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Reaction Engineering

Problem Statement

Your company has recently begun to produce crystal violet dye (CVD). The wastewater stream
from the process is a bright purple solution containing 2 x 10° M CVD. Your plant has an
environmentally friendly treatment facility for wastewater that consists of a series of outdoor
ponds. The ponds contain bacteria that metabolize CVD and similar molecules releasing CO, and
N,O. Although the process has been approved by the appropriate regulatory agencies, the
company is concerned about public perception, since the ponds will undoubtedly be bright
purple. The wastewater must be decolorized before it is sent to the ponds. Discharge to the ponds
must be between 40 and 80 °F and pH between 6 and 8 to preserve the microorganism
population. Your task is to complete a preliminary reactor design that will decolorize the
wastewater stream prior to discharge into the treatment ponds. This will require reaction kinetics
data that you must obtain experimentally.

Background

CVD is a dark powder with a molecular weight of 408 g/mole. It is a very impressive dye. CVD
in aqueous solution strongly absorbs light at 590-595 nm, allowing the use of UV/Vis
spectrophotometry to measure concentrations below about 1 x 10* M. Below this concentration,
absorbance is linear with concentration. At higher concentrations, the relationship between
absorbance and concentration is highly nonlinear. The bleaching reaction of CVD with NaOH
occurs as follows:

CysH3oN3Cl + NaOH —  CysH3oN;OH  + NaCl (1)
CVD (purple) (colorless)
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The reaction is believed to be first-order in both NaOH and CVD:
Rate = k CcypCnaon (2)
When equimolar concentrations of CVD and NaOH are used, the reaction simplifies to:
Rate = k C* 3)
The high molecular weight of CVD makes it impractical to use equimolar concentrations in the

laboratory for kinetics analysis. Instead, if we maintain a large excess of NaOH (approximately
500:1 ratio of NaOH:CVD ), the kinetics can be considered pseudo-first order. Since the reaction
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will consume less than 1% of the caustic, its concentration will be essentially constant. In this
case, the rate expression simplifies to:

Rate = k' Ccvp (4)
where k'=k Cnaon.

Equipment

The available equipment includes a UV/Vis spectrophotometer, a CSTR test rig, an electronic
balance, feed solutions of 0.1 M NaOH and 2x10° M CVD, and typical laboratory glassware.
Read the CSTR manual to familiarize yourself with the equipment. Note that the CSTR vessel
has 2 lines drawn on it to indicate 1L and 2L the vessel contains 3L when full. Additionally, note
that the CSTR unit has been modified to pump in and out of the vessel rather than depend on
siphon flow for the discharge. To run the reactor full, you must vent it to remove the air.

Objectives

e Determine the batch kinetics of the reaction using a cuvette as the reaction vessel. The
outside of the cuvette must be clean and the solution inside well mixed before placing it in
the spectrophotometer to measure absorbance (concentration) as the reaction progresses.
Confirm that the reaction is first order, and determine the value of the rate constant. What
would happen if the initial concentration of the reactants changed? What are the initial
concentrations of each species? How can this be determined accurately in the reactor?
Remember the reaction begins the instant the two reagents contact one another.

e Perform several CSTR runs at different residence times. How do the batch reaction results
compare to the CSTR performance quantitatively? Discuss. Remember that the residence
time is a function of flow rate and total reaction volume. Thus, one can vary residence time
by changing either flow or volume. You should try to minimize the amount of reagents
consumed during these runs. After changing feed flows to the CSTR, you should allow
approximately three (3) residence times for the vessel to reestablish steady state before taking
readings. Why?

o Ifyou have time, determine the activation energy for the reaction in units of kcal/mol. This
may have an impact on our desired reaction conditions and our final reactor size.

Final Report

In addition to the normally required items, your report should include a section titled Preliminary
Design that describes the design of a process for a 2000 gpd decolorizing plant. This section
should include: (1) a block process diagram, (2) a stream table indicating flows, temperatures
and pressures of all streams, (3) the size and type (CSTR, PFR, or batch) of reactor, (4) a list of
other required equipment such as pumps (you do not have to size these items), and (5) a written
description of the process in which you justify the type of reactor used.
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