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FOREWORD .

The Subcommlttee on Radlochemistry 1s one of a number of
subcommlttees working under the Commlttee on Nuclear Sclence
wilthin the Natlonal Academy of Sclences - Natlonal Research
Councll. Its members represent government, industrial, and
university laboratorles in the areas of nuclear chemistry and -
analytlcal chemlstry,

The Subcommittee has concerned 1tself with those areas of
nuclear sclence which involve . the chemlst, such as the collec~
tlon and distributlon of radlochemical procedures, the estab~
lishment of specifications for radlochemlcally pure reagents,
availabllity of cyclotron time for service irradlations, the
place of radlochemlstry in the undergraduate college progran,
ete.

‘This serles of monographe has grown out of the need for
up-to-date compilations of radlochemlcal informatlon and pro-
cedures. The Subcommlttee has endeavored to present a serles
which willl be of mexlmum use to the workling sclentlst and
which contains the latest avallable 1nformation. Each mono-
graph collects 1n one volume the pertinent information required
for radlochemical work with an individual element or a group of
~ closely related elements.

An expert in the radiochemistry of the particular element
haB written the monograph, followlng a standard format developed
by the Subcommlttee. The Atomic Energy Commlissaion has sponsored -
the printing of the series.

The Subcommlttee ls confident these publications will be
useful not only to the radlochemlst but also to the research
worker in other fields such as physlecs, blochemistry or medicine
who wlshes to use radiochemical techniques to solve a specific
problem.

W. Wayne Meinke, Chairmhn
Subcommittee on Radlochemistry
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INTRODUCTION

Thils volume which deals with the radiochemistry of
potasslum 1s one of a serles of monographs on radlochemistry
of the elements. There 1s Included a review of the nuclear
and chemlcal features of partlcular lnterest to the radio-
chemist, a discussilon of problems of dissolution of a
sample and countlng technlques, and flnally, a collection
of radiochemlcal procedures for the element as found in the
literature. - : '

The series of monographs wlll cover all elements for
whlch radlochemlcal procedures are pertinent. Plans i1nclude
revision of the monograph perilodically as new technlques and
procedures warrant. The reader 1s therefore encouraged to
call to the attentlon of the author any published or un-
published materlal on the radiochemlstry of potassium which
might be 1ncluded 1n a revlised verslon of the monograph.

iv
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The Radiochemistry of Potassium

W. T. MULLINS AND G. W. LEDDICOTTE
Oak Ridge National Laboratory*
Oak Ridge, Tennessee
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II. RADIOACTIVE NUCLIDES OF POTABSIUM .

The radicactive miclides of potassium that are of ‘interest in the radio-
chemlstry of potassium are given in Table I. This tablé has been compiled
fran informetion appearing in Teports by Strominger, et a1., ) and by Hughes
and Bn.rvay.(a-) - . . . :

TABLE I
THE RADIOACTIVE HUCLIDES OF POTASSTUM
Rasto- Mode of

Fuclide  Haif-Iife Decay  _Energy of Radiation Produced By

x37 1.38 gt - gt b6 K-y-2n

22 - 71 gt gt 2.8 : Cl-o-n, K-n-2n, K-p-pa
7 216 K-7-n, Ca-d-Q

g0 1.exw0ly @ g 1.33 Fatural source

-' y 1.6
1.55 |

K 6.7x10 %8s Ir y ~1.3 Deughter A*L

K2 12,4k n -3 B~ 3.58 A-G-mn, K-d-p, K-n-7
7 1l.51 Ca-n-p, Sc-n-Q

xl‘3 2.4 h . B g~ 0.81, 0.24 A-G-D

_ : 7 ~0.h
R 1o £ Ca-n-p

IIT.. THE CHEMISTRY OF POTASSIUM AND ITS APPLICATION IN ANALYSIS
: METHODS POR THE POTASSIUM RADJONUCLIDES

Radiochemical analysis methods usually follow the ideas and techniques
established by more conventional analysis methods to detersins a non radio-
a.ctivn elemsnt fl.n an :’Lnnctive_ sample material. Since ﬂ:es:o.method.a' - preci-
pitation, solvent extraction, chromtogrephy, and elactrolysis - are dependent
upon cheamical ;;eactiona to bring them to completion, the general information
given below on the formation of potassium compounds end their behavior in
separation methods is intended to establish the usefulness of such ideas and .
tachn:l.qp.os in analyzing a rad:l.oactive (or nonradicactive) material for the
potagsium redioniiclides.

"A. The General Chemistry of Potassium
The sarth's crust contains at leest 2.59% potassium. Potasaium ccnpound.a

- are found in solls, sea nté_r, mineral water, ilgn.ooua rocks and minerals. The



chief mineral scurces of potassium are cernallite, KCl-MgCla'Gﬂzp; polyhalite,

Kzﬂoh-MgSOh-zcaSOL-ZHaO; sylvite, KC1; silvinitg, a mixture of KCl and NaCl;
schonite, MgS0,,*K,80, *6H:0; and kainite, MgS0, -MgCl,'K,80, *6H.0.

Potasslium métfa.l is usually produced by an electrolytic procese in which
an aqueous solution of the mineral is electrolyzed and the insoluble impurities,
such as Mg (0H) o & filteréd off. The solution of KCl remaining afber this
filtration 1g further electrolyzed to produce a solution of KOH. The KOH solu-
tion is then eiraporated to dr,‘y'ness and elementary potassium obtained by an .

electrolysis of the fused KOH.

1. Metalllc Potasslium

Potassium metal is a soft, silver-white metai having a density of 0.86.
Potassium 1s camposed of three 1sctopes: K37 (93.1%), Kho. (0.1%), and KL (6.8%).
K""0 1s a naturally occurring radioactive lsotope bhaving a half-1i1fe of
_ 109 Yyears. 'Po.tassi.m will melt at 62° _and. it has a bolling point of 7600.
Potassium metal rapidly develops an oxide éoating if it is m@oéed to

air. It will react with water to form hydrogen and so_lut:i.ons of the
corresponding bases. It will combine with hydrogen to form a hydride.

Most of ite salts are very soluble in water. It will dissolve in ammonia

to form & blue solution and when it is volatilized, e blue vepor composed

of monatomic molecules ls glven off.

2. The Chemical Compounds of Potassium

Potassium has only a +1 oxidation state. It 1s more active towards
_th_e non-metals tha.nis sodium; however, 1ts éhemﬂ.ca.l properties are. similar
to sodium. It will react with carbon dioxide, hydrogen, oxygen, nitrogen, sul-
fur, end the ha.logens.. The reactions of potassium with these and other ele-
ments ie presented in.some detaill below. Ta'ble II shows the solubllity of many

of the potassium compounds in weter and other rTeagents.

a. Potassium Hydride, KH., Potessium will combine directly with hydrogen
on heating to form KH. The colorless crystals of KH decompose rapldly on
heating and will react with water to produce hydrogen gams.

b. The Oxides of Potassium. Potassium oxide, K20, can be produced by

heating potassium nitrite or nitrate with potassium in the absence of alr. If



potasalum metal ie burnmed in a caleculated amount of air, potessium peroxide,

K202, will be formed. Potessium metal will react at room temperature with

oxygen to form potassiium tetroxide, Kzoh. Potassium tetroxide , an orange-red

solid, will decompose on heating to form oxygen and the peroxide, K202. All
of the potessium oxide compounds react vigorously with water to yield KOH,
oxygen, and hydrogen peroxide,

c. Potessium Hydroxide, KOH. Potassium hydroxide can be prepared elther -

by the electrolysis of potassium chloride, KCl, or by reacting calcium hydroxide

- with potessium carbonate, K2003. KOH is highly deliquescent and very soluble
in water. Its chemical behavior 1s similar to that of sodium hydroxide, NaOH.

Ite solutions are strongly basic, N

d. The Nitrogen Compounds. Potassium, like ‘sodlum, can react w:th nitro-

gen in an electric d_'Lscha.rge tube to form potéasium nitride, K3N. K3N is

green-black In color, and it is rapidly attacked by weter to form KOH and NH

_ 3
Potasslum azide, ICN3, can also be formed by the actlion of nitrogen upon

potassium. ICN3 will decompose upon heating in a vacuum to form 1(3N and nitro-
gen gas.

Potassium nitrete, K.NO.D, 1s made by reacting NaNO3 with KCl. 'ICN03 is
more solu'b_le in hot water than in cold. lIt will melt at 33)-|-° and be decomposed.

Wher heated at temperatures above 400°, I'CN(')3 will lose oxygen to form potassium

nitrite, KNO_ . Potassium nitrite willl decompose at 850° to produce potassium

2
peroxide, K202. It is scluble in weter, and when the solutlon is bolled it
will hydrolyze to produce nitrous acid, ENOa.

e. The Sulfide, Sulfate, and Sulfite Compounds. Potassium will react

with sulfur to form potassium monosulfide, KES, and potassium polysulfide,

K232. The monosulfide compound, K_S, 1s a colorless crystalline compound that

2
1s hygroscoplc and will react rapldly with water.’

Potessium sulfate, Kzsoh, like sodium sulfate, occurs freely in nature.

