Mid Term Exam ChE 473 K Fall 1997

Problem No. 1 (20 pts)

As a process engineer, you determine the following data for one of your projects:

Land cost - § 100,000 two years before start-up
Construction costs - $100,000 per year spread evenly over the two years before start-up.
A lump sum payment for a patent made one year before start-up of $500,000 is required.

After tax cash flow (including depreciation) - $ 1,000,000/ yr for the first five years of project and $
600,000 for the sixth year (final) of the project.

Determine: The present worth of the project at 20 % continuous interest.

Problem No. 2 (80 pts)

You are assigned the following project to dispose of a stream of waste acid siudge. You determine the
following information and data.

The stream amounts to 150 tens / day of 15 wt % H2S04. The other 85 wt % is mostly water, but there
is sufficient “gunk” to make the stream highly viscous at ambient temperatures. The specific gravity of
this stream is 1.1 and its heat capacity is 1.08 BTU/Ib F.

Caustic will be used to neutralize the acid stream.

A stirred-tank reactor will be used for neutralization. Because of the “gunky” nature of the acid waste,
additional agitation will be required. Laboratory tests have indicated a 10 Hp, carbon steel dual-
impeller, 50 RPM turbine mixer will be required or each 300 gallons of reactor volume. These
agitators are in addition to the normal agitation system which comes with the stirred-tank reactor.

The reactor should be sized to provide a 30 minute retention time based on total feed to the reactor.

The caustic will be delivered to the project as a 40 % NaOH solution (Sp. Gr = 1.43) in 5,000 gallon

tank trucks. Delivery is 8:00 to 5:00 weekdays only, with no night, weekend, or holiday delivery. The
caustic is to be off-loaded into a large holding tank.

The caustic is to be transferred to a reactor feed tank where it is diluted to 20 % NaOH (Sp. Gr.=1.23)
by continuous dilution with water. The dilution tank should provided 1 hour retention and be agitated.

Laboratory tests have indicated the neutralization reaction will occur more readily if the “gunky” waste
acid sludge is heated from its production temperature of 70 F to 120 F before neutralization. Waste
steam at 220 F is available, and tests on the material have indicated a heat transfer coefficient of no
more than 50 BTU/hr fi2 F. The waste acid is at a pressure sufficient to get it through the exchanger
and to the reactor without a pump,

From the reactor the effluent is to be pumped to the waste treatment area of the plant. The treatment
area is at the same elevation as the neutralization unit, but is roughly three miles away.

For the transfer of 40 % caustic from the storage to the dilution tank there are two diaphragm pumps in
storage. These are available to the project at no cost.




*  The reactor caustic feed pump(s) for feeding the 20 % caustic to the reactor should be diaphragm
pump(s) and must be purchased.

*  The process must operate round-the-clock, 330 days per year.

£

*  This neutralization unit will be an “add-on” to the existing unit and will not require site preparation
control house, etc.

*  Assume carbon steel for all pieces of equipment.
Solution:
1. Generate a flow sheet for the process showing all equipment items with names and numbers.

2. Determine the mass balance for the process showing for each stream the component flows and total
flows in 1b /hr.

3. Determine the project FCI in late 1998 dollars.
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