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FOREWORD

The Subcommittee on Radlochemlstry 18 one of a number
of subcommlittees worklng under the Commlttee on Nuclear
Sclence within the Natlonel Acedemy of. Sclences - National
Research Councll. Its members represent govermment, 1lndus-
trlal, and universlty lsboratories 1in the arees of nuclear
chemistry and analytlcal chemistry.

The Subcommittee has concerned ltself wlth those areas
of nuclear sclence which involve the chemlst, such as the
collectlon and dilstribution of radlochemilcal procedures, the
establishment of speclfilcatlons for radlochemlcally pure
reagents, avallablllty of cyclotron time for service lrradla-
tlons, the place of radlochemistry in the undergraduate
college program, etc.

This serles of monographs has grown out of the need for
up-to-date compllations of radiochemlcal informatlon, pro-
cedures, and techniques. The Subcommittee has endeavored to
present a series whilch wlll be of maximum use to the worklng
sclentlst and which contelns the latest avallable informatilon.
Each monograph collects 1n one volume the pertinent 1lnforma-
tlon requlred for radiochemicel work wlth an 1ndividual
element or with a speclalized technlque.

An expert 1n the particular radlochemlcal technlque has
wrltten the monograph. The Atomlc Energy Commlsslon has
sponsored the printing of the serles.

The Subcommittee 18 confident these publications wlll be
useful not only to the radiochemist but alsoc to the research
worker In other flelds such as physlcs, blochemlstry or
medlclne who wishes to use radlochemlcal technlques to solve
a speclflc problem.

W. Wayne Melnke, Chalrman
Subcommittee on Radlochemlstry



INTRODUCTION

This volume which deals with rapld radiochemilcal separa-
tione 18 the fourth in a serles of monographs on radlo-
chemical technlques which wlll parallel the serles on the
radiochemistry of the elements. The same general style is
used 1n both serles of monographs, includlng general reviews
of the technique, discusslons of the principles 1nvolved, a
detalled survey of applicatlons to different systems, and a
collection of selected procedures whlch use this technique as
reported in the literature.

Thls second seriles of technlgques monographs willl cover
a number of radlochemlcal technlques whlch have not been
reviewed elsewhere. Plans lnclude revision of these mono-
graphs periodilically as new informatlon and procedures warrant.
The reader is therefore encouraged to call to the attention
of the authors any published or unpubllshed materlal on
rapld radiochemlcal separations which mlight be included 1n a
revised verslon of the monograph.
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Rapid Radiochemical Separations

YUSURU KUSAKA* and W. WAYNE MEINKE
University of Michigan
Ann Avbor, Michigan .

The radiochemlcal separatlon process 1s very lmportant
in radiochemical studies because it makes posslble the removal
of many interfering radlatlons as well as large amounts of
target material.

Some 1sotopes are produced by a reactlon which la attended
by a large number of slde reactlons, one or all of which may
cause Interference 1ln the measurement of the desired actlvity.
In other cases, the 1rradlated materilal 1ls so impure that
separatlion of contaminating activlities 1s requlired. In addltion
the technliques of radilochemlcal separatlon have for many years
been an important tool 1n nuclear chemistry for establishing
genetic relationships in nuclear decay schemes.

In order to determine the half-1i1fe, the decay scheme,
and other nuclear characteristics of a radloactive nﬁclide)
1t 1s Important to use a sample of very high radlochemical
purlty. In additlon 1n the measurement of nuclear reaction
croas sectlons, fisslon ylelds and 1n gctlvation analysils,
the amounts of the radiloactlve nuclide produced must be deter-

mined. Thus 1t i1s also necessary to determlne the yleld of

* Present address: Department of Chemlstry, Konan University,
Kobe, Japan.



the rediochemical separation.

Since Iindividual radionuclldes decay exponentlally wlth
time, the time interval from the end of irradiation to the
beginning of counting i1s very important, especlally for the
measurement of short-lived radionuclides. If the tlime 1n-
terval 18 equal to the half-life of the nucllde to be separated
(and the nuclide has no parent nuclide), the nuclide decays
durlng thgt-iqtervpl to ong—ha;f_the_quantity:which existed
at the end of irrediation; if the time 1s two half-lives, 1t
decays to one dua.'rte_r"ﬁhe quantity, etc. Thus the time of
separgation must be COnSiderea in light of the half-11fe of
the desired radloelement.

If however the short-Iived radionuclide has a long-lived
parent nuclide.ffom which the former actlvity 1s produced
genetically, the parent activity can be purified by standard
radiochemical techniques. Then, after the establishment of
transient redloactive equllibrium, the daughfer activity is
separated.from'the ﬁafeht By repld radiochemlical techniques in
wﬁich the time to separafe the nuclide from the paient must
be considered. .

For short-lived radionuclides the time required for
separatibn 1s a very importﬁnt factor and should be made as
short as possible. In this monograph the berm-"rapid radlo-
chemical separation" i1s limited to techniques reguired to
separate radlonuclides which haeve half-lives of less than ~ 20
minﬁtes.- An effort has been made to collect from the literature
as meny prébticalzéxamples'of such techniques as possible.

In order to separate- and study -such sﬁort-lived radlo-
miclides, researchers -have used meny excellent devices to
speed up the usual analytical techniques, and have also devised
sﬁecial new techniques of particular lnterest to radiochemistry.

A review of these varlous technlques should be ver& in-

structive and useful in the handling and study of short-lived



radionuclides. Furthermore, the extenslon of new and more
rapld radiochemlcal separatlon technliques should bring about
many discoverles in the nuclear-sclentlflc fleld and permit
the elucldatlon of many new phenomene 1n that area.

Thls monograph 1s arranged 1n three meln sections. A
short sectlon (I) describes general procedures used to prepare
samples for rapld redlochemlcel separatlon. Then the separa-
tlons reported in the llterature have been categorlzed 1n two
different waye. In sectlon II the procedures have been arranged
by type of process, such as recoll, dlstillation, solvent ex-
traction, ete. In each subsectlon there are given typlcal
examples of different kinds of techniques reported -- but the
sectlons are not necessarlily exhaustive.

In section III on the other hand the procedures have been
arranged by element and in this case an attempt has been made
to be as complete as possible. It 18 reallzed that pertinent
references have been missed end thus the authors would appfeciate
learning of such omlsslons for lnclusion at & later date 1n a

revlsed version of thls monograph.

I. GENERAL PROCEDURE PRIOR TO RAPID RADIOCHEMICAL SEPARATION

A. Target Meterlal
The chemical and physical form of the target or irradiated

sample must bBe selected so as to faclllitate a rapld chemlcal
separation. A materlal 1n the salt form, which 18 eeslly
soluble in an approprlate solvent, 18 very suitgble for the
experiment. A rock sample whlch must be fused for dissolutlon
should be powdered as finely as possible before irradiation.
In metall;c samples, uee of a flne powder or a very thin fllm
1s advisable. . _ .

In applicatlion of the recoll separation during lrradiation
of solid substances, the target materlal should be very thin



(such as < 30 pg/cme) to permit collectlon of the recolled
atoms with a good yleld.

In all of the experlments uslng a fast radiochemlcal
separation technlque, the form of the target has great 1nfluence
on the separation speed as shown in the following examples.

In a study of the long-lived protactinlum isotoﬁes produced
from thorium bombarded by high energy deuterons or hellum lons
(175), pieces of thorium metal of 25 mil thickness were used
to increase the total yleld of the protactinium. On the other
hand, when the time for chemical separatlons had to be shortened
in order to study the short-lived protactinium lsotopes, thinner
pleceg of thorlum, 5 mlls or less 1n thlckness, were used to
ensure rapld dilssolutlon. In some cages, thorium nltrate powders
wrapped 1n aluminum were used as the target 1n order to reduce
further the time for dissolutlon of the target.

In a study of 38-gec lodine-137 as a delayed neutron
emltter in fission products, a novel target arrangement was
used (235). This consisted of a hydrochloric acid solution
(150 ml, contailning 1 ml conc. HCl) of uranyl nitrate to which
several milligrams of potasslum lodide and bromlde carriers,

10 ml of 5% sodium nitrite solution, and several ml of carbon
tetrachlorlde had been added before lrradiation. The extraction

procedure was begun Ilmmediately after a two-minute irradiation
with a flux of 10° n em™2 sec™ thermal neutrons, and the
delayed neutrons from the extract in the carbon tetrachloride
measured with a neutron counter. .By this téchnique the measure-
ment could be started 28 seconds after fhe end of the lrradlia-
tlon. . '

The quantity of the target also 1Influences fhe separatilion
speed and so, tb speed up the separation, the gquantity should

be as small as possible.



B. Rapld Transference of Sample after Irradlation

In the study of short-llved rediolsotopes, the time between
the end of A1rradlatlion and the beglnnling of separatlon must be
as short as possilble. '

For such purposes, faclllitles such as a "J1ffy probe system"
in the cyclotron or a "pneﬁmatic tube system" in the atomic
reactor have been used.

The former (175j 18 a long hollow tube wlith a thin concave
aluminum end-window whiéh can be Ilnserted into the tank of the
cyclotron. The Inside of thls tube 18 kept at atmospherlc
pressure; hence, the window must be strong enough to withstqnd
the vacuum of the tank. A "rabbit“_holding a target was blown
by compressed a;r to a positlon at the end of the tube as close
as possible.to the window. At the end of the bombardment, the
target 1s blown out through the end of the probe tube wlth .
compressed ailr.

Provision was made in the rabbit to hold either a métal
terget on edge or a small cylindrical ¢ontalner of a salt of
the element to be bombarded. -After bombardments of approximate-
1y a minute were made 1n this Jiffy probe, the doors of the
cyclotron were opened immediately, -the target blown out of the
probe into a lead carrler which was manually carried to the
laeboratory for processing. Later arrangements were made to
trensport the rabblt to the laboratory with a pneumatic tube.’

Pneumatic tube systems are also useful for rapld trans-
ference of samples irradiated in a reactor (174). In one such
facllity the sample to be irradlated 1s placed in lusteroid
or polyethylene cepsules and ls inserted 1n a polyethylene
rabblt which runs through the pneumatic tube to the silde of
the reactor. After irradlestlon, the rabblt 1s returned to e
hood 1n'which chemlcal operetions can be performed, i1s quickly
opened and the sample removed. The pneumatic tube system 1s

operated by vacuunm rather than by compressed alr to minimize



the possilbllity of contamlnating the recelving station with.

radioactive dust from the tubes.

II. TYPES OF RAPID SEPARATION PROCESSES

Although thé detalled methods which have been developed
for separatling short-llved radlolsotopes are extremely variled
and depend on the particular problem at hand, all are based
on a relatively few general types of separation processes such
as: recoll, distillation, solvent extraction, precipiltation,
lon exchange, etc.

In many cases, fhese techniquee can be used 1n comblnation
wlth one enother. Most of these techniques are also appllcable
ta fast carrier-free separatlons of the varlous radlonuclides

(93).

A. Hot Atom (Including Recoil)

A nuclide which 1s produced by & nuclear reaction or as a
daughter product after emlssion of radiation has durlng the
process been glven sufflclent energy to destroy its original
chemical bond or to transform 1t into & chemlcael state different
from the originel one. Sometimes 1n a multli-phase system such
"ot atoms" go into a second phase from the orlginal phase; for
Instance, from a solld target to the surrounding outer gas
phase. Sometimes such "hot atoms" have a valency state or charge
different from the orisinal state in the target or mother
solution.

Such recoll phenomena occur lnstantaneously ln the process
of production of the nuclide.. Therefore, the separation step
using the recoil phenomena can be considered as a "zero-time"
separation.

Under sultable conditlions, the recoilled reaction products
can be collected on a collector plate during the irradiation.

In this case, since other slde-reactlon products are also re-



colled and some aggregate recolils occur, the desired actlivity
may be contaminated. Therefore, we c;n find many instances
where recoil reactlon products were collected ae the primary
step in a fast separatlion and thereafter some radiochemilcal
separations made.

1. Szilard-Chalmers. In 1934 1t was reported by Szilard

and Chalmers that radloactive lodine produced by thermal neutron
lrradiatlion of ethyl lodlde could be extracted lnto an agueous
phase. Then by being reduced to lodlde and precipltated as
sllver lodide, the concentrated_radioactive lodide could be
obtained (253). _

Such Szllard-Chalmers reactlons which'depend on the recoll
effect of the prompt gamma:ray from the (n,y) reaction have
many posslibilitles for rapld radiochémical separations. A
good example 1s in the classical study for the sepération of

25-minute 128

in which the isotope 1s precipitated as sillver
lodide after neutron bombardment-of agueous lodate solutilon

(3). 2.5-minute P°C and 10-minute Cu62, produced by a (v,n)
reactlon, can also be.separated by the recoil effect.(209,246).
These l1sotopes are 1solated ﬁithout any addition of chemical
reagent by irradlating flne suspensions of elementary phosphorus

and copper wlth gamma rays from a betatron.

2. Fissioﬁ gas recoil. Another interesting example of

recoll separation in the (n,fisslon) reaétion 18 the separation
technique for krypton figSion'pfoducts ffom a uranlum foll
target (202). The targét, an enriched uranium film (0.3 mg/cme)
deposited on a 1.6-cm dlameter platinum plate, was mounted as
shown in Fig. 1 at one end of a vacuum-tight recoil chamber
with a 3.12 r_ng/cm2 alumlnum foll between the uranium and the .
recoil chamber. The aluminum foll is used as an absorber for
xenon filsslon fragments. A rubber serum bottle cap was used-

to cover and seal the exlt line at the end of the recoll

chamber opposlte the target.



CHUCK

NEEDLE
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Figure 1. Apparatus for séparation of filssion fragments durilng

lrradlation and rapid femoval of krypton gas'(202).

This entire assembly was used as a rabblt and irradilated
in a reactor for 3 minutes. After the irradiation, the rubber
cap seallng the recoil chamber was punctured with a @ouble—
walled hypodermic needle, and air contalning the recoiled
krypton fisslion products was drawn out through the coaxlal
outer annulus of the needle. The effluent gases were passed
through a trap packed wlth glass wool, cooled in a dry ice-
acetone bath and flnally passed 1nto an evacuated cell. - 15;4—
milnute Rb89, the daughter of 3-minute Kr89, was then collected
on a negatlvely charged strip of Al foll for 3 mlnutes. The
foll was removed and the Rb89 counted. By this technique,
only a few percent of the activity of 08138 (from xenon recoil

contamination) was found on the foll.



5. Cyclotron bombardments. A typlcal example of an

apparatus for collectlng recoil atoms in cyclotron bombardments
is shown in Flg. 2. Thils assembly was used for the separation
of elnstelnium (115) and of berkellum and californium (41).

VACUUM COPPER
H,0 COOLED

CATCHER
FOIL

E (rarceT)

ABSORBER

VACUUM GRAPHITE

FARADAY | <:11e ION BEAM

l
FD/CB A

He COOLING

Figure 2. Cyclotron target essembly (schematilc) (115).

The hellum ion beam was flrst collimated bj means of the
water-cocoled copper and graphite colllimater A. The second
collimator B reduced the beam to the required slze. The
stainless steel holder C supported a 0.04-cm thick duraluminum
foll which sealed the rest of the probe assembly from the
cyclotron vacuum. Aluminum absorber strips could be mounted
behind this foll to decrease the beam energy. Holder D
supported the target. Folils C and D were cooled by rapld clr-
culation of hellum between them.

The gold "catcher" foll E was mounted on the end of rod F
wlth Scotch tape. Rod F termlnated 1n waﬁer—cooled aluminum
blocks which served as a PFaraday cup for beam measurement.

The space between the target and the catcher foil was evacuated.

At the end of bombardment, the Faraday cup rod was removed
and the catcher foll torn off. The foll was dlssolved 1n a

few drops of 8 M hydrochloric acld contalning a 1llttle nitric



acld. The solution was forced rapidly through a column of
Dowex-1 anlon exchange resin to remove the gold and then
separatlon of the actlnlde elements was made by the. catlon
exchange method using Dowex-50 with a solution of ammonlium
-a-hydroxy 1sobutyréte.a3 eluant. -

There are many examples of rapid separatioﬁ using simllar

1

recoil collection methods. 20.4-minute ct produced by the

Bll(p,n) or Nlu(p,a) reaction wad_qpllécted on papér and there-
after separated as'Carbqn;dioxide.by'burning the paper (12).

212 3g.bombarded

_ 23-minuté-Rn ' .a spallation ﬁrdduct of Th2
.by 350 Me?nﬁroton,lcén-bé_SEDarated_byurecoil (99). The method
used to 1solate this aqfiﬁity was Véf&iéimple but permitted
separation of the émanation,from'tremeﬁdoﬁs actlvities of other
ag-emlitting elements from bismuthzto protactinium. The cyclotron
target conslsted of thin thorium ﬁetal strips sandwlched between
thin aluminum folls to act as catchers for the transmuted

atoms whlch were able to recoil out of the surface of the

212

thorlum. . Rn was then separated from the alumlinum foll by

heating at very low temperatures 1n a vacuum system._ A 3low

212

stream of argon carrled the Rn through two cold traps at

—500 C and inbto a flnal trap.at —90o C where the rare gases
froze out.

In this kind of separatilon, the target must be very thiln
to get good ylelds of the recoiled atoms. Thus the preparation
technique for thin targets 1s very lmportant. For such purposes
electrodeposition or vacuum sublimation methods can often be
used to advantage.

In other examples of thls technlique the 35.7-hour cf246

produced by the szuu(a,Qn) reactlion was found to be projected

forward under proper condltions 1nto a rather narrow cone and

it was posslible to obtalin an ejectlion yleld very clocgse to

100% (115). -25-minute E248 has been ldentifiled améng the recoll
f249

products 1n bombardment of C with 18-24 Mev deuterons {40).

10



In the primary stage of separations of 30-mlnute Fm=20 (4) and
~ 30-minute Mv256 (98) a similar technlque was applied.

4. Daughters of alpha emltters. The recoll method can

also be useful for the separatlon of daughter products produced
by a decay of a parent. This technique has been applied to
studies of short-lived daughters in the radioactive decay seriles
of uranlum, thorium, and actinium (175).

When an electric fleld 1s imposed across a plate con-
talning the sample and another plate, the daughter atoms
recolled out by a disintegratlon can be collected on the
second plate 1f 1t 18 negatlvely charged. The collector
plate, then, 18 free from the flrast member of the seriles
present on the orlginal plate, although there may be present
on 1t varylng amounts of subsequent members of the seriles.

Similarly, if a second order recoll transfer 1s made, in
which a further recoll fractlion 1s collected from the first
recoll collectlon plate, nelther the first nor the second
members of the series 1s present. Thls procedure can be ex-
tended to third order recolls, etec., 1f sufficient.activity
18 avallable initially.

The yleld of this type of recoil collectlon was about
10%; higher yleld (l.e. up to nearly 50%) could be obtailned
1n vacuum wlthout the necessity of an electric filield. An
adaptatlion of thls technlque made possible half—life determlna-
tlon on 1lsotopes wlth values ranging from 30 seconds to about
20 mseconds (175).

Basically, the apparatus consisted of a 13-inch dlameter
rotating metal disc.(phonograph turn table) which was wired
electrically to act as a collector for the.recoiling atoms,

a sample holder which positloned the sample face down over the
outer rim of the disc, and an o countlng chamber whilch could
also be posltioned above the outer rim of the dise. The disc

was rotated under the parent samplee at a known speed.

11



Recollling daughter activities were collected along the rim of
the disc and the a—pérticles from these activitlies were counted
through the slit wlndow of the a partlcle counting chamber.

By changing the angle (really distance or "travel" time)
between the .sample and the chamber, counts at different in-

tensitles were registered. Plots of activlity versus angle

gave the usual type of seml-logarithmlc curve from which the

half-1ife could be determined (down to about 20 mseconds).

206

By a similar procedure 4.2-minute T1 (ReE") can be

separated 1n the a decay of Bizlo(RaE) in which the dislntegra-

06

tion ratio 1s only ~ 5 x 10'5% (20). The 1129° was collected

on a brass plate (diameter: 2.0 cm) which was held at a

digtance of 6 mm from a platinum plate carrying ~ 21 millil-

210

curles of Bl The collecting voltage was 450 volts and

the exposure time 12 mlnutes. In order to reduce aggregate

recoll effects to a tolerable proportlion, a strong B1210 gource

of minlmum thickness should be used.

<198 o minute B1l%®, and ~ 25-minute B1199,

produced by a disintegration of At<202, At202, and Atzo3

1.7-minute Bi

respectively (which were present on a silver foll), were
deparated on a collecting plate malntalned 1n a vacuum chamber

at a few hundred volts potentlal negative to the astatime plate (14).

222 226

38-second Ra ,» the o disintegration product of Th s

was also measured Simply by the recoll technique (245). The

226

Th was 1sclated wlth a minlmum amount of carrier from a

golutlion containing 100,000 c¢.p.m. of y220 (which had been
produced by the irradiation of thorium with 100 Mev a particles
in a cyclotron) and mounted on a platinum disc. By 1nserting
this disc in a standard a-counting chamber for a few minutes,

it was possible, because of the recoil phenomenon, to lntro-

2

duce several thousand counts per minute of Ra22 intb the

h226

chamber. The T disc was then removed and the recoill

activity showed the decay of RaZ22

12



The decay and energy of the 5.5-second Ac222

from a thin plate of 1.8-minute Pa226, were measured wlth an

recoll daughter

a-particle pulse analyzer equlpped wlth a fast sample-changing
mechanlsm (176). The recoll samples were collected 1n a
vacuum 1ln one sectlon of the sample changer. An Intervel of
about 8 seconds occurred between the end of recoll collection
and the beginnlng of pulse analysis.

5. Daughters of p emitters. Some brilef conslderation

has also been glven to appllcatlion of the recoll phenomena
produced by B~ disintegration. The Pb212(ThB) - BialQ(ThC)
system was used for the experiments (243). In this case, 1t

was polnted out that the temperature difference between the
catcher plate and the emltter plate, the gas pressure, and

the atomlec number of the emltter plate materlal have a greater
Influence on the yleld of the recolled atoms, than the questilon
as to whether the collection 1s made wlth or without a potential
difference between the plates.

Np20m

2l-gecond , the posltron disintegratlion product of

Mogo, has been 1solated and measured by the recoll effect (171).

An Intense carrler-free sample of M°90

was placed on the
counting shelf of a scintillatlon counter for a one-minute
period of growth. The alumlnum front cover on-the sodium
lodide crystal wes not grounded but carriled a potential of
500 volts negatlve wlith respect to the semple. The sample
was then quickly withdrawn end the recoll deughter atoms of
Nbgom remaining on the front cover were counted.

6.. Isomeric trensitions. TUnder proper condltions, the

recoll effect 1n an lsomeric transitlon 1s also appllcable

to the separation of short-lived daughters. 17 .6-minute Brao

has been 1solated =8 the bromlde lon from tetrabutyl bromide

80m

contalning Br in an agqueous alcohol solutlon (224). 24.2-

second Agllo, produced by the i1someric transition of Agllom,

has been separated on a copper electrode in an ether solution
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of sillver tetraphenyl porphin by means of a potentlael fleld

of 600 volts (178).

ol .8-minute Telll

131m

, the lsomerlc transition daughter of

Te 131m

» exists as tellurous acld even though the parent Te
18 in the form of tellurlc acld. Thus the‘daughter can easlly
be reduced to elementary tellurlium by sulfur dloxide In 3 N
hydrochloric acld solution (223), while the reduction of the
telluric acid form of the parent 18 very slow. By a simllar
technlque, 2-mlnute Te133 can be separated from a telluric acld
solutlion of 'I‘elj}u1 (206). 1In this case, the reducing agent

was hydrogen sulphilde.

81 81m

18 .2-minute Se ", an lsomeric transition daughter of Se ’

has also been separated by & similar technique (153).

B. Distillation

In this category are included all separation techniques
in whlich the deslred nuclldes are separated as gaseous sub-
stances. If the nucllde to be separated 18 a gaseous element
to begln with or can be transformed easlly at room temperature
or at a somewhat elevated temperature Into a readily-volatille
compound, 1t can be separated very easlly and rapidly from
the sample and then can be collected elther by cooling or by
absorptlion 1n a sultable solutlon. The ease or speed of such
a separation method seems to be dependent upon the bolllng
peint of the substance to be separated, as well as on cﬁar-

acterlistics of the matrix materilal.

1. Separation during production. In some cases, the

gaseous radiénuclide product can be 1solated during 1ts pro-
duction, 1.e.,'dur1ng the bombardment of the target, and thus
a "zero time" separation can be realized. The study of 20~

second clO

produced by the Blo(p,n) reaction (228,229) can be
clted as a typlcal example of such a separatlon technlque.

When elementary boron and boron compounds such as borle acld,

14



borax and calclum borofluoride are bombarded 1n a thln copper

cell in a cyclotron with 16-18 Mev protons, the resulting clo

and Cl1 actlvitles can be swept out as carbon dioxide by
blowing e gas through the cell. Strong actilvitles could be
blown 40 feet in a fraction of a second into a thin-walled
container placed adj)Jacent to a recording Gelger counter.

By this technique, 1n additlon to the 20.4-minute Cll, a

10 was found. The

new 20-second positron activity due to C
cyclotron probe and the gas handlling system used are shown

in Flg. 3 and Flg. U4 respectively. For & target, a small
amount of finely powdered materlial was held in place at the
tlp of the cell by a mat of glass wool. After or durlng
irrediation, the radloactive gases formed and released by

the bomberdment were swept to an 1nspectlon chamber by a
flushing gas through the concentric tubes 1n the probe as
shown in Flg. 3.

Tubes of absorblng rateriais or treps of varlous kinds
were Inserted 1n the flow line to purify the gas. For the
measurement of radloactlive carbon (as.carbon dioxide), a layer
of Ascarite (sodlum hydroxide absorbed in asbestop) wes held
acroes the center of the measurement chémﬁer by wire screeﬂa.
The gas lnlet and outlet were ﬁo arranged that the gas could
leave only by passing through the ebsorbing materlal. By
thls technique, nitrogen and nean actlvities were easily
separated from the carbon activities by pumpiﬁg off. Measure-
ments for the:-carbon actlvities could be started within a
fraction of & second after the end of bombardment:

This assembly wes also used to study 72-second 0lu

produced
by a Nlu(p,n) reaction. In this case potessium thiocyanate

was used as the target materlial. The oxygen actlvitles of the
reactlon product appeared 1n the form of water. The water was
absorbed and collected on a2 layer of celcium chloride, while

carbon, nltrogen, and other activities were pumped off.

16



Figure 3. Cyclotron probe for collection of radloactive
gases evolved 1n the bombardment of powdered
targets. These gases are swept to an 1lnspectlon

cell by a flushing gas (229).

PROTON BEAM /aum TUBING
x 32 TO VACUUM. PUOP
~ 2 Ou_ru.suwc GAS RESERVOIR ,

\ F=—"—50LENOID YALVES
\ @ 3 DIA CU. TUBING
oEE : 80°LONG
AS PROBE
CHANBER
3 VICTOREEN
1 Y-MODEL V6
j | ror .
: IN 10N
HEMA — RS
: ABSORBING
VALVES — b4 5 LAYER

TO VACUUM PUNP
Figure 4. Schematlc drawing of the gas probe system, showilng

the probe, control valves, and counting arrangement

(229).
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While such separation methods for radlocactlve gaseous
products are very lnefflclent in terms of the total radloasctlvity
avallable, sufficlient actlvity for the measurement could be
obtalned. Furthermore the separation yleld could be increased
where necessary by uslng more flnely dlvlided target materilal.

2. Rare gases and daughters. Another interesting separa-

tion and detection method can be found 1n the study of very

short-lived Na24m (67). This nuclide is formed as a B~ dis-

Integration product of Ne24 which is produced by a Ne22(t

reaction). The 3.38-minute Ne24 actlvity, which was removed

sD)

by a gas flow system immedlately after the end of 1rradiation,
was purlfled from the other radloactivities such as sodium and

fluorine by passing the gaseous radiocactive products through
4 w

activated charcoal traps cooled with dry ice. The Ne2 as

then collected 1n a chamber which had been previously evacuated.
A schematlc dlagram of the assembly 18 shown in Fig. 5a.

