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1. RADIOISOTOPE PROCESS DEVELOPMENT

Muitiple Neutron Capture Reactions

The enrichment of the stable Catb isotope by multiple neutron capture
reactions was investigated by irradiating a sample of enriched Caltt (99%)
for 19 months at a flux of 3.2 x 1014 neutrons cm-2 sec-l in the ORR and
analyzing it by mass spectrometry. The increase of the Ca*6 content from
<0.005% to 0.012 +0.002% indicates a capture cross section for Calt of

~6 barns which is too smwall for a practical method of enriching cal6 in the
ORR. The equilibrium concentration of Ca L5 produced during a reactor irradi-
ation is undesirable when the Cah6 is used as a target for the production of
CakT, Preliminary calculations indicate that multiple neutron capture
reactions would be feasible in the neutron field produced by the explosion
of a nuclear device.

Short=Lived Fission Products

The ion-exchange separation of Bal®0 and Sr89 on 4% cross-linked Dowex 50
was investigated. The elements either were not adsorbed on the resin or
were immediately eluted from the resin without separation when the flow of
0.2 M citric acid at a pH of 6.5 was begun.

The efficacy of the 16% cross-linked resin in separating the gross fission
products was then investigated by absorbing these elements on a columm.

The rare earths were eluted with 0.2 M citric acid at a pH of 3.0 and then
the: BallO and Sr89 at a pH of 7.0. Product quality Y91 was obtained, but the
fractionation of the remainder of the rare earths and of the alkaline earths
wag unsatisfactory.

The information from these runs indicates that the alkaline earths and rare
earths should be separated prior to the ion-exchange purification. The rare
earth fraction should be processed using 4% cross-linked resin and the
alkaline earths using 12% cross-linked resin.

Recovery of Homogeneous Reactor Test Fuel

A differential extraction process was used to recover ~l1 kg of irradiated

5 from a sulfate solution comtaining a relatively high concentration of
uranium in a dilute sulfate solution. The overall recovery was 99% and the
average decontamination factor was >1 x 10UV,

A flowsheet was developed to recover U235 from a second batch which was
relatively dilute in uranium and contained ~2000 g of U235 in 450 liters of
L M HpSO4. The feed solution of 555 liters was adjusted to 3.25 M H250L
and 3.0 M HNO3 and then contacted batchwise in the differential extractor
with 76 Iiters of 50% di-amyl-amyl phosphonate. Approximately 99% of the
uranium was recovered by stripping one volume of DAAP successively with
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% volume of 1 M NHLHCO3 and £ volume of 1 M NHLHCO3. The decontamination
factor was 1 x 10 For additional decontamination this solution can be
made 3 M in HNO3 and differentially extracted with 30% TBP-Amsco.

Pulsed Mixer-Sesttler

The development of an eleven-~stage pulsed mixer-settler is complete and
tests indicate essentially 100% stage efficiency.

The pulsing in the mixer-settler is provided by a pneumatic cylinder which
is driven by a primary pneumstic cylinder. The primary cylinder pulse
frequency and stroke length are controlled by a slide valve. The driven
cylinder strokes in two directions and providss pulsations which are 1800
out of phase to two manifolds. A pulse tube from each manifold enters each
mixing chamber in such a position as to induce a vertical swirling motion
in the mixing chamber. Venting orifices are provided irn the pulse manifold
to stabilize the pressure and to assure that all the liquid is expelled
from the pulse tubes on each stroke.

Beta-Heating Calorimeter

An improved calorimeter to measure the heat produced by beta decay was
constructed and tested. In order to obtain reproducible resulits, the base
of the calorimeter was designed to achieve good heat transfer and a uniform
base temperature; the junctions between the thermopile and the copper lead
wires were relocated to prevent the thermal conductivity of these wires from
having any influence on the calorimeter behavior; and the cup which holds
the radicactive source in the calorimeter was designed for easier loading.

