10.213 Final Exam
Friday, December 22, 2000

9am-12 pm

There are four (4) guestions on this exam. You will have 3 hours to complete .
Please put each problem in a SEPARATE blue book, for a total of 4.

Good Lack
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Problem 1 (50 points total)
A steady-stale mixing process combines three inlet streams. The flowrates, composition,
and temperatures of each of these three streams is shown in the table below,

stream Temperature WL H,80, Wi.% HzO Flowrate
(°F) acid (1bms)

Inlet A 40 30 70 0.2

Inlet B &0 10 90 0.3

Inler C 60 75 25 0.5

Thermedynamic data for H380s / Ha0 mixtures can be found on page 404 of the Smith &

Van Ness texl.

For the sole outlet stream, determine the

a) flow rate in units of kg/'s,
by weight % acid

¢} temperature if the mixing process is adiabatic
d} temperature if the mixing process has a heat removal rate of —30 Btu/s.

Problem 2 (50 points total)

A process 15 proposed where graphite would be heated to high temperature, Ty, at & high
pressure, Py, for a sufficient time for diamond to form. Once formed. the diamond
would be quickly cooled and depressured so that it does not revert to graphite,

&) Find the equation which describes/gives Py as a function of Ty when equilibrium
exiats between diamond and graphite,

b) Draw a PT diagram showing the equation found in part a. Indicate the equilibrium
pressure at OK and 1250 K. Also, show the conditions where diamend is formed by the

earth’s geology, which is Lypically around 1250 K-and 6.5 x 10° Pa.

Thermodynamic data for both phases of solid carbon appear below, You can assume the
entropy and density of both phases ave approximately independent of temperature and

pressure,
Properties Units Graphite Diamond
at 298 K and 1 bar

G Jimol L 2900

5 Jimol K 5.740 2.377
Density ke/m” 2220 3510
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Problem 3 (50 points total) Consider the following mixture of two liquids at & total of 1
Bar (that 1s in contacl with air at | Bar). The following information is available:

P (298K ) = 0.8 Bar _
Pp(298K) = 0.5 Bar |

Enthalpy of mixing at 208K = -10 KJ/mol for a 50/50 mixture by mol fraction
Excess entropy of mixing at 208K = -1 Jimol-K for a 50/50 mixture by mol fraction -

The solubility of airin A, B, or mixtures of A and B 18 small and can be ignored.
Agsume that the excess Gicbs free energy has the following form

G = (Constant)xaxs

) (10 pts) What is the excess Gibbe energy for a 50/50 mal percent mixture?

by (10 pts) What i« the total entropy change associated with mixing one moie of pure |

liguid A with one mol of pure liquid B at 298K7
¢} (10pts) Isthe equilibrium vapor pressure higher or lower than that of an ideal
<olution? Give the molecular reasoning behind the yariation in yapor pressure

based on this data.

dy (10 pts) Detarmine the value of the activit
50/50 mol % muxture,

e) (10 pts) If this mixwre s at 2981, what is the co
equilibrium with the liguid mixture that is 50 mol

y coefficienls for both A and B for this

mposition of the air in
5 A and 50 mol % B?
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Problem 4 (50 points total) A gascous isomerization reaction at | bar occurs as shown
below.

Isomer; — Isoimers

The heat of reaction (change in enthalpy) for this system is small and equals 1 KJ/mel for
Lhis reaction as written above at 298K. The entropies of both pure isomers are the same
at 298K,

The following data is glso availahls:

SE =0 Jmol-K
Cp1 =20 Vmol-X
CI:-.E = 25 JJ"I'I'IL":[-K

al (15 pis) What is the expected heat of reaction for this isomerization at 39R?
B) (15 p1s) What is the equilibrium mole fraction at 208K?
¢) (20 pts) What is the equilibrium mole fraction at 398K ?
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