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ABSTRACT

An activation analysis technique employing He3 induced
nuclear reactions has been used in a study of the oxygen
and cérbon contents of éOme lanthanide and actinide metals,

The experimental application of the technique has been re-

~fined., Its reliability within the limits of oxygen concen-

tration encountered in this étudy has been investigated, and

an approximation has been eldiminated which introduced errors

of greater than 50% in some cases in the calculation of re-

sults,

The oxygen and carbon content of metals produced by

- reduction of their respective trifluorides with barium vapbr

has been studied to determine the ability of some drying -
teéhniques to remove these elements from the trifluorides,
Metals produced from untréated trifluorides éontain about
6000 ppm oXygen. Metals produced frdm'trifluorides treated
with anhydrous.HF‘gas were found to contain as little as 300

to 400 ppm oxygen. »
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1. Introduction

It is known that the erystal structure and lattice constants of
metals are often influenced by small amounts of cationic and anionic
imourities., High £emperature crystalline phases, or structures not,
ohserved at all in metals of High.ﬁﬁrity5 are stabilized at room temn-
erature by low contaminations. .

Anionic Gontaminations have not been examined closely, due to ana-
lytical difficﬁlties, but abpear to be of noticeablé effect in several
instances, | |

Calcium métaiAconiaining only a few parts per million (pom) cate-
ionic contamination has only two allotropic forms: face centered cubic
(fec) to 464L° C., and body centered cubic (bec) to the melting point.

lowever, when such calcium is déiiberatlyﬁcdntaminated by exposure to

- large amounts of carbon, nitrogen, or hyirogen, an hexagonal closest

vacked (hcp) and a form éf lower symmetry are observed.1

If ytterbium metal is air oxidized to form a thin film of oxide to
prevent its vdlatilization.during high tempefature x-ray stulies, the
transformation to tge High'temperatufe hexagnnal'form occurs at 710°C.,

and is not reversed to form the room temﬁerature stable fcc phase until
. . . ' o
260°C. 'In pure ytterbium metal, the hexagonal ph:ise is not observed on

heating below SOQOC.,'and after formation reverts to the cubic nhase below
b00°c,2 oy
3

A

McWhan” has prenared americium.metal from AmFB and from AmO,.

¥etzl made from the trifluoride was indexed as double hexagonal closest
packed (dhcp), end is taken to be the room temperature stable phase,

i

Fetal nrepared by vdlaﬁilizaéibnjfromra mixture of lanthanum metal and

americium oxide was collected on tantalum or guartz fibers and was shown
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to be face centered cubic in structure., Fcc is probably the high temp-
erature phase of pure americium, These factors seem to indicate that
oxygen stabilizes fec americium. Spedding and Daaneh have claimed

t-~at trace amounts of oxygen, as YZO which has a maximum solubility

32
of 2 mole per cent. in YFB,'contributes to oxygen in yttrium metal vrod-
uced by reduction of the YFB.with vaporized Ca.

Phase stabilization by impurities is possible to the extent to which
it occurs in metals because of the small values for the heats of tran-
gition normally observed between two crystal phases. The enthalpy diff-

erence hetween the high and low temperature forms of several metals is

given in Table 1..

Table 1
Metal - Tragsition f/ A Hy, cal/mole
vLa ‘ dhep-~-bee / 760
p4) fce-hep 425
Pr dhep-bee 760
Ca ‘fee-bee 2L0

‘Although phase stabilization is the most obvious effect of contam-
inatioh, significant chaﬁges in lattice parameters arise when impurities
are present in room temperature stable structures, The effect of varying
the oxygen concentration between 100 and 3000 prm in vanadium metal.is
shown in Figure 1.5 The influence 6? small amounts of gold on the latt-
ice parameter of aluminum is very striking, as indicated in Figure 2,6

The following work describes the édéptation of an activation analyti-
cal technique for the investigation of anionic contamination in samples
of the size encountered in trangplutonium research, and studies made of

variables in the production of lanthanide and actinide metals.
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A, Detection of impurities in‘micro‘samples

GCationiec impurities are‘readily detectable'by emuission snectro~
graoHLc techniques. Sensitivities of lOO pbm are possible for many ele-
ments, “and may be 1ncreaseihby chemical isolation of a susvected contamin-

ant from the bulk of a sample. The tetel sample required does not exceed

100 micrograms. | |

In the purlflcatlon of source materlals for metal nreoaraflon, a high
degree of nurification from cationic 1mpurit1es can be achieved bv ion
exchange chromatography. lh the case of the actinides, radiochemical ass-
ays cen show the degree of.contaminatioﬁ from other members of the series.

Due to the radioactivity andilack of availiablilty of the transolu—
toﬁium elements,‘their ﬁetals are Droduced in such small ouantities that
common anionic analytical methods can not be emnloyed even when an entire
metal nrenaratlon is used 1n one analysis. o

Methods usually emnloyed for analysis of cerbon,“oxygen, nitrogen,
and hydrogen involve the fusion of the samnle w1th carbon (in the case of
0, N, and H), or oxygen (for C, N, and H analy31s) The oroducts of fus-~
1on may be swent onto a molecular sieve column 1n a gas chromatographic
analy51s, or excited by a DC discharge and detected through their emission
spectra, These methods as they existvrequire nearly milligfam amounts of

fusion products, whereas an entire metal reduction may weigh less than a
B . y -

-
\

milligram, in the case of americium‘or curium metal. These methods are

necessarily destructive of the sample,

For the past few years, activation analyses have been used in many

forms for many elements, _bo‘th metallic and non ‘metallice These methods

need not destroy. the sample if the activity of the speciee of interest'c&n -

be singled out from other activities. Sample size is not an important
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considefation if the aetivity produced1has a convieniently long half
life and the Crese_section for its production i; reasonably large.

The moet familiar-form of activetion‘analysis is neutron activat-
ion. However, more than fifty elements undergo the. characteristic’(n,t’)
resction. The nroducts of (n,gf) reactions are almost all #" or ¥-ray |
emJAters, eo if more than one ‘or two svecies with thh (n, K) cross sections
are nresent in a sample, chem{cal 1solat10n of the actlve specles is reqg-
wired., Besides destroyingvthe sample, this takes time, with consequent
reduction’of Sensitivity in the case of short lived isotopes, .

,'B. e3 Actlvatlon Ana1y51s,

In 1962, Markowitz snd Mahony7 advanced an actlvatlon anelv51s

' tec'mique for oxygen and a number of other elements through HeB—lnduced

“nuclear reactions. The advantage of this methodfis its specificity for

the anionsqof special interest'in actinide.metais._ All of the priﬁcipai
reactions for exygen; carboh,vand nitrOgen actjvatioﬁ are ekoefgic.
Hence, H93 vpertieles accelefated to energies only slightly hlgher than
the couloumb barriers of the nuclei to be actlvated will suffice. The
couloumb barrier of oxygen’le_about four.Mev; in practice, an incident
energy of afouhd ten:Mev is used. Since the ﬁetals to be analyzed have
couloumb barriers'of‘greater than 15 Mev for He3 penetration, no ex-
treneeus activity efises from activation of the.ﬁetrix in which susnect-
_ , N

\

ed contaminants are present., = \
Table 2 shows the reactione of\;ﬁterest,and‘half lives of the vrod-
ucts of actlvation.

