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ABSTRACT

A manual of radicactivities that can be produced in the Clinton
Nuclear Reactor has been started, This information includes the following:
Target material;, Source of material, Weight in standard shiﬁping unit, the
spectrographic analysis, the i}radiation length and the flux to which it
was subjected, a flow sheet of a purification process, the amount of activity
found in the material, absorption and decay curves of thé radidactivity oh-
served, the yield in mc/gm/30 day bombardment at 50¢ maximum flux, the cross
8ect;ons and the GV and a discussion of the non-routine errors in the
detevmination. The foregoing data are piven for S, P, Ca, ch Ti, Fe, Co,
Ni, Se, hg, In, Cd, Sb, Eu, Ta, W, Os, Th, Bi, It is hoped that this work

will be extended and the manual amplifisd,
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A. Introduction

The Chemistry and Operating Departments set up a joint program to
obtain specific date on radioisctopes produced in the pile. This program wes
originally set up to cover ali of the long-lived isotopeé produced in the plle and
thén to be extended to as meny isotopes es poéaible. With the departure of the
perannnel involved it has not bveen possible to.cover more than 19 radioisotopes.

It is hoped that this work will continue.

B. 088

The previous vork of Serenl and his group at Chicago was a rapld

1. Seren, L., Friedlander, E. N., and Turkel, S. K., CP-2376 (19h)

survey of cross sections. Han& of these meaauraménts vere made in the thermal
column of the Chicago pile but some were made in the pile itself, Their pro-
cedure wag to activate the target meterial and‘sprinkle sone of the‘powder on
scotch tape and count it in a beta counter. They cbtained the flux by one of
several types of monitors. The accuracy of the cross sections which they measured
was limited to 10-20% in mogt cases according to théir report, but in their
discuseion of the errors in their determinatioms they listed the following limits

for the various components in thelr measurements:

Conversion coefficients up to 15%
Extrapolation to zero abscrber 15%
Counting of gamma rays 3%
Geometry of beta counters L
Geiger counter plateaus : %

Ra-Be standard pile calibrations 15%



Monitors | 15%
Welghing samples 10%
Half life 5

These factors, éoupled vith the unaat:leﬁ.ctory knowledge of the
flux of the Clinton pile and particularly with the variation of flux from one
position to awother made it seem desirable to look into the matter here at
Oak Ridge National Leboratory in some detail. This vas particularly important

in»tbat. the Isotope Distribution program vas in vital need 61_‘»more precise data

on the materials that were being shipped out by the Atomic Energy Commission.

It waa felt that, with the revised tecﬁniques that have been_ worked out in
cooperatioﬂ with other mémbera of the groﬁp of Radioch@cal Measurements and
Sté.ndard.ization, many of the errors couid be materially reduced.

It vae hoped, as a resulfc of this study, that:

(1) The yield values in the isotope catalog? could be revised

o

{2) AEC Cstalog and Price List No., 2 Badi,c'i.sétopes » Revised September 1947.

with more accurate information;

(2) Gross impurities of the target materials could be identified
and measuréd; - |

{(3) Decay and absorxption graphs of pure activities cduld be prepared
for referenpe purposes;

(4} A practical method for measuring the total neutron exposure of-
samples could be deyeloped;

(5) The radiation hezard in handling isotopes being removed from the
pile could be measured. This objective was to be carried out by the Operating

Depdrtment H



{6) Chemicel separation processes could be developed by which

the isotope purchasers could purify the material.

€. Procedures

The general procedure in the preparation of the sample was as follows:
The target material was obtained from E. E. Bedell of the Operating Division.
Duplicate samples of each target material were weighed into two aluminum
afringer cans and a monitor clip attached to each by the Chemistry Division.

The samples ﬁere returned to the Operating Diviesion for irradiation in the pile.

Af.ter a period of time, approximately the irradiatiaon time listed in.
the catalog, the samples wepe removed. One of the duplicates va.s brought to
the Chemistry Divieion for chemical separations and measurementa; the other was
kept by tﬁe Operating Department for measuring gross decay snd for determining
radiation hazards. The radiatione from the monitor clips were measured in
order to study the total neutroﬁ exposure. This last-named work will be
described dbriefly here; & more detailed and separate i'epqrt is planned later.

If a kaowmn weight of a monitdr material whose activation and decay
characteristics are known is exposed in the pile with the sample, subsequent
measurement of the monitor permits calculation of the total neutron exposure.

PFor this work aluminum aliloy clips have been prepared eor_xtai-uing 9053%
cobalt and 0.231% mangenese. A c¢lip can be attached to a .stx"inger can or placed
in the rabbit during irradiation. The activity indﬁced in _th.e clip is measured

in an ion chamber3 calibrated for detecting gamma radiation, and the average

{3) Jones, J. ¥. and Overman, R. T., Mon C-399 (191&5)

flux or neutron density for the exposure is calculated from the cross-section,
time of exposure, and decay hefore moasurement. Manganese (half-life of 2.59

hours) is used to monitor short exposures, that is, up to 18 hours. Cobalt
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{half-1life of 5.3 years) is used to monitor longer exposures from 18 hours to
six months.

“he alloying wes performed by C. Smith of the Metallw yical Section of
the Techrical Division, and the ¢lips were prepared by M. B. Hawkine o7 the
Resesrch Shops. Tae clips can be easily renoved fram the cans after irradiaitan,
without damage tc the cen, and measured separately.

In the flrset alloy prepared, some sodium was inadvertently introduced
in the alloy from the filux. In order to measure the pure cohalt rudiation, at
least five days must be allowed for the sodium to die out. It is hoped in the
future to prepare the allcy free of eodiﬁm,

The total sample brought to the Cheuwistry Division was dissolved and
decay messurensnts on & sma.ll portion of this gross sample were begun éa gsoon
s possible sfter removal from the pile im order to find short-lived activities.
In scme cases the large amount of 1ong-11ved target material a&tivi??:y produced
by long bombardment obscured the smail amounts of activities due to ‘upurities.
A short bombardment was then made to measure the short-lived activities which
predominated over the loug-lived ones.

Gross chemical separations and purifications were"performed when necesa-
sary. Decay and absorption data wers takén on all fractioms.

