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ISOTOPE PROGRAM (5000) PROGRESS REPORT 
FOR QUARTER ENDING MARCH 31, 1970 

J. H. Gillette 

TARGET FABRICATION AND DEVELOPMENT 

Self-Supporting Chromium Films "by Electrodeposition 
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eighteen self-supporting chromium films, ranging from 0.5 to 30 mg/cm2 
in thickness, were fabricated.. All of the stable isotopes of chromium 
(50, 52, 53, and 5*0» as well as normal material, were successfully 
electrodeposited from a plating bath containing chromic acid or 0^03 
at a concentration of 250 g/liter and sulfuric acid at a concentration 
of 2.5 g/liter» Ductile, unstrained (planar) films were obtained by 
maintaining the plating bath temperature at 85 ± 2°C and by balancing 
the plating current density with the desired film size and solution 
temperature. Deposition uniformity was dependent on anode positioning 
and current density. The chromium films up to 2-in. dia were made self-
supporting by dissolution of the brass substrate on which they were 
formed in 30$ nitric acid. 

Preparation of Electron Microscope Specimens by Ion Milling 

Application of ion bombardment and subsequent sputtering has been used 
to thin materials (metal and ceramics) for examination by transmission 
electron microscopy. The advantages of this technique include the 
ability to thin virtually any material without contamination or surface 
distortion; some ion damage to the crystal lattice has been noted in 
ion-milled 310 stainless steel, but this does not interfere with subse-
quent examination of grain boundaries, etc. Such ion damage is much 
less apt to occur in harder materials such as ceramics. 

Materials successfully thinned include 310 stainless steel, calcium 
fluoride, boron carbide, and graphite. Transmission electron micrographs 
of graphite thinned by this method were especially interesting because 
damage to graphite fiber structures, as normally experienced with mechani' 
cal thinning, was negligible. The ion-milling device will be used mainly 
to prepare specimens of hard single crystal ceramic materials such as 
AI2O3, MgO, and BeO, used in epitaxy studies. 

Single Crystal Thin Films of Germanium 

Techniques of preparing self-supporting, single crystal thin films of 
germanium are being investigated. Films of 1-cm2 area with a (ill) 
crystal orientation in the thickness range of 100 ug/cm2 to 1 mg/cm2 
are desired for solid state physics research programs. To produce such . 
samples, germanium is evaporated by resistance heating in a bell jar 
vacuum system that operates in the 10"8 torr range. Deposition rate 
and substrate temperature are controlled and monitored throughout the 
deposition process. The substrates are large wafers of CaF2 cleaned 
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in air along the (ill) crystal planes. Although results to date have 
shown that this method produces highly oriented germanium films, the 
films have not "been successfulJ.y stripped in self-supporting form. 
Residual stresses are introduced in the film during cooling from tem-
peratures over 500°C (wher>2 epitaxy occurs) to room temperature after 
the evaporation-condensation process. These residual stresses are ex-
plained "by the difference in the coefficient of thermal expansion of the 
germanium film and the calcium fluoride substrate. As a result., con-
densed films tend to tear from the substrate and take on a wrinkled ap-
pearance; the films may be easily floated off in water, but they either 
break apart or contain a large number of pin holes. 

The problem of these residual stresses might be solved by using a single 
crystal substrate material having a coefficient of thermal expansion close 
to that for germanium. Unfortunately, germanium is known to grow epi-
taxially on only thr?e substances - CaF2j AI2O3, and germanium. Encour-
aging results have been obtained using germanium substretes with epitaxial 
parting agent films. Research is continuing in this area and in-situ 
electron microscope studies are planned which should provide new insight 
on the use of special water soluble or acid soluble parting films. 

Chemical Vapor Deposition of Silicon 

The variation of the free energy of formation for silane with temperature 
indicates that its decomposition rate should increase with increasing 
temperature. Data in Table 1, accumulated from four identical runs, 
except for temperature, indicate the predicted increase in decomposition 
rate between 800 and 1000°C. However, at 1075°C the least amount of 
silicon was deposited. Gas-phase decomposition caused by radiant heat-
ing was observed at a substrate temperature of 1075°C, resulting in 
amorphous silicon being deposited on the inlet gas jet and chamb rail. 
Because of this, the decrease in the apparent amount of silicon 1. josited 
on the substrate at 1075°C :£rom that deposited at 1000°C was 26%. 

