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nd Dperabied Deperluents get Lo 2 jolut program Lo
1 Cocnned o madacdss Dopes prodaced in the pria. 'Iids prosyun dns
T Coe v eyl 0 nes tane-i1ved 290tope3 croduced Jn the nilro A
Rrnoo i Lo nanoended Do oag ¥enr a3 Tones 23 nasginle.  Hita tne Jdepuriure of Lo

20 2. savoaved 1t bes noet veer possibie to cover pore than 19 redicisc tores.

It 43 ronad that thig work wiic ~unvimae

B. uxmnas

L

The previous work of Seven' and nis group at Thiceszo was a rapid

i. faren, . Friediander, B #., and Turkel, 8, H., 0P-2376 194k}’

surgey or sroess sactleoug.  Meay 5¥ these mwasurements were made in the thermel
2eum: of the Chicago plle but sowwe were made In the pile itself. Thelrt pro-
cwdure wag to activate the target mecerial and sprinkia some of the powler on

gewcch tape and count it in 8 beta counter, They cbtainsd the Tlux by one of

severs! tyres of menitors., The eccsuracy of the cross sectioms which thev measursd

wes limited to 10-20% in moest cases according to thelr veport, but in their

discussicn of the errors in their determinaticns they listed the following iimits

for the varlious coupcnents in thelr meesurepents:

Conversion coefficients up to 15%
Extrapolation to zerc sbscrber 15
Tounting of ganms rays 3%
Gecmetry of bela counters 1%
Gelger coumber pooaieus 2%

. Re-B2 standard pile calivrations 15%




Monitors 15%
Weighing semples 10%
Half 1ife 5

These factors, coupied with the unsatisfactory knowledge of the
fiux of the Clinton pile and particularly with the varlation of flux from one
position to avother ﬁade it seem desirable to look into the matter here at
Qak Ridge National Lsboratory in some detail. This uaé particularly important
in thet the Isctope Distribution prograﬁ was in vital need of more precise data
on the materials that were being shipped out by the Atcmic Energy Commission.
It was felt that, with the revised techniques that have been worked out in
cooperation with other members of the group of Radlochemical Measurements and
Stendardization, many of the errors could be materially reduced.

It vas hoped, as a result of this study, that:

{1} The yield values in the isotope catalog? could be revised

—

{2) AEC Cstalog and Price List No. 2 Badicisotcpes, Revised September 19047,

with more accurate Information;

{2) Gross impurities of the target materials could be identified
end measured;

(3) Decay and sbsorption graphs of pure activities could be prepared
for reference purposes;

(4} A practical method for measu}ing the total neutron exposure of

samples coculd be developed;
(5) The radietion hezard in handling isotopes being removed from the

pile could be measured. This cbjective was to be carried out by the Operating

Department;

IR R N R A I A RO L R A Y AN A T A R - S



"6} (remical separation proceszes could be developed by which

the isotope purtimsers could purify the meterisl,

The general procedure in the preparation of the sample was as follows:
The target materie) was obtained frcm E. E. Bedell of the Operating Divisica.
Duplicate sampies of each tarpet material were weighed inte two aluminum
stringer cans and a monitor ciip attached to easch by the Chemistry Division.

The samples wers returned o the Operating Division for irradiatiop in the pile.

After a pericd of tims, approximately the irradiation time iisted in
the catalog, the samplies wese removed. One of the duplicates was brought to
the Chemistry Divisiocn for chemical separations and measurements; the cther was
kept by the Operating Depertment for measuring gross decay «nd for determining
radiation hazards. The radiations from the monitor clips wers measured in
order to study the total neutron exposure. This last-named work wiil be
described briefly here; & more detailed and separate report is plamned later.

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

For this work ailuminum ailoy clips have been prepared coptaiuing 9053$
zobalt end 0.21% manganese. A cl.p can be attached to a stringer can or placed
in the rabbit during irradiation. The activity induced in the clip is measured

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

{3) Jones, J. ¥. and Overman, R. T., Mor C-399 {1945)

flux or neutron density for the exposure is caleculated from the cross-section,
time of exposure, and decay before maasuremené, Manganese (half-life of 2.59

hours) is used to menitor short exposures, that is, up to 28 hours., Cobalt

SO — —
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by tra of 5.3 ,eays) 18 used e monitoy longer siposuces from 18 hours tc

‘pe . loying vas perisrmed o¥ ¢, 3mith of the Meusilwr ?eel Sactzon of
2ym Beoh tzal Divizlon, and 4ne clips were grepared by M. B. dawz:ins o ° the

sange. e Shope  Tae clips zan te zasily reioved from the cans aftar ixradiasan,

sl oy s ramage W the cen, and aeasured serarately

1]

1y tre first a loy prepared, some gsodium was inadvertsptly iriroduced

ct

in ¢ke alloy frm the f.ux. 1o arder To moasure the pure ¢o il rudiatlisg, &
(v agt Pive deys must be ailowed fur the sodium te die ocut. It is noped 1» the
fafrae to prepare the alley fres of scgdiun.

The hLots) semple brought to the Chenistry Division was dissclved and
dergy wessuremsnts on & amall pertion of this pgxoes sample were vegus s dodn
«3 poasibie sites removal Proa the piie im ovder %o find short-1ived activities
I'n scme sases che large amount of lcng-:ived target material activify produred
by iong h.mbardment obscures, the smail smounte of activitiss dee to wpnyitiles.
A ehort bombardment was then made to measure the short-lived activities which
nrod-mionted over the loug-lived ones.

Uress chemlcal seperaticns and purifications were perfoxmed when neces-
sary. Decay and z2bsorpiion data were takén on all fractiocns.

Diaintegration rates and activities were determined oy measuring
atiquots of the fractions on calibrated Geiger-iMulleyr mica wvindow counters,
and, vhere the radioisotope was a germa emit-er with a lnowvn disinbegration

scheme, by weasuring aliguots on the previocusiy-memtioned calibrated ion chambe

14} Ybid, Mon C-399
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D, wsesursment of scty svity

& sample for agcurate bets counting was meurhed on a polysityrere fiiw
2.5 mg/em L ym thickness and fized over & 35/16" hole im am sluminum cerd Ty means
of rudbber cemeut. The procedure that was used followed closely the methods ocub-

lined by vurast? . An aiiguct of radicsrtive soluticn vas placed in the center

r—_r EC s ara—me

{5) Zumwalt, L. B., Hez £-397 {1943)

of the nole on thw Pilm and eveporated to dryness umder a drying lamp. A sanppile
fcr ordinary beta counting was scmetimes nounted as above, scnetimes svaporated
%o drynees in a spall poveelsain dish 4.2 om in dlemeter end about 460 mg/em? in
thicknsse.