24m

The Na daughter activlities were then collected on a

negative electrode and measured after removal of the neon gas

NEON
TARGET

TRITON BEAM —
0.2 MIL A1 WINDOW

le——DuMont 6292

PLASTIC PHOSPHOR
| —-MYLAR FILM
— SAMPLE VOLUME

VACUUM
PUMP

" GAUGE

1 COPPER TUBING

“0" RING

)\NuI(TI)

PHOSPHOR

DuMont

6292 ACTIVATED

CARBON
TRAP

DRY ICE SLURRY

Flgure 5a. Apparatus for the productlon and detectlon of Ne24.
The detector shown at the left was used for beta

energy and beta-gamma coincidence measurements (67).
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from the counting cell. The collectlng cell 13 shown in Flg.
5b. After the counting cell was fllled with actlve neon to
a pressure of 5 cm Hg, a collectlon voltage of 22.5 volts was

applled between the electrode and the case. The observed

“0"RING .
DETECTOR 2

DETECTOR |
A ~
DuMont 6292 DuMont 6292
_J L
NEON —C———— *Cu ABSORBER
COPPER ELECTRODES
SCALE: ' l
1 JNCH

3”\10 EVACUATED BOTTLE

Pigure 5b. Countlng cell and scintillators which were used

for the electrostatic collectlion and ldentification

n

of the Na®' isomer (67).

increase 1n counting rate of the y detector 1lndlcated that

Na24m

was belng collected. After sufflclent counts had been
recorded to permlt an accurate evaluation of the'average count-
ing raﬁios, a valve was opened rapldly and the gas allowed to
expand 1nto an evecuated 5-gallon bottle.. By_such_a-teéhnique
the 1nvestlgdtors could estimate that the half—iife of Na24m
falls 1n the range of 5 to 50 msecondé wlth a most pfobable

value of ~ 20 mseconds.

3. Nitrogen chemistry. A very ihteresting'example of
rapld gas separation technique 1n radilochemical work can be
found 1n the study of the chemical ldentification of 7.3-.

1

second N16, produced by the 0:6(n,p) reaction (200). The

target 1n thils study was powdered potasslum nltrite pressed

18



Into pellets weilghing about 300 mg which were sufficlent to.
produce about 75 cc of nltrogen gas. These pelletg were

blown Into and out of a reactor in a pneumatic tube device and
were automatically delivered to the separatlon apparatus by
meang of a metal rod 1n the conveyor. The pellet was pushed
through a thin paper seal and out through a trap door at the
outalde end of the pneumatlic tube when the conveyor hilt the

trap. The apparatus is sketched in Fig. 6.
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Figure 6. Assembly of apparatus. for detectlon of N~ actlvity (200).

(A) Reaction flask - (E) Rebbit of resin-impreg-
. nated paper

(F) Pill-ejector rod

(C) Counting chamber (@)

(B) Stopcock

Paper seal for pilll

(D) Pinch clamp to end (H)

flow of gas Nltrite pill

A typlcal run procedes as follows: The niltrite pill, H,
1s placed in the rabblt, E, and 1s sealed in wilth a thin pilece
of paper, G, held on by Scotch tape. The rabbit is placed
in the pneumatic tube wlth the pill elJector, F, end down.
Water 1s sucked into the counting chamber, C, and acld hydra-
zlne sulfate solutlon 1s heated in the reaction flask, A. The

system 1s closed at every polnt except at the stopcock, B.
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Compressed carbon dloxide gas pushes the rabblt into the pille;
timing 1s begun at the momeﬁt of impact of the rabbit against
the stop at the center of the reactor.- .

A 20-second lrradiation 1s made. The trap door at the
end of the tube 1s then opened and the rabbit i1s blown out.
.The pill falls down lnto the funnel, through the stopcock, B,
and into the solution. The nitroéen gas 18 generated very
rapldly and displaces the water In the counting chamber, C.
After 7 seconds the reactlion ls nearly complete, and the
counting chember 18 cut off by means of the binch clamp, D,
to end the flow of actlve gas to the chamber.

L, Selective gas adsorption. The gas chromatographic

technique can be .clted as another example of rapld radioactive
gas separation. Oné procedure for the separatlon and detectilon
of argon, krypton and xenon activitles 1n the coolant or ex-
haust gases from nuclear facilities utillzes such a method
(150).

In order to study some shorﬁ-liﬁed flsslon product gases,
an Interesting simple separatlon technique has been developed
(264). The schematic dlegrams of the sample preparatlon are
shown in Fig. 7. For the rapld separation of krypton activitiles
from flsslon producte, 2 sample contalnlng uranyl nltrate and
Norite (actlvated charcoal) was prepared in a plece of 1/4"
(1.4.) polyethylene tubing sealed on both ends by warming and
crimping shut. Tlssue paper pads were used as spacers to
contaln the source material and the charcoal filter. The
Norite adsorbs xenon, but allows krypton to diffuse through
Into the gas chamber.

The sample was irradiated for 5-20 seconds, removed from
the rabbilt and a gas sample of about 2 ce¢ taken from the gas
chamber with a syringe and hypodermlc needle. The gas sample
was transferred to a second plece of tubing sealed under

pertial vacuum. This tubing was then placed in a polyethylene
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Flgure Ta. Sample preparatlion for determination of krypton (264).
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Figure Tb. Sample preparation for determination of xenon (264).

"bunny" which was sealed with a tight fitting polyethylene plug
and sent to the detector in é second pneumatlc system. .

For xenon samples the Norite was placed 1n a plece of
tublng connectlng the needle tq the syringe as shown 1n Filg.
Tb. After_irradiation of the sample and drawlng off the gas
sample, the tubing (contalning the xenon and Norite) was placed
1n the bunny and sent to the counter. In thils case the krypton
passed through the fllter into the syringe and was discarded.

For some samples, the gas was allowed to decay for two
half-lives, the residual gas removed by pgrging with a hot air
gtream, and the remainlng short-lived daughter actilvitiles
observed. The time required for handling, separatlon and

tranasport to the counter for regular gas samples was 20-30

seconds.

5. Emanatlon methodsf As shown 1n the above example

radiloactivlitles of the rare gas elements are very easlly
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volatilized and separated from varlous kinds of material. A
typical example of thils kind éf separation 18 the classical
emanation technique originated by Hahn-(?é}). The same kind
of technique has many eppllcations in_the'study'of ghort-lived
rare gas activities 1n fission producta (19,48,64).

6. Glow discharge for separation and mounting. Hyde et al.

have described the glow dlscharge method for the rapld collection
and mountlng of emanation activlities produced by_}MO Mev proton
bombardment of thorium and C+6 bombardment of lead and bismuth
(170,179). The method conslsts of transferrirg the emanatlon
radioactivity tdgether wlth 100 to 1000 mlcrons pressure of
some carrler gas such as niltrogen or ordlnary alr into_a_glass
tube equilpped wilith two electrodes. A d.c. potentiai of a
few hundred volts 1s placed across the electrodes to cause
formation of a glow—diséharge. In this dischérge the rare
gas atoms are lonized and the resulting lons are collected on
the negatlve electrode and afflxed to the plate after being
deposited. This method is véry sultable for prepafation'of
very thin plates of the emanation activities for a ray measure-
ment.

Thils technique was also appllied to collecting xenon actiVity
on thin aluminum foll and should have conslderable usefulneés
in the preparation of samples of other gaseous radloactive
elements.

7. Volatllizatlon and distillatlon. Many other klnds of

short-llved radionuclides which can be transformed into volatile
compounds can be separated by volatlllization, distlllation, or
gas sweeplng methods.

0.53-second Ge73m can be distllled as the tetrachlorilde
from a hydrochloric acld solution of As73 (33). 9-minute As79
has been separated as arsine from a filsslon product mixture and
collected in an aqueous solutlon of sillver nitrate (54).

Short-1lived bromlne isotopeé Iin filsgssion products, 15.5-
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second Br88

and 1.6-second Brgo can be separated as bromlne
gas, absorbed 1n carbon tetrachlorlde and counted 2 seconds
after the end of irradiation (212,213). Fig. 8 schematically
represents the chlef elements of the gas—flow system used. To
e stream of alr flowing at a rate of about 1 liter/min, there
wes added a small flow (about 2 ml/min) of saturated bromine
vapor and the mlxture bubbled through a solutlon contalning

2 g of U*>? in 1 M HNO, end 0.5 M KBrO,. The total volume
of - 15 ml of solutlon was contalned in a quartz cell and was

lrradleted with thermal neutrons.

NEUTRONS

A e
A W7

REAGTOR

IRRADIATED
. SOLUTION

FLOW
METERS
VAGC.PUMP
a
EXHAUST Cl,
RESERVOIR
BF,
NEUTRON
COUNTER

Flgure 8. QGas-flow system for rapid chemical separation
of bromine to permlt study of.ahort—lived
activities (212).

Two small vessels flanked the lrradiation cell to catch
any actlve solutlon which might be carried out of 1t by

accldent. The Br03' lon served a dual purpose. By virtue of



1ts reaction with Br~ to form Br2, bromides could not accumulate
in the cell. The second purpose of the Br03' was to oxldize
iodine formed 1n 1ts lower valence states to the non-volatlle

IO3

form, and thereby to prevent 1ts escape into the alr stream.
Todlne vepor was added as a hold-back carrler to the air
gtream after 1t left the reactor by passing about 10% of the
gas over lodine crystals. Thls slde stream then rejoined the
maln stream which was subsequently scrubbed of 1ts lodine by

an ecld solution of KBrQ, in trap A. Trap B wes used only for

>
guxiliary tests. In some tegts trap A was removed also.

After the alr stream left these traps, 1t passed through
about 10 ml of 0014 where.the bromine remalned, and from there
through some traps to a vacuum pump, and then to an exhaust
vent of the room. The GCl# could be maintalned at a nearly
constant level by connectlon to a-large reservolr.

Short-lived ruthenlum isotopes, such as 52-second Ru93

produced by a particle bombardment of molybdenum (10) and the

4-minute Rul08 fisslon product (103), can be distilled as -the
tetroxide and measursd.
Short-llved antimony lsotopes, such as 19-mlnute Sb126,

28, and 1.9-minute Sb 32 produced in Te(d,a)

10.3-m1nufe Sb1
and Te(n,p) reactlons or 1n the fisslon process, can be
separated rapidly as stibine (1,87,88). More recently, 10-
second seperatlons of the entimony activitiles in flssion
products have been made (164). For this method sb¥2 carrier
wlth the fisslon produqts and 30% sulfuric acld was dropped
onto metallic zinc held in a distillation flask at 100° G.

The stiblne produced passes through a calclum chlorlde drying
tube and then through a small dlameter heated quartz tube where
the stlbine 18 converted lnto antimony metal.

190m

The 10-minute Os can be lsolated as volatile osmium

tetroxide from the Ir+9° parent (46).



To measure the short-lived o emltters of astatine,.such

202 ' 7_minute At<29%) 7_minute at%%7, . 25-

205

ag 43-second ats

1;20LL produced by o particle

minute A , and 25-minute At
bombardment of bismuth in a cyclotron, a rapld distillatlon
method was used (14) wlth a resultant separatlon time of less
than 90 seconds. The 0.9-minute At219, daughter of Fr223, has
been separated by a similar method (126).

8. Vacuum distillatlion. This method 1s applicable to the

rapld separation of scme relatively volatlle metalllc elements.
By operating 1n a vacuum it 18 possible to reduce oxide formation
while allowlng good control of the vapor stream. Furthermore,
since some carrier-free separations are also possible, the
method can provide a rapid method for preparing very thin count-
Ing samples with high specific activity.

A general and extenslve dlscusslon on the application of
this method to rapld radiochemical works has been reported
(62). 1In thils report, the radiochemical separation of cadmium
and mercury, and the carrler-free separation of In113m (the

15 produced by neutren irradiation of tin) were

daughter of Snl
investigated experimentally. The aqueous radloactive solution
containing varlcus contamlnants was used as the starting sub-
stance for the separatlon.

In a preliminary step of the separatlon, the cadmium
radioactivity (with 1 mg Cd carrier) was reduced onto a copper
foll or 1nto a mercury drop by electrolysis, and the mercury
radicactivity (with 16 pg Hg carrier) was reduced ontc a copper
foll by auto—reduction. In the second step, these radio-
activitles were separated by vacuum dlstlllation. In the

ll}m’ granular tin metal was lrradiated in

geparation of the In
a nuclear reactor and then vacuum distillatlon immediately
applled.

The'yields of these nucllides 1n the separation were about

70 to 90% and good decontamlnation factors (103 to 104) were
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obtained for a number of contaminants. These distillation
techniques required about 10 to 15 mlnutes for the aistillation
separation step and, on the other hand, reguired about 40-60
mlnutes for the prelimlnary separation step by electrolysis.
To speed up thls latter step, higher current densltles in the
electrolysls step or other selectlve chemical reductlon methods
should be applicable. |

The same kind of technlque has been applled to the separafion
of 23-mlnute Hg189 from tantalum foll bombarded with a carbon

or nitrogen lon beam in the cyclotron (38).

C. Solvent Extraction

The selectlve extractlion of a radibactive-nuclide as a
nonpolar compound or complex frpm an aqueous solﬁtion by an
immiscible organic solvent 1s frequently the most satisfactory
method for maeltlng a fast radiochemical separatlion in either
macro or trace.concentrations. ‘Separations by solvent ex-
traction are simple, convenlent, clean, and rapid. They
usually require aﬁparatus as uncomplicated as a separatory fuﬁnel'
and may readlly be adapted to remote handiing procedures.

A variety of extraction separation technlques has been
applied to problems of lsolatlon and radlochemical purification
of nuclides. Most of the extractions employed in rédiochemistry
are based on previously developed cohventional analytical
extractlions, and general information 6f the technique can be
found in the 1lterature (89,185).

With thils technlique 1t 18 easy to repeat the operatlons
of extractilon, back—éxtraction and wasﬁing wlth proper solvents
to improve the separatidns wilthout great expenditure of time.

The back extractlon technique 1s also applilcable as a rapld
"milking"” method in which a daughter product 18 separated from
the mother actilvity 1n the organic_solyent layer by shakilng ’

with an approprilate agueous washlng solution.
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There are in the llterature many practlcal examples of
the application of solvent extractlon to the separation of

short-lived radlonuclides. A number of these are glven below.

Extraction of the elemental form of bromline 1is used to

separate short-lived bromine actlvities from flsslon products.
Potasslum chlorate in 8 N nitric acid solutilon (235), potassium
permanganate in nltric acild solutlon (106,248), and a bromide-
bromate-hypochlorite mixture in acidic solution (247) have been
used as the oxldlzing agent. The bromlne-1s extracted into
carbon tetrachlorlide and can be back-extracted into the aqueous
solution by reducing agents, such as potassium nitrate (235),

hydrazine hydrochloride (106,248), or sodium hydrosulphite (106).

Short—lived-iddine iisslon products have aléo been separated
by a similar method. In this case, an oxldant such as nitrite
lon 1n aclidlc aqueous solutlon has been used (30,235),'the fodine
extracted 1nto carbon tetrachloride, and then back-extracted
into an aqueous solutlon contalning sodium hydrosulphlte (30).

Short-lived astatlne l1sotopes produced 1n blsmuth bombard-
ment by a particles were extracted 1nto diisopropyl ether after
reductlion to the elemental form by ferrous sulfate in hydro-

chloric acild solution (14).

Short-1l1ived iroﬂ lsotopes, such as 8.9-minute Fe53 produ@ed
by the Cr50(d,n) feaction'(16o), and the iron reactlon products
in arsenic bombarded by 190 Mev deuterons (120), can be ex-
tracted into ether as the chlorilde from 6 N hydrochloric acid
solution. The 2.6-minute Ga.64 produced by the Znsu(p,h) reaction
1s also separated as the chioridé in ether from 6 N hydro-

chloric acid solution (50).

Short-llved antimony fission products have been extracted
as the antimonlc chloride into ‘isopropyl ether (205). The
antimony activitlies produced 1n fellurium bombarded in a

cyclotron have also been extracted into a mlxed solvent of
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isopropyl ether and benzene (1:10) from 9 N hydrochloric acid
solution after oxldation by bromine (146).

Arsenic activities in fisslon products can be rapldly
extracted into benzene as the lodide from hydroiodic acid
solutlon and then easlly back extracted ilnto water (145). This
method i1e a good, rapld separation from the germanlium precursor
and makes possible an exact determlnatlon of the fission yleld
of ABTB.

62(n,p) reactlion has

The 10-minute Co_62 produced by the Ni
been eitrgcted as the thlocyanate into an organic layer of amyl
alcohol-ethyl ether (1:1) froﬁ a weak hydrochlorlc aclid solutlon
saturated with emmonium thilocyanate end then back-extracted with
6 N ammonia solution (156,208). The 5.2-minute wiTd produced
by a Talel(p,Bn) reaction hes also been extracted as the thio-
cyanate of W(IV) into ethyl acetate (268).

227

Short-lived uranium lsotopes, such as 1.3-minute U and

9.3-minute U220

, the reactlon products of u’particle bombard-
ment of thorium (173,175,176), and 26.5-mlnute U°2°%, the
daughter of Pu?’9 (83), heve been separated as the nitrate in
éther. Conslderable salting was requlred in theée extractlions.

Tributylphosphate (TBP) extraction methods using dibutyl

ether solutlon hiave been applied to the separation of B8-mlnute
P02%C produced by the Bi(p,10n) reection (136), and to the
separation of d.9—minute At219, the daughter of Fre’ (126).

The 3.5-minut9 Cr55,-from'the Mn55(n,p) reaction, was
extracted into ether in the peracid form after oxidation by
hydrogen peroxide at a pH of 1.7 (83).

Shorf—lived technetlum lsotopes, produced as a daughter
product of molybdenum radiolsotopes or as filsslon products of

U235 were extracted &s the tetraphenylarsonium salt in chloro-

form together with perrhenate carrier (91,262).
Chelate extractlon systems have also had ver& extenslve

application in rapld radiochemical sepafations.
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Cupferron extractlon has been applled to the separation
of 5.8-minute 112! 1n neutren activation analysis (140), of
3.8-mlnute v22 1n neutron activation analysis (25,90,132),
and of 5.2-minute Cu66 in neutron activatlon analysils (132).

Examples of thenoyltrifluoroacetone (TTA) (in benzene)

extraction can be found 1n the separation of. 3.8-minute V52 in |
neutron activation analysls (90), of zirconlum activitles in

nioblum bombarded by protons (128), and of 1.8-minute Pa226

from the reactlon products of thorlium bombarded.by a cyclotron
(172,173,175). 16-second YoM (109) and 25-minute Am2*C (74),
the daughter products of erg and Pﬁ246 respectively, were

" separated by back extractlon 1ntec acidle aqueous solution

from the parent in TTA-benzene solutlon.

The 24-minute Pa235 was extracted by diisopropylketone

from reactlon products of uranlum bombarded by protons (177).
Similarly the 3-minute Ce145 in a fisslon product mlxture was

separated into methylisobutylketone from 10 M nitric acid

solution (167).

Diphenyl thilocarbazone (dithizone) extraction methods

have been applled to the separation of short-lived tin fissilon
products (207).

Di-p-napthylthiocarbazone extractlon has been used In the

separation of short-lived zinc actlvities produced 1n a
bombardment of nickel (153).

Extraction methods using 8-hydroxyquinoline (oxine) have
60m

been applied to the separation of 10.5-minute Co in the
neutron activation analysis of cobalt 1n blologlcal tissue
samples . (133), and for the separation of 24-minute U239 in
neutron activatilon analysils (56).

As one can see most of the extraction methods mentloned
above are based on previously déveloped conventional analytlcal

extractions. The last 10 years have_seen_a great 1ncrease in

interest 1n thils type of separation wlth efforts made to- catalog
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extractions by system and by elements (89,185) as well as the
development and extenslve study of new types of systems such
ag the alkyl amines (182) and the phosphine oxides (267).

Many other extractlion methods used 1n chemlcal analysls could
undoubtedly be readily applied to rapid radiochemical separa-

tlions.

D. Precipitation

Precipitation technlques used I1n chemical analyses .also
have many applicatlons in rapld radiochemlcal separations.
Although this method tends to have some dlsadvantages, such
a3 time consumed 1n flltration or washlng and the coprecipitation
of undeslred limpurlties, 1t can stlll be very valuable,'
expecially when other rapld separation methods are not
appllcable. _

The precipitation technlque 1s often applied 1n the
primary step and/or the final step of a procedure.in which.
another technique of rapid.separation, such as recoll, solvent
extraction, or distlllation, 1s used.

In general, the use of a speciflc or selectlve reagent
as precipltant for the element 1s advlsable as i1s the uge of
a masking reagent for interfering elements. In this way a
single or double precipitation procedure often becomes
sufficlent.

The copreclipitation technlque is alsc very applicable to
thils type of separation. Here centrifugatlon or suction systems
are often used to speed up the filtration and washing timé. .
The correct cholce of filter is Iimportant to minimize filtration
time. .

An interesting example of é fast radibchemical separation
technique using fhe coprécipitation method is the separation

92 the daughter of the Mol©2

fission product (85). In this study, the Mol®

and measurement of 5-second Tc:L

2 parent actlvity
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was purlfled by lead molybdate precipitation with subsequent
dissolution in a mixture of hydrochlorie acld and tartaric
acid 1n the presence of perrhenate carrier.

The solution was then transferred to a Blchner funnel which
had been filtted with a membrane filter and mounted on a filter

flask. The entlre assembly was placed dlrectly beneath a GM

—To the apparatus

Re solution

e Mo-Tc solution, with reogeht

Fliter

— To the vactrm

ﬁ”

\_/

Flgure 9. Separation and detectlon assembly for 7c102 (85).

counter as shown 1n Flg. 9. A solutlon of tetraphenylarsonlum
chloride solution was then added and suction applled. When

flltration was complete, the T0102

whilch had coprecipitated

on the tetraphenylarsonlum perrhenate could be counted. The

time from the precipltation to the countlng was only slx seconds.
The different types of preclpitants used for varlous

elements can be found listed by element in a later. sectlon.
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E. Ion Exchange
Although this method can glve very good decontaminatlon

factors and also a high yileld, the speed of the éeparation as
1t 1= ordingrily used is rather slow. Thls technique, however,
occuples a promlnent position In the radlochemical separatilion
of.the rare earth elements (238) and the actinide elements (119).
A selectlve elution technlque from the lon-exchange column
1s often successful for a very rapld lsolatlon of a short-lived
daughter nuclide from relatively long-llived parent actilvitles
which are strongiy held to the lon-exchange column.
Examples of such a rapld "milking" technlque can be found
in the separation of 24-second N2 from M09O

using Dowex-1
anion exchange resin and 6 N hydrochloric aclid as eluant (171),
in the separation of 39-sec AglOQm from Cd109 using anlon
exchange resln and 10 M hydrochloric acld as eluant (219), and

in the separation of 4.9-second Tpiolm 191

from Os , uding anlon
exchange resin and 6 M hydrochloric acid as eluant (32). 1In
the last two cases, the eluant was forced by compressed alr or
by the action of a hypodermic syringe through the -column to
enhénce the elution speed.

A similar technique was used 1n the separatlon and measure-

207m

ment of 0.8-second Pb , the daughter of 28-year B1207

(31,32). TFor such a rapld separatlon the volume and the
particle slze of the resin must be as small as posslible. In

207

thls study, the Bl actlvity was filxed on about 1 cm3 of

Dowex-1 anlon exchange resin in 0.5 N hydrochloric acld medium.
The Pb207m daughter dilffuses out of the small resin spheres
into the interstitlal solﬁtion and a few drops of this solution
are trénsferred rapldly to a counter (31). The use of a
hypodermic syringe enhanced the elution speed 1n thils case.

In a later paper (32) these same investigators describe

an interesting apparatus for the measurement of the half-life
207m '

of P A schematic dlagram of their apparatus for the

32



Direction of liquid flow
ot

0-5M HClI

Glass filter disk with
Bi207 on resin

Roteary :
squeeze pump

Shield

X——
Ll
Qt=5%7HrMovableg|uss Z -
tube 2-8mm ID
N 2

E‘rggtlgr Nal counter Ballast flask

Flgure 10. Schematlc dlagram of an apparatﬁs for measurement

207m

of Pb half-1ife (32).

continuous recirculation of effluent 1s shown in ¥lg. 10. The

half-1ife of Pb=C ™

was obtalned by measurilng the effluent
countling rate as a function of distance down stream from the
resin for a constant flow of known veloclty. As the position
x of the detector below the uniform-bore tube 1s variled, the
counting rate is expected to decrease according to-e—(ax/Vb),
where Vo 1s the flow veloclty and A 1s the decay constant.

The horilzontal tube can be movéd through the counter
shleld. To avolid complicatlons assoclated with non-uniform
flow and also to provide a direct means of measuring the flow
velocity, alr is allowed to leak into the system to form uniform
bubbles spaced at regular I1ntervals. The tlme taken for the
bubbles to travel the dlstance between two markers 100 cm apart
on the tube 1s measured wlith a stop-watch durlng each of the
countlng intervals. The experimental results are shown 1n
Fig. 11, in which all of the data have been corrected for

background. A half-l1ife of 0.84 seconds for ppe0Tm

, Wwith a
probable error of 2%, was obtalned from these results,
The combination of a short column with a fine powder of

lon excharige resin and a high flow rate device has also beeh'
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X, position of counter tube - cm
207m '

Counting rate

Figuré 11. Attenuation of Pb activity downstream from

source 1n contilnuous flow experiment (32);

discussed 1n connectlon with the rapld separatlion of members
of the heavy rare earth series (239). By using very fine
particles of bowex-SO cétion exchange regln in a column 3~10 mm
high and 2 mm 1.d., and 0.25 M glycolate at the proper pH as
the eluant, the éepar#tion of thuliuﬁ and terblum, of lutetium
fthullum and e:bium, and yttrium and thulium was possible within
20 minutes (not including diésolution and column loading time).
The anion exchange column sgparatioﬁ of carrier-free _.
P20 (RaD), BiElO(RaE),I and Po?L0(RaF) (215) can be used as a
good example of the rapid lon exchange separatilion metﬁod. .
Although these nﬁélides are not shortjlived,separation by the
ion exchange method can be made 1n a relatively short. time.
A column (7 mm high and 2 mm 1.d.) of.50—100 mesh Dowex-Al
anlon exchange resin was usea. The resin waes converted to the

chloride form with concentrated hydrochloric acid and was

washed with 1-2 M hydrochloric acid.
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Pb-Bi-Po tracers 1n 2 ml of 1 M hydrochloric acid were
added to the column. The lead actlvity was eluted by passing
through 3 ml of 1 M hydrochloric acid in 1'ml portions. Then
by elufing with 4 ml of concentrated hydrqchloric acid in 2 ml
portlons, the blsmuth actlvity was recovered. ZFinally, the
polonlum was eluted with concentrated nitric acid. The entire
separation can be effected in 10-15 minutes and the products
are obtained 1n carrier-free form.

An I1nteresting varlstion of the lon exchange method for
fast radlochemical separations 1s the absorption of trace
amounts of catlions on anion exchange resins by the formation
of 1nsoluble salts. It had been shown that catlons can be
preclpltated around the beads of an anion exchange resin 1n
a column when passed 1n agueous soclution through the resin
which 1s in a form providing a preclpltating anion (107). By
employling a column in the hydroxlde form, all the radioactivity
in an aged fisgsion product mixture wlth the exceptlion of that
due to radio strontium and ceslum (assuming barium absent) can
be absorbed (55,131).

Aliquots of flsslon product solutlon with added known.
amounts of ceslum and strontium .were passed through a column
of Amberlite IRA-400 (OH) and eluted with several column
Volumes_of water. The strontium and cesium in the eluate were
separated from each other by the_oxalate and perchlorate
preclpitation method. By thls meana, the determinations of
these two elements were accompllished rapidly and with good
preclslon. By using an anlon exchange column I1n the  carbonate
form, only cesium in fisslon products can be eluted (186,271).
This type of separation should have applicatlon to rapld pro-
cedures.

The use of a zlrconilum-tungstate iqn—exchénge column for
fast separatlon of ceslum and rubldium activities';n fisslon

products 1s also very 1nteresting_(52). In thils spudy, the
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uranium metal lrradlated by neutrons 1s dissolved in a solution
of 6 N nltric acid and 6 N hydrochloric acid containing
carriers of 1lron, yttrium, barium, strontium, cesium, and
rubidium. After scavenging by preclpltation with silver
chloride, ammonia, and ammonium carbonate and centrifuging,
the remalnling solutilon 18 evaporated to dryness. Thls 1s then
dissolved 1n 2 ml of 0.01 M ammonlum chlorlde solution,
pipetted onto a zlrconium tungstate column (3 cm long, 8 mm
1.4.), and pressure applied (5 1bs/sq. inch) to force the
active solutlon through the cclumn. The activity is eluted
with 1 M_NH401 at a rate not greater than 0.2 ml/minute.

The experimental results are shown in Fig. 12. By this

138 88

means the measurement of 32—minute Cs and 18-minute Rb in

fi1ssion products can be made.