Disintegration rates and activities were determined Ly measuring
aliquots of the fractions on calibratsd Geiger-Mullex mica window counters,
and, wvhere the radioisotope was e gammsa emitier with a known disiniegration

scheme, by measuring aliquots on the previcusly-memtioned calibrated ion chamberd,

(4) Tord, Mon C-399
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D. Neasurement of Activity

A sample for accurate beta cournting was mounted on a polystyrere film
2.5 mg/cm® in thickness and fixed over a 15/16" hole in an alumimm card by means
of rubber cement. The procedure that was used Pollowed closely the methods out-

lined by Zumwalt?, An aliquot of radiocsctive solution wes placed im the center

(5) Zumwalt, L. R., Mom C~397 (19%8)

of the hole on ths film and eva:porated to dryness under a drying lamp. A sample
for ordinary bete counting was sometimes mounted as above, somotimes évaporated
%o dryness in a smwall porcelain dish 4.2 em in diameter amd about 400 mg/cme in
thicknesas, . |
The ﬂ abgorption curves were taken by placing & sample in the center
(with respect to both vertical and horizontal pds'itions) of a shelf of our
standard counting apparatus, and placing aluminum absorbers omn top of the first
shelf, |
The b’absorption curves vers taken with the sample in the center of
the third or fourth sholf, and the lead absorbers om tep of the second shelf.
When the iom chember was used to determine activities, a solution of
a8 gemmaagmitting radiolsotope in a neeled glass ampouie was put into the gless
thimble, inserted in sand attached figidly to the chamber to retain the filling
gas (argon at twenty atmospheres). Within the chamber and surrounding the thimble
was the negative collecting electrode. The chamber was the other electrods.
The entire assembly was shielded with sight inches of lsad to cbtain low back-
grounds.
. The ion chémber ie calibrated in terms of CoP0 which decays with two
Z ‘s {average energy = 1.2 Mev) per disintegration. when the decay scheme of

any other J-emitter is kuown, its activity may be measured and then calculated
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from its counting efficiency with respect to Co. For exempie, J)f a radioisotope
‘emites two & 's {average energy - 0.9 Mev) per disintegration, its efficiency

in the ion chamber is 75% of that of Co. The flux measurgments vere made using
the pressure ion cheamber method cutlined above. The chgmber and the nmoritors
were calibrated ..nd the flux was determined by the methods given by Clark,

Jones and Overmanﬁ.

{6) Clark, H. M., Jones, J. W., and Overmsn, R. T., Mon C-398 (1948)

Actually, in fhe case of Seren's measurements as well as ours, the
quantity determined that was significant vas the product g~ v. Since'the flux
was determined by a goldlmonitor eesentially and the cross section of gold is
96 barns at 2000 meters/sec, the o~ v for gold is 2.21 z ;Oq bes {barn centimeters/
sec). Since the activaticns were made at some unknown velocity of neutrons, the

product determined, for example, for Cabl 1g 2.9 x 103 bes. Simce this is the

~constant for the isotope one must only multiply this by n or the meutren density

for the pile at the given point to cbtain the yield per nuclems of the nv 0 for
a given irradiation. The value determined by Clark et. al., for n wvas L.5 x 109
r‘n/cm3 at the center of the Clinton Pile at operating power level,

Since most of the measurements of these gquantities made by physicists
are repcrted in terms of thermal velocities, it is helpful for compariscn 4o
wade an sssumption about the way in which the cross section behaves as a function
of energy. If one assumes that the cross section follows a 1/v lav then one may
divide the O_ v by the thermal veiocity and cbtein the cross section correepon&ing
to this epergy of neutron. This has been given for all of the activities but
it is recommended that the product of the cross section times yelocity by con-
gldered the important nuclear constant for these pile resctions. It is parti-

cularly important to note that where resonance levels cocur in the thermal region
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one may not make this calculation tc’;"a’:’l-‘r.:lve at a éroés section for thermal Qet,ri:rons.
The viie of theGv  aleo hae "gn:éther»advmitage for those rée.ct:lons which
ere brought sbout by faa't neutrons. ‘mere has always been cona.méré.ﬁlé queétion
as to how to report yield values for fast neutron reactionq.- This is occasioned
by the fact that-croas sections ahoﬁlgi corréctly be reported for the energy of the
peutron. #e do not knov the emergy distribution of fast neutrons, in general,
in eie pile since this will 'be‘é. function of the amount of moderator Bétween
tre -s'lug; and the sample, This would change the fast spectrum quite mé.rkedly
in a short distance. It doos not seem quite proper to report the fast neutron
yields on the basis of the slow neutron flux by the use of an "effective" cross
section in vhich one uaes' the slow flux and weight of target isotope. The' g v,
however, is a function of this reaction, too, so the resultamay be.expréssed in
the bes.. unif.;e. ' i'h:la implies that, if one knew the n §r density of neutrops above
a given threshold for the reé?:fion, one coiild determine the cfoés sgctién, This
cannot usually be determined. |
Onl tﬁe basis of the flux report mentioned above, it‘ seema probable

that the 'fl,ux may be known to an accuracy of about 10%.

E. Errors

' The statistical counting»error in beta coxint:lng was less than 2b. The
error in determining counter geometries wes about 3%. ' The éi_-ror in assay was
about. lﬁi except vhen otherwise stated in the detailed discussion of each in-

dividual target material. As mentiéned above it is probsble that the errors in

‘the flux meaaumént are of the order of 104. Thie g:lvéa an overall accuracy

vhich might be expected for the yields of the order of 11%. The error in value
for the cross sectionms would be bigher in the case of those elements having
rescnance peaks., No cadmium differences were taken except -those mentioned in the

report Mon C-398.
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F. Sumary
The following table shows the sxperimental date obtained. It might be
noted that these mnxérials were procured by the Operating Department in quantities

that vere estimated to last a year. It is pcesible to get samples from there of

. any of the target materials discussed below.

It should be understood that it wes not a purpose of this study to
confirn or replace existing 1iteratu;e values for helf-lives or radiation
energies., The values shown on the graphs on the following pagee ars experimentel
and werely confirm the identities of the radiolsotopes. The usefulness of the
grapks is in showing the kind of data obtained in measuring activitizs of radio-
isotopes produced at Oak Ridge Hational Laboratories.

