1961
Problem

The Design of a Hydrogen Recovery Plant

FOREWORD

This year the solutions were devised and judged by a committee from E. I. duPont de Nemours
and Company, Incorporated, Wilmington, Delaware: C. H. Collier, chairman; E. L. Mongan; and
E. A. Ransom. The judges wrote:

The Committee of Judges found their work rewarding as well as entertaining. The following comments are offered
in the hope that the many contestants who could not receive direct recognition will find them instructive and possibly
even of some use in their future chemical engineering assignments.

We found uniform evidence of much hard work having been expended by the contestants. It was also gratifying to
observe that the entries gave strong evidence that the contestants competently read and understood necessary back-
ground articles (e.g., the Colburn-Hougen procedures for sizing partial condensers) and successfully applied the tech-
nical material to the problem at hand. Considering the advanced nature of some of this material for engineers at the
senior college level, we were agreeably surprised at the success most.contestants experienced in this area.

The judges were sharply disappointed,on the other hand, at the lack of imagination displayed by the entries as a
whole. The problem was deliberately selected (with relatively minor changes from a real process) because it offered
opportunity to display ingenuity as well as a test of the ability of the contestant to carry out a successful process de-
sign at the evaluation level of precision. For example:

1. Sizing Partial Condenser - Surprisingly, only about a third of the entries offered a treatment which took cognizance
of the central fact that the most economical choice of this condenser requires that the cooled gas exit at a relatively
low temperature (ca. 21° to 22°C.). Most papers chose 30°C. as the exit temperature, though loss of carbon tetra-
chloride becomes uneconomical at this temperature. Further, investment savings on the condenser from use of this
exit temperature are more than offset by additional investment required for other equipment, principally the
compressor. :

2. Caustic Scrubber - Although the problem statement stipulated 15% caustic solution for this scrubber, the contestants
were invited to offer alternative proposals for later consideration by their employer. A further clue was provided
in that they were asked to comment on the feasibility of using 50% caustic. Although most contestants correctly re-
jected the latter alternative, only a handful observed that even 15% is an uneconomically high concentration, and no
one suggested the use of sodium carbonate or scrubbing with water, followed by neutralization with calcium hydrox-
ide (or sale of the hydrochloric acid solution!) as further economies.

3. Purge Stream - Even if the partial condenser is operated at 21°C., there remains a substantial loss of carbon tetra-
chloride to the purge. Again, only a handful of entries suggested that further study be made of means of reducing
this loss. All of these proposed use of an adsorbent such as activated carbon for the purpose. None of the papers
suggested that the use of a refrigerated purge condenser might be practicable.

A few other errors were observed which, while found in only a minority of the entries, were encountered often
enough to warrant comment. Many contestants assumed that the compressor would operate at 100% efficiency, and a
few even assumed a motor efficiency of 100%. Some contestants recommended use of cooling coils within the ceramic
scrubbing tower but failed to suggest an economical material of construction for the coils capable of coping with this
environment or to note the difficulty with which they could be inserted. Some papers assumed operation for 24 hours
a day, 365 days a year. There was a general tendency to assume unreasonably high labor requirements, although the
judges recognize that many students have little or no background for proper choice in this area.
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Finally, most papers were too long to be submitted to an industrial process development executive and many did not
contain a suitably concise and clear summary. While excessive length can perhaps be temporized with, the judges con-

sider that a clear, factual summary is mandatory. Failure to meet this requirement was weighed heavily in selection
of the winning papers.

The first prize of $§200, the A. McLaren White Award, went to Robert L. Rettig, Oregon State
University; the second prize of $100, the A. E. Marshall Award, to Allen Clamen, McGill Univer-
sity; the third prize of $50 to Steven F. DiZio, Oregon State University; and honorable mention to
Michael G. Cape, McGill University, and Richard P. Fogaroli, Villanova University. The first-
prize-winning solution follows on page 76.
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