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| ntroduction

* Physical properties
* Most important information to construct heat and
material balance equations

e How to deter mine ?

* Look it up —from literature
Perry’s Chemical Engineer’s Handbook
CRC Handbook
NBS Databooks
Various Databases
* Estimation
“The Properties of Gasesand Liquids’ (Newest edition)

* M easur ement




5.1 Liquid and Solid Densities

e Liquid and Solids = Incompressible

* Changesin T or P doesnot cause significant changes
In liquid and solid densities

* Seeappendix B.1for sciid and liquid densities
e Additivity :

* Propertiesof a mixture can be assumed asthe
following formula (assumption)




5.2 ldeal Gases

Densities of gases - Sendsitiveto T and P
P-V-T relation > Equation of State (EOS)

deal Gas L aw for Single Component
* PV =nRT
_aw for mixtures

Mole Fraction
= Volume Fraction
= Partial Pressure Fraction




Standard conditions

e Standard conditions can be conveniently
used calculatethe PVT relations at the
other condition. EEED

PV. nT

S'S

AVAS NS
0.022415m3 | 1 mol

22.415 liters | 1 mol
359.05 ft3 1 Ib=-mol




5.3 Real Gases

e Atlow T and high P
* |deal gaslaw - poor description of PVT behavior

* Approachesfor real gases
* Virial EOS-BWR EOS

* CubicEOS
Van der WaalsEOS
Redlich-Kwong EOS
Soave-Redlich-Kwong EOS
Peng-Robinson EOS

e Compressibility factor EOS—based on CSP
(Corresponding State Principles)




Virial Equation of State

* Virial Equation of State

~

ﬂ:1+ B(:I')

C(T) Thethird Virial coefficient

+
RT V?

The second Virial coefficient

* Benedict-Webb-Rubin (BWR) EOS

ﬂ:1+ B(:I') + CET) + DA(T) 4 EET)
RT V VA AR A

* Characteristics
*High accuracy
*Cumbersome (Many parameters (8))
*The meaning is not very clear for mixtures




Cubic Equation of State

e Soave modification of Redlich-Kwong
EOS (SRK —EQYS)

* Molecular parameters
Tc — Critical Temperature
Pc — Critical Pressure
w — Pitzer accentric factor

b =0.08664 alk

c

m= 0.48509+1.55171w— 0.15613w°

o=+ ma—JTIm)f




Cubic Equations of State

 Explicit EOS: V =V (P,T)
e Implicit EOS: P=P (V,T)
* Numerical methods arerequired to solve
iImplicit EOSfor given Pand T.
Newton — Raphson Method

Secant M ethod

Wegstein M ethod.
— See appendix A.2




Estimation of Compressibility Factors
- The Law of Corresponding States

* Generalized compressibility chart
e Z=Z(Tr,Pr)
* Procedure

* Look up Tcand Pc

e If helium or Hydrogen (Newton’s correction)
Tc (adjusted) =Tc+ 8K
Pc (adjusted) = Pc + 8atm

e Tr=T/Tc, Pr =P/Pc, Vr =V/VcC

* Usecompressibility chart




Real Gas Mixtures: Kay's Rule

For mixtures, use SRK using “mixing rules
Simple approximation : Kay’s Rule

PV =z nRT
PV =2z RT

Pseudocritical constants of the mixture
Te=Yalea T Yol + Yolo +--

P, = YaPa t Yo P + Yo Py + -
Pseudoreduced Pand T: T'r=T/T'c, Pr=P/Pc
Use compressibility chart to get mean compressibility factor for
the mixture




