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ELECTRONUCLEAR RESEARCH DIVISION SEMIANNUAL PROGRESS REPORT . 
ABSTRACT 

Nucleor phys ics  research w i th  22-Mev protons i n  the 86-in. cyclotron included ongulor-distribution 

measurements of neutrons from ( p , n )  reactions in nine target elements; measurement o f  the angulor 

Th232; meosurement of alpha-particle angular distr ibut ions from ( p p )  reactions; a study o f  the 

neutron-deficient isotopes of terbium; and completion o f  on extensive program o f  the meosurement 

of oct ivot ion cross sections. Two new targets for cyclotron production o f  isotopes were developed, 

and the production y ie lds  for 14 radioisotopes ore surnmorized. A new record for continuous beam 

power on o production target, 36 k w  for 5 hr, wos achieved. The  design o f  o beomdef lec to r  system 

for the Win.  cyclotron has been completed, and severol o f  the components have been fabricated; 

a shutdown for ins ta l la t ion  i s  scheduled for October 8. 

d istr ibut ion of f i ss ion  fragments from proton-induced f i ss ion  of U 233 , u235 u238, Th230, 
# 

+++ 
The deflected N beam of the 63-in. cyclotron wos used in a study o f  the ga in  and loss  o f  

electrons by nitrogen ions passing through th in  foils, ond the equi l ibr ium charge d is t r ibu t ion  o f  

ions  os a funct ion of energy wos thus obtoined. The  exc i ta t ion  funct ions were meosured for 

nitrogen-induced react ions on both nitrogen and oxygen. 

Assembly of the 44-in. cyclotron i s  opprooching completion. Studies o f  the magnetic ond rodio- 

frequency requirements of the proposed 114-in. heavy-porticle cyc lo t ron  were continued, and an  
invest igot ion of the poss ib i l i t y  of converting the 44-in. cyclotron was init iated. 

THE ORNL &=INCH CYCLOTRON 

NUCLEAR PHYSICS RESEARCH 

Angular distributions of neutrons from (p ,n )  
reactions induced by 20-Mev protons were measured 
for Mg, AI, Cu, Mo, Ag, To, Au, Th, and U. The 
neutrons were detected by silver and aluminum 
activation, which detect neutrons of 12- and 6-Mev 
average energy, respectively. The angular distr i -  
butions are very sharply peaked i n  the forward 
direction; thus it i s  indicated that direct, rather 
than compound, nucleus interaction i s  the pre- 
dom i nant process. Many interesting conc I us ions 
may be obtained from the shapes of the curves. 
Yield studies accompanying these measurements 
indicate that emission of neutrons i s  a very im- 
probable process in  l ight  elements. 

Measurements of fission-fragment angular distr i -  
butions from 22-Mev proton-induced fission were 
extended to  include U238, U235, U233, Th232, 
and Th230 as targets and t o  include Ag, Zr, Sr, 
Ba, and Br as detected fragments. A l l  angular 
distributions are symmetric about 90 deg, with 
maxima i n  the forward and backward directions. 
In general, the angular distributions are more 

anisotropic for asymmetric f iss ion than for sym- 
metric fission. 

Measurements of alpha-particle angular distr i -  
butions from 22-Mev proton-induced (p,u) reactions 
were made unt i l  it seemed quite certain that the 
angular distributions are essentially symmetric 
about 90 deg but that they have a small component 
(* 15%) which i s  dist inct ly in  the forward direction. 
It was decided to discontinue this work unti l  the 
deflected beam i s  available. 

An extensive program for the measurement of 
activation cross sections was completed. A study 
of (p,pn) vs (p ,2n)  cross sections i n  medium-weight 
elements indicated that the (p ,pn)  cross sections 
are much larger i n  most cases. This  finding would 
seem to practically invalidate the compound- 
nucleus hypothesis. A study of (p ,pn)  + (p,2n) vs 
(p,2p) cross sections indicated that, in  many 
cases, the latter cross sections are much larger; 
th is cannot be easi ly explained by compound- 
nucleus interaction, either. Measurements of 
( p , ~ )  cross sections showed that these cross 
sections were considerably larger than expected 
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and were surprisingly insensitive to  the energetics 
involved. The (p,He3) and ( p , t )  cross sections 
were found to  be quite small (-0.1 to  1 millibarn). 
Cross sections for (p ,y )  reactions were also found 
to be quite small (-1 millibarn), which indicates 
that the l ifetime of the intermediate state must be 
rather short. A survey of (p ,n )  cross sections at 
13-Mev incident energy was completed. 

A photographic recording magnetic spectrograph 
was constructed for measuring the energies of 
internal conversion electrons in  the range of 50 
to 500 kv. 

A study was made of the neutron-deficient iso- 
topes of terbium produced by the proton bom- 
bardment of enriched isotopes of gadolinium. The 
terbium was chemically separated by ion-exchange 
methods. Two isotopes previously reported, 4.7-d 
Tb lS7 and 190-d Tb'55, were not observed. When 
analysis of the data i s  completed, it i s  expected 
that the decay scheme of several of the isotopes 
w i l l  be clarified. 

A P P L I E D  PHYSICS 

The Applied Physics program includes the pro- 
duction of radioisotopes, the development of pro- 
duction targets, ion-transmission studies, and 
service bombardments for other div is ions of the 
Laboratory . 

