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28)

For a mixture of n-octanol (1) and n-decane (2):
H= X]XZ(A +B (X] — Xz)) J/mol
where A =-12,974+51.505T and B=8782.8-34.129T with T in K.

a) Wanted: H;, H,, H,,and H,.

Pure n-octanol enthalpy (x; = 1), H, = H‘xlzl =1-0-(A+B(1-0))=0

X, =1-x; (binary)

Pure n-decane enthalpy (x, =1), H, = H‘x1=o =0-1-(A+B(0-1))=0 (ans)

We can use the following formulae for binary system: We can also use the formal definition
— H — H —  (o(nH
H1=H+x2d— (eq.1) and H, =H—x1d— (eq.2) HF((; )j

dx, dx, n; TP

Let us calculate the yet unknown H and dH/dx; for x; = 0.5 and T = 300K

At 300 K, A =-12974 + 51.505 (300) = 2477.5
B =8782.8 —34.129 (300) = -1455.9

Writing H and dH/dx; in terms of x;:
H=x,(1-x,)[A +B(x, - (1-x,)]J/mol

H=(x, -x; )[A +B(2x, - 1)] J/mol (eq.3) Differentiating this with x| also gives us :
:—H = (1-2x,)[A +B@2x, -]+ (x, = x})(2B) J/mol (eq.4)

X1
Atx, =0.5and T=300K, H=(0.5-0.5%)[2477.5-1455.9(2 -0.5—1)] J/mol = 619.38 J/mol

:—H =(1-2-0.5)[A+B(2-0.5-1)]+(0.5-0.5%)(2 - (~1455.9)) = -727.95 J/mol

1
Plugging in these values into eq.1 and eq.2, we get:

H, =H+x, M _619.38+0.5 (-727.95) J/mol = 255.4 J/mol

X (ans)
H, =H-x, M _61938-0.5 (-727.95) J/mol = 983.35 J/mol

X]

b) Wanted : Cp,,Cp,,Cp,,and Cp, .

Cp= (6Hj . So we can simply take the derivative with T of equations 3 and 4 above:
T Jp .,
Cp = (x, —x})[A+B'(2x, —1)]J/mol K (eq.5)

iﬂ= (1-2x)[A+B'2x, D]+ (x, ~x])(2B') Jmol K (eq.6)
X

where A'= d—A =51.505 and B' =d—B =-34.129
dT dT



First, calculating the pure Cp’s using eq. 5:
Pure n-octanol (x; = 1), Cp, = cp‘xfl =1-0-(A4B'(1-0)) =0

Pure n-decane (x, = 1), Cp, = cp‘XI:O ~0-1-(A4B'(0-1)) =0 (ans)

Atx; =x,=10.5and T = 300K, using eq.5 and eq.6:
Cp = (0.5—0.5%)[51.505 - 34.129(2 - 0.5 —1)] J/mol K =12.876 J/mol K
W _ (11, 0.5)[A+B'(2-0.5—1)]+ (0.5-0.5%)(2 - (-34.129)) = -17.065 J/mol K

X

Since Cp is also a molar property, we can use expression similar to eq.1 and eq.2 (replacing H with Cp):

- dc
Cp, =Cp+x, —2 =12.876 +0.5(-17.065) J/mol K =4.344 J/mol K
dx, (ans)
Cp, =Cp—x dCp =12.876-0.5-(-17.065) J/mol K =21.408 J/mol K
2 1 dX
1

¢) Drawing the process (taking 2 mol/s of stream A as a basis)

m, =2mol/s ]\Qz?
X, , =02
®_1A—> Mixer I @
T=300K e =7 >
—» |
m, =1mol/s X\ o =7
X, 5 =09

Overall material balance: m. =, +t, =(2+1)mol/s =3 mol/s
M, X, , +MuX, 5 (2mol/s)(0.2) + (1 mol/s)(0.9)

Species 1 balance: MeXic =MaXia ¥ MpXyy = Xy = i, (3 mol/s)
X, =0.433
Energy balance: A(mH) = Q + Ws = Q No shaft work in the mixer.

Q= H.—(m,H, +m,H,) (eq.7)

Calculating the enthalpies of the stream (at T =300 K and at each x;), we can use the original eq’n:
H=x:x2(A + B (x; — X)) J/mol. We calculated in part a), for 300 K: A =2477.5 and B =-1455.9.

Stream A (x;4=0.2):  Ha = (0.2)(0.8)(2477.5 — 1455.9 (0.2 — 0.8)) J/mol = 536.2 J/mol
Stream B (x; 5= 0.9):  Hg = (0.9)(0.1)(2477.5 — 1455.9 (0.9 — 0.1)) J/mol = 118.2 J/mol
Stream C (x; ¢ = 0.433): Hc = (0.433)(0.567)(2477.5 — 1455.9 (0.433 — 0.567)) J/mol = 656.0 J/mol

Plugging in values into eq.7:
Q= m.H. -(m,H, +myH;) = (3mol/s)(656 J/mol) - [(2 mol/s)(536.2 J/mol) + (1 mol/s)(118.2 J/mol)]

Q=777.8 J/s. This was calculated for 3 mol/s of output stream. So for every mol of output stream we have :

Q - M = 259.3 J/mol output (ans)

3 mol/s
Since Q > 0, heat must be added into the system.



d) Plot of H vs x;at T =300 K below. Atx; =0.5, H~ 620 J/mol.
The partial molar enthalpies can be obtained graphically by drawing a tangent line at x; = 0.5.
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e) To get the infinite dilution partial enthalpies, we draw tangent lines at x; = 0 and at x; = 1.
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Graphical solution is easier, but we can confirm these
values through calculation — not necessary in your
solution — using eqns 1 to 4 (with appropriate x;’s):

H” =H,atx, =0 or x, =1.
At T =300 K and x, = 0,using eq.3and eq.4 :
dH

—— =3930 J/mol and H=H, =0
dx,
ﬁf =H+X2d—H=3930J/m01

X

HY =H, atx, =0
AtT=300K and x, =1,

d—H =-1020 J/mol

and H=H, =0
dx,

H,=H? :H—xld—H
dx,

=1020 J/mol



