This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=21559

The Radiochemistry of Potassium (1961)

Pages Mullins, William T.; Leddicotte, G. W.; Subcommittee on
49 Radiochemistry; Committee on Nuclear Science;

Size National Research Council

6x9

ISBN
0309364922

D Find Similar Titles E‘ More Information

Visit the National Academies Press online and register for...

v Instant access to free PDF downloads of titles from the

NATIONAL ACADEMY OF SCIENCES
NATIONAL ACADEMY OF ENGINEERING
INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

+/ 10% off print titles
+/ Custom notification of new releases in your field of interest

v Special offers and discounts

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National
Academies Press. Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy
of Sciences.

To request permission to reprint or otherwise distribute portions of this NAHDNSIE: g%éﬂ%hgg

publication contact our Customer Service Department at 800-624-6242.
1863-2013

. . . . Celebrating 150 Years
Copyright © National Academy of Sciences. All rights reserved. of Service to the Mation



http://www.nap.edu/catalog.php?record_id=21559
http://www.nap.edu/related.php?record_id=21559
http://www.nap.edu/catalog.php?record_id=21559
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/

COMMITTEE ON NUCLEAR SCIENCE

L. F. CURTISS, Chairman
National Bureau of Standards

ROBLEY D. EVANS, Vice Chairman
Massachusetts Institute of Technology

J. A. DeJUREN, Secrelary
Westinghouse Electric Corporation

C. J. BORKOWSKI
Oak Ridge National Laboratory

ROBERT G. COCHRAN
Texas Agricultural and Mechanical
College

BAMUEL EPSTEIN
Callfornia Institute of Technology

U. FANO
National Bureau of Standards

HERBERT GOLDSTEIN
Nuclear Development Corporation of
America

J. W. IRVINE, JR.
Massachusetts Institute of Technology

E. D. KLEMA
Northwestern University

W. WAYNE MEINKE
University of Michigan

J. J. NICKBON
Memorial Hospital, New York

ROBERT L. PLATZMAN
Laboratoire de Chimie Physique

D. M. VAN PATTER
Bartol Research Foundation

LIAISON MEMBERS

PAUL C. AEBERSBOLD
Atomlec Energy Commission

J. HOWARD McMILLEN
Natlonal Science Foundation

CHARLES K. REED
U. B, Alr Force

WILLIAM E. WRIGHT
Office of Naval Research

SUBCOMMITTEE ON RADIOCHEMISTRY

W. WAYNE MEINKE, Chairman
University of Michigan

NATHAN BALLOU
Naval Radiclogical Defense Laboratory

GREGORY R. CHOPPIN
Florida State University

GEORGE A. COWAN
Los Alamos Sclentific Laboratory

ARTHUR W. FAIRHALL
University of Washington

JEROME HUDIS
Brookhaven National Laboratory

EARL HYDE
University of California (Berkeley)

JULIAN NIELSEN
Hanford Laboratories

G. DAVID O'KELLEY
Oak Ridge National Laboratory

ELLIS P. STEINBERG
Argonne National Laboratory

PETER C. STEVENSON
University of California (Livermore)

DUANE N. SUNDERMAN
Battelle Memorial Institute

CONSULTANTS

HERBERT M. CLARK
Rensselasr Polytechnic Institute

JOHN W. WINCHESTER
Massachusetts Institute of Technology



http://www.nap.edu/catalog.php?record_id=21559

CHEMISTRY

The Radiochemistry of Potassium

W. T. MULLINS AND G. W. LEDDICOTTE

Oak Ridge National Laboratory
Oak Ridge, Tennessee

November 1961

ECEIVE
L 1=

THE GEORGE E. BROWN, JR.
[ TRRARY

Subcommittee on Radiochemistry
National Academy of Sciences —National Research Council

Printed in USA. Price $0.50. Avallable from the Officc of Technical
Bervices, Department of Commerce, Washington 25, D. C.


http://www.nap.edu/catalog.php?record_id=21559

QD603.K1 M84 1961 c.1
Radiochemistry
of potassium.


http://www.nap.edu/catalog.php?record_id=21559

FOREWORD

The Subcommittee on Radiochemistry 1s one of a number of
subcommlittees working under the Committee on Nuclear Science
within the National Academy of Sclences - National Research
Council. Its members represent government, industrial, and
university laboratories in the areas of nuclear chemistry and
analytical chemistry,

