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FOREWORD

The Subcommlttee on Radlochemlstry 1s one of a number of
subcommlttees workling under the Cormlttee on Nuclear Sclence
within the Natlonal Academy of Sclences - Natlional Research
Counclil. Its members represent government, Industrlal, and
unlversity laboratorlies 1n the areas of nuclear chemlstry and
analytical chemlstry, i

The Subcommittee has concerned 1itself with those areas of
nuclear sclence which involve the chemlst, such as the collec-
tlon and dilstributlon of radlochemlcal procedures, the estab-
lishment of speclflcatlions for radlochemically pure reagents,
avallablllity of cyclotron time for service lrradlatione, the
place of radiochemlstry in the undergraduate college program,
etc. : :

This serles of monographs has grown out of the need for
up-to-date compllations of radiochemlcal Informatlon and pro-
cedures. The Subcommlttee has endeavored to present a serles
which wlll be of maximum use to the working scientlst and
whlch contalns the latest avallable information. Each mono-
graph collects I1n one volume the pertlnent informatlon required
for radiochemlcal work with an individual element or a group of
closely related elements.

. An expert 1n the radlochemlistry of the particular element
has written the monograph, following a standard format developed

by the Subcommittee. The Atomlc Energy Commlssion has sponsored

the printing of the seriles. :

The Subcommlttee 1ls confldent these publications wlll be
useful not only to the radlochemlst but also to the research
worker in other flelds such as physics, blochemlstry or medilclne
who wlshes to use radiochemical technlques to solve a speclfilc
problemn.

W. Wayne Melnke, Chalrman
Subcommlittee on Radliochemlatry

if1



INTRODUCTION.

This volume which deals wlth the radlochemlstry of tungsten
1s one of a gerles of mohographs on radlochemlstry of the elements.
There 18 1lncluded a review of the nuclear and chemical features of
particular interest to the radlochemlst, a dlscussion of problems
of dissolutlon of a sample and countlng technlques, and finally, a
collection of radiochemical procedures for the element as found 1n
the literature. . S

The series of monographs wlll cover all elements for which
radlochemical procedures are pertlnent. Plans include revislon
of the monograph perilodically as new technlques and procedures
warrant. The reader 1s therefore encouraged to call to the atten-
tion of the author any published or unpubllshed materlial on the ;
radlochemlstry of tungsten whlch mlight be lncluded in a revised
version of the monograph.

iv
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The Radiochemistry of Tungsten

W. T. MULLINS and G. W. LEDDICOTTE
Oak Ridge National Laboratory*
Oak Ridge, Tennessee

I. GENERAL REFERENCES ON THE INORGANIC AND ANAIYTICAIL CHEMISTRY OF
TUNGSTEN

1. Hillebrand, W. F., Iundell, G. E. F., Bright, H. A., end Hoffman,

J. I., Applied Inorganic Ana;l}gis, p. 683-693, John Wiley and Bon.s,
Inc., New York, 1953.

. 2. Reed, E. L., g.‘l.ngs_‘ben, United States Atamic Energy Report AECD-
2700 (1947). '

3. Charlot, G. end Bezier, D., Quantitative Inorganic Analy'ais,"p.
613-617, John Wiley and Sons, Inc., New York (1955).

4, 11, K. C. and Weng, C. Y.,° _'1_‘%32, p 270-311, Reinhold, Rew
York (1955).

5. Sneed, M. C. and Maynard, J L., General Inorggnic Chemistry, p.
1018-1022, D. Van Nostrand Co., New York (1953).

6. Remy, H., Treatise on Inorganic Chemistry, p. 172- 186 Elsevier,
Amsterdam (1956).

7. Rodden, C., Ed., Analytical Chemistry of the Manhattan Project,
Book 8-I, p. 455-57, McGraw-Hill Book Co., Inc., New York, 1950.

II. THE RADIOACTIVE NUCLIDES OF TUNGSTEN

The radioactive nuclidgé of fu.ngsten that are of interest in the radio-
chemistry of tungsten are given in Table I.. This teble hes be_en compiled
from information appearing in reports by Strominger, et al. ,(1) and by

Hughes a.nd'Harvey.(a)

Opera.ted for U. S. Atamic Energy Commission by Union Carbide Nuclear
+ Compeny. ‘



Table 1: The Radiocactive Nuclides of Tungsten

Radio-  Mode of ‘Energy of .
nuclide Half-life Deca.y Radiations, Mev Produced by
Wwi76 80 m EC (99%)  B": ~2.0 W-dp-4n
gt (~o 5%6) 7: ~L.3.
Wt 130m. . EC y: ~0.5; 1.2 W-dp-bn
w1 2154 B y: ~0.3 (veak) Wey-2n, W-n-3n,
' - W-dp-3n
WP 3om EC y: 0.030 W-y-n, W-n-2u,
. W-a-t, W-ap-2n
179 ' _
W 5.2 m EC or IT v: 0.22_ W-a-on, W-p-pn
_ w81 W5 a EC y: 0.136; 0.152 wi80(n 5)wiBL
wBm 55 IT 7: 0.105; 0.155 wlez(:;u,7)w183"l
185m . o
W 1.62 m Ir 7: 0.130; 0.165 gn;lyl)’wl Jon
:cz)wj‘ah 8
w8 138 B B0l wlelg‘én,r)
) y: None (n,gg 185 .
. . . ,
w87 24.0 b B B7: 1.33; 0.63; 0.3k (n,y)wl 67
7: 0.0721; 0.1062; Os go(n, 87 a
. 0.1138; 0.1343 n, Wl
w8 gsa g B 2 3 Hlm(n,r)w188 b

y: 2

8 If element 18 a major constituent of the sample matrik, 1t can undergo a
fest neutron reactlon to produce element of interest.

b A second—order neufron rea.ction..

I1T. THE CHEMISTHRY ‘OF TUNGS']EN AND TITS APPLICATION TO THE RADIOCHEMISTHY
OF THE TUNGSTEN. RADIONUCLIDES

Radiochemistry is probably best d.escribed as be:l.ng primarily an
enalysis technique used either (1) to aaaist in obtaining a pure radio-
nuclide in some form so tha.t an ebsolute measurement of its: radioactivity, -
radiation energles and half-life can be made, or {(2) to determine the
emount of mdioact;ﬁfy of a ﬁa.rticula.r ra.d:loelemenﬁ in a ra.d.j.onuc]_-l.de
mixture, or (3) to t;:om_pletg a radioactivation enalysis being used to _

: detezﬁe the stable-elemenfi concentration 1n a pa.rbicula.r sample material.
In ordi_ar to be zn aid in uc@lighm any one of the above interestg ;

ra.diochelﬁistry usually considers the isolation of the desired radionuclide

by eifher carrier or carrier-free separation methods.



Generally, the "carrier" separations are used most frequently in
radiochemistry. They involve the addition of a small emount of Inactive
stable element to ® solution of the irradiated material to serve as &
ca.n-.lei- of the radionuclide of that element through the separation method.
In “ca.rrier-free". separationa, techniques used mostly for absolute
‘rediodctivity measurements, it 4is required that the redicele-
ment be isolated in a _mer a:ble. to glve elther no amount or a minimal
amount of at_ab'le element in the final form to be used in the radiocactivity
measurements. .

In ﬁost instances, radiochemistry is dependent.ﬁpon more conventional
ldeas 1n analytical chemistry Involving separations by such methods as .
precipitation, solvent extraction, chromatography, volatilization, g.nd./or
electrolysis and the subsequent presentation of the 1so_l.ated radioelement
in e form suitsble for a ﬁeaaurement._ of the radiocelement's ra.dioa.cti_vitj.
One major differénce exiets between radiochemistry and more conventionsl |
analysls techniques in that it 18 not always necessary to recover com=
Rlete]_.i the added amount of "carrier" element, since a mdiochel_nica.]; analy-
8ls 1s deslgned to assure that the atoms of a radiocactive element achiev.e
an isotopic state with the atoms of the ina.ctj.'ve element, and any loss of
the radicactive specles 1s proportional to the lose of _"ca.rr.l.er" during
_ the separation process. - _

Colorimetric, polarographic, and similer analysis techniques are
seldom used in radiochemlstry, because they do not separate the desired
redionuclides from contaminants (either radioactive or steble) 1n the
mixtures 'be!.ng.a.nalyzed. However, scme of the developments used in

. these anaslyses technlques may be useful for conéid.eration in radio-
chemistry.

The following information is intended to give some general idea of
the behavior of tungsten .a.mi. its compounds and how this behavior can be
used in devlsing radiochemicel analysls methods for the radionuclides.of
tungsten. More deteilled information can be obtained elther from the
references gliven in this section or from the genéral refemceé. glven in

Section I of this monograph.



A. The Genersl Chemistry of Tungsten

Tungsten is one of the four tramsition elements (Cr, Ma, W, and U)
that constltutes Group VI B of the periodic system and is considered to
be mainly an acid-forming element. The elements of Group VI B ﬁa.ve tﬁo_
incomplete electron shells - the outermost and the one next to it; there-
fore, irregular oxidation states exist and do not change rapidly in chemical
behavior. Tungsten exlsts in the same positive ondation states as moly-
bdenum. Tungsten forms compounds having valence sté‘bea of from 2 to 6.
Most tungsten compounds contain tungsten in the oxidetion state of +6.
It will form stable hexachlorides, hexafluorides and unsteble hexabromides.