The ﬁ absorpbicn curves werse taken by plecing a sample in the center
{with zsspect to both vertical and horizontal positions) of a shelf of owr
gtandsyd counting apparatus, and placing 5l.uminum apsorbers em top of the firsh
shslf,

The b/ absorption curves wers taken with the sarple in the center of
the third or fourth shelf, and the lead absorbeors om top of the seccnd shelf.

When he lon chember was used to determine activities, a soluticn of
a genma-emitting radicigotope in a pealed glass ampoule was put into the gless
thimble, inserted in and attached rigidly to the chamber to retaln the £illing
gas {argon at twenty atmospheres). Within the chamber end surrounding the thimble
ag ’the negative collecting electrede, The chamber waa the other electrode.
The entirs assembly was shislded with eight Inchee of lead to cbtain low back-
grounds .

The icn chamber is cslibrated in terms of Cob0 which decays with two

Z tg ., everage energy = *2 Mev, par disiategration  Wien fue decay achiens ¥

any other J-emitter 1z known, (ts aciivilty may be measured and then calculated

ST T T T Y




Prom ta ccounting =7P1-lency with respect ta Uc.  Far ezemple, -f 2 radifcisotope
- - PP gy et e ~ lener . e X . FRr -y PR
o A s averags wnergy - O 9 Hev, per disinvegraticn, ive efi.. iency

inotom oL whaner 18 751 of thet of Cc The Tlux mess:-ssentad wverse maise using

Sate uoepgdrs 1o cramoer avnaod outlined anowve The coarber snd the nwooit.ors
o« Ceinvated  nd the fluax wves deterwinsd by the metieds given by O.ark,

T, end Uvermans.
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guortity determined that wae significant waz the preduet 07v. Since the 2. ax

[
(]

w83 determined by a goid monitor essentiaily snd the cross section of gc.d

56 berms at 2000 meters/sec, the g~ v for gold is 2.2} z 107 bes ‘barn cextimetavs/

o =

a

Since the activatizus were made at some unknewn velocity of neutsens, ihs

)]

wroduct determined, for example, for calk 13 2.9 x 103 bes  Simce this is the
cengtant for the isotepe cme must only multiply this by n or the ﬁeutr:n density

Por the plis at the given point to obtain the yield per nuclens of the EZJZ:_ for
a given ireadiastion. The velue delermined uy Clark et. al., for n wae L.S » 129
n,,‘3 et the center of the Clinton Pile at cperaving power level,

Since most of the measurements of these guantities made by thysiclsts

are repcrted in terms of thermal velocitles, it is helpful for compariscn o
wade ar aseumption about the way in whickh the cross section behaves as a fuactli.m
¢f epergy. It cne assumes that the cross section foliows a 1/v law then cne wmay
divide the :2:;“14 by thz thermal ve-ocity and cbtedn the cress secticn corresponding

to *his egevgy ci' peubron. This has besn given for ali of the activities but

-.~

t i8 recommended that the product of the cross gection times velceity bt . nen-
gidered the important nuclisar copstaxnt fovr these pile resctions, 1t 1z parii-

2ty fmpertant to note thet where resonance levels cocur in the thermal rogion




one may not make this calculation to arrive at a cross gsection for thermsl neutrons.
The e of thetv_ aleo has another advantage for those reactions which
are brought nbout by fas't neutrons. There has always been considerable question
as to how to report yield values for fast nautrgn reactions. This is occasioned
by the fact ipat cross sections should correctly be reported for the energy of the
meutron. “e do not knov the energy distribution of fast nmeutrons, in general,
in tie pile sinte this i1l be a function of the amount of moderator between
tre slug‘ and the sample. This would change the fast spectrum quite markedly
4n a short distance. It doevs 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
gection in which one uses the slow flux end weight of target isotope. The a v,
however, is a function of this reaction, too, so the resultamay be expressed in
the bes. unite. This implies that, if one imew the n or density of neutrons above
a giveq threshold for the reaction, one coiild determine the cross section. This
cannot usually be determined. |
On the basis of the flux report mentioned above, it seems probable

that the fluxz may be known to an accuracy of about 10%.

E. Errors

The statisticel counting error in beta counting was less than 2b. The
error in determining counter gecmetries was about 3p. ' Ths error in assay was
about 1% except when otherwise atated in the detailed discussion of each in-
dividual target material. As mentioned above 1t is probable that the errors in
the flux measurement are of the order of 106. This gives an overall accuracy
which might be expected for the yields of the order of 11$. The error in value
for the cross sections would be higher in the case of those elements having

resonance peaks, No cadmium differences were taken except those mentioned in the

report Mon 0-398?

S TN TAT SN U T AT,
A AL AN G




=y

Suwary

The following table shows the experimental dste obtained. It might be
noted that these materials were procured by the Operating Department in guantities
thht were estimated to laet a year. It s peesible to get samples frem thers of
any of the target materiaels discussed below.

It should be under. toed that it wes not a purpose of this study to
senfize or replgce exlgting literature values for haif-lives or radiation
energies. The values shown on the graphs on the following pagee are experimentel
nd werely confirm the identitiss of the radicisotopes. The usefulness of the
gragks is in showing the kind of deta obtained in measuring activitiss of radio-
ievtopes produced at Osk Ridge National Ieboratories.

After the tabula~ sumrary, the target mesterials are discussed in
detajl., The following informaticn is listed for each materisl: Target material,
scurce, welght of sample, spectrographic impuritiea, time of irradiation, the
average flux for the time of irradiation, the se-arations procedure that was
used to pﬁrify the activily and the percentage reccvery in the.various Aatepc,
the radioactivities found reported doth in the percentage of total activity and
calculated to parts per million of stable impurity im the target material, the
yield in mc/g/30 day bombardment at 50% maximm flux, the g~ v in barns cm/sec.,
the cross section per atom of noimel ciement and per atem of isotope agsuning

a i/v law, and a statement of non-routine errors.
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17.