Table 1. Amount of Silicon Deposited as a 
Function of Temperature 

Substrate: Molybdenum 
Time: 1 min at 9.0 mg of Si per min 
H2 Flow: 150 cm3/min 

Temperature (°C) Silicon Deposited (mg) 

800 U.O 
900 b.3 

1000 b.6 

1075 3 .h 
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Jet design and hydrogen flow are important factors in the chemical vapor 
deposition process. When the gas inlet jet is a straight tube with a 
2-mm bore, the deposit directly below the jet is much thicker than that at 
the edge. At 150-cm3/min hydrogen flow, micrometer measurements indicate 
that k5% of the silicon deposited in a 7-mm circle (13% of the substrate 
area). Reduced hydrogen flow rates improved uniformity significantly. 
Further improvement in uniformity of deposit resulted when the jet tip was 
flared to a 5-nroa diameter. A 17-mg deposit, examined using beta ray at-
tenuation, was found to vary in thickness by only 10%, from center to edge, 
over a diameter of 0.75 in. Experiments on the uniformity dependence on 
jet design and hydrogen flow rate are continuing. 

A schematic diagram of the system being constructed for use in conversion 
of silicon dioxide to silane is shown in Fig. 1. In this system fluorine 
gas is passed through a bed of silicon dioxide granules in the furnace tube 
to produce silicon tetrafluoride and oxygen. Whatever hydrogen fluoride is 
contained in the product stream is adsorbed on the sodium fluoride bed, 
while the silicon tetrafluoride is frozen out in the -l60°C cold trap 
(melting point of isopentane slush). Unreacted fluorine is reacted with 
sodium hydroxide and lime in the soda-lime trap, and the oxygen is vented 
to atmosphere. Silicon tetrafluoride is converted to silane by reacting 
with lithium hydride in a potassium chloride-lithium chloride melt at i*0Q°C. 
Any unreacted silicon tetrafluoride is frozen out in the -l60°C trap, and 
product silane is collected at -195°C (boiling point of liquid nitrogen). 
Hydrogen is used as a carrier gas and is vented to atmosphere and burned 
after all processing is complete. This flow system is designed for handling 
1 g of silicon (equivalent to 0.0356 mole of silicon tetrafluoride or 
silane) and assuming 100$ conversion efficiency, the various trapped gases, 
when warmed to room temperature, will have a maximum of 600-mm Hg pressure. 
Using this equipment and procedure, silicon can be stored as the inert 
silicon tetrafluoride and then silane can be generated only in required 
quantities; silane storage is not necessary. 
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Fig. 1. Si02 Fluorination System. 
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Coating of Hemispherical Substrates with Adherent Urania Deposits 

Vacuum evaporation-condensation techniques were used to prepare U02 coatings 
on hemispherical substrates. Figure 2 shows the coating system (including 
a standard 6-in. oil diffusion vacuum system not shown) which was used for 
the hemispherical coatings. Urania was evaporated onto the hemishell from 
a Temescal electron-beam gun. With this evaporation source (Fig. 3), elec-
trons from a resistively heated filament are accelerated and caused to move 
through an angle of 270° by a magnetic field. The beam can be continuously 
swept across a stationary urania pellet in the x and y directions by varia-
tions in magnetic field intensity. The normal accelerating voltage and 
electron current for the U02 evaporations were maintained at 6 kV and Uo mA, 
respectively. 

Figure 3 shows the equipment setup used for coating the inside surface of 
a 6-in.-dia aluminum hemishell that had been coated with nickel by vacuum 
evaporation. As shown in Fig. 3, six 120-V, 650-W quartz lamps were used 
to heat the substrate to approximately 300°C during U02 vapor condensation. 

Fig. 2. System for Preparing U02 Coatings on Hemispherical Substrates. 
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Figure ^ shows the heat reflector 
and masking fixtures, which result 
in uniform temperature distribu-
tion on the hemishell. Evapora-
tions of UO25 to establish the 
coating uniformity and evaporation-
condensation efficiency on the in-
side of the hemishell, were made 
with a distance from the evapora-
tion source to the center of the 
equator of the hemishell of 3.5 
in. The UO2 was collected on nine 
3A-in.-dia copper backings sym-
metrically located. The hemishell 
was centered over the source and 
rotated at approximately 150 rpm 
during the evaporation, resulting 
in a uniformity of ±^.5$, well 
within the required uniformity of 
±10$.. 