F. Isotoplc Exchange

The exchange of sllver lon between a precipitate of sllver
chloride and a solution of silver nitrate reaches 1lsotopilc
equillibrium very rapidly (152). Because of the low solubililty
of silver chlorlde, a favorable ratio.exists at equillibrlum
between the silver atoms in the preclpltate and 1n the solutlon.
For thls reason, 1f a silver chloride precipitﬁte is added %o
a solutlon contalning only: trace amounts of radloactive silver,
a2 hlgh percentage of thls radiloactlve sllver wlll have exchanged
with the silver in the precipitate by the time equilibrium is
attained. '

The use of such technlques for rad;ochemical work has been
discussed in detall (203,250,251). 1In these studies a platinum
electrode of large surface area (52 mesh, 30 mm high, 10 mm i.d.)
coated with silver chloride 1s placed in contact with 10 ml of
solution contalining a very low concentration of radioactive
s8llver. The solutlon 13 stirred magnetilically. The electrode
1s then removed from the solutlon, washed with nitric acid,

rinsed with acetone, and the radiloactivity counted.
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Rb| Cs

— == ACTIVITY IN ARBITRARY UNITS

Flgure 12. Ionlc exchange separation of ceslum and rubldium
actlivitles 1in fission product, by zirconium

tunstate column (52).
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Some of the experlmental results are shown in Table I.
Contamlinatlons by other radlonuclides are very small.
Table I. The Yleld of Radloactlive Sllver

from 1 M HNO3 by the Isotopilc
Exchange Procedure

AgCl Immersion Temp. Yield
(mg) Time (°c (%)
2 5 min. 25 o7
2 2 min. 95 98
2 20 sec. 95 50
0.3 5 min. _ 25 85-90

Simllar rapld exchange reactions were also found in the
system between bromide lon and freshly prepared sllver bromlde
(73,148), and 1t was shown that 96 to 98 percent of the bromide
activity could be carried by the silver bromlde precipitate
in 10 to 45 minutes. '

Another 1nteresting isotopicjexcﬁange method in radio-
chemlcal work is the amalgaﬁ exchange technique (60). Separation
of the radlolsotope takes place by virtue of the rapild exchange
which is known to occur between an element in the form of a
dillute amalgem and 1ts lons 1n solution. If there are many
more lnactlve atoms of the element in the amalgam than there
are of 1ts radiolsotope in sdlut;qn, most of the activlity will
be incorporated 1n the amalgam.

Recent'reports describe the successful application of
this technique to the separation of Zn65 1n reactor effluent
(233), repid radlochemical separation'of cadmlum actlvity in
fission products (63), and the radiochemical separation of
indium (217).

In the case of cadmium (63), the iniﬁial exchange with
cadmium amalgam 1n the extraction step 1s followed by a back

extraction or elution with thallous lon to selectively remove
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the cadmium from contaminants 1n the mercury. This method

has proven to be rapld (8-10 minutes) and in addition, to give
a high degree of sepafation from many elements. For most
elements, thls separatlon technique 1s at least 10 tlmes better
than the best separatlion technique previously used for cadmlum,
such as dlthlzone extraction or lon exchange. Of the 21
elements tested, only selenium, 1ndilum, and thallium con-

taminate to any extent through the overall procedure.

G. Electrochemlcal Methods

1. Electrical migration method. An 1nteresting electrical

migration method for rapld separation of carrler-free radlo-
1lsotopes has been reported (94). The apparatus consists of a
stack of fillter papers (30 fllter papers were used) molstened
with electrolyte and placed between two platinum electrodes.
In a typical separation, a sample of solutlon contalnlng one
or more carrler-free radlolsotopes and possibly other stable
elements 1n mllligram amounts, was evaporated onto a cilrcular
filter paper and placed in the center of the stack. A direct
current of 0.04 am.p/cm2 for a half hour was sufficient to move
lons through 15 layers of fllter paper.

By a proper choige of complexing lons and pH, the desired
activity can be moved to elther one of the electrodes or
retalned at the 1nitial position in the center of the stack.
The activlity 1s usually concentrated 1n less than 5 adJacent
papers.

The practical applicatlon of thls technique 1s illustrated
in Table II.

2. Polarographic method. Application of the polardgraphic
technlque to the detection of short-llved daughter activitj
has been reported (163). If the radioactive ilsotope 1s reduced
to the zero oxldation state, the resulting metal forms a dilute
amalgam with the mercury drop. Thils 1s then removed from the

solutlon and i1ts radiocactivity measured very rapidly.
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Table II.(*) Carrier-Free Radloisotope Separation Accomplished
by Electrical Mlgration 1n Fllter Paper

Carrier-Free Radiolsotope ' — Separatlion From _ Electrolyte

Element Direction .Element Amount Direction
of of’
Migratlon Migration
N Anode Mn mg Cathode 1 N Ammonium
oxalate
Nb None Mn mg Cathode > N HC1
Nb and Zr Anode Y and Rare (?) None 1.N Ammonium
Earth oxalate
As None Cu mg Cathode 3 N HC1

(*) This table was clted from Wahl, A. C. and Bonner, N. A., "Radioactivity Applied
to Chemistry", John Wiley and Sons, Inc., New York (1951).



Although the yield of the separation 1s extremely low,
i.e., estimated as 6.88 x 10_4% in the separation of Zr95, this
method is useful as a good qualitative radlochemical analysils
technique for a mlxture of radicactive 1sotopes, because 1t
does not require prior knowledge for the addition of inactlve

carriers as do most other radlochemlcal procedures.

js=——————Mercury dropping electrode

(CUS; Sample solution

V$§

Corbon tetrachloride — Mercury pool slectrode

Figure 13. Polarographic cell used for rapld radiochemical

detectlon of short-lived daughter nuclide (163).

The polarographlc cell used i1s shown 1n Flg. 13. The
active solution 1s placed above the carbon tetrachlorilde in
contact with the mercury pool electrode or with the calomel
electrode through agar gel. The dropplng mercury caplllary
18 placed 1n the solutlion. The purpcse of the large volume
of carbon tetrachloride in the other compartment 1s to keep
the solutlon - carbon tetrachloride Interface at a constant
height.

The mercury drops fall through the solutlon and are removed

by turning the stopcock. The distance through which the

mercury drops fall through the carbon tetrachlorlde can be
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quite long when the solutlons are highly radiocactilve and the
cell compartment may requlre shlelding. The size of the
polarographlc cell can be elther large or small depending on
the volume of thé solution to be analyzed.

With this apparatus, an attempt was made to detect the
30-second Rh106 daughter in the Ru106—Rh106 sgystem. A sample
golution of 500 A 1n 1 M potassium thiocyanate solution was
used. The mercury arops were_collected at various potentials
and it was found that about a constant radiloactivity was
separated at any voltage more negative than -~0.7 volts vs.
mercury pool electrode. The time requlred from the formation
of one drop to the beglnnlng of the countlng of thils drop was
less than 30 seconds and the decey curve was traced.

106

By thls means the half-1ife of Rh was estimated as

29.3 + 0.65 seconds. The same technique was also utilized in

106

the rapid analysis of me9om and Ru in fisslon products (165)

using the polarographlc cell of Flg. 14. A 1 ml sample 1s

%RATED
MEL

ELECTRODE

Figure 14. Polarographic cell (165).
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placed 1n compartment A. The authors separated Tc99m instead

of M099 as a monltor of total flssions and descrlbe a separation
using this cell which requires 3 mlnutes and permlts 48 analyses
to be done in one day by 2 people. A disadvantage of the method
18 that the yleld Qf the separation 1s only about.o.l% in 3
mlnutes but 1t is #atisfacfory for flasslon product mixtures
where there 1s lots of activit&.

3. "PFocuslng lon exchange". An ingenious application

of inorganlc paper electrophoresis has been described 1n detaill
by Schumacher in sevéral articles in Helvetica Chimica Acta
(40, 221, 228, 234, 2322 (1957); 41, 825, 1771].- He has used
the simple apparatus shown 1n Figs. 15 and 16 to effect separa-
tions of carrier-free Sr-Y-Cs in 10 mlnutes and alternate rare
earths in 8 milnutes. By adjusting conditlons he reports
separation of Sr-Y 1n 5 seconds.

The disadvantage of the method as outlined by Schumacher
1s the lack of emphasls placed on the hazard of the lethal
voltages Involved 1n such a separation using the simple equip-

ment shown 1n Figs. 15 and 16. 60 ma of current 1is required

Aomplexzersiorer l Aomplextrfadmer

Hihlbad CCi,

Figure 15. Equipment for focuslng ilon exchange.
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Tem Filterkarton

_ /4/70(/8 C’C&;

Figure 16. Equipment for focuaing lon exchange.

at 1600 volts for a typlcal separatlon. However standard
electrophoretic separatlons routlnely utlilize thls combination
of current and potential safely with speclally designed equip-
ment wlth interlock systems, and one would hope that adaptatilons
of such equipment might become avallable for utllizatlion of

focusing ion exchange.
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ITT. PRACTICAL EXAMPLES (ARRANGED BY ELEMENT)

Kuclide

Productlion
Half-Tife Reaction Target

Type of
Beparation

Procedure for Separetion

Time for

Separation Reference

He®

CJ.O

cl1

S¥

Nla

0.82 & Be®(n,Q) Be(OH)z pow=
der

9.1 3%p,;m) .  HsBOs
CaFs*BFa
Boron
metal

20.4 8 (p,n)
¥4 (p,Q)

Al(p) Al foil

10.05 m Al(p) Al foil

Al(p) Metallic
Zn(p) foll
In(p)

Pb(p)

U (p)

Distillation

Distillation;

precipitation

Recoll; pre~

clpation

Distillaetion

Distilleticn

Distillatlon

During irradietion, & streem of Ho 1s passed through e
capillary tube to a thin-walled jacket around a thine
walled GM tube.

After or during lrredietion, the radioactive gases
forwed are swept lnto Ascarilte leyer by a flushing
gas; the COs is ebsorbed in the Ascarite. )
The rediosctive gas is bubbled into Be(OH)> solution.
CO> 1s ppted. as BaCOa.

The recoll producte are collected on paper. The paper
15 burned in atwosphere of O>. The gas products are
bubbled through Ca(0H)s soln. and COp 15 ppted. as
BaCOg.

The semple is dissolved in RaOH soln. 1n & small reac=
tion vessel through which 1is pessed & slow stream of
alr saturated at room temp. with ethanol vapor. The
ges stream 1s dried roughly by bubbling into conec.
H-804 and 1s then passed over Cu0 at 600°C to convert
carbon compounds to COp. The gas 1s then bubbled
through NeOH soln. to ebsorb COp and the COx ppted. as
BaCOs by eddition of Ba(OH)=. :

The sample is dissolved in bolilling NeCH soln. to which
NH: carrier hes been added. The nitrogen activity ap-
peers as NHg end 1s trapped on & fllter pad molstened
with dil. HxS504.

The Al is dissolved in 6 N HC1 conteining Fe'', PtCl,
and NE} cerrier. After sddition of 10 N NaOH, the
evolved NHz g8s 1s evept out and caught in 1 K NaOH +
KMnO4 soln. at 0°C. Or by heating the soln., the NHs
ges 18 distilled by aid of He carrler gas and ceught
in set. HgBOg solu. contelning u definite amount of
BCl. After eddition of NaOH to the borlc acld soln.,
the NHs is distilled once egaln into & simllar set.
HgBOg EOln,

1 sec

20 Bec

17

228, 229

228, 229

36, 37
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9%

Production Type of Time for
Nuclide Half-Life Reaction Target Beparation Procedure for Separation Separation  Reference
The Tn is dissolved in 12 N HC1 conteining Fe'™ and
PtCLy. The Pb is dissolved in 48% HBr containing Fe'™t
end PtCly. U 1s dissolved in 6 ¥ HC1 contelning Fe'™.
Ne 8 sec 0 (n,p) KNO> Distilletion A pellet of KNOz (sbout 300 mg) which is sufficlent to 7 sec 200
produce about 75 cc of Nz gae, is irradieted in the
pile for 20 sec., It 1s then reacted with e hydraezine
hydrochloride soln. The evolved Nz gas is collected
and measured,
F L.14 s NHLF Distillation Using He carrier gas, the radiomctlive gas 1s swept 2
aqueous through Hp804 to remove HpoO, Ascarite to remove COs,
soln. Cu0 heeted in a furnace to oxldize CO to COz, As=-
carite agaln to. remove this COs, Cu or Mg heated in a
furnace to remove Op and finally through active charw
coal at liquid eir temp. to remove Ne. The gas that
comes through 1s Rz and is weasured by & neutron
counter.
o1 72 8 ¥4(p,n) KSCR Distilletion  The ges releesed by bowbardment -1s swept through CeCls. 229
The oxygen activity appears as HpO and 18 absarbed. in
the CaClz.
Gas mix= The bomberded gae 1s swept through a tube of plati- 229
ture of nized asbestos and then through CaClp to catch the
Hz (30%) and H20.
K=(T0%)
015 124 8 N*(a,n) Fo Distilletion  The irradiated gas is mixed with some Oz end an excess 162
' of Hz, and 1s pessed over heated platinlzed asbestos.
The oxygen present es ROo, Nz0, or Oz is reduced to HgO
and collected 1n a CaClp drying tube and measured.
Ne®® o2 g Mg?® (n,a) Mg (CH )» Distillation  Alr from em sspirator is pessed at = suiteble rate 18
prted. to= through the samples and then through a glass tube to
gether with the thin walled jacket around a counter,
Fe(OH)s
Ne?* 3.380 Neza(t;p) Ke Distillation The sample ges 1s passed through e trap of activeted 67

charcoal at dry ice temp.'end theo to the counting



Ly

NEZ&E

P34

g

0.02 8

9.45 o

12.5 8

5.04 m

Deughter of

Ne®*p™ dis,

AT (n,p) Al metal

Mg®®(n,7) Blood cell,
blood pleeme

€157 (n,a) KC1 or NaCl

C1% (n,p) KC1 or ReCl

Distilietion
Ges electroly-
sis

Preclipitation

Precipitation

Precipltetion

Preclpltetion

cell. All likely impurities such as Ne and ¥ (with
the exception of He and Ar) are removed from the Ne by
the trep.

The deughter mctivity of Ne2®* 1s collected on a nega- 10 msec
tive copper electrode (6 volt field) in which a de-

tector 1s placed near the electrode. Before counting,

the Ne actlvity 1s removed from the eystew by suction.

The Al ig dissolved in NeOH end Mg(OH)z ppted. by addi-
tion of MgCly, carrier.

The carriers of Mg (10 mg), Cu, Zn, and Mn are added to
the irradlsted semple, The soln. 1s swirled and
stirred and allowed to stand for about 5 win. By add=-
ing come. HC1 (15 drops) to wake 2 K acid, blood pro=
teln is ppted. After centrifuglng and decenting,
Mg(OH)> is ppted. from the resulting soln. by adding

3 wl 12 N RaQH. After centrifuging, the ppt. 1s dis=
solved in BCL (10 drope) and the soln. diluted to 10
ml. Mg(OH)z is ppted. once egain and dissolved. To
the soln. (B ml) are mdded 10 drops of 2 MNH,Cl. This
is then made alkaline by addition of 6 N NHyOH (3 drops
exceas from neutral) end heated gently. MnS end CuS
are ppted. from the soln. by eddition of sat. (NHg)2S
soln. (20 drops). After centrifuging end decanting,
Mg 1a ppted. as Mg(COH)» from the soln. by eddition of
2 wl 12 § NaCH.

The Mg(OH)2 is dissolved in conec. HC1 (6 drops) end
the soln., 1s dlluted to 10 ml. After eddition of Cu
carrier end 5 wl 20% Memnitol soln., Mg(OH)z 18 ppted.
by eddition of 12 N NeOH. The above final dissolution
end pptn. are repeated. The final ppt. 1s counted.

To the irradieted KC1l or FeCl soln., sodlum phosphete ~ 30 pec
and nitric ecid are sdded. Then P3* is ppted. es
phosphomolybdete.

The irradieted KU1 or RaCl is dissolved and HoB80, 18 L0 sec
added as carrier. The S%7 ip ppted. as BaSO4.

67

220

213

213
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Buclide

Half-Iife

Production
Reaction

Type of
Separation

Time for
Procedure for Beparation

Beparatiom Reference

k38

Cat®

Tisl

T.7 m

2 m

164 4

5.8 mw

c13%(a,n)

ca*¢(n,p)

Scis(nJP)

T1%%(n,7)

Lic1
FiCl,
NaCl

Lic1

Ca wetal or
CB.(OH)a ’

50203

Blologlecal
materilal,
rocks, mlner-
als, alloys

Precipltation

Precipitation

Extraction

Extraction

‘The sample is dissolved in a dil. KUl soln. K is

ppted. as potessium cobaltinitrite.

The sample 18 dissolved in Hz0 (~ 5 ml). K is ppted.
by addition of 10 ml naphthol-yellow-8 (5% soln.).
After centrifiging, the ppt. 1s recrystallirzed fromw
about 5 wl NYS 5% in ice. Fe(OH)a scavenging is also
done. Yield is & 50%, depending on epeed required.

s 40 min

The sample 1s dissolved in dil. HCl. After eddltion
of KC1 carrler, Ca is ppted. as the oxalate in alka=
line soln. After filtretion, K 1s ppted. as the per=
chlorate by addltion of HClO4 mnd ethyl alcohol.

The sample 1s dissolved in HCl and excess HCl is evap~-
orated off, The soln., 1s diluted with Hz0 to 0.5 wg
Sc/ml concentretion and extracted with an equal volume
of 0.5 M TTA in benzene by stirring for 10 min (Bc and
wore extracteble cations are removed). Then the aque~-
ous phase 1s edjusted to pH 5 with KeOH and again ex=
tracted with 0.5 M TTA soln. (Sc end all catlons ex=
tractable between pH 1 and pH 5 are removed). Then
the aguecus phase i1s edjusted to pH 8.2 and extracted
with 0.5 M TTA, The Ca%S is extracted into benzene
phese and backwextracted with Hz0. Yield is > 99%.
The sample, irradiated in & gelatin capsule, is put ~ 10 min
into soln. either by digesting with HROg or by fusion

with NegOz in e nickel crucible which contains 0.8 ug

T1 cerrler.

1) The fused meterial is dissolved in HaS04 soln. Ti

18 coppted. with Fe(OH)s. The ppt. 1s dissolved in 20

wl of 10% HaSO4. The T1 1s then extracted imto 10 ml

of isopropyl ether by addition of 10 mwl of 6% aqueous

cupferron. Conteminants, such as Cu, V, end Mp, are
back-extracted into 20 ml of cooled 15% NaOH soln.

The ether phase is counted by y-spectrometry. Yield

is ~ T70% end 1s determined colorimetrically.

124, 216

22

265

21

140



ey

v 3.76 m v (n,7) Biologlcal
ash

Cracking
catalyst

Blological
tissue

Preclpitation

Extraction

Extraction

Extraction

2) The Ti in 2 N Ho804 ie coppted.with Zr-p-hydroxy-
phenylarsonic ecld and the ppt. counted by y-spectrom=
etry. Yield 1s ~ 85¢.

The sample is digested in 15 mwl hot 4 M NaOH soln.

containing V carrier (10 mg). Cone. HCL (5-10 mwl)

1s added to the soln. to diesolve the remalning ash.

1) The V is reduced to V(+4) by addition of 10% ~ 10 min
8nCls soln. (3 drops). After dlluting the solm. to

50 mwl and weking pH ~ 5 by using 1 M NaQH, the V 18

extracted into an equal volume of 0.25 M TTA benzene

soln. The V 16 backe-extrected into 25 mwl 6 N HC1 from

the benzene soln. After the V(44) ia oxidized to V(+5)

by 1 M KMnOg (5-10 drops), the V 1is ppted. by 2 ml 6%

cupferron agueous soln. and filtered. Yield = ~ 30%.

2) The HC1 acidic soln. 1s diluted to 50 wl with Hz0O. ~ I min
The V is extracted into 10 ml CHClg by additlon of 2.5

ml 6% cupferron aguecus soln, and 10 mwl CHClg. The

extract 15 memsured by y-spectrometry. Yield = ~ 40%.

40=100 ng semple (finely ground) in a gelatine capsule, 10 win
irradiated in pile for 2 mwin, 1s fused in 3 guw Nag0Ogz
containing a known amount of V48 tracer. The wmelt is
dissolved in 100 ml soln. containing 16.7 wl conc. HCL,
3 wl Al carrier, 0.5 wl V(+5) carrier, and 15 wl HzOa.
From this soln., Al 1s ppted. as the oxinate by addi-
tion of 30 wl 10% oxine (l:4 acetic acid) and 60 wl
conc. NH4COH. -After filtratlion of the Al ppt. by 120
wn medium glass frit filter, the filtrate is acldified
with EC1 to 1-2 N HCl and cooled with ice. The V 1s
extracted into 5 mwl CHClg by eddition of 6 ml 6% cup-
ferron equeous soln, The V extracted is measured by
y-spectrometry. Yleld = Variable (up to 70%).

The semple is fused in 10 g NapOs contalning V48 trae- ~ 5 min
er, 10 mg V carrler end 10 mg Cu holdbeck carriler.

The melt 1s dissolved in 50 wl HpO and 42 ml conc. HCL

ie added. After addition of 10 gm tertarlec acld, Cu

ie ppted. by HpS and filtered.

The V is extracted into 10 ml CHCls by additlon of 10

ol 61; cupferron aqueous soln. The extract is mees-

ured by y-spectrometry.

25
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Productian
Nuclide Half-Iife Reaction

Target

Type of
___Beparation

Procedurs for Separstion Separatian

Reference

cr%n 27.8 a v81(a,2n)

cro8 3.2 m Cr¥(n,7).

uﬂ"(nJP)

Yanadium
metal

cr(0H)s

Distillation

Precipitetion

Pracipitation

Extraction

The irradiated V target 1s transferred into a Pt dish
and dissolved by heating in approx. 5 ml conc. HF.
The excess HF 1s removed by fuming down with 10 ml of
conc. HpS04, vhersafter the Hx80, soln. is trensferred
to the distillation spparatus. 50 ml of comc. HCl is
added dropwise et e temp. of 250°C.

After complete distillation of As and Sb as their
chlorides, s mixture of 50 ml BC1/HEr (1/3) 1s also
added Aropwise at the same tewp. to insure removal of
Sn as Bn.'Brg._ .

The browide formed in ths soln, 1s swept from the soln.
by a stream of dry gaseous HC1.

30 ml of 70% BC1lQy is sdded and tha chrowium activity
distilled as CrOoClp at a temp. of 250°C. A slow
stream of 4dry HCl ges is maintained throughout the dls-
tilletion. The chromylchloride i1s collected in ~ 5-10
wl HgO. :

This soln, can be taken to dryness without Cr loases,
after additlion of a swall excess of hydrarine hydrete.
The excess hydrazine is finelly dastroyed with 6 K
HROs. Yield = quantitative.

The sample (0.3 gm) is dissolved in conc. HCl. V car=
rier (5 mg) end HgO are added to the soln. After
bolling, V 1s ppted. and separated as V-cupferrate.
After filtering, the Cr-activity i1s ppted. as silver
chromate and filtered.

The 0.7 g target is dissolved in 30 cc hot 0.1 N HNOs.
T0 mg KoCrpOr and 30 mg Cr(QH)g are added as cerriers.
After cooling, the V-activity is ppted. by 60 mg cup-
ferron. After a double V-separation, the soln. is made’
alkaline end HpOp &dded. After boiling and separating
Mn-hydroxide, Cr 18 ppted. as BaCrQ, and filtered.

To the irradisted MnSO4, Cr and V carriers are added.
The Cr in the soln. is oxddized by HoOp to perchromate
and extracted into ether at pH = 1.7. The organic
layer is measured. Or the Cr ectivity can be back-
extracted by 1 § KOH end ppted. as BaCrO4 in acetic
acidic soln., and filtered.

8
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MnB7

Fe33

Fefl

21.3 m FeB*(d,a)

1.7 w FeS7 (n,p)
Cu/d
P
a

8.9 m Cr80(a,n)

5.5 §1%*(n,0)

Iron
metel

FeS7 enriched
semple

Copper wetal

Chrowlum
wetal

Ni foil

Precipitaetion

Precipitetion

Precipitation

Extraction

"Precipltation

The sample 1s dlesolved in e mixture of HC1l + HNOs

and small amounts of carrier of the eppropriate ele-
ments are added. The soln. is adjusted to & concen=
tration of 16 N %n HNOa for the precipitation of Mn by
addition of solld KC10g to the bolling soln. The MnOs
15 ususlly purified by rediesolving it in an acid soln.
of HpOz and by egein ppt'ing. frow & bolling soln. of
16 N HNOg by the addition of solid KC1lOs.

The Cu 18 dlesolved in e winiwum amount of comc. ENOsg 30 min
and eveporsted to near dryness. Carriers (Zn end be-

low) including 5 mg Mn are added end the soln. 1s wede

to 1 N HCl.

After pptn. of CuS, Mn 1 ppted. as MnS in emmonicel

soln. The MnS ppt. is dissolved in 16 N HNOz and vol-

ume mede up to 4 wl with fuming ENOg. Then MnOs 18

ppted. by addition of 2 or 3 crystals of KU10g.

The MnO= 1s dissolved 1n HNOg acid soln.. contalning

HpOp and re-ppted. by the above method. Yield = T5%.

1) The bombarded Cr 1s dlesolved in 5 ml of B N HC1.
FeClg carrler (Fe=15 mg), 12 wl conc. HzS04, and Hp0
to make 100 wl 1s added. After oxldetlion by addition
of & smell amount of KMnOs, and cooling to 10°C, Fe is
ppted. by eddition of 6% cupferron. The ppte, is fil=-
tered and washed with 10% HoSO4 contalning 0.2 g cup-
ferron per 100 wl and measured. -

2) The Cr 1s dlssolved in HC1 end made 6 N in HCl.

The Fe activity le extracted ms FeClg in an equal vol=
ume of ether, The ether phase 1s washed by shaking
with 4-5 successive portions of equal volume of 6 K HC1
to remove all traces of rediocactive Mn and Co.

The terget (3=5 mg) is dissolved in 0.5 ml hot conc. 35 min
HNOs. After addition of 2 mg Co, 2 mg Cu, end 2 mg Fe

(each in 2 ml chloride soln.), Fe is ppted. as the hy-

droxide by NE,OH, digested 1ln water bath and cemtri=

fuged. The ppt. 1s dissolved in comc: HC1l (few drops)

and the sbove Fe(QH)s pptn. 1s repested end filtered.

Yield = ~ 90%.

b
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155



(44

Production

> Type of Time for
Fuclide Half-Life Reaction Target Separation Procedure for Beparation Beparation Reference
Fe As(d) Arsenic Extraction The As is dissolved in & winimum of ENOg + BCl. After 20 win 120
addition of 2 wg Fe and Ga, the soln. is adjusted to
6 N HC1.
The Fe 13 extracted twice with ether and weshed 5
times with 1/3 volumes 6 N HCl.
The Fe is back-extracted into Hp0 by washing twice with
1/4 volume HpoO and ppted. as Fe(OH)s in 1 M KOH. The
Fe(0H)s ppt. is dissolved in minimum conc. HCL and di-
luted to 5 wl.
After addition of 1 mg Ga holdrback carrler, the
Fe(OH)a 1s ppted.
This final dissolution end pptn. are repeated until
the supernetes (Ga fractlon) become inactive.
Fe Fe(n,7) Reactor cool- Extraction The semple 1s dissolved in HROs or squa regla; 3 211
ant water come ml HCl04 is added end evaporeted to 1 ml (ceution).
taining acti= 10 wl conc. HNOs is edded, Soln. 1s heated to bolling
vated process and 2 wl HzO sdded to bring the soln. to 12 N HNOg
water, chemi~ soln.
cals, ectiva- The Fe is then extracted into an equel volume of 0.45
ted corrosilon M TTA-benzene soln. by shaking for 15 wln.
products, and The orgenlc phase is washed 3 times with equal volumes
fission prod=- of 3 ¥ HNOs by sheking for 5 win each time. The washed
ucts. organic phase is counted by y-spectrometry. Yield =
Aluminum metal ~ GO%.
GoScu 10.5 m Co%®(n,7) Biologlcal Extraction The semple is fused in 10 g NapDz + 3 NaOH pellets con- 15 win 133
tissue taining Co®° tracer and 10 mg Co carrier.
The melt 1s dissolved in 50 wl HoO end cooled with 50=
0 ml liquid No. After addition of 15-20 wl glecial
acetic acid and cooled wilth liquid Nz, the Co 1s ex-
tracted by 25 wl oxine soln. in CHCls (3%). The Co 1B
back-extracted into 10 ml 9 K HCI, ppted. with Nea0Op,
and filtered. Yield = ~ 40%.
go®2 13.9 w §i%*(4,Q) Nickel oxide Ion exchenge The nickel oxide target (sbout 50 mg) 1s dissolved in 92

enriched in
Ni%*

10 N HC1 end this soln. is then placed on an lonle ex=-
change columm (8 mm in diameter and 140 mm tall) with
a Dowex=2 resin thet has been previously washed with



€S

cu®0

Cu

cu®e

Cu

cuBB

Cu&ﬁ

24

9.7 m

328

§1%°(p,n)

(4,2n)

Ni%(p,n)

Cuss(nl7)

7088 (n,p)

Hickel foll

Hickel foll

Bilological
tissue

Copper foll

ZnS04

Extraction

Precipitation

Extraction

Precipitation

Precipitation

conc. HCl. The N1 wes first removed by elution with
8 N HC1 and then the Co removed with L N HCl. Cu from
the (d,n) reaction rewaine on the column. The Co frec=
tion is measured aefter eveporatlon on a counting cup.

