CHE 4200 - Product and Process Design
Fall 2018

MIDTERM

This is a closed book and notes examination; one 82 x 11 inch page of notes (one side

only) is allowed. Please print your name as indicated below and on the last page.

Please do NOT write your name or initials anywhere else on the exam except
those two noted locations.

Read all questions carefully; answer them concisely, neatly, and clearly. Define any

notation that you introduce. Please show your work clearly. It should be clear to Professor
Durand that you understand what you are doing. Show all work on these pages. Use the

spaces below the questions and the back of the sheets to show your work. Please use at

least 2 significant figures after the decimal point when you are solving numerical problems

<o that Professor Durand can follow your work. Point values in the left-hand margins are

based on 100 points total for the exam.

Good Luck!
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40 pts. 1. Your company has learned of a new demand for 60 MM Ib/yr of C3H;0,. You are

assessing the viability of producing this product via the following desired reaction:

CaHg + %02 — C3H,0, + HO

However, the following undesired side reaction is also known to occur:

CgHs + %OQ — C2H402 + COQ + HQO

Consider that 50 mol% of the C3Hg entering the reactor is converted to products,
with 80% of the C3 Hg that is converted to products reacting in the desired reaction,
and 20% of the C3Hg that is converted to products reacting in the undesired reaction.
Consider 330 days of operation per year and assume that the ratio of the molar flow
rate of O, f‘lltorilxg the reactor to the molar low rate of C3 Hg entering the reactor 1s

7:1. Find the flow rates, in Ib/hr, of all species entering and leaving the reactor, of all

fresh feeds to the process, and of all recycle streams (assuming that any unreacted

reactants are fully recycled).

Use the following table of molecular weights: l i ( J_b____
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Table 1: Molecular weights.
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25 pts

15 pts.

9 Consider that Raoult’s law holds for vapor-liquid equilibrium of a mixture of benzene

and toluene (i.e., the following formula holds: ¥, = z; P’*, where i = 1 corresponds
o=

{6 benzene and i = 2 corresponds to toluene, z; is the mol fraction of species 7 in

the liquid phase at vapor-liquid equilibrium, y; 1s the mol fraction of species 7 in the

vapor phase at vapor-liquid equilibrium, P?# is the vapor pressure of pure species i
at the system temperature, and £ is the system pressure). The Antoine Equation
(logio(P**) = A; — (Bi/(T+C:)), for which the parameters for benzene and toluene
are given in Table 2 below, can be considered to describe the vapor pressure of the

pure species in bar, where 7" is the system temperature in Kelvin (temperature in
% temperature 1n g/ + 273.15).

(a)

benzene and toluene if it is desired to obtain both in a pure form? Why or

why not? Justify based on a computation of th ctions of the species in

the vapor and liquid phases at the proposed flash drum operaling cc ditions.

Your answer must includ

justification that uses the computational result to make a design judgment.
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10 pts. L({.\'m\’ consider that vou would like to pump toluene at 10 C and 1.01325 bar to
20 bar. Consider that the manufacturer has provided t.hé/rquired net positive-
suction head (NPSH) as 5 ft. Is the available NPSH greater than the manu-
tacturer's value? Consider that the head increase is due only to a change In
pressure across the pump, and that the density of the toluene at the pump
inlet conditions is 48.3 1b/ft®. (Relevant conversion factors: 1 bar = 2088.95

psi)
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\\ 1)

has developed two design alternatives for obtaining a stream at 269 Fafter the
)‘(l "“\

reaction oceurs. but is having difficulty deciding which makes sense. The two

! ()'\\. “‘\'.t.‘ ‘\.“ ]l A 1_1\\ <‘H g‘oﬁi& H\ vy!] ‘\ ll | 31 | ' o}"'.’-l Hljl),]{(l ’l'\.
cooling water at 288 K after the reactor so that the t mperacture of the

reactor effluent stream at the heat exchanger outlet is at 298 K

1. Operate the reactor such that some of the reactor contents are drawn ofl
passed through a heat exchanger where the fluid on the other side of the
exch \NEer 18 hgh pressure stearn, and returned to the reactor such that
the reactor effluent stream is at 298 K

Which of these should vou tell yvoun (HH(*;!‘._{IH' to use! Provide a Y]IHIHH;'_'I

justihcation that is partially based on vour answer from Part a.
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10 pts. 4. For the following system of nonlinear algebraic equations, write the equations which
show what the guess for the next iteration of Newton’s Method will be if the initial
ouess is £; = 5 and x5 = 3. You can leave your solution in terms of an inverse

Jacobian. Please show the form of all matrices and vectors specific to this problem.
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9. What is one of the reasons that it is often good to avoid storing hazardous and toxic
chemicals? Provide a thorough and precise description.




D pts\/ﬁ. Consider a multistage compression system where a compressor is followed by a
knock-out drum, and then the stream out of the knock-out drum is fed to another
compressor. There is a missing unit in the system just described. Describe the

missing unit and its purpose.
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5 pts. L?./C-onsider that you would like to remove HCI, present at very low concentrations.

{rom a stream containing large quantities of hydrocarbons. Would it likely be prefer-
able to use distillation to remove the HC! from this mixture, or to use absorption

with water? Support your answer with two reasons that are thoroughly and
rately explained.

ACCU-~

Consider that at 1 atm. the hydrocarbons all have boiling points above 100 F.,
whereas the boiling point for HCl is -121 F
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