In coating the outside surface, the 
hemishell was initially rotated at 
a 60° angle with respect to the 
plane of the source; a shield hav-
ing a 2- by 5-in. opening was 
placed between the shell and the 

PHOTO 'J8263 

Fig. 3. Equipment Setup Showing Quartz 
Lamps Used to Heat the Substrate. 

Fig. Heat Reflector and Masking Fixtures on Equipment Setup. 
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source. Once the UO2 distribution was determined using this shield, a new 
shield was constructed that should have provided the proper uniformity over 
the curving surface of the hemishell. The uniformity was again determined, 
as before, by symmetrically placing nine 3A-in.-dia copper substrates over 
the surface of the hemishell. The variation in uniformity vas ±6% of the 
mean areal density over the entire surface except for a l/l6-in. spot in 
the center of the hemishell. Unless the shield was perfectly positioned, 
it was almost impossible to eliminate a small thick or thin coated area at 
the apex of the hemishell. Adherence of the urania coating was sufficient 
to prevent significant removal of material even with mild abrasion. 

Preparation of Neutron Monitors 

Neutron activation is a very important and widely used method for the deter-
mination of reactor neutron flux and energy spectra. In order to optimize 
the technique, it is highly desirable to compare measurements made by dif-
ferent investigators. One of the major variations in experimental results 
is caused by poor definition of the neutron activation of detector mate-
rials. To help minimize this variation, a program has been started at 
ORNL to prepare the neutron flux monitors of 235U, 238U, 237Np, and 238Pu 
for several investigators ,at various reactor sites, including the EBR II, 
ETR, ATR, Ames Laboratory reactor, Union Carbide Tuxedo Park reactor, Big 
Rock Point reactor, General Electric Vallecitos reactor, and the ORNL HFIR. 

To facilitate radioanalysis of these detectors after activation, it was 
decided that they should be prepared in as small a capsule as possible and 
that there would be no chemical dissolution before counting techniques were 
employed. The second stipulation was the use of high purity vanadium as 
the capsule material; vanadium has a low neutron cross section at the en-
ergies being investigated and products resulting from reactor activation have 
half-lives ranging from 55 sec to 3.8 min and therefore decay out before 
counting. 

The capsule material for the dosimeter samples is ultrapure 0.050-in.-dia 
vanadium wire. A 0.030-in.-dia longitudinal hole is machined to the de-
sired depth in the wire>;- -When the capsule is cut free of the wire, it is 
ready for loading. A tapered er.d cap for the capsule is machined from 
0.030-in.-dia vanadium wire. Figure 5 shows the size of the detectors; 
the scale above the detector is divided into units of 0,01 in. The capsule 
is 0.250-in. long, the pellet material to be encapsulated is approximately 
0.050-in. long, and the cap is 0.0^-in. long. The insertion of the target 
material and the cap into the capsule is best accomplished by using spe-
cially designed tools, which enable duplicate quantities of material to be 
contained in many similar capsules, to mark and identify the capsules, and 
to avoid contamination to the external surfaces of the samples. Since the 
weight qf each specimen of detector material must be known to ±1$, an ap-
propriate method of identifying individual capsules was one of the first 
problems encountered. Using capsules of a variety of lengths to identify 
the contained material, as noted below, proved acceptable. 



.7 

Contained Isotope Capsule Length (in,) 

Uranium-238 
Uranium-235 
Plutonium-238 
Neptunium-237 

0.210 
0.120 
0.180 
0.150 

To identify a specific weight with a specific capsule, a "binary dot system 
was employed, whereby just four etched dots suitably placed in two rows on 
the external surface of the capsule could be used to differentiate as many 
as 30 capsules. The dote are placed on the capsule by using a metal guide 
and making the dot with an electric vibrator scribe. 

PHOTO 98778 

Fig. 5- Relative Size of Capsule, Pellet Material s and Cap. 
The scale is in units of 0.01 in. 