Sulfur

Target Material: Sulfur, U.S5.P., Merck

Weight: 23.72 gm
Spectrographic Impurities:
Ag FT Fe

T
Ca BT ¥g FT
Cu T si T

Irradiation: 31 deys at nv = 4.64 x 10" n/cm?/sec

Separations: See diagram

Activities Found % Total Activity ppn
At Ty in Bombardment Activity per gm. Sulfur Impurities
s35 (874) k7.8 0.266 me. Y
(11+ 74d) 51.3 0.286 ¢ o
1 (170 m) : 0.5 0.003 87
Unidentified (17m)} 0.4 0.002
Yields:
0.279 mc Sf/em S/30 day bonbardment at 50; meximm flux S
0.30% mc P/fgm s/ " " F—

Cross gections for sulfur:

= 1.15 x 103 barns em/sec
o~ = 00,0052 per atom normal element
o= = 0.124 per atom isotope

Cross sections for phosphorus:

= 3.7 x 102 berns cm/sec -
#{o—= 0.0016 barns per atom normsl element)
#(o= 0,0017 " nooom " igotope)

* Of queationzble value since it 1a based on siow mr

Hon-routine Frrorn: None
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18,

In meaeuring absorption of 532 beta radiaticn, sbLsorbers

of low 7 amaterial were used, Scme of the abscrters were
nade of Formvar plastic material which is a polyvinyl
acetal vesin. The others were made of alumipum. Formver
and eluminum scen to have approximately the same abserption

ccefficizsnt.

T -



Sulfur 1) 1o,
Helt
Sulfur
Pour into {2)
boiling
conc. H¥O3
Filter |
et sel'n
Lvaporate Lo
Uryness
£dd Cu (NOB):)_ carrier
1 ml conc. HNO3
2 ml conc. HpSCy
\
| 4ad Brp + CClb‘ {150 ml HoO
1\
kdd coJc H”O}Taﬂ [ Elactrolyze 14/
Boil
H-30 1utio electrolste. elactrode
2 [‘ 30 n
-
1008 S [ FacH | Ta]
Z
162 P - solution l Pot ; TTutd
Hml
[ 2dd 1a(®G,); | l R(OH)B(? Cu(NCa)3 sclution

s¢lin | dilute HCY |

2t ﬁgg washings [2 eycles |
ary ~
H3POy, ~= RlCl3 solution

| 0% 2
| dilute HC1 |

1213
3

and
H3pP0y,

98.3% P




20,

ibbC~-518, W, &, Cohn, Separatisn of Carrier-Free P22 from Sulfur.

1
Boiling fuming concentrated HNO3 will cxidize more P to H3POy thsn will ¢
Lhe non-fuming acid. = S
o
Ten to thirty seconds after the HNC3 is poured into the Br-CCl,-S mixture,
the reaction becomes violent - A larre beaker should be used to prevent
losses from overflow and spattering. .

Kolthoif and Sandell, Textbook of Juantitative Inorganic Analysis,
P 423425,

The hydroxide precipitate should be dissolved and reprecipitated to mini-
mize the amount of P carried on it

TR TR
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26,

0

Target Material: Monocbasic Potassium Phosphate, Anhydrous, Reagent, Merck

Weight: 30.96 gm.
Spectrographic Analysis:

AL FT Fe VET
Ca . FT Mg FT

lrradiation: 56 days at nv = 3.54 x 10" n/em?/sec
Separations: The sample was dissclved in water, made up to 250 ml, and

aliquots taken, Chemical separations were unnecessary be-
cause the difference in half-lives of K42 and P32 made
it possible to calculate their activities separately.

Activities Found at To in Bombardment:

Activity
% Total Activity per_gm.
K*2{12.4 hr) 43.8% - 27.3 me/em K
P32(14.7 4) 56.2 35.15 mc%n P

Ylelds:

38.6 me E*2/gm K/30 day bomberdment &t 50% meximm flux
49.6 me P32/gm P/30 day

Cross Sectionn:
2 o v .09 z 10% barns cm/sec

= I
o~ = 0.186 barns per atcm normal element
o~ = 2.81 barns per atom isotope

?32; o-v = 5.52 z 10% barns cm/sec
o~ = 0.251 barms per a.tcm nomal element
o~z 0.251 "

Non-Routine Errors: None




x

[ 4

4

R

1
[N s

&
*

g

v

e

-

(~4

.o Rk
Iy

R

-~

xaW

D

40

e

20

]
]

hd

i

S

4 éi "y ~w
et it
+
i il ]
111 1 H
Rt o}
st 1
Bliadl s i
R i
i RA T aT) o8y i 1. T3 i
H popeinl O 1 T
i | B i
o . [ s AR RE, ke
v > Py
nhl i+ ». M‘m _m.M
. b+ x.w L1 ~- 3 il
N ., . » -d o ulT RS
it . it 1 : put SR ;
! I3 & - 1 i i fe
r Py P Y P Y
I it 4 N FIR
b3 i il H . By
% H HH.wn. M + wu
LTI P ...h—n %
Hi R L A . i
1 'H 11 A inram,
W HIH .43 - «IT.._ = “ «J.FP.
] i W IISTEESRE
I L i
i k VI
H b ._-m
b~ M
Rug EREEd .“
iHT s Sartai i a1
1848 R . N P At gy 4 Ly .
\aiep Lo chyA” et
S e N R OF S IR g v A o B IR -
¢ ¢ - R g i oy ot o o
.- - -~ 4 0— - T ] 4
4 1 et fot - Fﬂ JBY N A Y - & i ki1
F e R NP g el wl et g R e HEHET
it 'K Jei-1-; T .w..w.. i R A 1 S S Y S 1 r < 4
18] H Lot 3 4e s . _.. 1 . bb
T ﬂf ”” LAFI lb N e - W e -f
.*L H 1m: ] -+ 1 .M (24 .MJ. -
H M H £
el e R EXERD 3 H HHE
s x o - - 4 - - b -t
whak 1§43 34 Ry o v 1 it
{EERRAT Y HEAE it ot
4 i i | IR R % 1
1t i3 B
AN

r=g=3s3gsEd

; . -
i ¥ 11t H o
t " . $ PN
3ts I 4
Y tr X 1 :
4 . . r.f,“. T b
; 2 ~H: 5
i) —. L3, u.» S
] =
Ly 7 ! T
H H Py TER] e §
& .l . s T
: - : IRA R b b
¥ L . A H e -]
1 ;.rm -2 g -4 L ; i t
111 t N T "
x% § Hit _ A
H1rs} $9 v R
. i v N .-
TR L e
i ! : ! LE
Sl m.mn”» B SR
16 i (LRSS i .n ﬂm r»
L o ] i i

m._-<m wz_.—-zzoo m>_.—.<l—ux:z_ avm

PRIDeIOE BIul] 3¢ *qau] K 4T3 03 01 X BPLD 3 FWMENIY]-iaeg
€P-48C *ON  °A °N 0D WIS * 24NN