The tungstates, tungstic acid (from which the tungstates are derived), and

the enhydride of tungstic acid, tungsten trioicide, are the most imporl;a.pt
compounds of tungsten. Table II lists the more important of these com-
pounds and glves in.foz;ma.tion agbout thelr solubilities.
1. Compounds of Tugsggten

a. The Hexavalent Tungsten Compounds

Tungsten trioxide, W03, occurs in nature and is foﬁned by heating the

acld. The acidification of a cold solution of a tungstate with hydrochlorie
acld brings sbout the formation of o-tungstic acid, Hawoh-Hzo ; 2 hot solu-~
tion will form B-tungstic acid, H.2W0h_.. szou'ﬁzo is soluble to some degree
in weter; vhereas, H2W0h_ is insoluble in water end all acids, excgpt hydro-
fluoric. Tungstic acid forms complex tungstate compounds. Complex alksli .
metal compou.nds. of the type (Na20)m(W03) in which m = 1 and nl varies from 1
to 6 are known. Meany more complexes in which m or n is unity cen also be
formed.(a’h) Normel or simple tungstates, such es _)520-W03 forms, can result
from the fusing of WO

3 with sodium carbonate or po‘f:a.ssium carbonate. Meta-

tungstates, which contain WO, radicals per M0 molecule, are known. The

3
paratungstates generally conteln 12 W03 radicals for every 5 520 molecules
and can be mede commercially. For example, Na.lowlzoul-.?BHEO 1s formed by
heating wolframite with sode ash and extracting the fused mass with water.
Upon neutralization with hydrochloric acid, the sodium paratungstete salt

separates as large triclinic crystals.



The eddition of strong acids to hot solutions of most tungstates will
precipitate yellow tungstlc ecid, which is practically insoluble in water
and 1n most acids. Metatungstates are usually soluble forms of tungstic
acid sslts and will glve no precipitate with apids. The ‘treatment of
tungstic acid, tungsten trioxide, or alkellani alkaline earth tungsbhtes
with reducing agents at high temperatures can usually bring sbout the pro-
duction of & variety of colored compounds. The most frequent colored
product.produced 1s usually an lntemse blue 1n_éolor. These campounds
generally have éompositions which corfespond to the presence of tungsten
in a mean oxidation stete lower than 6, but higher than 5. Exposure to
sunlight will cause tungsten trloxide to teke on 2 bluish tint even when
kept under water. Nascent hydrogen (Zn + HC1) will ﬁrecipitate from a tung-
state solution a blue precipifate that is stable in air. The blue precipi-

. tate that forms when SnCl2 and BC1 are used to react with a tungstate solu-
tion will graduaelly discolor on standing in alr and will be finally trans-
formed into yellow tungstic acid, Hewoh.(F) .

When hydrogen peroxlide solutions at a temperature of 100° are used to
diésolve elther tungstic acld or tungsten trloxide, a percxy-aéid, E2W05,
or tungsten oxide-peroxyhy@rate, W03-H202,1s formed. Peroxytungstates
result when tungstates are treated with hydrogen peroxide,

Sillicotungstate compounds are formed when siliecic acid 1s made soluble
in bot solutions of acid alkali tungstates. These salts contain a large
oumber of W03 radicals for each 8102, in addition to alkall oxide and
water. Remv(h) points out that,although these salts are generally called

sllicotungstates, the name polytungstosilicates 1s more correct since

they are derived from siliciec acld or its salts by the addition of tungstic
aci& radicals (tungstate groups).

The tungstosilicates are readily decomposed when treated with alkalis.
Tungstic acid also forms compoundes exactly analogous to the sllicotung-
states wheﬁ boric acld (tungstoborates), phosphoric acid (tungstophosphates)
and arsenic acid (tungetoarsenates) are treated with hot solutiéns of acid
alkali tungstates. In each instance, the compounds will contaein a large

radicals for each

3

number of WO, redicals. The upper limit is 12 wo3

5



Table II: Solubility of Tungsten Compounds

Water Solubility

Other Solvents

Formula Cold Hot
Arsenide WABE " Insoluble Insoluble Decomposes in hot B'.N03 and hot .HESO,+
Boride W_B Insoluble Insoluble '
" WB Insoluble Insoluble ) _
H32 Insoluble Insoluble Soluble aqua regia
Bromide WBr, Decoirposes
W]Br5 - Decomposes Soluble alkali, sbsolute alcchol, chloroform,
. ether '
HBr6 Insoluble Decomposes Soluble NEAOH )
Carbide WC Insoluble Soluble EN03-HF, aqua regla
' w2'c Insbluble Soluble HNO-HC1 '
Carbonyl W(CO)6 . Decomposes Decomposes in fuming ]31#,03
Chloride W'Cl2 _ _ Decomposes-
WClll Decomposes _
WCl5  Decomposes Very slightly soluble in CSp
WCl6 ' Dscomposes Very soluble in CSa; soluble in aleohol,ether &
) benzene :
Fluoride WFg Decomposes  Decomposes  Soluble alkali
JTodide H12 Insoluble Decomposes Soluble in KOH & alkali; insoluble in CS, and
' _ _ alcohol 2
WIM Insoluble Decomposes = Soluble in absolute alcohol; insoluble-1n

ether, chloroform & turpentine



Oxide

Ony-galte

Phosphide

Sulfide

WO

WOBrh ]
W023r2
woc1,+
H02012
WOFh .

¥aF

53

WS,

W3

Insoluble
Insoluble

Decomposes
Decompéses

Soluble
Decomposes

Insoluble

"Insoluble

Insoluble

Slightly

~ soluble

Insoluble
Insoluble

Decomposes

Decomposes
Decomposes

Insoluble

Soluble

" Soluble in HNO

- Soluble in acild end KOH

Soluble in hot slkali and BF insoluble 1n
other aclds

Soluble in CS,, benzene
Soluble in slkali, NH,OH; insoluble in slcohol

Slightly soluble in CSQ,' Insoluble 1n CClh

Soluble in fused N3003+Nan‘03, insoluble 1n
acids; agqua regia

. Soluble in ENO3+BF' insoluble im alkali end HCl
_ Soluble in HNO_+HF, aqua regia; insoluble in

alcohol, ethe§

3+EF, fused alkall; :Lnsolu'ble in
alcohol :

Soluble in alkall



molecule_ of the other acid; this limit is never exceeded. The character-
istic property of ‘these compounds, i.e., the heteropolyacids, is that they
contain at least twn different acid radicals, one of which is usuelly in
large numbers.

Remy(l") notes that the introduction of one or more woh radicals 1nt§
szoh can produce a serles of isopolyacid compounds capable of reacting to
form polytungstate salts. However, it bas not been possible to distinguish
theee reactions by analytical data.

Tungsten trioxide, wo3, results from the oxidation of tungsten or 1ts
compounds by heating in air, The dioxlde, w02, is formed from this by
treating 1t with reducing agents. W03 18 2 soft lemon yellow poﬁder .that
will turn orange when heated. When tgnited at high temperatures, or if
fused with borax, it becomes crystalline. w03 melts at 1’-l-"{3° a.nd..wlll
volatllize above 1750o ; however, 1t can be completely volatllized as an
oxychloride at 500° if the volatilizatién o&:cursl in-a stream of hydrogen
chloride gas. Tungsten trioxide is insoluble in water. Caustic alkalis
will dissolve 1t to form tungstates, the salts of tungstic acid. Although

WO, can be formed by igniting tungstic acid, it cannot be reconverted to

3 _
the acld form by adding weter to the 1gﬁited salt. Tungsten trioxide
does not appear to yleld a trué salt in which the metal is a part of the

cation. Intermediate oxides, such as W and w’-l-oll’ are formed in

10029
the reduction of tungsten trioxlde to the me'ba.l

Hexehalides are formed by the reductlon of tungsten in a hydrogen
atmosphere. In comblnation with chlorlne and by heating, these reactions

can produce tungsten ‘hexachloride, WClé. The hexachloride is insoluble

in cold water; it will decompose in warm water. It is soluble in alecohol,

ether and other organic solvents . Oxyhalides, such as WOCl)_'_ and %!02012

2'Cl2 is volatile when heated. The hexabromidé, WBr,

is shnila.r to WCl6, but it is more readily decomliosed. A complex gaseous

are known. The WO

hexafluoride, W02F|+= , can result from the action of hydrofluoric acid on
tungstate compounds. The hexahalides and the oxyhalides are quickly
hydrolyzed by water to tungstic acid and the corresponding hydrogen halide.

" The treatment of a tungstate solution with hydrogen sulfide brings



about at first a partlal replacement of the oxygen of the tungstic acid
with auJ:fu.r to form an oxothiotungstate. Ultimately, the oxygen is com-
pletely replaced by the sulfur to form a thiotungstate, §2(WS,+). The addi-
tion of é.cida to a solution of a thilotungstate wlll produce tungsten tri-
Eulfide, W6, & chocolate brown precipitate. '

. Hexavalent tungsten cen react with alcid.'a.nions to_ form a few complex
acido-salt compounds such as the halogeno- and qxo_l:xa.logeno-ccnﬁpounds. For
example, tungstates diasolved in aquecus hydrofluoric acid will produce
colorless crystals of oxofluorotungstate salts, such as cu(woth)-hHZ_o

2.
b. The Pentavelent Tungsten Compounds

and (Nﬂh)3(W03F3). Double salts of WO,Cl, are also known.

The pentahalides of tungsten are formed by the thermal decomposition
of the hexahalides in a distillation with hydrogen. The pentachloride,
HCls, forms brilliant black-green needles and when burned in oxygen willl

form HOClh_. WC1l_ dissolves in water with a partiel decomposition to form

5
green solutions containing H0+3 and W02+. (These ions are also formed by
reducing a solution of tungstic acld in hydrochloric acid with tin.) WO+3
can be chenged to (W0015)= o‘r (WOCl,_F)' in the -jpresence of excees chloride
ion. Treatment of a solution of W0+3 ions with ammonium hydroxide will
glve a precipitate of W(OH)B. The pentabromide -compounds behave similarly.