To pelletize and load the powders into the detector capsule, a unique 
apparatus was fabricated from a 2-ml medical syringe. The hypodermic 
needle was ground square at the small end and a wire was inserted to act 
as a ram. This wire was then connected to the plunger of the syringe. 
To operate, the tool is loaded by first withdrawing the wire ram to a 
specific distance away from the square needle end and then pressing the 
tip of the needle into a bed of powder several times, which compacts the 
powder into the space in the end of the needle. The tip of the needle is 
then partially inserted into a vanadium capsule and the powder ejected in 
pelletized form by insertion of the syringe plunger. Using the adjustable 
stop on the plunger, repetitive quantities of powder (±10$) can be placed 
in any number of capsules. 

The tool shown in Fig. 6 is used to prepare duplicate weights of metal 
foil. For operation a strip of metal foil is attached to the movable 
trolley by means of the thumb screw (center, Fig. 6). When the knob on 
the left end is turned, the strip advances and can be cut off with a sharp 
knife. The use of a graduated potentiometer knob on this tool allows 
duplicate weights (±5$) to be cut from the foil strip. The bar at the 
right end of the tool is used to hold the metal foil while it is being 
cut. 
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Fig. 6. Tool for Preparing Duplicate Weights of Metal Foil. 

External contamination of the capsule during loading is great when dealing 
with capsules so small. To minimize such contamination, a removable or-
ganic coating was used to protect the capsules during loading. With this 
film tightly "bound to the external surfaces of the capsule, loading is 
accomplished, the cap inserted, and a general cleanup of the glove "box 
interior is made before stripping the film. Threads, occluded in the 
organic layer when the capsule is coated, are pulled to peel the coating 
from the capsule. 

Welding of the capsule is performed by insertion into a copper block heat 
sink with holes drilled to the specific depths for each of the capsule 
lengths, followed by TIG welding the 0.030-in.-dia plug in place. This 
procedure is done by hand and uses an electric input of approximately 
5 Amp at 18 V. After the dosimeters are welded, they are checked for 
external radioactive contamination and if contaminated are cleaned in an 
ultrasonic bath. To date more than 50 such capsules have been prepared 
without failure. 
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Ion-Implanted Targets 

The sector machine has "been used to directly deposit 3lfS onto 50-yg/cm2 
carbon substrate material. Five targets were formed simultaneously of 
depositional density approximately 10 yg/cm2 at an energy of approximately 
500 eV. 

Two implants each of 198Hg, 199Hg, 200Hg, and 201Hg were prepared by 
implanting singly charged mercury ions into 50-yg/cm2 carbon glass at 
iiO-keV energy using the sector machine. The large mass dispersion 
(approximately 1 in. between masses) allowed simultaneous collection 
and formation of targets of all of the indicated isotopes in a total 
collection period of approximately 2 hr. 

ISOTOPIC SEPARATIONS 

Isotopic separations of 198Hg, 201Hg, and the stable isotopes of Fe, Nd, 
and Sn are currently underway in separation facilities now being operated 
on a 5 day/week rotational basis. In addition to these separations, there 
were special second-pass separations of 15LfGd for the Division of Research. 
Research and development activities were chiefly involved with improving 
the process efficiency of tungsten isotope collections, in improving the 
isotopic purity and isotopic retention of mercury collections, and in 
improving ion implantation preparation techniques in the l80° sector iso-
tope separator. 

Gadolinium-15^ Second-Pass Separation 

A special second-pass separation of 154Gd was completed for the Division 
of Research with the collection of 2.638 g of 99.35% 154Gd and 0.286 g of 
98.27$ 15lfGd. The feed for the separation consisted of Ul.213 g of gado-
linium enriched to 66.9% in in a prior calutron collection series. 
This special run, which was performed in a spare calutron adjacent to 
those being used for the separation of neodymium isotopes, averaged a 
total ion output of 10.0 mA. Better than 11$ of the ^ G d in the charge 
was collected in the two-part graphite collector pocket as indicated by 
the monitored current. 