After the tabular summary, the target materials are discussed in

detail. The following information is listed for each materiel: Target meterial,

scurce, weight of sample, spectrographic impurities, time of irradiatiom, the

average flux for the time of irradiation, the separations procedure that was
uvsed to purify the activity and the percentasge recovery in the various stepc,

the radioactivities found reported dboth in the percentage of total activity and

calculated to parts per million of stable impurity in the target material, the

yield in mc/g/30 day bombardment at S0% mazimum flux, the o~ v in barms cm/sec.,
the cross section per atom of normal element and per atom of isotope assuming

a 1/v law, and & statement of mon-routine errors.
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Summary of Experimental Radlolsotope Data
| Ylelid ‘ ]
| me/gm element Isotopie Effective
: Target ' /mo at 50% OV in ‘Cross~Sections [Crnss-Sectione ]L
iMaterial |Nuclide Half-life Radlation maximum flux becs . {in barns) T Eig&ggrm Remarks
; Expt?l |Literature} Expt.'l|{Literature Effectivel Literature ,
{
1. s s35 | 874 87.1d | 0.17f| 0.178 0.279  p.15x103 | o0.124 |0.26220% 0.0052
; No & No ¢ -
P2 |14.3d | 1.7d 1.7 | 1.78 0.%04,  B.68x10%2 | 0.0017 | 0.23 0.0016 n,p react
| No No ¥ (thermal | (fast
neutrons)| neutrons)
KH PO, | P32 |14.54 | w.7a | L78 | 1.78 49.6 5.52x10% § 0,251 |0.23520% | 0.251
No ¥ No &
k%2 J12.8n | 1240 | -- 3.58F | 386 b .09x10% | 2,81 | 1.0820% 0.186
(75%)
2.07p
(25%)
1.51%
(25%)
CaC03 calt> 1544 1804 b 0.21B| 0.21p 0.291 b, 0102 | 0.62 | 0,63420% 0.013
No ¥ No ¥ . _ -
Scg03 | Schb fana | 8sd 0.7 0.%6P 88 p.17x100 | 14,4 220207 | 14
' 1.0 K ? . -
1,127
0.9%
rT_ioz 7171 | . 72d 0.58 | 0.368 . | 0.022 1.133x10% | 0.01 0.039+202 | 5.15x10-%
to.9f | 1.0¥ ' .
i i :
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i Yield [ i o ~
Target mC/ &m el weill Isotcpic “ffeetive
Materi.l(Nuclide Half-T4{e /2o at 50% 0V n Cross Sections Cros:-Sections
g : = t.’cu wl_«hie Radiation | maximum flux ves ‘ (in barns) per %iom rormall
pt'l }iterature Expt'l Literature Fffectivebliterature enien’ Remarks
Fe Fe59 | a7.5d| u6.%a | o.uf  ©0,26F | :
‘ . anf  0,26F 0,16k {6.03x10° : ot A
1.101
1,207
Fe?? ' ~Ayr X-ray k,e” :
0.0078 | 0.7
cog0y | €0 | 53y soyr | 038 038 6 !
e ’ o s 42.5 6.51x1! S '
Hardd  1.10% pLad0 29.6 21.7+20% 1 29.6
1.30
N {65 | anr | 260 | 1,98
| : . 1.98 2.11 _ 3
- o.28¢ | 3.30:307 | 132 | L4208 | 0.0153 |
0.65 } 3
_ 0.93Y i !
M5 | - | 12 |
yr ~ - 0.0
po 0.5¢50% | Did not
lecok for
; this isotope
I s i
se se?5 |~124a] 115d ! 0.16 e~ Ko~ | - : -
| : b 9.92 .29x10° 7 2
: X-ray 013358 i 1,29x) 67.4 223410% . : 0.586 K-ray and ¥-
1 i ¥ present0.18Y | : ‘ g rays present
{ i ; make Se’75 a
| ] 5 ; suitable
| i i ! racer,but
: i { : bsolute
: l : . measurenent is
: i i . extremely
b0 ' | F—— -, 9ifficult
AgNO3 | Ag 2314 | 2254 {o.f 1.3 2B | 2.38 L oex10h | 0.7n §2.34208 | 0.%
7p 036 ﬁ l‘. . 1 - ‘:,.
l | 1.40Y, ! g :
g Present 0,90 ¥ ; i
0668 ! {

