


Index No., ORNL-1315

This document contains 21 pages
This 18 copy 5 of 48 , Series A

Subject Category: Technology -
Materlals Testing Accelerator

ELECTROMAGNETIC RESEARCH DIVISION
Robert S, Livingston, Director

QUARTERLY PROGRESS REPORT, PART II
for Period Ending March 31, 1952

Fdited by F. T. Howard

OAK RIDGE NATIONAL LABORATORY
Operated by
- Carblide and Carbon Chemicals Company
A Division of Unlon Carbide and Carbon Corporation
Oak Ridge, Tennessee

Contract No. W-TLO5-eng-26

E ThDESED 95hh E

* L

: [} SNELSAS AOHINI VL1IHYW NILEYI

|



- | :

Index No. - ORNL-1315 .

~Technology ~ Materials
" Testing Acce;erétor

Distribution, Series A:

1-19. . Carbide ‘and Carbon Chemicals Company (Y-12 Area)
20-23, ~Atomic Energy’ Commission, Washington

24, Carbide and Carbon Chemicals Company (ORNL)

25. " ‘Chicago Operationsg Office

26. Patent Branch, Washington

27-28. San Francisco Area Office |

29-33. . University of California Radiation Leboratory
34-48. Technical Information Service, Oak Ridge

Carbide and Carbon Chemicals Company internal distrioution.as follows:

1. C. E. Center

2. C. E. Larson

3. L. B. Emlet

L, * W. B. Humes

5. A. M. Weinberg

6. E. D. Shipley

7. ~Jd. A. Swartout

8. E. J. Boyle

9. C. P. Keim

10. ‘ R. S. Livingston

11. F. T. Howard

12, . A. L. Boch

13. B. L. Cohen = .
1k, J. 8. Luce .
15. J. A, Martin ‘

16-19. Reports Office, TID

Issuing Office
Technical Information Department, Y-12 Area

Date Issued: AUG 25 1952



ABSTRACT

The January shutdown of the 86-inch cyclotron reduced
polonium 208 production to four runs yielding 568 millicuries.
The cyclotron now operates at higher enmergy, ~ 24 Mev, and an
increase in yleld is anticipated. A new type of target con-
struction makes it possible to operate at about 50% greater
power to the target.

The investigation of grid-type ion sources and their
adaptability to lithium isotope separation has continued on
a modest scale with a small unit having a five-inch radius
for Li 6,

A resistance cycler is being used to test alpha-rolled
uranium rods for determination of the maximum allowable cyclic
stresses,
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POLONIUM PRODUCTION

The polonium 208'productibn program was interrupted by the shutdown of
the 86~;nch cyclotron on January 15 and had not been resumed by the end of the
"quarter. The shutdown was made in érdér tos

l. Increase the beam energy

2. Provide space for bombarding larger targets

3. Ground end position the ion source

4. Install refrigerated baffles in the vacuum system ,

5. Provide facilities for greater control of alpha contamination
Four bismuth bombardments were made in January; the last two of these being
mede with an lmproved target design. During the shutdown a supply of targets
of the latest design has been fabricated and a new target dolly with provisions
for high rate of water flow has been designed and comstructed. As a result of
changing the pesition 6f the ion source relative to the magnetic center of the

cyclotron the maximum energy has been inéreased to ~ 24.4 Mev.

3

Production Statistics

Four bismuth bombardments made between January 1 and January 15 increased
the total production of Po 208 on the 86=inch>cyclotron to 4,945 curies. The

results of these runé are tabulated below:

Target Average Bowmbardment Yield Specific Production Percent
Number Date Beam (pa) Time (uah) (me) Rete (mc/mah) Yield
101 1/5 L67 21,460 108.5 5,055 79.0
103 1/9 887 - 65,879 282.0 4,28 61.2
100 1/11 654 15,624 93,0 5.952 85,0
10k 1/13 T72 17,914 84.5 k,T12 67k

Targeﬁs 100 and 101 were of the flattened-tube type and the other targets
of the more recent slotted-plate design. With this slotted=ﬁléte target the

average beam current is about'SO% greater than the previous average permissible.

current. Consequently, this new design has been adopted and additional 6" by 10"

- .




targets have been fabricated for use after the shutdown.