All. three nroducts are p031tron (B*) emitters, The»half lives of

%,
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FIB’ Cll, and N13 are convenient, because they are long enough to be

detected seversl minutes after irradiation, but not so long that they

need to be watched for several days for identification.

4 Table 2
Conteninant . T e Nuelea éa ion ' Product half 1life
o6 o o ‘, 6'16(He3, p)FLE © 110 min,
cl? ‘ cl?(pe3,« )11 20,5 min.
N1k - < Nb(ge3, N2 10.1 min.

The major advantage of this activation, however, is that the three

product isotopes may be distinguished from all extraneous radiation pro=-

duced in'a bombandment; without decomposition of the sample., This is made -

possible by coincidence counting 6f the 0.511 Mev gamma radiations produc;
eﬁ by the anni hilation of a positron and electron, If the decay of the
positfon emitters as observed by coincidence éounting follows the resn-
sctive half lives of the vroduct isotopes, it ma& be assumed that other
activities are not appreciablyiinflpencing the énélysis} -This method
of counting was proposed by Dr, V.A. Ryan.8 |
When the method was advanced by Markowitz and Mahony, tle claim was
made for an ultimate sensitivity of ‘a fraction of a part ber billion
(prb), It must bé emphasized that this is. a calculated limit baseii

3

only on the.flux 6f incident He” particles which will not thermally de-

grade a metal sampie. Markowitz;aﬁd Mahony:did not attemot to verify ~
. S \ : ' '
this sensitivity experimentally, and did not obtain good apreement with

knovn samples in the higher 1000-ppm levels. -

Nevertheless, the method offers a means of analysis of the small

guantities of actinide metals produced in this laboratory. It was ad-
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apted ﬁo avmicro.scéle by Demildt s wﬁo with Jere Green performed
many of theveafly analyses., | |

C. Equipmentv

1. The rotating'target

Because of large fluctuations iﬁ the beam intensity of an accell-
erator, it is'désirable to bombard a samnle of knowﬁ oxygen, carbon, or
nitrogen concentration’aiong with an'unknown samnle, The integrated beam
flux ﬁay then be-Caicuiated from the activity of tle standard; or more
simply, the éétivity of the unknown may compared with that of the‘stan—_
dard., Since the'beam is'generally inhdmogeneous, Demildt sought to insure
ecual‘exposure of tﬁe‘samples‘and.standards 5y placing them in a suite
~ able holder and'fotating thé holder continuously in the beam, so thatv
each samnle is exposed frequently to the entire b;am for equal periodé
of tire dufing an irradiation, |

The targét hblder is made'df copnef, and must be water cooled,
siﬁce thermal dégrédation‘of the samples would occurr in the absence
of cooling. Currently,‘the'maximuﬁ_beam which”can.be delivered to the
target by the 88—inch cycioﬁrpn or the Heavy Ion Linear Accelerator
(HILAC) at the University of California:Laﬁfence Radiaﬁion Laboratbry,
- Berkeley, is about 1 microwamperg.(jka).¥ At ten Mev, fhis”beam deposits

A

10,000 watts of power. R '\~‘:

The rotating target assémbly i§ shown in.Figure 3. As designed and
constructed by the HILAQ»Accelerato; Technicians,‘the target was intend-
ed to be cooled by the 90 psig wéter availiable at the HILAC, After
somebusé,.the seals began to‘ieak. At aboutvthe same time, the authbr
hecare ih£?res£ed'injkeeping the assembly under iacuum duringvbombardment,
which would add 14 poundé more differential across the sealé.' Dr.

Cunﬁingham suggested that the coolant be sucked through the system,
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rather than forced., This lowers the differential to atmospheric
pressure when the system is operated in a vecuum, and serves to stop
leakage. The cooling system and its heat exchanger apneczr in Figure
Lo

2. Encapsulation ecuipment.

Because of the reactivity of metals, particularly lantianide
and actinide metals, with respect to components of the atmosphere,
it is necessary to isolate them after preparation and during bomb-
ardment. A technique for packaging samples in metal foil was de=
veloped., Demildt used tantalum and later platinum foil for nack-
aging; the author has used gold foil in most of this work because
it is lower in oxygen content and forms a cap.sule that is much
easier to open after a bombardment, when time is precious if the
activity is low. The packaging equipment avpears in Figure 6, nage
18. Its use is described on page 23,

3. Inert atmosphere equipment

Metals prepared by the micro reduction procedure described
later are coated with a great deal of slag. Other metal samnles
are cut from foil and are coated with varying degrees of tarnish,
To remove surface contaminations, samvoles are scraped until clean,
and worked to the proper shape for analysis, in inert atmosphere
boxes, \

A number of such boxes have been constructed in this laboratory.
lMost of the boxes are of the flush tyve. Two have recycle systems
wrich purify gas from a box that has been flushed overnight end then
isolated. The isolated gas is passed continuously through a coil

at liquid nitrogen temperature and then over copner wool heated to

12
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600° C,

An enclosure constructed by the author has been used for more
recent work. It is constructed of materials strong enough to with-
stand total evacuation, and connected to a large Welch Duoseal pump
(capacity 1400 1./min,) via a four inch diameter cold baffeled tub-
ing. The system is evacuated to 0.l micron of Hg, vented to high
purity inert gas, evacuated again, etc. After about three such
cvcles, it is vented to atmospheric pressure with pure gas and used
as an ordinary glove box.

i is mounted in the

A special vacuum tight hydraulic press
lucite top of both "re'cycle" boxes and the evacuable box, for the
purpose of packaging samples in gold foil. These boxes are fitt-
ed with "Buta-Sol" gloves, which have lower coeficients of diffus-
ion for water vapor than ordinary neoprene gloves. (Availiable from
Charlestén Rubber Co., Charleston, South Carolina,)

The evacuable boxméppears in Figure 5

D. Experimental -

l. Preparations

As stated above, all sample preparation is done under vacuum
or in inert atmosphere boxes, .Although the inert boxes are equipped
with evacuable air locks; it is good vpractice to nut all necessary
varaphernalia into the working areé\before creation of a good atmos-
phere. This avoids the pbssibility‘of cont;mination of the atmos-
phere after cleaning of a sample has bggun.

Prior to placing the tools in tie box, gold foil discs must be

cut for packaging the samples. Figure 6 shows the cutting tools,

14
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as well as the other important sample preparation equipment.

