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RESEARCH PROGRESS MEETING

November 4, 1948
H. P. Kramer

Column Kinetics for Recovery of Trace Materials by Cation Exchange. T. Vermeulen.

An investigation has been carried on by .the chemical engineering group in
Gilman Hall regarding the function of cation exchange columns., The study program
was initiated ﬁith the thougﬁt of analyzing the operation of water softening eguip-
ment. However, the results of the investigation are applicable to the purification
of gases and the determination and separation of tracer material. In‘eonnection
with the research the problem of regenerating the resin beds used in ion exchange
co;umns also occurred.

’ The operation of the cation éxchange column rests on the use of a granular
resin material which is able to capturé ions from a solution which is passed through
it. TFor example, imagine the resin column to be in an acid state. This is represent-
ed by the symbol H+R“; where R™ is in this case the polysulfonic radical., Suppose
that a solution containing Na® ions is placed on top of the vertical resin column.
While the sodium ions move through the resin they participate in the folloWing
reaction:

H'R™ + Na* ——— Na'rR™ + *

Sodium ions are held.fast in the resin and are replaeedvin golution by hydrogen
ions, fi‘herefore9 the concentration of the sodium ions in the solution changés as
a function of the length of the resin bed. In Fig. 1, curves are plotted of the
relative concentration of sodium ion in solution against\the length of the bed for
different values of a constant 6 equal to the difference between the time,’f, and

the ratio of £, the length of the bed, and R, the linear rate of flow of the
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solution through the column, ¢ = T - iyRo Fig. 2 shows a corresponding set of
curves for the concentration of sodium ion in the resin., For a constant T the
curvec are almost linear and have a negative slope; for constant ©, they approach
the absecissa asymptotically.

Fig. 3 shows a plot of the time-wise ion concentration in the solution
which.ultimately leaves the columno Since the origin of the time axis is taken to
be the instant at which the sclution is placed on top of the column, the concentra-
tion is zerc until the rather sharply defined front of solution moving down through
the column has reached the exit of the tube. At that time, a discontinuity is
measured on the curve since a finite concentration is detected. With the passing
of time, the concentration of the ions in solution increases until ultimately a
plateau is reached where the Foncentration is practically constant. The plateau
indicates that the resin has been saturated with sodium iog and will absorb no
more from the solution. Fig. 4 shows the corresponding plét for the concentration
of ions in the resin,

A problem which was solved in the course of the'investigation is: if the
resin column is initially saturated with a sodium solution and then the residual
éodium is washed from the resin with a solution of hydrogen ion, what is the time
required for regeneration to any desired level and how does the concentration of
the solution which is obtained from the exit of the tube vary with the time? The
answer has been caléulated analytically,

Fig. 5 shows what happens when a 5 percent Na 95 percent H solution is
followed with a 100 percent H solution. It is seen that the eoncenﬁration,of Na
continues to rise after saturation until it reaches a maximum at a later time,
After passing this maximum, the concentrafion decreases, The relative concentration

*

of sodium ion found in the ultimate solution at any time is independent of the
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absolute concentration of the ion in the solution which is placed on top of the
column initially.

The maximum of the concentration - time curve is a characteristic of
cations, it varies from one element to another depending on the reaction rates and
equilibrium ccnstants with the radical contained in the resin., This fact provides
a means for separating ions of different kinds from solution. The sepératian can
be made more complebte by increasing the length of the column.

A theory was set up which predicts The concentrations with good results,
Deviations from the theory are due to the fact that the assumption of a sharply

defined front of solution moving through the liguid is not quite borne out by

experience because of diffusion effects,

Scintillation Counters. L. Wouters.

1. Temperature Effect on Counting Rate.

The Naval Radiation Laboratory at Hunter's Point has discovered a varia-
tion in counting rate with temperature for naphthalene and anthracene crystals.
Fig. 6 shows that in the normal operating range of the apparatus a change in
temperature of ¥ 50 produces a considerable change in the counting rate, After
this report was received it was crudeiy verified here by lowering the temperature
of the apparatus by encasing it in dry ice., It was found that the count as detected
by the erystal was affected considerably whereas no change was seen when a different
eounting mechanism was used, This temperature effect unfortunately presents a
definite draw-back to the use of the crystal counter in gammamray counting,

2. Calibration Experiment

It has npow become pogsible to run the photomultiplier tubes on a voltage
of 2000 volts. Formerly, there was considerable leakage which resulted in an

extraordinarily high noise level. By prcper insulation with a cerisin coating
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the high voltage leakage was cut down and the operation improved. Only the noise
level correlated with thermionic emission remains.

