10.213 Chemical and Biological Thermodynamics | Problem Set 7 | Problem 1 -7.15

April 17,2008

7.15 Consider a binary mixture of species a and b that obeys the Redlich-Kwong equation of state
with van der Waals mixing rules. Show that the fugacity coefficient of species a in a binary
mixture of a and b is given by

n RT b 1 a
In((pa):In{ﬁ}_ln{l_ﬂm{v—b_bRTl'S(v+b)} bRT“’[ —2f}|n[1+}

The expression for fugacity to use when a pressure-explicit EOS is given is

fiv v
RT In[& ]RTln{yiPmJ IR[ alvnbdv )

We use a reference state of an ideal mixture at low pressure so that simplifications can be made at a

later point.

The van der Waals mixing rules define the parameters anix and by, in the Redlich-Kwong equation of
state. They are

Amix=Ya a*+ 2YbYalar+Yb b (2)
aab:(aaab)l/2 (3)
bmix=Yaba+ybbb (4)

The Redlich-Kwong EOS for a mixture in terms of explicit volume V is

P= n;RT N am,xn 5)
-n.b T"VV +n;b.,)

T ~mix

Substituting Egs. 2-4 in Eq. 5,

~ (n,+n)RT  nia, +2n,n,\a,a, +n,’a,
V—(nb, +nb,) TYWV(V +(nb, +nb,))

(6)

Differentiating Eq. 6 with respect to n,,

oP j _RT nRTh,  2n,a,+2n,\/aa, N
ana TV.n, V - r]bmix (V nbmlx) Tl/zv (V + nbmix)

b.n’a_.
a mixX 7
T“ZV(V +nbmix)2 0

Substituting Eq. 7 into Eq. 1 and integrating,
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Using the approximation that b << RT/Py,., and dividing by RT:

f V —-nb,, nb, nb
RT |n{ya alow}—ln e +g _nzmix _ﬁ ©)
low low
(2n.,a, +2n \/E) V +nb,;,
~ RTATnb,, [ v
. a,,b, In [V +nbmix}
RTTbZ, Y
na,.b, na,.b,
RTVT bm,x(\/+nbm,X) - \/—bmlx[nPRT]
low

Taking the limit as our Py, = 0 and adding In P,.,, to both sides
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In{L}=—In[V_nbm‘X}+ nb, (10)
A nRT V-nb_
(2n,a, +2nb\/ﬁ) V +nb
~ RTATnb, [ Y }
a.b In {V +nbmix}
T RTVTI T2, Vv
na_. b

mix™~a

RTTh,, (V +nb,.)

\
Using — =V and factoring,
n

In {f—} —_In {L(l— D ﬂ b, (12)
A RT v v-b,
_ 2(yaaa Y v aaab) amlxba |n V+ b
RTTh . RTVThZ,
a'leba

) RT \/_bmix (V + bmix)

Now we can use the following relationship for the (y,a, +Y,+/@,8,) term:

Z(ya\/g—'— yb\/g)z
Jan = Yarla, + Yor/ay

Multiply both sides by \/a,

V aaamix = yaaa + yb V aaab (12)

Replacing the (Yy,a, + ¥,/@,8,) term with \/a @, and subtracting In(P) from both sides, we get

the expression found in the book:
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In[g?)a]:ln_ B }

| YaP
=In ﬂ}— In{l—ﬁ} b,
| Pv v | v-b.
_ a'mixba
RT \/-I—-bmix (V + bmix)

+ ! G —2aa_. |In [1+ﬁ}
RT ﬁbmix bmix a mix V

Grading scheme:

1. 1 pointfor Equation 1

2. 1 point for Equation 6

3. 2 points for Equation 7

4. 2 points for Equation 8

5. 0.5 point for using the b << RT/P approximation
6. 1 point for Equation 9

7. 1 point for Equation 11

8. 1.5 points for Equation 13

(13)
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