For each sample, a 5/8 inch diameter gold bottom disc is cut
with tool G, fig. 6. One mil (0.001 inch thick) gold foil is plac-
ed in the slot near the base of the large portion of tle cutter.
The 5/8 inch steel dowel is placed keen end down in the hole in the
cutter body in gentle contact with the gold foil. %he dull end of
the dowel is struck lightly with a small hammer to cut the disc.

A similar number of 5/32 inch diameter gold "hats" are cut from
1 mil gold using the large cutting tip (B) attached to cutter (A).
Note that it is necessary to weigh accurately (nearest 0.1 mg.)
about ten square centimeters of the same foil from which the hats
were cut. This is done to figure accurately the beam stopning pow=
er for the foil used for hats. The cutter (A) must be fitted with
a 5/8 inch dismeter copner disc under a 5/8 inch diameter paper
disc to avoid dullirig the cutting tips. These discs are placed in
the recessed hole directly below the tip,

After the packaging foils are cut, they must be fired to re-
move grease, dust, etc, This is done by placing each disc sep-
arately on a platinum counting plate of the type used for radio-
chemical assays. <the plate is then lowered with a pair of forceps
into t he working coil of a 300 watt induction heater, which has been
set to produce a dark cherry red glow in the platinum vlate., A few
seconds at this temperature is sufficient. No advantage has been

observed when using foils fired under high vacuum,

After firing, each foil should be kept in a clean, individual
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glass vial. Tﬁo plieces of gold cléaned by firing tend.to adhere
tenaciously to each other if-they are allowed to come into coﬁtact.
When the foilé have.been prepared,’they should be placed in
an inért atmosphere box along with the following equipment: cutter
(A), equipred with the small - tip - as in fig. 6; the sealing die,
consisting of the base (C), washer (D), cover (E), énd plﬁnger
with O-ring.(F); also a lab jeck, petri dishes and slotted covers
(1), two or three fine tipped forceps, a Bard-Parker knife handle
with several extra blades, a finely ruled reticule from a micro-
scope eyepiece, and some bbttles to receive thevprepared samnle s.
A1) boﬁtles'shouhi have their cans removed prior to plgcing them
in the box, aé the caps retain sair,
If only foil samples are to be analyzéd, they may be cut befére
hand with the small cutter (J). >Lump metai'samplés should be plac-
edvinva'sealed?evacuated glass capillary., The samnles should be

in%roduced into the box along with the t cols, - If samnles not in

foil form are to be prepared, the equipment for cold-working them

into shape (K) shoﬁld be included,
>This equipmént‘cénsists of a small machinist's vice, two pieces
of tool'éteel, and small shims of 6 mil tantalum‘which have been
drilled'with various sized h01es<
After all necessary equipmegﬁ has‘been assembled, an'inert-atmos—
phere may‘be created in the enclos;x;'eo
. 2, .Cleaning andrphotographing\

It can not be stressed too strongly that great patience is
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required to obtain reliable and reproducible results, The area
in which the‘sanple is worked must be kept clean, as must the tools
with which the smaple is handeled and worked. Thoreﬁghness in carry-

ing out all steps is essential. To recognize the attention to de-

“tail that'is required in cleaning metals and protecting them from

recontamination, note that in a one mllllgram samole, one mlcrogram
(ag) of cOntamlnatlon corresnonds to 1000 ppm,’ |
If a sample of zctinide or 1anthan1de\me’qel‘ prevared by the
micfo reducticn process described in Part Iiichfthisiwork is to
be enalyzed the follow1ng steps must be taken° ,
a, The metal will be in the form of a bead of ab-
out a mllllmeter in dlameter. It w111“be'attacned~to a
‘piece of 3 mii‘tungsten wire, and wiil.be“euffounded by
a coatlng of barium difluoride slag. It is efteﬁ con-
venlent to remove thls slag prlor to the tlme of prepare-
ation for_analy31s 1n onder to deep the area free from-
BaF2 dust. U31ng the wire as a "handle" to be grasped by
forCens, scrane the bead of metal with- the knife until all
slag and tarnish are removed from the bead and 1ts en--
'tlre surface is brlght and shlny. This work is done w- .
der a ‘binocular mlcroscOpe)\as are all of the cleaning
“processes, The bead should\be held in a clean'petri dish.
The possibility of loss of ﬁhe bead from the dish is re-
duced if a'slotbed‘plastic cover (I), Figure 6, is plac-

ed over the bead while scraping is in process,
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b 'After this initial dleaﬁing; change‘the petri
dish and mife blade., Now remove the wire to which tle
bead‘ié attached, and clean the groove which it occﬁpied.
in the metal by scraping with the tip Qf-the knife. Scf-
ape thé entire bead surface once more. - |

. Txamine the bead at this time to see if it is
larre éndugh to be split into.duplicate samples., As des-
cribed in step (d)'Below, the>Samp1e will be worked into

proner'shane'for analysis by pressing it into a hole in

2 6 mil tantalumvShim'(See K, Figure 6). If the bead is

lérge~ehough to be divided, each. half should be large

enough to completely f£ill one of the two largest holes

" in the shim., If one of the smaller holes must be used

after‘divisidh’of ﬁhefbead, it is too small to be split.
.d; Place a piece of.tbol steel on the lower jaw of
the small machinist's vice. Put, av6 mil tantaium shim
on the tool steel. Insert a metal bead, or hglf'a bead if
duplicate samples are to be prepared, in an aﬁprOpriately
sized hole in the'shim, and place the other piece of tool
steél oﬁer the tantalum. Lbﬁer the uprer jaw of the vice,
niaking sure that the tantalum remains sandwiched e\.renly
between the tool steels. Apnly %he:pressure reauired to
flatten the sample énd force i£ e%gnly‘around the curcum-
ference of the hole in the shim, o |

e. Remove the shim from the vice and place it in a

‘clean petri dish. Scrape both sides of the metal sample

2
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while it is'held ﬁn the shim, gach face should be cieaned
by scraping the éntire surface-fdur times, or more if necesssry
to remove tarnish or other contamination. The ﬁétal should be>
rétatéd about sixty degrees between sérapings to assure that
all rortions of the'faces are cleéned to the same degree, At
" no tiﬁe should the point of the knife or forceps indent
_the_surface5 aé this would drive.cdntamination deep within
‘the region penetrated by the HeBbeam. Scraving is a centle
process, rémoving only a few microns of metal at a time,
If the metal Samples'havebbeen cut_from a piece of foil, rather than /
prepared in the form of a bead, they will alfeady be of the proper |
dimensions for analysis, end a final cleaning is ali that is necessary,
The following steps. apnly either to foil sampleé, or metal as treated
in steos (a) fhrough (e) above. | |
.f._“Hemdve the sample ftrom the=éhiﬁ by pressing gently with
the ﬁip of the knife at the point where the tantalum and
- metal sample meet, wﬁile slightly:bending the shim, Holding
the faces of the little disc of metal gently with the forceps,
scrape around- the circumfereﬁce.' vathe metal has.come from
the shim, there mey be some flashings around- the edge, and
these must be removed at tﬁig;time.
| _g,' Screve the faces th;ge times again, Select the
féce which willvbe expoéed to fhe;beam;- Invert a petri dish
on the lab jack, place the éample on the dish with the -selected
face up, and place fhe‘small;reticﬁle?over the sgmple.