Isotope Production 

Several routine production bombardments were 
completed: a 5-hr bombardment of l i thium metal 
produced 520 mc of Be7; a 25-hr bombardment of 
chromium produced approximately 15 mc of Mn54; 
and a 4-hr irradiation of RbCl i n  the capsule 
target produced 8 mc of Sr8'. Gollium-67 pro- 
duction for the ORINS Medical Div is ion continued, 
wi th  a bombardment being made every third week 
and each bombardment producing approximately 350 
mc. A new program was begun i n  cooperation 
wi th the UT-AEC Agriculture Research Program. 
Fluorine-18 (1.87-h half life), which i s  produced by 
the (~~272)  and (p,pn) reactions on F19, i s  being 
used in a study of the uptake and distribution of 

TABLE 1. CYCLOTRON-PRODUCED ISOTOPES 

Production Rate 

(rnc/rno-hr) (rnc/hr) 
Isotope Half Life Radiation Nuc tear Radiation Target 

Be7 54 d 

F18 1.87 h 

2.6 y 

Na22 

Mn52 6.0 d 

Mn54 310 d 

Fe55 2.9 y 

c056 80 d 

c057 270 d 

zn6' 250 d 

ea67 78 h 

As73 76 d 

As74 17.5 d 

Y 105 d 

Po208 2.93 y 

No p'; 0.48-Mev y 

0.65-Mev p'; no y 

p'; 1.28-Mev y 
(Not carrier-free) 

p '; 0.7- to  1.5-Mev y 

No p'; 0.84-Mev y 

(Not carrier-free) 

NO p'; noy; 100% E.C. 

p', E.C.; 0.85- to  3.25-Mev y 

0.3% a'; 0.120-Mev y 

8'. E.C.; 1.12-Mevy 

No p'; 75% 0.182-Mev y 

No p'; 0.067-Mev y 

p', p-; 0.6-Mev y 

E.C.; 1.85- and 0.9-Mev y 

5.1 1-Mev a;  no y 

Li; 6 x 10 in. 

NaF; capsule 

Mg; 6 x 10 in. 

Na; 6 x 10 in. 

Cr; 6 X  10 in. 

Cr; 6 X 10 in. 

Mn; 6 x 10 in. 

Mn; 6 X 10 in. 

Fe; 6 x 10 in. 

Ni; 6 X 10 in. 

Cu; 6 x 10 in. 

Zn; 2.5 x 6 in. 

Ge; capsule 

Ge; capsule 

SrO; capsule 

Bi; 6 x 10 in. 

170 120 

7500 1500 

0.4 0.4 

3.1 1.3 

80 80 

0.5 0.5 

20 20 

10 10 

70 70 

50 50 

9.3 9.3 

600 120* 

8 1.6 

50 10 

20 4 

9.8 9.8 

*A production rate of 600 mc/hr could be expected with the larger target. 
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fluorine i n  sheep. A 30-min bombardment of sodium 
fluoride in  the capsule target produces approxi- 
mately 750 mc of fluorine activity, together with 
20 pc of In the experiments now under way, 
the presence of 

Yield Summary. A summary of  the production 
rates which have been obtained with the 86-in. 
cyclotron i s  given i n  Table 1. Generally, a serious 
effort has been made to  obtain the highest possible 
production rates. In a number of instances the 
capsule target was used because the demand for 
the isotope at the time did not just i fy the de- 
velopment of a coating method for the larger target. 
In most cases the results are based on several 
development runs. The data for Cos' and ZII'~, 
however, are based on a single run. It is  believed 
that wi th further operating experience their y ie ld 
can be materially improved. 

causes no dif f iculty. 

Service Bombardments 

Use of the 86-in. cyclotron as a neutron source 
by the Biology Div is ion has continued at a rate of 
8 to 10 hr a week. A neutron f lux density of ap- 
proximately 1.6 x lo9 neutrons/cm2.sec is  produced 
i n  a lead-shielded exposure chamber by the proton 
bombardment of a beryll ium target. 

Numerous short bombardments were made for 
other divisions. One high-level bombardment of 
molybdenum was completed for the Chemistry 
Division; an average current of 1 ma was sustained 
for an 11-hr period. Th is  target w i l l  al low the 
separation of relat ively large amounts of long- 
l ived technetium isotopes to be used for half- l i fe 
and decay-scheme studies. 

Target Development 

A new target assembly, Fig. 1, was developed 
for use i n  the high-current bombardment of medium- 
and high-melting-point metals. It consists of a 
6 x 7 in, r i f le-dri l led f lat  plate which is  clamped 
between two header blocks containing seal rings. 
The weight of the target i s  approximately one-third 
that of the standard 6 x 10 in, grazing-incidence 
target used previously. A l l  seals are provided 
with cam-lock devices to al low easy disassembly 
after bombardment. Use of this smaller target 
should greatly foci l i tate target processing when 
remote manipulation i s  necessary. Target plates 
of Be, AI, Cu, Mg, and Ag have been fabricated for 
use i n  the assembly. The copper target has suc- 
cessful ly dissipated 36 kw of beam power for 
5 hr. 

Fig. 1. New IsotopeProduction Target Assembly 
wi th 6 x 7 in. Removable Water-Cooled Target. 

The thin-walled tube target was completely 
redesigned to simpli fy removal of the irradiated 
capsule, t o  simpli fy component fabrication, and to 
al low easy opening of the irradiated capsule. 
Aluminum, rather than nickel and Inconel, i s  being 
used successfully for both the capsule and the 
outer tube. Figure 2 i s  a photograph of the target 
assembly with the capsule part ial ly removed. 
The capsule i s  opened by breaking at  a pre-scribed 
point by means of long-handled tongs (see Fig. 3). 

Ion-Transmission Studies 

In continuation of the ion-transmission tests, 
highly charged nitrogen ions were accelerated i n  
the 86-in. cyclotron. Tr ip ly charged nitrogen ions 
were accelerated on the fifth mode to an energy of 
10 t o  12 MeV. Total beam currents of the order of 
30 pa were obtained momentarily; currents up to 
5 pa were easi ly attained. At a target current of 
approximately 1 pa, the 12-Mev tr ip ly charged 
nitrogen beam i s  accompanied by a very small 
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current 

Fig. 2. Capsule-Type IsotopeProduction Target Assembly with Removable Capsule. 

