Lecture 4

BINARY PHASE DIAGRAMS AND RETROGRADE BEHAVIOR

Stanford University
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Binary Mixture Road Map

* Pressure-Temperature-composition diagram
 PT Diagrams
« Bubble points & dew points
 Locus of Critical Points
 Px and Tx diagrams
* Retrograde Behavior

Stanford University



PTx Diagrams
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PTx Diagrams

T

Stanford University



PTx Diagrams

Stanford University



PTx Diagrams
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PTx Diagrams
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PTx Diagrams
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PTx Diagrams
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Binary PT Diagrams
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Binary PT Diagrams
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Binary PT Diagrams

bubble-point curve T, always between
/ 0 < X1 < 1 critical temperatures of

the pure components

P. well above

critical pressures of
%\ the pure components

All mixtures are within the
envelope between the two
single component vapor-liquid
equilibrium curve

dew-point curve

2-phase
region

T

How do the bubble and dew point curves differ from single
component systems?
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Binary PT Diagrams — ethane and n-heptane

1 ()
mole L'(ia.)ng
0 4 2 06 S
o ~ i \w-: 11
8 * 2 . .Y Locus of
\ 6 26 ﬁ'-t critical points
7 70
7 \ i 1012
I/ \ 0 } 05
a4 2 \ 10 00 .
S ‘ \ Typical PT
P ds 2. diagram for
g, \ mixtures of non-
‘ y polar
, 9
/ Vi components
\ 2
0

250 0 350 400 450 500 550 6400

Temperature, K Stanford UniVCI'Sity



Binary PT Diagrams — ethane and n-octane
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Binary PT Diagrams — ethane and n-heptane
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PTx Diagrams
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PTx Diagrams
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Px Diagram
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Px Diagram
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Px Diagram
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Px Diagram
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Retrograde Behavior

cricondenbar

iIsovols

vapor

cricondentherm

Stanford University



Retrograde Behavior

¢ Cricondenbar — Max P at which gas is formed
Cricondebtherm — Max T at which liquid is formed
Isovol — lines of constant volume, so 50% would be half

gas, half liquid

/////// 5
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Retrograde Behavior
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Retrograde Behavior
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Retrograde Behavior

| [,

Retrograde condensation (inverse is vaporization) is the
formation of condensate when reducing pressure from an
Initial vapor phase

« This will not occur in single component systems

. Important consideration for petroleum production

75%vo| vapor
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Binary and Greater Mixtures

Bubble-point curve and dew-point curve do not
overlap in PT diagram

Critical point is the point where the dew-point curve
and bubble-point curve meet

Shape and position of PT diagram depends on
properties of individual components and composition
of mixture

Counter-intuitive behavior may occur (retrograde
behavior). This has consequences for reservoir
production!
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In-Class Exercise

Methane/Ethane @ 500 psi

5 moles of 50 mol% methane
mixture at -40 °F.

1. What are the bubble and
dew point temperatures for
this mixture?

2. What is the composition of
the liquid and vapor
phases?

00 3. What is the fraction of gas

and liquid?
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