Rotating Targets

The 6" by 14" grazing "lincidence targets are about the largest -stationa.ry‘
ta.rgetsi that can be placed in the cyclotron at presént. Furfﬁer increases in
ar.e'a,c:?_.n best be obtained with rof.ating targets. The problem of rotatingAa .
target has been under conmsideration and the advantages are fully appre‘cvziated.:
In the case of the stationary target, the minimum operating current is limited
by Yhot spots" in the beam which cause local melting. With rotatiqn‘ the effec-
tive peak current density in the béam can be reduced sﬁbsta.ntiaily&' If a
combination of rotation and grazing ipcidencé is employeg_ a meximum effective
area 1s achieved.

A 15" disc has been fabricated from an aluminum plate a.nd is now being
tested prior to installation. The plate is slotted fqr water pagsa.gés H |
bismuth. is applied to ‘the surface of the aluminum by mécha.ﬁical abrasion a.nd'
then wachined to 0,008"; and the target is then bent into a saucer-like shape.
to provide the proper grazing angle and radius of curvature to conform to the
beam radius, Figure 1. The beam will strike a 4" by ym area of the disc, and
rotation will increase the area of bombardment to ~ 140 square inches. At a
heat load of 0.5 kw/in? a permissible heat load of 70 kw will be possible,

This corresponds to 3 ma of beam current at 2l Mev.

Beam Measurement

The cyclotron was ready for intermittent test operation on March 10.
Measurements of beam energy, shape, and center of rotation have since been
made. After the upward relocation of the ion source and accelerating slit

& one milliampere beam at 24.4 Mev was measured at the 30 1/2" radius;






the energy at this radius had formerly been -~ 19 Mev., The effective center
of rotation has apparently been raised to a point ome inch asbove the magnetic
center. The beam power at this higher energy has yet to be measured calori-
metrically. The pattern of the beem on a 90° target is now 3 1/2" by 3/16"

as compared with 4" by 1/L4" previously obtained.

Contamination Control

At the time the cyclotron was shut down in January the dee system had
been in continuoué service for a totalhof over 1.1 million microampere<hours.
Alpha contamination in the pit had at times exceeded 10,000 dis/min=m3 during
target change intervals. In September; 1951, when it was necessary to open
the vacuum tank to make an adjustment, local airborne contaminstion had ex-
ceeded 70,000 d.is/min:m.3o From these measurements it was known that a serious
contamination probleﬁ'would be encountered when the dee assembly and liner were
removed for repairs and modifications. To linmit the spread of contamination,
several work areas were inclosed and separately ventilated, large plastic bags
were useé for tramsferring equipment, and special protective clothihg was
designed for workmen entering the enclosures. These provisions reduced the
overall contamination of the building and provided safer work conditions in

the sensitive areas.

been enclosed agd partitioned to provide a clean changeroom, a shower and wash;
room, & contgmiﬁaﬁed changeroom, and a minor repair area principally for target
dolly repair, Work bencpeé in the repairvarea are provided with water gnd

compressed air outlets andxwith_weiqing equipment. The ventilation sy§ﬁe@ ?9;_

this enclosure is in series with the cyclotrom pit. From the inlet, air passes
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through a filter and a steam coll, is distribute;l' uniformly along the length
- of the enclosure; and thén flows through the maze into thé pit from which it
is exhausted through a series of deepnbed t&pe filters and through a stack to
the atmospﬁere sbove the roof of the bu:l.ld:l.ng;

Target Handling Facilitles. The very high alpha apd gamma activity now

p:oduce@ in targets requires special facilities for safely handling the "hot"
targets, Most of the gamma é.ctivity is due to the. 5.7 hour decay of Po 207
from the (p,3n) reaction. |

A 42-inch concrete radiation shield, with remote handling equipment and
viewing window, has been constructed' in the cyc;pt;on plt directly opposite
tli_e cyclotron tank. From behind this shield the operator 1ls able to remmf_e a
r‘adi(oactive target and insert it into a plastic box, transfer it to a lead-
shieided conté.iner, and seal this storage contaix;eri. After the high intengity
~ gamma activity’dles out, 1ln approximately ome week, the ta.rge.t 1s transferred
to a gloved=box faéility. Five gloved boxes and two storasge boxes are so
arranged that access to the rear of the boxes is through a corridor adjacent
to the minor repair area described sbove, Each dry box is separately ventilated
é.nd exhaus-l;ed through a CWS filter intq'the pit exhaust system. .‘ The dolly with
the iead container is brought to this corridor and sealed 'against'the pack gf
the first gloved box. The operator, omn the front side, transfers the target
from the‘ lead box into the gloved box and removes the target head from the base.
The terget is then photographed, inspected, meax;ured for activity, a.nd boxed
for shipanen‘l;, A new-target head 1s attached to the target base in prepé.ra.tion
for & sgbsqugpy_cyclopfon bombardment.