_Make sure that the ruled side of the retiéule is the side

22
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in contact with the'sample, and that the rulings are
directly over the metal, Raise the lab jack until the
sample cah be brought into focus in a monocular miéroscope
placed on the iupite top of the glove box,

h.- Center the sample in the micréscOpe.r Connéct a
phbfomicroscooy unit eduipoed with a Polaroid camera to the
mlcroscone, and photograph the magnlflcaéion of the sample

and oculayécale. (If no photopraphlc equloment is availiable,

'a camera luc1da may be used to sketch Lhe perimeter of the

samole, as was done in orev1ous work. The author has
used the photogrannlc method in most of this work, ) The
purpose of the above step is to obtain the area of the
targets, which is requlred in calculaflng the results,
Some pictures of samplgs may be seen in figure 7.

- i, Scrape ﬁhe face of the sample which,will'be exposed

o the bean.once more, Be cautious.not to alter the érea,
wnlch has already been recorded.‘ | |

~ Jo Put a: 5/8 1nch dlameter pold‘f011 disc 1n.tae fe—
cessed portion of the3§eallng die base (C), fig. 6. Press

the washer (D) over fhe gold, Center the metal samnle

“in the center -of the‘hole\in the washer, being certain that

the face which has been plb‘*rographed is up. Put a‘gold fOil
hat over the'samnle., The hat should exactly £ill the hole
in the washer, Insert the plunger (P) in the die cover( )

from the flat,sxqg;ogathe die cover, -The end of the plunger

s
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with the small raised ring should be towards i the hollow nart
of tﬁe die cover, Do not insert the plunger so far £hat
1t protrudes 1nto the hollow portion,

k. Genuly place the dle cover w1+n plunger over the

die base, The small hole in *he cover should be oooosite

the "channel" in the top of the die base to facilitate pump~
ing out the sample area, Wow vbress the nlunger ; cnilv but
firmly doWh'on the gohi'hat; Being careful not to $ilt or
knockﬁihefdielassembly 50 as to displace the sample, place
it in the recessed portion of tie base of the mress mounted
in the top of the_glove bhox,

1, Tvacuate fhé‘box to a pressure of one micron or less
for twenty-minutes.» Tnen put about 1200 pounds pressure (six

small scalc d1v151ons)on the die, This serves to cold weld

the gold f01ls together around the sample, Release the press-

ure and vent the tank to atmospheric pressure with a pure
1nert ras..‘ h

m, Dissassemble the die and rémove the target., Put
it hat side up in the 5/6 inch recession in the cutting ool
(A), which should be fitted with the small cutting tip. The
target fits in‘thé receséion 50 that the nortion containing

: \ , ‘
the sample is exactly under the cutting edge. With the palm

depress the Dlunger util the sample nackage is cut from

the main nortlon of tﬁe gold bottom foil,

Ne JhSpect the packaxc to acertaln that the ecal has

v
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not been cut and that'thé packare 211 be air tight. i
The'stendanis wiich are run'along with the samples do_not require
cleaning. Forvoiygen standards, quartz discs of 1/16 inch diameter X
are used., Small pieces of corborundum are used for carbon standerds, p «
Neither material tarnishes » So they may be used without preparation,
Since the standards should be bombarded at the same energy as the
samples, they are packaged in the same ﬁay as thé'saﬁples using the éame
gold for hats that covers the samples,. | |

3, Activation and céunting.

The‘COppér'blOCk in which the targetsvare mounted is drilled

with six 1/8 inch diameter recessions on a 5/6 inch diameter circle,

The packages are a snug fit in the recessions, and ‘a special ool

is used to press them into position., It is desirable to place the
quartz standards 180° apart,-so that as many metal samples as
possible can be pléced ad jacent to them, One.corborundum_standard
is usually included in aﬁ analysis, Care must be taken to assure
that thé "hat side” of the tarfefé faces away from the copper
block,
After the sampleé and standards have been placed in the nloclk,
an‘aluminum foil of the desired thiclmess, which has been weighed to
determine its stopping power per hpit area, is ecut to fit.the block. - .
t must be shaned so as to expose %he holes through which the block ) .
‘is bolted,to.the_rotating assembly. lA hold-dqwn riné is then bolted X
over the foil. The block; loading tool, algdld,package; éluminum foil

and the hold-down ring sre shown in figure 8,

< .
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The terget block is bolted to the rotaling assenbly, #nd it 1is
olaced in the beam tube of an accelarator in 'a mounting which will

nosition one portion of the 5/€ inch circumference on which tae

tapcets are mounted directly behind a 1/8 inch collimator..

The collimator is grownded to the mounting, so that a heanm
current reading may be teken from it, and from the target itself,
which is insulated from the mounting. An electrometer lead to the

control room of the accelerator is attached to the tar-et, and

_enother to the mounting.

If the rotating'targets are to be bombarded in a vacuum, & small

menifold is éttached to two small tubes leading to the "bucket" which

receives the target assembly. See figure ¢ for a diasram of the

mounting apparatus. Vacuum may be aprlied through this manifold,
or alfernately, the vacuum:ﬁinddw (ZOvmil aluminum) between the
"hucket? and beam tube cah be removed so that the vacuum of the
aﬁcelarafor itself is used. Wheﬁ operating under vacuum, all seals
in the rotating ‘baf_get must be previously checked for leaks with a
maés speétrometer type heliuﬁ!leak detector,

Shortly before bombéndment;ié tg étart,'the cooling water‘leads

and motor drive flex cable are connected to the target, and the waier

pump is started, Bombardment at a éam current of about 500millimicro

3%+

amperes of He

ent on the oxygen contamination expected in the purest metal sample in
the target., For a sample ¢ontaining about 100 ppm oxygen, a total inte-

rrated beam of at least 800 to 1000 millimicro ampefe hours must be

ions should be carried\out'for a period of time depend=-
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acowmleted to produce & useable amownt of F activity. A sample

containing about 1000vpm oxygen will be sufficiently activated

.'by around 500 millimicro ampere hours,

If the 20.5 miﬁute C;l activity is to be meésured for
carbon analyses, the cépper block containing thebtargets must be
brought'ﬁo the counting areé as quickly after bombardment as possible,
Unneckaging equipment. consisting of a small screwdriver, forceps, aﬁd
sharp tipped Bard-Parkef knife should be pre&iéusly laid out in a
veﬁtilated hood'nexﬁ»to a binocular microscope and aluﬁinnm counting
holders, If radiozactive materials are being analyzed, unpéckaging should
be done in a glove box.’

