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1. a) Label any five items on the below sketch of an Iron Blast Furnace.

b) Describe the Kroll process for Ti using approximately 40 words, sketches and reactions.

c) What is ENDO gas and how is it formed?

2. Using the JANAF Thermochemical Tables for CO and Al2O3 data provide at the end of this exam,
find the cell potential required to produce pure liquid aluminum from cryolite saturated with pure,
solid Al2O3 at 1100 K. State all assumptions. State all assumed or known activity values.
Setup the theoretical computation first. Then make all needed data values from JANAF known.

3. Answer the following questions based on the Professional Engineers Code of Ethics:
a) What it the first ethical responsibility of a professional engineering?

b) Place the letter “Y” on the line for each item that is a fundamental canon of ethical practice and
an “N” on the line for each item that is not of ethical practice for professional engineers.
Engineers, in the fulfillment of their professional duties, shall:

True-False
c) ___

____

Follow their employer’s guidance at all times.

____

Perform services only in areas of their competence.

____

Issue public statements only in an objective and truthful manner

____

Approve judiciously any delays in regulatory obligations to preserve employee’s
positions.

____

Avoid expressing political opinions in public.

____

Act for each employer or client as faithful agents or trustees.

____

Avoid deceptive acts.

____

Conduct themselves honorably, responsibly, ethically, and lawfully so as to enhance
the honor, reputation, and usefulness of the profession.

Engineers shall not accept compensation, financial or otherwise, from more than one party
for services on the same project, or for services pertaining to the same project, unless the
circumstances are fully disclosed and agreed to by all interested parties.

d) ___

Engineers may reveal facts, data, or information without the consent of the client or
employer at their discretion.

e) ___

Engineers shall not accept commissions or allowances, directly or indirectly, from
contractors or other parties dealing with clients or employers of the engineer in connection
with work for which the engineer is responsible unless a pledge is made to remain
unaffected by such transactions.

f) ___

Engineers in salaried positions shall accept part-time engineering work only to the extent
consistent with policies of the employer and in accordance with ethical considerations.

4. Consider a stability diagram for the Co-O-S system. The condensed components present are CoS2,
Co3O4, Co, Co9S8, CoSO4, and CoO. The vertical coordinate is Log PSO2 and the horizontal
(axis) is Log PO2.
a) Sketch the diagram showing the relative position of each compound.

Log Pso2

Log Po2
b) Assuming the Co9S8 and the CoSO4 phases are in equilibrium, what is the slope of the line
between them?
c) What would be the slope of a line of constant SO2?

5. Questions on copper
a) How has the smelting of Cu evolved from the days when copper oxide was plentiful, SO2
emissions were uncontrolled (before 1070’s), and energy was very cheap (before mid
1980’s)?

b) Use the Ellingham Diagram to explain the Cu-Fe-S matte smelting process at 1200 °C.

c) What is the order of oxidation and the reason for the order.

d) Find the approximate sulfur (S2 (Liq)) activity in matte smelting at 1200 °C when Cu just
begins to oxidize to form pure Cu2O.

DATA SHEET
JANAF
Al2O3

CO

Other Information
F = 23,061 cal/(volt*equiv)
R = 1.987 cal/gmole-K = 0.08205 L*atm/K*gmole