.Deggntamination Area, On '_!:he main floo:;’ east of the cyglqj;gon a sec_:ond

»enc‘loéﬁreupf a‘pp:oximately 280 square feet'is used "for-; the decgntam._nat}on of

the dees and liner. This facility 18 also provided with two changerooms, a
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showver; and an lndependent ventilation system. About 600 cfm of exhaust air
1s filtered through two deep-bed filters, then through a CWS fllter, and hence
to a stack above the roof,

'l‘he cyclotron dees and linper are removed from the cyclotron tank into a
plastic bag, Figu.re 2, and the sealed bag 1s transported overhead to the decon-
tamination area, The equipment 1s lowered through the top of tht_a gncloéure gnd
the plastic bag removed. Within the énclosure the;'e 1s a large va:é for dip-
washing of the cyclotr‘onv equipment. Wash solutions flow into two 1,000-gallon
and two 500-gallon receiving ta.nks on the floor below. There aré provisions
for heating and recir’culati‘ng these solutions._ After the .fna,jor»pavrt of the
contamination has been rémoved the‘ equipment is’. ha.nd scrubbed to further reduce
the _contaminatiop level,. Figure 4, For this opera?.tion,‘ it is necessary for
the worker to wear plastic suits and reépira‘@;ors st;pplied with fresh air,
Figure 3, |

Aligrment Area. After the contamination is sufficiently reduced in the

wash area the dees are transported by overhead crane to the alignment dqck
enclosure, This encloéure, like the previous two, has its_own ventilation_

‘and change house facilij:ie_s. The‘a.lignment dock 1s arranged so as to accommo-
da'ée a dee and liner, or two dees,- at the same time, Figure 5. P:qviaions are
madqfor the aligmment of components of the dees. Welding stgti_pns » cd;npressed
~air, vacumm lines, and an elevated plat:férm f_a.cilitaté‘ repair work. When
wglding is requix‘-ed it ha.s been found necessary for the worker to wear a
fresh-alir re,siairator and plastic suit of the type used in the:deconta',xnizi’a,tion

area,
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ISOTOPE SEPARATION, LITHIUM

Investigation of grid-type ion sources and their adaptability to lithium
isotope separation has continued on a modest scale in cooperation with the
Stable Isotopes Division.  Ion source development is chiefly the responsibility
of the Electromagnetic Research Division while the Stable Isotope Division is
concerned with problems of ion collection and "power regeneration."

Various geometries of flat, convex, and single horizontal grid-type ion
sources have been tested without any appreciable increase in ion current
density over the values previously reported. Flat grid sources produce a maxi-
mum of 1500 milliamperes of lithium ion current per square inch: of actual arc:
area, and convex grids produce 900 milliamperes. Various mechanical improve-'
' ments have been incorporated into the units which have incfeased the stability
and efficiency of operation. Vapor leaks iﬁ the feed system have been almost
totally eliminated; and rigidity in the grid alignment system has been greatly
improvédo

Investigation of feed materials has shown the possibility of developing
useful charge materials with apparent eutectic properties which lower the
operating temperature by approximately 75°C.and tend to increase the useful
life of the ion sources. A mixture of 15% LiCl and 85% LiBr reduces the
temperature from the 600°C to 700°C range to the 500°C to 600°C range. LiCl
alone has usually been used as feed material.

A unit utilizing a low positive potential (4 4 kv) ion source; a negative
potential (-14 kv) beam-path liner, and a collector at ground potential has
been constructed and preliminary operating tests are being made. If workable,
a system such as this would effect a simpler power supply arrangement than the

conventional unit.
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In one test run the collected producf assayed 63% Li 6, an enrichment
factor of 22.6. This assay does not cémpletely reflect the unit improvements
that have since been achieved to further reduce vapor leaks and to increase
retention of ions in the collector pockets,

Optimum operating parameters have been rather well determined. A field
of 3670 oersteds with 18 kv accelerating potential gives a 5.09" radius for
" the Li 6 beam and a 5.5" radius for the Li 7T ions. All the present work is
being done under these conditions. These dimensions make it possible to
mount the source and collector together on a conveniently small faceplate.