3

tLE

OVAL; FROM

REM

~

e
wir S

=

" e pne

—~

(o]




0
v . . T, ‘.
1. Ll b SR
194 : s ? [ :
H ,T-“....-: MASRELNINE Wi e TrLu
i SRR S vt st s i S
pd e . . eme e pr v fmme b PRSI S
sk O R = Shtod il
TS LT A & e . e, g e e & Samer v o smmbejed po O
o ye . o Y . D Leb gy geem n—d r_|0|4|3
. . .. P PO e | :
PR R ot el e et S [y SR [EEL AR IRy sou S 2 :
N S . MM PR N A A nw‘-. ..Lw + -y e
. _ !14 . . N .. ‘u v e . M:t.mn “ ﬂ. . s m.
@i SIEEE T ,
L et hifan !
PR - -1 R at EEET] L o i
iy L
Al N KRR .
- b .2 e R - S . 14 ek
_...L_ potes . ! ja .. . .. "
T w” Y I .< o
L s . : base
R = . ! ;.
. R I .
Ve e 1ee LIS 0 1 v .
e HOedl I f :
PIRER RN S A ,
Ve ey P
Ve IR R
. i R .
r at w zwe . * . . L]
o i Y Hagh 10 N . | m
o L I . Lot .. IR T o
i Riehy TR O Ha ER e . R I e N
i e ) St et S R R R :
i A K;“ e R s - o
WJ..r T..T -_._"« mA.n.. m “_‘.m [ ~
1l o ! = ¢ 1
4 .. m".. wa mhw... .Tn.n\w.. PP PR L2 SR0PY PORDY REMPE PR o
gy T R R ; Pl E
114 oy TS o4 aa) N s .o
i [ 4 ,_';,.r. 3 o 1 a
e PiEs b b W
_h .—Trw wg........ [POIY SRapa A -~ B
1 IR : L3 I : 1t +
TRIT! 1" ot SN RESE LD IR T ]
e ety Y e X R TR .:L:.Tﬂmﬁ. <
g TM « » *.1_.! RESEE SN [ SR ,_..m %
ikl Himeoy ] Tl ER S ad SRAN! Frifret g g
M st : - ! H > v vy b e s Mn. ; B
- LRI - H - +
ik Y, PR t <
3 Pt - ]
NI (3 12 e T i |
PSS H ; =
el HESEH '
4 cpedlibagiy L_r. SR A e o T
e T R IR o it T o 0O
i b 5 T i
e e L s .4 :
iy et bbulig SR i
i 2o Wi rwe 1ves el Py S R e
Rl R R e - [BRGE RS S B el e
_W:_h - Wo T ._.v""i. ...’.. TR T cdd ey el Fab e -
F8 Wi iy d . —n farde gy e - e . e Py .
: i Jits S ey SRR R Ay AESESREE 7
ML el ] LN m B L pes AN IERI A BN § Ratoven : Bt nal et ek S ety gl Vi s [ »
N R R et Pt R PR LTI FEERE SRR DS B R TSNS e ot SRR e 55
ol FH [ T 1 e 852 i R RS N AR e [T S U AR R I o ol et %
st vm.‘lw".".“ R R B S T RN m. = oo cabuwaan Wu
Hlu =" H ITaN it R Bt .n...,nw.b; b {— . "~ - - deee g 1 %
neie L {0 e S ST o e o A e S F IR N
} v Fap el [N H [l T .
ettt 1 HHItE 5 I BE Ry Rt g P S BN - T "
dfiadiy 1 ﬂ.* ee Tl e [ T s e : r..... N .r... <>
1904 MW 14014 Harilade MR B EEXEE R : N . . -Mu._ S 1
.l + S AR R - 1 R LI P
v P R : ey ey .
. o deg o : HI ot k
PR v e TrgaTTy
NI * b
. P : SISt |
RS A . IeelE
vt : . - :
. - : falk
. b : Tan b e
. S
B SV . N "_um
A : -3t
Lo peyg et -
- PR el
«@ [
et
. -
31vY ONIINNOD ALY I3, e Tt v
P g *QIG] & 943 03 01 x eePLI T IOl jms g .
. R , . . CV-89€ "ON *X *W 0D UIEEI ¥ II4iNIN -
L]




[P

Target Huterial

Y tgnt

Coseium
Caicium Carbonete, Powder, C.P., Baker’s

2% 15 gm

Spertragraphic Impurities:

g X
£ re

Irradi{ation:

Separations:

—

§T ° Mg  FT
¥T sr FT
¥
32 days st av = b BL x 19" n/em/sec

The Ca.C!23 was dissclved in dilute HCL, maie up tz 00 nol.,

and an aliquot taken to work with,

~

Activitizg Found at T, in Bombardment:

cal57 1804}

P32 {1k 7
Yielda

0.2

Cross Sec:ionus:

a v

o
o

4% Totel Activity . T
Activity per an. Ca Impurities
7.6 C.293 me
a) 22.4 0.5 | 1,920 P

me/gn Ca/30 day bombardment at 504 maximum Zux

2.9 x 103 varn cm/sec
0.013 baras per atom normal elsment
0.62 barns per atom isctope

Non-Routine Errors: Lost <O,% during sssay. A large self-absorp’ion

Remarks:

Pactor introduces an error of #2%.

By comparing thé two absofytion curves shown In Fig.9,
one taken two months late +than the other, ore can

see that the 1.7 Me7 ﬂ component is decaying. much mors
repidly then the 0,21 MeV /3 compoment. The 1.7 MeV
/3 component is P32, and allowsnce must be made for
its contribution to the total activity of a CaCOj3

sample bombarded in the Oak Ridge pile.
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RELATIVE GOUNTING RATE
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32,

Scandium

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

Weight: 2 mg

Spectrographic 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: Aetivity per gm Scandium
Schb (85d) 838 me

Yield: 563 mc/gm Sc/30 day bombardment at 50% maximum flux

Cross Sectiaons:

v = 3.17 x 10% barns cm/sec
14.4 barns per atom normal element
1.4

barns per atom isotope

Bona

Non-Routine Errors: None
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33.