The Subcommittee has concerned ltself wlith those areas of
nuclear sclence which involve the chemist, such as the collec-
tion and distribution of radiochemlical procedures, the estab-
lishment of specifications for radiochemically pure reagents,
availabllity of cyclotron time for service irradiations, the
place of radliochemistry in the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to-date compilations of radiochemical information and pro-
cedures. The Subcommittee has endeavored to present a series
which will be of maximum use to the working scientist and
which contains the latest avallable information. Each mono-
graph collects in 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
has written the monograph, following a standard format developed
by the Subcommlittee. The Atomic Energy Commission has sponsored
the printing of the serles.

The Subcommittee is confident these publications will be
useful not only to the radiochemist but also to the research
worker in other flelds such as physics, biochemistry or medicilne
who wishes to use radiochemical techniques to solve a specific
problem.

W. Wayne Meilnke, Chalrman
Subcommittee on Radlochemistry

114
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INTRODUCTION

This volume which deals with the radiochemistry of
potassium is one of a series of monographs on radiochemistry
of the elements. There i1s included a review of the nuclear
and chemical features of particular interest to the radio=-
chemist, a discussion of problems of dissolution of a
sample and counting techniques, and finally, a collection
of radiochemical procedures for the element as found in the
literature.

The series of monographs will cover all elements for
which radiochemical procedures are pertinent. Plans include
revision of the monograph periodically as new techniques and
procedures warrant. The reader 1s therefore encouraged to
call to the attention of the author any published or un-
published material on the radiochemistry of potassium which
might be included in a revised version 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, Tenmessee
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Sneed, M. C., and Brasted, R. C., Comprehensive Inorganic Chemistry,
Vol. 6, "The Alkali Metals,"” Van Nostrand, New York, 1957.

latimer, W. M., and Hildebrand, J. H., Reference Book of Inorganic
Chemistry, MacMillan, New York, 1940.
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II. RADIOACTIVE NUCLIDES OF POTASSIUM
The radicactive nuclides of potassium that are of interest in the radio-
chemistry of potassium are given in Table I. This .table has been compiled

from information appearing in reports by Strominger, et e.l.,(l) and by Hughes

and Harvey.(a)
TABLE I
THE RADIOACTIVE NUCLIDES OF POTASSIUM
Radio- Mode of
Ruclide Haif-ILife Decay Energy of Radiation Produced By
k37 1.3 8 gt gt 4.6 K-y-2n
38 7.7 m gt gt 2.8 Cl-0-n, K-n-2n, K-p-pn
y 2.16 K-y-n, Ca-d-a
K0 1.32 x 107 r ?
32 x107y B g 1.33 Natural source
y 1.6
1.55
o 6.7x10 28 IT y ~1.3 Daughter A"
K2 12.4 h g” B~ 3.58 A-o-pn, K-d-p, K-n-y
7y 1l.51 Ca-n-p, Sc-n-Q
K3 2.4 h g 8™ 0.81, 0.2k A-Gkp
y ~0.h
xu‘ 17m B~ Ca-n-p

III. THE CHEMISTRY OF POTASSIUM AND ITS AFPPLICATION IN ANALYSIS
METHODS FOR THE POTASSIUM RADIONUCLIDES

Radiochemical analysis methods usually follow the ideas and techniques
established by more conventional analysis methods to determine a non radio-
active element in an inactive sample material. Since these methods - preci-
pitation, solvent extraction, chromatography, and electrolysis - are dependent
upon chemical reactions to bring them to completion, the general information
given below on the formation of potassium compounds and their behavior in
separation methods is intended to establish the usefulness of such ideas and
techniques in analyzing a radiocactive (or nonradicactive) material for the

potassium radionuclides.

A. The General Chemistry of Potassium
The earth's crust contains at least 2.59% potassium. Potassium compounds

are found in soils, sea water, mineral water, igneous rocks and minerals. The
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chief mineral sources of potassium are carnallite, KCl-HgCla'G.BeO; polyhalite,
xasou- ugsou-zcasok-aﬂao; sylvite, KC1l; silvinite, a mixture of KCl and NaCl;
schonite, Hgsoh-KasOh'GHzO; and kainite, Hsﬂoh-HgC].e-KESOh'GﬂzO.