Using the screwdriver;vthe hold down ring and aluminum foil arec

‘removed from the covper block, The purest sample will have the lowest

activity, and éhpuld be_ﬁnpackaged first so that counting can begin on
it immediately. Unpackaging is performed as follows:
"a. Remove a gold package from the copner block with the
forceps, and piace it.under the binocular microSCOpe.'

b; Press down‘on the outer édge of the package with thé
forceps tips, holding them slightlj separated s0 that each tip
.contacts the edge of the pa?kage 150° apart,

c. With the package héig in place by the forceps tips,
slice gently with the sharp pgint ofvthe knife through the top of
the package' (the hat). Cut thr“o'ug;,h the hat outside of the |
"portion of the packarge occupied ﬁy the sampnle to évoid removing
activity from the surface of the sample itself, Cut the hat
as ﬁuch as is necessary to peel it béck, revealing the éamnle.

'd. Tiemove the samnle wifh the fofcepé and place it in a

comnting card. . Tape a cover over the card and take it to the

LY}
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counter,

Unpackaging ié a simple process, but cére should be taken not
to scratch the surface of the sample, thus removing acﬁivity.- The
forcens shouid not be closed while being used to hold the packare
during the cutting process, This ﬁill crimp the goLd,‘making it
more difficult to extréct the sample, and éan break a fragilé tar-
get such as a qua:tz-étandard. Uhpackaging.does not neced to e
éa:ried out in an inert atmosphere, since atmospheric contamineation

after activation is of no consequence as far as the analysis is con-

. cermned,

All samples should be couhted‘through at least three half lives

18). The standards contain

of the longest lived activity (110 min, F
apout two orders of magnitude more oxygen of carbon than the samples,
and conéequently will;"saturateﬁthe couﬁter when they have just come
from bombardment., Hence, they may be ﬁnpackaged at leisure, since
they will have to "coolloff"before they can be counted. The corbor-
undum standards for carbon anal:sis may be comnted aftér about thirty
minutes; the quartz standards after three of four hours,
E? Calulations. |
- Preparation of a thin foil target of wmiform surface density
(veight per unit area) from the qyantities of metal prépared in this
laboratory would bs nearly impossible.‘ In addition, a thin target would be
. 3 .

undesirable because the effects of surface contemination would be approx-
imately doubled if the H63 beam could pass through both surfaces of a
target. ILffectively infinitely thick‘samplesvonly nave been used in this
work,

The_broblem of defiping the portion of a target surface‘expose&

to the beam is eliminated if the target is smaller than the beam. All

targets used were 1/16 inch in diameter or smaller, so were easily cove
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“erad by the 1/¢ inch collimated heam.
The sctivity of a nroduct isotope of half life (t3) at eny time

(t)'aftér the end of éctiVaLion (to) is given by the expression:

. . £
G N ; . 0.6931 — : )
- — — - cy v .

,:.z dt / NQ‘QB[/—vav a
:,: - i /3
: in which (/= the number of atoms of the species to be activated which
§ are seen by the beam,
- . v o e T3 v 03 e
; = the intensity of the He” beam in He”/cm~sec.
- s e -2 2
: U = the cross section for sctivation in bzrns (10 7 cm. )
i | g s |
: For the case of a thick target which is smaller than +he bean,
N RSES o
; - wnere ‘R = the range of the beam in the target substance, in ng./cm.?
{ S = the surface aree of the sample in cm.?
¢ o | 16,
L z = the weight fraction of the species (for example, 07 ) in
ié the .sample o o
i 3 - | e s :
L S = a constant for the species in units of atoms/mg.
1 . ) .
: this gives: : '
5 : . —0.00 27
b J M) ~0.¢ed 2L
! = g — ¢
P | "(at')'.JVP\SI ¢l/-« « ]
Since the cross section () is dependent on the enersy of the

activating He3 particle, sigma will not be constant if the target is

thicle enough to signifigantly degrade the bheam energy, as is the case
i in 21l targets used in this work.
i ’ . "’\‘ )

i Sigma is dependent on the eﬁgrgy,'and the range. of He3 particles in i

# a given target is also dependent on the energy, Knowing the relation . A
g - of sigma to energy (the excitation function), and the relation of range . ’
3 B . : . ' a
- to energy, & function relating sigma to the range may be obtained, This
¢ funtion may then be integrated between the range corresponding to the
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meximun ehergy of the H¢3 particles incident on the target surface, and
noro rénge—-corresponding to zero energy or stoppage of the particle
inbthe thick target. This_integration in practice is-carried-outlgraﬁh—
icélly. xpressed matnmatlcally it is:

fo %L'{MJP{

Hence we have the activity of a target 1t'any time (t) after ty as:

*( ) 55552“/9:?'RNR [|-o 6]

However, we are comparing the activities of samples relative to standards,
since the intensity of the heam (&) is difficult to repgulate exactly.

Relating the ‘activities of a target (1) and a target (2) at the same

' tlme (t), we have, for t=to:

Ay s 7 [STRNR, [ - ekare \Vsd
A~ ST Fmagdta U T-e =g (2

which after cancellation of the constant terms gives:.

RMMW

Ao, < 7, jo‘(R)dQ
Ao S, xtfv(md&.

Rearransing to obtain the weight fraction of. the species. of interest
in target (1), we get: )

) [ 3 \ T LS8 RJ
,74 t MA%/ »_{R'gﬂ:?re)éf{a\y

B i

Since wt. fraction X 106-equals pom,

?&mw

f,,m'n(ﬂo.\(5,> fv(ma&] | c,v‘,

s, LA ?E’R)d ?7
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The surface area of the‘samples (s) is obtained from the photo-
microgravhs taken of each target before encapsulstion is gold. ligure
7 is a full size reproduction of photographs taken'of three metal samples

and a cuertz standard., In prder to obtain maximum sensitivity,: the

microscime objective is varied in power so as to maximize the imape of each

‘sample on the film area availiable.

Note that the space between the reticule rulings superimposed

~over the picture of americium in fig. 7 is much larger than in the

picture of the quartz standard, although the'same reticule was used
for voth térgets, The americium was a much smaller target than the quartsz,

so was photographed through a stronger objective lens., Differences in focal

- length due to Varying extensions of the lab jadk on which the samples are

photogrzvhed give rise to differences in magnification even when the

same lens is used on all targets.