Using an electrical heater to simulate a radioactive source, the new calo-
rimeter was calibrated and its behavior investigated. The da*a in Table 1.1
show that the effect of the source power on the calorimeter constant is very
gmall in the range of conditions experienced. The cooling water temperature
was 10 to 110C at a flow of 3.5 liters/min.

The effect of the rate of flow of the cooling water was determined. Cali-
bratlon constants of 3.656 and 3.667 w/mv were obtained at flows of 8 and

1.15 liters/min., respectively. The small variation of the conmstant
indicates that precise corntrol of the flow is not regquired.
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Table 1.1. Calibration of Improved Beta Calorimeter

Power Thermbpile Output Calibration Constant
(w). (mv) (w/mv)

218 | 6,59k | 3.667

2k.32 6.626 3.671

18.38 5.005 3.673

18.08 4.929 3.669

12.27 3.339 3.67h

12.32 3.354 3.675

6.17 1.682 3.676

Average 3.672

Cooling water at 279C gives a calibration constant which is 1.4% lower
than that with 100C water; the calculated change is 1.56%.

The standard deviation of points from the mean is 0.0031 w/mv or 0.1% of
the constant. The 95% confidence limit of the mean is *0.0029 w/mv or
0.08%. In practice, however, the value of this constant will be affected
by changes in the water itemperature.

The precision of the measurements is limited by the instrumentation to

~0.3% for 15-w samples. The error is inversely proportional to the
sample size,

Carrier-Free Beryllium-7

To establish the feasibility of maintaining a carrier-free Bel inventory,
a 30-mil natural-lithium-metal casting was irradiated for 1.5 hr. with
270 pa-hr of 17.5 Mev protons in the 86-Inch Cyclotron. The yield was
164 me of Bel per ma-hr, which compares favorab}y with a predicted yield
of 170 me of Bel per ma-hr with 22 Mev protons.

1J. A. Martin, et al., Nucleonics 13 (3), 28 (1955).




-5

The target was processed by dissolving the lithium metal from the target
with 0.02 N HCl and carrying the BeT on an Fe(OH)3 precipitate for a total
of three prec1pitates. The Fe”' was removed by adsorption of FeClh from
12 M HC1 by IR-400, an anion exchanger, and the sclution wes b iled down
and converted to the nitrate form. The chemical yield of Bel was 39. 2%

Pzlladium-103

Palladium-103 (t1=17 d) is a valuable tracer for medical application,® since
the half- thlckneés of its 20-kev x ray is ~1 cm of tissue. A 3,0-g palladium
taréet, which had been irradiated at a neutron flux of 2.3 x 1013 neutrons
sec™l for 2.84 yr, was processed to recover the Pﬂlo and to determlne
cross section ang yield data. Major contaminants in the Pd103 vere Agl
Agllom, and T The silver activity was scavenged from the solution
by adding a silver carrier and precipitating AgCl four times in succession.
The palladium was then precipitated as the dimethylglyoxime. The 3.0 g
gle of palladium was_calculated to contain 47.5 me of patO3 ) 156 me of
Irl » and 155 mc of Agll at reactor discharge.

The observed cross section for producing PatO3 was 0.42 barns, as compared
with 4.8 barns glven in the literature. Using 0.42 barns as the cross
section, 10 mc of P4 103 could be produced by irryadiating 0.26 g of natural
palladium or S mg of 50%-enrlchpd Pal02 ror 21 days in the ORR.

2y. Pp. Harper, Semi-Annual Report to the Atomic Energy Commisgion
Sept., 1960, ACRH-14, pp. L4-9, ,
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2. CALUTRON PROCESS DEVELOFPMENT

Inhomogeneous Field Separator Project

The magnetic field produced through the use of pole pieces as initially
formed for the inhomogeneous field separator varies 0.04% from theoretical
for the shorter radisl positions. Since the field index 1s known to be a
function of magnetic gap width, the field resulting from a 1/8-inch
reduction in gap width was determined and ion orbits in such a field were
calculated and determined to exhibit no improvement.