All of the calutron parts exposed to the charge vapor were carefully 
washed with acidic solutions to recover the enriched feed material. 
After concentration and a complete chemical purification, 33.753 g of 
gadolinium was recovered as 66.53$ 154Gd. This recovery, along with 
the enriched products, represents 92$ of the available ^^Gd contained 
in the charge material. 

Ion Source Technology 

Ion source performance generally limits the maximum isotopic yield from 
electromagnetic separators. This limitation may be due either to ion 
output capability or, in second-pass work, to process efficiency levels 
which impose undue feed recycling. Sources currently assigned to mer-
cury and to tungsten (second-pass) programs are improved in angular 
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spread and efficiency. Both effects were realized from modifications 
in the optical system of the source, including the repositioning of the 
arc column relative to the ion extraction slit. As a result of these 
changes the quantity of 180W available from a scheduled second-pass 
separation should at least be double that obtained prior to the modifi-
cations. This increased yield results directly from the improvement 
in process efficiency of the new system and illustrates the need for 
specific sources yielding high process efficiency in all critical 
separations. 

Receiver Technology 

The collection of low abundant isotope beams (30-50 yA) by carbonizing 
a continuously replenished oil film presented a major breakthrough in 
providing enriched 196Hg. When applied to the more abundant isotopes 
of mercury (mass 201, etc.), alteration in both the method of supplying 
oil and in the cooling of the collection area was required. Initial 
results were improved appreciably - retention of 20*Hg increased by a 
factor of 3 and the isotopic purity now averages approximately 90$. 
Further improvements in retention appear feasible following more precise 
control of the oil vaporization rate as a function of ion impingement 
rate and establishment of a more adherent bond between the carbonized 
layer and the metallic backing plate. The maintenance of 90$ isotopic 
purity for 2 0 ̂ g is dependent upon operational interpretation of the 
ratio of beam currents for masses 20k and 201, correlated with the ratio 
of peak-to-valley currents for the 201 current peak and the adjacent 
valley currents. Even though 2 0 ̂ g is the desired isotope, output yields 
must be optimized using the 20^ mass as a reference, while focal proper-
ties are established from the peak-to-valley ratios associated with the 
201 mass. Deviations from this procedure, or misinterpretations, can yield 
201Hg having an isotopic purity as low as 60$.. 

180° Sector Isotope Separator 

A 20.5-mg sample of 99.36$ 198Hg and a 9.1-mg sample of 99.2k% 198Hg 
have been collected in the l80° sector isotope separator toward a future 
goal of providing as much as a gram of 198Hg equivalent in purity to 
that produced by the irradiation of gold. Equipment is being constructed 
to simultaneously collect all seven mercury isotopes and thereby take 
advantage of the extra collection rate offered by the additional disper-
sion of the sector separator. These collections will be made at approxi-
mately 2 mA total beam, which approaches one-half the present practical 
collection rate of the calutron. 

Experimental runs are underway to ascertain whether 0l*Sr can be collected 
at a higher output and purity than experienced a few months ago. The 
previous collection, which resulted in the recovery of a few milligrams of 
99-3$ 0l+Sr, generated an interest for larger quantities of this highly 
enriched isotope. 
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RADIOISOTOPIC SEPARATIONS 

Uranium-238 

A calutron collection to obtain approximately 1000 g of 2 3 8U has been 
completed. Preliminary enriched product recovery, results thus far indi-
cate that approximately 860 g uranium containing 2.2 ppm 2 3 5U, approxi-
mately 125 g uranium containing 5«0 ppm 235U, and approximately 105 g 
uranium with approximately 10 ppm 2 " U will be recovered following chemi-
cal refinement. Recycle recovery of the feed material (approximately 
3600 g uranium containing 170 ppm 235U) is approximately 50$ complete. 

Urarxium-233 

A calutron collection series to obtain approximately 100 g 2 3 3 t j contain-
ing less than 50 ppb 2 3 2U is approximately 50$ complete. The purpose of 
this separation is to obtain good starting material from which good 
quality 229Th may be milked. 

Thorium-230 

Preparations are being made for a 230Th separations the goal of which 
is to obtain approximately 2 g of less than 90$ 230Th. 