_Alkeli tungstates dissolved in a concentrated acid alkall oxalate
solution and reduced with tin foll can produce red oxalato salts of penta-
tungeten having the gepersl formula 1‘3[“02(c2°h)2] . When dissolved in
concentrated hydrochloric acid, these compounds will 1.>roduce a solution of
a deep blue color. Green, Ma(woc15), bright blue, g(womh-ﬂeo), and brownish
yellow, M(WOClh_),_ salts can be formed by saturating the solution with hydro-
genchloride gas. The corresponding bromo- and complex thiocyanato-salts
of pentavalent tungsten are also known.

c. The Tetravalent Tungsten Compounds

The most répresenta.tive compound of tetravaleﬁt tlmgéten 1s tungstenite

mineral, wsz. This compound 1s not soluble in weter or in dilute acids.

When WO, 1s reduced with hydrogen at low temperatures, the oxide, W02, can

3
be formed. In the distlllation of tungsten hexachloride, WCls, at a high



temperature with hydrogen, the tungsten tetrachloride, WClh'_, 1s formed.
B . [

WCll.. is a grey-brown hydroscoplc compound which is easily hydrolyzed in

water. ‘Tungsten tetralodide ’_th’ producéd by heating W016 iq the presence
of liq_uid HI in a sealed tube, also has s:'l_milq.r :;roperties. Many acido
anionic salts of tetravalent tungsten are known. Xnown as the octacyano-
tungstate(IV) salts, they have the form M—)-I-[W(CN)B] , and can be prepared

by a number of methods. The salts are crystelline and yellow in color and
axﬁ stable in air. They ere readily soluble in water, and the agueous solu-
tions are neutral.

" d. The Trivalent Tungsten Compounds

Simple compounds of trivalent tungsten are unknown. The reduction
of tungetates with tin and hydrochloric acid in the presence of an alkalil
chlaride or ammonium ch.'l.orj.de can result in such compounds as K W Cl

32779"
e. The Divalent Tlmggten Compounds -

_ In the reductlon of w_c16 wilth hydrogen and by the thermal diesociation
of the tetrachlorilde, W_Cl2 cen be formed. - It reacts with water to bring
gbout a slow ev_olution of ‘hydrogen and the precipitation of W02.' The .
dibromide, WBr,, can be formed in a similar manner, end it will react in
the same way &s WCl, does. The tungsten diiodide, WI,, -produced by passing
jodine vapor over freahly. reduced metallic tungsten, is insoluble in cold
water. It can be decomposed by hot water to be hyﬂrolyzed. and oxidized in
a series of simulta.neous reactions.

Add:l.tiona.l -information sbout the compourds of tungat.en has been pre-~
sented by ILi and -ﬂa.ng.(s)_ Tﬁis--source is significant in ite preéenta.tion
of detailed information on the preparation of the ma.ny and veried compounds
of tungsten. ' '

B The .Analytical Chemistry of. Tli.nﬁg_

As it has already been polnted out in this monograph, the use. of a.
known amount of inactive tungsten -carrier in a zfadioc_:hemi_c_al se._p_a.ra.tion
method almost always makes it practical to obtain the tungsten carrier
in a welghable form in the final gtage .of. the -sepa.ra.tipn procedure used.: -
If thie is done, the tungsten ra_dionucliﬁe(,s) can be concentrated into a

small mass for the radloactivity measurements », and any losa of the tungsten

10



carrier during the analysis can be eaéily accounted for.

Tungsten can be quelitatively défected. or quantit;tively determined
as tungsten trioxide, W03, after it has been separated as tungstic acid
by digesting with hydrochloric or nitric acid and precipitated with cin-

chonine.(s) The alkaloid tungstate is then ignited to WO In eddition

3
to the cinchonine method, DivalST-) in his thermogravimetric studies, has
inv_esti-gated at leagt 20 other methods of Db"ba.:l.ning a W03 precilpita.te..

In addition, he has evaluated metal tungstate precipitates, such as CaWOl'},
BaWO,_I_, CdWOh, and PbHOh. Of this. latter g;roup,.- the waoh precipitate
appeared to be a satlsfactory weighing form.

The cinchonine end the lead tungstate methods are probebly the best
methode that can be used to obtain the tungsten carrler and the tungsten -
radionuclide(s) in a form sultable for a radiocactivity mea.suremeﬁt after
they have been isolated fram a stable and/or radicactive nuclide mixture.
If 1t 1s ‘not desirable to ra.d_:i.ochemicall& separate the tungsten radio-
nuclide in a precipiteble form before the radioactivity measurements, then
it 1s 'suf_fic:_l.ent to accept and use, f;ar‘ example, one of the phases obtalned
in solvent extraction, or an aliquot from the eluate obtelned from an ion-
exchange separation column, or a po_rtion of a paper chr@toyw, in the
radiocactivity measurements.

1. BSeparation by Preclpitation

The chief method for the separation of tungsten from & solution of
a metal, an ore concentrate, and any other type of sample material depends
on 1ts précipitation as tungstic acid, H2W0u_, by digestiqn with strong
‘mineral acids. Usually the anoh can be diasolveﬁ-in ammonlium hydroxide
for further purificetion from contaminents. (In e radiochemical analysis,
contaminants could be either inert species or radioactive species ori_ginat-'
ing from a‘ba'blel elements in the sample matrix.) The tungsten is finally
precipitated as ap alkalold tungstate by cinchonine bydrochloride.(s) iﬁ
a 8lightly acid solution, and the trioxide 1s obtained upon ignition of the
‘precipitate at temperatures of from 750° to 850°C.

Sodium, potassium, ammonium salts, phoesphorus, molybdenum, arsenlc

and fluorine can interfere in the precipitation of tungsten by an acid
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digestion end can retard the cinchonine preciﬁitation. If eitrates,
tartrates, or phosphates are present in the solution, Hewou will form
soluble complex salte with these acids and cannot be precipitated.
Silicon, tin, niobium and tantalum can be precipitated with the
tungstic acld and phosphorus, inoly’odenum, iron, vanadium and chromium
are carrled down with the tungstic acid.

Silica can be separated from tungstic acid by volatilization with
either hydrofluoric acld or sulfurlc acid—hydrbfluéric a.cié. mixture.(s)

" If the voletilization 1s made et temperatures above 85600, some WO, will

3
be glven off. Tungseten can be separated from a number of elements by a

. brecipitation by a-benzoinoxime in dilute a.cid.(9) Molybdenum precipitates as
‘well as tungsten and can be separated from it by volatilizing the molybdenum

as MoO3-2H01,(10) or by utilizing the insolubility of tungstic acid in

(1)

50% sulfuric aecid. Small amounts of arsenic can be removed from tﬁ.ng-

sten by adding sulfurous or hydrobromic acld to reduce the arsenic, and

then adding hydrochloric acid in excess and boiling to a small volume.(lz)

Smell emounts of iron snd titenium can be separated from tungsten by a
NaOEI precipitaj;ion.(l3) Niobium, tin a.nd tantalum cen be separated by
digesting the fresh precipitete of turgstic acid with concentrated ammon- -
ium hydroxide and filtering.(l3) If iron is present, some loss of tungsten
w:!.li be experienced by its absorption on the ferric hydroxide precipita_te.'

Tungsten can also be precipitated from a mixture by mercurous nitrate(lh)

(15) (16)

and such organic reagents as benzidine, rhodamine B, tannic acid,

antipyrine, () anti-1, 5_-d_'|. (p-methoxy-phenyl )-1 hydroxylamino-3 oximino-
(20)

(18)

h—peq‘bene,(ls) h—amino-h'.-cblorodiphenyl, (19) and 8-mercaptoquinoline.
All of these yield the trioxide on ignition. The complex pentens rea.éen't
has provided determinations of tungsten equivalent to the standard cin-
chonine. ﬁethod. The determination ean be carried out in 0.2 N HC1 solu- -
tion a.nd is selective for the separation of tungsten from st least 65
other elements.

With regard to specific separations, tungsten, es W+6, has been

separated from Mo™0, MY, a0, U6, ¢r*®, V7, ana Pdfe in an acid .

solutlion by a precipitation with a 2% alcoholic o-benzoinoxime solutiongg’ 2.].' )

12
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»

+2
, Zn

. . .
Tungsten has been separated from_Fe+3,-A1+3, Be 2, cot?, w*?,

P*2, ca™, B1*3, cu'?, and Hg'® by precipitation es the W' oxinate with

B-hydroxyquinoline solution from en acetate buffered golution in the pre-

sence of EDTA.(22) wot® mit* 5 ang y*é

separated from Mo+6 by precipitating it as a tungstate from a mineral ecid

also separate. W+6 has been

solution with cinchonine.(23) ‘S1licon, arsenete and phosphate ions are

the only interfering lons. Gela.tin(zu) and verious alka.loids(25 ) can

also be used in the seme separation.
Lambie(26) and Simpeon, et al.,(27) report on the use of the insolu-~
bility of WO'3 in minersl acid solution s a means to determine tungsten

in steels. Silicon and phosphorus interfere in this method.

