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The generalized second —virial — coefficient correlation forms
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6.7 GENERALIZED PROPERTY
CORRELATION FOR GASES
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substitue int o Eqs.(6.46) and (6.48):
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Figure 6.5: The Lee/Kesler correlation for (H¥)"/RT, as a function of Ty and P
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HR and SR with ideal-gas heat capacities

For a change from state 1 to 2:
7 7
Hy=HE+ [CEdT+HY  H =HF+[CEdT +H]
0 0

The enthalpy change for the process, AH = H, — H,
r
AH = jc;fdﬂHf —HF .(691)

n
7, P
Similarly, AS = [ CEdT~Rin FZ+SZR —SF...(692)
5 1
Alternative form
AH =(CF) (T,=T)+H} —HI ...(6.93)

AS:<C;§'>SIn%—RIn%+Sf—S," ...(6.94)
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« Step 1->119: A hypothetical process that transforms a real
gas into an ideal gas at T, and P,.

H —H, =—H} St~ 8, =-S~
+ Step 119 »29: Changes in the ideal-gas state from (T,,P,)
to (T,,P,). .
AH* = HE —H}* = [ CEdT ...(6.95)
7

72
AS' = S g =‘[C,’}’d—T—R]n£...(6.96)
o T A

+ Step 219 —2: Another hypothetical process that transform
the ideal gas back into a real gas at T, and P,.

R R
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Ex. 6.9
Estimate V, U, H and S for 1-butane vapor at 200°C, 70 bar
if Hand S are set equal to zero for saturated liquid at 0°C.
Assume: T,=420.0 K, P,=40.43 bar, T,=266.9 K, ®=0.191
C,9/R=1.967+31.630x10-3T-9.837x10-T2  (T/K)

Solution

T,:M:l.lﬂ P,:l:l.ﬁl

420.0 40.43
Eq.(3.57) and Table E.3 and E.4;

Z=7"+wZ =0.485+0.191(0.142) = 0.512

y = ZBT _0S12B3.19)(473.15) _»eg¢ ol
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Figure 6.7: Calculational path for Ex. 6.9



Vaporization of saturated liquid 1-butane at 0°C
In P = A—E ...(6.75)
T
* The vapor pressure curve contains both
the normal boiling point; In1.0133=4 __B

266.9
.. . B
the critical pont; n4043=4-——
420.0
Whence, A=10.126 B=2,699.11

* The latent heat of vaporization, where T, =266.9/420=0.635:

AH" _ 1.092(ln P, -1.013) _ 1.092(In 40.43-1.013)
RT, 0.930-T, 0.930-0.636

n r

AH! =(9.979)8.314)266.9)= 22,137 Jmol 6

=9.979
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Transformation of saturated vapor into an ideal
gas at (T, Py).

B“:O.OSS—O;I%Z ...(3.65)
® 0 |
¢ B'=0.139- 'T“ ...(3.66)
0
st dB’ dB' a8 _ 0675 ...(6.89
FZJ’[ar, *“Tr,] e ar, ~ e O
dB' 0722
T (690)

+ T,=0.650and P, = 1.2771/40.43 = 0.0316
So, HF =(~0.0985)(8.314)(420) =
S =(-0.1063)(8.314) = -0.88 Jmol 'K
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» Step (d): Transformation from the ideal gas to real gas
state at T, and P,.
T,=1127 P, =1.731 @llleiTy o550
At the higher P; Egs.( Jand ( ) with interpolated
values from Table E.7, E.8, E.11 and E.12.

®
My 52944(0.191)(-0.713) = 2.430
RT,

9
571 =-1.566+(0.191)(~0.726) = ~1.705
= HJ =(-2.430)(8.314)(420.0) =

S¥ =(~1.705)(8.314) = ~14.18 Jmol 'K
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Changes in the ideal gas state

r

Eq.(6.95): AH" = H* — H" = [ C}dT = (C*) (T,~T))

Eq.(6.96): AS* =S¥ - S* =j;C§ﬂ—Rln£=<C;"> mL_rmL
7 T P ST P

1 1

« T,.=373.15K, T, = 364.04 K,
A=1967, B = 31.630x103, C = -9.837x10°

AHo =
AS9 =22.18 J mol K-

7
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©0=Y y0,..(697) T,=Y yT,..(698) P, => yP,...(699)

i

T P
T,=—— ...(6.100 P,=— ..(6.101
"7 (6.100) "= (6.101)

pe

These replace T, and P, for reading entries from the table of
App. E, and lead to values of Z by Eq.(3.57), and HF/RT,,
by Eq.(6.85), and SR/R by Eq.(6.86).
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Table .1; Characteristc Propesties of Pure Species a1 (Corwisls

Nekar

Estimate V, HR, and SR for an equimolar mixture of
carbon dioxide(1) and propane(2) at 450 K and 140 bar by
the Lee/Kesler correlations.

From Table B.1, co, propane
® = y,0,+ y,0, =(0.5)(0.224) +(0.5)(0.152) = 0.188
T,.=yT,+y,T,, =(0.5)(304.2)+(0.5)(369.8) =337.0 K

P

P_ =P, +y,P, =(0.5)(73.83) +(0.5)(42.48) = 58.15 bar

Whence, T,=ﬁ=l.335 P,=ﬁ=2.4
337.0 "’ 58.15
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From Table E.3 and E.4,

Z=27"+wZ'=0.697+(0.188)(0.205) = 0.736
_ ZRT _ (0.736)(83.14)(450)
P 140

From Table E.7 and E.8; with Eq.(6.85):

R 0 R !
LA Y EV I g T
RT,, RT,,

HR
2 = 1730+ (0.188)(-0.169) = —1.762
RT

pe

H* =(8.314)(337)(-1.762) = -4,937 Jmol
From Table E.11 and E.12; with Eq.(6.86):

R
% =-0.967+(0.188)(~0.330) = —1.029

End of Part 3

EN4 =196.7 cm’mol™

1styear En23KKU 1986
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S* = (8.314)(~1.029) = —8.56Jmol 'K
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