Up to this date all work has been done on a laboratory scale with units
having an ion source grid of two square inches maximum arc area. For the
determination of the practicality of ionger arcs a unit is being constructed
which will utilize an arc grid 16" long (8 square inches of arc area). For

these tests the facilities of the Stable Isotopes Division will be utilized.



TARGET TESTING _ 15

The resistance-thermal cycler is being used to test alpha-;olled uranium
rods for determination of the maximum allowable cyclic stresses. With the
results of the tests now underway, it is hoped that a fatigue type curve can
be obtained which will allow one to predict more accurately the factor of

safety and target life as controlled by stresses alone.

Uranium Testing

~ In the "A" and "B" series of tests, reported.previdusly,* it was demon-
strated that 1t was poseible to study stress failure with the present equipment
and that an elimination of the large temperature swing and a reduction of the
mean stress allowed many more cycles to be applied to the test specimen.
It was decided that testing conditions which would be somewhere between
the "A" and "B" tests should be obtained by proper adjustment of test condi-
tions. The conditions were altered so that a calculated mean stress of 60,000

psi and a stress "swing" of 10,000 psi would result., The conditions were as

follows:
Total cycle time 150 milliseconds
Duration of pulse 50 milliseconds
Duty cycle 33 1/3 percent
Pulse power input ~ 150 kw/in3 (max obtainable
from transformer)
Coolant (distilled water) ~ 50°C
Water velocity - 17.7 f£t/sec

Since this is a different pulse length and duty cycle than has been used pre-
viously, it was necessary to build a new commutator and a new reduction gear
for the motor driving the commutator. The results of nine tests under the

above conditions are summerized in Table I.

~

* ORNL-1235, ORNL-1270.



* No thermocouple attached to test rod.

TABLE 1:

Run Surface Center Pulsing Rate Pulse Power
No. Temp Limits Temp Limits _(millisec) Input
°c °c on Off  lw/in3
B-9 408 87 - 119 50 100 146.7
B-T * * 50 100 145.5
B-6 * * 50 100 1404
‘B=1k * * 50 100 162
B-12 * * 50 100 1k
B-17 * * 50 100. 145.2
B-16 * * 50 100 130.5
B-15 * * 50 100 134k.7
'B-18 *, * 50 100 120.0

TARGET TESTS SUMMARY

Remarks

No center temperature swing noticed. Failed at
thermcouple hole in 93,720 cycles.

First crack appeared at 63,000 cycles. Failed
in the clamp in 445,100 cycles.

Sample warped after 315,000 cycles., Sample
failed at 396,880 cycles inside the fixed clemp.

Semple pitted in center cf test section. Failed
at 233,720 cycles in center of test length.

Sample failed at near the center after 748,600
cycles.

Sample failed near center after 530 800 cycles.

Average power density reduced to 45 kw/in .
Failed after 710,120 cycles.

Another test at‘hs kw/in3 with sample failing
after 217,320 cycles., Sample:very rough with
many spines sticking up from.the sample.

First crack noticed at 24,000 cycles with fail-
ure coming after 526 880 cycles.

EQI



17

The sample in Run B-9, the first of the series, contained two center
thermocouples and two surface thermocouples. The center temperature was
constant at 408°C while the surface temperature swung from 87°C to ll9°c.

The power density for the duration of the pulse‘was 146.7 kw/in3. The power
_ density aversged over a 150 millisecond cycle is 1/3 of 146.7 kw/in3, or
48.9 kw/ins. The sample failed after 93,720 cycles at one of the holes
drilled through the réd for the center thermocouple, a common point of failure,
_The two runs following the sbove test run, B-6 and B-7, failed after
396,880 and 445,100 cycles but failure occurred in the fixed clemp and not in
the test section. Two steps were taken to prevent failure of the samples
inside the clamps. First, theavelqcity of the water inside the clamp chamber
was doubled by reducing the size of the chamber; second, the ends of the sam-
Ples were silver plated to reduce power loss due to high contact fesistance
between the sample and the clamp.