A carbonate fusion will separate W+6 from Ee+3 and 'I‘i+l+. W+6 (and

Mo+6, Cr+6, V+5, and P+5) are soluble in the acid leach of the carbonate

melt. Cu'2 3

can be used to collect small amounts of Mo+ and precipitated
with HQS in order ‘to separate molybdenum and tu:n.gsten.(_ah) W"'s remains
in solution. FRhenlum can be sepa.rated. from tungsten by carrying it on a

precipitate of CdS from an H
(29)

pS-saturated oxalic acid or tartaric acid

solution. Hydrogen sulfide precipitetions from mineral acid produce
very little precipitate of tungsten sulfide; however, eppreciable amounta
of tungsten may be ca.n-ie‘d..down ‘by molybdenum or other su].fides§3o). Beed(ag)
algo briefly describes the precipitation tgch.niq;ue's used by other investi-
gators to separate other elements, such as molybdenum, venadium, é.reenic,
antimoﬁ;y, thorium, eluminum, silicon, tin, ch.rﬁmium end carbon, from
'tu.ngsten. Hillebrand, et al. ,(31) elso briefly report on precipitation
methods used by’ other 1mrestigators.to separate tungsten from tin, -colum-
bium, tentalum, iron, titanium, arsenic, phosphorus and antimony. For
example, tungsten can be separated from small a.mouﬁta_ of tin, columblum,’
and tantalum by digesting the freshly precipitated tungstic acid with

an excegs of ammonjum hydroxide; a sé_)dium hydroxide precipitation from

an acid solution will separate small amounts of iron and titanium from

tungsten.

2. Separation by Volatilization

Peril_lon(32) reporta that tungeten can be volatilized when the tri-
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oxlde or its alkali salts are heated to red heat in e current of dry
nydrochloric acid gas. Brophy and Ve Brumt'33) recommend that tungsten,
as tungstic oxide, 1s best separated from thoria by volatilization in a
current of 'eq_ua.l.pa.rts of dry hydrochioric acid gas and oxygeﬁ at "(OOOG.
(34) '

Jannasch used en atmosphere of CClu_-Cog'for a similar separation.

3. Separatlon by Solvent Extraction

Solvent extraction methods used as separation methods for other
anelysis techniquea(35) can often be sdapted for use in radiochemistry.
Some of these methods, pa.rticula.rly those concerned with orge.nic soluble
compounds, are appliceble for use as sepa.ration processes. in the radio-
chemistry of the tungsten radionuclides.

a. Ion Assoclatlion Systems

Mi;.ﬁer, et al. (36) in studies concerned with tantalum and niobium
have shown thet w (and Mo ) c'm be partially extrazcted from 10 M
I-]I'-6ME[2501+-2.2&_¢I NHL‘_F solutions with methyl isobutyl ketome. Ti, U, Z_r,

Fe, Al, Mn, Sn and Ga do not extract at all; whereas, Ta and Nb are
completely extracted. Ethyl. ether w11l extract less than 0.5% W+6' from
a 20 M HF solution, vhile N‘b+5, Ta+5 and Rne"'7 are extracted in concentra-
tions greater than 50%.(37)

6 (a5 well as o™, Fe™2, and A1*3) will only partially extract
(1% or less) into. ethyl ether from a 1.5 M KI-1.5 N Hasou solution.(38)
Cd, In, and Sn a.re completely extracted under these conditions, while
.Bi, Cu, Zn, Hg, and Sb show varied degrees of extraction.

Heterepoly acids of W (and Mo, As, P, V, end Si1) are characteristically
soluble in organic solve_nts,end. it 1s poselble to use these ion assocle-
tion systems 1n separating these elements from other elements or each
other. Tungstophosphoric acld can be extracted completely from 6 N E SO,_I_

ko)

with l-pentanol. (39, Under these conditions, Mo is also quantitatively .

extracted; As, Fe, Cr and Cu are only slightly extracted. ' Various esters 5 -

ketones, aldehydes and ethers are also good solvents. (b2)
Tungsten has been separated from molybdenu_m by extracting it from a

K:E!CN-I‘{ELF-SnCl2 solution with butyl a.cetete(l_le) and from a HCl—H3P0,+ system

with ethyl ether.(le) Tungsten has also been separated from rhenium by

14



extracting it from a l(E'»CN-HgNO3 solution with ethyl éther.(m)

b. Chelate Coglple.x Systems -

W+6 can be separated from many elements by extracting an aqueous

oxine solution. of _'the ions with chlo.rofo:r:m.(h'5 ) The presence of EDTA
inhibits most of these ions when a.n extraction is made from a solution
et a pH of from 2.4 to 4.3. Tungasten (and Mo) can be separated from all
other common metsl ione in an acid solution by using chloroform to é'xtra.ct'
their g~benzolnoxime ctmplexes.('%) W+6 (as well as Sm, T, Zr, V+5,
a.ndlMo"'G) forms an ‘insoluble complex with K-benzoylphenylhydroxylamine that
can be extracted with chloroform from an acld solution at pH h_(h‘?,h&)
Tungsten cupferrate is only partially extracted from a (1 + 9) HCL
solution with ethyl acetate.?) v*%, 02 snt* my ang Mo™® quantita-
tively ext_ra.ct under these coﬁditioﬁs. Tu.ngsten does not form a complex
with 3-hydroxyl-l,-3-diphenyltriezine in acld solutions below pH 3; however,

6 v*3, v*7, ana ™ 4o and can be extracted end separated from

Mo
tungsten with orga.ni_c solventa.(so) Tungsten salts of sodium dlethyl-
dithiocerbemate can be extracted from an scid solution (pH 1-1.5) with
ethyl a.cetate.(sl) | .

W (as well as Mo and V) form heteropolyacids with phosphates in
acidic solutions, and these ccmplexes can be readily extracted into a
number of organic solvent_s.(se) For instance, complexes of W, Mo, V, As,
Sb, Zr, and Mo can be extracted from a concentrated 52804 solution with
ethyl ether. _

Thiocyenate in the presence of Sn012 end 1n en HC1 soluticmlw'lll

form a yellm:.r-colored complex of W+6

that can be extracted into either
ethyl ether, ethyl acetate, 1sopropyl ether, or an isoa_myla.lc‘ohoi-
‘chlémfozﬁ mixtur‘e.(53) Fe, T1, etc., must be removed by a NeOH precipi-
tation end Mo by HQS before the extraction 1s made. . '
Bagshawe . and Truman(sh) have used e 10% hydroxylamine sulfete and
a 1% toluene-3, 4-dithiol to forﬁ a complex of W (and Mo) that cen be
. extracted from a ﬁCl gsolution with emyl ecetate. The Mo 1s removed by .
shakiﬁg and separating the layers; Mo will extract into t';he amyl acetate.

After the removal of Mo and a reduction of the agueous solution with BnClz.,
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sdditional toluene-dithiolis added and the W extracted. In other studies,
Hanénce(5 5) and I.w.1.ller(5 6) fou.nd that the tungsten dithiol complex could
also be "ext.ra.cteci with emyl aéefate from a hot concentrated hydrochlorlc
acid solution contasining stannous chloride. These seme studies also
showed that the complex cou.l& be extracted from a hydrochloﬂ.c acld s;:alu-
tion into either 1soamyl acetate or n-butyl acetate. Similar systems
were used by Green'berg(ST) to separate tungsten from Ta, Ti, and Zr and -
by Machlen and Hague'?) and Stonn111(%9) to separate W from Mo.

The (CGHB)ILAB+ salts of tungsten cannot be extracted imbto chloro-
form from an acid solution. This system has been used to separate W

60)

(and Mo) from rhenium.( The morin complex of W has been used to

separate W from Mo by extracting it into chloroform from an HCl-NaF
(61) :

solution.

L. Separation by Chromatography

a. By Organic Adsorbents (other than ion exchange resins)

Tungsten, as wo;‘, has been separatéed from other metal lons by use

of chromatographic columns conteining 8-hydroxyquinoline as the support.(se) )

(63,64).

Robinson has also shown that W0h= could be separated from the con-

stituents of copper alloys and alloy steels by use of an 8-hydroxyquinoline
column. W°&= exhibits a yellow color under the condltions used. Ag+1,

8173, m*?, Mooh—a, 70+ and uoa+2 cen interfere since they also form

edjacent yellow or orange bands.

b. By Ion Exchange Resins

Kraus, et al.,(ss) and Kraus and Nelaorn(ss)

report on the use of an
anion exchange resin (Dowex-1, X-10) in studies concerned with distribu-
tion coefficients for W+6 in HC1 and HC1l-HF systems. In one of theae,(ss)
1t wes possible to quantitatively separate US, W& and Mo by use of

0.5 M HC1-1 M HF and 7 M HC1-1 M HF ;:nixturea as the eluting agents. Hicks,
et al., (67) studied the behavior of anionic species of ‘a number of metal
ions on the anion exchange resin, Dowex-2., Each metal segregated into
groups according to their elution bebavior with various comcentrations

(12 M to 0.1 M) of hydrochloric acid, 3 M HC10,, 1 M NH)OH and 1 M NaOH.

This study showed that molybdenum and many other elements could be sep-
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+h

arated from tungsten (and Ru, Fh, Re, Os, Ir, Pt , au*3 eng Te+3) by

elutions with HCl, HCLO, and NH,OH. Tungster was then separated from

Ru, Rh, Re, Os, Ir, Pt*", au®>

and T1*3 by elution with 1 M FeOH as the
reagent. The rest of these elements were retained upon the ion exchenge
resin.