362013

Adjust to pH cf 3

(' Dissolve in HC1 (1)
| Extract with TTA in Benzene

{2 cycles |

Organic Phase Aqueous Phase

[47]

31 iRcsidueI

| 1%
(12 ¥ HCL |

SeCla Organic
Phase
98%
1%

(1) A. Broido, MonC~350, Purification of Scandium 2nd Preparation of Cak>
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Titenium

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

Weight. 18.73 g

Spectrographic Impurities:

HRS T Fe T
Ca ¥T Mg ¥
4 ¥T Si T
Cu T
Irradiation: 69 days at nv = 3.2 x 10" nfem3/sec
Geparations: See diagresm
Activity ppm
Activities at T, in bombardment: % Total Activity per Gram Impurities
715172 4} 524 0.027 me
P32 {14.74) 48 0.025 1600 532
Yield: 0.022 mc/gm T1i/3C day bombardrent at 50 maximum flux

Cross Section:

g~ v = 1.13 x 102 barns cn/sec
o- =5.15x 10~4 varns per atom normal element
o = 0.0097 barns per etom isctope

Nen-Routine Errors: None

Remarka: The 1.7 MeV /5 radietion shown in Fig. 13 may be
attributed to P32 activity originally present in

the Ti0o semple prcbebly as SOu=.

Ty T A Ut YN T A R N IR L A | I MNP




| Ti02 1

Fuse with KHSGL
Dissclve Yelt in 3Y HC)

|

Add Excess NaghHPOy Teo
ppt. Tiz(POy)y, From icid
Solution (1)

Ppt.. Sol'n
‘L_.__T !
Ti3{F0L )1 Supernate
Containing Some Suspended !laterial
Boil With 25%
24 NaoH(2)
Ppt Sol'n
N I =
PG~
T3 (Of)x | 70‘;
] 27%

[Dissolve in 3M HC1 |

TiCly,

L8%

1) WNoyes and Bray, Jualitative Analysis for the Rare Elements, p. 83
y v 2 P

(2)

Ibid, p. 78.
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To

0.

Iren

Trnrget Material: Carbonyl Iron Powder, A. D Mackay

Hoight: | .73 em
Gpectrographic Impuritica:
Cu PT Ni T
Irradiation: 32 days at av a 4.76 x 10" nfcm2/sec
Geparations: See dlagram,
% Totul ppo
Activities Found at T. in Rambardmert: Activity per gm Fe Activity .purities
Fedd {46.3a) 0.1k% me ~69.85%
Fed? { ~ L yr} : Identified but not
o calculated
P32 {1k.84) 1.1 x 1074 me "0.08% 1 ppm
# 72.5 hr) 2.2 x 10°% 0:15% L

* Mn or Ri probably

Yield: 0.144 me Fe39/ gu Fe/30 day bombardment at 50% meximum flux

Croas  iactions:

o— v = 639 cm/sec
o— =z 2.9% 10~3 varns per atom normal element
o~ = 0.878 " " "  isotope
Yon-Routine Frrors: Hone
Ramarks: The slight amount of very soft component in the Fe

absorption curves is due to the ~ T KeV x-raye of Fe22.
This will vary with the bombardment time and the flux.
If it is desired to analyze for it cme might Lss Be or

C absorbera to enhance its absorption coefficient,

TR T RS T 'y oo o



| Metallic Fe |

Dissolve in 8N HC1 (1A

Ether

Extract with Isopropyl

(2)

Ether Portion

Acid Portion

| H03 |

Boil

to

S04 fumes

|
{
Fe(N03)3

Add conc, HN03

Add Cu{NO3)p carrier

Dilute

3)

100%

{ Electrolyze |

| Residue |

L§u§

[FNO3 |

Cu(NO3)2

(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) Scottis Standard Methods of Chemical Analysis, pp. 465-466.

(3) Kolthoff and Sandell, Textbook of Quantitative Incrganic Analysis, pp-

423-425,
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1&6 1)

Cobalt

“arpet Metarie.: Covalt (ic) Oxide, C.P., Baker's

Velght. 1.03 gn

Spectropraphic Impurities:

Ca T Mg VET
Cu rr At Fr
¥e FT
Jrradiation: 32 days at 4.34 z 10" nfem?/sec
Separations: Bissolved the sample in 12N H-SCj made it up o 100 mi.,

end tock am asliquot with which to work.

Activities Pound at Tp in Bombardment: Activity per sm Co

o0 {5 3 yr) , 36.8 me
Yield: 42.5 mc/gm Cof30 day bembardment at 50 maximum flux

rogs-Sections:

o v = 6.51 z 10%barns om/zec
o = 29.6 barns per atcm normel element
o~ « 26.6 barre per atcm isotope

Kon~-Routine Errors: None
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Rickel

Targat Material: Kickel Powder, Belmont Smelting & Refining Worxs

Weight: 10.05 g.
Spectrographiz Impurities:
Ca T ¥e W
Co T Mg Fr
Cu M sSi T

Irrediation: 63 deys at nv = 4.6 x 10" n/cmé/sec

Separations: See diagram.

Activities Found % Total Activity P

at T, in Bombardment Activity per gm. Ni Jupurities
mg5(2.6 hr) 92.5% 1.94 me
€0%9(5.3 yr) 2.5 0.053 1,300
FadI(u6.3 d) - <0.0014 8,000
cub{12.8 br) 5.0 0.13 350
Unidentified - 0.001

Yield: 2.11 me/gm Fif30 day bombardment at 50% maximm flux

Cross-Sections:

o- & = 3.37 x 103 barns cm/sec
o~ « 0,0153 barns per atcm normal element
o= 1.32 bparns per atom isotope

Non-Routine Errors: Rone

Bemarké: % chemical recovery figures were not availabls,

R R Pl . L I L A NP
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Metalli=
Mi (1)

|

Dissolve in )
dilute H8O5| ©
]
}
{ Add Cu(NO3)s carrier |

Evaporate Lo crynass
szrefully
D 3N KC1 4 H3S

Ppt., Solution
v
CuS Boil off HyS (2)
P Add FeCl carrier
. and HC1
| _}}A'IJ_{]_. Extract with Isopropyl
. ’ Ether
Cu(NO3)2 J \ : éCl Ether
Add Co(NO3)3 carrier - [Fel
. Made alkaline with
NH;0H (3)
Add dimethylglvoxime

| Solution ppt .