'

Hence, the reticule rulings are used to normalize the areass of
all samnles and standards to a common unit of area, the square reticule
division., The area of the sample in the photomicrograph is first

obtained with a planimeter. An accurate centimeter rule is then laid

perpendicular to the reticule markings to obtain thecaverage numnber of

reticule divisions per centimeter.w\Then simply,‘thg area on the photograph,
timeé (the number of,diviéions per-ém.)z gives the nérmalized area in div,
If the exect sample area in cm.2.is féquifed, the #alue in div.2 nust be
multinlied by the factors (cm.z/planimeter wit) and (em,./div.)%cbtained
from meaéuring thelreticule itself, ,Thése two factors are the same for all

photoaraphs if the same reticule and planimeter are used, and need not. be

introduced ‘wvhen comparing one sample relative to another. '
v . . - : ;
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Earlier workers did not take into account the dependence of
cross section on range. The.aésumption that sigma &ﬁd range are in-
dependent was made, which allows avvery sligﬁt simplification of the
calculations through cahceliation of (Crﬁ'invthe_numerator and denom-
inator of the.expression derived above. The author haSifoﬁnd that

use of this assumption gives results inrexcesé of 60% too low in the
case of the actihide metals, 'The error decreases in magnitude w@th'
decreasing atomic nuhber of thé target material, and would.vanish in
the case of an'unknoWﬁ possessing the same range—ehergy relationship
as the standard.

This is the trend which one wauld expéct from consideration of
the dependence of the efficiency of activation (as expressed by the
exitation funcfion) on the energy of the activating_partible. A He3
particle entering a dense metal such as an actinide would be degraded
in energy much more rapidly than a particle of the same energy incident
on a'quartz target. The particle entering the quartz would travel
for a'longer distance before stopping, and would activate ﬁhe“okygen
atoms it encbunﬁered at a high - 2fficiency because it would retain
an energy correSponding to a high‘cross'section_for a'great_l»percentage

of its penetration. In an actinide metal, the particle would loose its

'energy early in’flight,jéo in addition to traveling for a shorter dis-

tanqe than thevparticle in quartz;\it ﬁould not activatevoxygen imbedded
in the metal as well. A greater percentage of its travel would be spent
st low cross section. |

A simple ratio- of the"respeqtive ranges, used when the-approximation

that the sigmas will cencel is madé, expresses only the difference in the .



i
b
4

R e e e

S G R YR

3

pe rtlc]es of llke energy. Use of the ratio:
qLMW

':--(.\z) d Qz.

/ %7{3 yd R

takes into account the differences in efficiency of activation in targets

depths of'penetration of fle

of differenf atomic number. It expresses the different dependencies of
cross section on range. |
The ohly aétivation_for which a”reasonably accurate excitation func-

tion is currently availiable is that for Olé(He p) Flb 12 14 is N
anticinzted that excitation functions for c12(He3,0( ) ¢t ana Nl (i’ AN
will be availiable shortly.l3 All analyses mode for carbon have been
calculated by-the‘aSSumhtion of constant Cross éections. No nitrogen
analyses have ever been mede in this labor?torv by HeB aétiva+ion analysis,
.as the N13 half life act1v1ty nas never been observed in a rreta7 samnle,

| Range-energy data used in thls work was taken from the tables
compiled by Williamson and Boujot.lh These range-energy fun?tions are
calculated semi-empirically. for He> and "other varticles for a number of
elements,throuphout:thé periodic table, When deta hes not been cal-
culated-fér a Specific atomic[number, that of the closest element to
the mﬁssing one may be used. ‘The error introduced by such an approx-
im&tion is not pgreat, and méy,be reduced by gravphical interpolafion
between atomic numbers'adjacent ﬂq'the element of interest, At a

\
\

given energy, the range of .a partiéle in a chemical comnound may be

calculated by the fo]..'l.c?w:'mg,i_'ormula,:l'5 in which quartz (SiOz) is used

as an example:

1L © _ wt, fraction Si in SlOL 4'

wt. fraction O in SiQ»

fange in iU < Range in 3i Ranpe in O
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- foil are shown in Table 3.

Figure 10 represents the dependence of the cross section for
the nuclesr reaction 0L6(He3, p)F18 on the ehergy of the incident
H63 particle. Figure 11 demonstrates the dependence of the range of -
He3 in quartz on particle energy. Figuré 12 shows the érdss section
c(R)as a function of range in quartz and other targéﬁs, as derived
from the energyvdependent functions of ?igs.‘lo and 11. From a .plot
such . as Fig; 12, the intégraiion‘éyziﬁk may be performed graphically.

F. Analysis'of metals‘of known oxygen contént;

Itvwas necessary to study the degree of reliability of the in-
dividual anaiyses gpd to determine whether‘a lower limit to the oxy-
geﬁ content was sot by oxygen qontamination during the analytical
procédure or during reduction.

. To answer the first question, & number of milligram samples of
metallic thorium were analyzed for_oxfgen_by the activation mothod;

These samples were all taken from the same large piece of 5 mil

.-thorium foil, and a sufficient amount of this foil was submitted for

. analysis for oxygen by the vacuum fusion technique. Oxygen analy-

sis results of 1160, 1170, 1240, and 1700 ppm were reported on four
separate samples, for an average of 1320 ppm with an average deviation
of 192 ppm. The results of the activation analysis of this thorium
\ |

~In order to investigate contaﬁination during sample preparationv
and engapsualtion irmediately prior ﬁo analysis arising from sources
other than the atmbsphere, milligram samples of pure gold were subs-

tituted for the active metals. 'Demildpgo”analyzed,four portions of
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gglj foil-by activation anaiysis. He found oxygen contents of
16, 98, 199, and 34 ppm O, assuming in his calculations that the cross
section for the 'Olé(HeB,p)Fl8 neclear reaction is a constant. The
author has corrected these résults using the method of calculation
Jdescribed abgye. Correct calculation gives 22, 137, 279, and 48
aom O, respectively, for the gOldvanalyzed by Demildt.

Three other portions of the same rold were submitted for
vzcuun fusion analyéié. The results wefe 21,12, ana 78 p@m C,
J. i, Frazer and co-workers of the Lawrence‘Raﬁiation Laboratdry,
I@vermofe, kindly pérformed the vacuum fusion analyses.