Sa.msa.hl(GB)

has shown that tungsten (and molybdenim) can be separated
from cobalt, zinc, iron nickel, manganese and. chromium by the use of short
anion exchange resin (Dowex-2, 200-h00 mesh) columms coupled in series

and saturt_ated with chloride, citrate and hydroxide ions. These studies
were made in order to sepaerate radiocactive elements present as 1mpu.riti’ee in
a8 water cooled reactor. Tungsten (and Mo) are guantitatively retained om
the resin in chloride form; the other elements pass through to the cltrate
resin, where .iron, cobalt, zinc and nickel are adsorbed as complex lons.
Manganese and chromium pass through end are finally precipitated on the
hydroxide form. '

‘Tungsten has been separated from titanium by the use of 8BS cation
exchange resin in the hydrogen form.(69) Tungsten, as pertungstate ions,
wes removed from the resin column by elyting the column with an acid solu-
tion (at pH 5) and a 10% 3202 solution. Titanium was changed to a stable
complex per-acid cation and was retained by the colummn.

c. By Paper Chromatography

Tungsten, as WO,:' , can be separated fram ot_.her ions by paper chroma-
togra.pl:q uses of butanol-HBr -mjxtﬁres('?o) and ketone-HC1l m:!x_l'.ures(TI) as
solvents. DeCarvdho(Te) has shown that W+6 can also be separated from
other elements by using butanol-HCl mixtures as solvents. N-'butanol-H202-

HNO3 m:lktures have been used(73) to separate the per-scids of tungsten,

molybdenum and vanadium. Pluchet and Lederer('?u) also report on the use
of acetate buffered solutions end various solvents to separate tungsten

from venadium.

IV. DECOMPOSITION OF MATERTIAIS CONTAINING TUNRGSTEN
Most tu.ngeten-bea.ﬂ.ng materials cen be decomposed elther by H(‘:l—]ilsro3
mix'tures(75 ) or by mineral acld mixtures containing small amounts of hydro-
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fluoriec a.cid.(76) If strong HF solutlons are used, tungsten can be ioat_
a.a'_ WF6 since it boi;a at l9°C..(T()- Although rocks and stony meteoritic
materials can be sintered in sodium péroxide at elevafed temperatures 3 (78)
fusions with alkali .salte can prevent complete precipitatibn of ti;.ngs‘ben
by digestion with acide or retard its precipitation by cinchonine.(7%)
|If = treatment of & tungsten-bearing material in ite oxide or alkali salt
form is made at red heat and in & current of hydrochloric acid gas, tungs-
ten will volatilize.(32) -
Such dissolutlon methods es these can be edepted for use in the radlo-
chemistry'of the tungsten redionuclides. _'I:'he addition of tungsten carrier
4o the mixture before dissolution beglns will assist in achieving en.

exchange of the radioactive and inactlve tungsten atoms,.

V. SAFETY PRACTICES
Adequate safety precautibns should be followed in d:!.ssolviﬁg

a.ny.inactfl..ve or redioactive sample material. The manual by
Plieters a.nd.' Creyghton(79,) 'giv_e.a an excellent report on the taxicology of
most ina.ctive élanental coﬁpoﬁnds. Such a m.nual as this should be con-
sulted before any enalysis 1s underbai;en. o

. Safe practices in handling radicactive semple ma.teriais are always
ﬂl.mpoz_'ba.nt in radiochemistry. The discharge of ra&ioa.ctivity b.y explosion
. or evolution into a laboratory aree can be hazardous and can result in
wide-s_prea.d contamination. Thus, some iﬁfomation'_on safe-handling prac-
tices in processing radiocactive ilb.teria.ls should ﬁe cqns;.:lted before a _
radlochemical a.ma.lys.ia is undertaken. 'Safe-ha.ﬁd.'ling pra.étices , such as
those which appear in the Oak Ridge Na.tiona.l Ia.'boratory's Master Analytical
Ma.nual(so) end the Intema.tional Atonﬂ.c E:Jergy Agency's publication,(sl)
should be followed in processing any radloactive material. Many other

similar. sou:rcea of i_nformation exist and should be consulted.. '

VI. COUNTING TECHNIQ,UFS FOR THE RADIOCACTIVE TUNGSTEN ISO‘I‘OPES .
The analysis of sample ma.terials conta.:l.n:l_ng tu.ngaten rad.ionuclides
may be cénxpleted. elther by a direct (nond.estructive) inea.surement of the

ra.ﬁd.oactivity ofl the parﬁiculé.r radionuclide or by o'btéd.ning the radio-
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nuclide in some form by radiochemically processing the radloactive .sample.
The use of elther technigue ie dependent'upom the specific characteristics’
of the tungsten radd.oisof.ope being mea.su::ed,' 1.e., 1ts ha.].f-'lif.e,' type
zja.d.iations';t emits es it decays and the energy of those ra.dia.tions; The-
ease with which a nondestructive analyeis method cen.be applied is mpst
frequently influenced by the radloactivity of the sample matrix comtain-
" ing the t@tm' radionuclide. If {:his presents a considerable inter-
ference, the sample must be processed. radiochemlically.

Table I of thilis monograph shows ‘the nuclear characterlstlce of each
of the known radlocactlve lasotopes of tungsten. The moet frequently deter-
"mined of the tungsten -iadioisotopes are w185 {73.8 4) and w187 (2k n).
Thé ré.dioa.cti\.rit..y of these, as well as any other tungsten radionuclide,
can be measured by either standard Gelger-Mueller, gamma scintillation

end proportional counting tecMiqqes.(ga-Bs ) (86)

For example, Morrison
a.nd Morrison and Cosg‘cve(87) have determined W187 (24 h) by a non-
destruct:l.vé '_gamma spectrometric method in a radioactivation enalysis of
silicon for microgram émomts of stable tungsten. Similar techniques

(88,89) .

were used b-y'lelia.ret, et al., in-the determination of trace

tu,:ugsten in steel.

VII. COLLECTION OF DETATILED RADIOCHEMICAL PROCEDURES FOR THE TUNGSTEN
“RADIONUCLIDES : .

Both carrier and carrier-free radiochemicel analysis procedurés exist

for the tungsten radionuclides. Such procedures as these have evolved
from the inveatigat‘ioﬁ's use of technitj_ﬁes and ideas similar to those
reported in Sectlon III lof this monbgraph. ' .

Gile, et a.i.,(9°) report on the use of an iron hydroxide _'preéip:l.ta.—
tibn and en HCl;ethyl ether extra.ctj.on for the Fe"'3 a8 a means of obtain-

_ ing .carrier-f‘ree radloactive tungsten tracer frum'an-'irradi'ated :ta.nta._lm
torget. Although no other specific carrier-free methods for the tungsten -
.ra.d.:l.onucii_des appear in the current liferature » 1t should be possible to
use amy solvent éxtraeticin or chromatography methods reported elsewhere
in this mondgraph to serve as carrier-free methods. '

The carrler radlochemical procedures thet now exist.for the tungsten
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radionuclides have originated fram investigations concerned with eifher the
prepamtiog of radiocactive tracers ,(T() the separatlon of radiocactive
tungsten isotopes from fission product m:lxhurés(gl) or .in radloactivation
analysisgga’g—j) With regard to radioactlvation analysis, trace ampunts

of tungsten in tiﬁnim, (94) ailicon,(gs) high alloy steels,(ee’ss’ag)

metels and alloys, (96) aluminum, (97-99) ores, (96) rocks, (100) metéorites,(loo)

and blologlcal mat.erie.ls(lol)

have beeﬁ determined by carrier, radjochemical
methods. '

In each of the radiochemical methods that follow, speclal informe-
tion regarding the procedure's .use, the type of nuclear bombardment, the
type of material annlyzed, seperation time, etc., appears as part of each
procedure. Whenever posslble, an evaluatlion of each procedure 1s made

with regard to i1ts usefulness in the decontamination of other radioactive

specles from the radiocactlve tungsten lsotopes..

FROCEDURE 1

Procedure Used In: Prepé.ration of radiocactive tungsten tracer (ca.rri'gr-free)
Method: Preclpltation and solvent extraction
Element Separated: Redicactive tungsten 1sotopes
Type of Material Amalyzed: Irradiated tantalum target
Type of Nuclear Bombardment: Cyclotron
Procedure By: Gile, et a1 (96)
Chemical Yield: Carrier-free (98%)
Time of Separation: Shor‘t.
Degree of Purificatluon: Excellent
Equipment required: BS+tandard
Procedure: .

1. Boil solution with conc. EgSO, o destroy HF.

2. Add 20% Na.OH to precipltate Ta205 scavenger. Fllter.

3. Acidify filtrate with HCl; add Fe'? carrier and NeOH (to pdL) to

precipitate 1“:3(0]5[)5 , carrying ra_.dioact'ive tungsten.

20



PROCEDURE 1 (Continued)

4. Dissolve Fe(011)3 in 6 M HC1, add equal volume of ethyl ether- to
extract .Fe+3 .
5. Separate phases; discard organic. Aliquot aqueous for radloactivity

measurements by.some type of counter.

PROCEDURE 2
‘Procedure Used In: .Preparation of radlocactive tungsten tracers
Method: Solvent extractloms and preclplitaetion '
Element Separated: Radlosctive tungsten
Type Material Bombarded: .Tanta.lvm

Type of Fuclear Bambardment: a. 184" cyclotron (388 Mev alphas; 348 Mev .
protons; 194 Mev deuteroms)

b. 60" cyclotron (37 Mev alphas; 9.5 Mev
protons; 19 Mev deuteroms)

Procedure By: Hicks-and Williamson (Reported by Meinké(W))
S8eparation Time: 30 minutes .
Chemical Yield of Carrier: ~ 100% _
Decontamination: Separate 107 counts per miﬁute from Te and spallation producte.
Equipment Needed:- As indicated in Procedure.
Procedure:
1. Dissolve Te in HF and minimum of HNO,. Add 20-30 mg W carrier (o m;).

3

2. Destroy all HNO with hydroxylamine or hydrazime. Meke about 2 N in HC1,

3
add 0.1 gm solid SuCl,, 0.5 gm NH)SCN, and HZ'BO3 to complex all HF as HAF) in
that order. l

3. Heat until a bright apple green complex appears, transfer to a sep.
funnel, and extract twlice with at least equal volume ethyl acetate.

k. Wash orgapic layer twice with equal volume 2 N HCl, and evaporate organic
layer to drymess. . . ' .