N
Acidify with HCL (4)(5) [N ppt. |

AddoX-nitrosc, B -naphthol

_Solution ppt.
7/,
Mie Ni
, [Residue | [Co *
~10G%
i HEO3 |
’ Co(N03)3
“wepeey e Y P S T T T T T A BRI -




520

The Ni boribarded contsins 0.8% Fe which will become "passive" if subjected
to strong oxidizing action, The Ni should therefore be dissolved in

cold dilute acid. and evaporated to dryness carefully.

Scett?s Standard lethods of Chemical Analysis, pp. 465-466.
Cimmthylpglyoxine precipitates iron as well as nickel.

X =nitrosov, @~napht.hol precipitztes iron as well as cobalt. °

Ibid , p. 314
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Selenium

Target Material: Selenium powder, General Chemicel Co.

Welght: 20.13 g

Spectrographic Impurities:
Al FT Mg T
Ca T si T

Irradiaticn: 98 days at nv = 3.1 x 10" n/cm2/sec
Suparations: OSee diegran.
Activities Found® at To in Bombardment: Activity per gm. Se

S8el0 (115d) . : 15.7% me
#The abeove flgure was obtained from gemms measurements on the ion
chamber; the gamme efficiency was calculated by assuming one 0.335 Mev g
per disintegration, X-rays and O -raye present meke Seld a suitable
tracexr, bul ebsolute measurement is exiremely difficult.

Yields: $.92 me/gm Se/30 day bombardment at 50% maximum flux

Cross~Sections:
O~V = 1.29 x 107 barns cm/sec
o = 0. barns per atom normal slerment
o~ = 67.4 barns per atom isctope

Non-Rouiine Errors: Hone




Elemental
Selenium

Dissolve in
‘jarm 8N HNO'a

Make alkaline with HHAOH{
Barely acidify with HC1 1)

Add Hydrazins Sulfate
Boil for 30 minut es

[Filter

Solution

Ppt
! S\: ] | Residue ]
{0.5%

(1) Tresdwell & Hall, Analytical Chemistry, Vol. II, p. 107.
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Silver

Target Material: Silver nitrate, crystal, Reagent, General Chemical Co.

Weight: 7.09 g

mctromhic Inpurities:

Al ¥T Ye IT
Ca bk Mg T
Cu T 5> T

Irradiation: 35 days &t nv = 6 x 10" n/em?/sec

Separation: See diagram.

Activity Found at To in Bombardment: Activity per gm. Ag

2110 (225 4) 3.3 me

Yield: 2,38 mc/gm Ag/30 day bombardment at 50% maximum flux

Cross-Sections:

7.96 x 10% barn cm/sec
0.36 barns per atom normal element
0.74% barns per atom isotcpe

g v
o
o

-

Non-Routine Errors: Hone




“

[7e03]

{ Dissolve in dilute HNO3 |

[ Add HC1 (1) |

|

3 cycles

Ppt. . Solution

! A%l ] ] Rcsiduc!
5.5%

Dissolve in
NHI‘_OH

|

Ag20
94.5%

(1) Scott's Standard Methods of Chemical Analysis, p. 818.
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Target Materisl:

Helght:

Spectrographic Impurities:

0.38 gn

Ag
Al
Be

Irradiation:

Separations:

Activity Found at Tg in Bombardment:

¥T
T
¥y

27 days &t nv = 5.2 x 10" n/em2/sec

See disgran

Cu
Fe

Mg
Re.

Indium

BT Ri
W b
T S1
ki

Indium Ritrate, C.P., A.D. Mackay

A3

Activity per gm. 11.1 ]

Inlik (48 q)=

Unidentified impurity with 0.7 HMev 2’ is present 1n smsll quantities

# 0,19 J is apparently 1004 converted

Yield:

Cross-3Sections:

Hon-Routine Errors:

c_rv

o=~

Hone

= 1.80 x 107 barns cm/sec
o~ = 0.82 barns per atom normal element
19.4 barns per atom isotope

19.4 me

20.%4 me/gm In/30 day vombardment at 50% maximum flux

63-



&Y
(2)

(3)

T

[ In(803)5]
|

Dissolve in

Dilute HNOg
[NH,O0H (3
Solution Ppt.
| |
[Washirgs | T (0H) 3
Add CH4COOH
and azs
Solution | - Ppt.

Add HNO5(3)
Boil off HoS

In(NOB) 3
1008

Noyes and Bray, Qualitative Analysis for the Rare Elements, p. 193

InpS3 ﬁrecipitates rapidly and finely from a 6N acetic acid solutiony
more slowly and flccculently from a more dilute solution.

InClg is somewhat volatile, so HNO3 is to be preferred to HC1l for dis-
solvgng the IngS.
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68.

Cadmiun

Target Material: Mosay cedmium metal, General Chemical Company

deight: 1.03 gn

Spectrographic Impurities:

Ag VET | Fe TET
Ca T Mg T
Cu T Pb T
Si VFT

Irradistion: 27 days at nv = 4.51 x 10" n/em2/sec

Separations: Ses dlagram.