(-lom3 pa) of nitrogen ions wi th energy 
greater than 30 MeV. This was demonstrated by 
the production of the 112-117 F’8 act iv i ty in  a 
beryll ium target bombarded through a nickel ab- 
sorber (5.18 mg/cm) which stopped nitrogen ions 
of less than about 19 MeV. An estimate of the 
energy was also obtained from the rat io of F18 and 
Na24 activi t ies produced i n  a carbon target; the 
rat io was greater than 1, and, based on data sup- 
pl ied by the 63-in. Cyclotron Group, an energy i n  
excess of 29 Mev i s  indicated. There would be 
an acceleration of N5+ ions to  an energy of about 
35 Mev i n  the third mode at the same frequency 
and magnetic f ie ld at which tr iply charged nitrogen 
ions are accelerated. Because of the extremely 
low current, it i s  reasonable to  assume that these 
ions originated i n  the ion source. Efforts to 
increase the N5+ ion beam have been unsuccessful 
thus far. 

BEAM-DEFLECTOR DEVELOPMENT 

The major design work for the beam-deflector 
system for the 86-in. cyclotron was completed. 
Several components have been fabricated, and a 
schedule has been established which w i l l  permit 
a shutdown on October 8 for the.conversion. It is  
estimated that a period of from four to s i x  months 
w i l l  be required for the instal lat ion of the deflector 
system. 

A prototype magnetic channel co i l  was con- 
structed and tested in  a magnetic gap which ap- 
proximates the cyclotron conditions. The 32-turn 
co i l  requires a 50-v, 5000-amp supply and 60 
gal of cooling water per minute at  65 psi. Tests 
indicate that the field, normally 8800 oersteds, 
i s  reduced to about 500 oersteds at the center 
of the channel, while outside the channel the 
disturbance i s  less than 1% except for a local 

. 

i 

.. 
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. I  
UNCLPSSIFIEO t o  shut down in  order to repair leaks. I h e  wor 
PHOTO 22169 schedule was continued at  two shif ts a day, f i v  

days a week, unt i l  late August; a third shif t  wa 
then added to take care of the bombardmenl 
scheduled to  be carried out before the machine i 
shut down on October 8 for instal lat ion of the beai 
deflector. The fol lowing bombardments wer 
completed for the indicated projects. 

Fig. 3. Target Capsule, Show..ig Method of 
Opening. 

region near the entrance end of the coil. A further 
reduction in  the f ie ld  disturbance was not warranted 
because the f inal  shimming of the channel w i l l  be 
done i n  the cyclotron magnet gap. 

Aluminum tubing with a 0.062-in. diameter and a 
0.010-in, wall  thickness was substituted for the 
0.050-in.-dia, 0.003=in.-wall tubing i n  the septum 
design because of the di f f icul t ies of securing a 
bond that was not subject to corrosion by the flux. 
Preliminary tests indicate that the heavier-wall 
tubing can be successfully Heliarc welded. A 
target test on O.OlO-in.-wall tubing was run in the 
cyclotron at beam currents up to 1200 pa. A closed, 
distilled-water system of 35 gpm at 500 ps i  w i l l  
be used for cooling the septum tubes; th is w i l l  
permit a beam intensity in excess of 1 ma at the 
septum. The closed water system i s  used i n  order 
to reduce corrosion of the septum tubes. . 

i .  CYCLOTRON O P E R A T I O N  

The 86-in. cyclotron was operated continuously, 
80 hr a week, during the past s i x  months except for 
a few periods of 12 to 14 hr when i t  was necessary 

-k 
re 

ts 

rn 
.e 

. I  . . .  -. 

IS 

S 

Nuclear physics research 589 

I sotope production and experiments 94 

Neutron production for Biology Div is ion 55 

Operational and developmental tests 12 

(1093 exposures) 

Total  750 

l h i s  Considerably exceeds the total ot 3LU bom- 
bardments made during the previous six-month 
period. 

The average innage (actual beam on target) was 
37.776, or 30.2 hr for each 80-hr week. The time 
summary for the period i s  shown below: 

lnnage (beam an tar 

Attempted innage ar 

Hours Per Cent 

get) 827 38 

id  bakeout time 266 12 
_ L _ _ _ -  -I I n  .l Ion source - routine cnange or ou J 

fi lament and adjustments 

Targets - routine change and 59 4 27 
inspection 

Equipment failure and troubles 244 11 

Standby (waiting for target) 127 6 

Radiation hazard 12 <I 

Weekly startup and shutdown 40 2 

Scheduled shutdown 27 1 

A new record for continuous beam power was 
achieved on September 10. A steady proton current 
of 2000 pa at 18 Mev was maintained for 5 hr; a 
6 x 7 in. copper target was used for the production 
of Zn65. Th is  steady operation at higher power 
was obtained when the beam energy was reduced 
to 18 Mev by the effective center of the beam orbit 
being moved toward the target. The beam center i s  
controlled by means of so-called “half-coils” 
wound on the pole pieces. The beam power on the 
target, 36 kw, was measured by calorimetric 
methods. This i s  the largest amount of sustained 
power ever put on a production target in  the 86-in. 
cyclotron. 
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THE ORNL 63-INCH CYCLOTRON 
4 

Research conducted with the high-energy n i -  
trogen ions accelerated i n  the 63-in. cyclotron may 
be conveniently separated into the two categories 
of atomic physics and nuclear physics. 

ATOMIC PHYSICS 

Further studies were made on the penetration of 
nitrogen ions through matter i n  the veloci ty region 
where orbital electrons are captured and lost. The 
equil ibrium charge of ions in  th in Formvar fo i l s  
was measured as a function of ion energy. After 
passing through a thin foil, about 25 pg/crn2, the 
beam was analyzed into i t s  component charge 
groups by the fringing f ie ld  of the cyclotron and 
was detected with nuclear emulsions. The equi- 
l ibrium distribution of  ionic change i s  given as 
a function of energy in Fig. 4. Over most of the 
energy region investigated, only the f irst three 
electrons play a part i n  the capture-and-loss 
process. 