The first silver-pl;ted uranium samples received were pitted in the center
vhere the current flowed into the sample while being plated. The sample with
the fewest pits, B-1lk; was cycled to failure under the same éonditions as B-6
and B-T, eicept that the power input was 12% greater begause of lower contact
resistance at the clamps. After 233,720 cycles the sample failed near the
center vwhere the pits were the most numerous. The ends of the sample held by
the clamps were in perfect condition at the end of the run. Hence, the prob-
lem of failure in the clamp was considered solved. |

Another sample was silye:-plated on the ends with the plating current
entering the sample at the ends instead of the center. The powei input on
thié sample was reduced so that the temperature ﬁeasurement made in B-9 would

be applicable., The average power density was 48.0 kw/in3. The sample failea
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after T48,600 cycles, The fixed clamp was dameged in this rum by the pweliing
of the urenium inside the clamp. |

For the next run;»B»l?, the cleamps,; as well as the sample, were silver
plated. The sample failed near the center after 530,000 cycles at an average

power density of 48,4 kw/in3, No damage to the clamps was noted.

Lower Power Input

After the above runs were completed it was decided.to determine the effect
of lowering the power input to the sample, This would result in a fatigue-type
curve which would énable one to predict more accurately the factor of safety
and target life as controlled by stress considerations, Thregldumbbell-shaped
urénium rods were tested at conditioﬁs similar to those mentioned earlier in
this report. Ail of the fallures occurred at approximately the midpoint of the
samples.,

For the first two rums, B-16 and B-15, the average power demsity was
reduced to about 45 kw/in3. Failure occurred after 710,120 and 217,320 cycles,
respectively., In run B-15; a large number of émall cracks appeared in less
then one hour after starting the run, and in a short time the rod was very
rough. Numerous spines were easily discernable on the surface of the sample.

The average power for run B-18 was reduced to 40 kw/in3. The first crack
vas noticed at 24,000 cycles with failure coming at 526,880 cycles. After
failure at this power density it was decided that a greater reduction in power
should be tried in order to get out of the range of the normal scatter in £he

data, For the initial runs large changes were not made since it was emtici-

pated thet unduly long runs might be encountered.
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OPERATIONS SUMMARY

A sumary of operations in Buildings 9201-2 and 9204-3 for the months

~of January, February, and March includes the following experimental runs:

Special Separations { T
Isotope Production - 8
Electromegnetic Fundamentals 61
Electro-Nuclear Machines 3k
86-Inch Cyclotron.
Nuclear Physics 12
Radiation Damage L
Experimental Operation 26

Distribution of shop time charged to each of the.various‘projects is given

in Tasble II.

Assignment of personnel to various projects is indicated by the personnel

chart on page 17.



Mechanical Service Machine Shop - Carbon Machine Shop - Metal

Hours % Used Hours . % Used Hours % Used
33-238 Special Separations 2.0 0,02 285.2 30.2 128.0 4.6
33-240 U 236 Separation 89.0 0.9 55.0 5.8 40.0 1.4

91.0 0.92 340.2 36.0 168.0 6.0
34-2h41 86" Cyclotron, Electrical 8.0 0.1 —ez --- 48.0 1.7
3h:zhz 86: Cyclotron, Mechanical u77z:u hg.i 25,3 10:1 125&.8 hs.é
34-243 86" gpecial Targets 3%%%j% gnfs 2 :5 ‘I%?i 2 9:
36 Electromagnetic Fundamentals 537.5 5.5 270.5 28.6 226.0 8.0
37 Electro-Nuclear Machines 24.0 | 0.3 20.0 2.1 2.0 0.1
38 Radiation Damage Research 1k1.0 1.k 12.0 1.3 24k.0 0.8
3550-366-2 MTA Target 468.6 4.8 -- -- 23.0 0.8
4900-132 Plutonium Laboratory Facilities 1402.0 14.3 128.0 13.5 154.0 5.5
4900-161 The 63" Cyclotron 1770.4 18.0 21.0 2.2 726.0 25.8
4900-181 Alignment Rack, 86" Cyclotron Dees 2.0 0.02 - - -- -
4900-217 Target Handling Facilities, 4,0 0.0k 29.0 3.1 90.0 3.2

86" Cyclotron
TOTAL 9,812.9 94s5,2 =;§T$f3

TABLE II: TIME DISTRIBUTION - MECHANICAL AND MACHINE SHOPS
January 1. through March 31, 1952 '
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