The activated wetal is dissolved in HNOa, the nitretes
are converted to chloride, and 2 mg Co end 2 mg Fe as
chloride are added, After the pptn. of Fe by NH4OH,

the filtrate is acldified slightly with HC1l, seturated
with NH48CN, end Co 1s extracted with an equel volume
of amyl alcohol-ethyl ether (1:1). Co 18 recovered

from the organic leyer with 6 N NHoCH. After acidifi-
cation with HCl, the above extraction procedure is re=-
peated. Finally, Co 1s ppted. with NH4HS and mounted
for counting as dried CoS or as Co0. Yield = ~ 90%.

The foil (3=5 wg) is dissolved in 0.5 wl 6 N HNOg end
evaporated to dryness. Conc. AC1 (3=l drope) is added
end the soln. 1s evaporated to dryness.

While warming, Cu and Co carrier (each 2 uwg), 0.5 ml
conc. NH,ASOs soln., and 10% NH4SCN soln. are added
to ppt. CuSCN. The ppt. is filtered end weshed with e
0.1 N RH(SCN - 0.1 N NH(HSOs5 soln. eand a few drops of
acetone. Yield = 50-75%.

The sample is fused in 10 gm Nea0p + 3 NaOH pellets +
10 mg Cu carrier. The melt is dissolved in 50 mwl Hz0.
After eddition of 30 wl conc. HC1l and cooling by pour=
ing on 50=T5 wl liquid Np, the Cu is extracted into 5
ml CCl¢ by eddition of 10 wl 6% cupferron agueous soln.
(1.2 N BC1). The Cu is backeextracted to the agueous
leyer with 10 ml conc, NH4OH, ppted. as CuS with Hsb
and filtered, Yield = 80%.

Sample 1s dissolved in dil. HNOg. After the pptn. of
Fe(OH)s by emmonia, Cu is ppted. by l-Q-benzoinoxine

in emmonicel tertaric ecld soln. For more raplid sep=-
aretion, Cu i1s ppted. and counted as thiocyanate after
the separetion of Se and As in 9 N HCl by hypophosphite.

20 g zinec sulphaete in aqueous soln. is irradisted.
After irradlation, Zn powder is added and filtered.
The filtered Zn powder contains the Cu activity. In-

12 pin

45 min

8 win

5 win

208, 156
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Fuclide

Production Type of
Reaction Target Separation

Time for
Procedure for Separation Separation

Reference

Zn®0

ZnBl

ZnGB

ca®*

G&T o

72
Ge

2,1 mw

1.5 m

245 a:

2.6 m

214 m

14,2 h

Ni(e,2n) Nickel foil Precipitetion
or extractlon
Ri(o,n)

Ion exchange

Reactor cool= Isotoplec ex-
ing water change

2n%*(p,n) Zinc foll or  Extraction
zlnc oxide en=
riched in Zn®4

02%%(n,7) Iron meteor= Extraction
ite

6a"*(n,7)

stead of Zn powder, Sn powder can also be used as a re=
ductant for Cu. In thls cese, contamination of Wi can
be avoided.

The irredleted N1 folls are dissolved in HNOg and the
Cu activity is separated by spontaneous deposition on
Zn dust in weakly scidic medium or by pptn. of Cu(I)
thilocyanete after reductlon wlth sulfurous acid. Then
the filtrate 18 counted for the' zinec,

In the other method, zine is extracted with CHCls as &
Zn=di-f-naphthyl thiocerbezone compound which separates
Zn from Cu, N1, Co, end Fe.

The Zn 1s separated by enion exchenge wethod from Ga,
Cu, N1, Co, Fe, end Mn.

A 100 wl saemple of water 1s wade 0.1 M 1n tertaric acld ~ 10 min
and 1s edded to 6 wl of zine amalgam (1 gm Zn in 5 wl

Hg) in a 125 wl separstory funnel. The mixture 1s agi-

tated for 8 win on a wechenlcel wrlst sheker. The

amalgem phese 18 separated into a sultable contalner

and counted on & 7 ray spectroweter, Yield = ~ 99%.

Effective decontamination is obteined from all iso=
topes except Cu®¥ and Mn®8. Mn®® would not be e seri-
ous interference in monitoring application in waste
streams. Cu®* can be rewoved by pre-extraction into
cadmium amelgem (L gm Cd in 5 wl Hg). The cadmium
amalgem will reduce and extract the Cu, and leave the
radlozinc in solution.

The semple is dissolved in HC1 and made 6 N in HCl.
The Ga is extracted es the chloride into ether. The
ether phase is washed with 6 K BCL and evaporated.

The sample 1s dissolved in hot conc. HC1l. 4-5 mg Get®
carrier 1s added. The soln. 18 decanted to remove any
insoluble residue (seldow more than 0.1% by welght).
The soln. 1s adjusted to 5.5 to 6.5 M in HCl. The Ga
1s extracted with equal volumee of ether saturated

159

53

233

50

23
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GeBB

G_e'? 2m

39.6 b

0.53 8

Daughter of
As9®(15m) vy
Ge79(p,2n )As®®

Daughter of
As73(76d)

Distillation

Distillation

wlth BCl and then back-extracted into Ho0O from the
ether phase. This procedure is repeated. Fe(OH)s
scavenging 18 done by eddition of NaOH (OB-concentra=
tion : 1-2 M) end one drop of serosol. After centri-
fugatlon, the Ga 1s ppted. as Ge-oxinate by addition
dropwise of 5 ml of a solution of 1% oxine in acetic
ecid and 3 M emwonium acetate.

The ppt. is filtered, washed with vwater, and then with
ether.

The As®® semple, isoleted from the GeOz target (see
section on As®®), is prepered as & soln. in HC1 con=
taining Ge carrier.

The Ge 1s then quantitetively isolated for 2 min in e
current of Clp. The Ge in the distillate is ppted. as
the sulfige.

When Nz gas 1is swept through a soln. of As’3 (+5 val-

ence) in cone, BCl at 100°C, & rapidly deceying Ge?SU

sctivity is found in the exit gas system. (Although

the Ge activity could be sepereted by this technique

at 25°C, better ylelds were obteined for the separatilon

at the higher temp,) ]

A 5 ml aliquot of soln. containing 0.k ol As”> is

pleced in an 8 wl flask fitted with an inlet for intro-

ducing N» gas and an outlet lesding to a lusteroid tube

in a shielded well-type NaIl counter, Smell dlemeter

plastic tubing (1.5 um i.d.) is used between the flesk

and the tube in the counter to allow rapid transfer of

the gas. A swall trep 1s Introduced imto the line to

prevent droplets of active solution from being carried

over by the gas stream.

This technique could be simplified (1) using low tem= The helf=
perature (25°C) ges-sweeping techniques for removal of time of re=
Ge(IV) from 12 N HCL solns, and (2) by ebsorbing Ge(IV) woval of
from the ges stream on en enion exchaenge resin (Dowex- Ge(IV) was
1X8, 50-100 wesh). It was studled by using Ge77 (12 hr) about 2 min
+ AST7T (40 hr) tracer. .

The Ge absorbed 1n the resin caen be easily recovered

by weshing the column with a few column volumes of wa=

ter or, preferably, of dil, HCl soln. BSince the first

part of the effluent 1s rather concentrated in HC1,

some care must be exercised to avold loss of Ge(IV) by
voletilizetion from the effluent,

28

33
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Production

!i:ypeof

Time for
Kuclilde Half-Life Reaction Target _ HSeparation Procedure for Separation Beparation Reference
AsE8 ~ 7 min Ge"%(p,3n) Gelz Precipitation 20 gu of "specpure" GeOn were irredisted. The target 28
is dissolved in 3 wl of 27 N HF. 5 uwl of 6 N NH4OH is
As8® 15 min Ge”%(p,2n) added and the Ae ppted. as sulfide by passing in HaS.
After a second pptn. with inactive Ge holdbeck carrier,
the arsenous sulflide is isoleted for counting.
2878 91 min %5 (n,r) Uranyl ni- Extraction 1-2 g of finely ground U-nitrete is irradimted for 2-3  1.5-2.0 min 145
trate min and then dissolved in 6.5 ol HzO to vhich 1s added

2.0 ml {20 mg) Be cerrier and 2.0 wl (20 mg) arsenic
(V) carrier and 3 drops conc. HC1.

The soln. is tremsferred to e separatory fumnel con-
teining 20 mwl benzene. 4.5 ml 10.2 N HI (commercial
67%) 15 edded and the funnel immedietely shaken for 10
sec.

The As in the benzene phese i6 back-extracted with 6.5
ml H20 for 30 sec end the agueous phase is washed with
10 wl benzene for 5 sec. The extraction and backs
extraction are repeated. Sn end Sb and thelr decey
product Te ere found as contemlnants. Therefore more
purificetion steps must be included in order to achleve
further decontamination,

1.0 m1 (10 wg) Te(IV) carrier end 3.5 ml conc. HCl are
added to the weter phase. The soln. is heated nearly
to boillng and reduced with 802. After flltering, the
supernéta.nt goln. 1s boiled to drive off excess 80s.
The soln. is cooled and 20 wl conc. HC1 edded. Arsenic
sulfide 1s ppted. with HpS, centrifuged off, decanted
and washed with 6 N HC1 soln. saturated with HoB.

The arsenic sulfide is dissolved in a solution of 0.5
wl conc. HC1, 0.5 wl conc. HNOg, and 1,0 ml HC104,
heated on s water bath for 5 win end thereafter heated
strongly to fuming. After coollng, extraction and
back=extractlion, pptn., as sulfide and dissolution is
performed as described above.

The final As soln. 18 dlluted to 20 wl with 6 RN HC1.
Metalllc As is ppted. by adding 100 mg KI end 1 g
ReHoPOp. and heating on weter bath for coagulation.

The ppt. 1s filtered and washed with alcchol and
ether.



LS

AsT®

se'rsm

8eBt

ge51
5e®3

SeB*

9.0 m

3.88

17 m

1T m
25'm

3.3 m

U233 (n, £) Uranyl ni=

trate

Daughter of

As7%(9m) B~

disintn.

Daughter of

Se20(57w) I.T.

U235 (n,r) Uranyl ni-
trate

Distillation

Preclpitation

Recoll

Distillation

The irradiated uranium soln. 1s added to e standard- 45 win
ized arsenite carrier in dilute Ho804, oxidized to ar=-
genate (V) with KBrOz end reduced again with potassiuw
metabisulfite. (This oxldation=reduction procedure is
carried out to insure the complete exchange of As-activ-
1ty with the trivalent As cerrier.)

The reduced soln. 1s then pleced ln en arsine generaw
tor with Hg cathode es described by Rogers and Heron
[anelyst 71, 414 (1946)}. Arsine 1s genersted for 15
min with the cell at ebout 80°C, at a cethode current
density of about 2.5 a.mp/cm2 and pessed through Pb

(QAc )z spln., before collection in AgNOz. Sb carrier
is added to the AgNOg soln. followed by NeCl, the soln.
filtered and m Fe(OH)s scavenge cerried out. .Arsenic
metal is then ppted. by emwonium hypophosphite in the
presence of Sb holdback carrier from 1:1 EC1 soln. The
As is dissolved in brominated HC1l and then distilled
from conc. HBr in the presence of Sb, Te, end Sn hold-
beck carrlers, into conc. HCl. As is re-ppted., slur=-
ried with H20, filtered to a tared filter paper, dried,
end counted. Yleld = ~ 35%.

The Se’ " which is grown from As?® is separsted by di-
rect pptn. from HCl soln., by addition of solid hydroxyl~-
amine hydrochloride.

Radioactive selenic acid end HC1l are wixed so that the
final solution is 4 N HCl. The soln. 1s then saturated
wlth S02. Under such conditions, selenic acld is re-
duced very slowly whereas selenlous acid is reduced
very rapidly to Se which can be filtered out of the
soln. To the radioactive selenic acld, selenlous acid
is eadded at intervels of {ime, the elemental Se sep=-
arated, end the decay curve of 5e®'® measured.

To 5 wl of neutron-irradiated uranyl nitrate, 2 wl of < 60 min
Se carrier end 10 wl of conc. HBr sre added. The Be

is distilled into 5 ml of HpO contained in & 50 ml cen=

trifuge tube pleced in an ice bath, S50p is passed rap-

1dly through the distillate in an lce beth until the

153
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Time for

Procedure for Separution Separation

Reference

Beul

17T m

Laad (an)

6.b m

18 m

8e%(n,7) Ammondum
pelenite

B‘”(‘h?’)

As"%(a,n) Arsencus ax=

1de

Daughter. of
Brom(L .5 hr)
I.T., Br'%(n,7)
m.am

Recoll

Precipitation

Preclpitation

Recoll

red precipltate of Be 1s coagulated (2 to 3 min). The
ppte. 18 centrifuged and washed with 10 ml of HgO. The
ppte. 1s dissolved by heating with 5 to 10 drope of
conc. HNO3, evaporated nearly to drynsss, and dissolved
in 10 wl conc. BCl. The Se is ppted. cnce again by 80s
in an lce beth, centrifuged, and filtered. It 1s
vashed 3 times with 5 wl ethanol and 3 times with 5

wl ether, dried and counted. Yield = > 80%.

After the neutron irradistion, the irradiated ammonium

+ selenite is dissolved in 3 N HC1l and extracted with

C8:. 20% of the Be activity is found in the CSp frac=
tion. The C8p is eveporated to drynese, and tha Se
activity 1s taken up in conc. HROs.

In another wethod, the 6 N HCl solution of the irradi-
ated selenite 1s filtered through sintered-glass fil=
ter. Much of the activity is deposited on the filter.
After the vater vash, 20% of tha original Se activity
is removed by pessing bolling conc. HEOsy through the
filter.

Se carrier is added s selenite to 3 g U0=Clg in 5 ml
of 4 M HC1 solution. The wixture is irradiated far 5
gec. After the irrediation, the active soln. is mixed
with 25 ol 12 § ECl. NeHBOs 1s added and Se pped.,
centrifuged, and vashed by decantation. The activity
of the ppt. vas measured by e neutron counter. (The
detection of e delayed neutron emitting lsotope of Be
was unsuccessful.)

~ 50 sac

The target is dissolved in NaOH soln. comteining a
small emount of KBr carriar. The soln. is wade slight-
1y acid with HOs end the Br 1s ppted. as AghBr,

Ethyl bromide is irradiated with thermal neutrons and
the active bromine is separeted me HRr by Seilard-
Chalmers process. Then, by saturating with tetza-
butyl alcchol to the HBr, tetrebutyl bromids (5 g) is
synthesized., The tetrabutyl browide is dissolved in
200 wl of equecus alcohol (75 ml $). The radiocactive

47

254

22k



6s

BrBE

BrBB

50w

56.1 8

15.5 &

l&_.51 8

35 (n,r) Urenyl ni-
trate aque-
‘ous soln,

U295 (n,r) Uranyl ni=
trate ague=
ous soln.

125 (n,7) Uranyl
{URS5) ni-
trate soln.

% (n,r) | Uranyl ni-
’ trate soln.

Extraction

Extractlon

Distillation

Extraction

bromine, which is lsolated as browlne ion by recoll ef=-.

fact, 16 ppted. as AgBr.

The target soln. 1s irraediasted for 10 sec 1in the pneu-
metic tube in the reector. Carriers of Br™ and I™ mre
added to the irredieted soln. which Is then transferred
to & separetory funnel conteining CCly and KMnO, acidi-
fled with HROs. The -liberated Br 18 extracted into the
CCly layer. This Br extraction is performed within 30
sec from the end of the irradiastion. The CClg extract
1s added to a funnel contalning HpO and NEoOH-HC1l. The
Br is transferred to the Hp0 layer. Two oxidation and
reduction cycles with KMnO4 es oxident and NaHSOg as
reductant are then performed. The last aqueous NaHSOg
layer 1s acldifled with HNOg, the soln. bolled to axpel
50g, end AgBr ppted.

To 1 wl of the activated soln., 30 wl of 8 N HNOs sat=
urated with XKCl0g 1s added. The Br and I fission prof=-
ucts are extracted with CCl, from the soln. and then
the Br is back-extracted with KNOp agqueous soln. (weak
HNOs acidic) from the CCly soln.

The soln. (15 ml) conteining 2 g U®®® in 1 N ENOs end
0.5 M KBrOs 18 irradieted. The air stream 1s flowed
at e rate of sbout 1 liter/win through the irradiating
soln., and to this eir stream, & small flow (ebout 2
ml/min) of saturated Brp vepor 1s added. The resultant
gas flows through a trap, to remove any actlve soln.
which might be carried out of 1t by 'foaming ar by an
accldent, and then & trep contelning ilodine crystals
as hold~back carriler for ilodine ectivity.

After leaving these treps, the alr stream passed
through about 10 ml CCly, where the Br actilvity re-
mained and from there through scme traps to a vacuum
pump, and on to the exhaust vent of the room. A
neutron counter 1s siltuated adjacent to the CCly so=
lution. ' ’

A solution of urenyl nitrate 1n 2 M NenCOs, to which
I” and Br” caerrlers are added, is irradisted for 5
sec. After irradiation, the soln. is mixed with 10

7 win

Seconds

30 sec -

248
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247
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Type of
Beparation

Time for
Procedure for Separstion Separation

Rafarance

Re80

HEalf-Life Reaction Targst

1A s UA38(g,r)

U(n,t) Uranyl ni=
trate

55 8 Br'®(p,n) PhBre

3. Brt (p,m)

Distillation

Extrection

Distilletion

wl 2 M NagCOs comteining Br™ end BrO3 carrier end
HeOCl in excess of that needed to oxidize I” to IOs.
The soln. is then added to a separstory funnel con-
taining 50 wl CCl and 25 wl 6 N HNOs. Thus, vhen the
poln. becomes acid, Brg ip liberated and extracted in
the CCly. Whereas very little lodins is extracted
since it is present as IOs. (Hend shaking 1s better,
rather than mechanical.) The CCl, phese is measured
by neutron counters. Yield = 1h=i2%f.

The previous wethod for Br®® is improved for the wmeas- 2 sec
urement of Br®. The Br is swept out by air end is

ebsarbed in a thin film of CCly adharing to glasa

beads packed In a column.

HFg counters are used in a sultebls arrangement far

counting fest neutrons emanating from ths column.

To not more than 5 ml of a soln. of neutron~irradiated 1 hr
U=nitrate in a 50=-ml centrifuge tube, 20 mg of bromina
carrier as BrOg and 10 mg of lodine carrier -es IO3 are
edded.

HpB 1s passed lmto the soln. for 1 to 2 win. The soln.
1s boliled briefly to expel EpS, cooled and transferred
to a 60 wl separstory furmel. 1 ml of 6 M HNO3 and a
fav drops of 1§mno. are added and the Br axtracted
into 10 ml of CClg. The CCly soln. 1s shaken with 10
ml HgO conteining 1 wl 1 M NHz0H-ECl and the CCly leyer
discerded. These extraction and back-axtractlon pro~-
cedures are repeated. The CCly in vhich the Br is ex=
tracted is shaken vith 10 ml of HgO containing a few
drops of 1 M NaHS80g and discards the CCly. These pro=
cedures are repseted, In the aqueous phase, 1 ml of

6 M HNOs 1s added end the soln. is heated nearly to
bolling and than the Br is ppted. as AgBr.

The target 1s coated onto Ei foil. The radiocactive
gas produced by proton bombardment is swept through
a tube filled with glass wool et dry ice temp. (for
removing Br activity) to the counting cell kept at

1iquid air temp. (for catching Kr=activity).

o1



[£:

K‘Z‘BB

I“)BB

Rbum

2.6 m

15 m

20 m

17.7Twm

U238(n,r)

U295(n,f)

Rb®2(n,2n)

U=S5(n,t)

Urenium film

Uranyl ni=
trate (powder)

Uranium metal

Recoll

Distillation

Precipitation

Ion exchenge

A weniun £ilp (0.3 mg/cn®) deposited on a Pt disc (di«
ameter: 1.6 cm) 1s used, The Kr activity recoiled from
the target is collected in the recoll chember and trans
ferred into an evecusted cell. The Kb deughter 1s then
collected on & negatively charged strip of Al.

The sample, in vhich uranyl nitrate powder layer and 20-30( sec
active chercosl leyer are sendwiched between Kleanex
paper pads 1n & polyethylene tubing, is irradiated for
a short time (5=20 sec).

After the irradiation, the redicasctive ges 1s taken
from the tubing with a syringe and a hypodermic needle
in & wanner such that the gas is pulled from the
urenyl nitrate through the charcoal layer.

The gas semple in the syringe 1s trensferred to & secw-
ond plece of tubing sealed under pertial vacuum and
then sent to the counter by a rapld transfer system.

The irradiated salt 1s dissolved in hot HpO and the
soln. boilled strongly for 2 win to remove Kr activia
ties. Then the Rb is ppted. as the perchlorate.

The irradiated metal (10 gm) 1a dissolved in a winimum
emount of 6 N HWOg + 6 N HCl. Fe, Y, Be, and Sr car=-
riers (10 wg each element, as nitrate) and Ce and Rb
carriers (each 1 mg) are edded. The soln. volume ig
adjusted to 10 ml. Ag cerrier (10 wg) 1s added and
the AgCl ppt. 18 centrifuged off. By addition of NHs
gas, Y, Fe, and U are ppted. and cemtrifuged off. The
soln. is then scevenged with 10 mg Fe caerrler ‘and the
Fe(OH)s ppt. 1s centrifuged off. (NHg)=C0s (5 ml
satureted soln.) is then sdded end the Ba=Sr carbon-
gte ppt. &re cenmtrifuged off. The whole Boln. i evap=
orated to dryness. 5 mwl eque regie 1s edded and the
whole soln. 1s evaporated to dryness once egein to de=
stroy any residur]l WH4=salt presemt.

After addition of 5 ml cone. HC1, the soln. '1s evap=-
orated to dryness. The dry residue is then dissolved
in 2 wl 0.0L M NH(Cl and ppted. on to & zirconium tung-
state colum (8 wm dlameter, 3 wm long) and pressure
(5 1b/sq in.) spplied. The activity in the column is
eluted with 1 M NH4Cl soln. &t a rate of not greater
than 0.2 wl/win. The Rb frection in the eluate is

264
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Ruclide

Productlon
Half-life Reactian

Target

Type of
Beparation

Procedure for Separation

Tme for
Beparation  Reference

BrBB

15.4 m Daughter of
Kre8(3,19m)
from
1235(n, £ )Kr8®

50.5 d U225 (n,r)

14 s Daughter of
zr®®(79 h)

Saturated
uranyl ni=-
trate agueous
soln. (2.5 1)

Aged fiaslon
products

Yttrium oxide

Distilletion

Preclpltation

Extrection

Jon exchange

Extraction

evaporated to dryneas with aque i‘egia and then ppted.
a8 the Rb=chloropletlnate.

The radioactive gas resulting from the uranium fisslon
18 removed from the soln. with a stream of air broken
up into swall bubbles by means of & elntered glass
disc or a perforated tube. The decey products of the
radloactive geses are collected on- a pletinum wire by
an electrical field. (1000 volte negetive with re=
spect to the vessel)

The Pt wire is then lmmersed in hot weter. A soln.
satureted ln sodium bitartrate and contalning RbCl is
added. The rubidium bltertrate 1s ppted. by cooling
the wixture in ice. Thls kind of pptn. 1s repeated
five times. The fifth ppt. 1s dissolved in hot water
to which is added inactive Ba end Sr chlorldes. After
two successlve cerbonate or sulfate pptns., the final
filtrabe .is evaporated to dryness for the measurewment
of Fb activity.

For the rapld separation.of the redioactive Sr, a two
step extraction is wade. At first, the soln. of the
grbss fission product is treated wlth 0.05'M TTA=-
benzene at pH T to separate the rare earth activity.
Then the remaining equeous phase is shaken with 0.05
M TTA-hexanone et pH 8 to extract the Sr ectivity.

An aliquot of fission product soln. conteining known
amounts of Ce and Sr carriler is pessed down e column
of Amberite IRA=U400 (OH form) and eluted with several
column volumes of HpO. The eluates mre heated almost
to bolling, and saturated ammonium oxalate then added
to ppt. 8r. The Sr ppt. is centrifuged off and washed
several times with HpO, dried, welghed, and counted.
(Ba'*® should be & comtaminant; but, if the fission
product 1s at least several months old, the amount of
Bal40 ig negligible.) -

789 activity i1s separated from the yttrium target by
repeated extraction of the TTA complex.

102

42

55

109



g9

from
¥%°(a,2n)7r2®

Y=o & Daughter of
8r%° (28 y)
from
U235 (n, £ )a3r®°

Yo 16.5 m 7r(d,a)

B4 6.5 @ Uln,?)

Zirconlum
wetel foil

Urenyl ni-
trate aqueous
soln.

Extraction

Extraction

Extraction

Precipitation

Precipitation

The Y®2" daughter 1s re~extracted into 2 ¥ HC1O4 end
measured.

The Sr-carbonate ppt. {Sr ies ebout 4 mg) 1s dissolved
in 5 ml of 0.5 N HNOs. The soln. 1s tramsferred to &
separatory funnel which conteins 10 wl TTA (10 gm per
100 wl benzene) washed previously with 5 ml 0.5 N HNOs.
10 m} buffer soln. (0.5 M NeOAe, 0.1 M HOAc) is added
to the soln., and the extraction made for 10 win. The
extract 18 washed twice with 10 wl buffer soln., the
¥®° 18 back-extrected into 10 wl 0.1 K HNOs from the
bengene phage and the resultant solution evaporated to
dryness. ’

To 1 wl of sample soln., 5 wl buffer soln. (0.5 M soln.
consisting of HOAc, NHeQAc, and HN4OH) of pH 4 and 1 ml
5% cupferron equeous soln. are added.

The Y in the soln. is extracted into 2 wl CHCls and
washed with the above buffer soln.

The Y in the @HCls can be back=extracted with acidic
aqueous 8oln. of pH 1.

The sample is dissolved in 2-5 ml of 0.1 M HROg (HCL,

HC1O04) and shaken with an equal volume of 0.1 M DRP in
alcohol free CHCla. The two phases are withdrewn and

the CHCls thase 16 eveporated to dryness. B80% of the

DEP in the CHCls sample may be removed at 190°C. The

Y99 in the CCly phase can.also be back-extracted into

an equal volume of 5 M HNOa. Yield = ~ 984.

The foll is dissolved 1n dilute HF. Kb and Y cerriers
are added and the Y ppted. as the fluoride.

This fluorlide is metathesized to the hydroxide and then
diseolved in acid, The resulting soln. ls scavenged
with zlrconium phosphete and niloble acid ppts. to cou~
plete the meparation. A filnal pptn. of YFs is slurried
onto a Cu plate for counting.

25 ml of seturated u:rahyl nitrate was irradleted for

20 min. A 2 wl eliquot of the soln. 1s diluted to

about 7 wl by the addition of 20 wg of carrier Y3 and
10 wg each of carriers La'®, Ce™®, and Zr s Zrott. The

25 o

65 m

232

141

T2

65



Fuclide

Production

Half-Life Reaction

Type of
__Beparation

Procedure for Separation

Time for
Geparation

Reference

7,861

Strontium
carbonate

8r(p)

b5 w YSE(PIE)

Fiesion
product

65 d e (p,r)

Precipltation

Precipltetion

Extraction

goln. is then slurried with 1.5 g of BeCOs end centri=-
fuged. This 1s repeated twlce more to remove the ura-
nium completely. The residual Ba' = 1s ppted. with dil.
H-804, then the hydroxides are brought down with NH40H.
The ppt. 18 dieeolved in & minimum of dil. HC1l and en
excess of sat. Ko804 18 8dded. The soln. 18 hested to
ppt. the K-La-sulfate. It 1s found that Ce and Zr are
also removed at thls point. More La carrier is added,
and the sulfete pptn. 1s repeated. The Y, which re=-
wained in soln., is ppted. with oxelic acid and fil=
tered through & l-cm filter paper. The ppt. 1s washed
with H0, aelcohol, and ether, mounted on cardboard in
the usual manner, and counted.