Xenon-133 Implantation into Sand 

Several exploratory runs were made prior to a 133Xe tracer implantation 
to ascertain the feasibility of injecting radioactive 133Xe into sand 
for possible use in sand movement studies. These investigations revealed 
that the mutual repulsion forces due to charge buildup on the sand parti-
cles resulted in wide scattering of the sand. This necessitated design-
ing an enclosed collection pocket with only a small beam entrance 
aperture so that losses of the sand did not occur and charge neutrali-
zation could be effected. Movement of the sand directly in the beam 
implant region due to mutual repulsion of the charged particles was 
utilized to expose new sand surfaces to the ion beams. Following the 
exploratory runs, a tracer mixture of 133Xe in normal xenon gas was im-
planted in sand using the 85Kr separation equipment to determine the 
efficiency of activity accumulation. The results of radioanalysis of 
a 3-1/2-liter volume of sand which had been in part bombarded with an 
estimated 50 mCi of 133Xe indicated entrapment of approximately 2 mCi 
of 133Xe. This corresponds to retention efficiency which is well 
below anticipated and acceptable values. 

Krypton-85 Project 

Improvements have been made in the 85Kr collection system which have 
resulted in much better isotopic purity and the ability to run con-
tinuously over extended periods of time. The isotopic purity was in-
creased significantly by rebaffling the 90° position and thereby 
improving the resolution of the separator. The duration of run time 
vas extended by changing the gas feed-in technique and designing and 
developing a feed-spool foil winding device. 
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The isotopic purity of 85Kr has "been increased from 50-70$ to greater 
than 90$ by reducing the angular acceptance to ±3$; however, thir, 
restriction in baffling has resulted in an approximate, loss of less 
than 30$ of the total krypton ion current. 

The constant bellows pressure feed system has been abandoned in favor 
of feeding directly from the cylinder into the system. It has been 
found that satisfactory feed control can be obtained without inter-
rupting run operation for refilling the bellows. With this technique 
and the use of a newly designed device for winding the feed-spool foil, 
separation runs can be extended to greater than ^0 hr. 

During this quarter 87 hr of collection yielded approximately 19 Ci, 
which corresponds to a collection rate of 0.22 Ci/hr at typical 85Kr 
ion currents of 200 yA. Mass analyses of the processed exhaust gases 
show that the abundance of the 85Kr component has been reduced from 
3.31$ to 2.96$. Assuming that the isotopic dilution of the 85Kr com-
ponent is due solely to selective removal by trapping at the collector, 
the total amount of activity that has been collected can be calculated. 
This calculiation compared with our estimated activity collection, which 
is computed on the basis of monitored ion currents, indicates quanti-
tative retention at the collector. 

SECTOR ISOTOPE SEPARATOR 

Mercury Saturation Value Experiments 

Two saturation value experiments were conducted using the l80° sector 
machine to ascertain the saturation value of mercury in collector type 
carbon (18C). A cylindrical sleeve of carbon with an exposed surface 
of approximately 1+50 cm2 was fitted onto a water-cooled cylinder. The 
unit was continuously rotated through a 200Hg ion beam (500 yA maximum) 
until depositions! densities of 10 yg/cm2 and 20 yg/cm2 were measured. 
Subsequent recovery of the implanted mercury yielded values of 5 and 
5.8 yg/cm2, which corresponds to a carbon-to-mercury atom ratio of ap-
proximately 50:1. This ratio agrees with the most probable ratio ob-
tained from the mercury-on-oil collections. Before this value is 
established firmly, secondary electron emission experiments are planned 
to ascertain the accuracy of the total monitored mercury accumulation 
during the separation process. 

CHEMISTRY PROCESSING 

Material in Process 

Elements in chemical processing during the quarter ending March 31, 1970, 
are: Sb, Cd, Ce, Gd, Fe, Hg, Nd, Re, Te, and Sn. 
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Material Added to Inventory 

Isotope material released to the Sales Department during the first 
nuarter of calendar year 1970 is shown in Table 2. 