Activities Found % Total Activity s
at T, in Bombardment Activity per_gm. Cd Impuritiaes
call> ¢2.3 a) 96.6% 11.54 me
ca115 (k3 Q) 3.4 0.b1
cub* (12.8 nr) <0,02 < 002 {3 pm
Yields:

call? (2.3 @) 12.80 me/gn Ca/30 sy bombardment st 50 maximm flux
call5 (43 4) 0.b56 me/ " " "

Cross-Secticna:

43 a calls;

O v = 3.96 x 103 barns cm.sec
g = 0.018 barns per atom normal element
o~ = 0.064 barns per atom isotope

2.3 4 calld;

O v = 3.92 x 10* barns cm/sec
T a 0.178 barns per etom normal element
o~ 0.634 barns per atom isotope

Non-Routine Errors: None

T T s e E T R e e e R f T e

ERAR L AR RN



690

[Metallic Cadmium |

|

Dissolve in HNO3
Evap. to Dryness

|

N

~
N
/iiiguot Aliquot
HROS (&) Hos0y; (2)
Hs50,, Electrolyze for 15
minutes

Cu(NG3)p carrier
Dilute with HoO

[ Flectrolyze | | 1
[Cd& Cul | Electrolate |
41.5%
Eﬁi] [ Electrolate | _ [Eﬁ?ﬁ]
Cu(Nb3)2
[ANC3 | , d
Cu(NO3)2 Cd(NO3)2
58.5%

(1) Kolthoff and Sandell, Textbook of Quantitative Inorganic Analysis,
pp. 423<425

(2) Scott's Standard ethods of Chemical Analysis; p- 202
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Antinmony

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

Weight: 0.206 g
Spectrographic Inpurities:
Ag Tas i T
Cu T Po K3
Ze T Si T
Mg byl

Irradiation: 28 days at nv = 8.3k x 1 " q/cmz/sec
Sepaerations: The antimony vas dissolved in agus regia, made up to 25 ml.,
and ‘aliquots were teken.
Activities Found at To in Bombardment Activity per gm &ntimony
spl2h (60 day) 54.9 mc

Yield: 34.8 me/gm Sb/30 dsy bombardment et 504 mezimm flux

Cross Sectlions:

0 x 107 barns cm/sec
82 barns per atom element
o6 barns per atom isotope

O vasbh.
o = 1.
o= b

" un .

Hon-Routine Errors: None




553

e e ST A
Q.-

[y puans
e oo}

3

Y

STrrlegre

TF‘.‘ETL

.-

'y =veerl

P2 BT RY RN

bt 28

e
T

Lo
I B
H

-
2 B

3
5

TS

&5

-
Y RRS u

L

SR SRR teet

3

Fiie
-
N

3544

e ¢
..

it

ot
I3
“s.

o) Spate Bpcuk N

s

i

Ty
e s fa
b frem wcdd aersp
RS N
- egan

o]
= F
P n S md e Sk

e

PR N

1&.;. -

[
i
BN,

T

-+

vy

{ev

e B
-

[ S
omef baree
:

17

bobor -

iz

[y =5

i

ppare
L

[#3

o o}
[

| PN
[ e

b

s
1

Er .

T
1

[

M

h bios SO
?

BRI

e

0 ot ned P

T wd-

1
[ET R

e o p pofor -

e

die

R DO Y

PR N o s

e geere

3

e

R

N i
NS i i
: rj Ti. ' =
k - .

ISR NE B v £ .m
Rl R il tey b
pireyn plpy g

i soint b quieies Ve

(AN FR I o i

i1 111 il N

e e w

: shRirEibe

. [ A It g o

: [ D I

: B LEwY T

} IR o™ pypr S
.8 ot .. . b
H Lt .

beoep oty
-y
re -

jus

i

gesd

St
s

v,

1y

REER g

T

ook soda
h

PO S

g4
15
'

L e did el

+

e i

[ SPP4 P
SR SAPEJ M
por b s por

FEEa TR

PR
1344

}

1T

[ETEE N

B 25

i~.
.o

:

3%

rim b mabega-fed

R

31vy 9NILNNOD JALLYI3Y

paiusaos sayf qag ‘qouy

€3.89¢C "ON

’
V8N N 3OV

*A °N 02 MISEI ¥ 124403N

% ayi 0y o X WP Y .u_afcﬁ,.i;aam

80

" DAYS AFTER REMOVAL FROM PILE .

60

40




1. 1+-+ - T= .~ TR TEEN - 'RETE B TtL ot R
i : L. v.ooarT e p 1N . — g AERRT A
1 REEDN R : 1t . S proam ]
Lo ety T D LT T SN TTiT b
_ . “ £h|l.- . .»w. . .. M.m.,vq-m
I R O B m“ ) T R
S I R - T A
: L . - . | w . .vH -
P ...cn..w Vo : Rk R
PR A TN - S : :
m-m.:.. IR kU DR FUNEEEN B £l
' : R ETI T EREEER : :
35 8%
SN (o ] , :
=8 JEHE
. H s [ M. .
@ n”“m..‘:....._ ;
I Xl S IR o
RN - R o
Omu 0 T ~
mm”w ..5“.1;.. o
Pl 2& m
v .'I.mub, 4. ve
. E“..mm.u.. SN R
[ ” : v“’“u> E
g u
- EE BXRRE m
o e 2
Wy i @
ﬂ..w : Iy <
L0 R 2
gl HUBESEY
pi " il
R - _,m
i Fs:
i i abak T
. R EREEE . R
..m,r LRI
crprit T T
SN R BT
SR
Yoo kg ae .
Lipdpn
Vo
Lyt
31VH 9NILNNOD 3AILVT13Y ~eonwdave
- PeIuadas S2ull 4ig ‘QAUL & 43 03 A7 & ALY 2 ‘ojurmiiiesar].juog

N £5-86C "ON & °N 0D YIESI ¥ 1134N3IN !
. - ~ N

- N . s



o*

77.

Europium

Target Material: Buropium Ozslate

Weight: 0.0112 g

Spectrographic Impurities:

Ca T ca . T Mg T
Irradiation: 31 days at 3.17 x 10" n/cm2/sec
Separations: Dissolved the sample in 10N HRO3, made it up to U ml,
and took an aliquot with which to work.

Activities Found at ")y in Bombardment: Activity per gm Eu

Euloh (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
o~ = 514 barns per atom normal element
O = 1010 barns per atom iasctcpe

Non-Routine Errors: None

Remerks: The 2.0 MeV ,5 radiation shown in Fig. 27 inlicates

presence of 9.2 hr Euld?,

AT e T T T T L e luarmaney AR I
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Tantalum

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

Weight: 0,22 gm
Spectrographic Impurities:

Al T Mg T
Ca T Mo T
Cu ¥T si T
Fe T i W

Irradiation: 83 days at nv = 5.7 x 10" n/cm2/ sec

Separationg: The semple was dissolved by two successive fusions with KOH
in a nickel crucible. This flux dissolved the sample far
more readily than did KHSOy. The melt was dissolved in

Hs0, msde up to volume, and an aliquot taken(1),

80,

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

Activity Found at 7. in Bombardment Activity per gm Ta

7451 (72 &) 319 mc*
# bagsed on 0.53 Mev &5 .

