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MINUTES OF MTA PROGRESS MEETING
HELD NOVEMBER 28, 1950

Present: UCRL: Alvarez,. Baker, Brobeek, Cork, Farly, Judd, Kllpatrlck
Latimer; Longaere, Martin, McKlssen, Mchllan, Norton,
- Panofsky, Serber, Twitchell, Van Atta, Wallace

CR&D: Cope, Crandall, Hansen,,Hetzner, Hildebrand, Lavender, Kent,.
Maker, Waithman

AEC:  Ball, Fidler
G.E.: Webster

Westinghouse: Hulse

Hildebrand said that bids are still being analyzed for the L-1 power supply.
There are several alternatives whieh must be eonsidered; the cheapest of which
is somewhat less expensive than Mark I and the most expensive of whieh is
considerably more expensive than Mark I. In addition to the cost, the comple-
tion date is also significantly affeected by the choice of alternatlves. A

-duplieats Mark I cavity utilizing a smaller motor alternator would be the least

expensive and most rapidly completed additional test cavity.

Baker said the B-1l test cavity is now maintaining a vacuum of 0., OB/ua. They
have not yet sueccessfully exeited the oav1ty, A determination is now being
made of the pre-exeitation power requlred, Pre—excltatlon power of 100 kilo--
watts has been tried and was not sufficient. ‘It is estimated that multipaetor-
ing between the high voltage sphere and the liner would oceur at 5000 volts;
however, the oseillator is now loeking at 50 volts, It therefore appears that
the present problem is one- of gas diseharge rather than multipaetoring,

Longasre reported that a more powerful osecillator has been satisfactorily
coupled-to the-eléetron model of Mark I-and that the beam obtained is better
foeused than previously obtalneda They have been-able to reduce the amount of
biasing required on the drift tubes, It appears that the drift tube magnets
of this model will require replacement due to vacuum and electrical leakage.
The eleetron beam obtained is less than during previous operation, due primar-
1ly to a leakage of magnetic flux from the first drift tube magnet into the.
ion gun‘a

Cork reported that the injestor has now supplied 2.5 amperes at 60 kilovolts,
With this beam they have reached the 1limit of the power supply available in
Building 16. They have tried spiral tungsten filaments with good results,
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The filament life has varied between 5 and 50 hours; depending upon experimental
econditions, being primarily dependent upon filament temperature,

Hetzner summarized the contents of a recent report on CRC studies on a Mark I
productlon target. He said the CRC has been provided with a laboratory about
one mile o rth of the town of San Pablo (a 30-minute drive from the Radiation
Laboratory). The building being used was formerly a pipeline department office
of the Standard 0il Company whiech was later converted to an agriecultural lab-
oratory for CRC but has been idle for the last two years.. At the present time
about 12 CRC people are assigned to thls laboratory, which has been occupied
sinse Oetober 9, 1950, .

He said they were assigned the problem of designing a target for Po production
in eonnestion with Mark I operations and a physiecal separation proeess for Po
recovery, Inltlally they were told the Mark I produetion target would utilize
a deuteron beam, Since the maximum eross-section for polonium production using
deuterons lies near 30 Mev; which is the beam energy of Mark I, satisfactory
output requlred the use of windows or eladding materials as thln as possible,
For this reason it was originally deecided to work on a solid bismuth target
employing the thinnest possible aluminum cladding, It subsequently developed
that the isotopie composition of proton-produced polonium was superior to the
deut eron-produced materlal and they were told to econsider polonium production
using a proton beam, Throughout their eurrent design studies they have
assumed the beam from Mark I would have a diameter between one and 3 feet and

a ratio of maximum to average energy density of 50 to one, this latter figure
being redused to 4 to one by the use of a beam preecessor, They were requested
to provide a workable target for either a pulsed beam of 50-milliamp average
current or CW operation with a beéam of 250 milliamps. They have visited various
AEC laboratories whieh appeared to be sources of useful information on these
problems, including the Mound Laboratory., In addition to process design work,
additional studies will be required on the fundamental problems of the diffu-
sion of polonium and radiation damage of structural materials, ‘

In the original considerations of a solid target the most eritical problem was

~ to develop a satisfaetory bond between bismuth and aluminum., Two satisfactory
processes have now been developed, The first of these.is to e¢lean the aluminum
with HF and flux the metal with a Na, Li, K halide mixture, The bismuth is
then cast orito this sur’face° ‘A second -and preferred technique involves serap-
ing molten bismuth onto the alumlnum surface and then castlng the body of the
bismuth metal. ‘ .

Among the various types of targets which have received some consideration are
those that involve the use of solutions, slurries, rotating dises; drums, vapor
systems, cascading liguids, circulating or statie molten systems, canned pellets,
samned wafers, simple flat plate targets; ete. They are trying to narrow con-
sideration to a target design of the simplest possible mechanical design which
will accomplish the required function ard upon which development can be com-
pleted in a reasonable time. Two major types of target design remain for
consideration--namely, those using solid and those using eireulating liquid
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bismuth, -