Table 2. Material Added to Inventory 
_ , Element Isotope We.ght (g) 

Assay (*) Compound 
Form 

Cadmium-106 1.734 90.8 CdO 
Cadmium-108 2.076 82.35 CdO 
Cadmium-110 39-613 97.15 Cd 
Cadmium-Ill 40.880 95.96 Cd 
Cerium-136 0.134 50.54 Ce02 

1,608 34.81 Ce02 6.412 21.7 Ce02 
Gadolinium-154 2.638 99.35 G&2O3 

0.286 98.27 Gd203 
Mercury-198 1.222 85.30 HgO 

3.568 71.49 HgO 
Nickel-58 30.500 99.83 Ni 
Nickel-6l 1.042 74.67 Ni 
Nickel-62 4.787 96.16 Ni 
Silicon-29 31.932 88.40 Si02 
Silicon-30 20.707 83.95 Si02 
Sulfur-36 0.0124 55.8 S 
Tin-112 3.823 79.63 Sn, Sn02 

Decontamination of Neutron-Irradiated Beryllium 

The purpose of this 'work is to develop a simple method for decontamina-
tion of neutron-irradiated beryllium material with respect to the radio-
active impurity 60Co. The decontaminated beryllium material is to be 
used as calutron feed for the enrichment of 10Be. The objectives are: 
(l) to develop a method for conversion of beryllium to BeCl2 "with the 
subsequent separation of BeCl2 from cobalt and (2) to apply this method 
to decontaminate the neutron-irradiated beryllium material for use as a 
calutron feed. 

Decontamination Frocess Using SnCl2-Be Reaction 
(Nonradioactive Materials) 

Additional chemical analyses have been obtained on samples of the SnCl2-Be 
reaction mixture collected earlier. The results of calculations similar 
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to those reported previously1 reveal that the overall reaction (up to 
approximately 90 min) consists of two distinct steps. According to a 
mathematical analysis of the data, the initially fast reaction obeys the 
first order kinetics (with respect to unreacted beryllium) that is fol-
lowed by a transition to a pseudo-first order mechanism with a sharp , 
reduction in the rate of reaction. The time at which the transition 
takes place is governed by the mole ratio of Be/SnCl2. The reaction at 
the point of transition is approximately 70-80$. 

The rate curves appear to demonstrate that the reaction is relatively 
insensitive to the temperature variation in the range from approximately 
300-U00°C. This behavior presumably implies that the overall reaction 
is primarily controlled by the mass transfer across the interface be-
tween the SnCla melt and the beryllium particles. 

The integrated rate equation of the following type has been derived to 
represent the reaction rate curves: 

(M^/Mg) = yo exp(kat) 

where 

Mg0 = initial moles of beryllium feed, 

Mg = moles of unreacted beryllium, 

Yq = the intercept of individual sections of the 
rate curve with the (MgQ/Mg) axis, 

kj = reaction rate constant (min""1), and 

t = reaction time (min). 

The values of ki and yQ depend not only upon the Be/SnCl2 ratio, but 
also upon whether the rate curve is before or after the transition. 

The rate of distillation of the BeCl2 product at approximately 500°C 
can be described by the following equation: 

R = R exp (-at") o 
where 

R = rate of distillation (g/min), 

Rq = intercept of distillation rate curve with R axis, 

t* = distillation time, and 

a = constant to be determined £rom the plot of R vs t". 

H. Gillette, Isotope Program (5000) Progress Report for Quarter 
Ending December 31, 1969, 0RNL-TM-2889, Oak Ridge National Laboratory, 
Table 5, p. 12. 
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The product samples from the last run of the SnCl2-Be process contained 
SnCl2 as low as 0.03 wt the "balance being BeCl2 mixed with a very 
small amount of oxygen-containing beryllium compound [probably Be(0H)2]. 
Summarized in Table 3 are the decontamination factors with respect to 
cobalt computed flrom the results of activation analysis for selected 
samples. It is seen that the decontamination factor appears to be in-
dependent of the Be/SnCl2 ratio. Also, there is no definite correlation 
between the decontamination factor and the time of reaction and distil-
lation (not shown here). However, the decontamination factor is obviously 
favored by a high initial cobalt content. 

Table 3. Decontamination Factor for BeCl2 
Products from SnCl2-Be (nonradioactive) Process 
Mole Ratio Initial Co Content Decontamination 
Be/SnCl2 Based on Be (ppm) Factor8, 

- 0.42 425 210 
0.42 1,100 1,220 
1.06 110 110-275 
1.06 20,400-32,400 20,400-40,800 

'Hfith respect to co"balt. 

