type VIII mixtures (Fig. 4.7) have three distinct critical curves. One critical curve
starts from the critica point of the pure component with the higher critical
temperature and extends to high pressure. The other critica curve starts from the
critical point of the other component with the low critical temperature and extends to
the UCEP on the end of a three-phase line. The third critical curve is an extra liquid-
liquid line extends down to low pressure from a very high pressure, and terminates at

an LCEP.

The location of type VIII in the globa phase diagram has not yet been exactly

determined. Van Pelt et a. (1991) reported it in the binary system of CF;+NHs.

VIl

C

Figure 4.7 Type VIl phase behaviour
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4.2 Boundaries Between Classes

The various phase diagram classes and the pT projections of typical phase diagrams
have been described in the previous section. In this section we describe the boundary

states between phase diagram classes.

4.2.1 Azeotropic Critical End Points (ACEP)

A mixture of chemicals is azeotropic if the vapour composition is identical to that of
the liquid phase. This means that the distillate of an azeotrope is theoretically identical

to the solvents from which it is distilled.

The boundary lines between I11A and I11H is the azeotropic critical end point curves
(ACEP). Deiters and Pegg (1989), Kraska and Deiters (1992) and van Pelt et al.
(1995) caculated it by vdwW, RK and SPHCT equations of state (see Chapter 3).
ACEP is the curve when the critical endpoint and a critical azeotrope coincide
(Kraska and Deiters, 1992). In I1IH behaviour, the UCEP is at a lower temperature
than one of the pure component vapour-pressure curves. In type II1A behaviour, the
UCEP is a a higher temperature than one of the pure component vapour-pressure

curves. Kraska and Deiters (1992) gave the condition of ACEP:

c c 2 ~C
jITTIi)/ :1I|TF:< :1]"sz =0, mf =ny, i=12 (4.1)

where ¢ denotes critical phase, a denotes the “auxiliary” equilibrium phase.

127



4.2.2 Tricritical Point (TCP) Line

The tricitical point (TCP) line is responsible for the distinction between the classes |
and V, or Il and IV, or VI and VII. The difference between these classes lies in the
fact that in one case the critical point G and G is connected by a critical line, but in
the other case the critical line is interrupted by a three-phase line. The transition state
would be represented by a phase diagram where the three-phase line connecting the
two critical lines in class V, IV, or VII shrinks to zero length at a tricritical point
(TCP). Figure 4.8 shows that tricritical point as transition state between class | and V.

Deiters and Pegg (1989) gave the mathematical criterion for atricritical point, it is
=G,, =G, =0 4.2

where G is the molar Gibbs energy of a mixture, and Gyt is a shorthand notation for

_&ﬂHjG 9

G..= _ 4.3
ixjT éwap ( )

| TCP Vv

T

Figure. 4.8 Tricrical point as transition state between class| and V.
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4.2.3 Double Critical End Points (DCEP)

When the critical lines of aclass IV mixture are calculated, it often turns out that there
are only two separate critical lines, rather than three. The critical line originating at
high temperature critical point passes through a pressure minimum before going to
high pressures. If the minimum lies below the three-phase line, or even at negative
pressure, the critical line becomes unstable and appears to be interrupted, thereby
producing class IV behaviour. This means that class IV is often a distorted class |1y,
The transition state between class IV and class I, or VII and Vi, or | and VI is a
phase diagram where the critical line just touches the three-phase line, and forms a
double critical end point (DCEP). Figure 4.9 illustrate the transition between type 111

and type 1V behaviour via a DCEP.

M

1 , UCEP
1
i
!
’

Figure. 4.9 Double critical end point as transition state between class Il ,and V.

At a double critical end point, there is a critical phase in equilibrium with another
(noncritical) phase, and the dopes of the critical line and the three-phase line are the

same. The mathematical criteriafor a DCEP (Deiters and Pegg, 1989) are:
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G,, = G;, =0 (criticality) (4.9

nf =m® i =212 (phase equilibrium) (4.5)

S, SS- Sh- (x°- XSS
VE V-V - (- XV

(slope criterion) (4.6)

The notation for the derivatives &, Sy, Vx and Vo is analogous to that for Gyk. These

derivatives must be calculated at constant pressure and temperature (Deiters and Pegg,

1989).

4.2.4 Critical Pressure Step Points (CPSP)

The critical pressure step point (CPSP) is a boundary state. At the CPSP, a critica
pressure maximum and a critical pressure minimum coincide and vanish. This
transition state occurs between class |11 and class Iy, or V and V.. Figure 4.10 is an

example of CPSP that is atransition state between class [11 and I11y,.

