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1.

A reversible cyolio device does work, while exchanging heat with three constant
temperature reserv01rs The three reservonrs 1,2, and 3 are at temperatures of
" /000K, 300K ‘and 500K, respectively. It is known that 400 kJ of heat are
b transférrdd from reservonr 1'to the device, and the total work done by the cychc
i~-device is 100 kJ. Determme the magnitude an direction of the heat transfer with

i the other two reservoirs! (10%) . 1o ..o 0 S

A reversible and isothei'mal compressor is used to continuously compress helium
initially at 540°R and 12 atm, to a final pressure of 180 atm. Calculate the work
“‘:pér"}{{‘élé’ o;f! l?ei;{{rﬁ‘to be 1 removed from the | compressor if helium is assumed to
behave as an 1deal gas (20%) o
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A certain steel contaxmng 0.7 weight-percent carbon is in equilibrium with a
:.methane-hydrogcn gas ;mxture containing 99% hydrogen and 1% methane by
volume at 1, 173K and 1atm. Fing the actxvxty of carbon in the steel and the
equilibrium volume percentages of a carbon monoxide-carbon dioxide mixture at
equilibrium with the steel at the same conditions. Use the following data to solve
the problem and assume all gases are ideal. (20%)
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Data:
Ces, graphite) T 2 Ha) < CHy AG®=-21,600 +262T cal

COsg) + Cps, graphitey 2 COy  AG®=40,800-41.7T  cal
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1. A liquid-phase reaction A+ B — C+ D follows an elementary rate law and is
carried out isothermally in a flow system. Thc feed stream contains A and B and
the molar feed rate of B is five times that of A. The concentration of A in the feed.

stream is 0.2 Ibmol/ft® The specific reaction rate is 12 ft¥/lbmol - h. There is a

134-f* CSTR available.

(a) Determine the exit conversion of the available reactor if you were to produce 20
Ibmol/h of C. (10%)

(b) What CSTR volume would be necessary to achicve a conversion of 85% for a
molar feed rate of A of 60 Ibmol/h? (10%)

(c) Compare your results for part (b) with those of the PFR necessary to achieve 85%

conversion. (10%)

2. A catalytic reaction mechanism of A+ B - C+ D is believed to be

A+S e A4S
B+Se B-S
A4-S+B.S->C-S+D-S
C-SoC+S
D-S< D+S
where S represents the active site on the catalyst surface.

Derive a rate law assuming;:

(a) The adsorption of B is rate-limiting. (10%)
(b) The surface reaction is rate-limiting. (10%)