The SrC0O3 1s dissolved In YClg soln. containing B to
dissolve the carbonate (1/3 mg/ml of YClg end H' =
0.025 N).

To the soln., 25 wl of en oxine soln., made by dissolv-
ing 0.17 wg oxine in 12.5 wl acetone end diluting to

50 ml with Hx0, is edded. Conc., NH4OH 1s also added
until the swell of NHs can be detected above the soln.
After 10 min digestion on a water bath, the Y-oxlnate
ppt. 1e centrifuged. Yield = 100%.

The Zr actlvlity is separated from the bowmbarded yttrium
as the fodate 1n HNOg soln., with a trace of zirconium
nitrate added es carrier. The ppt. is filtered and
measured.

A sultable aliquot of the fission product soln, 1s ad-
Justed to 2 M in HANO3 end approx. 0.5 M 1n hydroxyl-
amine hydrochloride. The soln. i1s then extracted for
10 min with an equal volume of 0,5 M TTA-xylene. After
the extractlon, the organic phase is washed for 3 min
with an equal volume of 1 M HROg eoln., transferred
into a suiteble centrifuge cone, and centrifuged for 3
min in a clinical cemtrifuge. Recovery of Zr%S =99 &
2,44, The Zr-95 radiocactivity is then determined by
counting a sulteble aliquoct of the organlc phase.

20 min

20 min

35

68

181



. 0®%8(n,r) .

Ho(p)

Uranyl ni-
trate

Fioblum foil

Precipltation

Extractian

This method 18 rapld and can be parformed in sbout one
fourth of the time required far the barium fluozircon=
ate.

The irradieted sample ip dissolved in HpO, and HNOs
edded to wake about 5 ml of 6 M HNOs soln. 2 wl cono.
HF and 20 mg Zr carrier are then added. 10 wg of La
carrisr soln. 1s edded as a scavenge to remove rare
earth eand alkaline earths. The ppt. found 1s centrl-
fuged off and discearded. This scavenging process 1s
repeated. 1 ml of Ba(NOs)z carrier soln. (50 mg Ba)
is then added to the soln. After 1 min atanding, the
BaZr?, ppt. 18 cenmtrifuged. It is then dissolved in
5 wl HzO and 2 ml 5% HsBOs &nd 1 ml conc. ENOs.

1 ml Ba(NOs)z soln. (50 mg Ba) and 1 ol conc. HF are
edded, the ppt. 18 formed and then centrifuged. This
BaZrFe ppt. 18 dissolved with 5 ml HzO, 2 ml HeBOs and
3 wl conc. HCl. HpSO4 (1 drop) is added and the BaSO.
ppt. 18 cenmtrifuged off. To the supernetent soln., 2
wl 6% cupferron soln. 1s edded and the Zr-cupferrate
is ppted.

The Nb terget foil is dissolved in a wixture of conc.
HEOs and conc. HF. 10 mg of La-pitrate is added and
ppted. as I8Fg vhich co-ppts. Zr activity and separ~-
ates Zr from Hb.

The LaFs ppt. 1s contacted with conc. KOH to metathe=-
size the fluoride to the hydroxide compound. Then the
hydraxrida 1s dissolved in 2 M HC104. Amoy b, vhich
wight remain, 1s scureﬂad by MnOz vhich is ppted. from
the soln. by adding Mn' = and KMnO4. The Zr 1s then ex~
tracted from the HC10g soln, by contecting it intimete-
ly for 15 min with an equal voluwe of e 0.2 M soln. of
TTA in benzene.. Al(NOs)s 1s added to the agueous’
phase to complex any traces of P ion vhich might re=-
main from the meteathesis step, since the ¥ ion inter-
feres with the TTA extraction.

The Zr-TTA complex in benrene agln. ls washad by 2 K
HC104 soln., The benrzene soln. is diluted 10-fold and
contacted with ane tenth its volume of conc. HC1 to
effect the return of the Zr to conc. agueous medium.

123

126
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Ruclide

Production

Half-Life Reaction

Target

Type of
HBeparation

Tims for

Procedure for Separation Separation

Reference

NbBDlI]

m,mm

24 s Daughter of

Mo®°(5.7 h)

Carrier=fres
Mo®° gemple

6.6 w 2(n,7) Rock (rutile)

U235(n,?) Uranyl ni-
trate, aque=-

ous soln.

Recoll

Jon exchenge

Precipitaetion

Extraction

An intense carriar-free Mo®® semple 1s placed on the

ghelf of the scintillation counter for & 1 min growth
period, The Al front cover on the Nael.crystal i1s not
grounded, end cerries & potential of ==500 volts with
respect to the semple, B

The semple is then quickly withdrawn and the recoil

‘daughter atoms of Wo®0® collected from the sample ar

counted. . ’

The Mo®™ activity in 6 N HCL soln. 1s run through a
colum (4 co x 0.5 cm) of Dowex-1 anion exchange resin
previously equilibrated with 12 N HC1. ’

The Mo on the columm is weshed with 5 N ECl. After a
growth paericd of 1 min, the Nb ectivity forwed during
this time 1s quickly strlpped from the columm by elu-
tion with 5 N HC]1 and measured by the scintillstion
counter.

The 100 wg irredisted semple contAined in a geletin
capsule 1s fused with 3-4 gm Nep0a contelning lmown
amounte of Rb®> trecer. The welt 18 dissolved in m so= .

10 win

‘Lition of 25 ml HeO, 20 ml conc. HNOs, and 3 ml Ta

carrler. The soln., is filtered to rewmove any undls~
solved waterial. 25 ml of conc. HNOg 1a added to the
filtrate, follewed by addltion of 0.5 gm 5105 gel, snd
the mixture is bolled for 1 min.

‘The goln. i1s filtered through a medium steinless eteel

filter funnel. The 510z gel on which Kb is sbsorbed
is dried with acetone and counted. Yield = 30~35%.

10 mg Zr carrier is added to the sample soln. (1~10
wl) end en equal volume of conc. HROz 18 added. 1 wl
paturated oxmlic acid end 2 wl Nb carrier soln. are
also added and the solution is stirred gently for 10°
win, The soln. 1s then heated neerly to bolling and
0.5 g KBrOg in swell portions is added, boiling for a
few seconds after each eddition., The soln. i8 evap=
orated to .small bulk and the niobic acid ppt. formed
is centrifuged and washed with 10 wl hot 2% NH.NOs so=-
lutlon.

1.5 hr

171

171

26

184
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210

MOBB

e

75 8

67_h

4.3 m

Mo®2(y,n)

v (a, )

Mo™2(a,2n)

Fesion
product

Enriched Mo®2

Precipitation

Precipltetion

Distillation

The ppt. 1s dissolved in 2.5 ul 40% HF in e polyethy~-
lene tube and 0.2 ml 12 M BpB804 &End 4=5 ml TEP-are add-
ed. The Fb 1s extracted into the TEP phaese by stirring
for 2 min and centrifuged. )

To the separeted TEP phese, 5 ml petroleum ether and
then 4 ml 6 N NH4OH ere sdded. After stirring for 1
win end centrifuging et high speed for 1 min, the TBP
phase i discarded. After washing the aqueous phase
with 5 ml petrolémn ether end centrifuging 1it, the or=
ganic and equeous supernate are discarded.

The nicbic acid ppt. 18 washed with 10 ml hot 2% NH¢NOs
soln., ignited end counted as NbzOs. Yield = ~ 60%.

The Nb activity- 1s carried down by e Fe(OH)s ppt. from
alkaline (NH4)sMoQg soln, and then the Mo is ppted. as
emmonium phosphomolybdate from acidic spln.

10 mg of Mo(V) ere mdded to the sample, the volume ad~
Justed to 30 wl, and the acldity to approx. 1 M. 5 ml
of 24 o-beneoin oxime in ethenol are added, the mixture
stirred, end centrlfuged. The ppt. 1s weshed with 30
ol of Ho0. The ppt. is dlssolved in 3 mwl fuming HNOg,
the soln, diluted to 25 ml with HpO, partislly neutral-
ized with 1-2 m] of NH(CH, and cooled ln en lce baeth,
The Mo i re~ppted. by edding 5 wl of the oxlime rea-
gent. The wixture 18 stirred and centrifuged. The
disgolution and pptn. procedures are repeated. The fi=
nal ppt. 18 dissolved in 3 wl of fuming HNOs. 3 ml
HC10g ie added amnd the soln. bolled down (CAUTION)
untll the HClQ0s starte fuming and 30 eec longer. Then
the mixture is cooled. 10 ml of Ho0 end 1 ml of Fe'™
are added; then NWH4OH or NeCH is edded until the molyb=
dic oxide dissolves end Fe(OH)s has ppted. The wixture
1e filtered through any fast filter paper such as What=~
men 4 or 41. The Mo is then ppted. as PbMoO4 1n the
usual manner. Yield = TO~T5%.

The Tc activity les separeted frow the bombarded Mo iso=
topes by means of e volatility separation wethod and
then the Tc is prepared as e thin sample for counting
by co-pptn. with platlnum sulfide.

69

218

187
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Production Type of Tne for

Kuclide Half-Life Reaction Target _Beparation Procedure for Eeparation Separation  Reference
Extraction The extractlon method using wethyl-ethyl-ketone can be C 76
applied.
PolOL 4.0 uw Daughter of Biological Extraction The irrediated semple 1s dissolved in 3 wl hdt 2K 30 min 262, 91
Mo (14 .6m) tissue NaOH. The soln. is acidified with 10 wl HCl. 5 ug (1ncluding
Re carrier and 5 wl setureted Brp 1s added to the walting pe=
solu. After bolling to expel Brp, T gm NeHCOg- is riod of ~

added and then the soln. 1s diluted to 30 ml with HgO 15 win)
end edjusted to o B by a few drops of 4 N FaOH. Tc
is extracted together with Re carrier inmto 20 wl CHClas
by addition of 2 ml 1% tetraphenylarsonium chloride
soln, ’

After extraction, 20 wl 1 N HCL is added to the or~
ganlc layer and CHCls is bolled off from the:-soln,
After oxldation of Re by 2 ml Brp-water and boilling
off the Brp, Tc is co=ppted. with Re by 2 ml tetraw
phenylersonium chloride soln. while hot. The soln. is
cooled with liquld No éand the ppt. 1s flltered and
counted., Yield = 60%.

T 102 58 Daughber of Precipitation The Mo parent ectivity is purified as a lead molybdate 6 sec 85
Mot©2 (120) PPt. The ppt. is dissolved in & mixture of HCL and
tartaric scid in the presence of ReOF carrier. (rhe
tartaric acid forms & complex with Mo and inhibits its
pptn. by tetraphenylersonium chloride.) The soln. is
transferred to a Blchner fumnnel fitted with a wewbrane
filter snd & detacheble top. The filter is placed di=-
rectly beneasth e GM tube, Tetraphenylarsonium chloride
soln. is added, and the suction is turned onm. As soon
as the soln. has drained, the semple 18 .counted.

Te v2%(n,r) U0g Extraction The sample i1s dissclved in HoSO4 contalning a few pg 262
. of I hold-back cerrier.
After addition of Sz0s, Iz 18 extracted into toluene.
The aqueous phase is heated to bolling to remove traces
of 1odine and neutralized with (NH4)2COs. More SO
1s edded and the eoln. heated to bolling.
TcOg 18 extracted into CHClg by addition of tetraphenyl-
arsonium chloride soln,, and back-extracted into HC1O4
or HzS04.



Te

Tc

U2%8(n,t)

Mo(a)

Uranyl ni=-
trete soln.

Molybdenum
metal

Distilletion

Precipitation

Preclpltatlon

Distillation

To 5 ml of an active soln,, 10 ml of conc, HBr 1s added
and svaporated elmost to dryness. The evaporation with
HRr 18 repeated twice. The residue is trensferred to a
distilletion flask with a minimum amount of H20, and 10
ml of HpSO4 1s added.

The soln. 1e heated gently to bolllng end distilled
into a centrifuge tube containing 20 ml of HzO until
less than 2 ml of BxS04 remaeins in the flask.

10 wg of Re carrler is added to the distlllate, and
RegB7 1s ppted. by Hz=8. The sulfide ppt. in which Te
is co=ppted. is dissolved in 1 wl of conc, HNOg end
evaporated to dryness with 5 wl of conc, HBr. The'
evaporation first with 5 wl of HNOs and then with 5 wl
of HCl is repeated, The residue is diluted to 20 wl
with Ho0. After scevenging with Fe(OH)s, in which
about 2 mg of Fe is used, Tc 1s co-ppted. with a tetra=-
phenylarsonium perrhenate ppt. by addition of 1 mwl of
0.05 M (Cafls)4AsCl. Yield = ~ 95%.

Separstion of Te and Mo:

Mo is ppted. with oxine from neutral soln., filtered 40 win
and made to 0.6 N HC1 soln, (50 ml).

After addition of 0.3-2.0 mg Cu'’ carrier and heating,

HoS ie passed into the soln. for 15 min,

The CuS on which Te i co-ppted. is filtered and washed

with Ho8 wa.ter'.

Seperation of Tc and Re:

The sample 1s dissolved in & small volume of conc. HCL
and hested to about T5°C for 30 min (Te?? + Tc™),
After addition of Fe*™ ion, the soln. is diluted and
wmade ammoniecal to ppt. Fe(OH)s.

Te™ 318 co-ppted. on Fe(OH)s.

The ppt. 18 flltered, washed with a hydrazine sulfate
soln., and dlssolved in a small emount of conc. HNOs.
(Te™ + TctT)

The Fe'* ion is removed by pptn. with emmonia.

The Mo is dissolved in a wixture of HNOs and HF.. The
Ru activity 1s distilled off after the addition of
HaSOq, and KMDO4.

104

130

95

10
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Fuclide

Production
Half-Iife Reaction’

_Target

Type of
Beparsation

Procedurs for Separation

M™ne for

Ru¥08

Rplo4w

) U285 (n,p)

9m Ru(d)

Daughter of
Pa®8(17.5m)

b4 m Ri03(n,y)

Uranyl ni=

trate

Ruthenium

Meteorite

Distillation

Precipitation

Precipitation

Ion exchange

Preclpltation

The Ru activity in the fiasslon product is laolated by
distillation with NaBiOs in acld soln. The Ru in the
distillete is absorbed in 6 § NeOH soln. and ppted. by
boiling with alcohol.

The black oxlde is centrifuged into the bottom of a
lusterold tube and removed for mountlng and counting
by cutting off the bottow of the tube.

The Ru 1s distlilled by heeting the soln. with HpS503
and bremate. The Rh in the remeinlng soln. 1s ppted.
as Rh( " th alkali, followed by several extractlons
of tet. o - arsonium perrhenste {261) to remove Tc
activi. r,

Fldally, Rh 1m ppted. as KsRh(NOp)a- According to this
procedure, the Rh was not quite free from Tc, but this
cor*.mination dld not interfere with the decey weasure=
“wat of RhO8,

urified Pd-dimethylglyoxime containing Pa®® i1s
allowed to stand an appropriate growth tlwe. After it
is dissolved, Rh(IV) cerrier is added and the Pd is re-
moved by & series of pptns. with cupferron. Finally,
the Rh 1s ppted. as KsRh(NOz)g. '

The purified Pd-dimethylglyoxime ppt. conteining PA®S
1s dissolved in e few ml of 3 N HCl. This soln, 1s
then poured in at the top of & Dowexw=l anlon exchange
colum (7 wm in diameter and 4 cu long). The Ru*3
activity is eluted quantitatively from the coluwn with
4 w1l of 6 N HCL while 60 wl of 6 N HCL moves the PAa(IT)
down the colum only 2=3 cm.

1 g of irredieted sample is fused with 8 & Neg0Oz. The .

melt 1s dissolved in e soln. contelning 100 ml Hz0, 25
wl HC1l, 2 wl Bh cerrier end 2 wl Fe cerrier. After
slow addition of sat. sodium nitrite soln. to ppt.
Fe(0H)s, the soln. 1s flltered. 5 g each of KU1l end
KNO, are mdded to the soln. and the ppt. produced 1s
filtered and dissolved with hot 0.5 N HCl., Metallie
zine ls added to this soln. and filtered. Yield =
50-T0%. '

Beparation Reference

L pin

2 win for
the elutlon
of ’u*® on
lon exchange
resin

9 min

105

138

138

230
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PdBG

paes

pa®

108

U238(n,¢)
18w Ru(@)
17.5 @ Ru(a)
21.6 m
240w Pal%%(d,n)

Roeck BExtraction
Uranyl ni- Precipitation
trate aque-

oue soln.

Ruthenlum Precipitation
metal

Ruthenium Preclpitation
metal or

chloride

Palladium Precipitation
moetal

The irrediated sample 1s fused with 5 g NexOz. The
melt 1s dissolved with 20 wl conc, HC1 and 5 ml RhClg
carrier (1 mg/ml in 1 N HC1). 1 ml 10% tertaric scid
and 8 wl pyridine are edded.

After flltration to eeparate silice, 15 wl of 12 N NaOH
is added end Rh 18 extrected into the pyridine layer.
Yield = 95-100%.. '

10 or 20 mg of Bh carrler i1s edded to the irrediated
sample. The acidity is adjusted by neutralizing with
6 N NH,OH end acidifying by edding 2 to 3 drops of 6 N
HC1 until all the ppt. dissolves. Then KsRh(NO:)e 1B
ppted. by addition of 10 wl of 60% KNOp to the soln.
and centrifuged.

After washing the ppt. with 2% ecid weshing soln., the
ppt. 1s dissolved in 1 wl of ague regla and dlluted to
10 wl, Scevenging pptns. of zlrcomlum arsenate and sil=
ver chloride are carried out by adding 10 mg each of Zr
and Ag carriers and then adding 3 ml of phenylarsonlc
acid in e little 6 N HCl. The zirconium arsonate sca-
venging is repeated. Then KgRh(NOz)e is ppted. apd
counted.

The normal method of isolation comsists of two sceveng-
ing pptns. of Fe(OH)s followed by one or two PA pptms.
with dimethylglyoxime end one with furfuraldoxime.

As hold-back carriers, Cu*t, Fet™, Nit+, Co*t, zntt,
and Mot are present.

Bhortly after each irredletion, the terget is dissolved
in dil. HC1l. For the Ru metml targets, a preliminary
fusion in a wixture of NalE and NepxOp is necessary.
Pa*® earrier is added, and then Pd dlwethylglyoxime is
ppted. Thise ppt. is dissolved in hot HEOa, and then
several successive Fe(OH)s and AgCl scavenging pptns.
are made., The P4 is ppted. again as the Pd dimethyle
glyoxime.

After the bombardment, the Pd targets are dlssolved 1n
HNOs and a small quentity of solms. of the nelghboring
elements (Ag, Rd, end Ru) are sdded. The Ag 1s ppted.
from ENOg soln. as the chloride, then dissolved in
NH.OH and re~ppted.

237

225

138

149, 214
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Fuclide

Production
Half-Life Reaction

Target

Type of
Be&ra.tion

Procedure for Separation

‘Mme for

Beparation  Reference

AleB

ASZLOBIII

111m
Ag

Agllo

2.3 o A (n,7)

398 Deughter of
Pb109(15.6h)
from
Pat®®(a,p)

Th s Daughter of
Pd2i(22g)
frou
Pa*1°(4,p)

24,2 8 Daughter of
Agliom(253d)

Meteorite

Rock

Palledium
foll

Precipitation

Precipitation

Ion exchange

Recoil

The 1 g irradiasted sample 1s fused with 8 g NepOp (con=-
taining known amounts of Ag cerrier). The mwelt is dis=
solved in 100 wl HpoQ and 25 wl HCL.

The AgCLl produced 1s filtered and dissolved in hot
KH(OH. 4Ag 15 reduced by Zn end ppted. from the ammoni-
acal soln. Yield = Bo%.

The 0.5 g irradiated sample 1s fused with 5 g NepOs
containing 40 mg Ag and 50 mg Mn carrier. The melt

is dissolved in 100 wl of 4 N HNOs containing 5 ml of
30% HzO2.

The soln. is filtered through & PbCle ppt. layer (Pb:
1.5 gu)s After the PuClp layer is washed with hot. 4 N
HNOg and then with acetone, the AgCl remaining on the
filter paper 18 coumted. TYield = ~ 60%.

A P& foil (50 mg) 1s bombarded and allowed to decay
for 3 hr. The Pd 1s separated from Ag and Rh activi-
tles by stendard proéedures (pptn. of Pd with dimethyl-
glyoxime in 1 M HC1 and then with HoS in 6 M HCl). The
Pd activity, wainly 13.3 hr Pd*©®, is absorbed from 10
M HC1 on the top of the anion exchenge column (1/4 in.
diameter, 2 in. long, filled with Dowex~l 100-200 mesh,
10% cross=link), Short-lived Ag'®™ in equilibrium
with the Pd parent can be gquickly eluted with 5«10 ml
of 10 M ECl. _

The eluent 18 forced by coumpressed alr through the
column, i1s collected on & Cu planchet, and evaporated
to dryness for countlng.

Prior to the lon exchange separstion, the oxidatlion of
I»’dCl;‘2 to PAC152 with chlorine gas gilves better results
for the separation of Pd activity.

The separetion of Ag*° from Agl'®® obtained from Osk
Ridge 1a etudied. The separetion 1s affected by col=-
lection of activity on Cu electrodes lmmersed in en
ether soln, of silver (Ag''“") tetraphenyl-porphin.
Two Cu electrodes separated by dbout 3 mm are lmmersed
in the soln. and & potential difference of 600 volts

5 min

5 min

< 60 sec
(The tive be=
tween elution
and begimning
of counting)

251

151

219

178
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Aglldn

cd

cd

3m ca(y) Cadmium ni=- Precipitetion
ca***(n,p) trate
Extraction
Extraction
U**3(n,r) Uranyl ni- - Isctopic ex=
trete change (Amal-

gem)

1s applied. After sbout 3 win, one of the electrodes
19 removed, washed with ether, and then counted.
Separation occurs at both the mnode and cathode with
about the seme efficiency although the background i1s
generally lower 1n the anode. 8eparation ls aleo ob~
tained when a Cu electrode 1s ilwwersed in the soln.
with no potential epplied, but the separstiom is not
as clean. No seperation 1s observed when an uncharged
Pt electrode is introduced.

The Ag activity is ppted. as AgCl, dissolved and re=
ppted. in the presence of ca*t* hold-beck carrier.

1 wl of sodium tertrate soln. (20%) 1s added to the
semple soln. end the pH of the soln. adjusted to 13.5
by dil. NeGH, Cd is extracted by 10 ml dithlzone

soln. (0.75 mg/ml CHCls). Cd is backe-extracted into 10
ml of 0.1 N HC1 soln. from the CHCls soln. After ed=-
Justment of HC1 concentration to 3 K, the soln. 1s
pesséd through an ion exchange colum (Dowex II, 300
mesh), which has been equilibrated with 3 M BCl. After
washing the column with 10 wl of 3 N HC1, Cd is eluted
by 0.1 N NH(OH. (The first 0.5 ml is discerded end the
next 3 ml of eluent 1s collected.) -Yield = 62%.

25 pin

0.2 gm s0lld sodlum tartrate is added to the sample
soln. The soln. is edjusted to pH 13-13.5 with 0.1 N
ReOH and diluted with Hg0 to 10 ml.

The Cd 1s extracted with 10 ml dithizone=CHClg soln.
(0.75 mg/ml) and back=extracted into 10 mwl 0.1 N ECl
(sheking for 2 min in each case).

These procedures are repeated, dependlng upon the de-
sired decontaminetion fector. Yield = ~ TT%.

~ 10 win

100 mg semple is lrradiated for 10 min and dissolved
in 1 wl Ez0 (< 0.1 n HNOs meidic).

~ 25 mg of Cu pellets are added to the soln., the soln,
sheken for 1 win end filtered. To the filtraete 1s
added 1.5 wl chromous sulfate soln. {~ 100 mg chromium
sulfate per ml in 0.1 N HzB04 is reduced by stirring
with 5% Zn smelgam), to reduce U'® to U™t. 50 A

(~ 0.68 gm) Cd emelgam (2% Cd by weight) 1s then added.
After stirring vigorously for 5 wln, the supernate 1s
removed by suction and the amalgem washed twice with

~ 15 win

10

o9

61

63
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Production Type of Time for :
Kuclide Half-Iife Reaction Target Beparation Procedure for Separation Beparation  Reference

2 ol porticns of 0,1 N BNOg emd twice with 2 ml por=-
tions of distilled HpO. Then the amalgem 1s trans-.
ferred to e stoppered bottle contalning 2 wl thallous
acetate soln, (75 mg T1* per wl of 0.1 § HNO3) and
shaken for 1 min. Raedloactive cadmium is now in the
aqueous phase and can be counted.

Inti® 7.5 m sn**°(y,p) Tin foil Precipitation After dissolution of the foil, In is ppted. as In(OH)g 1
(95.4% en= from hot 2 N NaOH.
riched Snl20)
In cd(a) Cadwium metel Precipitetion The sample (a few mg) 1s dissolved in & few drops of 10 win 158
) hot conc. HNOa. Ag and In carriers (each 2 mg) are
cd(p) added to the soln. and the volume of the soln, adjusted
to 5 mwl.

By addition of NH4CH, the soln. 1s made slightly basie
(methyl orange + yellow). The In{OH)s produced 1s fil=
tered, washed with a swall amount of 1% NH¢NOs soln.,
end then dilesolved in HNOs.

The pptn. and dissolutlon procedures for In(CH)s are re=-
peated., The final In(OH)s ppt. is washed by 1-2 wl ace~-
tone to remove the residuml Hp0. Yield = 50=75%.

In Extraction (1) The In is extracted as the bromide into dimethyl 252
ether from an agueous soln. which has been edjusted to
be 4.5 M 1o HBr,
After weshing with 4.5 M HBEr twice, the In is back-
extracted into 6 N HCl. The EC1l is eveporated to ~ 1
ml and the pH adjusted to 2=3 by additlon of NeOH. Po=
tassium acid phthelate buffer (pH 2.%) 1s then added to
bring the soln. volume to 20 ml.
In is extracted into 20 ml of 0.5 M TTA in benzene and
counted., Yield = 70-80%. :
(2) The irredieted sample is dissolved 1n about 10 ml 121
of conc. HBr. 10 mg of In as & soln, of the bromide and
several mg of Fe as the nltrate are added, and the eoln.
1s eveporated Just to drynese. The residue is then te-
ken up in 1 M HBr, washed into a separatory funnel, and



GL

made up to ~ 8 wl with 1 M HBr. Two successive 30

wl portions of isopropyl ether are equilibrated with
the acld phese end discarded. - Enough concentrated HBr
(48%) 15 added to make the HBr concentration 4.5 M.

The total volume is ebout 20 wl. A fresh 30 ml portion
of lsopropyl ether 1s added and shaken with an aqueous
soln. for one min, end the acid phase separated.

This step is repeated and after the second equilibre=-
tion with ether the acid phase 1s discerded,

The two ethér'phases are comblned and washed with three
successive 5 wl portions of 4.5 M HBr. The washings
are discarded. ’ '

The ether phase 1s then equillbrated with three succes=-
slve 5-ml portioms of 5 M HCl.

The aqueous pheses are cowmblned and washed with enother
fresh portion of lsopropyl ether.

The HC1 soln. is then dlluted to 50 wl, 5 gm of NH4KOgs
added, and the soln, just neutralized with NH,OH.

The mixture is centrifuged, and the ppt. 1 washed with
Ho0 end dried. :

In Is.ot_opic ax= 2 wl semple soln. (0.1 i HBr) contelning pg amounts of ~ 11 min 217
chenge (Awal= In carrier are purged with Nz ges for 1 min. 75 A
gam) (~ 1.0 gm) In emalgem (0.2% In by weight) 1s ddded and

shaken for 4 min in s stoppered bottle.

The aqueous leyer is decanted. The amalgem 3is trens-
ferred to & new bottle, washed with e 2 ml portlon of
H20, end then transferred to another new bottle.