Capture-and-loss cross sections cannot be de- 
termined from measurements of th is  type, but the 
rat io of the capture-to-loss cross section can be 
obtained. For example, the rat io of the loss-to- 
capture cross section for the f irst electron i s  just 
the rat io of N7' to N6', i f  the contribution that 

UNCLASSIFIED 
ORNL-LR-DWG 3430 
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Fig. 4. Equilibrium Charge Distribution of 
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results from the third electron i s  neglected. The 
rat io of the loss-to-capture cross section for the 
f i rs t  two electrons i s  proportional to  v3*9, and 
for the th i rd electron it i s  proportional to  
over the entire energy range investigated, where 
v i s  the ion velocity. 

A determination of the capture and loss cross 
section requires very th in  foils. Zapon foils, 
approximately 3.5 pg/cm2 thick, have been made 
at th is  laboratory, and preliminary measurements 
have been completed. Final  results w i l l  be 
available i n  a subsequent report. 

NUCLEAR PHYSICS 

Excitation functions were measured for the fo l -  
lowing nitrogen-induced reactions: 

0 6(N 4)AI 282H 
01 6(N14)F18c12 

N14(N14)015C13 

N 14(N 1 4)N 15N 13 

The last  two reactions i n  particular have almost 
identical excitation functions (see Fig. 5). If 
some mechanism such as neutron or proton cross- 
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over were of primary importance, there should be 
a difference in the thresholds for these two re- 
actions. The similarity between the two curves 
i s  an indication of a compound-nucleus mechanism 
for the two reactions. 

Nitrogen-induced reactions in aluminum were 
studied by radiochemical means. Both N13 and 
C” were found t o  be included in the reaction 
products. The presence of  these two nuclides 

throws doubt on the recent “buckshot” hypothesis 
for heavy-particle reactions, at least below 30 
MeV. 

A double-focusing 90-deg magnetic analyzer was 
designed for the identif ication of reaction products 
from nitrogen-induced nuclear reactions. 

Preliminary results were obtained for the exci- 
ta t ion functions of nitrogen-induced reactions in 
boron. 

THE ORNL 44-INCH CYCLOTRON 

The design work for the revision of the 44-in. 
cyclotron was completed, and fabrication and as- 
sembly of components are approaching completion, 
T h i s  machine i s  being redesigned for the acceler- 
ation of large currents o f  protons to  1.5 and 5 MeV. 
The oscillator, vacuum system, ion source, and 
target-probe are ready to  be installed. The ex- 
ist ing power supplies are being enlarged. 

The dee stem and dee-stem housing have been 
assembled and are ready for mounting of  the dees. 
The dees were delivered by the contractor, but 

several leaks in very inaccessible locations have 
delayed f inal  assembly. In order to  repair the 
leaks i n  the internal water-cooling tubes it was 
necessary to  cut windows through the sides of 
the dees. The windows were then closed by 
Heliarc welding. The liner for the vacuum tank 
and for the dee-stem housing has not yet been 
delivered. 

Grinding and shimming of the tank walls to  
produce a f lat  magnetic f ie ld  was continued. The 
magnetic f ie ld  i s  now uniform to within 0.05%. . 

MULTIPLE-PARTICLE HEAVY-ION CYCLOTRON 

A proposed variable-frequency 114-in. cyclotron 
for the acceleration of heavy particles, carbon 
through neon, to  energies sufficient to  penetrate 
the Coulomb barrier of the heavy elements was 
brief ly described in the previous progress report.’ 
Studies of the magnetic and radio-frequency re- 
quirements for th is  machine have been continued. 
As a possible alternative proposal, the feasibi l i ty 
o f  converting the 44-in. proton cyclotron to  a 48-in. 
heavy-particle machine i s  being explored. 

PROPOSED 114-INCH CYCLOTRON 

A small-scale model o f  the 114-in. magnet, 
Fig. 6, was designed to  provide answers to  the 
essential questions of magnet geometry, A full- 
scale electr ical model o f  the dee system was 
constructed and tested. In conjunction with the 

Elec t tonuc lear  R e s e a r c h  Semiann. Prog.  R e p .  March 
20, 1954, ORNL-1670, p 13. 

electr ical model, a pneumatic-pressure, movable, 
r - f  joint was developed. 

Quarter-Scale Model 

The one-quarter-scale model magnet i s  of the 
closed-yoke type. The completed unit w i l l  be 
75 x 46.5 x 45 in., with a maximum gap of 4.6 in. 
and a minimum gap of  2.875 in. I t s  total  weight 
w i l l  be 14.4 tons; 12.7 tons w i l l  be iron and 1.7 
tons w i l l  be copper. The magnet gap w i l l  be in  
a vertical plane to  provide the greatest access 
for making f ie ld  measurements. The pole t ips  are 
removable so that shims of any shape can be 
inserted readily. A central f ie ld  of 20,000 gauss 
w i l l  require an excitation of 6775 amp at approxi- 
mately 50 v. 

The yoke was designed t o  be constructed of 
new iron from commercial sources, but, with slight 
design changes, available surplus iron can be 
used instead. The magnet i s  of laminated design, 
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Fig. 6. Magnet for Proposed 114-in. Heavy-Particle Cyclotron. 

wi th each layer tack-welded to the next, and it 
has four corner bolts for added strength. The pole 
pieces are 2-in.-thick iron disks that are secured 
to the yoke by bolts. 

The coi ls are made up of two “pancake” wind- 
ings that are connected i n  series electr ical ly and 
have parallel coolant passages. The conductors 
are made from 3 x 0.42 in. available surplus copper 
ribbon and are water cooled by a copper tubing 
brazed to one edge. 