Decontamination Process Based on HC1 Gas-Be Reaction 
(Nonradioactive Material) 

Experimental runs of the HC1 gas-Be reaction and BeCl2 distillation have 
been concluded. The total gas flow rate (HC1 gas plus argon gas as a 
diluent) was varied from approximately 34-140 ml/min, while the HC1 gas 
concentration ranged from 8-38 vol %. The reaction-distillation tempera-
ture had to be limited to less than 600°C in consideration of the maximum 
permissible temperature of the Plexiglas window of the glove box. 

The rate of BeCl2 production by this process was much lower than that 
from the SnCl2-Be process and was equivalent to approximately 8-46$ of 
the theoretical maximum rate. The preliminary analysis results have 
indicated most of the products to be practically pure BeCl2. Some 
products were mixed with a small amount of oxygen-containing beryllium 
compounds. The decontamination factor (with respect to cobalt) lies 
in the range of 9300 to 387,000 even though the cobalt contents of the 
starting reaction mixtures were of the same order of magnitude (33,500 
to 38,700). 

Although the limited amount of data does not permit drawing any firm 
conclusions, the preliminary evidence seems to indicate that in the 
range studied the rate of BeCl2 production is favored primarily by a 
high flow rate of the gas mixture. An elevated reaction-distillation 
temperature likewise increases the production rate. 
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ISOTOPES PREPARATION AND SALES 

The radioisotope and stable isotope preparations for the quarter ending 
March 31, 1970, are given in Tables 4 and 5, respectively. 

Table k. Stable Isotope Preparations 

Isotope Number of Isotope Number of Isotope Number of Isotope Prt-.̂ arations Isotope Preparations Isotope Preparations 

Barium-138 1 Iron- 3 Samarium-150 1 
Iron-57 2 Samarium-152 2 

Beryllium 1 Iron-58 1 Samarium-15l* 2 

Bismuth 2 Lead-20U 1 Scandium 2 
Lead-207 3 

Boron-10 2 Lead-208 k Silicon-28 1 
Boron-11 1 Silicon-30 1 

Lithium-6 5 
Cactaium-108 2 Lithium-7 2 Silver-107 1 
Cadmium-ll6 1 Silver-109 1 

Magnesium-2^ 1 
Calcium-U3 1 Strontium-88 2 
Calcium-1»8 1 Molybdenum 1 

Molybdenum-92 2 Tin-112 1 
Carbon 6 Molybdenum-9^ 2 Tin-116 1 

Molybdenum-98 1 Tin-118 2 
Chromium-52 1 Tin-119 1 
Chromium-53 1 Neodymium-150 1 
Chromium-5^ 1 Ytterbium-172 1 

Nickel-62 2 
Cobalt-59 1 Zinc-66 1 

Niobium 2 Zinc-68 1 
Copper-65 1 Zinc-70 1 

Platinum-196 1 
Hafnium-171* 2 Zirconium-91 2 
Hafnium-178 1 Samarium-1^^ 1 Zirconium-92 1 

Samarium-1^8 2 Zirconium-9^ 1 

Table Radioisotope Preparations 
j . Number of 

Preparations 
, Number of 

Preparations 
_ . Number of Isotope __ , . Preparations 

•Americium-241 2 
Americium-2l+3 1 

Californium-252 26 

Curium-2M 2 

Neptunium-237 3 

Plutonium-238 2 
Plutonium-239 6 
Plutonium-2l+0 1 
Plutonium-2Ul U 
Plutonium-2it2 1 

Promethium-lU7 6 

Protactinium-231 1 

Tritium-Erbium 3 

Tritium-Titanium U 

Uranium-233 1 
Uranium-235 2 
Uranium-238 11 

The stable isotopes sales and 
services for the previous quarter 
are given in Table 6. 

Table 6. Stable Isotope Sales and Services 
January 1 through March 31, 1970 

Shipments Revenue 

EM Isotope Sales 915 $227,238 
Non-EM Isotope Sales 102 61,61+2 
Services: 
Target Preparations $ 51,305 
Special Services 11,585 
Reprocessing Returned Loans 11,507 

Total Services $ 7^,397 

Total Stable Isotopes 1017 $363,277 