The redioactive In is beck-exchanged into the equeous
phese by contact with a higher concentration of In ion.
Cobaltous ion can elso be used for this back=exchenge

process.
5n128 9.5m 8n*2*(n,7) Sn0o Precipitaetion Chemicel seperetions are made by pptn, end by fraction- 154

ea'2%(d,p) Tin metal el distilletion. Sb is ppted. 8s 9bz9s, In as In(OH)s,

: end Sn is ppted. by phenylarsonic acid,
gn130 2,6 m U228 (n,f) Pyridine Extraction The irredisted semple is dissolved in 19_+ml agueous 45 sec 207
Sn13 3k m hexachloro= : NH.QAc (10%) soln. to which ~ 0.5 mg Sn” ' carrier has -
S92 2.2 W uranate been added.
(solid) . 10 ml of 10% K-Na=tartrete 1s added to this soln, and

the soln. 1s adjusted to pH B.5 with 2-4 ml 4 M RHOH.
Sn 1s extracted by sheking for 10-15 sec with 10 ml
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Ruclide

Half-Tife

Production

Reaction

Type of
Target : Separation

Time for
Procedure for Separation Beparation

Reference

Sn

B.bl22m
Sb:lzn:-e
s-b124m-l

S-b:.ze
s-blEE

gplas

3.5 m
2l o
1.3 m

19 o
10.3 m

10.3 w

U?%8(n,r)

Sb121(n,7)
gb223(n,7)
8222 (n,7)

Te(d,0)
Te (D,P)

Daughter of
8n128(57m)

UO2Clp aque= Distillation
ous so0ln.

Sbp0g, anti= Precipltation
money metal

Elewental tel= Precipiltation
lurivm, Na= or
K=tellurite

Precipltation

0.01% dithizone-CCly soln., and the organic phage
washed once with 5% NH.QAc=5% Na tartrate (pH = 8.5)
soln, With this procedwre, Pd, Cd, In, Fb, Bl, and Po
are also extrected under these conditioms, but the
former three elements have much lower fission ylelds
then the Sn lsotopes and the latter three elements do
not occur as products of low energy flssion, so these
contaminants do not interfere in this wethod.

An eliquot of the sample 1s added to 10 mg Sn*®, 10 ml 20 win
conc. HpS504 8nd 1 ml HgPO4, and evaporated to fumes of
S0s .over a burner., The so0ln, 18 then introduced into

a distilling apparatus and the tewp. raised to 220°C.
10 wl 48% HBr is added dropwise and SnBre 15 distilled
into 10 ml conc, HCLl in e 50 ml centrifuge tube. A
current of air carrles the SnBrs. The distillate is
evaporated to 5 ml to lnsure coumplete removal of Brp.
The Sn is ppted. by addition of 2 wl 5% cupferron and
extracted into 15 wl ethyl acetate. The organic phaese
is washed with 10 wl portions of 1 N HCl. The Sn is
back=-extracted into 10 ml saturated oxalic acid soln.
The oxallc acid soln. 1s diluted to 25 ml, and heeted
to bolling. The Sn 1s ppted. by addition of 5 ml sat.
phenylarsonic scid soln., mnd washed with 4% NHNOs, al-
cohol, end ether. Yield = 60%.

The bombarded 8b 1s dlssclved in HCl:and the Sb 1e
plated out on Fe, Sn is added as a cerriler and is
plated out on Zn after the Sb 1s removed.

The irredisted tellurite is dissolved in HCI1 and Sb*°
end Sb*® carriers edded. The antlmony activity is dis=-
tilled as SbHs and caught in AgNOs Boln.

In the cese of an 'elemente; Te terget, the large emount
of Te is reduced by hydrszine hydrochloride. Sb is
then ppted. es Sbp8e and dissolved in HC1, Finally,

Sb is distilled ms SbHg.

The 8o activity in fission products is purified radio=
chemically and dissolved in.HC1l es the fluoride complex.

269

57



Sb127 9h h
sprae L2 h
-3
-J
Bb1s0 10 m
gpisl 23,1l m
gp13t 23,1
Sblaz 2 m
Spias b m

Gpl34,135 50 B

U223(n,r) Bistillation
U’”Sn,f)
Pu3%(n,r)

Daughters of Extraction
5p33°, gplsi,

and Sn'22, from.

U235 (n,r)

Uess(n,r) Urapium oxide Bxtraction

8b 1s reduced to Sb(III) frow (V) by hydrazine chloride
in hot soln. By thls method, the weak fluoride complex
of 8b(V) 1s destroyed, whereas the tin(IV) complex re-
wains, In the presence of hydrazine chloride, Sb is
pptéd. es SbaSg, which separates it rapidly from Sn ac=:
tivity.

The SbeSg ppt. 1s dissolved 1n HCl. ShHs 1s produced
by addition of Zn and is ceught by a AgHOs soln.

The semple (free of nitrate) is transferred to a distil= <-40 min
lation flask in which 4 ml ™% carrter (10 mg/ml) and
4 ml 6 R HaS04 are contained, .After mddition of a drop
of Brp, the soln. is bolled. Then 5 gm granulated Zn
is sdded and the SbHg genereted caught in 20 wl 6 N HEC1
containing a few drops of liquid Brp. 10 wg Te end 1
go hydrezine hydrochloride are edded to the soln. HoS
is passed through the soln. during hesting to ppt. Te
and centrifuged off.

After addition of 5 ml conc. NH(OH end dlllutlon to 30
wl, BboB8g 1s ppted. by paseing in HyS gas. The ppt. is
centrifuged and washed, and then dissolved in 2 ml conec.
HCl, After addition of 0.5 gm ReHSOs dilution to 10 ml
and bollling, Sb i1s ppted. as the oxinete by additlon of
3 ol oxine soln. (3% in 2 N HC1), 1 wl conc. NH4OH, and
3 M NH,Qhc (at pE = 5).

The ppt. 18 washed with H»O, alcohol, and ether. Yield
=~ 255,

The Sb daughter activity is back-extracted into 51: 30 sec
NH(OAc~5% K~Na-tartrate aqusous soln. (pH 8.5) frow

the dithizone-CCly soln. into which the tin parent ac-

tivity hes been extracted.

The fast chemicel separation of Bb 1s accomplished by
solvent extractlon.

The Sb is extracted as SbCls into lsopropyl ether in
the presence of Clo, and back-extracted as SbClg into
the aqueous phase contalning NaHg.

After asddition of NaSCN, any Sn contamlnant 1s extracted
into the ether phase.

207

205
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Ruclide

Production
Half-life Reection

Type of
Beparation

Procedure for Separation

Time for

HSeparation Reference

u**®(n,r)

Tellurium

Fiselon
product

Distillation

Extraction

Distillation

A 10 gm sample of uranium oxide irradiated with neutrons
is dissolved in 4 N HpS04. The soln. 18 introduced into
e He generstor (ewploying Zn and 4 N HoS04). Under
these conditions, SbHs 1s formed, whlch is carrled along
in the streem of Hy. The SbHg, on cowing in contect
with AgNOs, forms a black ppt. of silver antimonide.

The only element which reacte similarly is Ge.

The target 1s diesolved in 5 wl 9 N EC1 to which is
edded 2 mg 8b(V) cerrier. 2.5 wl SnCly soln. is added
per 100 mg target, the soln, stirred vigorously and
then allowed to stand for 0.5 win. The Te ppt. 1s fil=
tered and washed with 2 ml 9 N HC1.

The flltrate is transferred to & separatory funnel con=
taining 10 wl benzene, 1 ml isopropyl ether and 0.05 ml
Brz (or as little es possible). ’

The orgaenic phase 1s shaken for about 10 sec, and washed
with 1 wl 9 K HCl. .

The Sb 1s beck-extracted into 5 ml 9 N HCI and 0.5=1.0
ml SnCls soln. The ebove extraction-back=extraction
procedures c-e repeated. The flnel agueous soln. is
used for liquid P counting or the Bb 1s ppted. as the
metal by eddition of 2«3 mg SbCls carrier and epproxi-
mately 15 wl bollling hot crtt soln. Yield = 60-70%.

Zinc wetal (40 mesh) is placed in e dlstilling flask
and varzed to 100°C. '

sv*® carrier + fission product + 30% HzS04 are dropped
onto the Zn. The SbHs generated is passed through a
CaCly drying tube and then through a heated small=-
diemeter quartz tube. The SbHg is converted to Bb. met-
al, part of which collects as a mirror on the cool pors
tion of the guartz tube and the rest (~ 50%) on a fine
fritted glass filter. )

As 18 expected to follow the Sb; however, most of it
collects at a different portion of the tube., The As
cen be removed from the 8b wetal by leaching with Na-
hypochlorite. Yleld = 80%.

<5 min

10 sec

1

164



Tel82 24,8 m Daughter of
Te1317 (31 )

el 24,8 n T8 (n,r)

melo® 2n

Te88 <2a

Telluric acid
containing

Tgl3id

Recoll

Precipitation

The wethod dspends upon the changes of a moleculs of
telluric acid to one af tellurous acid vhen the Te
nucleus in thet molecule unfergoes an isomeric transi-
tion to ite ground state.

(In order to synthesize telluric acid, tha chemicelly
purified radicective Te 1s dissolved in HEOs and Ag-
tellurite ppted. from the neutralized soln, The Ag=-
tellurite 1s suspendsd in HoO aml gxddized with liquid
Brp to telluric ecid. The excess Rrp is bolled off and
the product AgBr 1s filtered out, lsaving a soln. of
pure telluric acid,)

To the redioactive telluric acid, smell amounts of in=
active Ne=tellurite, iodlds, sand sodium iodate are added
ss carriers. At suitabla intervals, aliquots of this
psample are taken and the isomer separation performed.
The soln. is firs} freed of T331 (8 day), vhich had
grovn from the Te ; by reducing the iodate presemt
with an equivalent smount of i1odlde and extrecting the
iodine with CECls.

Bufficlent conc. HC1 is added to make the soln. 3 |
and 80p 1s introduced in ordsr to reduce the taellurous
but not the telluric aoid to elememtery Te, (Under
these conditions the reaction between telluric acid
and 80z 18 extremely slow and may be neglected.)

This Te ppt. contains the separated daughter isomer
with no dstectsblea amount of parent lsomer as contaml-
nant.

A fairly specific pptn. 1s obtained through reduction
by HgS0s. When 80p is passed into a boiling 3 § HCl
soln. comtaining appropriate cerriers, Au, Pd, Te, and
Be are ppted. completely in the elswentel state. A
large fraction of the Po is likewige carrled down.
But Au, P4, Be, and Po are not emong the strongly acs
tive products of U fiseion. Thus, Au and P4 are sepa-
rated from Te by reduction with formic acld. Be is
ppted. from 12 N EC1 by §02. Te is not ppted. undar
these copditions. On the other hand, hydrazine HC1l
ppte, Te but not Po.

10 win

=3
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Production
Reaction

Fargat Separstiion

Time for

Procedure far Beparetion Beparation

yler

25 m

Daughter of
Te™ ™ (63n),
from fission

2% (n,r)

Dau(nf:)

Im(n17)

UE’.(nlf)

Telluric acid

containing
Te].m

Recoll

Uranyl ni-
trate

Urenyl ni-
trate agueocus
Boln.

Extraction

Sodium lodste Recoll

Uranyl ni=
trate

From the irradigted wrenium oxide, Te fission products
are first isclated. When the parent imomer (Te'3™)
is held in acid soln. in the valsnecy state +6, most of
the daughter will be formed in the lower valence +i.
A fast daughter separation by selective reduction with
HeB i mads from the Te*3® goln. in the +6 state,

In the irredisted uranyl nitrate soln., 10=50 mg of Te
carrier is mdded. The soln. 18 fumed to tha chloride
vith HC1 (3 times). The residus is dissolved in 3 N
HCl. :

The soln. is heated and Te ppted. by passing B0p into
the soln.

The ppt. is dissolved in several wl of 6 N HCL + & fev
drops of 6 N HNOs. After expelling HNOs with aeveral
portlons of cono. HC1, the residus ia dissolved in 3 §
HC1 and ‘the Te is ppted. by 850 method. This ppte. 1B
dlssolved and reppted. as before. Yield = 80-90%.

1.5=2.0 hr

About 150 wl eawpls soln. is irradiated for 2 min in a
separating funnel. A few mg of KI end KBr ara presernt
to act as carrier, and a few oc of CCly are present.
The concentration of the U-nitrate soln. 1s held down
so that the CCl, would settls prowptly after the fun=
pel has been sheken. 1 ml of conc, HCl is present Iin
the sqln., snd after .irradiation 10 ml of 5% NaNOo
soln. sre added., Following shaking and settling, the
CCly lpyer is drawn off snd measured with a neutron
counter.

The hot atom produced from the icdate is ppted. es Agl,
in the presence of NHCH to prevent pptn. of AgIOs.

The irradiated U-nitrate (1-10 g) is dispolved in 25 ml
of HoO and boiled gently for 3 or 4 win to remove ac-
tive noble gases. After cooling and then addition of

5 ml of 6 M HNOs, Br~ carrier (15 mg) and I carrier
(20 mg), the soln, is trensferred to a separatory fun=
nel.

1.5 br

198

235



18

hm-

nun

gv(ex) Ant imony .

Distillation
metal
5 s 1**7(p,n) Pblg Distillation
x
Dm Daughter of Uranyl ni=- Distillation
1199(6.7 h) trate
from
U285 (p, )11
hle 7238(n,r) Uranyl ni=- Distillation

trate powdsr

By addition of 4=5 drops of 0.1 M NaNOg, the iodine 1s
extracted into 15 wml of CCly. From the CCl, axtract,
the iodine im back~axtracted into 10 wl of HgO by add=
ing 0.5 M NafS0s drop by drop until no colar of the Ip
remains in the CCl, lmyer.

Buch extraction and back-extrdction procedures are re=
peeted and finally the iodina 18 ppted. as AgI for
counting. Yield = 90%.

The target (500 mg) is diesolved in a cold soln. cop- 40 win
talning 10 mg I~ carrier, 10-15 ml saturated tartaric

acid, end 10-15 wl HHOs. Ip ip distilled and collected

in 0.5-1.0 X KaQH. The soln. is acidified with HoBO4

until the lodine turns brown and is then oxldized with

EWOg (NeNO» in ecld soln.).

Ig is extracted with an equal volume of CCl, and then
back-extracted into NedH soln.

Thess Na(H-CCle cycles are repeated as panmy times as

vished. The last NaOH soln. 1s mcidifled with HgBO4

and reduced vith BOg gas. Alr is blown through the

soln. to expel most of the 80p.

The lodide 1s then ppted. es Agl with excess Ag"' and a
fev drops of conc. HNOs. Yielad = & B0%.

The lr.'ocodurl closely parallels that with Kr' > and
xe810,

The iodine activity 1s extracted imto CCly from the
fission product soln. The CCly Boln. is pléced in e
flask on a vacuum line and the air sbove the soln. re-
wovad. The soln. is alloved to stand for 5 min. Air
is then bubbled through tha soln. and into an evacuated
chasper eguipped with a thin mica window. This chamber
18 immediately placed a fev cn away from the windov of
a GM counter tube and the measurament mado immedistely.

The uranyl nitrate powder is coctaingd in a polyethyl=
ene tubing (1/% inch, i.d.) eand irradisted. The radio-
active ges fission products are taken with the help af
a syringe from the tubing into another polyethylens
tubing in which Norite (ectivated charcoal) is placed,
The Xs activity is absarbed in Norite, and semt to tha
counting squipment through e rapid transfer system.

20=-30 sac

51



Production

Half-Life Reaction

Type of
Terget Separation

Procedure for Beparstion

Time for
Beparation

Reference

csm

CSJEB

cs:lza

csla'f

6w ¥ (0,8n)

l.6 m Daughte.r of
Ba'*%(96 u)

3.7Tw Daughter of
Ba'2®(2.44)
from
s (a,7n)

26.6 y U238(n,t)

Calp Preciplitation

Indium metel Precipltation
or oxlde

Cesium ni=- Precipitation
trate

Fisasion Ion exchange
product

The target is dissolved in HoO and then saturated with

HC1l while being cooled wilth ice water, The Ce 1s ppted.

as silicotungstic acld and centrifuged. The ppt. is
dissolved in 2 drops of HzO and the Cs 1s re-ppted. as
sllicotungstlc acid. .

Finally the ppt. is dissolved in 0.5 wl Hz0 and the
gsoln. pasesed through a cation exchange (Lemx 4 wm
colum of .Dowex=50) to separate silicotungstate ion.
The resin is washed with HO, and then the Cs eluted
from the resin with a few drops of 6 K HC1.

A pure Ba parent activity is isolated from the indium
target bowmbarded by nitroger ions in & cyclotron. The
wethod involves the pptn. of Ba(N0sg)z with fuming HNOa
followed by pptn. of BaClp with "ether-BCL" reagemt.
The rapid "milking" of Cs frow solns, containing the
Bal28.0s2% oquilibrium wixture 1s done by pptn. of Cs=
cobaltinitrite. The ppt. is quickly dissolved in fum-
ing HNOg and several Be(NOs)z scavenges are performed.

After a Ba fraction 18 lsoleted frow the target, the
Cs2® deughter is seperated from the Bal28 parent by
addition of chilled absolute alecohol to a previously
fumed and chilled HC104 soln. of the Ba to which Cs

carrier had been added. :

The resultant ppt. of CsCl04 18 collected in a sin-
tered glass filter and washed with alcohol, ’

Anion exchange resin (De-Acidite F.F., 80-100 mebh) is
used. The reeln 1s converted to the carbonate form by
passing 3 M NeaCOs through the column and then .is
washed with demineralized water. The system conslsts
of 1 gm of resln in a 25 cm x 0.7 co glass columm.
(Care must be taken never to allow the columm to run
dry at eny time during the procedure.)

An sliquot of fisslon product sola. is taken and ad~
Justed to pH 1 by eddition of alkall or by dilution
with H20. (Selt conc. wmust not be greater than 3 M in
the finally prepared semple.)

< 3 min for
Ca separation

< 1 min for
separetion
of daughters

169, 125

155

271
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celo® 9.5 w %% (n,r) Uranyl ni~-
trate
138
Cs 9.5 m U2%5(a,r) Fission
product

Precipitation

Extraction

Cs, Ru, Zr, and Ba carrlers are added to the soln. and
1 ml of the wixture is added to the resin column., The
eluent 18 collected 1n & swall polyethyleme cup at about
6 drops/min (0.3 wl/min) speed.

The column 1s washed with 4 ml deminerellzed HzO end
the eluent collected in the same cup. The eluent 1s
measured by 7-apectrometry.'

Such ean ion exchange separetion cen also be done by us=~
ing a Dowex=-l anion exchange resin columm in the carbon=
ate form at pH of ebout 6. The Cs elutes in the first
3 ml. The colum ie then washed with 5 ml HzO.

(The resin serves as m solid precipitant for ppting. Zr,
Kb, Ru, and Ce,) Yield = ~ 100%.

After 1 wln lrradiatlon in the pneumetic tube, the 12 win
irredieted material is dissolved in 10 wl Ho0 contein-
ing 2 wl Cs carrier (~ 10 mg/ml) and 1 wl Rb carrier

(~ 10 mg/wl). A pptn. of the mixed Cs-Rb cobaltini~-
trites 1s perforwed about 1.5 win efter the end of 1r-
radiation. The centrifugation of the ppt. ls finished
by 2.5 win efter the end of irradiation. The purpose
of these rapid cperations is to winimize the activity
of 32 win-Cs*®® growing from 17 min-Xe*®®. The cobalt-
initrite ppt. is dissolved in dil, HCl end Cs is sep~
areted from Rb by pptn. of Cs with Bilas-HI reegent.
This ppt. 16 dissolved and a Fe(OH)s scavenging pptn.
is made. The Cs 1s flnelly ppted. aes the sllicotung=
state and counted.

An eliquot (8 5 wl) of the fisslon product soln. is 30 mwin
taken end 10 ml buffer soln. (1 M NesCeHsOr in 0.5 M

HRO3, pH = 6) 1s added in a separetory fumnel. The

total volume of the soln. is adjusted to 15 wl with HzO.

After eddition of an equal volume of 0,05 M Na-tetra-

phenyl borate in amyl acetate, the Cs is extrected into

the organic phase by shaeking for about 30 sec. The

aqueous phaese is traneferred to another separatory fun=

nel end the extraction i1s repeated. The organic phases

are combined in the first separatory funnel end the Cs

activity 1s back-extracted into two successive 10 ml

portions of 3 N HC1 from the amyl acetate phese. All

the gbove procedures are repeated once pgain., Yield =

100%.

186

249

81
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Kuclide

Half-ILife

Production
Reaction

_Target

Type of
Separation

Time for
Procedure for Beparation Separation

Reference

Ce

B2

Bal‘l 1
Bal42

Ba

2,63 m

18m

Davghter of
X=139(41 g)
from U35 (n,f)

P8 (n,r)

Daughter of
¢t (26.6y)

U238 (n, )

U, T, B
(fiseion)

Urenyl ni=-
trate agueous
poln.

Fission
product

Distillation
for Xe, pre~
cipitation
for Cs

Precipitation

Precipitation

Precipitation

Precipitation

Air is bubbled through an irradiated uranyl nitrate 15 win
soln. st & rete of 600 wl/min. It is then passed

through e tube filled with cotton wool (length 15 cm)

and through & wash bottle contalning 40 ml of Hg0 with

a swall amount of HNOg ard 1 drop of NH4OH.

After adding Cs, Rb, Ba, Sr, and La carriers, Cs 1e

ppted. with antimonmy chloride dissolved in HCL.

Cs end Kb are separated from most of the other fission
product cations by the following procedure. First ap-
propriate carriers and then KaOH and RapCOg are added.
The alkali wetal ions rewain in the soln. and are puri=-
fied further by a Le(OH)s scavenging pptn. The Cs is
then separated by pptn. of CesBi>Ip with Bilg in HI.
After re~pptn., the ppt. 1s dried and measured

Sulfate ions are added to & soln. contelning the active
Cs, and the soln, 1s then placed in contect with solid
BaSOg. The BsSO04 15 washed and weasured.

The sample eoln, 1s placed in & centrifuge tube and Ba
carrier (~ 20 mg) added. To the cool soln. (~ 5 wl),
30~35 ml of HCl-ether reagent 1s added and the soln.
1s stirred for l-2 win,

Thereafter the ppt.. 1s centrifuged, dissolved 1n 1 ml
Ho0 and re=ppted. in 15 ml of HCl-ether wixture. Such
dissolution and pptn. 1e repeated. The final ppt. 1le
washed with elcchol-ether.

An aliquot of HNOs or HCl soln. of the target is taken 30-45 win
and Ba carrier is added to the soln. If necessary,

the soln. 1g eveporated to less than 1 wl. By addition
of 10 ml ether-BCl reagenta, BaClp-2Hz0 is ppted. in
ice temperature. After stirring end digestlng for 2

or 3 wln, the ppt. 18 centrifuged and dlssolved in 0.5
ml Hx0. This pptn. procedure ls repested. The ppt. is
dissolved in 0.5 ml Hz0, the goln. is diluted to 7-B
ml, end wede up to a pH > 10 with carbonate and free
emmonia.

The scavenging with Fe(OH)s 1s done twice. Then BaCOg
ie ppted. by addition of 3 drops sat. NapCOg. This

116

75

260

105

117
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LalS4

1.0143

CEIAS

Ce

6.5m

19 m

3.0

Deaughter of
Cel34 (72 h);

La(p,6n)

U*%(n,t)

UZS! (n)f)

U228 (n,r)

Lanthanmm Precipitation
oxlde

Uranyl ni- Precipitation
trate

Uranyl ni=- Extraction
trate
(10-100 mg)

Uranyl ni= Precipitation
trate

BaCOs ppt. 1s diesolved in 1 wl of 6 N HC1 and the
BaCly+2HoO pptn. by the above procedure is repeeted
twice. The ppt. is centrifuged end weshed with 5 ml
absoluteé mleohol and then 3 portions of 5 wl ether.
Yield = ~ 100%.

The bombarded meterial is dissolved in HNOg and Cet®
and Ba carrlers are added. The materisl 1s then sub-
Jected to fluoride-hydroxide cycles. This consists in
ppting. the fluoride from warm HNOs scln., dissolving
the fluorilde in 8 N HNOs saturaeted with HgBOs, ppting.
the hydroxide by NH4OH, end dissolving in HNOa.

This method 1s specific for rare earths and Y. Separ=
ation of the La daughter activity is effected by pptn.
of the fluoride from the Ce** soln. containing Cel4,

After 20 win irradiation in the reactor, U-nltrate is
lompedietely dissolved in 1 M HNOg conteining La carrie
er. Lenthanum fluoride ls ppted., centrifuged, and
washed with Hp0. This LaFg 18 dissolved in a mixture
of HgBOg and HNOg. At intervals after preparation, this
soln. 1s sawpled, Ce carrler is added, the Ce is oxi=
dized with XKC10s and Ce(I0g)s 15 ppted. By means of
the measurement of the long=-lived Ce*3 (33 h) activity
(denghter of Lal47) the half-life of Lal4® ig deterw
mined.

Ce™ 1s separated by solvent extraction from 10 N ENOs ~ 9 win
with methyl i1sobutyl ketone, whlle the trivalent rare

earths as well as the other filssion products remain in

the equeous phase. NaBrOg 1s used as the oxidizing

agent for the Ce,

The organic layer containing the Ce™ is washed with

10 N ENOg end then the Ce is back-extracted into an

aqueous phase by reduction to Ce’® with Hala.

This extraction and back-extraction cycle is repeated

2 or 3 times. Finally the Ce 1s ppted. as cerlc lodate.

Ce, La, Y, and Zr carriers ere added to the dllute 20=30 min
uranyl nitrate soln. (UQ2" conc. of ~ 10 mg/ml).

The soln. is diluted to 10 ml; 10 wl of conc, HNOsg is

edded; end Zr(I0g)s is ppted. by eddition of 10 wl of

0.8 N HIOs.

242

96

167
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Fuclide

Production
Reaction

Type of

Half-Life Beparation

Time for

Procedure for Separation Separstion

Reference

_Target

ce*®®(p,2n) Enriched Ce'®® Ion exchange

7.5 m Daughtar of cetit sample
Cel44(2354)

from UR25(n,r)

Precipltation

Leeching

The supernatant soln. is then oxidized with 1 g of
KBrOg [no heating is necessary to oxldize Ce(III) to
Ce(1v)], and Ce(IOa)y ppta. The Ce(I03)s 1s dissolved
in HaOz, a small esmownt of HNOg and Ho0, and the cycle
of Zr(I0s)e¢ end Ce(IOs)e pptn. 18 repeated.

The oxldetion of Ce(III) proceeds more rapldly with
BrO3 then with Cl0s. In addition, the danger of in-
complete oxidation of the Ce i1s avoided by the use of
BrOa. .

An ion exchange method (139) 1s epplied.
The elution with CG=hydroxy isobutylic acid should be
wmore advantageous them the ciltrate elution (43).

(1) The ceric oxide containing Cel4+, which is puri-
fled from the irradisted uranyl nltrete, is dissolved
in HoS504 &nd Hz0>. Le carrler is added to the soln.
to carry the Pr and ppted. ms the hydroxide by NH4OH.
The ppt. which co-ppts. Pri%* 1s filtered and dissolved
in HNOg. Ce 18 oxidized to the ceric state with KBrOg
and ppted. as Ce(I0s)s by addition of KIOs. The ppt.
1s centrifuged off. The supernatent soln. 1s made
basic with NH4OH, and La(OH)s ppted. Pr'** is co=
ppted. in the La(OH)s and measured.

(2) To the Ce** sample, Pr and La carrlers are added.
The Ce activity is ppted. as Ce(IOa)¢ and then the Pr
ppted. &8s the hydroxide with 6 N NaOH. The hydroxide -
is dissolved with 6 N BEC1 end the Pr ppted. as oxalete
by additlon of sat. HeCgO4.

Cel4t¢ ip ppted. ms lodate by the usual method. The
lodate is wixed with gless wool end placed in an ice=
cooled columm (10 mm i1.d., 15 wm height).

¥When this column 1s eluted with HEOg, P:r_]'“I 1s eluted
together with Ce and the amount of Ce increases with
increase of HNOs acidity. Hovever, by use of 0.005 N
HNOg (flo_rw rate: 3 ml/min), the emount of Ce eluted is
negligible and the radiochemical purity of P** ob-
tained is ~ 97%.

114

197

226

272
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HOJ.QO

~ 22 m

19 w

§a**2(p,2n)

Dy(p)

Tmlee(PJjn)

Enriched §a™*2

oxide

Dyeproslium
oxlde

Thulium oxlde

Ion exchenge

Ion exchange

Ion exchenge

The chemlcal procedures are designed to i1solate the
rare earth elements as a group but not separate: them
from each other.

The bombarded oxides are dissolved in HEOs from which.
the rare earth fluoride 1is ppted. This ie diseolved
and the hydroxide ppted. and dissolved in conc. HCl,
vhich 1s sucked through & column of anion exchenge
resin (Dowex A=1). The rare earth hydroxide is then
prepared for countling sample.