Electr ical  Model 

A model of the radio-frequency system, Fig. 7, 
was constructed in  order to  check the computed 
frequency range and the voltage distribution along 
dee stems that have variable parallel-plate ca- 
pacitors connected to  ground. Although the actual 
cyclotron would have been mounted with the dee 
stems vertical, it was necessary to  construct the 
model wi th horizontal dee stems because of space 
l imi tat ions and accessibil i ty. The horizontal 
mounting necessitated the use of dee-stem sup- 
ports, which degraded the Q of the system con- 
siderably. 

Measurements were f i rs t  made on the model 
without the variable capacitors on the dee stems 
and with the spider arbitrari ly placed 227 in. from 
the dee tips. Th is  position i s  not the one com- 
puted for the spider i n  the original design, but 

the decision was made to leave the spider there 
for a l l  measurements except those of frequency 
range because it might be damaged by repeated 
movement. Under the above conditions the reso- 
nant frequency of the system was 8.07 megacycles, 
wi th a Q (measured on a band-width basis) of 
approximately 3400. Voltage probes were instal led 
at  20-in. intervals along the dees and dee stems 
to measure the standing wave (Fig. 8). A further 
check on the Q of the system was made by com- 
puting the effective series resistance of the dee 
stems from voltage and impedance measurements 
and comparing it with the resistance computed 
from Q. The two values differed by less than 
10%; thus it was indicated that the band-width Q 
i s  approximately correct, 

Measurements on the system with the variable 
capacitors i n  place are not fu l ly  completed. Data 
thus far obtained indicate that the Q of the system 
has been lowered considerably - t o  1160. Th is  
lowering i s  probably due to  wooden braces on the 
capacitor. A standing-wave curve was also ob- 
tained with the capacitors unmeshed; it i s  shown 
in  Fig. 9 along with the measured standing wave 
from Fig. 8 for comparison purposes. A pre- 
liminary measurement of the frequency tuning ratio, 
wi th the spider s t i l l  in  i t s  arbitrary position, gives 
a value of 1.44 (5.5 to  7.9 megacycles), compared 
wi th  the design value of 1.5. 

10 
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Fig. 7. Radio-Frequency System for Proposed 114-in. Cyclotron. 

Pneumatic-Pressure Radio=Frequency Joint 

I n  the design of the 114-in. cyclotron, the fre- 
quency of the dee system must be varied over a 
wide range, and the use of a parallel-plate variable 
condenser seems to  be the most practical way of 
accomplishing such variation. One set of plates 
i s  f ixed t o  the dee stem, and the other set i s  
movable along the inside of the r-f shield. The 
connection to  the movable plates must permit the 
plates to be moved whi le under vacuum and must 
carry an r-f current of  approximately 100 amp per 
l ineal inch. The pneumatic r-f joint, shown i n  

Fig. 10, was tested as a possible solution to th is  
problem. 

The pneumatic tube i s  soldered to the condenser 
plates and f i t ted loosely into a long C-clamp which 
holds a kni fe edge just above and along the tube. 
When the tube i s  inflated, contact i s  made between 
the tube and the C-clamp by means of the kni fe 
edge. (The kni fe edge prof i le i s  shown to scale 
in  Fig, 10.) When the air pressure i n  the tube i s  
released, the tube i s  free t o  sl ide along in the 
C-c lamp. 

Tests have been conducted on copper, copper- 
plated brass, and copper-plated stainless steel 

11 
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tubes to  determine the temperature r ise and re- 
sistance of  the joint as functions of the current, 
air pressure, and cooling-water flow. Measure- 
ments were also made of the force exerted by the 

shown that, with a properly designed magnet, th is  
cyclotron could be adapted for use as a heavy- 
part icle cyclotron for the acceleration o f  N5' to  
about 89 MeV. 

tube on the knife edge, the deflection of the tube 
v s  pressure, the stresses in the tube, and the l i f e  
o f  various tubes. 

The results o f  the study indicate that, of the 
materials tested, copper-plated stainless steel i s  
the best choice. It was found that, at an r- f  load 
o f  100 amp per l ineal inch, the temperature r ise 
could be held to  less than 10°C by a water f low 
of  only 0.5 gpm. Once the joint had been made, 
the temperature r ise was rather insensitive to  air 
pressure in  the tube. For the application de- 
scribed above, the tests demonstrate that th is  
type of joint i s  quite feasible. 

PROPOSED CONVERSION OF THE 44-INCH 
CYCLOTRON 

A possible alternative proposal for a heavy- 
part icle cyclotron i s  being explored. The present 
44-in. cyclotron has dees 44-in. in diameter and 
i s  operated in  a beta magnet at a magnetic f ie ld  
of 6350 gauss. Preliminary investigation has 

Conversion of  the 44-in. cyclotron to  a heavy- 
part icle machine would require the construction 
o f  a new magnet and a new vacuum tank. The 
48-in. pole pieces would be incorporated in the 
wal ls  o f  the vacuum chamber. All other com- 
ponents of the present 44-in. cyclotron, oscil lator, 
dee system, vacuum system, ion source, target- 
probe, and power supplies, would be uti l ized. It 
would be necessary to  provide a properly shielded 
room for operation at  th is  energy and to  reroute 
a l l  u t i l i t y  connections to th is  new location. 

The new magnet would be of the closed-yoke 
type with a magnetic f ie ld  of 20,000 gauss at  the 
center and a pole-tip diameter o f  48 in. At the 
design frequency, 1 1  megacycles, the magnetic 
f ie ld  could be varied to  obtain resonance for highly 
ionized carbon, nitrogen, and oxygen (see Table 
2). The cyclotron would require a room approxi- 
mately 20 x 40 f t  in  size and with shielding walls 
of 3 f t  of poured concrete. 