It is prepared by extracting the mineral deposit, schoniﬁe, MgSOLL-KQSO,_I_'Gﬁzo,
and treating the concentrated aqueous solution with potassium chlo=ide.
1(2801‘L is very soluble in weter. If KESOLI_ i1s treated with the proper quantity

of sulfuric acid and’ the mixture heated, potassium hydrogen sulfate, or

potassium bisulfate, ICESOL, is produced. KHSOh dissolves 1n water to give

4



Comgggnd

Bromides

Chlorides

Fluorides

Table II. Solubillity of Potasslum Compounds

Water Solubility

kP

Formula Gold _ Hot
KBro, 3.1° 13340 49,751
KBr 53.48° 102+00
KAur), S1ightly soluble
KIBrp - : Decoﬁposes-
) K2Pt3r6 Very soluble Very soluble
KC105 7.120 57100
KC10), - 0.75° 21.8100
KC1 34,720 56.7-%
KC1l0 Very eoluble Very soluble
'Kzﬁu(HEO)Cl5 Soluble Soluble
K Ru(OH)Cls  Soluble; Boluble
decomposes
KAUCL, 61.820 80.260
KCr0301 Solubie;
K decomposes
KIClu becomposea.
:92-518 Very soluble

Other Solvents

Slightly soluble in alcohol;
insoluble 1in acetone

0.5 ﬁlcohol; soluble in glycerin;
8lightly soluble in ether

So1uble in alcohol

0.83 alcohol; soluble in alkalil
Insoluble in alcohol and ether

Blightly soluble in-alcohol; solu-
ble in alkmll, ether and glycerin

Slightly soluble 1n alcohol

Insoluble in aleochol

Soluble in acld; 25 alcohol

Boluble in meld

Decomposes in ether

Soluble HF and NH3; insoluble 1n
alcohol

(Table continues on following page.)
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Table II. Solubility of Potassium Compounds ( Contimued)
Water Solubility

Formula
KF 26,0

KEF,,

. K81Fg

Ky

K2T1F6'H20

KpZrFg

'ICIZOB

KIo )

17320

Cold
3u9.3'8
412t

0.12473

Slightly soluble;

decomposes
2.15

60
7812
b.74°

0.66L3
127.5°

Very soluble

Soluble;

- decomposes

Hot.
Yery soluble

Very soluble

o. 954100

1 _2721

25100

32 -51m

Soluble

208100

Other Solvents

Soluble in HF; insoluble in alcohol

- Boluble in KCpHz0o; imsoluble in

alcohol

Soluble in HCl; imsoluble in NE
and alcohol . 3_

Slightly soluble in HF
Decomposes in acid; insoluble 1n
alcohol

Min. aeid; - insoluble :I.n'l‘lZE[5

Insoluble in 1‘1]15

Soluble im KI; lnsoluble in alcohol
and NH3

Very slightly soluble in KOH

14.3 alcohol; soluble in NHs;

" slightly soluble in ether

Soluble in alcohol and KI

Soluble in dilute solutiom KI .



Nitrides

Oxides

Sulfides

Sulfate

KBT_':'I 6

K%

2
ICESOh_ :

Very soluble

Decc_mposés
Soluble

Decomposes

Soluble

Soluble
Soluble
Very soluble
Very s oiub le

Very soluble;
decomposes

Soluble

Decomposes

Solu:ble

‘Soluble

Soluble

Soluble;
decomposes

" Soluble

Soluble
Soluble
Very soluble

Very soluble

Very soluble -

Very soluble

Decomposes
Decomposes
Soluble

Solu'blé

Insoluble in alcohol

Soluble 1n alcohol, ether, KI and
acetlc acid. .

Insoluble 'in alcohol

Very soluble in NH_ and alcohol;
soluble in alcohol? insoluble in
9% aleohol

Soluble in alcohol

Soluble in aleochol and ether

Decomposes in alcohol

Soluble in glycerin; insoluble in
ether i

Soluble in alcohol

Soluble in alcoh_ol



an acldie solution, and 1t can be used to convert oxides and silicates
into sulfates. When it is heated at a temperature of -2000, 1t 1s converted

Into potassium pyrosulfate, K23207. When ](25207 is strongly ignited, SO3

1s released and normal potassium sulfate, Kasoh, is produced. - The electro-

lysis of a concentrated solutlion of ICE[SOh_. wlll produce potassium pe@di-

sulfate, 1(25208 .

Potassium bldi’ogen sulfite, or potassium disulfite, KHSO3,' can be pro-

duced by .sa.tura.tj_ng.a. solution of potassium carbonate or potassium hydroxide

with sulfur dioxide. Normal potassium sulfite, 1(2‘-51103 ; 18 formed by treating

the solution with an additional emount of potasslum tarbonate. The sulfites
are easlly decomposed by heatlng to form stable sulfate, Kasoh.' The sulfites
can also be easlly oxldized to produce the corresponding sulfates.

f. The Halogen Compounds of Potassium. Potassium fluoride, KF, is -
ger

obtained by neutralizing hydrofluoric escld with KOH or K2803. If the solu-

tion 18 evaporated, a white deliquescent sclld is obtained.. If the solution

is treated with an equimolecular amount of hydrofluoriec acid, potassium hydrogen

fluoride, KAF,, 1s produced.

2 _ :
Potassium chloride, KC1, can be obtained in the natural state; however, it

1s frequently produced by the action of HCl upon potassium hydroxide. If a

hot solution is treated with bromine, or iodine, respectively, potassium bromide,

KBr, and potassium lodide, KI, are produced. All of the potessium helide salts

are completely lonlzed mnd are readily soluble in water at room temperature.

Potassium chlorate, KClO3, potassium perchiorate, KC10), potassium

hypochlorite, KC10, potassium bromate, KIBrO3, and potassium lodate, KIO., are

3J
all salts of the oxygen acids of the halogens. KClO3 is prepared by passing

chlorine gas into hot, concentrated potessium hydroxide. It 1s a colorless

salt that is much more soluble in hot weter than in cold. KCl0, can also

3

be prepared by adding hot KCl to hot NaClO, solution. KCl0, 18 a strong

3 3
" oxidizing agent, and it willl decompose with a violenﬁ explosion- to produce

3 3
3 and they exhibit the same chemical reactions as KClO3 does.
Potassium perchlorate, KCiOh, 1s produced by an ‘anodic oxidation of KC1lO

free chlorine and oxygen. KBrO_, and KIO, can be produced iln the same

menner as KC10

3"
It 1s produced as a colorless compound that is used as a strong oxidlzing



agent. Potassium hypechlorite, KClO-6£[20, is produced elther by the reaction

of chlorine gas upon a cold solution of KOH or by an electrolysls of KCl
solutions in the presence of potessium hyd.roxide and chlorine, Potassium
hypochlorite cen be easlly reduced to chloride ions and oxygen.

g. The Phosphate Compounds of Potassium. Potassium hydroxide, like

sodium hydroxide, can also enter into reaction with H3P°l|- to form potassium
dihydrogen phosphate, 1012P0h_, potassium npnohy@gg phosphate, K21IP0h_, and
tripotassium phosphate, K3P0h. Agqueous solutions of ICEaPOh are acldic, vhile

solutions of KaEPOh and K Poh_ vary in their alkalinity, If KHQPOh 1s hested,

3
a series of potassium metasphosphates, KPO

37 are formed. When KQHPOM_ is

treated, 1t will decompose to form Kll-Pao'? and wvater. K3P0h_ is stable toward

heat.

h. The Carbonate Compounds. Potasslum carbonate, ](2003, 18 prepared

by a series of chemlcal reactions involving magnesium carbonate and potassium

chloride. Potassium hydrogen carbonate, KHCO_,, 18 produced either by pessing

3:
carbon dioxide gas into a saturated solution of }(2003 or by passing carbon -
dloxide over a mixture of K2503 and charcoal. ](2(2!!03 and ICE003 solutions are

alkaline because of the basic action of the CO ions and the slight.

3

3
i. The Cyenide and Cymnate Compounds. Potasslum forms complex

cyenides with iron: 1.e., potassium ferrocyanide, KhFe(CN)G, and

hydrolysis of the HCO, ions.

potassium ferricyanide, K3Fe(CN)6. Potassium ferrocyanide 1s prepared

as a by;product of the coal gas industry. In the process, hydrogen

cyanide, HCN, ls released from the coal gas to react with Fe0 to form
ferrocyanic ecid, HFe(CN)., which rescts with Fe 0. to produce Fey, [Fe(CN)s]a.
Thie coﬁpound. is roasted with lime to g'iv_e a soluble calcium ferrocyanide.
The solution 1s then heated with pofassilm chlor.ide to form lemon-yellow
crystals of the hydrate, Kll_Fe(CN)s-?,HzO.. The potassium ferrocyanide can

be solubilized in acid and coﬁverted_ to potassiup ferricyenide, K3Fe(CN) &

by oxidizing the solution with chlorine. When ferrous ioms, Fe'o react with

potassium ferricyanide, the ferricyasnide ions are reduced to ferrocyanide

ions and a soluble compound of potassium berlinate, ICE‘e[Fe [Fe(CN)6]] 3 or

Prussian blue, 1s formed.



Potassium cyanide, KCN, is formed by heating potsssium ferrocyanide with

K2003 In the presence of iron. It can also be m&_e by paseing nitrogen or -
ammonie over. a mixture of fused K20_03. and carbon. KCN can be quickly changed

into potassium cyanate, KOCN, by mixing PbO with the fused cyanide. XCN can

e_anter into a reaction with sulfur to produce potassium thiocymnate, KSCH.
Potassium thiocyanate can also be prepared by treating the cyanide with
ammonium polysulfide or sodium thiosulfate.