In.addition, the author analyzed two samples of éold, and a samp;e
of silver, by activatiOn analysis. The gold Samples vere fbund
to contain 53 énd>122 pp, O, and the silyer'gave a result of 145
ppm O; This gold.was no£ analyzed by other methods. The silver
vias reported.ﬁo contain less than 5 pPmO, based oﬁ vacuun fusion
results, NoO further'invqstigation of the reason for the large spread
in vaiues was made,'since all were sﬁbstahtially less thaﬁ the lowest values
found for the lanthanide aﬁd actinide metal preparatidns._

3. Analysis of Lanthanum metal

In o¢der to inVestigate the importance of oxygen cohtamination
during reduction of lanthanide and acfinide trifluorides, the oxygen
contenﬁ of lanthanum metal before and égter remelting in a standard
reduction apmaratus was investigated. lotnThree samples of commercial

lenthanum (Research Chemicals Corp.) werezanalyzed by activation

~ analysis and found to have an averagé'oxygen content of 970 ppm

with an average deviation of 215 ppm, Two samples of the same mat-
erial were subjected to the usual reduction (exposure to Ba vapdr

in a vacuum) and remelted at 1150° C. The remelted metal had an




average oxygen content of 1000 ppm with an average deviation of LO
prme These results indicate that there was no significant oxygen

contamination due to the preparative technicue in the 1000 opm

TANfCe
. TableYB

\erivition Malysis of Th Foil
inalysis Results
1 - 1280
2 : 1100
3 1330
I, | 1460
5 1500
6 | 160
7 1370
B 1390 -
9 | vlééﬂ
A;erage | ' 1394

Average deviation 112
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III. Metal Production

A, Trifluoride Preparation
The production of small sanples of actinide and lanthanide
metals by reduction of the trifluorides with bariumAvapor at elevated

16, 17

temperatures has been described in detail. All lanthenide and

actinide metals made in this work were prepared by methods similar

17 The experimental

to those used by McWhan, Cunningham, and Wallman.
procedures are summarized below. |
Metal trifluoride is precipitated from high purity chloride stock -

solutions; uéing reagents purified as described by McWhan, et al.' The

trifluoride precipitate is centfifuged; and the supernatant discarded. -

Two'washings are performed by slurrying the precipitate with about

ten times its‘volume of pure water, After the first wash, the slurry -

~is’ centrifuged aﬁd the wash discarded. The second slurry is trans-

ferred to small leached quartz éones for centrifuging. After removal
of the seéqnd waéh‘supernatant, the‘ppecipitate isjcentrifuged for
severai'hours in the small cones to compact it to an easily haﬁdeled
"chunk". These chunks are stored ovér’énhydrous magnesium'perchlorate
in a dessicator untileurtherbtreatment‘is iniiiated.

Ryan, Gpéen, and Lowenhauptlo‘ﬁave ihﬁestigated the ‘effects of‘é
prolonged vacuum déssicéﬁion,kénd anhydrous HF or BrF3 at elevated.
ﬁemperatﬁrus, on the oxygeh andlcarﬁon content of metals prepared
from trifluorides_obtained asAdéSCribedVabove. Suchv"we£ precipitated"

trifluoride.is known to contain about 4 molecule of water per mole-

' cule of trifluoridele, but wéight changes ‘on further drying suggest

s

L3



that +inils watervmay be eliminated.,

Tfifiuoride chunks to be,treated with anhydrous HF or Brfj ere
placé@ in a.npnel,alloy boét in a monel tubiné which may be evacuated
to advout 10f6vmm Hg. Afﬁer evacuafion, anhydrous HF is passcd through
the tubé at aboﬁt LOO to TOO mm Hg 2t a rate of about 15 1./hr. for
varyingvlengthé of time, while the sample is heatel to as high as #00° C,
by a resistance furnece., After treatmeﬁt, the trifluoride is rem-
oved from the systém and stored,o§er dessicant uwntil it is 16 be re-
duced.

3. Mgtal Production

A photOgrabh of‘the reduction system.iSJShown in figure 13, and a
dierram ziven in Tig. 13 b, It consists of a tantalum crucibie suspended
witnin a-éylindrical tanﬁalum induction shield of 2 or 4 mil thickness. To
the crucible cap is attached a small conical spiral df 7 mil tungsten wire
whic receives the triflubride chunk, Usé of the sniral instead of the
tantalum‘basket employed by McWhan end coworkers was suggested by WQigél.lg
It is a decided improvement over the basket, sincebmuch less wire is
v exposed for the'prodpct metal to wet, HThe crucible cap is pierced
with'a small hole of about 0,5 mm diameter through which the barium
reductant and BaF, effuse., An arm of a high vacuumvline is surrounded
VWith an induction coil, in the center of which are suspended the cru-
.ciblé and shield. |

‘Temperatures of between SOOoand lAOO° C. are used in most ré;‘
.ductions. Since the power fequired to.bring the crucible to a certain
temrerature varies with the orientation of crucible, shield, and in-

duction coil, an empirical relationshin must be established between the power
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FIGURE 13b

it
- | | » | (b) |
(a) /———-————«\
0.5 mm hole in cap T i R
3 ) ! / /:"' e 1 -
1IN e
to : INE N
“yacuum ' Pyrex o 5\; Qﬂmw‘w ~— i\ ;
. . . . "I T ‘{
7 N §
| /J N A
@ 4T (2 ~_crucible and N N
0 AR / shield b . \i
o e |— 1€ | J X
~ . ) induction coil" ; :
© & i b
- N R
Reduction system:
(a) Ta crucible and induction shield suspended in high
vacuum line
" (b)  Ta crucible and cab, containing W spiral and Ba metal
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output of the induction Dowef suphly and the temnerature of the
cruéiblc, as observéd with an ontical prrometer throurh & hole in
the shield. This calibration must be performed before eech tri-
fluoride reduction. It should Be carried out at ?ressures of 10'-'6
mm g or below.

Afver cooling, the cfucible and shield are taken to an inerf atmos—
phere box, A pie;e of trifluofide is placed in the spiral attached
to the cap. Inough freshly cut barium meﬁai to provide a ten fold
exéess fof reduction is placed in the bottom of the crucible., The
cruciihle, cap and induction shield are reassembled and taken &s
guickly as vnossible to the high vacuum line in which.they viere cali-
brated, which must be evacuaterl as quickly as possible to avoid resct-

ion of the barium with the atmospnere. Evacuation should continue wntil

<sure falls to lower than 10-6 mm Hg.

the nre

It is imvortant during a reduction to reach a temperature

sufficiently above the melting point of the product metal that ihe samnle

will agglomerate into a bead which although surrounded by BaFy slag,
contains no barium or fluorides. f%en‘nreparing'relatively volatile
metals such as Nd or Am,.there is a temntationbfo use tdo low a temp-
erature, or not to hold a high temoeraturé long énough5 forlfear of
evaporation the samnle.

\

A "heating sequence'is immwortant,

\

in the production of pgood metal.
" 1ynicai sequence éonsists of four méjor steps: | |
1. Aniinitial OutéaSSing'by'gradual increases to
ab@ut 300° C, This is performed af£er the system has‘re-

ached about, 5X1077 mm Hy or better. After outgassing, the



&

pressure is allowed to drop to the starting pressure or

lower.

2. A short period at about 1000° C. This serves to ’

SR . 1

bring the reactants to the threshhold of resction, and mini-
mize the time required to reach the temperéture of reduction - ' !
and agglomeration.