Data relative to the design limitations on temperature excursion, together
with the required target diameter, and distanse of the target from the last
drift tube for these twe ftypes of target are tabulated belows

o Table 1 . . e
' Maximum . |
TYPE OF Allowable Target Dlstance from . Temperature
TARGET - £ AT Diameter Last Drift Tube in Target
Solid - o - ‘ .
Pulsed £ 100F 24 -118° 240° F
£ 30°F 2 B E:1 240° F
oW £ 10°F 241 118" - 3000 F
o4 o30°F a7 © 3000 F
Max. Tube
Témperature
~ Cireulating Molten . | :
~ Pulsed’ 900° F 91 481

CJW. 900° F 17t _ 75¢

Presently envisioned solid targets would use one of twe . designs. The first
would consist of a 3-inch eircular aluminum tube of 20-mil wall thickness
within whieh would be plased a tight fitting aluminum tube of 250-mil wall
thickness from which latter tube a portion of one side has been machined off
to leave a poeket in whieh solid bismuth would be placed, These tubes would
be disposed in a double bank and the bismuth pocket would be of such a con-
tour as to provide a uniform 70-mil path te all of the beam incident on the

tabao See Figure 1.
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The second design would sonsist of flat plates of 70 mil bismuth ¢lad on the
beam side with 20 mil aluminum and backed with a heavy aluminum plate., The
sireulating molten bismuth target would utilize 1" diameter tubes of 20 mil
wall thickness, made of low chromium-molybdenum steel through whieh the metal
would c:rculateo The molten target would degrade the protons within the bis-

The target u51ng eireulating molten bismuth seems more certain of success at
the moment and is therefore reeelv1ng the higher prlorltya It is reecognized,
however, that solid targets are worthy of considerable attention, especially
sinee with a solid aluminum e¢lad target using a pulsed beam of 50-milliamp
average current the polonium production would be 12.8 ecuries per day while
with the molten bismuth eirculating in stainless-steel tubes the produst would
be cut to 10.8 curies per day. This 20% difference in production amounts to
an egonomic advantage of approximately one million dollars per year in favor
of the solid target.-

CRC will undertake to study the diffusion of polonium through stainless steel
in the nelghborhood of 900° F at concentrations of one ppm of polonium in bis-
muth., In a solid target the maximum temperature under pulsed operation would
be 240° F, while under CW opération it would be 300° F and polonium diffusion
through the aluminum eladding will have to be studied here also, It will also
be nesessary to study radiation damage of stainless steel in the temperature
range between 600° and 900° F and of aluminum in the range 100-300° F under
maximum flux of the order of 10+ protons/cm /ses. Mound has hesun a study
of polonium diffusion through copper and stainless steel at ORNL's request.
CR&D and UCRL have requested Oak Ridge to undertake studies of radiation dam-
age and thermal cyecling damage on solid bismuth, Theé immediate plan with
regard to the sireulating liquid bismuth target is'to build a pilot unit in
whieh sueh problems_as pﬁmping; eorrosion, erosion, control instruments, ete.
ecan be investigated., A centrifugal rather than -an elestromagnetie pump has
"been chosen for this pilot unit primarily on the basis of its effigieney of
LO% ecompared to 2% for the E-M pump. Argonne has operated this type of een-
trifugal pump with liquid metals for as long as 5000 hours without diffieulty.
CRC is not prepared to undertake pilot plant studies of solid bismuth targets.
The problems in this latter case which require investigation are those of grain
size and duetility and the effect upon these characteristies of impurities,

' qgstlng temperature, and easting eyele., The effect of these variables upon
dustility and strength of the bismuth will determine the maximum allowable
temperature aswing,

Two units are nearing completion in which solid bismuth will be subjected to
thermal eyeling., Solid bismuth has been thermally cycled by resistance heat-
ing between 250° and 300° F for one week. The number of cycles involved is
equivalent to 4 minutes of pulsed operation. No thermal cyecling damage was
noticeable, Another inportant problem is that of devising a means of examin-
ation of -target elements to locate faulty heat transfer bonds, It is felt that
" this can be accomplished through the use of ultrasonies., It is also hoped to
have firmly in mind by early 1951 a satisfactory means of fabriecating the
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neeessary target elements.,

Consideration is also being given to hazards resulting from rupture of various
target designs. Although the rupture of any target would be very undesirable,
that of a liquid system in which the ‘bismuth is under pressure would undoubtedly
be the worst case, They have under econsidération methads whieh may prove capa-
ble of" detectlng incipient rupture of a solid bismuth target. In addition to
the economie advantage mentioned above for the solid bismuth target there is
the added convenience that sinee it would be ¢lad in aluminum rather than
stainless steel the gamma activity would be of shorter life and would deecay to
low level in a period of about 3 days., However, in view of the lack of suffi-
cient information on the metallurgy of bismuth, magor short range empha51s is
presently being placed upon the 11qu1d target°

CRC’has,also undertaken the study of molecular distillation for the removal of
polonium from molten bismuth, Theéy have found that the enrichment faectors
‘obtained are approximately 1% of those caleulated on the basis of the vapor
pressures of bismuth and polonlama

First stage enrlchments will be of thé order of 30 to 50 and this will probably
' be adequate to attain the polonium concentration desired by Mound. These dis-
tillation experiments indicate that the rate of diffusion of polonium will
likewise prove to be less severe by perhaps one or two orders of magnitude
than present estimates indicate, The separation of bismuth and aluminum of a
solid bismuth target may be handled either by heating target elements above the -
. melting point of bismuth to effeet the separation or by simply shipping the
tubes direetly to Mound where the alumlnum cladding and backlng could be dis-
solved.
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