J. Other Potassium Cogpou.nds. The roasting of manganese dioxide with

KOH in alr will produce potassium manganate, K2Mn0,+_, which In turn can react

with HZSOl'_ or chlorine water to form potassium permanganate, K.Mnoh. KMnOh_ is

a purple-black solid that dissolves readlly in water, Its solutiocns are
strong oxidizing agents in both acid and alkaline conditions. When it is
heated above 200°, it will lose oxygen to yleld MO, and K MnO,.

Potasslum chloride, KCl, will react with chloroplatinic acid, H2P1:Cl6

to produde potassium chloroplatinate, K2P‘b016. Thie alkall chlorcplatinate

is a yeJ_'l.ow salt that 1s very imsoluble in weter. The water lmsoluble salt,

potassium cobaltinitrite, xa[bo(moa)s]-aﬁeo, is formed by adding e large
excess of potessium nltrite to an acetic acid solution of sodium cobaltinitrite »
Na.3 B!o(ma) 6] . Potassium cen also enter into reactions with tartaric acid,

chlorate ions, and plcric ecid, respectively, to produce insoluble salts,

such as potaéaium'h{dmﬂen tartrate, Kﬁcuﬁuos: potassium perchlorate, KClOL,

and potassium picrate, KOC6112(N02)3.

B. The Analytical Chemistry of Potasgium

Potassium, after its isolatlon and separatlon from other elements, is

most often determined gravimetrically as potassium chloroplatinate, KePt016,(3'6)

or potassium perchlorate, KCldh.(7_u) Potassium can also be precipitated asg

the double cobaltinitrite of potassium amd sodiﬁﬁ, K Na [Co(NOe) 6] . (12-19) However,
the composition of the precipitate varles with the lonic composition of the solu-

tion. Potassium has also been determined gravimetrically by being precipitated

) (21)
3112°
potassium hexanitritocuprate, K,Fb 01.1(11'02)6 ;(2‘7)

as potassium sulfete, KZSO,_I_;(QO)

(22-26)

potassium molybdophosphate, K3(M00

" potassium periodate, KIOlI_;

potassium perrﬁenate, KReO,_I_; (28) potassium hydrogen tartrate, COQH-(CHOH)chEK; (29)

10 .



potassium 6-chloro-5-nitrotoluene-m—aulfocnate, 3° 632(01)(1\10 )-303]{-(30)

potessiun dlltturate, C,B,0.N:K; (31) tassium dip;crylaminate € B0 o1 K (32,33)

potassium flucborete, I‘.'B’r.?'ll_,(3 ) or potessium tetraphenylborate, KQTPB (35-12)

Most of these compounde are satisfactory gravimetric forms( 8) fqr ’
determining potassium and can be used in the radiochemical analysis of
semple 'materia.ls for_ the radloactive potassium 1sotopes. _

The isola_tion and separation of.potassium fron_1 ‘other elements has
most frequently been completed by . precipitation méthods. More recently,
solvent extraction and chromatography methods have been employed. These
.separe.tion methods can generally be dﬁacr.lbed as fo].‘l.c_ws: l

1. ggamﬁionsBmecipitation. Potassium and the other alkali

elements (sodium, lithium, rubidium, and cesium) can be best separated

(%2)

from other elements by methods first su.ggested. by Berzelius and Smith. (43)

Especially a.dapted to the decomposition of m:l.nera.ls s the Berzelius method(l"z) :

and its modifications(hh-us)

uses mixtures of 'EF—HCth-HESOh_ to decompose
the materia.l-s_ and then converts the elkall sulfates to chlorides for the
final preclpitation of the potassium as éither the chloroplatiﬁa.te(a's)- or

(7-11) (46-18) decamposes

" perchlorate. Smith's method(_ll'a) and its modifications
the potassium-bearing material (usually a mineral) by heating 1t in a mixture
of calecium carbonate a.nd emmonium chloride. _002 and NH3_ are given off and

the mixture reduces to lime and caleium chloride. Contlnued heating in .
this mixture converts most of the metels to low-solubility oxides while the.
calcium chloride sinters the masa. Af‘ter cooling, tﬁe mage is extracted

with water; all of the alkali metals and a small portion of the calcium extract
as chlorides., The calclum 1s removed from the mixture by precipltating it

. wlth ammonjum carbonate and oxalate. Following filtration, 'the soluble alkali
metals are treatéd either vj.th. HClOu_ or H2PbC16 to precipitate the potassium

eilther as KClO (7-11) or as KePtCl (3-6) -
Barium, strorltium, ma.gn.esimn, borates, sulfates, and phosphates can

interfere in elther of these methods for the determinatlion of potassium and
the other alkali metals. The removal of calcium by an ammonium carbonate
and oxalate precipltation a.lso removes barium and strontium; (l|,9) magnesium

can be separated elther by a preclipltation of magnesium ammonium phosphate(so)

11



(51) Borates can be removed as volatile methyl borates

or,magnesium oxinate.
by adding methyl alcohol to the hydrochloric acld solution end evaporating

the mixture to _d:ynéss.(hg) The addition of barium chloride solution to

the chloride mixture will precijitate the sulfate lons as BaSOh_;(h'g) the

excess barlum can be removed by s precipitation witﬁ emmonium carbonate. (49)
FPhosphates can be removed from the alkali chloride solution by a precipitation '

elther with zinec ca.r‘bonate(52 ) or with an FeCl, solution et e eonti‘olied'pﬂ.('hg)

3
Potassium mey be separated from sodium and 1lithium by several precipite-
tion methods. The most 1m§ort-a.nt ones are based upon the formation of the
alkeli chloroplatinates(3-6) or the percﬁlorates.(7-ll) In th;a chloroplati-
nate method, the sodium and lithium chloroplatinates and tiae precipitating
agent, H,PtCl,,are soluble in 80% ethyl alcohol and can be easlly separated
from the insoluble KEPt016. H(:;wever, several extractions of the. _chlcropla.t_inate
salts may be necessary to remove all of the lithium. Besides the direct .
' preclpitation wit.h ghlomphtinic acld, HaPt.ClG, a golution of 1ithium chloro-
platinate can be used ag the precipita.ting agent.(s 3) Rubidium end ceaiﬁm
also form insoluble chloroplatinates. If the éhlomplatiuate are preclipitated
from e nitrate solution with HZP'ECls, potassium (and Rb’ and Cs) can be
separated from large amounts of sodium, iron, aluminum, manganese, and other
salts.(5) If the precipitation is mde from a chloride solution, an immediste
and quantitative separation of potassium (and Hb and Cs) from the same elements
can be cbtained by dissolving the chloroplatinates in 60-T0% a.lcohol. and
a few drops of ethyl et‘.l:ter.(5 ) In the perchlorate meﬁhod, butyl alcohol-
| ethyl acetate and ethyl'alcohoi-0.2$ Hcioh' mixtures have been used to
extract the séluble sodium (an.d 1lithium) perchlorates from _th'e insoluble

+1 1

+1, R'b+1, NHL.. 3 and T1™ are also

KCJ'O).;' The perchlorate salts of Cs
insoluble and will interfere. Sulfate ions must also be absent beca{,uae
sodium suiiate is also insoluble Iin the solvents used for the extraction.
Megnesium, the alkaline ea:_r.'t-h.s » nltrates, and phosphates do not interfere
in the perchlorate method. . .

Potagsium can be sepa:;.'ated from sodium, lithium, and many other elemeﬁts
by the trisodium cobaltinitrite method.(12'19) I\IEh"'l, Cs"-'l, Hb+l, v"‘h, U+6,
‘5*3, 313, ana att

interfere in this method. Iarge emounts of sodium can

12



be separated by saturating an acid solufion wlth gaseous hydrochloric acid.(ha)
Acetone readily dissolves Lithium chloride so that it can be alssolved
and separated from insoluble potassium chloride.(®*) Sodium, bartum, and
strontium chlorides are also lnsoluble and would lnterfere in this method.
Rubidium and cesium can be separated from potassium by precipitating them

from e dilute HRO. solution with 9-phosphomolybdic acid.(s’ss) Potassium

3 .

. 1s soluble in this system and 1s recovered by a chlorqplatinate preclpitation.(s)

Potasslum, rubidium, and cesium can be separated from s_odd.um and lthium by

e chloroplatinic acid precipitation, (3-6) converted to the chlorides and the

potassium separated from rubldium a.nd._ ceslum by extracting the chloride mixture

with ebsolute alconol!’6s77) satureted with hydrochloric acid gas. The

rubidium and cesium chlorides ere insoluble in this mixture. This method 1s

a rather long and tedim:.s on.e, 1t is sometimes necessary to re-extract the

chloridee in order to remove all of_ the KCl, and depending upon the concentrations

of all three elements, each element can Iinterfere in the detei-m:l.nation of

the others. .
Potassium (and emmonium ions) cen be separated from sodium, 1ithium,

and magnesium by & sodium tetraphenylboron precipita.tion.(35'ul) The

ingolubllity of potaseium tetrap.henylboron suggests that this.is an

. excellent gravimetric form for the determimation of potassium. In one

of these studles ,(38) i1t was found that the emmonium ion Interferemce could

be minimized by operations involving fuming with HNO_, volatilization of

3’
ammonle by heating with sodium hydroxide and a hypobromite cxridation of the
remaining traces of emmonium salts.

