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Compressibility factor (z)

B
Pv
L Z=_
RT

— 7z=1 for ideal gas
— z<{1: real gas has smaller volume than ideal gas at same T&P
— z>1: real gas has larger volume than ideal gas at same T&P

Pcv

Z
© RL I N N

compressibility factor Argon 0.291 Methane 0.286

at critical point N2 0.292 Ethane 0.279
* Zc simple gase5:0.29 02 0.288 Propane 0.276
* Zeydw = 0 375 H2 0.303 Benzene 0.268
* Zepk = =(0.333 CO2 0.274 Methanol 0.221

Water 0.229 Ethanol 0.241
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N, at 200 & 400K
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circles: NIST
blue lines: van der Waals
red lines: Redlich/Kwong
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Cubic EOS

3 parameters
— a. attraction, b: size, v = acentric factor

— Soave-Redlich-Kwong
RT ax
*P= v—b v(v+b)
a = (1+ (048508 + 1.55171w — 0.15613w?)(1 — /T /T,))?

— Peng-Robinson
e P = RT _ ax
~ v-b v(v+b)+b(v—>b)

a=[1+x(1-T/T,)]?

k = 0.37464 + 1.54226w — 0.26992w?




Acentric Factor

 How much non-spherical a molecule is

« Typically zero for spherical molecules
“simple fluids”

DO |retene

Argon 0 CH;,
Xenon 0
ethane
Methane 0.012 CHe
Ethane 0.100
Propane 0.152 propane
CgHg

CO2 0.224
Water 0.345
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n-Butane Isothermal lines
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Theory of Corresponding States
N
 All fluids at the same reduced
temperature and reduced pressure have
the same compressibility factor z.

 Reduced T, P, v: ratio to critical point
values

T
OT e — P = — v = —
r Tc’ r Pc’ r V¢

* At the critical point, T, = B. =v, =1




Reduced form of EOS

-
e VdW

.p_RT _a

v—b V2
* Zygw=PV/RT=f(T,v,a,b)
. _27(RTD® , _ (RTY)
64 P, '~ 8P,
« P — 8Tr _ 32 <423)

T 3p.—-1 v,

* Now z,4,=PVv/RT=1(T, v,)




Theory of Corresponding States
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Theory of Corresponding States
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Theory of Corresponding States
$3 parameters)

* Lee-Kessler
« Modified theory of corresponding states

+ 2= f(Typ) = (T, ,, )
)t

Simple fluid Correction P,

term term 1 1 o e

* You can use generalized
compressibility chart! i

. | | > v

« (Figure 4.13&4.14) !

BGBR sNU NAOE

g‘;;.@"y Y. Lim
W\, 4L




Sl

£

20 vs P_ based on LK EOS (F4.13)
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Figure 413 Generalized compressibility factor—simple fluid term. Based on the Lee—Kesler
equation of state.

4
A



z() vs P_ based on LK EOS (F4.13)
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Figure 414 Generalized compressibility factor-correction term based on the Lee-Kesler equa-
tion of state.
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A guide to select a method of calculation
for thermodynamic properties
B

Classify the components in your process:
gases, non-polar, associating, solvating,

electrolyte.
Yes Try Peng-Robinson,
All gases, or nonpolar? / SRK. API
No
\ Yes Try NRTL, Pitzer, or Bro-
Electrolytes? mley, whichever has all
BIP’s.
l No
Try NRTL, UNIQUAC,
Any gases (e.g. NH3, NO/BIP’s all known?»YE FH, Wilson, or Van Laar,
CO2)? or P>10bars? o whichever has all BIPs.
0
Y
= Try UNIFAC. If possible,
estimate BIP’s for missing
components only.
. Yes
Any polymers? > Try SAFT, ESD.
No
\ Yes
P < 10 bars? Try Henry’s Law.
No
Try ESD, SAFT, MHV2,
Wong-Sandler.
i BIP: mean binary interaction parameters
B% SNU NAOE o P
¢V, Lim

[Elliot and Lira, “introduction to Chemical EngineeringThermodynamics”,
Prentice Hall, 1999].



EOS for Mixture

T
Mixing Rule

Amix = ZZ)’J]%J; a;; = .[a;a;(1— k;;)
mlx zyl

RK EOS
RT B a # p— RT Amix
bmlx \/_U(U + bmlx)

v—b VTv(v + b)
5
Amix = zzyzy]au: a;; = Ja;a;(1 —k;j)

a=0.42748
bmix = z Yib;
i
For component 7

_ Cl _ C,l
a; = 0.42748 ,  b; =0.08664
P P.;
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*Homework, ex4.13 has an calculation error

Fe
RT,
b = 0.08664
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