It was thought that therapparatus was sufficiently perfected to attempt
at least a preliminary calibration experiment. It was decided to count n-p
sqatteringo The arrangement of the apparatus is exhibited in Fig. 7. The neutron
beam was monitored by means of a bismuth fission chamber and a B‘F3 ionization
chamber. The resolution time of the coinci@ence eircuit was .25 micro-second. A,
blank scatterer gave 3 percent coincidences whereas the solid scatterer gave 50
percent coincidences. Measurements were taken at three scatter angles and the results
agreed very well with the earlier curve established by Segré. It is hoped that if
the crystal measurements continue to be consistent with Segré's results, his curve
m?y Ee extended to the region of small scaitering angles where the small angle
subtended by the crystal permits exact measurement. In this connection it was
suggested that the angle which the crystai subtends might even be decreased further
if it is placed so that its edge receives the beam.

3. Tests and Improvements.

Fig. 8 shows the counting rate plateau for a single tube. It is seen that
the counting rate is constant in the interval between 1 kv, and 1.5 kv, The height
of the proton pulse is five times as great as the height of the'Y'pulseo

Progress is reported on the standard counters which are being built. It
ig contemplated that the FU tubes will be equipped with ellipsoidal reflectors.
Anothef méans of improving the performance which will be investigated is placing
two PM tubes on opposite sides of the crystal in a direction perpendicular to the
bean.,

Some experiments were carried out with transtilbine. It was found that

the response time is less than that of the P tubes. For this reason it would be
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desirable to obtain tubes with larger electrodes since space charge limits the
rosponse of the present tubes. Present knowledge of transtilbine indicates that

it produces twice as large a pulse as a crystal of anthracene of the same clarity.

Investigation of the Scattering of a Neutron Beam on a Carbon Target in the Cloud

Chamber. Wilson Powell.

The apparatus is shown in Fig. 10. The neutron beam was scattered in .1
inch of carbon. A 1/4" glass shield served to discriminate between protons and
deuterons since a deuteron must possess an energy of at least 50 Mev., to pass
through the glass whereas a proton of only 40 Mev. can penetrate the shield. The
charged particles were subjected to a 21,700 gauss magnetic field and their radii
of curvature wére measured.

The results which have been obtained to this time are very incomplete,
Indications are that some interesting data will be found. In particular 15 protons
were counted with a "continuoug" distribution of energies, 14 deuterons were seel.,
Two of these had energies of 72 Mev and 70 Mev., each whereas the rest had energies

below 40 Mev., Alpha particles were counted with energies of 110, 100 and 50 Mev.
|

The Energy Spechtrum of Delayed Neutrons from 0170 Evans Hayward.

The energy distribution of delayed neutrons emitted in the process
E@lg&gla olZinaol61 was determined by measuring the range and scattering angle
of the knock-on protons in a hydrogen-filled cloud chamber.

A target of LiF had been exposed to the 195 Mev deuteron beam of the 184"
cyclotron. The neutrons which were subsequently emitted by this target passed
through the cloud chamber where they produced scattered protonso. Only proton
paths with inclination of less than 30° to the incident neutron beam were considered.

The neutron energy was determined by means of the formula

Er: EB_
Cos®e
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where 6 is the scatter angle and Ep is the proton energy. About 400 tracks were
measured.

The experimental arrangement is shown in Fig. 1l1. Fig. 12 demonstrates
the results in a plot of intensity against energy. Corrections have been made for
the change in scattering cross sect}on with energy.‘

A detailed account of the experiment is found in "The Energy Spectrum of

the Delayed Neutrons from 017"} Bvans Hayward, October 19, 1948 UCRL 195.

/
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