2. Beparation By Electrolysis. Although the alkali metals cannot

be separated from solution by electrodepositlon, thelr separation from other
elements can be effected by electrdlysis with. a mercury cathode at a con-
trolled poten‘l_'.ia.l.(se) The alkali metals and the slkaline earth metals can
be left in solution, while elementa-éuch as copper, cadmium, irom, cobalt,
nickel, and zinc are deposited on the cathode.

'3. Solvent Extraction Separations.  The polylodides of the alkald

metals can be extracted wvith nitrmethane.(sg) Thelr distrubition ratios

increase in the order Id <« Na < K < Fb < Cs and are dependent upon the amount
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of free lodine added to the.syutmn. The use of 80% ethyl a.lcohol(a's’ 53) to
separate insoluble pota;sim.(am Kb and Cs) chloroplatinates has already been
reviewed above, S:Lm:’l.la.rly the use of butyl alechol - ethyl acetate or ethyl
alcobol - 0.2% HCL0, mixtures in separsting the alkali perchlorates’ ("1} nag
already been dis.cusaed. - The ace;bone u‘traction(sh ) of soluble LiCl from

insoluble K€1 hae also been mentioned above.

L, Chromstographic Separations

a. With Ingggnic Absorbents. A chromatagraphic ion exchange system

involving en alumina column has been used to separate fluoride and sulfate

lons fram potassium Before its determination .as KClOll_.(6O)

The column wes
treated with 1 M HC10, until the effluent showed an acid reaction. Then
the water extracts of decomposed silicates were passed through the columm
and the potessium recovered from the effluent.

b. With Orgenic Absorbents. Chromatographic columms of violuric aeid, -

mixed with barium sulfa'te,' diatomaceous earth or starch, have been used to
seperate potessium chloride from sodium end magnes ium chloridea.(sl)
Potassium has also-been separated from sodium by use of a viéluric acid

(62)

_ column and by use of e column of 5-oxo-5-oad.mino-3-phenylisoxa.zoline.(63)

c. With Ton Ebcchggt;Resins. Mixtures of K, Na, Rb, and Cs chlorides

have been peparated by adsorbing the mixture on Dowex;SO a.nﬂ. _u.s:Lug eitﬁer
0.15 § 501(*) or 0.7 & 51(6%) a5 the elutriants. Potessium nas been
completely separated from Na, Fb, and Cs by adsorbing & mixture of the chlorides
on an Amberlite TR-100 or IR-1 resin colum a.nd. eluting with HCl solutiona.(ss’éﬂ
‘Potassium and sodium were eluted with 0.1 K HC1 and the rubidium snd cesium

. were eluted with 1 N HCl. Amberlite IR-100 resin and HC1l have also been used
to separate mllligrem amounts of KCl from milligram amounts of Na.Cl.(.SB)
Iﬁlligram amounts of KCl. containing less than 0.1 ppb of Cs and 1.0 ppb of Hb
have also been prepared by use of a cation rea:l.n_colmm.(69’70) Pota.asiﬁn and
sodium have. ‘been separated from each other by use of a column of Wofatit K8 -
ion exchange resin and 0.1 N HCL as the elutriant. () cation 1on exchangs
resins have also been used to seperate K and Ne .fran each other and from Mg

end Cs in milk ash,(2) X from Na in blood, ™) X from insoluble s1licates, (T

and K and Na from ]J.thim.ws)
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The alkeli metal complexes of uramildiacetic acld were studied by use
of a cationlc resin.(76) Iithium a.nd sodium form stable complexes but
potassium does aot. The complexés were séparated by use of a sulfonic
acid resin, pretreated with elther dimethyl amine or tetramethylammonium
hydroxide, and elutions with slkeline solutions. Idthium and sodium, but
not poté.séilm, rubidium, or lcés_iu.m, form complexes with the chelating
egent, ethylenediaminetetraacetic acid, EDA, and can be separated from
X, Rb, a.nd Cs, and from each other by elut:Lng an anion resin column of .

_ Dowax 1 (4% crosslinkage) with 0.13 M EDTA solution. (M) .

d. By.Paper Chmtom Traeer quantities of radioactive l(h2 (12.4 n)

have been separated from Na. (15 h) by use of paper chromatography end a
solvent mixture of conc. HCl-water-0.05% ta.rta.ric acid (1:10:4). (78) In
other chromatographic studies with paper colums, the movement rate of
potassium lons has been studied using solvents sﬁch es d:l.pit:rya.la.mine in a
solution of N32003,(79_) quercitin .in ac:l:d and a.]_ka.liné media, _(80) a.nd. cdm_plex
forming mixtureg, e. g., buta.nol—B‘NOa-acetylacetone, (81) alcohols. in HCl,(82’83)
butanol 1n Ee1,®3) aiconols in 0., (8%} retones 1n me1, %) butanci-pr, (86)
phgml,(sh) or collidine in rmoé.(aﬂ |

KCL has been quantitatively sepgz'-;ted from 1 and Ne chlorides using '

(86,89) ‘ethanol in water, (89) acetone in water, (89)

_metha.nol as e solvent,
methyl ethyl ketone in methanol, ™) and with scetone-, ethancl-, butanol-,
and penﬁa.nol—_methanol mixtures.(go) The alkall acetates can also be sepa.ra.ted'
b'.y pa;ier chromatography using ethanol-2N acetic ecld as a solvent.(91) The
samle system was used later to qusntitatively determine K in a alkali mixture. (92)
Potassium has been separated from Ne, Mg, and Ca in bicloglcal semples by
the same solvent nﬂxture.(93-96) Propanol-methanol mixtures as sélvents have
been used to separate K from Ne, NH,, Mg, end 12097 ana from Na, Mg, and

(98) Thesé solvents have also been used to separated alkall hydroxides,
citrates, and sulphates.(99-101) _

K has been separasted from rubidium end cesium by using conc.. HC1-

methanol-n-butanol-isobutylmethyl ketone as a solvent (10?) and by phenol
saturated with 2 § BC1$1°3)  Potasetum in urine has been determined slso by

‘a paper chrometographic technique.(_loh)
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An electrolytic method of detecting the alkali metals by placing the
paper sprayed with phenplphthelein between two graphite electrodes at a

voltage of 6 volt for 5.seconds hes also been used to separate the alkall
metals.(lOE)

IV. DISSOLUTION OF SAME’LES- CONTATNING POTASSIUM

Moest of the analytical methods used in determining potassium and the
other alkalil metals retj_uire that they be collected as the chlorides. .Most
of the simple potassium salts are readily soluble in water or dilute acid,
and most metals and elloys containing pota.ssi'um can be put into solution

with volatile aclds such es HC1l, HNO,, HF, or e combinatlion of these acids.

3!
Some rocks and minerals are soluble in HCl. However, when the rock or
mineral is not acid soluble, the material can be solubllized by either the

(42) or the Smith method.(%) These methods are most frequently

Berzelius method
used on silicate rocks The Berze]_tus. method attacks the rock wlth HF and
Hasoh, then expels the exceas fluorine and silicon by a distilllation, followed
by' a removal of all metals except the alkalies. The alkali sulfates are then
converted to chlorides. In the Sm;'l.fh method, the d;ecomposition is accomplished
by heating the powdered rock with a mixture of ammonium chloride and calcium
carbonate, Under these conditions, the alkali metals are comverted to
chlorides w’hich. can be extracted by water. | _

.Typical methods imlﬂmé'the decomposition of soils include treat-

ments with ammonium acetate, HCl, and equa mgia,(106’107)

with elther HNOB,(loa) HCl-HF,(log) and H2soh§11°) Biological materials,

such as tissues, body fluids, vegetation, 'etc. , can be ‘decomposed wilth HCl,

and leachings

HNO,, HNO,-E,S0,, or HWO.-ECLO, mixtures, (106,107)

3
7. If any of these dissolution techniques are used in a radiochemicel separa-

'tion.of the potessium i‘a.dionuclide_s , the addition of inactive potassium carrier

to the solubilizing mixture would greetly assist in achleving an isotopi'_c
exchange between the radicactive and inactive potessium atoms. The exchange
should be rapld and compléte,- since potassium exists 1n only one oxidation

state.
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V. SAFETY PRACTICES

The d.eéonl;;ositipn and processing of any material by a chemical means
inherently can be hazardous. Some of the inactive potassium compounds are
extremely toxic and should be handled carefully. Iikewlse, some of the
reagents used in en analysis can be harmful. Thus, adequate safety pre-
cautions should be followed in processing sny semple material. Pieters and

Creyghton(m)

have recently izsued a manusl on safe laboratory practices.
This. manual, as well ss others on leboratory safety, should be consulted
béfcre any analysis is underteken.

The processing of ﬁdioé.ctive material in a laboratory area greatly
magnifies the needs for safe laboratory practices. If ra.diéactivity 1s dis-
cha.rged: into a laboratory area 'by evolution or spillage, hazerdous condj_.tions
for persomnel ‘a:mi. wid.e_ spreed -co:l:rta.m:l.na.tion can result. Information on safe
handling practices for radicective materials aﬁpea.r in such sources aa.the

Oak Ridge Na.'biohal Laboratory's Master Analytical Manual(llz)

and 1n the
International Atomlc Energy Agency's publication, entitled, "Safe-Handling
of Ra.d_'l.oiaotopea."(u3) Ma.ny other similar sources of information exist

and should be consulted.