The focal pattern which would be produced by the present field was calculated
and mapped for a source system utilizing an ion exit slit curved to coincide
with flux lines. This source configuration produces a flatter focal pattern
than that produced through the use of a straight ion exit slit and may be
preferred from the standpoint of receiver construction. However, this is

an untried source geometry and 1ts performance will need to be verified
experimentally.

Separation rums in the inhomogeneous field separator were made with
tantalum chloride charges prepaged internally. During these runs,
isotopic purity of enriched Tal®0 has been raised to 0.40%, the highest
purity available from any separator to date.

Source Studies

A comparison was made between the performance of the standard calutron
source with one ionization filament and that of a modifled source with
two ionization filaments arranged as shown schematically in Fig. 2.1
and Fig. 2.2..

In the arrangement illustrated in Fig. 2.1 both filaments were operated
simdtaneously to produce two arcs in which the electron density was
increased over that experienced in conventional operation. During four
calcium separation runs made with this source arrangement, the average
calcium ion current to the collector was 123 ma as compared with sn

average of 112 ma recorded for a standard source over a two-month operating
period. Although this system provides an increase in ion output, its
utility is decreased by increased time required for servicing and by
deterioration of the focael pattern due to electrical field distortion
resulting from the use of a segmented ilon exit slit to cover the anode.

In the arc chamber configuration indicated in Fig. 2.2 each filament can
be utilized separately or the two filaments can be used simultaneously to
increase the electrons available for ionization. Equal ion outputs can
be achieved during the use of elther filament or use of both filaments
operating simultaneocusly if arc conditions are properly adjusted. Since
double-filament arc chamber geometry provides a means of utilizing two
independently operable filaments, its use increases run time prior to

g
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failure of both filaments. This arc chamber geometry is now considered
standard for use in calcium separations.

In an attempt to minimize the quantity of neutral charge vapor erntering
the vacuum system, ar ion source was constructed as indicated in Fig. 2.3.
It was tested experimentally with calcium feed. In principle the calcium
charge vapor is directed downward through the arc toward a water-cooled
reserveoir in which condensation of calcium could occur. Jonized material
is passed through the slit system in the usual manner. Three runs were
completed with this system with each run requiring excessive heating of
the charge container to provide the expected ion output. In addition, the
process efficiency achieved during these runs was 18% as compared with
23% experienced in normsl operatirg sources. Thus, the arrangement failed
to provide the desired effect, but did tend to verifyy the concept that charge
vapors may pass through the arc region more than once prior to escaping
the region as neutrals or as ions.

Receiver Studies

A separation is planned to provide enriched BiglO and 31208 from irradi-

ated Bic99. Abundances of Bi2l0 and Bi200 in the feed are ~150 and 25 ppm
respectively. In order to perform such a separation without undue erosion

of the Bi2039 receiver pocket, a receiver was constructed as showr in Fig. 2.h.
The design features permit collection of the abundant BiZ09 in the large,
centrally located pocket while the desired Bi2lC arnd 5i208 are collected in
the smaller, shielded pockets which contain platinum foil linings. The
wanted ion beams strike on graphite, causing both graphite and bismuth to
sputter to the platinum surfaces. Bismuth is recovered irn oxide form

through ignition of the materisl collected on the platianum foils.

Values for the sputtering of graphnite by Cauo contirue to be accumulated
as the series of runs progress. Also, the quantity of Ca*0 retained on
various substances continues to be studied. Graphite, normal copper; and
single crystals of copper positioned with various lattices facing the beam
are being subjected to bombardment at current densities of 0.2 pa/cm® of
target area.