TABLE 2. CHARACTERISTICS OF ACCELERATED PARTICLES AND OPERATING QUANTITIES 

I on 

c5+ N5' N6+ @6+ 

Atomic number 6 7 7 8 

Mass 

Kinetic energy, Mev 

12 14 14 16 

76.4 89.0 89.0 102 .o 
Kinetic energy per nucleon, Mev 6.37 6.37 6.37 6.37 

Magnetic f ie ld gauss 17,000 20,000 16,700 19,050 

Threshold voltage dee-to-ground, kv 46.8 54.5 4 5.4 52.0 

Radio frequency, megacycles 11 11 11 11 
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ABSTRACT 

Rela‘tively high enrichments of the heavier isotopes of plutonium were obtained in an electro- 
magnetic separation run i n  which 12.7% Pu240 was ut i l i zed as  the feed material; the Pu240 and 

P U ~ ~ ’  products exceeded 85% and 60%, respectively. 

The  O R N L  design study for the Army Package Power Reactor was completed, and the Chicago 
Operations Office has issued invitations to 33 prospective prime contractors for lump-sum bids. 

~~ 

SPECIAL SEPARATIONS 

PLUTONIUM PROGRAM 

The laboratory-scale separation of plutonium 
isotopes was continued, both for the production of 
enriched isotopes to be used i n  nuclear measure- 
ment and for the evaluation of the sui tabi l i ty  of 
the electromagnetic process i n  larger-scale oper- 
ations of interest in  special-weapons applications. 
The feed bank for the program presently consists 
of 477 g of plutonium that assays 5.6% Pu240 and 
140 g that assays 12.7% P u ~ ~ O .  

Calutron Performance 

Isotope-separation results for the second and 
third plutonium runs with the 5.6% feed are given 
i n  Table 3. The product was recovered 
from the collector in  two batches, which are l is ted 
separately. These separations completed the 
in i t ia l  processing of the material containing 5.6% 
P u ~ ~ O ,  and recovery of the unseparated material 
i s  i n  progress. The recovered 5.6% material w i l l  
be put through an additional separation cycle after 

completion of the in i t ia l  separation runs with the 
12.7% feed. 

Relatively high enrichments for the heavier 
isotopes of plutonium were obtained i n  the fourth 
separation run, which ut i l ized the feed material 
that contained 12.7% Pu240 (see Table 4). The 

product was selectively removed from the 
collector pocket in  two batches and assayed sepa- 
rately. The enrichments of and Pu241, 
relative to were 48 and 126, respectively. 
The average separation rate during the run was 
370 mg/hr, and the efficiency of conversion of 
PuCI, vapor to well-focused Pu’ ions was 7%. 

In recycle operations, 70 g of the plutonium that 
was vaporized but not separated was recovered and 
converted to PuCI, charge material to be used i n  
future separation runs. 

Chemical Recycle and Feed Preparation 

Seven batches of plutonium chloride (PuCI,) 
were prepared for calutron feed, and a total of 

TABLE 3. SEPARATION RESULTS OBTAINED WITH FEED CONTAINING 5.7% Pu240 

Weight of 
PI utoni um 

(9 1 

Run Collector Isotopic Composition (at. %) 

Number Pocket Pu239 Pu240 Pu241 

2 P 2 3 9  - 99.42* 0.53 0.05 6.48 

Pu240 38.52 61.01 0.47 0.42 

Pu24’ 63.23 20.65 16.07 0.18 

3 Pu239 (Not assayed) 

Pu240 23.59 ~ 75.83 0.58 0.51 

Pu240 41.52 ___ 57.61 0.87 0.76 

Pu24’  61.8 15.3 - 22.8 0.12 

*Isotope desired. 
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TABLE 4. SEPARATION RESULTS OBTAINED WITH FEED CONTAINING 12.7% PuZ4O 

Isotopic Content (at. %) PI u ton i um 

239 (d Pu 240 Pu 24 1 P u  24 2 Pu 
~~ 

Feed voporized 0.22 1.71 12.7 85.4 1 20 

Pu242 product 4.5* 20.9 30.0 44.3 0.06 

P u241 product 0.6 62.1 12.8 24.5 0.16 

product 0.10 0.71 80.1 19.1 0.37 

Pu240 product 0.04 0.58 87.2 12.2 0.74 

Pu239 product 1.0 99.0 7.0 - 

*Isotope desired. 

TABLE 5. DISTRIBUTION OF ISOTOPES 

Amount (g) Purity (%) I sotope Receiver 

u235 Ook Ridge Institute of Nuclear Studies 0.030 99.94 
Oak Ridge Notional Laboratory, Y-12 0.427 99.86 
Col um bi o U ni ver s i fy 0.102 99.08 
Ook Ridge Not ional  Loborotory, X-10 30.480 97.34 
Oak Ridge Nationol Loborotory, Y-12 22.052 97.34 

u236 Argonne Notionol Laboratory 0.003 96.65 
University of California Radiotion Laboratory 0.015 96.65 

u238 Phil l ips Petroleum Company 0.0 17 99.99992 
Brookhaven Notionol Laboratory 102 99.9997 
University of Colifornia Radiotion Laboratory 0.500 99.9997 
North American Aviation, Inc. 2.147 99.994 
Brookhaven Notional L aborotory 101.8 99.957 
Dow Chemical Co. 5.088 99.946 

Th230 University of Colifornio Radiotion Laboratory 0.212 90.02 
Oak Ridge Institute of Nucleor Studies 0.003 87.85 
Emory University 0.025 87.85 

Oak Ridge Notional Laborotory, X-10 0.491 75.83 
L o s  Alomos Scientific Laboratory 0.162 62.80 
University of California Radiation Loboratory 0.060 62.80 

L o s  Alamos Scientific Loboratory 0.063 14.30 
University of California Radiotion Loboratory 0.022 14.30 

240 Pu 

24 1 Pu 
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1428 of the chloride i s  represented in these 
pre<a*ML . The preparation method has been 
standardized to  give theoretical yields of chloride 
suitable for calutron operation. The technique 
consists in producing the oxide from the oxalate at 
a low temperature (less than 35OOC); the oxide is 
then dissolved in  HCI, evaporated to  crystals, and 
refluxed wi th  hexachloropropene for 12 to  18 hr. 
Complete chlorination i s  achieved by reacting 
the last traces of oxide with phosgene at  500 to 
550OC. 