VI. COUNTING TECHNIQUES FOR THE RADIOALTIVE POTASSTIWM ISOTOPES

The nuclear characteristics of the radioactive isotopes of potessium
are sumarized in Tabie I of this monograph. Potassium i1s unique in that .
one of its stable isotopes, Kuo, 1s a natural radiocactlve source having a -
half-11fe of 1.39 x 109 years. This patural potassium radiocactivity can
sametimes be used in meesuring the potassium content of a sample material.
For example, the potassium content of lron meteorltes was measured by
1solating the potasslum and then measuring the ](ho by means of e low-level
beta cotmter.(llh) The assay of the potassium content of rocks 'a.nd minerals

Lo

'has also been accomplished by isolating K and measuring ite radloactivity. (15)

The other most frequently used potassium rediolsctope is Ku"2 (12.4 n).
Ite radloactivity can be measured by" such counting techniques mg Gelger-Mueller

counting, proportional counting, or gamma scintillation 'spectmmetry.( 6-119)

Generally, the sample material containing Kh'2 must be processed rediochemically
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_'before the radiocactivity measurements are mmde. Hc;wever, 1t has been possible
to determine small amounts df.pot;a.ssim in sillicon metal by a non-destructive
radicactivation analysis involving gamm scintillation spectrometry\i20) to -
measure the radiocactivity of Khe. Potasslum-42 hes also been

determined in biological materimls by nondestructive .fadioactivation_analyéis-

: method.s'.-(lzl'lzs)

VII. RADIOCHEMICAL, PROCEDURES FOR THE POTASSIUM RADIONUCLIDES

The analybicél procedures used in radiochemistry are used primarily
either (1) to assist in obtaining a pure :ﬁdion‘uclid.e in some form so that l
an absolute measurement .o_f its fgdioactivity, radiation energies, and
- helf-life can be made, or (2) to separate and to determine the anount of
radiocactlivity of a particular radioelement in a radionuclide mixture, or
(3_) to complete & radicactivation analysis.

In order to accomplish any one of the above interests, radiochemistry
: usua]iy conslders the iaolation of the desired radionuclide by either

carrier or carrier-free separation methods. Carrler methods are most

frequently u.sed. in mdiochemistfy.‘_ They invoive the addition .of a small
amount of inactive stable element to a solut.’g.on of the irradiated material
to serve as a carrier of the radlomuclide of that element through the
ee.paratioﬁ method.  In a carrier-free sepmtioﬁ, it 1s required that the
radioelement be isolated in a manner cepable of glving either no amount

or a minimal émbu.nt of stable element in the final form to be used in the
rediocactivity measurements. Usually & carrier-free method is used to cbtain
a i‘a.dioz_mclide for an absolute messurement of its radioactivity.

A.ﬁa.lytical radiochemistry uses separation methods involving preci_ﬁifation,
sc;lvent extraction, cﬁromtograﬁhy, ﬁhtiﬁmtim, a;nd'electro],ysis to
1solate a radioelement in a suitable form for a measurement of its radio-
-activity. Carrief mﬂo@miatw 1s unique in that it 1s oot always necessary
to recover cﬂlgtelx the added amount of ca.rr:l.er. elemeﬁ‘b, since a.radiochemical
a.n.a.lyéis is designed to assure that the atoms of a radicactive element achieve
an 1sotopic state with the atoms of the inmactive e:_l.e'ment and amy loss of the
rediocactive species 1a proportional to the "loss™ of carrier during the

separation process.
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Golorimetric, polarographic, and similar analysis t_ech.niques are
seldon used 1n md.iochemistry because they do not separete the desired
radionuclide from coﬁta’mina.nts (either radicactive or stable) in the
mj;xture being analyzed. However, some of the developments used in these
a.nalysis techniques may be useful :Ln radiochemis try

Both carrier-free and carrier radlochemicel analysis procedu.res exist

for the potassium radiomuclides. Such procedures as these have evolved
from each'irrvestiga.tér'ﬂ choice of ideas and techniques similar to those
reported in Sgction IIT of '_I;his monograph. Most of thesé procedures have
been origlinated to éepa_ra.te the potassium redionuclides for use as radio-.
activé fra.dera ,(127) and to determine stable potessium by rédioactivation
analysis method.s.(l-aa’129) .
_ A carrier-free method has been used in the radiocectivation é.naljrsis
determination of ti'a.ce potassium in alkali carbonates and chloridea.(66’ 130)

(78)

The paper chrometography method cited earlier 1s also a carrier-free

méthod.. 'A:Lmost all of the chromatographlic separations mentioned earlier
could be used in carrier-free separations of radiopotassium.

Carrier methods  are now em;ploj'ed in the preparation and production of

radioactive tracers of. pota.asium(lzn and 1n radiocactivation ana.lysj._s.(l28’129)

In radicactlvetion analysis, trace amounts of potassium have been determined

in wa.ter,-'(l3l) m@esium,(l-aa) and m.'l.nerals.(l33) (134)

(135)

Samples of meteorites
and tungsten metals have been analyzed in the same manner. Aluminum,
at_.a.:l_ﬁl_eﬁ steel, soils, vegetation, ore concentretes, clays, sand, limestone,
. cement, tissue, resi_né, 1ithium carbonate, and 1lithium ibd.id.e have also been-
analyzed for stable potassium content by a ﬁeutron ra.dioactivatioﬁ"a.na_.lysia.
. The se;pa.rs.tion method.s are described in Procedu.‘re 7 that follows. (136,137)
In each of the procedures included in this sectlon, information is
given about the specific use of the procedure, the type of material
_ anal&zed,.the type bf nucléar bomberdment, etc. Whenever ﬁossible, a .
.statement 1s made about the d.écontamin’a.‘bion levels .a.ch:l.eved. 'by the par-

ticular procedure cited.
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PROCEDURE 1
Procedure Used In: Preparation of radicactive tracers
Method: Precipitation .
Element Separated: Potassium radionuclides
Type Meterlel Bombarded: Iithium Chloride
Type of Nuclear Bombardment: 20-60 Mev alphes
Procedure By: Brooks (Reported by Meinke(lzn)
Separation Time: 1 hour
Chemical Yield of Carrier: Quantitetive
Decontemination: Reﬂiochenﬂca.lly purity possi‘ble
Equipment Required: Standard .
Procedure:
1. Dissolve LiCL in about 3 cc water; add KCl carrier (~ 20 mg).
2. Add.:-v 5 ec of 72% HC10) and cool in ice.
3. Centrifuge.
4, The KC10, may be recrystallized as many times as desired by

heating 1t to ~ 90° C with 1 cc of 72% HCth and then cooling in ice.

Remarks :

4 recrystallizations can be made in 1 hour of chemistry. About 1/2%
18 lost per recrystallization by doing it thi;l fast. A ‘trace of P32 some-
times was not removed by this chemistry.

NE,* salts interfere. Separation fram Na 1s good. No Hb or Cs

contaminetion was found.

PROCEDIRE 2
Procedure Used In: f’reparat:_l.on of radioactlve tracers
Method: Preciplitation
Element Seperated: Potg.ssium radionuclides
- Type Material Bombarded: Lithium chloride
Type of Nuclear Bomberdment: 20760 .-Me'v alphas

Procedure By: Broaks (Reported by Meimke27))
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PROCEDURE 2 (Continued)

Separation Time: LO minutes or less
Chemical Yield of carrie&: 50% or more
Decontamination: Radiochemicelly purity possible .
Equipment Needed: Standard
Procedure:
1. Dissolve IiCl in ~ 5 cc of H,0.
2. Add 10 cc of Napthol-yellow-S (5% sqlﬁt‘lon) cool and -centrifuge.
3. Recrystallize from about 5 cc of 5% NYd.
L. The ppt can be dissolved quickly in water or weak acid.

5. Becavenge with Fe(OH)a.

Remarks :

i\IE,: salts interfere.

PROCEDURE 3
‘Procedure Used Tn: Radioactivation analysis
Méthod: Ion Exchange (carrier-free _sepgﬁtion)
Element Separated: K2 (12.h h) '
Type Material Analyzed: Alkeli carbonates and chlo::—.l.ﬂ.es(ss’:I'?’o )
Type Nuclear Bembardment: K 'l(n,7)K'2

Procedure By: Brooksbank and Ibddicotte(%) (Reported in detall by
Ieddicotte(13°) ) :

‘Separation Time: Several hours
Chemical Yield of Carriér: A carrier-free separation
Decontamination: Excellent from ra.dioﬁuclides of Na, Rb, end Cs.
Equipment Required: Ion exchange columns
- Procedure: _

A. Irradistion of Sample Materiel

1. Irrediate known amounte of test (Note 1) and comparator samples (Fote 2)

ine neutron flux of at least 6.5x% 10" 1:\/:5ec/c1u.2 for 16 hours or longer (Néte 3).
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PROCEDURE 3 (Continued)

Prepare the test and cmwr samples for the irrediation either by wrapping
" each specimen in eluminum foll or placing it in a guartz ampoule. If the
s@le is a liquild, small polyethylene bottles ca.n be used to contain the
sample during the irredietion (Note 4).

B. Preparation of Irradiated Materisls for Analysis.

I. The Comparator Bé@le

1. After the irrsdiastion, quantitetively transfer the comparator 'éample

(Note 2) to & 100-ml volumetric flagk. Dissolve the sample in a small measured

volume of diat;uéd water; then dilute the solution to 100 ml with water. Mix

the solution thoroughly by shaking 1t carefully. .
2, By means of & l-ml volumg'bric plpet, transfer an aliquot to a

second 100-ml volumetric flask; then diljute the aliquot to 100 ml with water.
3. 8hake the solution thoroughly; thé'n_ pipet an aliquot of this eolution

directly to the top of the ion-exchenge coimzm (Notes 5 and 6). Then proceed

in the manner described below 1n Step 1 of Part C below.