Measurements determining the sputtering ratio of graphite by 7218l ions at
38 kv and current densities of 0.14 ma/cm? were completed. Thirteen
determinations involving quantities of Tal®* ranging from 10 to 150 g were
made. The interior surface of the pocket on which the 150 g of TalOL ara
associated graphite sputtered is shown ir Photo 2.1. The number of carbon
atoms removed from the target surface by each incoming Tal 1 jop varied
from 6.77 to 7.85 and averaged 7.36. The minimum amount of Ta+%l recovered
from the target surface was 6.1 mg/cm23 the maximum 12.5 mg/cm?, and the
average 8.7 mg/cm?. These saturation values expressed in terms of percentage
of retention are plotted in Fig. 2.5 as a function of the quantity of gal 1
striking the target. These data indicate that essentially all the Talol
striking the target surface was sputtered away with the graphite.
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Ton Beam Studies

Faraday cup measuring techniques were continued to determine the retarding
potential required to prevent slow secondary ions which leave the beam region
from entering the measuring cup. The potential required was equal to the
potential height of the plasma. Correlation was observed between the ion
current reaching the cup at various tank pressures and the potential height
of the plasma as shown by a comparison of Fig. 2.6 and Fig. 2.7. In
addition, it was determined that the current resulting from the escape of
slow ions from the beam was not uniform; instead, the current is greatest
from the area associated with the center of the beam. Experimental data
supporting this observation were acquired by moving the Faraday cup in the
X - Y plane in a direction perpendicular to the path of the high energy
ions. Results are shown in Fig 2.8

Chemical Development

In preparation for the separation of molybdenum isotopes, several compounds
have been investigated to determine the one best suited for use as calutron
charge material. Chlorination of metallic molybdenum using CHCl3, CCl3CF3,
S50Clp, or CCl) produced excessive carbon deposits on the molybdenum. 3
mixture of three parts MoO3 to one part molybdenum was chlorinated in the
calutron and produced the optimum operating and separation conditions.

Methods of converting the inventory form of Ba(NO3)2 into the oxide were
investigated. Barium oxide is known to result from the strong ignition of
Ba(N03), or Ba(I03)p. Hocwever, the oxide is difficult to obtain in pure form
by this method and losses generally occur due to the corrosive action of the
fused nitrate and the popping which occurs just prior to its melting. As

an alternate approach to Ba0 formation, the nitrate was converted to the
carbonate form which was transferred into a small graphite boat and heated
to 1200°C at 2 x 10-% mm Hg. The graphite container was attacked during
this conversion process; however, essentially theoretical yields of pure

Ba0 were obtained reproducibly on six trial runs. Fach experimental run
was charged with 50 mg of the BaCO3. The resulting 38 mg of BaO was

stored in vials greased lightly at the top with Aplazon-N stopcock grease.
Since the vials did not show any increase in weight after 96 hr, the
suitability of this type of storage container is indicated. Fach vial
after being opened for T2 hr gained sufficient weight to indicate complete
conversion of Bal to BaCO3 through COx pickup.
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3. RADIOACTIVE SOURCE DEVELOPMENT

Precipitation of Cesium Tetraphenyl Boron

In the January report satisfactory conditions for the precipitation of
cesium as CsB¢) on an Si0p slurry were reported. However, unless vigorous
stirring was used, the 240-mesh SiOs (with fines removed) tended to settle
to the bottom of the precipitator. Therefore, a study was begun to find
the particle size range of SiOp which would give a good filtration rate but
would not require such vigorous stirring.

The 240-mesh silica, as obtained from the supplier, was washed so as to
remove only the particles of colloidal size. After the silica was dried,

it was screened to remove particles larger than 250-mesh. The filtration
rate of the precipitate obtained from the screened fraction is better

than that obtained with larger particle sizes. The CsB¢) precipitate

formed around the smell silica particles, and a more uniform mixture resulted.

An operating procedure was prepared from preliminary procedures written.
Using this operating procedure at FPDL, a 4900-curie Cst3T precipitation
was made. The solution was 0.5 M in NaCl and 0.2 N in acetic acid. The
precipitation and digestion were carried out for 20 min at 829C. The
solution was cooled to 30°C and filtered through two filters in series.
The first filter, which leaked, was about one-third full and the second
filter was nearly full. The top part of the precipitate in both filters
was light CsBgy,.