Wash solutions obtained in the recovery of plu- 
tonium from calutron units were evaporated in  a 
tantalum evaporator with a capacity of 12 gph. 
Processing for purif ication t o  the oxide consists 
in  the removal of copper by means of an ammonia 
precipitation of the plutonium; iron i s  removed by 
an oxalate precipitation. The f inal  chlorination at  

high temperature with phosgene serves to  remove 
trace impurities as volat i le chlorides. 

Salvage solutions, for example, f i l trates and 
condensates, have remained suff iciently low in 
plutonium content to  permit them to be discarded. 
Solid salvages present a d i f f icu l t  processing 
problem in that heating in a muffle furnace and 
fusions are required i n  order to  permit plutonium 
to  be recovered. Limited faci l i t ies and personnel 
have resulted in a backlog in salvage operation 
that must be eliminated before a meaningful ma- 
terial balance can be obtained, 

ISOTOPE SHIPMENTS 

The distribution of electromagnetically enriched 
isotopes of heavy elements to  various laboratories 
since March 1954 i s  shown in  Table 5. 

ARMYPACKAGEPOWERREACTOR 

The Army Package Power Reactor (APPR) 
project i s  being administered by the Chicago 
Operations Off ice (COO) of the AEC in conjunction 
with the Army Reactors Branch, Div is ion of Reactor 
Development, AEC. The latter group is composed 
of military personnel loaned from the U. S. Army 
Corps of Engineers. 

More than 100 industrial firms expressed interest 
in undertaking the design and construction of a 
prototype plant based on the feasibi l i ty report 
prepared by the Laboratory.' On July 8, 1954, 
an amplified and revised edition2 of the previous 
report was i ssued on I imi ted-di str i but ion bas is. 
The revised edit ion contains the conceptual design 
for a IO-Mw, heterogeneous, water-cooled and 
moderated reactor suitable for the generation of 
1000 kw of net electric power and 3535 kw of steam 
for heating purposes. The plant i s  designed for 
use at  a remote mil i tary installation (Fig. 11). 

On August 19, 1954, invitations to bid on the 
plant were sent by COO t o  33 private firms. The 

' A .  L. Boch, W. R. Gall, and W. H. Jordan, A Ten- 
Megawatt Pressurized-Water Package Reactor and As- 
sociated Power PIant, ORNL CF-53-10-106 (Nov. 2, 
1953). 

2A. L. Boch, W. R. Gall, G. F. Leichsenring, and 
R. S. Liv ingston, A Conceptual D e s i g n  o/ a Pressur- 
ized-Water Package Power Reactor, ORNL-1613 (July 8 ,  
1954). 

interested contractors were requested to  submit 
bids based on the following seven major require- 
ments: 

1. The contractor w i l l  be completely responsible 
for the design, construction, and testing of a 10-Mw 
reactor which w i l l  rel iably produce electric power 
at approximately 1700-kw net output. The basic 
system w i l l  be that described i n  the above-men- 
tioned report. 

2. The proposed si te i s  Fort Belvoir, Virginia. 
3. Stainless-steel-clad, highly enriched fuel 

assemblies w i l l  be used. The contractor has the 
choice of either furnishing appropriate fuel as- 
semblies or obtaining them from the Oak Ridge 
National Laboratory. 

4. The contractor w i l l  be responsible for ob- 
taining the approval of the Reactor Safeguards 
Committee for the safety of the plant. 

5. The contractor w i l l  guarantee the performance 
of the plant for a 700-hr test period, with not more 
than 40 hr of outage permissible. An additional 
six-month operating period may also be required; 
i f  so, the contractor w i l l  be paid an amount com- 
mensurate with the re l iab i l i ty  of operation. 

6. A period of three years w i l l  be allowed for 
the completion of the project, not including the 
six-month operating test. 

7. The contractors w i l l  submit bids for the 
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Fig. 11. Artist’s Sketch of  Army Package Power Reactor; Based on ORNL Design Study. 

design, construction, testing, and performance of 
the plant on a lump-sum basis. 

The contractors are expected to return the bids 
to the Chicago Operations Off ice by November 19, 
1954. The Contractor Selection Board w i l l  then 
analyze the bids and w i l l  award the contract ap- 
proximately one month later. 

APPR D E V E L O P M E N T  PROGRAM 

Although the design of the package reactor was 
intended to uti1 ize exist ing technology and to 
require a minimum of development work, the Labo- 
ratory has continued a modest development program. 

Fuel-P late Fabrication 

Work i s  continuing on the development of suitable 
fuel plates to be fabricated of a U02-stainless 
steel-ZrB2 matrix clad in type 304L stainless 
steel. At present the major effort i s  being devoted 
to the brazing of the fuel plates to stainless steel 
side plates. A complete summary of th is work w i l l  

be reported in the progress report of the Metallurgy 
D i v i s ion. 

Fuel-Plate Irradiations 

Plans have been made for the irradiation of a 
package reactor fuel assembly i n  the latt ice of the 
MTR. The assembly w i l l  be irradiated to 50% 
burnup of the U235; this w i l l  be equivalent t o  
approximately 30 Mwy of operation for the package 
reactor. Tentative plans are being made for a 
similar irradiation i n  the core of the STR. The 
STR test i s  more desirable because of the close 
approxi mat ion between the operating conditions 
i n  the STR and i n  the APPR. 