T L PP L
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. Yield . Effective
; me/gm elenent Isotopic Cross-Sections
Target _ /me at 50% SV in Cross-~Sections per etom normal
Material (Nuclide Half-life Radiation maximum flux |- bcs (in barns) Element Remarks
ptil|literature Exptil|{Literature ~ ~ |Effectiva} Literature
In{N03)4| Inth] 50d ; 48d I.T. 4
e e 20,4 ), 80x10° 19.4 56410% ,
0.7 | 0,19§ 0.82 0.19¥ is
_ ' apparently
728 2281 1.98p 2 DOZ con-
' erted
ca call5) 2.4d | 2.33d | 0.58] 0,55 12.8 3.9%2x10% | 0.63 | 1.13208 |  0.18
1.38 | 1.25f :
_ 0,653} 0.65%
54d 43d 1.80 | 1.85P 0.456 3, 96x103 0.064 | 0.14320% 0.018
~0,5% '
Sb sbiRh | 60d 604 2.6P | 2.4P(50%} 54.9 ), ,0x10% . L.26 2.5+20% 1.82
» 0.6P 1 0.78(50%) -
1.78(508)
Preseny o o¥
l
" S Bul5h 6.3yr | 5-8yr. | 0.178] 0.34P 268 768+20%
n-uz(C20L)3 Eu ~J t3yr 5 yr A FY ° N 51A
! 0,6£ o0.82f 1. 13x108 1010 ,
i 20P 1 k | g
; 1.1¥
* Present ‘
I
¥
Ta02 Tal®2 | -} 1170 io.558 | 0.53F n9 @ L B.sux1od 16,1 ! 21420 16.1
e~ 1 1.220057) ¢, .4 | | !
Loy ! L13¥(37%8) | ;
0.22X(4%) ’ .
a i i C.15¥(2%) : 1 ‘
H ' , i ' |
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A . .
Yield |
_ Effective
c/gm element . Isotopic . :
Target ’ /mo at 504 { OV in Cross~Ssctions g:gszgso;cgiggzl Remarks
ﬁateria)H Nuclide| Half-Life Radiation “maximum £lux bes {in barns) i  Element
) Expt°l |Literature|Expt?l {Literature ¥ : ({Effective|Literature
fwog | w85l gea | 7ua l’o;z?ﬁ- 0,68 7.55 A,54x107 | 2,28 2.1420% 0.7
‘NO No ¥ { :
W - 24.1h -~ logi Didn't look for -— 34 +20%
0.6 ) A .-
" 6¥ibetween
0,18 & |
‘0077 Mev 1
8 B ‘ t ) k ) . ‘ . K .- ) . :
0s 08385 160d | 95d and [0.8A: | IiT.,; 1.5 0,230  %x103 gz J— 0.0273
019 | - 32h. 100,6.-'—- -0r95{3 L 7.30x3073, :;31°6 5 45x10™% _2.50420% 1.,44,::10"’* l."_>«!_>ee remarks
1178 | : AR S | der
_ _ o A . , smium
05193 }17.4d | 174 0.16P° | 0,35p 7.1 Bouaok  |0.58 5.34420% 1 0,188
1 - 0.73(?% ¥ ‘ | b
TI(N03)3) T10h | —- | 3.5yr = [0.88p | 0.87P 1,96 6.7100° {10.3 7.5  } 305
A : - o ¥ No & ' :
Bi pi20 | sq | 5d 128 | 1178 | 3,960 0,018 | 0.015320%{ 0,018
_ . ‘No¥ b 0.70 ‘ . ' _ i
P20 | o {mod ot | osea :
] -+ ' Iy

°9I
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Sulfur

Target Material: Sulfur, U.S.P., Merck

Weight: 23.72 em

Spect hic ities:
Ag T Fe T
Ca BT Mg T
Cu rr 81 T

Irradiation: 31 deys at nv = 4.64 x 10" n/cm2/eec

Separations: See diagram

Activities Found % Total Activity Ppn

At Ty in Bombardment _ Activity per gm. Sulfur Impurities
s35 (874) 47.8 0.266 mc. o Lo
p32 (14.74) 51.3 0.286 <—— " hs
1 (170 m) : | 0.5 0.003 87
Unidentiﬁed (17m) 0.k 0.002
Yields: ‘

0.279 mc §/gm S/30 day bombardment at 50$ mextmm flux a.Qw Lo
0.30% mc P/gm 8/ " " é’/x

Cross sections for sulfur:

o~ v = 1.15 x 103 barns cm/sec
o~ = 0,0052 per atom normal element
o~ = 0.124 per atom isotope

Cross sections for phoéphOrue:
v = 3.7 x 102 barns cm/sec
#{o—= 0.0016 barns per atom normal element)
#{oc—= 0,0017 " " " " jgotope)
# Of questionsble value since it 18 based on slow nv.

Hon-routine Frroru: Hone




Remarks: ' In messuring absorption of S32 beta radiation, absorbers
of low Z material were used. Some of the absorbers were
made of Formvar plastic material which is a polyvinyl
acetal resin., The others were made of aluminus. Formvaer ‘

and aluminum seem to have approximately the same sbsorption

coefficient.

i



Sulfur (1)

19,
Melt
Sulfur
Pour into (2)
boiling
conc. HNO4
Filter
Ppt . Sol'n
Evaporate to
Dryness
Add Cu{N03)2 carrier
1 ml conc. HNOj
2 ml conc. HRSO,
A4
[%ad Brp ¥ CC1, | 150 mi 10
Add conc HN03T3 {Electrolyze Kh)
' Boil
HaS0 Tuti electrolate. electrode
250, solution
2 _ ' e
J00% S - [ FacH ) - lLul
. A .
1.66 P solution t.  PiTuts
HNO
| Add La(N03)5 | 1‘1(011)3(5 Cu(NOg), solution.
ppt - sol‘n | dilute HC1]
\L 3 washiqgs 2 cxplesi
carrying Y
Hzpoh e R1C13 solution

[dilute HCL |
1aClg
and
H3POy,

98.3% P

0.12 P



(1)
(2)

(&)

(5)

e ead A

20,

MDDC-518, Y. E. Cohn, Separation of Carrier-Free P32 from Sulfur.

Soiling fuming concentrated HNOj will oxidize more P to H3PO, than will F{“”-MAAVLA:

the non=fuming acid. S MR K pa
. Mc__fk;:-—-’—"

Ten to thirty seconds after the HNO, is poured into the Br-CClh-S mixture,
the reaction becomes violent. A large beaker should be used to prevent
losses from overflow and spattering,

Kplthoff aﬂd Sandell, Textbook of Juantitative Inorganic Analysis,
pp 1523'.[‘251:

The hydroxide precipitate should be dissolved and reprc01pitated to mini-
mige the amount of P carried on it.
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26,

sk 8
Target Material: Monobasic Potagsium Phosphate, Anhydroua » Reagent, Merck
- Weight: | 30.96 gn. |
Spectro hic is:

Al FT Fe VET
Ca . FT Mg ¥T

Irradiation: 56 days at nv = 3.54 x 10" n/cm®/sec
Separations: The sample was dissolved in water, made up to 250 ml, and

aligquots taken, - Chemical separations were unnecessary be-
cause the difference in half-lives of K%2 and P32 made
it possible to calculate their activities separately.

Activities Found at T, in Bombardment:

Activity

¢ Total Activity per_gm.
E*2(12.4 hr) 43.86 . 27.3 mc/em K -
P32(14.7 a) 56.2 35.15 mc%n P

Yields:

38.6 mc Kha/gn K/30 day bombe.rdment at 50$ ma.x:lmum flux
49.6 me P32/gm P/30 day '

Cross Sectionn:

2: o v  4.09 x 10% barns cm/sec
o~ = 0.186 barns per atom normal element
o~ = 2.81 barns per atam isotope

P32; ov a 5.52 x 10% barns cm/sec
o = 0.251 barns per atom normal element
o = 0 251 ”»n "

RNon-Routine Errors: None
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29.