5. Teke up the blue residue with 6 K HC1 and 1 drop 3C% B0, (or conc HNO3)
and 1 drop aerosol. Bright yellow WOs precipitates after d_'lgestidn.on a hot

water bath.
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PROCEDURE 2 (Continued)

6. Centrifuge and wash W05 with GIE scld. Then diesolve in 1 cc 6 N NE-uOE',
entrifuge and discard .any ppt. Ferric hydroxide scavengeé (with 1/2-1 ng Fet)
ay now be used for further purlty but usually are not necessary. |

T. Add 5 e¢ cone. BN05 and 1 drdp of aerosol, digest on a hot water

ath, centrifuge and wash WO, formed with 6 N acid.

3

iemarks: WF6 bolils at.. l9° C 80 don't boll target sol'n any more than necessary.

PROCEDURE 3

Procedure Ueged In: Separation of tungsten radioactivity from fission
product mixtures.. : )

Method: BSolvent extraction and precipitation
Element Separated: w8 (73.8 d4) and w87 (24 n)
Type of Material Analyzed: Fissicn Product Solution
Type of Nuclesr Bombardment: W-or(n;y)W 07 and w-86(a,y)wi7
Procedure Bly: Prestwood (reportéd by Kleinberg(87))_
Chemical Yield of Carrler: Quantitative
Time of Separation: Several hours
' Degree of Purification: Good from fission products
Eq_uipment Required: Standard
Procedure:

.1." To a LO-ml conlcal centrlfige tube add 2.0 ml. of'standard. W carrler
‘and an aiiq_uot of the sampie. Then add 10 ml. of conc. ENO} and digest on a
steam beth for 10 minutes. Remove, centrifuge, and discard the supernate.

2. To the WOx'XEg0 régiaue add 6 drops of conc. NH)OH end dlute to 15 ml..
with H;O0. Ad4, with swirling, 3 drops of Fe carriler solution (Note 1) and 2
drops of serosol solutiom. Centrifuge and decant the supemafe .iuto a-clea.n
centrifuge tube. .

3. To .the solution add 10 ‘drops of saturated tartaric acid solutlon, and
10 drops of comnc. HQSOLI_, 5 drops each of Bl and Mo carriers. Place oun .s'bea'm

bath and pump in HoS rather vigorously for at least 2 minutes. (Note 2) (Same'
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PROCEDURE 3 (Continued)

time 18 required for M055 to coagulate. Coagulatioo 1s alded by the precipita-
tion of 131283.) Filter the hot mixture couta.iniﬁg_ the sulfide precipitates
through No. 4O Whetmen (9 cm.) filter paper in a 2", 60° funnel (Note 3) and
collect the filtrate in a clean centrifuge tube. Wash the centrifuge tube -
and the precipitate with 2-3 ml. of water and pour the washings through the
;filter funnel. To the flltrate add 10 ml of comnc. HN03 and dlgest on & -

steam for 10 minutes. Remove » ce‘n‘_tz;ifﬁge , and discard the supernate.

4. Repeat Steps 2 and 3.

5. Dissolve the W05'X1120 precipitate in 6 drops of conc.. NH),0H and
lad.d 15 drops of saturated tartaric acild solution. With 10 ml. of HQO transfer
the solution to & 60 ml. sepdratory funnel. Add 10 drope of comc. HC1, 1 ml.

of Nb carrler, and 10 ml. of -:chlorofom. Shake briefly and add 5 ml. of_6%
cupferrotn reagent. Shake for 30 sec. and allow to stand for 1-2 minutes.
" Drain off chloroform layer and discard. Extract agaln with 5 ml.. of chloro-
form. Draiun water layer into clean 40-ml. of centrifuge tube. _

6. Repeat Step 3 for the additiom of the tartaric acid solution. (Cau-
tion: when the mixture is heated on & steam bath, there 1s & vigorous, e-volu‘-
tion of oxides of nitrogen from reaction between tartaric acid present iu -
solution and the vitric acid edded.)

7. To the WO3-XHZ0 -prec.ipita.te obtalned 1ﬁ Step 6 add 6 drops of conc..
NH),0H. Tr_a.nsfer the resulting solution to a 125-ml. Erlenmeyer flesk w‘i‘t.h the
eid of H20' from a wash bottle. T).;le volume of solution should be about 15 ml.
m 6 drops of glacial E02E302 and 10 ml. of -the buffer solution.

Heat to boiling and add 1 ml. of b B-hydroxyquinoline reagent dropwise. Boil
for about 30 seconds s let stand for a few n_linut.ea , and filter through a tared
No. 42 Whatmen filter, 7/8" diameter, using e ground-off Hirsch :ﬁnnel and & °
filter chimney. (No. 50 Whatman paper- 1s also sulteble, but the filtratiom

" process is slower.) Dry at 120° for 10 minutes. Allow to stand for 20 minutes
end weigh. Mount on two—s:l.d;d. Scotch tape on an Al plete and cover with Nylon

film. PB-count immedlately (Note 4).
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PROCEDURE 3 (Continued)

1. The percentage loss of W 1n this step is almost .exactly equal to
the number of drops of Fe carrier added. .

2. It is mecessary at this stage to keep the solutiom hot in order to
keep the formation of sulfur to e minimum 1n the step wﬁeré Hl‘IO3 is added to
destroy tartrate.

3. Filltratlon 1s superior to centrifugation at .-this stage. "Floaters"
are invariably present after centrifugation. .

185

4. 24 h W8T ena T34 W are the isotopes counted.

PROCEDURE 4
Procedure Used In: Radioa.ctiva;tion analysis
Met;hod: Precipitation
Element Sépa.rated: w87 (éh h)

Type of Materlal Analyzed: Tita.niuT (9k) Zircon:l.'\m and other metals and
. alloys; §6) ores(96)

Type of Nuclear Bombardment: W:|'8'6(:1,7)¥~Tl87

Procedure By: Mulliuns, Brookgbank and Leddicotte (Reported by Mullims and
Leddicotte(102

Chemical Yield of Carrler: 65-75%
Separation Time: 4 hours’

Degree of Purificationi Complete decontamination of zirconium, niobium,
) end tentelum is made.

Ecj_uipment- Required: Neutron source and standard laboratory equipment -
Procedure: . -

A. Irradiation of Sample Material

1. Irradiate known smounts of test (Note 1) and comparator (Note 2)
gemples in & neutron flux of 5 x 10t n"/éec/cme for 16 hours or longer (Note 3).
Comparator sample is. irradiated in.a small quartz vial. The test sample may be
irradiated in aluminum foil, plastlc visls, guartz vials or eny wey that mey be

convenlent for the analyst and compatible with the irrediation facility.
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PROCEDURE 4 (Continued)

B. Preparation of Irradiated Test Portioﬁ and Analysis

The Comparator Sample

l. After the irredlation, quantitatively fransfer the comparator sample
(Note 2) to & 100-ml volumetric flask, and dissolve 1t id 25 ml of 19 M NaOH,
and dilute to volume with weter. Mix well, using safe ﬁaudling practices for
radioactive méterials.

o 2. Plpet a 1.0 ml aliquot of this solution into a 100-ml volumetric: flask;
.dilute to volume with water and mix well.

3. Pipet 2 1.0 ml allquot of ‘this solution into a 50¥ml gless centrifuge

tube. By means of a volumetric plpet, add to the seme tube 1 ml of stendard

tungsten carrier of known concentration (Note 4). Mix well and continue with

step 8 in The Test Sample.

The Test Sample
1. After irradletion the sample is placed in a 50-ml'1usteriod'tubé for

dissolution. Add 1 ml of H0 and 1 ml of 16 M HNO3 (Note 5) and 27 M HF
dropwise until aissolutioq 1s complete. "Add a total of 1.5 ml of 27 M HF and
digest at room temperature for 10 minutes (Note 6). .

2. Pipet 1.0 ml of standardized tungeten carrler amd mix well. " Add 10 ml
" of 16 M HNOx. Slowly, add saturated Al(N03)3 with stirring until tungstic acld
begins to precipitate. Tramsfer the'sample.to a 50-ml glass centrifuge tube
.and heat to boiling for 15 secounds. Céntrifuge and discard the supernate.

Wash the precipitate twice with 30 ml of hot 0.5 2.301.

3. .Dissolve the tungsfiélacid with 1 ml of 6 M NHuOH.ﬁy genfly heatiﬁg
over a fleme (Note 7). Add 20 ml of basic wash éolution (Néte 8) and add 5 mgs
each of b end Fe holdbeck carrier. Heat to bolling for 15 seconds and centri-
fuge. Transfer the supermate to & 50-ml glass éentrifuge tube and repeat addi-
tion of Nb and Fe holdback carriers and.centrifuge.

L. Filter the supermate through No. 00 Munktell filter papér into & 50-ml
glase ceﬁtrifuge tube (Note 9). TIf no other contaminants from the origiﬁal '
sample are known fo be p:ééent except Ta_énd Nb; then coutlnue with step 5.. If

the acid and baslc sulfide groups are present, then continue with step 6.
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PROCEDURE 4 (Continued)

5. Add 10 ml of 12.5% cinchonime solution in 6 M BC1 and heat at 60° to

T0° € to precipitate tungstic acid. Centrifuge and discard supernate. Add 25 ml
of 6 M HC1 and boil for 1 minute (white tungsten -cinchonime precipltate is

couverted to yellow .HEWOM_). Centrifuge and weash HQWO)+ in 30 ml of hot 0.5 M
HCl. Centrifuge apd fllter with 15 ml of hot 0.5 ﬁ_HCl on to No. 00 Munktell
filter paper. Ignite to wo5 in 8 muffle furnace at TOOO C for 30 minutes. .
Weigh the amount of W03 recovered and prepare..sa.mple for radloactivity
measurement (Note 10).