IT. Solid Test Samples

1. If the sample is a 80l1id, quantitatively transfer the test portion
into e 50-ml élass c&ntrj_fuge.tube, and then add dropwlse to the same centri-
fuge tube enough concentrated HC1 to completely dissolve the gample. If
necessary, heat the mixture to dissolve the sample. Transfer the solution
of the irredisted semple to the top of the lon-exchange column (Notes 5 and 6).
Then continue with Step 1 of Part C below.

IIT. Iiquid Test Samples

1. Pipet an aliquot of the irrediated test portion directly on o the
top of the lon-exchange column (Notes 5 end 6); then continue with Step 1
of Part C below.

C. Ibn Exchange Separation of Potassium -

1. Comnect the ion-exchenge column to a reservoir (Note 7) that contains
a supply of 0.1 M HCI1. 'Addu.st the flow rate so that the eluate flows from the
colum at the rate of 1 ml per minute.

2. Continue the flow of the 0.1 M HC1 through the column and collect and
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PROCEDURE 3 (Continued)

_discard the first 400 ml of eluate that passes through the column (Note 8).

3. Collect the mext 500 ml of eluate and discard (Note 9). |

L. Allow the flow of the eluate to continue until an additional 700 ml has
been collected in a second collection vessel (or series of beakers). Procea.s.
this fraction of the eluate as instructed in Step 1 of Part D bélcw. .

5. If rubidium end cesium are not to be determined, stop the flow of
eluate from the column after this collection (Note 10).

D. Preparation of Kl'e Eluate For Radiocactlvity Assay

1. Evaporate to dryness the solution that wes collected in Step b of
Part C above. Add 1 to 2 ml of conc. HC1l to the beaker, and then wash the
solution into & 10-ml volumetric flask, Rinse the beaker with small portions

of H20, transfer the rinsings to the flask, and dilute the solutlon to volume.
Assay the solution for Kl"2 radicactivity as instructed in Part E below.

E. Messurement of Kh'2 Radiocactivity and Calculation of
Stable Potassium Content of Test Sample

1. The K!"2 radiocactivity in both the test and comparator samples may be

assayed by beta or gemma counting. Use a Gelger-Mueller counter for the beta
measurements and a gamma sqiﬁtiua.tion counter for the gamma measurements

(Note 11).
Lo

2. Following the radioactivity meesurements, f:orrect the ébserve’d K
radioactivity for decay (Note 12), dilution volume(s), and the sample weights
(or volumes) of both the test and comparator samples. A simple ratio of these
corrected radloactivities becomes a measurement of the amount of stable potassium

in the test sample:

Corrected k"2 radiocactivity in Test Sample

% K in Test Sample = s . 'X 100
’ - Corrected X = radiocactivity in Comparator Sample

Fotes:
1. Use at least 0.1-0.2 gram portions.
. 2. Use from 0.025 to 0.030 gram of potassium cérbona.te.
3. The limits of measurement for this procedure is sbout 0.05 micrograms

of potassium.
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PROCEDURE 3 (Continued)

.1+. Thie type of sample will have to be irradiated in an air-cooled or
water-cooled facility of the reactor.

5. The ion exchange colum 1s composed of 100- to 120-mesh IR-1 {(or IR-100)
resin packed into e glass columm 1 em in diameter _a.nd 100 cnm long. A small
glase wool plﬁg at the. base of fhe colurmn holds the resin in the colﬁmn. The
resin 1s pretreated with e solution of 0.1 M HC1. 'i'he treatment consists o:I;’
passing the 0.1 M HC1 'soluﬁion_cver the. column until the desired mola.rity
(0.1 M) is cbtalned.

6. The transfer may be made by use of a volumetric plpet. If it is
necessary to rinse the ;pipet,.use 0.1 M HC1 as ‘the rinse liquid. In transfer-
ring the radicactive solutlon on to the column, exercise care :Ln delivering
the solution from the plpet so that the resin at the top of the column will
not be distur'ﬁed.

T. A dispensing bottle of a'E' least 3-liter capacity is suitable for use
as a repervoir. Tygon or mbber tubing may be used to comnect the reservolr
to the column.

8. This éolution may contain rediosctive anionic constituents as well es
separated Na. (15 h) radioamctivity; the presence of these should not be con-
fused with Kh'2 vwhich 18 eluted later.

9. This pe.rtieula.r procedure l1s desligned to separate Na, K, Rb, a.nd Cs
in a.J.kali carbonates and chloridea. This fraction will contain Na. (15 n),
and 1t cen be proceesed. for the amount of stable sodium in the sa.m_ple, if a

sodium comparator. aa.mple has been used in the irradiation.

10. If Rb and Cs are to be determined, continue as follows: (a). collect
the next 800 ml and process for Hb; (b) then, strip the column with at least
1 N HC1 end process this fraction for Cs. Rubldium and ceslum comparator
samples should have been irradisted, 1f stable Fb and Ce are to be determined
in e sample.

11. Gemma-ray energy discrimination ma.y.'be used here.

12. Decay measuremeﬁts may be followed, 1f reguired.
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PROCEDURE L4

Procedure Used In: Radioactivation.a.n'alysis
Method: Precipitation
Element Separated: K,+2 (12.% n)
Type Materiel Bomberded: Water
Type of Nuclear Bombardment: Kh'z(n,'r)l(h2
Procedure By: Bla.ﬁcﬁard, Leddicotte, and Moe]_ler(l3l)
Separation Time: Not estimafed by the authors
Chemical Yield of Carrier: 60-70%
Equipment Needed: Standard
Procedure:
i. 30 mls of water was placed ln a polyethylene bottle and _irra.dia.ted.

1 n/an2/sec .

for 16 hours in a flux of 6.5 x 10

2. If any specifi¢ element, such as pota.asium,. is to be analyzed
quantitatively, a known amount of K2003 1s irradiated along with the water
sample. The standard is processed in the same manner as the unknown sample.

* 3. The radiochemical separa.tion ié carried out as outlined in "The

Chemical Separation Scheme™ attached.

4. The pota.ssim is found in the last step (Part II of the "Scheme")
with the Soluble Group along with sodium and rubidium. Because of the
high energy of NaZh, a further separation of these elements are ma.d.e. by forming
the perchiére.tes and digsolving the sodium perchlorate in & mixture of butyl
alcohol and ethyl acetate, in which. the potessium and rubidium perchlorates
are insoluble.

5. The redioactivity of eech of these groups including the potassium
as Kh2 (12.k h) wes analyzed by gamme scintillation spectrometry; Kh2 decays
with gamma radiations of 1.51 Mev.

6. Following the radioe.ctivity'.méa.surements, correct the observed
Kh"2 radiocactivity for decay, dilution volume, sample and yield welghts
for both the sample and standard. A ratio of these corrected radio- .
activities becomes & measurement of the stable potassium in the water sample:

. uo .
4K in HEO Sample = Corrected K = radicactivity in H20 semple
Corrected K% radicactivity in standard sample

X 100
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Chemical, Beparation.Scheme

1) Add the redioactive sample to a 50 milliliter cemtrifuge tube.

Aerate to remove radioactive gases.

Acidify with HNOg and edd Cl, Br, I, Cu, As, Fe, Y, Co, Mn, Zn, Ba, Sr, Ca, Na, and K carriers.

_Precipitate C1, Br, and I with slight excess of Ag.

Heat to coagulate the precipitete, Centrifuge.

2) Precipitate:

3) Supernete: Adjust acidity to 0.5 N HC1.

Saturate with HoS. Centrifuge.

4) Precipitete:

5) memte Transfer to beaker.

CuS + A8gS3. .
Wash with

vater,
filter,
mount end
count.
Designate
as the
ACID. .
SULFIDE
GROUP.,

solutlon 1s clear,

e

Add 1 ml conec. HC1l. Boil until

Oxidize Fe'™ to Fe™ by boilling with HNOa.

Cool solution and meke 1:;1 with conc. HCl. Neutralize with conc.
NH4OH to precipitate hydroxide, Centrifuge. :

6) Precip_itate- 7) Bupernate: Saturate with HaS. Genﬁiﬁge

Fe +

hyd.ro:d.des .

Wash with
water,
filter,
mount and
count.
Designate
as the
HYDROXIDE
GROUP.

8) Preci :I.'bate

J

Zns. Haah_

vith water,
flter,
mount and
count, '
Deeignate
as the

. BASIC

SULFIDE
GROUP,

Tnate: Acidify solution with
Boil to remove HzS. Add
(m)aH(PO4) and en excess of
NH4O0H. Dilgest., Centrifuge.

10) Precipitate: 11) Supernate:
Ca, ﬁgg and Boluble ions,
Sr phosphates. Designate as

Wash, filter, . the SOLUBLE
mount, end .~ GROUP.
count.

Designete as

‘the ALXKALINE

GROUP,

(penuniuon) $ LYNAADOUI



PROCEDURE 5

Procedure. Used In: .Radiocactivetion analysis
Method: Precipitetion

Element Separated: Kha (12.% h)

Type Material Bombarded: Magneslum

Type Nucléar Bombardment : Khl(n,'/)l(ue

Procedure By: Atchison and Beamer(l32)
Separation Ti;ne: Approximately 3 hours

Chemical Yield of Carrier: Possible gquantitative
Equipment Needed: Standard

Procedure:

A. Irradiation of Sample Material

1. Magnesium turnings were irradiated for L weeks at the Oak Ridge
National Isboratory in a flux of 5 x J.Oll n/sec/ cm2 aelong with a welghed
portion of }{2003 for a standard (Note 1).