Coleium

Target Material: Calcium Carbonate, Powder, C.P., Baker's
Welght: 24,15 gm |
;_pectrogrgphié Impurities:

Al FT ° Mg T
Cu T 4Sr . FT

e ¥T
Irradiation: 32 days at nv = 4.61 x 10" n/cm?/sec
Separations: The CaC0O3 was dissolved in dilute HC1l, made up to 100 ml.,

and an aliquot taken to work with.

Activities Found at T, in Bombardment:

% Total Activity pom
, Activity per gn. Ca Impurities
cal5{1804) 7.6 0.298 me
P32 (14,7 Q) 22.4 0.086 1,920 P

Yields:

0.291 mc/gm Ca/30 day bombardment at 50% maximum lux

Crosa Sections:

LS

v = 2.9 x 103 varn cm/sec
o— = 0.013 barns per atom normal element
o = 0,62 barns per atom isoctope

L

Hon-Boutine Errors: Lost <0.5% during assay. A large self-absorpiion
factor introduces an error of 42%. \

Remarks: By comparing thé two absorption curves shown in Fig.9,
cne teken two months later than the other, oune can
see that the 1.7 MeV /B componént is decaying much mo_ré
repidly than the 0.21 MeV [ compoment. The 1.7 MeV
,8 | component is P32, and allowance muet be made for
its contribution to the total activity of a CaCOj3

sample bombarded in the Oak Ridge pile.
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32.

Scandium

Target Material: Scandium Oxide, from Adam Hilger, lLtd., London

Weight: 2 mg
Spectropgraphic Impurities:

- Ca FT Mg FT

Irradiation: 68 days at nv = 3.8 x 10" n/cm?/sec

Separations: _See diagram. | |

Activity Found at T, in Bombardment: Activity per gm Scandium
Sckb (85d) 838 me

Yield: 563 me/gm S¢/30 day bombardment at 50% maximum £lux

Cross Sections:

v = 3,17 x 10® barns cm/sec
= 14.4 barns per atom normal element
= 14,4 barns per atom isotope

| Non-Routine Errors: None




33

. |§3205[

~ Dissolve in HC1 (1)
Adjust to pH of 3
kxtract with TTA in Benzene

(2 czclesl
Organic Phase Aqueous Phase
(Sel -
. _ 1%
12 M HC1 |
4 'ScCl3 Organic!|
Phase
96%
14

(1) A. Broido, MonC~350, Purification of Scandium and Préparation of Cab>
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ar.

Titenium

Target Material: Titanium oxide, Pure, Amend Drug & Chemical Corp.

Weight: - 18.73 g

Spectrographic Impurities:

AL m Pe T
Ca Fr Mg Fr

¢4 ¥T S1 T

Cu r
Irradiation: 69 days at uv = 3.2 x 10" n/cm2/sec
Separations: Seé diagrsm .
: Activity ppm

Activities at T, in bombardment: ¢ Totel Activity per Gram Impurities

T151(72 4) S52% 0.027 me

P32 {1%4.7d) 43 0.025 1600 s§32
Yieid: 0.022 mc/gm T1/30 day bombardnent at 50% maximum flux

Cross Section:

O~ v = 1.13 x 102 barns cm/sec
o~ = 5.15 x 107* barns per atom normal element
o~ = 0.0097 barns per atom iactope

Non-Routine Errors: None

Remarks: The 1.7 MeV ﬁ radietion shown in Fig. 13 miy be
attributed to P32 activity originally present in

_ the T10o sample prcbably as S0),<.



|0 |

Fuse with KHSO,
Dissolve “elt in 3% HC1

Add Excess NapHFO; To
ppt. Ti3(POy), From Acid
Solution (1)

* | Dissolve in 3M HC1 |

-

TiCly
48%

Ppt. Sol'n
b 4 t
l lezmh)!; [ Supernate
Containing Some Suspended Yaterial
Boil With 25%
21 NaoH (2)
Ppt. Sol'n
‘ J | &
. [T (OH) | ”?7;’
. 2

(1) Noyes and Bray, Qualitative Analysis for the Rare Elements, p. 83

(2) TIbid, p. 78..
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40,

Iron

Target Material: Carbonyl Iron Powder, A. D. Mackay

Height: 17.73 am
Spectrographic Impurities:

Cu T Ni T
| Irradiation: 32 daye at nv = 4.76 z 10" n/cm2/sec
Separations: See diagranm.
. % Tote ppm
Activities Found at T, in Bombardment: Activity per gm Fe Activity Iupurities
redd (16,34) | 0.144 mc ~99.5%
Feo? ( ~ k yr) : Identified but not
calculated
P32 (14.84) 1.1 x 1074 me 0.084 1 ppm
# (2.5 hr) 2.2 x 10-% 0.15% i
* Mn or Ni probably
Yield: 0.14% mc Fe’9/ gn Fe/30 day bomberdment at 50% meximum flux

Cross Sections:

o— v = 639 cm/sec
o— z 2.9 x 10~3 barns per atom normal element
o— = 0.878 " " " isotope
Jon-Routine Errors: Hone
Remarks: ' The slight amount of very soft component in the Fe

absorption curves 1s due to the ~ 7 KeV x-raye of FelD.-
This will vary with the bombardment time and the flux.
If it i3 desired to analyze for it one might us: Be or

C ebsorbers to enhance its absorption coefficient.



41.

| Metallic Fe |

Dissolve in 8N HC1l (17

Extrect with Isopropyl

Ether (2)
Ether Portion Acid Pbrtion
[89] o [Add B350,
Boil %o
S04 fume

Add conc, HNO3 (3)

. Fe(NO3)3 Add Cuéﬁggzi carrier
 100¢

[ Electrolyze |

| Residue | EEEI

[N03 ]

Q\I(NOB)z .

(1) Great care should be taken to subject pile-bombarded iron to as little
: oxidizing action as possible; "passive" oxidized iron is easily formed,
and can be dissolved only with extreme difficulty.