After calcinating, the powder weighed 2%% g compared with a calculated
315 g. Only a very small amount of Csl3( has been found in the furnace
condenser system and the filtrate from the precipitation contained <25
curies of Cs137. The poor material balance may be due to the adherence
of CsBgy to the walls of the precipitator.

The analyses of the 239 g of powder showed it to contain 13.5 curies of

Cs+d1t per gram, This would account for over 3200 curies of csl37. From
this it may be calculated that the powder contains 39.6% cesium by weight.

Fission Product Chemistry

Cesium Recovery

A study was made to find a cesium compound which can be prepared directly
from cesium alum and which can also be calcined to CspC03 or to Csp0O either
for use in meking cesium glasses or for conversion to CsCl. One compound
which meets these requirements is cesium acid oxalate., Cesium acid oxalate
crystallizes as a dense crystalline material (1.1 g/ml) and contains 0.33 g
of cesium per gram of solid. Wheress the solubility of cesium acid oxalate
is ~5 g/liter in 1 M oxalic acid, the addition of 50% alcohol reduces the

et
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solubility to ~L.5 g/liter. The crystalline material can be air-dried or
dried at 1100C, calcined, and dissolved in HCL to make CsCl; or it can be
mixed with Si0p, calcined, and fused directly to a cesium glass.

Preliminary work with CsCl as a source of the cesium showed that >98% of

the cesium can be precipitated in one step by the addition of oxalic acid

in the presence of ethanol. The balance can be scavenged by coprecipitation
with ammonium oxalate.

Recovery of the cesium from CspAlo(SO)L)L4:2LHo0 involves the addition of
sufficient oxalic acid to complex the Al3*, precipitate the cst, and leave
5M.oxalic acid in solution. Since only about 75% of the cesium is recovered
in this step, a second precipitation using ammonium as a carrier is necessary.
In the combined steps, <4% of the original aluminum is precipitated with the
cesium. The almuinum impurity can be reduced to <0.1% by recrystallization
followed by an ammonium oxalate scavenge.

For the preparation of CsClL, the cesium acid oxalate is calcined at 600-
700°C, dissolved in water, and filtered. The carbonate is then converted
to CsCl with HC1.

In the preparstion of glass, the cesium acid oxalate is mixed with the
other glass-forming constituents, calcined, and then melted. One advantage
of this method is that any glass system can be used with cesium acid oxalate
as the cesium source, whereas only borate glasses can be made by the present
method of precipitating cesium tetraphenyl boron. Another advantage is that
much larger quantities of Cs™ can be precipitated per batch. In the present
system, using a 2.3-liter filter, only 6 kilocuries of cesium can be preci-
pitated because the bulk of the precipitate fills the thimble. With cesium
acld oxalate, 30 kilocuries could be precipitated at one time using +the

same systen. o

Radiographs Using Bremsstrahlung Sources

As a part of the development of Bremsstrahlung sources, several radiographs
have been made using a coEmercial type x-ray film. These radiographs were
wade using a LO-curie Pml*T source at varying distances from the object to
be radiographed. Two of these radiographs are shown (Photos 3.1 and 3.2).

Americium-2L1

Ten Am-Be neutron sources were fabricated by using a blended mixture of 1 g
of AmP*L oxide and 10 g of beryllium metal powder in each source. This
mixture was compressed with 50,000 psi to a pellet which measured 1 in. in
diameter and 0.9 in. in length. The resulting pellet was triply encapsu-
lated in 347 stainless steel. Total wall thickness was 0.055 in. The inter-
mediate and outer capsules were sealed by fusion welding, leak tested, and
prepared for shipment. OSmear tests made prior to shipment disclosed no
contamination.
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Photo 3.2. Radiograph Using Pm™*7 Source Exposed 20 min - 2 r/hr
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L. TARGETS