M

Figure. 4.10 critical pressure step point as transition state between class|11,and I11.
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The thermodynamic criterion of the CPSP has been derived by Boshkov and Y elash

(1998) using a bifurcation method. The thermodynamic conditions are:

GZx = GSx = G2x1T = O (47)

G, Goar - (Gsxrr)2 =0 (4.8)

4.25 Degenerated Critical Pressure Maximum or Minimum (dCPM)

The degenerated critical pressure maximum or minimum (dCPM) is another important
boundary (Y elash and Kraska, 1998). The boundary is the pathway between V and I,
or Vmand I1Im, or VII and IV, or VI and |I. A binary phase diagram with a dCPM is
plotted in Figure 4.11. The dCPM line is called upper critical saddle point (UCSP) in

the work of Kraska (1996).

Figure. 4.11 dCPM astransition state between class Il and V1.
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The conditions for this state are Eq. (4.7) andT = 0. In practice a non zero but very

small valuefor T ® 0 has been chosen (Y elash and Kraska, 1998).

426 TheVan Laar Points

The DCEP curve and the TCP curve intersect at a point, which is called van Laar
point (Meijer, 1989). For the vdW equation the van Laar point is located on the
geometric mean curve (Meijer, 1989). The geometricd mean curve in the global
phase diagram is defined as the semicircle curve which the center of the circle at point
(0.0, 1.0) of projection ? ~ ?, and the radius is 1.0. ?and ? are two parameters of
topology (van Konynenburg and Scott, 1980), and will be given in the later. Meijer et
al. (1989) have used this simplification to study the critical behaviour around the van

Laar point analytically.

According to Kraska and Deiters (1992), the double critical end point curve of the
CarnahanStarling-Redlich-Kwong equation becomes metastable, before the van Laar
point is reached. For the three-component lattice vapour (Furman et al., 1977; Furman
and Giriffiths, 1978), the double critical end point curve and the tricritical curve
merge. Van Pelt and de Loos (1992) used the SPHCT equation to do extensive
research on the structure of the critical curves in binary mixtures in the neighborhood
of the van Laar point. In this region of the globa phase diagram another important
curve can be found (van Pelt et al., 1995) the mathematical double point (MDP) curve
which lies between the curved TCP and DCEP curve in the global phase diagram. The
MDP isapoint in theV, T, x spave of a binary mixture where the critical curve is self

crossing (van Pelt et al., 1993). In the globa phase diagram The MDP curve is not a
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boundary between two types of phase behaviour. It goes through the van Laar point
(van Pelt and de Loos, 1992) and is thermodynamically stable at the van Laar point

only.

4.2.7 Double Critical End Cusp (DCEC)

The double critical end cusp (DCEC) is a cusp of the DCEP lines in the globa phase
diagram. The possible binary phase diagram of DCEC in Figure 4.12 is that a critical
line goes tangentialy to a three-phase line at the critical end point. In the loci of
DCEC, there are type V, Vi and VII in the globa phase diagram. Yelash and Kraska

(1998) gave the thermodynamic criterion of the DCEC:

D(L G ’DGX’ GZX ’GBX ’A DCEP) —
D(x?,x°,T, p,G

(4.9)

Eq. (4.9) is the general Jacobian express function. The functions of L ;, DG, and

AP in Eq. (4.9) are;

L,° G*- G°- (X - X°)G¢ (4.10)
DG, © G? - G¢ (4.11)

C c a Cc a c

A DCEP — Goar . Gr- Gr - (X' - X' )Gpyr
C c a C a c

Glep Gp - Gp - (X - X )Glxlp

(4.12)
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The symbol of ? stands for one of ?, ?, ? and ? which are four parameters of topology

(van Konynenburg and Scott, 1980) in vdW global phase diagram.

DCEC

LCEP
(DCEC)

T
Figure 4.12 The possible binary phase diagram of double critical end cusp (DCEC)

4.2.8 Critical Pressure Landing Point (CPLP)

The CPLP isacusp of the CPSP lines in the globa phase diagram. In Figure 4.13, an
example of a CPLP is shown. The top of critical line, which starts from the higher
temperature critical point is very flat. In the globa phase diagram, the locus of CPLP

has type V and V.