.B. BRadiochemical Separation of Kh"2

1. After the irradistion, dissolve a weighed portion of the Mg sample
in 16 ml of 12 M HC1 in the presence of 0 mg of X and 60 mg of Ne carrier |
end 10 ml of weter in e 250 ml beaker. . . . .

2. Evaporate the contents to a small volume to remove excess acld.

3. ' Transfer the solution to a 100-ml mixing cyllinder and dllute to
approximately 75 ml and edd 13 ml of n;butylamine. Dilute ‘bo 100 ml a_.nd _
mix well. .

k.. Centrifuge the slurry and decant the clesr 1iquid through a ary
~ filter paper. Place a 60-ml eliquot in a 150 ml besker and evaﬁorate to .'
dryness on a hof plate. Sublime the amine hydrochlorlde awa.y usin.g a Bunsen
flame while passing a stréa.m of nitrogen into the beaker. .

5. After the beaker cools, add 2 ml of 16 M HNO, snd evaporate to

3 .
dryness. Repeat treatment until all organic matter is destroyed. Four
or five evaporations are usually required.

6. Add 5 ml of 70% HC10) ~nd evaporate to dense fumes. Separate

the K by treatment with ethyl acetate (Note 2 end 3). Diesolve the
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PROCEDURE 5 (Continued)

precipitate in watér and 5 mgs Na carrier and precipiltete the K as the
perchlorate. Fllter and dissolve the precipitate in water. Add 5 mg of

Na and 1 drop of ECIO,. Evaporate the solution to dryness. Then carry

out a final precipitation of K from ethyl a.cetate.. Dry at 110° C for

20 minutes and ignite at 3000 C for 20 minutes. Welgh as KClOlI_ to determine
fhe chemical yleld.

T.. The K200 comparator 1s cerrled through the same procedure as the

3
Mg sample. '

C. Measurement of Kh'2 Radicactivity

1. Tke aétivity of the Khe' may be measured by beta or gamma counting.
Use a Gelger-Mueller cou.ntel_' for beta measurementa and a gamma scintillation
g:ou.uter for the gamme measurements. .

2. Following the redioactivity measuremerits, correct the Kh'2 activity "
for decay, dilution volume, and sample and yleld welghts for both the
magnesiun and standard samples. A ratio of theﬁe corrécteﬁ redioactivities
beceomes a measurement of the ‘sta.ble po‘ba.ssiﬁm in the sample:

Corrected Kll'a in Mg semple
Corrected K“L2 in stapdard semple

% X in Sample = x 100
Notes:

1. A 2h—ﬁou.r irradiation would be sufficlent if the analyst ca.n
obtain the sample within a day after irradistion.

2. Page 8 in "Applied Inorganlc Analysis" by W. F. Hillebrand and
G. E. F. Lundell - 1529. ' '

3. The filtrate from the K precipitate may be saved for Na analysis

-1f desired; however, the analyst must remember 'Eha_t Naah can also be formed

by the fast neutron reaction, Mgzh(n,p)Naah. The authors found that a Mg
sample with 10 ppm of stable Na present analyzed 123 and 116 ppm by

actlvation.
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PROCEDURE 6

Procedure Used In: Radicactivation analysis
Method: Preclpitation
Element Separated: 1(he (2.4 n)
Type Material Bombarded: Dunite mineral ore from Balsam Quarry, North Caroiina.
Type Muclear Bombardment: I(M'(:L,r)Kl'"2
Procedure By: Sa].mon(133)
Separation Time: Not estlmated by author
Chemical Yield of Carrler: Approximately T5%
Equipment Needed: Standard
- Procedure:
1. WVWeigh epproximately 50 mg of sample into a short length of polythene
tubing end heat sesel the ends. Similarly, weigh and seal 20 mg of 1(2003
dried at 110° C a8 & standard. Irradiate sample and standard in BEPO (at
Herwell) for sbout 3 hours. '
2. After the irradlation, empty the sample into a plati_nu:_n dish con~
taining 5 ml of & eolution of KCl es carrier (10 mg of X' per ml). Add a
few drops of H,S0, (SpG 1.84) end 10 ml of 40% HF. Evaporate gently to
fumes of HESOII-’ cool and add 10 ml of HF and agaln evaporate to fumes.
Cool the x_'esidua.l solution and transfer it .to a 250-ml beaker with H20.
3. Add 10 ml of HRO, (SpG 1.42) and 5 ml of HC10,, (8pG 1.70). Heat
until strong HCl’Oh_ fumes appear, then cool to room ten;perﬁtﬁre. Transfer
the solution and precip:!.tated. KClOll_'to a 50-ml centrifuge tube uéin,g absolute
ethanol for rinsing. Centrifuge and wash the precipitate three times w-.l.th_
ethanol. Dissolve the precipitate with 10 ml of E,0.
4. At this step, take & suitsble aliquot from the irrvediated standerd
and to it edd 5 ml of potessium caﬁ'ier and continue with the separation
for bbth sample end standard. |
5. Add 10 mgs of Fe+3 or chloride, stir and make basic with NaOH.
Centrifuge the Fe(OH) 4 80d filter the supernste into another 50-ml centri
" fuge tube. '

6. Just acldify the filtrate with glacial acetic acid and edd an

29



PROCEDURE 6 (Continued)

excess §f freshly prepared 10% aqueous solution of sodium cobaltintitrite.
Allow the precipitate to settle and cemtrifuge. Discard the supernate.
Wash the precipitate three times with wmter.

7: Dissclve the precipltate wi'bh_zlmi-dilute HN_03 (L + 1) with gentle

heat. Cool and add 2 ml of dilute HNO, and 15 ml of absolute ethanol.

3
Precipitate the potassium chloroplatinate with 1 ml of 10% w/v platinum
chloride solution. Centrifuge and wesh 3 times with ethsmol.

8. Make a slurry with a smsll quantity of ethanol ‘and tra.n-sfer it to -
a welghed counting container, dry it under en Infra-red lamp and welgh for
chemical yleld determination.

9. Determine the Kuz either by bete or gemma measurement (Note 1).

(Wt of K in stendard) (Bample activity)
Standard activity

Wt of K in semple = (Wote 2)

Notes:
1. Author measured beta radicactivity.

2. Author found 0.0032% K; Ne content of sample: 0.011%.

PROCEDURE T

Procedure Used In: Radloactivation analysis _

Method of Separation: Preﬁpi‘bation (See Fote 1)

Element Separated: K'2 (12.4 h) _

Type of Material Analyzed: H‘a‘ber,_(laa) eluminum, stainless steel, solls, vegetation,

: ore concentrates, clays, limestone, cement tis?‘]’_'gé 137)
resins, lithium carbonate, and 1ithium fodide. 3

Type of Fuclear Bombardment:

Procedure ﬁy: Leddicotte(l36’137)

Chemicel Yield of Carrier: At least 65%

Time of Sepdrat:lon:. 2 hours

Degree of Purlfication: Greeter than 105

fram radionuclides of Na, Cu, Mn,
Fe, Co, and Zn. 7

Equivment Required: Standard
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PROCEDURE 7 (Continued)

- Procedure:

A, Irradiation of Sample Material

1. Irradiate knmm smounts of test (Note 2) a.nd. ccmparator (Note 3)

pamples 1n a neutron flux of at least 6.5 x 1011

n/cm /sec for 16 hours or
longer (Note 4). Prepare the test and comparstor sample for the irradiation
- elther by mpp!.ns each specimen in aluminum foll or plaelng it in quartz

ampoule. Iiquid samples should be irradiated in polyethylene bottles. (Note 5).

B. Preparation of Irradlated Materials for Analysis

I. The Comparator Sample
1. After the 1md.1.a.tion, quentitatively tranasfer the comparator sample

(Note 3) to a 50-ml volumetric flask. Dissolve the sample in a emall, measureﬁ
volume of 6 l_( ENO3; then dilute the solu_tion to 50 ml with water. Mix the solu-
tion well by carefully sbaking it. |

2. By means of a volumetric pipet, éipet e 1.00-ml aliquot of this
solution into a 100-ml volumetric flask; then dilute the aliquot to 100 ml
with water.

3. Shake the solution thoroughly; then pipet a 1.00-ml aliguot of it
into a 50-ml glass. centrifuge tube. By means of a volumetric pipet; add to
the same centrifuge tube, 2.00 ml of a ptandard carrier solution of known
potassium concentration (Fote 6). Also, add 1 ml each of holdback carriers
- of barium, cadmium, cobalt, copper, iron, manganese, phosphorus, sodium, and °
zinc (Note 7). Dilute the solution to 20 ml with water, mix it well and

make the solution 0.3 M in HCl. Continue with Part C below.

II. B8olid Teat Sample

1. If the sample 18 a metal or alloy, quantitatively trensfer the
irradiated test portion from the gquartz tube or eluminum wrsep to & 50-ml glass
centrifuge tube, and then add, by means of a volumetric pipet, to the same
centrifuge tube 2.00 ml of e standard carrier solution of known potassium
concentration (Fote 6). Also add.l ml each of holdback carriers of barium,
cadmium, cobalt, copper, iron, manganese, phoesphorus, sodium, and zinc

(Bote 7). To this mixture, add dropwise enough concentrated mineral acid
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PROCEDURE 7 (Continued)

to completely dissolve the sample (Note 8). Dilute the solution to 20 ml
with water, mix it well and mske the solution 0.3 M in HCL. Continue with

Part C below.