Target Fabrication

Boron-10 targets on titanium backings were fabricated by electron beam evap-
oration. The preparation of self-supported targets of beryllium and boron
with a thickness of 200 ug/cm? is being investigated. Vanadium and scan-
dium were successfully rolled to 1 mg/cma; targets of these two elements
had not previously been fabricated. A 16-in.-diam target of Fe5T was
prepared by gluing ;. to Mylar backing, over 50 pleces of iron rolled to a
thickness of 1.5 mg/cm?. Technetium-99 has been evaporated to produce

films having a thickness of 1 mg/cm? or less on backings of stainless steel,
platinum, and tantalum.

Targets prepared in February are listed in Table L4.1.

Table 4.1. Targets Prepared in February

Isotope Number  Thickness Method
Pedl 3 2 mg/cm? Rolling
Fedl 2 4.5 mg/cm? Rolling
Fed | 1 23 mg/cm? Rolling
Fed T 1% 1.5 mg/cm? Rolling
N160 2 5 mg/cme Rolling
7148 2 1 mg/cm2 Rolling
cl2 on Te 3 30 g/em? Glow Discharge
cl4 on 30 pin.
Ni 1 20 g/em@ Glow Discharge
cl4% on 50
win. Ni. 1 50 g/cm® Glow Discharge
Ni5® 2 5 g/cmP Rolling
Ni98 1 22 mg/cm? Rolling
Zr9e 1 26 mg/c Rolling
zr90 1 26 mg/cm® Rolling
79l 1 26 mg/cu? Rolling
7roh 1 26 mg/cm? Rolling
Snl2k 1 30 mils Rolling
Co59 1 3 mg/cm? Rolling
BLO on Ti 52 300 pg/eme Electron beam
each side evaporation
Bl on Ta 2 200 ug/cn? Electron beam
evaporation
Ta 2 2 mg/em? Rolling
Pp208 1 5 mils Rolling
L16 100 2-3" D, Melting and
2 mm thick rolling
116 48 3" x 8", Melting and
' 2 mm thick rolling
PoeCT 1 2" D Pressing

#16" target (over 50 pieces)

[EBN)
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(Continued)
Isotope Number  Thickness Method
PoR0T 1 2" D Pressing
Ni58 1 300 pg/cm® Rolling
Ni60 1 300 pg/eme Rolling
Ni58 1 5 mg/cm? Rolling
Nis8 1 1 mg/cm2 Rolling
Ni60 1 5 mg/cmS Rolling
7n68 1 1 mg/cme Rolling
7r9e 1 1 mg/cm? Rolling
7rI 1 1 mg/cn Rolling
H3Zr 1 1 mg/cm®
H37r 3 500 pg/co’
#3zr (on W) 8 500 pg/c

Target Development

Ion deceleration was chosen as a possible method for use in depositing
810 on tungsten target substrates. The rotational target device was
altered to accommodate twelve tumgsten discs, each 3/h in. in diameter
and 0.030 in. thick. The target discs were masked to 5/8 in.

diameter and arranged as shown in Fig. 4.1. The assembly was rotated
50 that each individual target remained in the ion beam for a specified
period of time. :

Twenty-four target substrates were bombarded in this manner. Each target
was in the beam for a period of 3 hr during which time the target area
was struck by a l-ms beam decelerated to 250 v. Accurate positioning of
the heam was accomplished by varying the decelerating voltage to produce
the maximum current on a probe located adjacent to each target. The
welght of material deposited on the target surface varied from 230 ug to
555 ug and averaged 387 ug. All targets appeared, by visual inspection,
to have been coated with a reasonably uniform, adherent deposit which is
being subjected to chemical and mass analysis.

5. THERMAL DIFFUSION

Carbon-13 Cascade

The intercolumn flow control valve system and the intercolumn piping of the
013 enrichment cascade were completed and leak testing of the cascade begun,
Work is continuing on the electrical control and the product recovery
systems.
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