Boshkov and Y elash (1998) gave the thermodynamic description of the CPLP,

AT 0 APTG, - ATTG =0 413
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where ASP¥ and AS™® are the derivatives of the CPSP criterion Eq. (4.8) with

respect to composition and temperature:

A EPSP = GSXGZXZT + GSXZTG4X - 2(34xlTC53xlT (414)
A'?PSP = G4xlTGZXZT + C52x3T(34x - 2(33x2T G3X1T (415)
CPLP
E

Figure 4.13 The binary diagram of critical pressure landing point (CPLP).
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4.3 Global Phase Diagram

Globa phase diagrams are calculated using equations of state with suitable mixing
rules. The first global phase diagram was proposed by Konynenburg and Scott (1980)
using the vdW equation of state for the systematic investigation of all possible kinds
of phase diagrams in binary mixtures. It was convenient to describe the mixtures with
three new topology parameters, ?, ?, and ? (van Konynenburg and Scott, 1980), Other
authors (Deiters and Pegg, 1989; Kraska and Deiters, 1992) defined additional
topology parameter caled ?, and replaced parameter ? with symbol ?. These

parameters are dimensionless, and they are defined as:

7 = (4.16)
d22 + dll
| =L = dzzc'I 2(113““ dyy (417)
22 11
X = —Eﬂ + Eﬂ (4.18)
22 11
h — b22 B 2b12 + bll (419)

b22 + bll

Where d;; in Eq. (4.16) and Eq. (4.17) is the interaction density which is related to the

equation of state attraction parameter ;. Deiters and Pegg (1989) gave the definition

of di,
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d. =_i 4.20
1] b”b“ ( )

T = (4.21)
" 8Ry '

where by is the equation of state covolume parameter which is related to the size of

the molecules.

The global phase diagram is divided into severa different regions by boundary lines
such TCP, DCEP, AZ, dCPM, ACEP and CPSP, etc, in topology parameters ? - ?
projection. A ?-?globa phase diagram is given in Figure 4.14 for binary mixtures of

equal sized molecules.

In the Fig. 4.14, the small triangle in the top of the diagram is called the ‘shield
region’ (Furman and Griffiths, 1978). It was first discovered for a symmetrical three-
component system by Furman et a. (1977), and later modified by Furman and
Griffiths (1978) for a van der Waals binary mixture. Type IIA, Illm and IlIH are
found in this area. Type I1A has more than one liquid-liquid critical line, and the type
Il behaviour also has a extra liquid-liquid critical curve found (van Konynenburg

and Scott, 1980).

The big triangle shield-region in the middle of upper haf of the diagram in Figure
4.11 is closed by double critical end points (DCEP) curves. It was first discovered by

van Konyneneburg and Scott (1980) who found type 11, 1A and IV in this area with
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van der Waals equation of state. Yelash and Kraska (1998) examined the area with
Carnahan-Starling-van der Waals equation of state, and found closed-loop phase

behaviour of type VI and VII in this region.

I-H I-H
H-A -~ S H-A
I 1l
) 1-A .
> I I -
o DCEC®
CPLP |
Vv V
I-A
V-A V-A

)

Figure 4.14 The global phase diagram (Yelash and Kraska, 1998) of the binary CSvdW-fluid for
equal sized molecules. Double critical end point (? ) curves, Azeotropic critical end points (— ——

) curves, Tricritical point (—) curvesand critical pressure step point (———) curves areillustrated.

The diagonal lines (Figure 4.14) are boundary states of the critical azeotropy (AZ)

which separate type Il and I1A, or type | and IA. The areas of the type I11A and Il11H
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are separated by lines of azeotropic critical end points (ACEP). The dashed curves are
lines of the critical pressure step point (CPSP), which is the boundary line between
type Il and I1Im, or V and Vm. The crosses mark the van Laar points. The solid
curves going from the van Laar points into the lower half of diagram are parts of lines
of the tricritical points (TCP). The symmetric TCP line is marked with the vertical
solid line going from the lower corner of the big shield region to the top of the

diagram, and separate type Il and 1V, or type VI and VII, or type |l and V.

For the global phase diagram of equal sized molecules (x = 0), the diagram in the ? -
? projection is same both part of positive ? and part of negative ?. However,
significant changes occur for mixtures of molecules of different size. These changes

are particularly apparent in the corner of the big triangle shield-region in Figure 4.14.

If the parameter ? > 0 (xT (-1, 1)), the big triangular shield-region in Figure 4.14
moves to left, and the left corner of the kite-shaped figure is changed (van
Konynenburg and Scott, 1980; Deiters and Pegg, 1989; Kraska and Deiters, 1992; van
Pelt et al., 1995). The bigger of the value of |7, the more the triangle region will move

to left or right, and the left or the right corner of the triangle will be changed more.
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