Imperfect Gases
Perfect gas law limited to “low” density, “high”
temperature conditions
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— later will see this is related to T4
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Usmg V|r|al State Equations

» Once we have virial equation of state, can use it to
find other relations

Example, caloric state relations
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Van dér Waal State Equation

* One of earliest corrections to ideal
gas law by Van der Waal (1873)

(p+vﬁ2j(v—8)=RT

— based on kinetic theory

- 7= 1—€+?+ pB Z—1 at high v (low p)

D Van der
wﬂ% » Match theory to experiment at
Critical critical point

Point B} A . A
/ “3 paa  —isotherm has inflection point (1
’ <_ |
d Y and 2 deriv. of p(v) are zero)
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ngher Order Virial Equations

» Van der Waal equation is a “two-constant” equation

» More accuracy with pv C, C G
. —=l+=+S+—+..
higher number of terms RT v ovioe
* Beattie-Bridgeman (1928) b
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— 5 constants RT vl VT° v RTv

 Benedict-Webb-Rubin (1940)

_7,
pV:1+1(BO_A°_ C°3]+ ]'z(b—aj+ laz, ZC 3(1+}/2)e 7z
RT v RT RT v RT v® RT V°RT v

— 8 constants, usually applied for o/ o< 2.5
— especially good for hydrocarbons
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Generallzed Compressibility Chart

] * Preferable to get
10 = oo d e drod e constants for
09 Bhe l l ifi
ee " H.e0 T,= 150 S ) R > SPecCITIC gas
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e A T,=LI0 o} Legend

- E qu .su::’gs :/ » Methane & Iso-pentanc by rEduced T

oe o O Ethylene  © n-heptane and p
a T,=100 | g~9 4 Ethane & Nitrogen

3 © Propane @ Carbon dioxide _

03 {P O nbutane ® Water - Tr_T/Tcrit

o Fit to hydrocarbon data - pr:p/pcrit

05 10 15 20 25 30 35 40 45 S50 55 60 65 10 Principle of

Reduced Pressure Corresponding States
critical point is max T and p where | and g coexist as unique phases

e e aserens *Gour-Jen Su, Ind. Eng. Chem. 38, 803 (1946) JF/MF 6705

Crltlcal Properties

Gas T, (K) p. (atm) | v, (cm*mol) Z
Air 132.41 37.25 92.4
Ar 150.72 47.99 75 0.291
*He 5.19 2.26 58 0.308
Cco 132.91 34.53 93 0.294
*H, 33.24 12.80 65 0.304
N, 126.2 33.54 90 0.291
0, 154.78 50.14 74 0.292
CO, 304.20 72.90 94 0.275
H,O 647.27 218.17 56 0.230
C,H, (acetylene) 309.5 61.6 113 0.274
C,Hg (ethane) 305.48 48.20 148 0.285
C,H, (ethylene) 283.06 50.50 124 0.270
CHy (methane) 190.17 45.8 99 0.290
C3Hs (propane) 370.01 42.1 200 0.277
*unusual low T behavior
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Fugacity
» Can define imperfect gas properties using similar
approach used for perfect gases
— based on chemical potential
 Single imperfect gas
p=p°+RTIn(f/1°)
- 1 =p°(T)
— f is fugacity (units of pressure)
— fois fugacity at standard state (= ° at f=f 9)
— for f = p get PG relation
— for all gases, f/p—1 for p—0
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Measuring Fugacity
ou

» We showed earlier VZET ﬂEﬂo+_T|n(f/fo)
torony g ORTINE) _o(inf) _
o | ap || RT
» Consider constant T process
d(In f)= —dp
RT
— subtract d(In p) o
dinf-dInp =_—dp dinp

n{z)-- 2
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Measurlng Fugacity
dln(fj (L—ijdp’
pf RT pf
* Integrate from p'=0—p (f '/p'=1—>f /p)
f/p f' eof V1
din— ————|dp’
p' jO (RT p'j P

Ini—lnlzlnisz[_i—ijdp' —I Z 1dp
P p - p’

Integral represents nonideal behavior

-flp=1 = P.G.
— get fugacity from integrating RHS w/ exper. data
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Mixtures of Imperfect Gases

+ Define partial fugacity f; by
=4’ +RTInf

— similar to single gas, f;/p;—1 for p,—»0and p—0
— similar to P.G. g4°= °(T) for pure i
- BUT f,=f(p, T, %)

» partial fugacity can depend on composition
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l\/||xtu res of Imperfect Gases
 Similar to pure gas approach

=V.=RT

— and for constant T and ;
du, =RTdIn f, =v.dp

v,
dinf,—dInp, ===dp-dInp,
RVT =P
din—==—dp-dInp-ding,
. RT 0
f o V. 1
In —L = _—I - d '
P, L( T p’} P
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I\/I xtu res of Imperfect Gases

il

» Analogous relation to single imperfect gas

— but must now measure partial molar volume for
many compositions at each (T,p)
« |f interactions between components are not too
strong (e.g., p not too high), can assume ideal
solution result

Lewis-Randall f =, f I« fugacity of pure i at p,T
Rule
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