6. Add 1 ml o:f 15 M NH),0H and l.ml of 50% tartaric acid. Mix well and
chéck with pH paper to make sure the solution is basic (Note 11). Add 10 mgs
of cobalt holdbeck carrler and saturate with H5S. Heat to ald coagulation..
Centrifuge and decant the supermate into 50 ml glass centrifuge tube.

. 7. ‘Ceutiously (in a well ventilated hood, neutralize with 6 M HCl and
then meke the solution 0.2 M in HC1 (Note 12). Boll for 30 eeconds to drive
off excess HES and add 10 mgs of Cu holdbaci: carrler and satﬁ_rate- wlth HoS.
Centrifuge and decant supermate into & 50-ml glass centrifuge tube. Boil for
30 seconds to drilve off excess EQS l .

8. Precipitat-e HWOy, with the addition of 10 ml of 18 M H80), by bolling
over & flame. Digest for 5 minutes. Centrlfuge and wash HpWOy with 35 ml of
hot 0.5 M HC1. Filter, ilgnite and weigh as 1n step 5. -

C. Measurement of Rediocactivity and Calculation of Ipactive
Tungsten Content of the Original Semple

1. The measurement of tungsten-187 may be completed by gamma counting on
a gama scintllletlon spectrometer. Either the 6.14-8 or the 0.68 Mev .
gamme raéiations may be measuréd. If ome s.o deslres, a gross gamma mea.eyre.meﬁt-
may be made on & gemme scintilletlon counter. _

2. Followlng the redlocactivity measurements, the obéerved w87 radiocactivity
is corrected tor loss of "carrier" during the experlment, decay, and sample
welghts of both the test and._ comparator sample. A comparison of these corrected
radiosctivaties becomes a measure of the etable tungsten content of the test

semple:
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PROCEDURE 4 (Continued)

Corrected radloactivity of tungsten .
Percent stable tungsten in test sample : x 100
in test semple Corrected radloactivity of tungsten
in comparator sample

1. At least O. lO gram portion of solid samples should be u.aed

2. Use tungstic acid, Hawoh, for tungsten compa.ra.tor, a.pproximately 25 mge.

3. The ORNL Grephite Reactor was used for this lrradistiom. The sensi-
tivity of .the method is such that 1 x 10"9 grems of tungstén can be determined.
The sensitlvity can be improved 'by use of higher neutron fluxes.

4. As tungstic acld,H WOM_, standardized to 10 mg per millili‘ber.

5. _BN03 1s osed in the d_tssolutio:_l because tungsten:ie mat soluble 1pn HF
alone.

6. The sa.m;ple 'is digested_for 10 ﬁinutes _pocause tungsten 1is al_oy to. dis__solve
at tﬁis cooceutrotion of EF and ENOB. The extra HF is a_@d.ed. to keep the tmgoten
cérrier in solution, siﬁc-e the ]E|1\TO5 would prec:l.pita.te it as HEWOJ*. '

T. Cloudiness nny be due to an excess of Al or Zr that was not washed out.

8.. Basic wash solution :I.s prepared by mixing 3 ml of 6 M N:Ell_OH with 1 ml of
6 M HNOy and 5 ml of HO.

9. Filtering in & medium of NEM_NO solution gives a d.econtamination factor

3
of Te ranging from 250_to 500. If high concentrations of Ta are known to be present,
this step should bé repeated.

10. By comparing the final 'weigh'_b of the WO3 precipitate obtalned here, with
the theoretlcel yleld expected from the amoumt of tungsten carrier added, 1t is
possiole to determine the lchemica.l yleld of -the experiment.. The chemlical yleld
correction is then used to determine the amount of W187 recovered during the -
Bepa..ration process. |

11. The tartarlc acid prevents :t]:'\e' preéip'ita.tion of cobalt holdback
carrler before satura.fion wilth HQS as well as to prevent'. tungsten from’
_precipite.ting during the acid sulfide step.

12. Ig'nore any preclpltate that may form here.
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PROCEDURE 5
Procedure Used In.: Radioactivation analysis
Method of Separation: Precipitation .
Flement Separated: W.O! (2L.1 h)
Type of Material Analyzed: Silicon(®®)
Type of Nuclear Bombardment: wlas(n,y_)wla7 .
Procedure By James and Rich'a.rds(95)
Chemical Yield of Carrier: Quantitative
Time of Separation: Several hours

Degree of Purification: Good from redionuclides of Cu, Sb, Ta, Au, Bi,
: Co, Zn, Fe, Mn, Mo, K and Na

Equipment Required: Neutron source and standard laboratory equipment
Procedure: .

NOTE : Authors(95 ) indicete that samples were iMatﬁ in the BEPO
reactor at Harwv_ell after which they were etched in a HF-HN03 mixture 1:6
remove surface contamination and then dissolved by fusing in caustic soda.
The added tungsten carrler was removed from tﬁe solution of tﬁe irm.dia.ted
samples by precipltation. The.fi-na.l separated tungsten precipitete was -
'ig'nited to WO3, ‘cooled, weighed and then the W187 radioactivity measured
by game spectrometry. It was possible to determine at least 8 x 107 T

gram of tungsten by this method.

_ PROCEDURE 6
Procedure Used In: Radloactivation Analysis
Method of Separation: Preclpitation
Element Separated: w87 (24.1 h) _
Type of Materlal Analyzed: High mlloy steele(ee’89)
Type of Nuclear Bombardment: Wla6(n,7)W187
Procedure By: Leliaert, et 31(88'89)
Chemlcel Yield of Carrler: 99.8%

Time of Bepai'ation: A few hours
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PROCEDURE 6 (Continued)
Degree of Purificatlom: Exéellent separation from the radionuclides of Cu, Co,
Mo, Mn, Cr, As, Fe, and Ta
Equipment Required: Neufron source and gtandard laborato;y eqpipment
Procedﬁre: o
1. Dissolve the irradiated semples {Notes 1 and 2) in 6 N HCl. After the

reactlion subsides, add concentrated HNO, dropwlse and precipitate the.added tung-

3
gten carriler as yellow tungstic acid by heating on a hot plate until the HC1l and
HN03 are completely removed.

2. 0601 the solﬁtion and dilute with 50 ml of water; tﬁen add 2-5 ml of
30% H0, (Note 3) and 5 ml of 1% NasV0), solution (Note 4).

3. Heat the solutlon on a hot plate umtll the peroxy acid is completely
decomposed to tungstic acid (Note 5). Continue heating for en additiomal 15
minutes. Cool the mixture.

4. Pilter the solution through a fine grained filter-paper; then wash
with 3% m«oj. |

5. :Mount the filter-paper and the precipiﬁate_and measure 1ts radio-
activity (Note 6).

6. Calculate the amount of stable tungsten in the test samples (Note 7).

1. Samples were irradiated in a neutron flux of 107 n/cm? produced by
a cyclotron deuteron (11.5 Mev) bambardment on a beryllium target and in the
BRI reactor at & flux of lOll n/cmz/sec. The sample slze wae adjusted so as
to obtaln a constant self-shilelding effect.

2. BSamples sometimes processed by & non-destructiﬁe methods; see authors'
reporta.(85!89);

3. To solubllize the tungstic acld as peroxytungstate. _

4. The vanadate lous reduce molybdate adsorption on the tungstic acld
precipitate.

5. Disappearance of the wire red color of the peroxyvanad;c_dcid serves
as en indleator.. .

6. Camma counting by means of a Tracerlab Superscaler.
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PROCEDURE 6 (Continued)

1. Comparator or standard samples were irradiated and processed in the
same manner. A comparison of the radioactivity of the test sample with the
redioactivity of the comparator sample gave the quantity of stable tungsten in

the test pample.

PROCEDURE 7
'Procedure Used In: Radloactivation Analysis
Method of Separation: Precipitation
Blement Separated:  W-o! (24.1 b)
Type of Material Anaiyzed_: Aluntoum(97-99)
Type of Nuclear Bombardment: W186(n,7)W187
Procedure By: Albert, et 31(97'99)
Chemical Yield of Carrler: Good |
T:Lm.e of Separation: Severel hours -
Degree ,of Purification: Excellent from all elements except molybdenum
Equipment Required: Neutron source and standerd leboratory equipment
Procedure: |

1. Disesolve irradlated hlumiﬁtm (Note 1) lin HC1 in the presence of
tungsten cerrier and -carriers of other elements (Note 2).

2. 'Adjust the solution %o & molarity of from h-6 ¥ :I_.n HC1 and satﬁra‘be
with Hf. Filter the mixture: (Note 3). '

3, Digsolve the HES_ precipltate in mineral acid, add HBr and_d.istil.
Collect the dietillate (Note L). . | _

L. Adjust th_e. molarity of the distillate fraction to a pE of 5 and treat
with oxine solution. Filter the mixture. The insoluble fraction can be
processed (Note-j); '

5. Add salicylaldoxime solutlon to the filltrate; dlgest the mixture, then
filter (Note 6). ' _

“ 6. Add g-benzoinoxime solution to the filtrate. Digeet the mixture, then

filter (Note 7). -
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PROCEDURE 7 (Continued)

T. Mount the W {and Mo) precipitate for counting (Note 8).

Notes:

12 n/cm?/sec;

1. Irradiated in the Saciay reactor st neutron flux of 10
2. Standardized carriers of Cu, Pd, Mo, Bi, Se, Hg, As, Sb, Ag, Te, Fe,
Ga, Rare Earths, Sc,.Zr, Ef, Cr, Mo, Ni, Co, Zn, Sr, Ca, Na, Kb, Cs, and K.
%. The filtrate can be processed for such elements as Fe, Gé, RAre_Earths,
Sc, zr, BE, Cr, Mn, Ni, Co, Zu, Sr, Ca, Na, Rb, Cs, and K.
' Sé; Hg, As, and Sb separated here.
. Contains Ag and Te «

5

6. Precipitate contaire Cu and Pd.

7. The precipitate conteins W end Mo; the filtrate wmay be processed for Bi.
8 .

.~ Stendard counting methods employed here.

