ChE 372

Exam 1

Thursday, October 5, 2005

Instructions

1. Write your name at the top of each answer sheet and on the front page of the

exam questions.

2. Start each problem at the top of a new page.

3. The exam consists of three equally weighted problems.

4. Useful integrals and equations are listed beginning on page 3.

5. Return the exam questions or you will receive a grade of zero.

R = 82.06 cm3-atm/gmole-K; R = 1.987 cal/gmole-K

The van’t Hoff relation is

Problem 1
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Consider the gas-phase reaction listed below.

A +B =C

(1)

Determine the equilibrium concentrations of A, B, and C if this reaction is carried
out at 3 atm total pressure, 440 K and the reactor is fed with a 3:1 molar mixture of

A:B. There is no C initially.

AGY (keal/mol)

AHj; (kcal/mol)

A
400 °K
500 °K

400 °K
500 °K

400 °K
500 °K

4.58
14.39

23.1
29.39

23.96
44.19

—33.99
—35.48

—1.49
—2.70

—55.75
—58.29
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Problem 2
Compute the PFR volume required to achieve 95% conversion of A (x4 = 0.95) for the
following reaction.

A+B— C r = kcacg k = 8,500 cm?®/gmol-sec

The reactor is isothermal at 450 K and the pressure is constant at 2 atm. The feed
consists of A, B and an inert diluent. The molar feed rates of A and B are equal, with
N4y = 0.2 gmol/sec. The molar feed rate of the inert is twice that of A.

Problem 3

Consider the following set of reactions taking place in a 3 m? isothermal CSTR operating
at 673 K. The feed consists of coal (C) at an inlet concentration of ccp = 2 kmol/m3
and total volumetric feed rate is Q¢ = 0.01m?/min.

Coal (C) A, Preasphaltines (P) ki = 0.012 min~"
Coal (C) 2, Asphaltines (A) ko = 0.046 min~"

k
Preasphaltines (P) % Asphaltines (A) k3 = 0.02min " k_3 =0.034 min~"

-3
Asphaltines (A) 1, 0ils (0) k4 = 0.04 min~!

Develop the necessary material balances that will allow you to compute the concentra-
tions of C, A, P and O in the effluent. Organize these into a set of linear equations
(A x ¢ = cy). Put the numerical values into all the elements in the matices, A and cy.
Specify the order of components in c.



Design Equations
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Nrzns

VRc
]
Z VZJTZVR

d_T . UA(Ta — T) — Z?mns riAHR; VR
dt - VR Z?components Cj ij

Plug Flow Reactor

d(QC) Nrazns
9 5

ar  32U(T,—T)— 7" r;{AHp;
dv - szcomponents Cijj

Stirred Tank Reactor

d V Cs Nrans
% = Qijf — QC]' + Z VijTiVR

AT UA(T, = T) = X0 riAHpiVe + Q5 X7 °"""" ¢;;(H;; — H;)

I Ncomponents .
dt VR Z j Cj C Dj

Continuous Stirred Tank Reactor (constant phase)
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Useful Integrals
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Simpson’s three-eighth’s rule for numerical integration:
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Integration of N + 1 points, where N is even:
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