3. Reduction at a temperature well above the melting noint.
4 volatile metal  such as Nd or AM is reduced for a short time
2bout BQOO above the melting point, then allowed tg égglomerate

about, IQOO lower,

L, A short cooling period near the melting point seems 1o
be necessary to perﬁit ﬁhe métal to agrlomerate to & bead free
ofiBan. Samples which are to be used for X-ray sfudiés are
annealedkfof four hours at about 760°C, before cooling to

~room temperature,

Prover heating sequences for actinide elements are determined by using Lo
their melting point analogs in the lanthanide series, due to the abund-
ance 2nd lack of radiocactivity of the lanthanides. Terbium (m.p. 1356°) : :
was usedq for most of the vpreparations in this work, since it is the
. . . 5 A9 . .-

melting point analog of curium (m.n. 1340 ). An excellent heating se-
cuence wes developed for. terbium by Jere Green., The author has developed s
a seauence for Nd (m.p. 1024 ), which.has been used successfully in the

. . . s o) ; . .
- preperation of americium metal (m.p. 994" ), although the temperaiures -

w

of reduction and agglomeration should be reducei by about thirty de:—ees

in the case of Am., These sequences appear in table 4.



TABLE ),
HeATIHG SBGUENCES

Th and Cn
Sten Nuration znd Temn., oc .
1 - 20 min- - @ 300°
2 1.0 min. @ 1100°
3 2,0 min., @ 1375°
oo 2.0 min. @ 1200°
‘ Nd 2nd Am
1 - 20 min; @ 300°
2 : 1.0 min. 9 1000°
3 . 1.0 min, @ 13200, and
2.5 min, @ 1230°
L 2.0 min, & 1100°

Note: for Am orep., step (3) and (&)

temneratures should be 30° lower thon

for N ° -
The system requires about thirty seconds %o resch an equiblibrium
tempereture after a change in power to the induction coil, This time

lag is included in the duration columm in table A and does not nead

to be further accounted for.

L9



C. Resulté

As stated above,'the mechanical manipulation‘of the stmrting
trifivoride is facilitsted if it is first precipitated from aquéous
solutiOnvand ﬁhen allowed to dry slbwly to produce a hard compact
mass. To check‘the completeness of drying of the wet precipitéted
trifluoride, é study was made of the oxygen’conﬁent of metallic ter-
bium prepared from TbF3 which'had been dried for variqus lengths of
.time. »(Terbium was selected because the reduction conditions are
the same aé those Used for curium.)

The resulﬁs are given in Table 5. These results seém to indicate
that consierable amounts of oxygen (presumably as water) rémain in wet

precipitated ﬁrifluoride even after very éxtended_periods of drying

over P05 or in h;gh vacuum. 10 ‘

TABLE 5. OXYGEN CONTENT OF TERBIUM METAL MADE FROM
Wil PRECIPITATZD TRIFLUORIUL

TbF+ drying conditions

0 content of Tb metal, ppm

1. 9 days over Py0; : o 6400
2. 18 days over P304 R 3320
3. 27 days over P205 v 3070

26 days at 10~ Tmm

4. 27 deys over P05 \ . 2090

43 days at 10~ "mm

On the assumption that most of the oxygen originated from water or

oxyfluoride, a sample of wet precipitated TbF3 was treated with commer-

cial anhydrous HF. Four reductions wefe'made using this material and
%5

50
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were ahalyzed for both oxygen and cafbon-by activatién'anélysis.

The results of these analyses are shown in Table 6; The oxygen
content of_these preparations was substantially lower than for those
derived from physically dried trifluoride; however; thé‘carbon
contents were rather high. In an attempt to remove both water and
orgenic impurities, several batches of TbF3 Wére treated with Brfs.
The BrF3 treatment was followed by-the reduction with'dry H2'of any

Tth which may have been produéed by‘the-oxidizing action of BrFB.

The activation analysis results for metals prepared by this method

are also shown in Table 6 These results indicate thut this pro-

~cecure is infuerior to the simple HF treatment. For this reason,

Afurther'TbF3 preparations were made using anhydrous HF purified by

multiple batch distillation to remove organic impurities., The results

for samples derived from this material are shown in Table 4. The

‘results for several samples of americium and curium preparations

derived from physically dried trifluorides and for americium pro-

duced from AmF; treated with purified HF are also shown in Table 4.

51



OXYCLEN AND CAREBON CONTZ

ACTTINIDE METALS DY ACTIVA ‘iTO‘. K
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V. Conclusion

A.\ He? Activation Anaiysis_

The applicatioﬁ of activetion anélySis to submilligram samnles
of easily tarnished metals reaquires perfect attgntion to detail in
cleaning samples and nroiecting them from atmosnheric contaﬁination.
While the results obﬁained are not highiy precise, they'ﬁake avail-
eble data which would not otherwise be obtainable.

There are large unexpected fluctuations in the results obtained

; 3 : . ' P . .
by both He” activation analysis and vacwum fusion analysis of thorium

and £old samnles. Statistical analyses of the results obtained by .

both methods for tEe oxygen contenﬁ of thorium metal shows ‘that the
distribution of rgsults of.the two methods center about different
means, However, thelfalues obtained by He3 activation analysis of
small samples are close enough to the resulfs of vacuum fusion analy-

sis of large sambles t0 rely on the activation technique as a fair

‘anproximation of the oxygen content of submilligram metal samnles.

B, Purificetion of Lanthanide and Actinide Metals

Summaries of analyses of lenthanide and actiﬁide metals pre-
vared from variously treated trifluorides are given in Tables 5 and
6. There is an obvious decrease in the oxygen content of‘métals
prenared from trifluorides treated with anhydrou§ HF, but no signifi—
cant trends are obsefved on'var§;ng the temperature and lehgth of the
HF tpeatment, Bromine trifluoriaé'does ﬁot anvear to be as effective
an 0xygen‘remover as MF, It is aléé annarently not as good a carbon

remover as HF, although the opnosite result would ‘be' exmected in the

czse of carbon. Attemnis to vurify commercial anhydrous HF by multiple

¢
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batch distillation resulted in samvles comparable in oxygen and carbon

contamination to samnles prevared using untreated anhydrous HF, If

a lower limit of contamination is being set by the nresence of oxy-

pon and carbon in the HF, better methods must be found for wurifying

¢

the HF itself.

There is no possibility of aprreciable contamination during.
reduction of the trifluoride; all the oxygen in the reduction system

2t ].O"'6 m Hngould not contribute 1 prm to & 1 mg. sample. Similar-

1lv, there is no chance of anvreciable contamination by residual gas

in the gold cavsules at 1 micron Hg. Analysis of silver metal indicates

that contamination during_bombardment.ﬁill be at worse less than

““about 100 npm..

ot

&
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This report was prepared as an account of Government
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mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
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this report.
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such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
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