(2) Scott!s Standard Methods of Chemical Analysis, pp. 465-466.

(3) KXolthoff and Sandell, Textbook of Quantitative Inorganic Analysis, pp.
423=4,25. '
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Cobalt

Target Material: Cobalt (ic) Oxide, C.P., Baker's

~ .
Height: 1.03 gn
Spectrographic Impuritiss:
Ca FT Mg V¥T
Cu rm N1 rr
Fe FT - :
Irradiation: 32 days at 4.34 x 10" n/em?/sec
Separations: Dissolved the sample in 12N H,50; made it up to 100 ml.,

and took an aliquot with which to work.

Activities Found at T, in Bombardment: Activity per gm Co

cob0 (5.3 yr) , 36.8 me
Yield: L.42.5 mc/gm Co/30 day bowbardment at 50% maximm flux

Crogs-Sections:

o v = 6.51 x 105barns cm/sec
o~ = 29.6 barns per atom normal element
o « 29.6 barns per atam isotope

Ron-Routine Exrors: None -

l§6 o
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Rickel

Target Material: Nickel Powder, Belmont Smelting & Refining Works

Weight: 10.05 g.
Spectrographic Impurities:
Ca T Feo W
Co T Mg FT
Cu N st T

Irradiation: 63 deys at nv = 4.6 x 10" n/em?/sec

Separations: See diagram.

Activities Found ¢ Total Activity o

at T4 in Bomberdment Activity per gm. Ni Jumpurities
n1g5(2.6 nr) 92.5%  1.9% me
€o%0(5.3 yr) 2.5 0.053 1,300
FeoI(46.3 4d) - <0.001k 8,000
.cub%*(12.8 br) 5.0 0.13 350
Unidentified SR 0.001

Yield: 2.11 me/gm Wi/30 day bombardment at 50% meximum flux

Cross-Sections:

37 x 103 barns cm/sec .
0153 barns per atom normal element

o8 = 3.
U. oo
o~ = 1.32 barns per atom isotope

Non-Routine Errors: None

Remarks: ' ¢ chemical recovery figures were not available.

50, -
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Metallic
Ni (1)

Dissolve in| __._. -
dilute HNO4

i

{Add Cu(NO3)o carrier ]

Livaporate to dryness
sarefully g
0.3N HC1 4 HpS e

/.

/

Vd

51,

Solution

Boil off HpS

Add FeCl carrier
and HC1

Extract with Isopropyl
Ether

(2)

HC1

Ether

Add Co(NO3)3 carrier

Made alkaline with
NH;0H (3)

Add digpethylglvoxime

[Fel

Solution

Feidify with HCL (4)(5)
AddoX-nitroso, B -naphthol

Solution

lResiduel

MY

Co(NO3)3

lﬁi o tu'

Ni

~100%



(1)

(2)
(3
(4)
(5)

520

The Ni bombarded contains 0.8% Fe which will become "passive" if subjected
to strong oxidizing action. The Ni should therefore be dissolved in

cold dilute gcid, and evaporated to dryness carefully.

Scott?s Standard Methods of Chemical Analyéis 5> PP. L65-466.
Dimethylglyoxine precipitates iron as well as nickel.

(X =-nitroso, @-naphthol precipitates iron as well as cobalt, °

Ibidu’ pc Blh
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55,

Seleniun

Target Ma.tef:[a.l: Selenium powder, Gemeral Chemicel Co.

Weight: 20.13 g

Spectrographic Lies:
A1 PT Mg T
Ca T si P

Irradiaticn: 98 days at nv = 3.1 x 10" n/em?/sec

Szparations: See diagran.
Activitios Found® at To in Bombardment: Activity per gm. Se

Sel” (1154) . : 15.74 me
#The above figure was obtained from gamma measurements om the ion
chainber; the gemma efficiency was éalculated .'by assuming one 0.335 Mév} X
per disintegration. X-rays and J -yays present meke Sel a suitable
tracer, but absolute messurement is exiremely difficult.
Yields: .92 me/gn Se/30 day bomberdment at 50% miximum flux

Croas_-Sections:

O~V a 1.29 x 105 barns cn/sec
o~ = 0.586 barns per atom normal olement
o s 6T.% barns per atom isctope

Non-Rou’ine Errors: NKone




{1) Treadwell & Hall,

i Elemental }
Selenium

Dissolve in
Warm 8N HNO4

Make alkaline with NH,0H
Barely acidify with pé1 (1)

Add Hydrazine Sulfate
Boil for 30 minut es

[Fiiter]

Ppt. ., | Solution
@ 6_5_] {0.5%
HpSe0
>99.5%

Analytical Chemistry, Vol. II, p. 107.

56.
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5.

Silver

Target Material: Silver nitrate, crystal, Reagent, Cemeral Chemical Co.
Weight: T.09 gm

L c ities:
Al T Pe T
Ca P Mg T
Cu T 81 T

Irradiation: 35 dsys at nv = 6 x 10" n/em2/sec

Separation:  See diagram. ,

Activity Found at To in Bombardment: Activity per gm. Ag
Agt10 (225 a) 3.3 me

Yield: 2.38 mc/gm Ag/30 day bombardment at 50% maximum fiux

Cross-Sections:

0—'757.96
o = 0.36
g = 0.Th

3

z 10% barn cm/sec
barns per atom normal element
barns per atom isotope

Bon-Routine Errors: Hone




-

%

[Feo3]

[Dissolve in dilute HNOS |

| Add HC1 (1) §

l 3 cicles

Ppt. Solution

! §Cl ] : ] Residwel
5.5%
Dissolve in .