Reactor Simulator Tests 

The package reactor w i l l  be re-examined, with 
the latest reactor parameters and by means of the 
ORNL Reactor Plant Simulator, for the effect of 
changes in  load and reactivi ty on the stability. 
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Control- Rod Drive Mechanism 

The mechanism has been operated for more than 
70,000 cycles and 500 scrams. The high-pressure 
seal has operated very satisfactori ly with a 
recorded leakage rate of  4.5 Ib/hr at  the specified 
conditions of temperature and pressure. The 
anticipated leakage rate was 10 Ib/hr. Examination 
of the components after testing disclosed very 
l i t t l e  wear of the metal parts. Accelerations of  the 
rod of up to  27 ft/sec2 were achieved under scram 
conditions. Tests of the mechanism which involve 
cycling, scrams, and corrosion effects w i l l  continue. 

Nuclear Calculations 

Cr i t ica l i ty  calculations have now been made by 
three methods: (1) modified 2-group diffusion 
theory, with multiplication in the fast group, 
performed with desk calculators; (2) 3-group, 3- 
region diffusion-theory calculations, coded for 
the ORACLE computer; and (3) 30-group, 9-region 
diffusion-theory calculations, coded for the UNIVAC. 
The third method i s  a modification of a previous 
UNIVAC program and now employs the Goertzel- 
Selengut method for describing neutron-energy 
loss in hydrogen coll isions. The method has 
yielded very satisfactory results when applied to  a 
number of aqueous homogeneous cr i t ica l  assemblies. 
AI I three methods give comparable results for 
cr i t ica l  mass for the cold, clean reactor; the hot, 
poisoned reactor; and the hot, fu l ly  loaded reactor 
with boron burnable poison. The greatest differ- 
ence is  about 10% in cr i t ica l  mass, or about 4% i n  
reactivity. The discrepancies are qualitatively 
understood in terms of approximations made in one 
or another of the methods. Results of the modified 
two-group calculations were reported in  the revised 
feasibi l i ty report;2 results of the automatic com- 
puter calculations are being reported in a supple- 
ment. 

Control-rod calculations were made in two ways. 
(1) Modified two-group calculations were made for 
an equivalent bare cyl indrical reactor, employing 
a fast-group boundary condition, at the rod surface, 

based on diffusion of the fast neutrons into the 
moderator within the rod. (2) The ORACLE 
program was used to  perform three-group, three- 
region calculations, on a central control rod. 
These methods, applicable at  present only to a 
central rod, give results appreciably different from 
the Nordheim-ScaIIettar method and are used to  
apply corrections to  Nordheim-Scallettar calcu- 
lations of the multirod system. 

The 30-group, 9-region UNIVAC program was 
used to  obtain spatial distributions of fuel, boron, 
and neutron fluxes a t  various times in  the burnup 
cycle of  the reactor. 

A P P R  I N F O R M A T I O N  M E E T I N G S  

Four information meetings dealing with various 
pertinent aspects of the APPR have been arranged 
for the prospective contractors. The schedule and 
purpose are as follows: 

1. September 21, 22, and 23. The prospective 
contractor w i l l  v i s i t  the proposed site, For t  Belvoir, 
Virginia, for a briefing on the pertinent data 
involving geographical and geological consider- 
ations. 

2. September 24. The contractors have been 
invited to  the Bet t is  Plant of the Westinghouse 
Electr ic Corporation, Pittsburgh, Penna., for a 
general question-and-answer period on topics 
pertinent to  the APPR. 

3. September 27, 28, and 29. A comprehensive 
metallurgy information meeting has been arranged 
at  ORNL for the contractors. The meeting w i l l  
cover primarily fuel plate design and development, 
including irradiation effects and chemical proc- 
essing. 

4. September 30 or October 1. A demonstration 
and information meeting on the APPR control-rod 
drive mechanism w i l l  be conducted by the American 
Machine & Foundry Co. a t  their laboratory in  
Greenwich, Conn. The American Machine & Foundry 
Co. i s  under subcontract to  ORNL for the evaluation 
of the drive system. 

. 
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OPERATIONS SUMMARY 

A summary of operations in  Buildings 9204-3 and The 63-in. cyclotron 87 

47 9201-2 from March 20 to September 20, 1954 in- The 44-in. cyclotron 
cludes the following experimental runs: 

Spec i a I sep ora tion s 

Electronuclear research 

26 

112 

The distribution of shop time charged to each 
of the various projects i s  given i n  Table 6. 

Electronuclear machines 16 Assignment of personnel t o  the various projects 

The 86-in. cyclotron 745 i s  indicated i n  the organization chart. 

TABLE 6. TIME DISTRIBUTION - MECHANICAL SERVICE AND MACHINE SHOPS, 
MARCH 20 TO SEPTEMBER 20, 1954 

~ 

Mechanical Service Machine Shop 

Carbon Metal Account Number and Project Per Cent of 

Total Time Hours Hours Hours Per Cent of Per Cent of 
Total Time Total Time 

33 Special  separations 3,258.5 19.43 1264.7 61.61 333.0 9.98 

34 86-in. cyclotron, applied physics 1,497.0 8.92 4.0 0.20 8 .O 0.24 

35 86411. cyclotron, operations 4,250.9 25.34 67.0 3.26 603.8 18.10 

37 Electronuclear machines 9 19.0 5.48 3.0 0.15 95.0 2.85 

39 86-in. cyclotron, nuclear physics 104 .O 0.62 2 12.0 6.35 

40 63-in. cyclotron, physics 196.0 1.17 56.0 2.73 512.0 15.34 

41 63-in. cyclotron, operations 1,141.9 6.81 87.0 4.24 120.0 3.60 

43 Package reactor 3.0 0.02 

44 44-in. cyclotron 1,810.2 10.79 12.0 0.58 1177.0 3 5.27 

46 Electronuclear research 3,548.7 21.15 558.9 27.23 276.0 8.27 

1 Building maintenance 45.5 0.27 

Toto I 16,774.7 100.00 2052.6 100.00 3336.8 100.00 
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