In those cases where complete ldentification 1s desir-
eble, rdre earth separations are made using a cation
exchange resin column (Dowex=50, citrate elution at pH
3.5) and elevated temperature as described by Thompson
et al., as follows:

The fluoride ppt. 1s converted to & hydroxide by treat-
ment with 6 M KOH followed by centrifuging and weshing.
The hydroxide ppt. 1s dissolved in dll. HC1Qe (0.5 M)
and the mixture of radicactlvities absorbed on a small
amount of ammonium form Dowex~50 resin (spherical fines)
This 1s then transferred to a 20 cm length, 2 wm dlem=-
eter column packed with the same resin.

The column ls surrounded by a veapor jacket through
vhich passes trichloroethylens vepor to meintain the
tewp. at sbout 87°C. The elution ie performed by pess=
ing emm. citrete (buffered with citric acid to pH 3.5=
total eitric acid conc. 0.25 M) through the column at &
rate of 1 drop (~ 0.030 cm®) about every 2 min and the
drops are collected separately.

The use of CG~hydroxy iscbutyric acid (pE 4.6, 0.4 M) &as
the eluting agent should be more edventagous, rather
than the elution using citric acid. (43).

The ion exchange wethod (139) is applied.
As the eluting esgent, the use of G=hydroxy lscbutyric
acld should be more advantegeous (43).

In order to obtain a separation rapldly, the separaetion
wethod 1s somewhat modified for the Ketelle=Boyd method
(139). The ion exchange column is 35 cm long and 1.8
cm 1.4, and filled with Dowex=-50 (200-500 mesh).

It 1s heeted by & steem jacket. The elutriant, 0.25 M
cltric acid is adjusted to & pH 3.18 with NH,OH, and

U

a5k

112

113
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Nueclide

Production Type of
Holf-Tife Reaction Target Separation

Procedure for Separation

Time for
Separation

Reference

mgl78

TalBZ[II

8.35 w Deughter of Precipitation
Wi78(21.54),
Tal®(p,ln)

16.5 m Ta®*(n,7) (¥H, )2TaFy Precipitation

Hf(p,n) Hafnium oxide Extraction

Precipitation

1s preheated wilth steam and an infrared heat lamp.
The storege bottle for the elutriant 1s placed 20 feet
ebove the column to produce sufficlent hydrostatic
pressure for a flovw rate of 180 wl/nr.

As the eluting agent, the use of Q~hydroxy lsobutyrie
acid (0.2 M, pH 4.0) should be more advantageous than
the previous one (43).

The Ta daughter actilvity 1s separated by co=pptn. with
Ni(OH)»> from the boiling strongly alkeline tungstate
soln, The washed hydroxide is dissolved in acid, ex-
cess tungstate soln. added and the boiling soln. made
alkaline once agailn.

After 3 cycles of these procedures, the active Ta ls
finally collected on & small emount of Zr-hydroxlde by
pptn. Prom HC1 soln. with addition of NH,OH. A large

~amount of N1 remains in soln.

The target 1s dissolved 1ln HF scln. and the Ta ppted.
as the hydroxide by addition of NH4OH. Re-pptns. are
made to increase purity.

The terget oxide (~ 350 mwg) is diesolved in 6 N HCl~-
1 K HF in a Pt dish and eveporated to 0.5-0.75 ml.

"The ppt. of Hf 1s centrifuged off.

The supernatant soln, is cooled in an ice bath and
centrifuged to remove any Hf that ppts. Ta in the
supernatant soln. is extracted with an equal volume of
di-isopropyl ketone which hed been previously equili-
brated with 6 N HC1=-1 N EF. The Ta in the orgamic
phase 15 back-extrected into an egual volume of HzO,

The target oxide 15 dissolved in a mixture of HNO3 and
HF. Excess HF is removed by eveporation with 10 K
HNOs.

KMnO4 18 added to the soln. and MnOz 1s ppted. The
MnO, ppt., in which the Ta activity 1s co-ppted., is
dissolved in oxalic acid end Mn** is removed by adsorp-
tion on a cation exchenge resin (Amberite IR=1 or
Dowex~50).

268

227

188
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WiTe 30 m Ta(p,3n) Tentalum Extraction The terget is dissolved in the winlwum emount of a mix= 268

5.2 m metal ture of HNOg end HF.
To the hot solution, hydrazine sulfate is added to re=-
duce eny HNOs present. Sufficlent strong HC1 to glve
e 6 N solution is added followed by SnClz soln. Then
NH4SCN soln. le added followed by excess boric acid to
complex the fluoride. The green thiocyanate complex
of W' formed is then extracted into ethyl acetate.
The washed solvent layer 1s evaporated, hold-back car-
riers for varicus elements are added and W* ppted. by
bolling with strong HNOs.
The oxide 1s dissolved in HN4OH, thiocyanate added to
the soln. end the reductlon-extraction process repeated
after ecldification.

Rel?7 17 o W(p) Tungsten Extraction The tungsten target is dissolved in a NeOH and HaOs 111
metal or soln. by heating, ip the presence of K-perrhenate ag
oxlde carrier. The soln. 1s scavenged wilth Zr and Le hy-

droxides and then wade 4 N in FeOH. The resulting
soln. 18 equilibrated once with an equal volume of pyr-
1dine previously shsken with 4 N NaoH (108).

The pyridine leyer, which conteine the Re, is washed
with an equel volume of 4 N NeOH, end then the Re is
back-extracted to I N HC1 soln. The HCl soln. is
heated to boiling, end saturated with HpS. The ResSr
ppt. 18 separated, washed with Hp0, and dlssolved in

6 N NeOH + 30% HoO2 (1:1). The resulting soln. is
heeted, diluted, end scavenged with Zr end La hydrox=-
ldes. After neutralizing the soln. wilth HC1 and cooling
in ice water, tetraphenylarsonium chloride 1s added.
The Re ppt. 1s separated, washed twice wlth ice water
and counted.

Re 9.8 m Os(n,p) Osoium metal Precipitation The target 1s diseolved in en. elkasline soln. of per= 8
Hel80 2.8 0s182(d,a) sulfate, conteining Re and W as cerriers.

After addition of bromate end sulfimic acid, Os is dis-

tilled off as 0804. The remaining soln. 1s made alka-

line, Fe'2, Cu™®, and Mg'® are edded and their hydrox-

ldes ppted. Then CaClz 1s added to the fillirate to

ppt. Ca-tungstate. The soln. 18 bolled and filtered.

An excess of HCl1 1s added to the filirate, bromine 1s

expelled by boiling and the Re ppted. as tetraphenyl=-

arsonium perrhenate.
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Production
Nuclide Half-Life Reaction

Type of
Target . _Beparation

Procedure for Beparation

Tims for
Beparation

Reference

Re Ta, W

og®00 9.5 m Daughter of
Ir1®0(114),
Re(a,n)
from 0Os(d,n)
0s(d,2n)

Iriflm 4.9 8 Daughter of
0s*®(16 4),
from 0s1%(n,7)

Metal Preclpitation

Molybdenites Extraction

Rhenium or Distillation
oswium metal

Rhepium me- Distillation
tallic powder

Osuium metal Distilletion
for 0s®1

The targets are dissolved in HF with 2 minimum amount
of HNOs in e Pt dish and Re carrier added.

Hz=S 15 passed into the bolling soln. for 15 min to ppt.
black RepBy.

The ppt. 1s centrifuged and washed in a& lusterold test
tube. The ppt. is diseolved in 3 wl 1 N NeCH + 1 drop
30% HoOz, and the soln. transferred to & glass centri=
fuge cone.

After scavenging with Fe(OH)a (1 mg Fe'™) two or three
times and then dissolving in 10. wl of conc. HC1, the Re
1s ppted. as RepSy from strong BCL soln. The ppt. is
centrifuged and washed. Yield = ~ 100%.

After the prelimlnary ettack of the cores, Re 1s ex-
tracted quantitatively between pE 8 and pH 9 by CHCls
in the forw of tetraphenylarsonium perrhenate. In this
pH region the Mo remains in the aqueous phase.

The Re target 1s dissolved in dilute HNOs.

The Os target 1s dissolved in aqua regla.

These dlssolutions are performed in all glass distill-
ing flasks,

Chewical seperations are made after the addition of the
proper lnactive carrier.

Os 1s distilled as 0sOy, followed by pptn. of the sulw=
fide with Na-thiosulfate.

The target is dissolved in 3 ml HROs.

10 mg Os carrier 1s added and the Os 15 distilled as
0804 by heating.

¥he distillete 18 caught in lce-cold 6 N NeOHE and then
neutralized and acidified with 6 N HCL. The Os is
ppted. as the sulfide by addition of 3 ml 10% NapSz0s
vhile the sample soln. 1s heated on water bath.

Yield = ~ 100%.

The irrediated Os ls converted to .ammonlum perosmate,
(NH, )2080x, dissolved in dil. NH4CH.
To prepare the Ir activity, portlons of this soln. with

30 min

~ 20 min

118

261

45

190
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Oswium oxlde
1 T Pt(y,p) Platinum
chloride
Pt Ir(p) Iridium metal
(foil)_
Au*E8 LS5m c2 Tantalum
Ta | c2® metal (foil,
cit/ 40 p thick)

Ion exchapge

Precipitation

Extraction

Extraction

added Ir carrier are dried on 1 wil Pt folls and then
flamed over a Bunsen burner to distill off the Os,
leaving the Ir on the foll.

The irradieted semple (0.1 gm 0s04) 1s dissolved in

6 N HC1l conteining 1 ml ethyl alechol, and the result=
ing soln. refluxed_gor 5 hr near 100°C to convert the
08 to the red 0sClg .

An aliquot containing about 0,01 mc 0s1®1 is edded to
a small column (1 wl) of enion exchange resin which had
been treated with 6 § HCl. The Os complex gbsorbs es a
reddish brown band at the top of the resin bed. When
6 N EC1 is repldly forced through the bed with a -hypo-
dermic syringe, & short-lived mctivity of Irl®lD ig
found in the effluent.

The target PtClg*XHz0 is diesolved in conc. HNOs.

Os and Ir carriers ere added to the soln. and Oe 1s
distilled es 0s04.

To the remeining HENOs soln., NaBrOs 1s added. The
soln. is heated and neutralized by addition .of NaHCQg.
The IrOp ppt. 1s flltered, dissolved, and re-ppted.
This second pptn. removes the Pt activity beyond the
llmits of detection.

The Ir target 1s dissolved in & Pt flux of KOH and KNOs
(1:1) (for e smell strip of 1 wil foil this should teke
no longer then 5-10 min).

After cooling, the melt 1s leached for 5 win with conc.
HCl, end Au end Pt carrilers esdded In swell amounts.

(Ir gives a strong blue colored soln.)

Au is extracted twice with ethyl acetate. A little
SoLle soln. in BCl 18 added to the agueous soln. to
reduce Pt to Pt*2,

The red coloration (Pt) is extracted into ethyl ecetate
and washed twice with an equal volume of 3 N HC1,

Yield = ~ T0%.

30 min

The terget 1s dissolved in e winimum of 27 N HF and
16 . HNOs with edditlon of 100~100 uG quantitles of
Hg, Au, Pt, and Te carriers {and if necessary, Ir).
These elements are then ppted. as the wmetals by
SnClp. The ppt. 1s dissolved in aqua regie and the
Au extracted into amyl acetate.

256
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Ruclide

Hrlf-Life

Productlon
Readtion

Type of
Target Separation

Time for
Procedure for Separation : Beparation

Roference

AuEOS

Au

Au

Au

HEJ.BS

558

Hg®%*(7,D)

Au(p)

Daughter of
Hg activity

Mercury Distillation
for Hg

@Gold metal Extrection
(foll, 0.004
mil)

Iridium metel Extraction
(foil)

Trecer Hg ' Extraction

Tantalum wetal Ion exchange
(foll 40 n Distillation
thick)

A full rediochemical identification of the 55=sec actlv=-
ity a8 Au was not possible in the time available. This
activity 1s prepared by irradisting very pure Hg which
1s then poured onto a few wg of Au foll, distilled off,
and the residue heated to redness, thus leaving only

Au and Pt.

The Au is dissolved in 1-2 ml of wvarm aque regle (2 X 4-10 win
HROs+4 N HC1) and hold-back carriers for Hg, Pt, Ir,

and 08 (~ 1 mg each) msdded. The Au is extracted into

ethyl acetete and the organic phase 1s washed with

6 § HCl. Yield = ~ 100%.

The target Ir 1s fused wilth a welt of KOH and KNOg 20~30 win
(1:1). The flux 18 allowed t0 cool and then leached

for ~ 5 win with conc. HC1l after adding Au add Pt car=

riers in swall emounts, Au is extracted twice with

ethyl acetate and the organic phase 1s washed twice

with equal volume 3 N HCl. Yield = ~ 70%.

The Au deughter nuclide in 4 wl 3 N HCL soln., of the ~ 10 min
Hg tracer is extracted with 500 A of 1soamyl acetate.

{The presence of at least 0.1 N C1™ is required for

geparation from Hg.)

The organic layer is washed wlth equal volumwes of sat.

NH4Cl to insure separation from Hg and evaporated on

a counting plate. Yield = quantitative 1f several ex-

tractions wade.

The target 1s dissolved in a minlmum amount of 27 K HF
and 16 N HNOs with addition of 100-1000 pg Hg, Au, Pt,
Te, and, if necessary, Ir carriers.

These elements are then preciplteted with SnCla,

The wetalllc ppt. 1s dissolved in aque regia and the
Au ie separated by extraction into awmyl acetate. The
aqueous phase 1s evaporated to a swall volume and then
passed through an anion exchange columm (Awberite IR=-
400, 250 wesh, 13-15 mmn long, 0.055 cu® cross section).
0.1 N HCL 48 used as the eluent at a flow rate of 0.1~
0.2 wl/min,

257
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Tl:.esm
TllB’Tl‘n

Au(p
Tl \d

Daughters of
P35 (17m) end
Pp27D(42n),
from T1(p)

Metals Distillation

Thallt

ur metal Precipitation

Extractlon

The recovery of Te 1s complete in 2 min or less. The
Hg 1s then eluted with 2 N HNOg.

Decontaminetion from Pt is, however, not good; about
1/3 of the Pt initlally present would be eluted with
the Ez., Flnel decontamination from the Pt can be
achieved by vecuum distilletion of Hg, But this de=~
contaminatlon step 1 not so necessary because it 1
possible to distinguish easily between the Hg and Pt
isotopes on the basis of half=life.

The target is placed in the chamber of a stainless
steel vaporizer. A clean Pt collecting plate 18 ce=
wented to a stelnlese steel water-cooled finger. The
bottom of the apparatus 15 heated for about 5 min with
a Fisher burner to not more than ~ LOO®*C. Because of
the large difference of the vapor pressure between Hg
(1574.1 wm at 400°), Au (0.001 wm at 1292°), and T1
(0.001 wm at 413°) et this tewmperature, the Hg activ-
ity (carrier free) can be separaeted on the collecting
plate very quickly. Yield = enough activity to work
with but by no means quantitative. For more yleld
heat longer,

Separation for Pb parent:

After irrediation, the T1 target is dissolved in conec.
HNOg contalning sbout 5 pg Fb e and 250 pg Fe' as car-
riers. 1In order to reduce Tl to the monovelent state,
the soln. 1s bolled with HzOp until excesslve peroxide
has diseppeared, Fe and Pb are ppted. with NHg, the
role of the Fe belng to carry down the more soluble
Pb(CH)2 as a coprecipitate.

After centrifuging, the ppt. 1s dissolved in HNOgs,
reppted., and weshed in H20, 3 times, Finally the hy-
droxldes are dissolved in the smallest posslble amount
of ACL (ebout 10 drops of 0.1 N acid).

Seperation for Tl dsughter:

The Pb sctivity is kept in 6 N HCl. Three ether ex-
tractions are flrst made in order to get rid of the Fe
cerrier. To oxidize T1(I) to TL(III) in the soln., &
drop of KMnO4 soln. 1g added immediately before each
ether portion (ebout 3 ml). The soln. 1s stirred with
a gleas rod for some seconds in order to bring the
ether into intimate contact with the aqueous phase.

1=5 win

5 Bec

79, 80
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Production
Reaction

Type of

Kucllde Half-Iife

Beparation

Time for

Procedure for Separation Separation

Reference

TlZOB

(RaB")

4,19 m Daughter of
B12'°(RaE,

5.0d)

RaD=E~F Extraction

BiClg solmn.
containing
ReE

Extraction

ReE source on Recoil

Pt plate

Then that part or the ether phase which is formed
firet (nearest to the surface) i1s pipetted off and
transferred to m test tube which 1s put into counting
poeition es fast as possible,

100 mg Pb, Bl, Tl, and Te carrlers are added to the
ReE~D~F stock soln. and then 5 ml aqua regla i1s also
added. The soln, 1s eveporated, HCl is added and the
soln. evaporated once egaln to expel HNOs. The soln.
is made up to 6 N with HC1 and extracted with 5 ml
ether (pre-equilibreted with 6 N HC1). The ether
phase 1s washed twlce with Pb=Bi~T1l carrler soln.

1 ml of ethyl alcohol is edded to the ether layer and
ether is vaporilzed.

To the soln. of Bl chlorlde containing RaE, about 12
mg T1NCs 1s edded, together with excess Brz to oxidlze
the T1 and the wixture heated on a water bath.

After the T1NOs has dissolved and the color of the Brp
hes wore or less dlseppeared, the soln. 1s chilled
with ice and stirred quickly .with 2 cc of ather for
about 10 sec, ’

The ether phase is then pipetted off, weshed 4 times
with 1:1 HC1l In a separatory funnel, and evaporated on
a counting gless disc.

A brass button collector (2.0 cm dilemeter) 1s held at
a distance of 6 wm from & Pt dise (7 cw®) carrying the
RaE (ebout 21 we), The collecting voltege of 450 volte
1ls epplied for 12 min.

Preparation of the RaE source:

A soln. of RaD-BE=F of about 50 mc strength 1s freed frow
most of the Po by agitatlon of 6 Cu foils, Thereafter,
2 N1 folls are egitated in the soln., for 45 win each;
the acidity beilng kept at N/lO HC1 end the temperalure
constent.

The Ri folls are dissolved in HNOg, and about 200 mg
didymium nitrete (mixture of Pr end Nd) is edded, The
rare earths end ReF are ppted. as the hydroxide with

266

20

20
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71208 4,19 W

m1209 2.2 w

T12%8(n,y)

Daughter of
1213 (hTu),
from Ac22S
decay chaln

Rock, mineral, BExtraction

meteorite,
alloy

Ac®25 aque~
ocus soln.

Extraction

NHa, The ppt. is washed with NHg to remove ell traces.
of N1 and is diesolved 1n trichloracetic acid.

The soln. 1s eveporated to dryness, the residue again
taken up in trichloracetic acid (2%), and electrolyzed
for 12 hr using Pt electrodes, each of about 7 cmz,

et 1,9 V and 1 mA.

About 21 mC of ReE 1ls found on the cathode after the
electrolyels. The welght of deposit is eerteinly not
more then 0,1 wg end mey have been considerebly less,
since the surface of the Pt showed no dlscoloration.

The irradisted sample (200-1000 mg) is fused with 10-14 win
NezOz (3.5-4 gn). (For samples containing large
amounts of silicae, digest with HpS804 and HF in Pt.)

The melt 1s dissolved in 20 wl 1 ¥ HBr and then 26=25
ml conc. HBr is added to the soln. 10 wg each of Al,
Cu, Mn, K, and Zn carriers plue 5 wl Bro—Hz0 are added
to the soln. The T1™ 15 extracted 2 times into iso-
propyl ether (esch 20 wl). After washing the organic
phese with 15 wl portions of 1 N HBr (3 times) and
eveporating off the ether, the Tl is ppted. es T1I by
reductlon with 80- ges and eddition of excees satur=
ated KI. The ppt. is filtered and washed with weter.
[The T1 can elso be ppted. by thionalide after pH ad-
justment by 20% Ne-tartrete and addition of 201: KCR, or
the T1 cen be ppted. as T1B(CaHs)s by addition of 2%
NeB(CeHs )e after reduction by 50s]. Yield = 45-80%.

10 wg T1 cerrier and s swall amount of Brp are added 3=5 mwin
to 2 ml of 6 K HC1 conteining Ac®23,

The soln. 18 heeted to oxidize the T1 to T1™® and ex-
cess Brp boiled out. The soln. is cooled, 2 ml of
ether added and the mixture stirred for 30 sec. The
ether phese 1s trensferred to ancther vessel and washed
for several seconds with en equel volume of ether sat-
urated with 6 N HCL. BSuch washing 1s repeated 2 or 3
times with fresh portions of acid. After finmal wash-
ing, the ether 1s transferred to a Pt &ish and ignited.
Preparetion of Ac?2% solution:

Ac225 ig geparmted from a stock soln, of U2 which
ban decayed for one year, as follows:

Ac®25 33 separated by co-pptn. with LeFg end 1s thor=

110



Tina for
Procedure for Separstion

Beparation Reference

oughly purified by a procedurs involving extraction af
the Ac®2Y yith a benzene scln. of themaoyltriflugro-
acetone to separate from Ra and Th isotopes. This 1s
followed by addition of Pb carrier and pptn. of Fb8S
to remove any extranecus Pb, Bi, or Po activities.

Tha Pb parent soln, is kept in 10 ml of 6 N HC1. T1 10 min
carrier way be added if dasired, but it 1s not neces-

3 or 4 drops of KMnO¢ moln, are added to oxidize TL™*

Ths soln. is stirred until loss of brown color.
After addition of 10 ml HCl-saturated ethar, T1*® ia
extracted into the ether, A second extraction by
ether 18 made by the same method and the ether phases
are combined. Tha mixture is then washed with 10 ml

With the spplication of preseure by a syringe, an 3 sec
anion exchange column (Dowex-1, 200 mesh), vhich holds
Bl parent activity in 0.3 N KCl is eluted with 0.3 K

The eluate 1s rapidly transferred to a counter anf

The target Fb is dissolved in HNOs, and the bulk aof tha
Fb is ppted. by additlon of BHC1 in an ice bath apd cenw
trifuged. The remaining soln, is then boiled with ad-
dition of more EC1l until no trace of nitrate remains.
After dilution to ebout 0.3 ¥ HCl, the soln. is slowly
passed through Dowex=-1 resin column (200 mesh), which
is heated to the bolling point of ismopropyl alcahol
(82.3°C) (391). This results in a very effective
sepArstion of Fb and Bi, the Bl adhering strongly to

The P5°”™™ 1s eluted with 0.5 N KCL from Dowex-1 resin
(about 1 cw®) on vhich BiZ97 ig absarbed. A few drops
af the eluate are transferred rapidly to a counter.

Production Type of
Buclide  HalP-Life Reactian Target Separetion
LUl Deughter of Pb PbClg Extraction
BTl soln.
sary,
to T2,
ot of 6 § EC1, Yleld = ~ 96%.
or of:
Ppieom 122w B (25m), Tead wetal Ion exchange
PpR03m 6l m B1%°%(111m),
R 6,18 B1°°%(13.30),
PRI 0.8 s B2 (277) HC1,
from Pb(d)
wmeasurad,
Preparation of the parent Bi:
the reain.
PLEIT® 0.8 8 Daughter of Ion exchange
B1°%", Pb(a)
] Dayghter of Bi Bi metal rrecipitation

The parent Bl is purified by ths BiOCl pptn. method (as 15 min
dsscribed below).

193

2ho, 6
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Bi< 198

Bl

204X
Po

1.7Tm

2=l min

o (d) Lead mwetal
P
Daughter of At At plated on
Ag foll
W84 (Re2°,m) Tungsten

metal (foll)

Precipitation

Recoll

Distilletlon

This ppt., 18 diesolved in a few drops of conc. HNOs,
10 mg Pb [as Pb(NOs)z] amnd 3 drops of conc. HNOg added
and the soln. diluted to ebout 8 ml. NEg is added
dropwiee until the soln. becomes just clear.

At the desired time for the wllking of Pb deughter ac=-
tivity, the soln. 1s diluted to 45 wl and heated in e
water bath for a fevw mlnutes.

The fipe crystels of B1OCl produced 1s centrifuged out.
To the supernant, 2=3 ml of NaaCrpOy soln. 1s added to
ppt. Pb as PbCrOy.

The PbCrO4 ppt. 18 centrifuged, end dissolved in 2 ml
4 § HCl + one drop of 30% HzD2. The soln. 1s heated in
a water bath to destroy excess HzOz. '

By addition of 20 mg Bl carrler, a BiOCl pptn. is per-
formed by a wmethod similar to above. Finally PbCrOs is
ppted. once again. Yield = about 85%.

The leed is dissolved in e minimum amount of 6 N HNOs.
B8 N NeOH soln. is added to the soln. until e Pb(CH)2
ppt. just eppears and then HNOs 1s added dropwise until
the soln., becowes Just clear.

A K1 foll is immersed 1n the soln. for eeveral min,
stirring continuously to obteln highest yleld of the

Bl activity on the Ni foil,

The Ni foll 1s weshed, dried and wmeasured.
pends upon the iwwmersion time of N1 foil.
25% in 15 min, 65% in 45 min.

Yield de=
10$ in 5 win,

The At, plated on Ag foll, ls placed in a vacuum
chamber with a collecting plate maintained at a few
100 volts negative potentlal. Some At volatilizes
across the gap and contaminates the Bl deughter caught
by G=particle recoll.

To rewove thls, some Hz804 15 placed on the Pt collect=~
ing plete and the plate 1s heated until the HzSO4 le
fumed off. Thie step converted the Bl to 1ts sulfate
which remeins on the plate while the At is removed by
the fleming.

Immediately after the cyclotron bowberdment, the tar-
get (oize: 13 x 19 mm = thickness: 45u) is placed un~
der an infra=red lamp to be heated. A few drops of e

15 win

2-3 min

195, 196
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Kuclide

Half-Life

Production Type of
Reaction Target Separatian

Time for
Procedure for Beparation Separatian

Reference

PoR°

poRL0

1l m

138.4 4

Electrow~

deposition

B1208(p,10n) Bismuth oxlde Extraction

Daughter of RaE ReDe«EsF aque= Extraction
ous soln,

s0ln., which 1s about 9 § in HF and 2 N in HNOg, are
plpetted onte the target surfece and spread over the
entire bombarded area. In the minute during which the
acld evaporates, dissolution of the W surface occurs,
producing a thin salt layer, The dried target 1s then
placed on a spupport. A half=cwm-thick esbestos ring,
lying around the W plate, acts as a hest insulator and
collimator, while a Pt plate, lying on the ring, catches
the quickly distilled Po from the heated terget. It is
necegsary to cool the Pt catcher foll with a small
amount of wolst tilssue. The yleld of Po = < 20%.

The target (0.184 g W) 1s dissolved in a mixed solvent
of 1.0 ml of 10.7 N HF and 0.2 ml of 14.2 N ENOs, It
is then diluted to meke 20 wl soln. of 0,54 N HF, 0.1k
N HNOs and 0.1% tartaric acid.
The soln, 1s electrolyzed as follows:

the cathode: round disc, painted on one side with

naill polish

the anode: Pt wlre

.dlstance between electrodes: 2 cm

voltage: 5 volts

current: 50 wA/cw®

time: 10 wiputes
Yield = sbout 30%.

The target is dissolved in HCl and the soln. adjusted 30 min
to ebout 6 ¥ HCl.

The Po in the soln. 18 extracted into 20% TEP in di-

butyl ether.

The orgenic phese is washed several times with 6 N HC1

and evaporated onto Pt counting discs.

The semple soln, 1s mede 0.25 M in KT and 3 N in HCL. < 20 min
1 ml of the soln, ls tramsferred to a separatory fun-

nel containing 4 ml of isopropyl ether. Po 15 ex-

tracted into the orgaenic phase with gentle swirling,

while Pb(ReD) and Bi(ReE) remain in the agueous phase,

Po is then back-extracted into 1 ml of 3 N HCI1.

Yield = ~ 804,

201

136

143
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po® 0.52 8 Daughter of

At211(7.2m),
from Bi(¢,n)
po2iid 25 5 PrE%8(a,n)
Po Daughter of At

Bismuth metal Distillation
for At

Lead carbonate Preclpitation

Extraction

The bowbarded thick Bl terget 1s heated in ‘a vacuum
and the evaporated At is caught in a liquid eir trap.
The At in the trep is dissolved in HNOg. A few drops
of the At21l (HNOs acidic) soln, are put on the Pt
strip (thickneses: 1,2-1,7 mils, sbout 1 cm wide and 5
cm long) and allowed to evaporate to dryness. This
strip is connected through a switch to & transformer
in order thet 1t can be brought repidly to a dull red
heat by the passage of a large curremt pulse, This
strip 1s mwounted on a sliding holder so that it can be
positioned rapidly over the thin window of a gas flow
proportionael counter. The procedure 1s to position
the strip away from the counter, passing a single
pulse of current through it to drive off the At emd
then sllde it over the counter window in order to meas=
ure the Po®'l activity.