NHAOH
Ag20
94 .5%

(1) Scottis Standard Methods of Chemical Analysis, p. 818.
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63 a

indim

Target Material: Indium Ritrate, C.P., A.D. Mackay

Weight: 0.38 gm
Bgectrographic Impurities:
' Ag FT Cu FT Ni FT
Al ¥T Pe W Pb T
Be FT Mg T Si. FT
Re T

Irradiation: 27 days at nv = 5.2 x 10" n/cm2/sec

Separations: See diagram

Activity FPound at Tg in Bombardment: Activity per gm. In
Inllh (48 a)* 19.4 me

Unidentified impurity with 0.7 Mev I is present in small quantities
* 0.19 J 18 apparently 100% converted
Yield: 20.4 mc/gm In/30 day bombardment at 50% maximum flux

Crosa-Sections:

o v = 1.80 x 105 berns cm/sec
o~ = 0.82 barns per atom normal element
o= = 19.4 barns per atom isotope

Non-Routine Errors: HNone
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L 4

}\‘*‘

Dissolve in

Dilute HNO4g
NH; OB
Sclution Ppt.,
In{OH)5
Add CH4COOH
and 325
Selution Prt.
| Washings | rEHZSq (2)|
Add HRO3(3)|
Boil off HyS
In (NOa) 3
100%

6l

(1) Noyes and Bray, Qualitative Analysis for the Rare Elements; p., 193

{2) InyS3 precipitates rapidly and finely from 2 6N acetic acid solution,
more slcwly and flocculently from a more dilute solution.

(3) InClg is somewhat volatile, so HNOj 18 to be preferved to HC1l for dis-
solv?ng the In25~
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Cadmiun

68.

Target Material: Mossy cadmiim metal, Gemeral Chemical Compeny

Weight: 1.03 gm
Spectrographic Impurities:
Ag VFT Fe VFT
Ca Fr Mg T
Cu T Pb T
81 VFT

Irradiation: 27 days at nv = 4.51 x 10" n/cm2/sec

Separations: sée disgram.

Activities Pound 4 Total Activity
at T, in Bombarduent Activity per_gm. Cd
d115 (2.3 4) : 96.64 11.54 me
D (k3 4) 3.4 0.k
cu5’* (12.8 nr) <0.02 < .002
Yields:

ppu
Jmpuritises .

{3 pm

call® (2.3 a) 12.80 me/en €4/30 @ay bombardment st 50f maximm flux

call5 (43 4) 0456 me/ " "

" Cross-Sections:

k3 @ call>.

O v = 3.96 x 103 barns cm,sec

o = 0.018 barns per atam normal element

g~ = 0.06k barns per atom isotope

2.3 4 calld;

o v = 3.92 x 104 barns cm/sec

T a 0.178 barns per atom normel element

o= 0.634 barns per atom isotope

Non-Routine Errors: None




| Metallic Cadmium |

Dissolve in HNO3
Evap. to Dryness

|

~.
Aliqudt - Aliquot
[ANO5 (1) H2s0,  (2)
H,50,, Electrolyze for 15
Cu(NO3), carrier minutes
. | Dilute with Hp0

Y [Electrolyze | , T
. _ | 'ng:é“ggj | Electrolate |
=z | Ly
[§§] [ Electrolate | o [?ﬁ?ﬁ]
, o ' Cu(NbB)g
and
Cu(ND3)2 A Cd(NO3)2
| 58.5%

(1) Kolthoff and Sandell, Textbook of Quantitative Inorganic Analysis,
pp. 423425

.y : {2) Scott's Standard llethods of Chemical Analysis,; p. 202

69.
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Antimony

Target Material: Antimony metal, Lump, C. P. Baker®s

Heigg“t: ' 0.206 g
Spectrographic Inmpurities:
Ag - To B T
Cu T Pb W
Fe 7 - st T
Mg T ~

Irrediation: 28 days et av = 8.34 x 10" n/cw?/sec
Separations: The antimony wae dissolved in aqua regla, made up to 25 ml.,
' and aliquots weré taken,

Activities Found at To in Bombardment © Activity per gm Antimomy
sp12k (60 aay) 54.9 me
Yield: 34.8 mc/gm Sb/30 day bombardment e.tl50$ maximm flux

Cross Sections:

O~ v =« 4.0 2 105 barns cm/sec
o~ = 1.82 barns per atom element
o~ = 4.26 barns per atom isotope

Hon-Routine Errors: ' None
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77.

Europium

Target Material: Europium Ozalate

Weight: 0.0112 g

Spectrographic Impurities:

Ca T Cd .. T Mg T
Irradiation: 31 days at 3.17 x 10" n/cm2/sec |
Separations: Diasblved the sample in 10R HNO3, made it up to 10 ml,
and took an aliquot with which to work.

Activities Found at 7y in Bombardment: Activity per gm Bu .

Bl (6.3 y) 170 me

Yield: 268 me/g/304 bombardment at 50% maximum flux

Cross-Sections:

0 V = 1.13 x 108 barns cm/sec
g~ = 514 barns per atom noxmal element
O =z 1010 barns per atom isotope

" Non-Routine Errors: None

Remarks: | The 2.0 MeV & radiation shown in Fig. 7 indicates

presence of 9.2 hr Euld2,
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Tantalum

Target Material: Tantalum tetraoxide, C.P., City Chemical Corp.

Weight: 0.22 gn
Spectrographic Impurities:
Al FT Mg T
Ca T Mo T
Cu T s1 T
Fe T T W

Irradiation: 83 days at nv = 5.7. x 10" n/ém-?/ sec

Separations: The semple was dissolved by two successive fusions with KOH
in a niékel émcible. This flux dissolved the sample far
more readily than did KESOy. The melt was dissolved in

Hz0, made up to volume, aund an aliquot taken{1),

(1) A Textbook of Inorgamic Chemistry, Vél. 6, pt. 3, p. 125

Activity Found at 7. in Bombardment Activity per gm Ta

- 7191 (72 @) - 319 mc*
# based on 0.53 Mev 5 |
Yield: 121.0 me/gm Ta/30 day bombardment at 50% maximum flux

Cross~-Sections:

3.54 x 106 barns cm/sec

o vese
O~ = 16.1 barns per atom normal element
o~ = 14.1 barns per atom isotope

Bon-Routine Errors: HNone
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gten

T;aggej Material: Tungsten trioxide, C. P., Fisher Scientific Company
Weight: . 1.80 gn l

Spectrographic I_mp__urities:
Ca bl Mo T
Pe YFT 81 W

Irradiation: 69 days at av = 3.2 x 10" n/em2/sec

Separations: See diagran.

