Homework - Chapter 10
[image: image1.jpg]4. Etching of copper, using an ammoniacal solution, is an important operation in the
manufacture of printed circuit boards. During etching, the concentration of copper
in the ammoniacal solution increases. Etching is most efficiently carried out for cop-
per concentrations between 10 and 13 weight% in the solution, while etching effi-
ciency almost vanishes at higher concentrations (15-17 weight%). In order to
maintain the etching efficiency, copper must be continuously removed from the
spent ammoniacal solution through solvent extraction. The regenerated ammoniacal
etchant can then be recycled to the etching line.

The etched printed circuit boards are washed with water to dilute the concen-
tration of the contaminants on the board surface to an acceptable level. The extrac-
tion of copper from the effluent rinse water is essential for both environmental and
economic reasons, since decontaminated water is returned to the rinse vessel.

A flowsheet of the etching process is shown in Problem 4, Figure 1.

Design a mass exchange network that will recover copper from the rinse water
and spent ammoniacal etchant. The characteristics of the rich streams are:

Rich stream 1: Vin = 0.13 Vour = 0.1 Flowrate = 0.25 kg/s
Rich stream 2: Vin = 0.06 Your = 0.02 Flowrate = 0.02 kg/s
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Problem 4, Figure 1. Flowsheet for copper etching process described in Problem 4.

Two lean streams are available. One lean stream for extracting copper is an
aliphatic hydroxyoxime (S;). It can be loaded to a copper mass fraction of 0.07.
When regenerated, it has a copper mass fraction of 0.03. The equilibrium relation-
ship between this lean stream and the two rich streams is given by:

y = 0.734 x + 0.001

where y is the rich stream copper mass fraction and x is the lean stream copper mass
fraction.

A second lean stream for extracting copper is an aromatic hydroxyomine (S,).
It can be loaded to a copper mass fraction of 0.2. When regenerated, it has a copper
mass fraction of 0.001. The equilibrium relationship between this lean stream and
the two rich streams is given by:

y=15x+0.1

where y is the rich stream copper mass fraction and x is the lean stream copper mass

fraction.

a) Draw a composition interval diagram for the rich streams and the lean streams.
Express all concentrations in units of the rich stream mass fractions.

b) Determine the maximum amount of copper that can be removed using S;. What
flow rate of S; does this correspond to?

¢) Determine the maximum amount of copper that can be removed using S,. What
flow rate of S, does this correspond to?

d) Determine the maximum amount of copper that can be removed using both S,
and S,.

e) If the cost of the aromatic stream (S,) is half the cost of the aliphatic stream (8S;),
identify the optimal ratio of the two lean streams that still recovers the maximum
amount of copper.