Yield: 121.0 mc/gm Ta/30 day bombardment at 50% maximum flux

Cross-Sections:
o v =3.5kx 100 barns cm/sec
O~ = 16.1 barns per atom normal element
o~ = 15.1 barns per atom isctope

- Non-~-Routine Errors: None
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83.

Tungsten

Target Material: Tungsten trioxide, C. P., Fisher Scientific Company

Weight: 1.80 gm
Spectrographic Impurities:
Ca rT Mo T
Pe VET Si W

Irrediation: 69 days et nv = 3.2 x 10" n/cm2/sec

Separations: See diagram.
fotivities Found at T, in Bombardient Activity per smm W

wi83  (7h a) 9.3 me

Yield: 7.55 mc/gm W/30 dsy bombardment at 50f maximm fiux

Crose-Secticns:
OV = 1.54 x 107 barns cm/sec
g = 0.7 barns per atam normal element
g = 2.28 barnms per atem isctope

Non-Routine Errors: None




Dissolve in wann
3% Kzeog (1)

|

iAdd freshly prepared
1 FC{OH)Q

Pot Solin
Fe(OH)3 wo
l 95%
[ Dissolve in EC1 |
FGClg
1%
p. 1002

(1) Scott’s Standard Methods of Chemical Analysis,
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.- - Osnium

Target Material: Osmium Powdsr, American Platinum Works

Weight< 0.546 gn
Spectrographic Impurities:
Ag hopis Fe BT
CA T Hg b iy
Cu T Mn by
Si T

Irradiation: 35 deys at nv - 6 x 10" n/em?/sec

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

08185 (95 4 & 30 hr) 0.314 me
08191 (32 nr) : .8 x10°3 me
08193 (17 4) 9.19 mc

Tield:
0s185 (95 4 & 30 hr) 0.230 mc/gm 08/30 day bombardment at 50% meximem
0319{( 32 or) 7.3% x 1g}'§xmc/gm 08/30 day bombardment at 50% maximum
08193 (17 4) 7.11 mc/gil 82/30 day bombardment at 50% maxfmm flux

Cresas-Sections:

0s185: 0 v + 6 x 103 varns cm/sec
g = 0.0273 barns per aton normal element
0 = 152 barns per atom isotope

0s191; o v = 31.6 barns cm/sec
o~ = L4 x 1074 barnms per atom elsment
o = 5.45 x 10°% per atom isotope

nsl93: ov = 4.14 x 10* barns cm/sec
o = 0.188 barns per atom normal element
o~ = 0.575 barns per atom isotope

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

a loss during assay of an estimated <8$




Remarks:

(A)

(B)

88.

From Fig. 43 it may be seen that some of the componeny:
emitting strong ,5 yadistion is present 90 days after the

gample was removed from the pile.
Fvidence points to the existence of four activitles as

characterized as follows:

Radiaticn
Probeble Mass  ExperimentallLiterature Yield
05185 (g5 @) 0.7 ¥ (2) | T.7., ¥ #0.3id mc/ga Os
08189 {~30 nr) 0.8/4 1,548 0.31% mc? 0s
0819t {32 nr)  1.358¥(7) 0095,53,, 8.8 x 1073 me/gm 08
- 1.17

08193 (17 a)  0.358, 0.75(2) 0.35 A,Y 7.1l nc/en 0s
# Measuring 30 hr daughter and assuning equilibrium.
*it Xmeasured at three months out of pile, so it may be
composite of 95 4 I.T. and 17 4 gamas.
No great accuracy is clained for 95 d and shortlived

activities. 17 4 should be quite satisfactory.

A e e L A

ATV NN



Metallic
Osmium

Distill for 4 hours
out of aqua (1)

regia into dilute

HC1 containing SO,

|

Os
Distillate
11% -
89%

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

Tarpet Material: Thallium (ic) Nitrate, C.P., Fordcmes Trading (cmpany

Weight: 9.68 gm
Spectrographic Impuritiea:
Ag T Mg VT
Al VET He VT
Ca T Pb ¥T
e il Si VT

Irradiation: 68 days at nv = 4.0 x 10" n/m2/aec

Separations: See diagren,

Activities Found at Te in bombhardment: tetivity pergm T1

112% (3.5 yr) 3.70 me
Yielad: 1.96 me/gm T1/30 dey bombardment

Cross-Sections:

0~v = 6.71 x 107 barns cm/sec
¢~ = 3.0> barns per atom normal element
O~ = 10.3 barns per atom isotope

Non-Routine Errors: Rone




95

T1(NG3)3

Dissclve Jn HaoUj
Bvgporate to 503 Fumes
A

|

Ppt Solution
l
! FciOH?g l Heut to 80°C. (1)
' Add EQURCy,
0025%
Ppt .

@ “a Snin~s

| 0 134
Dissolve in sto,;
with HSC- added

|

T12504,

~100%

(1) Browning and Hutchins, An, J. Sci. 8, 460 (1899)
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.- Bismuth

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

Height: 24.58 gm

Spectroscopic Impurities:
Ag T ¥e T )+ FT
Al T Mg W b2y} T
Ca T Mo BT S1i T
Cu W Sn W

Irradiation: 28 days at nv = 3.56 x 10" n/cn?/sec

Separations: See dlagram

Activities Found at T, in Bomberdment: Betivity per gm Bi
81210 ( 5 q) _ 0.498 me

Yield: 0.70% mc/gn B1/30 day bembardment at 50f maximum flux.

Crosas-Sections:

6 v = 3.96 x 103 barns cu/sec
0~ « 0.018 barns per atom normsl element
- o~ = 0.018 barns per atom isotope

Non-Routine Errors: A large amount of solids in cne of the sources

mede it difficult to determine the disintegration

rate more accurately than s 10§ for the entire sample.
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Yetallic
Bi

Dissolve in '}
LHNO3 and Hp30, |

By

j rNU3 4

|

Evaporate to dryness
Ldd dilube HCL

783 KT
Add MapS03,

{1)
(2)

Add Tetraphenyl Arsonjum Chloride

4cid Phase

4

[PpE ]

| Dissolve in CHCl, |

fAdd AghOg carrier

Ppt.
AgCl [Residuc |

I ~10%
[Dissolve in NH,OH |

ag(NH3)T

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

CHCl3iPhase

!

Evaporate to
Dryness
Take up in HNOj3

|

Bi
~%0%

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