EROCEDUBE 8
Procedure Used In: Radioactivﬁtion analyﬁis
Method: Ton exchange with carriers
Element Separated: W O! (24 n) .
Type of Materilal Analyzed: Stalnless steel, 1te corrosion products, and
water-cooled mucienr resctor L6B)
Type of Nuclear Bombardmeut: 'W186(n,7)wla7
Proeedhre By: Samaahl(se)
Chemical Yield oi Cerrier: - Quantitative
Degree of Purification: Excellent
Equipment Requilred: Neutron source.and standard leboratory equipment
Procedure:

(68) in the section of his report

The information given by Samsahl
entitled "Experimental" 1s consldered to be-rather'céncise and lnformative
for use as the deteiled Procedure for this radiochemical separation method.

It reads as follows:
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'PROCEDURE 8 (Continued)

Experlmental
The experimente were performed with irrediated (Note 1)

metaliic chromium, molybdenum and tungsten and salts of the catlons,
Na+l, Mn+2, Fe+2, Co+2, Ni+2, Cu+l, Zn+2, and Sr+2. The samples
were individual;y brought iﬁto solution with hot 1:1 HCl contaluning
a few drops of Ho0p and taken to dryness on & water bath. Subsequently,
the resldues were dissolved 1n water and dlluted to a sulteble strength
of gamma activity. Carriefs were added in amounts of about 5 mg of
appropriate cation per 100 ml of solutlon. No carriers were added tq
the solutions of tungsten and molybdenum.. Then 20 ml portions of e
single gamma emitter solution were added to four ion exchange
colume consisting of Dowex-2 (200-400 mesh) resin in the citrate,
chloride end hydroxide forms, and Dowex-50 (200-400 mesh) in the
hydrogen form. FEach column consisted of 10 ml of w&fer-sedimented
rea}n contained in & 2.5 cm dlemeter glaes filter crucible (Note 2).
The active solutions were sucked through at a-rate of about U4 milli-
liters per minute and the columne washed with two 5-ml portioms of
water and dralned by suctioﬁ. Finally, the crucibles were placed
directly at a definite geometry on the top of a gammﬁ'scintillation
detector and the rediocactivity assayed with a slngle chaunel pulse
analyzer. .

The activity of the Dowex-50 resin was measurg& and used as a
standard.for the estimatlion of the percent absorptlon on the other .

reeins. The eluate was controlled for possible gamma activity.

Notes:

1. Irradiated 1n the Swedish R-1 reactor. Samples of lrradiated steel

and D20 were esleo processed by thie method.

2. Pamsahl's report(as) should be consulted for & description of the

ion exchange columm and other information.
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PROCEDURE 9

Procedure Used In: Radioactivatiog analysis
Method ‘of Separation: Precipitation
Element Separated: w187 (2k.1 n)
Type of Material Analyved: Rocks and Meteorites(loo)
Type of Nuclear Bombardment: WlBG(n,7)W187
Procedure By: Atkins end Smales(loo)
Chemical Yield of Carrier: L40-60%
Time of Separation: Several hours
Degree of Purlfication: Good from Ta.ls2 and other radioelements
Equipment Required: Neutron source and standard laboratory
Procedure; . |

1. Irradiate test samples aﬁd comparator samples for 36 hours in a
neutron flux (NOTE 1). Sealed dry silica ampoules should be used to contain
the samples (NOTE 2).

2. Dissolve the irradiated samples (NOTE 3) in the following manner:

a) Rocks and stony. meteorites: Sinter with sodium peroxide for
10 min at hBOOC in a 5-mi nickel crucible. Tranasfer the cake to a.250—ml
beaker; then proceed with Step 3 below.

b) Iron meteorites and iron and steel saﬁples: Dissolve i1n a
minimum amount of a minerﬁl acld mixture conteining hydrofluoric acid.
Proceed with Stép 3 below.

3. Add 10 ml of 20% tartaric acid and 70 ml of distilled water con-
taining 5 g of emmonium chloride. Acidify the solutlon with 10% v/v H,80, . -

L. Boil the solution and add NHhOH dropwise until it is Just alkaline;
then edd 50% HCL until the solution i1s acid aﬁd then two drops in ekéess.
Next add 50 ml of hot 2% tannin solution slowli and with constant stirring.
Boil gently to coagulate the érgcipifatg then add.lo ml of 5% cinchonine
in 25% hyﬂrochlo?ic acid to the hot solution aiowly and wifh constant .
stirring. .Digest.the mixture for 30 miﬁutes. o

5. Filter through an 1l-cm Whatman No. 541 filter paper. Wash the
precipitate ﬁith hot 2% ammonium cﬁloride solution. Diecard the washings.

6. Trensfer the tannin-cinchonine precipitete of tentalum and tung-
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PROCEDURE 9 (Continued)

sten to a 250-ml beaker and add 20 ml of concentrated HNO_, and 5 ml of

3
concentrated stoh. Heat on & hot-plate until z.a']J_ of the organic material
1s destmed, adding more I-[N03 whgn necessary. .Fume to remove excess EN03.
T. Cool the solutlion and then precipitate the hydrated .oxidea. of
tantalum and tungeten by the eddition of 50 ml of demineralized water.
Add 5 ml of-conc. HCl; boii, then centrifuge. Discard the supermate.
8. Dissolve the precipitate in & 10 ml volume of 0.4 M HF-6 M H,S0, |
mixture (NOTE 4). Treunsfer the acid sqlutibn to e 100-ml separatory
funnel,
9. Add 10 ml of DIFX {or hexone) to the solution (NOTE 5). Sheke
- for 2 minutes. Remove the equeous phase.and extract with an additional 10
ml of the conditioned'orga.nic aoivent. Beparate the phases and retaln each.
10. Comblne the organic phases and shake briefly ﬁth 10 ml of the
mixed acid solution. Separate the phases; combine the a.q_ueoué phase with
the aqueous phsse obtained above (NOTE 6). _ .
11. Transfer the agueous phase to & 150-ml beaker, add 15 ml of

conc. HNO, and digest on a hot-plate. After cooling, centrifuge the

3
mixture. Discard the supernatant liquid.

12. Wash the tungate@ oxide precipitate wilth hot conc. HN03;
© discard the washings. : -

13. Dissolve the oxide in 0.88 M ammonia solution; dilute to 15 ml
with water and centrifuge. Diécard the resldue if any.

. 1he, Di.gest the solution on a water bath with conc. HNO3 to pre-
clpitate tungsten oxide.. Centrifuge; wash 'the.precipitate with hot conec.
HNO3.

15. Repeat Steps 13 end 14 at least once more (NOTE 7).

16. Dissolve the tungaten. oxide in & minimum volume of 0.88 M ammonia
solution. Heet the solution to bolling, then slowly a:id 1 ml of 5% 8-
| hydrox_yq_uinohne solution in 2 N _acet.'.ic 'a,cid to precipltate tungsten
oxlnate. Acldify the solution wilth acetlc ecid a.mi then ceﬁtrif_uge the

mixture. Discard the supernatant liquid.
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PROCEDURE 9 (Continued)

\

: i?. Wash the precipitate with water and finau,v alcoh.ol Then' slurry
the precipitate onto a weighed counti.ng tray with a little alcohol. Dry
u.uder an infra-red heating lamp; weigh for chemical yield determination
and count. (NOTE 8) _

18. Count the samples and stendards and correct the measured WlB?
radioaétivity for background and decey. The amount of tungsten preaent
in the test sample X, ie given by the relation:

Mass of W 1n test _
Mass of W in std. ~

Radioactivity of w187 in sample corrected for 100% chemicel yleld

Redioactivity of Wl g in standard corredted for 100% chemical yleld

NOTES

1. In this wofk, the "self-serve" position of the BEPO reactor was
used for the irradiation.

2. Im thése experiments, the rock samples and stony meteorites were
ground to pass a 100-mesh B.S. sieve and the iron meteorites, and standard
iron end steel samples were irrediated as turnings or single pleces of
the metal,

3.- Standerd tungsten and tantalum cerriers shou.'l.d be present during
the d:lasolution, a simultaneous determination of tungsten and tantalum
was made. _

4, If an insoluble residue forms, filter or centrifuge the solution
to remove 1t.

5. DIFK (or_hexone) previously cond;tioned with 0.k N HF-12 N H,80)
mixture.

6. The tu.ngsﬁen is contalned in the combined aqueous phases ; ta.n‘baltm
1s in the organic solveﬁt.

T. The tv.mgéten oxide-ammonium tungstete cycle may be repeated if
this should be necessary to achleve radiochemlcal purity.

8. Count may be made by beta or gamms counting. Radio_cﬁemica.l purity
confirmed by half-1life detemina_.tiong , beta absorption curves and gamma
. gpectra.
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PROCEDURE 10
Procedure Used In: Radicactivation analysis

(101)

Method: Publication should_ be consulted

Element Separated: W.O! (2h.1 h)

Type of Material Analyzed: Biélogical Materials(10%)
Type of Kuclear Bombardment: w186(n,7)w187
 Procedure By: Fukai and Meinke(10%)

Chemical Yield of Carrier: Unlmown

Time of Separation: Unknown

Degree of Pq.rification: Adequate from other radionuclides

Equipment Required: Standard |

Procedure:

NOTE: No epecific information has been presented by the muthors on the

(101)

raediochemical separation method used. Thelr publication ghould be

consulted.
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