III. Iiquid Test Samples

1. Pipet an aliquot of the irradiated portion into a 50-ml glass centri-

- fuge tﬁbe. By means of a volumetric pipet, add to the same centrifuge tube

2.00 ml of a standerd carrier solution of known potassium concentration (Note 6).
Also add 1 ml each of holdback carriers of barium, cadmium, cobalt, copper,

iron, manganese, phospl_:orua, sodium, and zinc (Note 7). Dilute the solution

to 20 ml with H20, mix it well, and make the solution 0.3 M in HC1. Gop.tinue

witnh Part C below.

IV. Organic Test Samples
1. If the sample is a tissue, vegetation, or a similar materisl,

quantitatively transfer the irradiated test portion from the irradiation
container to & 50-ml beaker. By means of a volumetric pipet, edd 'l':o the
same beaker 2.00 ml of a st_andard carriér solution of known potaséium con-
centration (Note 6). Also add 1 ml each 6f holdback carriers of barium, cad-
mium, cobalt, copper, iron, mangspese, phosphorus, sodlum, and zinc (Note 7).

Then add 3 ml of conc. Hesou end ¥ ml of conc. H_]\FO3. Cover the beaker with

a watch glass; then boil the solution for 15'.minutes. Cool the solutlon,

add to 1t 3 ml more of conc., HNO,, and boil the solution for 15 minutes (or'

3}

to fumes of SO Repeat the addition of HNO, and the bolling until the

3)' 3
sample is dlssolved. Add a few ml of conc. HCl, evaporate to remove H:NO3.
Repeat several times if necessary. Dilute solution to make it 0.3 M in HC1.
Transfer to & 50-ml centrifuge tube; then continue with Part C below using

the procedure described, elther as I. By the Chloroplatinate Methodslﬂ)' or as
(138)

ITI. By the Perchlorate Method.

C. Radiochemical Separation of Kh'2

I. By the Chloroplatinate Method

1. Saturate the solution with st. Centrifuge the mixture (Note 9)..
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PROCEDURE 7 {(Continued)

Transfer the supernatant lj;q;uid. to a new 50~-ml ;entrlf\:ge tube. Wash the
precipitate with one 10-m1 portion of hot water. Centrifuge the mlxture and
add the wash to the centrifuge tube. Dlscard the precipita‘be

2. Add 3 ml of bromine weter to the strperna.ta.nt ]J.quid.—wa.‘ber wash
m:thu.re Boll until all of the excess Ees hes been remmred ‘then add
_cone. NHhOH dropwise until no further precipitation of }:"e(OH)3 ocecurs.
Centrifuge the mixture (FNote 10). Filter the su;pernata.nt 1liquid into a
new 50-ml centrifuge tube., Discard the Fe(o'ﬂ)3 precipitate. '

3. Heat the solution to near boiling ; add a i—-2 ml volume of barium
holdback carrler and add dropwise enough saturated.ammonim carbonate solu-
%ion until no further preclpitation of Ba003 occurs, Heat the mixture to
boiling and ellow the precipltate to settle., Centrifuge the mixture (Note 11).
Pilter the supernatent liquid into a smal) porcelain evaporating dish. Wash
the precipitate once with hot water (Note 12) and then cen‘bri_‘ﬁ‘uge; Filter
the supernatant liquid into the evaporaeting dish.

4. By use of e hot plate, or a heat lamp. slowly concentrate the solu-
tion by evaeporating the solution to a 1-ml volume; then add 1-2 ml of comc.

HCL end 2 ml of chloroplatinic acid to the dish (Note 13).

5. Repest the evaporation process until the mixture becomes syrupy (Note 1L).
Cool until the mixture becomes soldd. | _

6. Ad.d._'2'ml of 95% ethyl alcohol_(Note 15) and then crush the solld with
& glass stirring rod. Allow the mixture to stand for 30 mimutes (Note 16).

T. TFilter off the KEPbC16 preclpitate through a tared filter paper
(Munktells No. 00) that is held in a Hirech funnel (Yote 17); wesh the preci-
pitate three times wilth 5-ml portions of 95% ethyl alcohol. Dry the preci-
pltete for 1 hour in a drying oven at ]J.Oo C. Cool in a dessicator, Weish.
the Ké]?tCl6 precipitate and filter paper on an enalytical balance. Mount the

precipitate and count its radloactivity as instructed in Part D below.

II. By the Perchlorate Method

1. Add 10 ml of 70% HClOL‘_ to the solutlon in the centrifuge tube.

Place the tube into an ice beth. Cool at this temperature (20° c) 'for
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PROCEDURE 7 (Continued)

at least 30 minutes or until no further precipitation of 010'1[ ions occur
" (Note 18). Centrifuge the me; discard the supernatant liquid. Wash
the 01o,+' precipitate with 5 ml of 95% ethyl slechol. Stir vigorously

" while adding the alcohol. Centrifuge and discerd the wash 1iquid.

2. Add 1-2 ml of H,0 to the tube contalning the cIoh'- precipitate.
Warm élightly to complete the 'di_.ssolution. Add additional volumes of the
holdback cerrlers used previously. Concentrate the solution volume to
5 ml by boiling.

3. Repeat Step 1.

L. Repeat Steps 2 and 1 (in that order).

5. Filter off the ict:loh precipitate through a'_’tared filtér paper
(Munikctells No. 00) that ie held in a Hirsch funnel (Note 19); wash the
precipitate three times with 5-ml portions of 95% ethyl alecohol. and once
wlth a 10-ml portion of ethyl ether. Welgh the KCth precipitate and filter
paper on an analytical balance; then mount and count its radiocactivity as
instructed in Part D below. -

D. _Méa.surdmant of Kh2 Rediocactivity end Calculation
of Stable Potassium Contgnt of Test Semple

1. The Khz radiocactivity in both the test and the comparator samples

may be assayed by beta or gamma counting. Use a Gelger-Mueller counter for
the beta measurements and a gamma scintillation counter for tﬁe gamne. measure-
ments (Note 20). '

2. Followlng the m&ioactivity measurements, -correct the ohserved Kh'a
radiocactivity for decay (Note 21), dilution volume(s), and the sample weights
.(or volumes) of both ‘the ‘beét end cémpamtor samples. A simple ratio of .
these corrected .ré.d.'.loactivities becomes a measurement of the @u:nt of .
stable potessium in the test sample:

Corrected KlI2 radioactivity in Test Sample

Correctéd' Kua radiocactivity in Comparator Sample

X 100.

% K in Test Sample =

Notes:

1. This procedure describes the precipitation.of potassium either as
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PROCEDURE 7 {(Continued)

KCth_ or K2Pt¢16. The technlgues concerned with sample irradistion, processing
of irredieted material, and the measurement of Khe (12.% n) radiocactivity apoly
in etther application. '

2. S0lid test samples should welgh from 0.10 - 0.20 gram; liquid s=mples
ehould have a volume of from 5 - 25 milliliters. |

3. Use 0.025 to 0.030 grams of spectrogrephically pure K2CO3.

L4, The limlte. of measurement for sté.ble potassium by this procedure.

16 1 x 1077 gram.

5. Irrediations. of liguid, vegetatlon, or simllar type Ba.mi)le méteria.la
mist be mede in an eir-cooled or water-cooled reactor ifradiétion facility.

6. ‘Standardized to contain et lesst 10 milligrams of potassium per
m1111iter. ' '

7. Solutions of the lone of other eleménts may also be added as holdback
carriers; concentration equal to 5 milligrams of element per milliliter.

8. Soils, clays, an.d. similar materié.ls mey require addition of I-l'.N03
or fusion. _

9. Additional amounts of Cu"'2 ions may be added here for further scavenging
of acid sulfide precibiti‘ble elements. Suffiéient H2_S is present to cause CuS
precipitation. Centrifugation is advisable after each eddition of copper
holdback carrier. | -

10. Additional amounts of Fe+-3 ione may be added here to serve 8s &
acagenger for other hyfiroxide preclpitible elements., Sufficlent NH3 jons -
are present to cause Fe(OH) 3 precipitetion. Cen'l_;rifugation is edviseable
after each addition of iron holdbeck carrler.

. 11. The barium scavenging step may be répee.ted before centrifuging.
_' 12, This step provides a means of removing a.d.soz;bed alkali chiordide
from the Br,C0, precipitate. '

13. This method 1s appliceble for the determination of K in the
presenée of Ne, .Li, Mg, .Ca, and Sr chlo_ridea'.

14, Complete eveporation will result 1n.loss of pbtagsium.

15. K2Pt016 18 slightly soluble in alcohols of less thean 90%.
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PROCEDURE 7 (Continued)

16. Additionsl aleohol will need to be edded to the mixture during
this time intervel. Sti;n.' the mixture. freq_uentlyl.

17. The transfer from the eveporation dish is made by using smell
volumes of 95% ethyl alcohol.

18. Rubidium, if present, will also precipitaté; sodium perchlorate
will dissolve irn 95% ethyl alcohol. .

19. The KC]_.Oh__ precipitate mey be washed from the centrifuge tube
onto the filter paper with 95% ethyl aleohol. -

20. Gamme-ray discrimination may be used here.

21. Decay measurements may be followed, 1f required.
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