. Aotivities Found at T, in Bombard:ent Activity per gm W

w85 (T4 ) 9.3 mc
Yield: 7.55 mc/gm W/30 day bombardment at 50% maximum flux

Cross-Sectioms:

OV = 1.54 x 107 barns cm/sec
g = 0.7 barns per atom normal element
g = 2.28 barns per atom isvtope

Non-Routine Errors: HNone
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[703]

Dissolve in warm
56 X203 (1)

Add freshly prepared

P to

Sol'n

N

Fe 0§Z§j

| Dissolve in HC1 |

7

FeC13
19

{1) Scott?s Standard Methods of Chemical Analysis, p. 1002

w46

99%
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Osmium

Target Material: Osmium Powder, American Platinum Works

Weight: 0.546 gn
Spectrographic Impuritiea:
Ag M Fe FT
CA T Mg T
Cu T ‘Mn hiai s
si T

Irradiation: 35 days at nv = 6 x 10" n/cw2/sec

Separations: See diagram.
Activities Found at T, in Bombardment:

08185 (95 4 & 30 hr) 0.31% mc
08191 (32 nr) : 7.8 x 10-3 me
08193 (17 a) 9.19 me

Iield:
08195 (95 4 & 30 hr) 0.230 me/gm 08/30 day bombardment at 50% maximem
: 03191.(32 br) 7.3% x lg?'gxmc/gm 08/30 day bombardment at 50% maximum
08193 (17 d) 7.11 mc/g? 32/30 day bombardment at 50% maximm flux

Cross~-Sections:

08185, o v = 6 x 103 berns cm/sec
g = 0.0273 barns per atom normal element
0~ = 152 barns per atom isotope

0:191; ov - 31.6 barns, cm/sec
o- s 1.4k x 10°% barns per atom elsment
O = 545 x 10-4 per atom isotope

nsl93: ov = 4.1k x 10% varns cm/sec -
o = 0.188 barns per atom normal element
g~ = 0.575 barns per atom isotope

Non-~-Routine Errors: Yield figures should be revised upwards because of

a loss during assay of an estimated <8$
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88,

(A) PFrom Fig. 43 it may be seen that some of the componens

(B)

emitting strong /5 radiation is present 90 days after the

sample was removed from the pile.

Evidence polnts to the existence of four aciivities as

characterized as follows:

Probable Mass

Radiaticm

Experimental

Literature

08185 (95 ) %0.7 ¥ (2)

08185 (~l30 nr)

08191 (32 nr)
08193 (17 a)

camposite of 95 4 1I.T. and 17 4 gemmas.

0.84
1.38¥(1)

-IJI'./:,SZ)’
1.5
0.958 ,

Yield

#0.314 me/gn 08
0.31h me/gm 0s
8.8 x 1072 me/gm 0s

A 1.17
0.38, o,7b’a—)‘ 0.356,) T7.11 uc/gn 0s
% Measuring 30 hr daughter and assuming equilibrium,

s# Jmeasured at three months out of pile, so it may be

No great accuracy is clained for 95 4 and shortlived

activities. 17 d should be quite satisfactory.



(1) Treadwell and Hall, Analytical Chemistry, Vol. 2, pp. 142-143

Metallic
Osmium

Distill for L hours
out of aqua (1)

regia into dilute

HC1 containing 50,

|

Os
Distillate
1% -
89%

89,
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Thallium

Target Material: Thallium (ic) Nitrate, C.P., Fordcmes Trading Coupany

Welght: 9.98 gm

Spectrographic Impurities:

Ag FT Mg VFT

A) VFT Ma vFT

Ca I Po FT
-Pe T 81 VFT

Irrediation: 68 days at nv = 4.0 x 10" n/cm?/sec

Separations: See diagram.

Activities Found at T, in bombardment: - retivity pergm T1
2% (3.5 yr) 3,70 me
Yield: 1.96 me/gm T1/30 day bombardment
Cross-Sections:
0~v = 6.71 x 107 barns cm/sec
o~ = 3.0% barns per atcm normal element
O™ = 10.3 barns per atom isctope

- Non-Routine Errors: None




l T1(NO )3

Dissolve

Evgporate to 503 Fumes

in HOUj,

Solution

l NHLOH
Ppt.
l
Fe(OH)-
[Fetom; ] had KaCRO,
.0025%

Heat to 80°C.(1)

Dissolve in HpSOy
with Hp504 added

T12504

~100%

(1) Browning and Hutchins, A, J. Sci. 8, 460 (1899)

lﬂashinﬁsl
0.33%

95
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Bismuth

Target Material: 99.8f Bismuth metal, C.P., Baker's

Weight: 2k.58 gn
Spectroscopic Impurities:

Ag T Fe VW ni I
Al T Mg w %] T
Ca T Mo ¥T si T
Cu W . Sn W

Irradiation: 28 days at mv = 3.56 x 10" n/en?/sec

Separations: See diagram

Activities Found at T. in Bombardment: Retivity per gm Bi
B1210 ( 5 g) , 0.498 me

Yield: 0.704% me/gm B1/30 day bombardment at 50% maximum flux.

Cross~-Sections:

G v = 3.96 x 103 barns cu/sec
G » 0.018 barns per atom normal element
0~ = 0.018 barns per atom isctope

Non-Routine Errors: A large amount of solids in one of the sources
| made it difficult to determine the disintegration

rate more accurately tham ¢ 10% for the entire sample.
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Metallic

. Dissolve in
: HNO3 :and Hp30,,

[T
7]

Evaporate to dryness
Add dilute HCY

Aad K1 (l)
Add NapS03 (2)
Add Tetraphenyl Arsonium Chloride
., . ' E_f’_ot, ]

A

’k(,-r-

[Dissolve in CHClg]

Acid Phase

CHCl;_' Phase

[[Add AgNOg3 carrier

Evaporate to
Dryness
Take up in HNOj3

- Ppt.
[%aC3 ] [Residuc |
| 108

{ Dissolve in NH,OH |

Ag(NH3)*

(1) Boyd, et al. in CC-934

|

Bi

~90%

. (2) 1If present, Cu, Pb, Sb, Cd, Hg, and Ag will also precipitate
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