(1) The PbCOs 1s dissolved in hot 6 N HC1 containing 30 sec
1.0 mg/l of Bl as a hold=back caerrier. A plece of Ag

foll 1is 4inserted in the aeoln, and stirred for about

1 min, Then the Ag foil 1s removed, washed in die=-

tilled Hp0, end finelly counted in the proporticnal

counter,

(2) The PbCOs 1s dissolved 1n sbout 5 cc of hot HNOs 4 min
and about 20 mwg of Bl in soln. 1s added. The soln. is

boiled to concentrate the HNOg, et which point, &

large part of the Pb(NOz)z precipltates as Pb(NOg)s.

The soln, is tramsferred into a centrifuge conme con-

talning NeOH to neutralize the HNOs and then 2 drops-

of a 1% soln, of thionalide (thiloglycolic acid P=emino
naphthalide) ere aedded. This precipitates the Bl as

an organic complex which carries the Po with it. The

soln, 1s centrifuged and the liquid poured off.

The ppt. 1s firet washed and then completely dissolved

in acetone., The acetone soln. 1s then dropped onto a

hot Pt disc to eveporate the liquid., The disc is then

flemed and finally placed in the counter.

The parent At actlvity is dissolved in 1-5 ml orgenic 40 min
solvent (benzene, CCly, di-isopropyl ether, etc.).
(1) . The soln. is washed with 0.5 wl of 2 N HzSO4=
0.25 N FeS04 soln. This keeps At in zero valency
state and back-extractes Po lnto the agueous phase.

236
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Production Type of Time faor
Kuclide Half-Life Reaction Target Beparatian Procedure for Separation Separation  Reference

The Hz804-FeSO04 phase 1s washed twice with di-isopropyl
ether end Po 18 then extracted into 20% TBP=-80% dibutyl
ether wixture.

The organlc phase 1s evaporated on a plate with a heat
lamp. (Do not flawe plete or the Po will be Lost.)
Yield = ~ 9%,

(2) To the originel soln. is added one=tenth volume 14, 137
of 20% TBP-1scbutyl ether and backeextracted with 2 M
ENOg=4 M HC1 agueous solm,

(Po, Bi, and Pb leave the organic phase and At remains
quantitatively in the organic layer.)

The Po can then be separated from Bl and Pb by extract=
ing into TEP soln. after destroying the nitrete ilon and
making the equeous soln., 6 M HCl.

At 43 g B1(2) Bismuth metel Extraction The Bl target is dissolved in such manner as to end up 58
At l.7Tuw Bi(a) or oxide with e soln. in cone. HCL to which FeSO, 1s added to
Tm Bi(x,10n) make sure that At 1s reduced to the zero state. The
25 m Bi(a,9n) At° 15 extracted into di-isopropyl ether. The ether
At 25 @ Bi(ca,8n) soln. is washed with dilute HpSO4 or HCl, (So far as
could be told by ebsence of Po and Bi @ actlvity, the
At is pure.)
The ether soln. 1s then evaporated on Pt or stainless
stesl discs,

Distillation This method gives At of somevwhat umcertain purity but < 90 sec 14
vhich is consldered as mdequate for determinetion of
short~=lived @ emitters.

The Bl target i1s put into a steinless steel crucible
fitted on the top with e water=cooled steel finmger to
vwhich & cooling Pt disc is clamped, When the Bi is
kept slightly above its melting point (as meesured by
a thermocouple fitted into e well in the crucible),
within a few seconds At distilled onto the collecting
plate, Po does not distill in epprecieble quentities
untlil considerably high temperatures ere reached.

At219 0.9 m Daughter of Distillation  The purified carrier-free Fr fraction is eveporated < 30 sec 126
1‘1'223(2%5), onto a Pt filament, A Pt disc is mounted 1-2 mm sbove
from Ac thie filement, and an electric current is pessed
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Rn2C4

Rn207
Rn?08

Rn.2]2

3m

6.2 m
10 m
2l m

25 m

Extraction
Au®7 (§24,3m) Gold metal Distillation
(5 mil foil)
m232(p) Thorium metal Recoil

(fo11)

through the fllement to warm it and volatilize the

At onto the collector disc.

Since Fr, Pb, and Bi will so volatilize if the temper-
ature is sufficlently high, a mumber of tests were
wade to determine at vhat current setting for the par=
tlculer apparatus the volatilization of At would occur
without contaminant voletilization of the others.

At is extraected frowm 3 N HC1 soln, of the Fr parent
soln, into an equal volume of 10% soln. of TBP in
butyl ether.

After a quick washing of the organic phase with 3 N HCL,

the organic phese is evaporated to dryness on a Pt plate.

Preparation of Fro32,

The parent Fr232 is eeperated frow Ac®®’ by a method

consisting of pptn. of free sllicotungstic acld from

a soln. of Ac2®7 in gaturated ECl, followed by separ=
ation of the Fr from the carrier on a cation exchange
resin (Dowex~50).

The extraction of the emanation is accomplished by
amalgamating the Au foll with Hg in a vacuum system,
The emalgem 1s heated with an induction heater to
speed up the dilssolution of the Au, The heating also
causes agltation of the sample, The gases evolved are
passed through a U=tube maintalned at the temperature
of & dry lce-acetone mixture and condensed in another
U-tube cooled by liquld nitrogen. Samples for count=
ing are prepared by the glow diascharge procedure as
outlined by Momyer and Hyde (179). '

The target consists of thin Th metel strips sandwiched
wlth thin Al foils to act as catchere for the recolled
atoms during irradiatlon.

After the irradietion, these Al foils are heated at a
very low temperature in & vacuum system, A slow
stresm of Ar carriles the emenation through two cold
traps at =50°C and into a final trap at -908C where
the emanetion 1s frozen out.

From this storage trap, the emapation can be easily
transferred to the counting system.

Beveral
mimstes

15=20 min

179, 241
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Fuclide

Production
Half-Life Reaction

‘Elbrpe of
Target Beparation

Time for

Procedure for Beparstion Beparation Heference

Frll2

1;\1.221

Thau(b)

19.3 w %2 (p)

k8w Daughter of
Ac®25(104)

Distillatlon

Thorium metal Distillation
(foil)

Thorium metal Precipitation
(foll)

Precipitation

Precipitation

The emanetion activity can be fixed on a Pt plate by
the glow discharge wethod (179).

The strips are heated to red heat with an induction 5=15 win
heater for 1=2 min, Ar carrier gas 1s then passed

through the flask and then through & trap cooled with

en ice bath.

Fnally the Rn is frozen out in another trap cooled

with & liquid K> bath and then lntroduced into &

sealed counting chewber. Yield = small from metal;

up to 50% from soln,

The target foll is dissolved 4in hot 6 N HC1l contalning
0.1 N (NH,)2SiFs.

After the dlasolution, 2 mg of Cs carrier is ppted. as
Cs=pilicotungstate from 6 N HCL, in which Fr 1s co=
ppted. The ppt. is washed with HC1, diesolved in HelH,
and Fe(0H)s scavenging perforwed. Finally, the Cs is
ppted. a8 CsClO4 co-ppting. the Fr frow anhydrous ale-
coholic HClO4 s0ln,

It 1s posslble to partlelly separete the Fr from Cs by
passing a 1 N HNOg soln, through a short resin columns
of colloldal Dowex-50, the Fr coming off at the last
of the othér alkalil elements,

The wethod involves co-pptn. of Fr wiun free silico= < 30 win
tungstic acid from cold satureted HC1 soln. To obtein
carrler-free semples of Fr, the sllicotungstic acid

ppt. 1s dissolved in water end passed through a Dowex=

S0 columm. The Fr adheres to the column and can later

be removed with 6 M HC1.

If the actinium perent is purified carefully, a 10 win
single pptn. of silicotungstic acid and a single HC1

wash are enough to get a nearly quentltatlve separa=

tion of the Fr®?! from ite parent. '

If a smell emount of inert solid matter is tolerated

1n the flpel Fr soln., the followlng procedure can be

180

100

127

179

125



g0T

7228
(AcK)

RaElS

2l m

2,7 m

Daughter of
Ac®®T (22y)

Th(p)

Solvent ex-
tractlon

Thorium wetal , Precipltation
(foil)

used. The ppt. of the silicotungstic acild which co-
ppte. Fr 1s dissolved in 500 ul of distilled Ho0 and
stirred with 1 or 2 wl of ether, In the three phase
system produced, the bottom layer consists of & liguid
compound of silicotungstic acld and ether, the upper=
most phase 1s ether and the intermediate phase is a
water soln. of Fr.

This method 1s not as satisfactory as the lon exchange
method since e swall part of the sllicotungstic acid
remaing in the aqueous phase, but 1s useful when the
wost rapld separstion is necessary.

AcK cen be extracted into nitrcbenzene from an agueous
soln, adjusted to pH 9 and 0.05 M in Na~tetrephenyl
boron. 99% of the Fr is extracted. If Re is present
in tracer amounts, 90% of it is also extracted. How=
ever, if the Na salt of EDTA 1s present to & concentra-
tion of 1%, the extraction of the Re 1s suppressed,
while that of the Fr remeins gquentitative,

The authors state that AcK cen be aeparated from all
members of the Ac®®7 decey chain with the exception

of Ac—c" (T1297),

The AcK can be removed from the nitrobenzene by con=
tacting the orgenic phese with two volumes of 1 N HC1,
In the reported experiments, & chloride soln. contein-
ing AcK and AcX wes prepared. Ne-borate was added un-
t1l the pH was 9., The soln, was.then made 0.05 molar
in sodium tetrapbenyl baron., (Before it was added this
reagent was purified by comtact with A1{0H)s and fil=
tration,) The soln, wes then stirred 3 win with an
equal volume of nitrobenzene.

To remove Ra from Th targets, the usual method of co= 5=10 min
pptn, with BaClpy is used., The target 1s dissclved in

EC1. (with emmonium fluosilicate catelyst added), the

soln. is saturated with HC1l ges and cooled in 1lce, and

the BeClp ppt. 1s. brought down within 5-10 min after

the end of bombardment. The pptn. 1s mede from about

10 ml of HCl using about 1 mg of Ba carrier.

The emanetion daughters of Re®’® can be studied by dis=

solving the BaCl, and sweeping the emanation activity

from the coln. :

189

179
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Production Type of S ) Time for
Fuclide  Half-Lifs Reaction Targst Separation ' _ Procedure for Separation Separation  Reference

Pb(CH) Lead metal Precipitation The Pb target 1s dissolved in a minimum amoumt of hot 5=10 win 179
2 to 3 M HNOg, and the soln. 18 saturated with HC1 gas
and cooled in ice. In saturated HC1 the Pb forws a
soluble chloride complex, Ba carrier (a few tenths
of & willigram) is then added to precipitate BaCly, and
cerry tbe Ra.

With sufficient Ba carrler and time to complete the
pptn,, one would expect quantitative ylelds.

The pptn. is not lnstentaneous, however, and BaCl, is
slightly soluble even in saturated HC1,

To obtain thin samples for pulse analysis of the Q@
rays in & short tiwe, lncomplete pptn. of BaClp 1a
tolerated, and ylelds are sometimes es low as 20%,
Judging from tracer rums with Ra®2°,

Ra222 38 s Daughter of Recoil To get e maximum amount of recoil from a Th22® sample, 245
Th¥28(30,5m), Th 1s lsolated with a winimum of cerrier frow a eoln.
from containing 100,000 cpm of URSC and mounted on a Pt
Th (@, 6n )U=3° disc, By inserting this disc in a stendard G=coumting

chamber for & few wlnutes it is posslble to introduce
severel thousand cpu of Re?2® into the chamber, because
of recoll phenomenon.

The Th®2® sample 15 then removed and the recoil active-
1ty 1s weasured.

Aanz 5.5 8 Daughter of Thorium ni= Recoil Pa®28 {5 geparasted rapidly from the Th(NOa)s by B sec 176
Pa226(],8m), trate TTA solvermt extraction method (ms deseribed in the
from Th®32(a) section on Pa228),

The recoll atoms from a thin plate of the Pa fraction
are collected in & vacuum ln one section of a fast sam=-

ple changer,

Ac Extrection To the Ac tracer in mixed actlvities, about 5 mg of 129
pure Lu carrier is added end ppted. 85 Lu(OH)a with
NeOH at pH > 13.
The Lu(0H)g which coe-ppts. Ac is washed with Hz0 and
dissolved in 5 ml of buffer soln. (0.1 ¥ HOAc and 1 M
NaQAc) of pH 5.7.



G0t

TR2S4
(uxy )

PEZZG

2k.1 4

1.8 o

Daughter of
U388 (k,5 x 108y)

TH232 (o)

Urenyl ni=- Extraction
trate

Thorium wetal Extraction
(5 mil foil)

Thorium ni~
trate

Then the Ac end Iu ere extracted into 30 ml of O.40 M
TTA benzene by 3 wln shaking. The orgenlc layer is
washed twice wilth ~ 15 ml of pH 5.7 buffer soln.

The Ac (but not the Lu) is backeextracted into ~ 10 ml
of pH 4.5 buffer soln. made of 0.1 M formic acld and
1 M Na-formaete, This back extraction 1s repeated.
After adjusting the pH of the soln, to ebout 5,7 with
saturated NaQAc, the Ac 1s extracted once agaln into
& nev batch of 0.40 M TTA in benzene, After washing
with pH 5.7 buffer soln, and then with water, the Ac
1s beck~extracted twlce into e few ml of 0.05 M HC1.

To the semple soln. (10 wl) 1s edded set., (NHg)=COs
and Hp0 until the yellow ppt., which first foruws,
diesolves. BSufficient (NHg)2COs .18 added to meke the
finel pE of the soln, 8,0-8.5. By asddition of 1=2 ml
of 6% aqueous cupferron resgent and 10 ml of CHCls to
the ebova agueous soln., Th®3* 15 extracted into the C
CHCla layer, The extraction prodedure 1s repeated.
The combined CBCla extracts are washed with 20 ml of
Hz0 to which has been added 1 ml of cupferron reagent
and sufficient (NH()eCOs soln. to-wake the pH 8,0-8.5.
Then the Th®** 18 back-extrected into 10-wl of 3 M
nitric acid containing & few wl of saturated Brp water
which serves to decompose the UX; cupferrate, This
allows extraction of all the organlc material end ex=
cees bromine into the CHCls phase.

The agqueous phase 1s washed twice with CHClg and evap-
orated.

A simple extraction with & soln. of O.4 M TTA in ben- ~ 1 min
zene 1s sufflcilent to separate the lsctops from all

other @ emitters.

The Th metal is dissolved in comc. HNOg, 1n which a

few drops of 0.2 M emmonium fluosilicate hed been

added to accelerate the dissolution process. [The

Th(NOs)e target can be dlssolved directly in 4 N HNOs.]

The soln, is diluted to ebout 4 N acid and extracted
with an equel volume of TTA~benzene soln., The pheses
are separated and an aliquot of the orgenic layer con=-
teining the Pa 1s evaporated on a Pt plate., Yield =

4o-80%.

kg

175, 175
172
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Rucllde

Production

Half-Life Reection

Type of

Target Beparation

Time for

Beparation  Reference

Paaaim

“228

1.18 w Daughter of
Thz“ (lel

2h.1 &)

l.3m Th(a,9n)

9.5 m Th(a)Bn)

Th234 in HC1
soln.

Extractlion

Extraction

Thorium ni-
trate

Extrection

Thorium metal
(fol1l) or ni=
trate

Procedure for Separstion '

The Th®¥*-AC1 soln, is evaporated .under en ipfrared
lemp to e volume of 3 ml. This soln, is extrected
with TBP to remove traces of U (Pa is also extracted),
Thereafter the Th®3* soln, in aqueous phase 1s kept in
a 10 ml centrifuge tube and the PeZ34" daughter 1s ex=-
tracted with an equel volume of TEP di-isopropyl ether
soln, by sheking vigorously for 2 mwin and then cantri-
fuging to seperate the phases,

The orga.nic phase 1s weshed with en equal volume of

6 ¥ HC1 for 15 sec and then counted.

1-2 min

Pe can be extracted from solns, of irradlated Th by
d1-1sobutylearbinol (DIRC) (2.6=dimethyl-4=heptencl).
Pe 1is extracted from a soln, containing 1.0 M Th, 0.6 ¥
A1(NOs)s, end 4.0 M HNOs.

Impuritles are scru'bbed from the arganic phase w!.th a
soln, containing 0.6 M AL(NOa)s and 2,0 M HNOs.
Feed/organic/scrub volume ratios ere 1/0. 4/0 T5; there
are 4 extraction end 5 scrub stages.

Pa 18 stripped from the orga.nic with 1.0 M HROs con-
talning 0 05 M fluoride,

The extractlon is made et 50°C to decreese emulsion
formation, Yield = > 99.5%. :

For the measurements of ¢ rays, the extraction of U ~ 1 min
frow 10 N NH¢NOs or 3 M Mg(NOa)2 (0.1 N ENOg) soln. is
found satisfactory. )

After washing the ether with eeveral portions of the
nitrate solns., the U is finally back-extracted into
the water phase, evaporated on Pt plates and measured.
In the case of a Th(NOg)s terget, the irradiated tar-
get 1s dlssolved dlrectly in & mixture of the agueous
medlum and the orgenic extractlng agent, so that the
stirring of 10 sec for dissolution a].so serves as the
stlrring for extraction.

For the measurement of short=lived U isotope , the ether
phase 18 repidly removed from the extraction system and
ignited on the Pt plate to leave a woelghtless U frac=-
tion on the plaste.

~ 1 win

3

204

175, 173,
176



LOT

ylasn

0238

26.5 m

253.5 w

Daughter of
Pu®98(2k,360y)

Uasa(n;7 )

Thoriuvm ni-
trate

Bilological
ash

Silicete ma-
terials

Extraction

Extraction

The U is separated by an ether extraction from Pa®3®

soln, reduced with Fe'? and seturated with NE,NOg.
After several washing steps, the ether containing U
1s eveporated on a Pt plate.

Fev mwin

In the case of Thenitrate samples, the irradiated ~-30 min
sample is dissolved in 10 wl 0.1 § HNOs containing -

20 mg U carrier. After extraction by 10 wl 0.25 M

TTA in benzene, the aqueous phase 1s edjusted to 2 X
HNOs end extracted egain with TTA.

After the extraction and washing of the agqueous phase
by en equal volume of benzene, U is ppted. as emmonium
diurenate by addition of NH(OH. The ppt. is centri-
fuged. : o
The ppt. is dissolved in dil. HNOs, and 5 wl of 0.1 M
EDTA added. The soln. is made neutral for méthyl
arange with NH(OH. '

By addition of 10 ml of 1% oxine~CHCls soln., U is ex-
tracted es the axlnate. The extraction is repeated.
The comblned extract 1s washed with 5 ml 0.02 M

(NH4 )oFDTA. The U is back-extracted into dilute

acld and ppted. as U-oxinate from NH,OH=NH4QAc buffer
soln. Yleld = 60-80%. :

The irradieted ash sample 1s dissolved in 4 ml cone.’ ~ 30 oln
HNOs containing 20 mg U carrier and evaporasted. The

residue 18 dissolved in small amounts of 2 K HNOa, 1 g

of Al(NOs)s added, &nd U extracted by the ether.

The U 1s back-extracted by HoO and ppted. as diuranate.

The latter procedure 1s the same as above, Yield =

~ 60,

The irredisted powder sample 1s dissolved in 1 ml ~ 30 mwln
of a soln. of comc. HNOz, ~ 0.5 ml 40% HF and 20 mg U

carrler and evaporated to near dryness. The residue

1s dissolved in dil. HNOs end NH4OH edded. The ppt.

1s dissolved in 10 ml HCL (2:10) and cooled in ice.

After addition of 10 wl 6% cupferron, the cupferrate

is extracted with 10 wl CHCls.

The U remaining in the equeous phase 1 extracted as

the oxinete, a&s described.sbove. Yield = 60-80%.

122

56

56
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Renction

Type of

Fucllide Beparation

Half-Life Target

Time for

Procedure for Separation Separation

Reference

Bp>32 13 m U?33(4,2n) Uranium oxide Precipitation

P'recipitation

The U oxide is dissolved by 8 N HNOg conteining a trace 45 min

of Feto,

The soln, 1s adjusted to 1L N HNOs. A few mg of MnOz

are ppted. from the soln., by the addition of KMnO4

soln. and then of NaNOs soln. to reduce the permen=-

ganate. This MnOp pptn. acts as an effective decon-

tamination step for Pa, usuvally present in large

yleld. The MnOs ppt. is discarded. The nitrite re=
e 45 :

duces Np  to Np' .

The Np 1s co-ppted. with LaFg, by addition of I.a"'s

(1 g or less) and HF to the soln. The LaFg is then

wetatheslged to. hydroxlde by KOH. The U remains in

the supernatant soln. This La(OH)s containing Np 1is

dissolved by HNOs and diluted. HpSO4 and NaBrOg are

then added to the soln. to meke 1 N HNOa, 1 N HoS504,

and 0.1 M NaBrOs, and the mixture heated,

LaFs 18 ppted. from this soln. followlng the addition

of HF to & conc. of about 0.1 M. The supernatent con-

taining Np"'a 18 then diluted a factor of five by ad=-

dition of excess BOp soln. so that all Bro3' is re=

duced. to Br™. Then Np'M 1s co-ppted. with LeFs from

a soln, which has been made 1-3 M in HF.

This LaFg 1s diesolved in hot saturated Al(NOs)s ague-

ous soln., adjusted to 1 M'ENOa, O.1 M NaBrOs (Np + +6)

end heated for 2-3 win. Bolid NH¢NOs is then added to

10 M concentration. This mixture is extracted by twice

its volupe of dlethyl ether and the ether washed by 10

M NEMNOs soln. The ether contalning Np is then evap-

orated on a counting plate.

The uranium target 1s dissolved in 6 M HNOs conteining
1073 M Ce™, 0.02 M 7r**, end Np*® tracer. After 1 uwin
heating (Rp + +6), HgPO, Is added to the soln. and Zr-
phosphate 1s ppted.
To the filtrate conteining Np(+6), NoHp+Hp30¢ and Fet2
are added - :
(N2Hz+B2804 + 0.0L M)
( Fet® + 0.005 M)
end ¥p*™® 1s reduced to Np** ¢« 1 mg Zr™ is added to

166



601

Fp°4° 7.3 m Daughter of
1240 (14,1n),
from

U8 (n,y JU238,

129z, JuR4o

Ax?48 25 m Daughter of
Pu24€(10.854)

Uranium ague=
ous soln. (150
ng U/ul) con~
talning tracer
concentrations
of Cs, Zr, Nb,
Ru, and rare
earths

Preciplitation

Extrection

Ton exchange

Extraction

Precipltation

this soln. and Zr-phosphete 1s ppted. The Zr-phosphate
conteining Kp** is washed with 3 N HNOg and 0.5 M HgSO4,
and then dissolved in 1 N HF™ 1 N HNOg soln.

By the a.dditionofOlmgLa. y LaFa 1s ppt. ﬂ.nde is
co-ppted. in LeFs.

After formation of the U complex with NHoO0H, the Np
daughter is co-ppted. with LaFs.

To 1 uwl of the semple soln., 3 mwl 2 N.HNOs end 1 ml

1 N BC1 are added and heated at B0® for 5 win.

The volume of the soln. is edjusted to ~ 4 ml by addi-
tion of 1 N HNOs.

The soln. 1s trensferred to & separatory funnel using
2 ol of 1 M NaNO> end allowed to stend until gas evo=
lution ceeses. The agueous phese at the time of ex-
traection should be sbout 1 N in HNOs..

The soln. is extracted for 10 min.with an equal volume
of 0.5 M TTA-xylene.

The orgenic phase (Pu) 1s washed with 1 N 1315[03 for 3
win and then the Pu 1s stripped from the crganic phase
by mixing thoroughly for 2 min with an equel volume of
10 N HNOs. ’
Thies nitric ecid soln. 1s washed with an egual volume
of 0.5 M TTA-xylene to rewove the last traces of Zr
and Pa activities aend centrifuged for 1 min. Yleld =
~ 99%.

The purified Pu parent is absorbed on & columm of
Dowex-1 anion -exchenge resin which had been previous-
ly washed and graded and equilibreted with e HC1-HNOg
mixturs (sbout 30,pl conc. HANOs per 5 wl comec. HC1).
The Am daughter ectivity can be wilked by passing the
HC1-HNOg wmixture through the columm.

The Am daughter can be wllked from the Pu éctivity by
weshing the TTA benzene soln. with 0.5 N HC1.

The Am daughter is co-@ﬁted. with LaFg from a soln,
contalning Pu parent which have been oxldized to the
+6 state.

147

183

24

4



(119}

Fuglide Half-Life

cp2tt

Eﬂie

E248

25 m

T=Te3 @

25 w

Production
1

Cu2 (o, 4n)

cn42(a,2n)

U8 (N4 )

cf4a(d)

Type of Time for
Separation Procedure for Separation Separation Reference
An aqueous Extraction The soln. 18 eveporated to near dryness two or three 210
soln, con=- times with 16 M HNGS.
taining lan- After the lest eveporestion, the sample is mede up to a
thanides and soln., 10 M in HROg and 1 M in KBrOg.
actinldes This soln. is sheken for 3 min with equael volumes of
0.15 M HDEP [d1(2-ethylhexyl)orthophosphoric acid)-
heptane soln. which has been previcusly washed with
10 M HNOs-1 M KBrOs soln. The organic phese 1s washed
twice with an equal volume of 10 M HNOg~l M KBrOs ague~
ous soln. The Bk in the organic phase 1s then back-
extracted into an equel volume of freshly prepared 10 M
HNOg=1.5 M Hz0> soln.
The aqueous phase 1s washed with 0.15 M EDEP-heptane
for 3 win and then with heptane for 3 min. Yield =
~ 97$_
cn?**(95%) Recoil The product nuclel from the target are collected on 39
contelning Extraction thin Au folls. These folls are dlssolved and the bulk
swall ampunts Ion exchange of the fiesion product and induced radicactivity are
of heavier Cm removed by & combination of solvent-extraction and ilon
1potopes exchenge technlques. The actinlde fraction is separ-
ated imto the cowponente by rapld elution from Dowex~-
50 cation=exchange resin, with O=hydroxy isobutyrie
acid as the eluent (42),
Jon exchange The sepsration is accomplished through the use of ion 259
exchange wethod employing the resin Dowex=50.
Precipitation The wethod 1s eccomplished by the co=ppin. on LaFs ppt. 101
Ton exchange and by the elution wethod from & Dowex~50 lon exchange
column,
About 101° Recoll The recoll producta in deutron bombardment are colw- 4o
atoms of Ton exchange lected on recoll collectors. . )
cr24® con~ After bowbardment, the Cf and E reaction products are
taining 2 x separated by the lon exchange method (255) and electro-
1018 atoms deposited on Pt foil. S
of Bk=24© ’

parent
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Fu”=° 30 u(o®)

Cr24%(a,xn)

2es. ~30 min = E2%9(@,n)

Uranium metel

About 103
atoms of
Cf248 cop-
taining 3 x
1013 atoms
of By4®
parent

About 10°
atoms of
E2B3 elec-
trodeposited
on the back=
slde of Au
foil (2 wil)
in beam area

Precipitation

Recoll

‘Ion exchange

.Recoll

Ton exchange

The surface layer of the U target 1s dissolved and car=-
riers are added. The separation of actinide and lan=-
thanldes are perrorweu oy LaFs pptn. and lon excnunge
methods (24h4).

The recoll products in bombardment of the thin tar=-
get are caught on e separate Au foll,

The chemlical purlficatlion and separetlon of the prod=
ucte involve weinly ion exchange technlques and elec=-
troplating as described before, :

From the thin target the nuclear transmutetion recolle
are ejected in a narrov spray and caught on O,1 wil Au
foll edjacent of the target.

The Au foll 1s quickly dissolved in aque regle and the
Au extracted with ethyl acetate for 1 min. The ague=
ous phese is then eluted through m Dowex=l anlon resin
colum (2 mm dlameter, 1 cm long) with 6 M HC1 to com-
plete the removal of Au end other impuritlies. The
drops. containing the ectinide fraction are evaporated
end the sctivity 1s then eluted through a Dowex-50
resin cetlon colwm with 0.4 X soln, of emnonium Q-
hydroxy-1sobutyrate, vwhich 16 edjusted to pH = 4,0
with NH.OH to separate the various actinide elements
frow each other, (Mv-Fu=E=Cf)
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