Potassium metal is usually produced by an electrolytic process in which

an aqueous solution of the mineral is electrolyzed and the insoluble impurities,
such as Hg(OE)eare filtered off. The solution of KCl remaining after this
filtration is further electrolyzed to produce a solution of KOH. The KOH solu-
tion is then evaporated to dryness and elementary potassium obtained by an

electrolysis of the fused KCH.

1. Metallic Potassium

Potassium metal is a soft, silver-white metal having a density of 0.86.

Potassium is composed of three isotopes: K32 (93.1%), K'C (0.1%), and KX (6.8%).

Kho is a naturally occurring radioactive isotope having a half-life of

107 years. Potassium will melt at 62° and it has a boiling point of 760°.
Potassium metal rapidly develops an oxide coating if it is exposed to
air. It will react with water to form hydrogen and solutions of the
corresponding bases. It will combine with hydrogen to form a hydride.
Most of its salts are very soluble in water. It will dissolve in ammonia
to form a blue solution and when it is volatilized, a blue vapor composed

of monatomic molecules is given off.

2. The Chemical Compounds of Potassium

Potassium has only a +1 oxidation state. It is more active towards
the non-metals than is sodium; however, its chemical iaroperties are similar
to sodium. It will react with carbon dioxide, hydrogen, oxygen, nitrogen, sul-
fur, and the halogens. The reactions of potassium with these and other ele-
ments is presented in some detail below. Table II shows the solubility of many
of the potassium compounds in water and other reagents.

a. Potassium Hydride, KH. Potassium will combine directly with hydrogen

on heating to form KH. The colorless crystals of KH decompose rapidly on
heating and will react with water to produce hydrogen gas.

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

2
heating potassium nitrite or nitrate with potassium in the absence of air. If
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potassium metal is burned in a calculated amount of air, potassium peroxide,

K202 ; will be formed. Potassium metul will react at room temperature with

oxygen to form potassium tetroxide, xaoh. Potassium tetroxide, an orange-red
solid, willl decompose on heating to form oxygen and the peroxide, K202. All
of the potassium oxide compounds react vigorously with water to yleld KOH,
oxygen, and hydrogen peroxide.

c. Potassium Hydroxide, KOH. Potassium hydroxide can be prepared either

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

with potassium carbonate, K2003. KOH is highly deliquescent and very soluble
in water. Its chemical behavior is similar to that of sodium hydroxide, NaOH.
Its solutions are strongly basiec.

d. The Nitrogen Compounds. Potassium, like sodium, can react with nitro-

gen in an electric discharge tube to form potessium nitride, K3N. K3N is

green-black in color, and it is rapidly attacked by water to form KOH and NHS'
Potassium azide, KN3, can also be formed by the action of nitrogen upon

potassium. KN3 will decompose upon heating in a vacuum to form K3N and nitro-

gen gas.
th KC1.
3 wi KBO3 is
more soluble in hot water than in cold. It will melt at 3311-0 and be decomposed.

Potassium nitrate, KND; is made by reacting NaNO

When heated at temperatures above I&000, KNO3 will lose oxygen to form potassium

nitrite, KNO.. Potassium nitrite will decompose at 8500 to produce potassium

2

peroxide, K202. It is soluble in water, and when the solution is bolled it

will hydrolyze to produce nitrous acid, HNO,, .

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

with sulfur to form potassium monosulfide, 1(28, and potassium polysulfide,

}(232. The monosulfide compound, Kes, is a colorless crystalline compound that
is hygroscopic and will react rapidly with water.

Potassium sulfate, xasoh, like sodium sulfate, occurs freely in nature.

It is prepared by extracting the mineral deposit, schonite, Mgsoh-KESOh'GHQO,
and treating the concentrated aqueous solution with potassium chloxzide.
Kgsoh is very soluble in water. If 1(280]\l is treated with the proper quantity

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

potassium bisulfate, I'CHSOh, is produced. KHSOk dissolves in water to give



http://www.nap.edu/catalog.php?record_id=21559

Compound
Bromides

Chlorides

Fluorides

Formula

KC10
KoRu( H;0 )c Zl.5
KoRu(OH)C1sg

KAuCl),
xc:%ca.

KIClh
KF

Table II. Bolubility of Potassium Compounds

Water Solubility

Cold Hot Other Solvents

3,10 13,340 49.75+%0 Slightly soluble in alcohol;
insoluble in acetone

5%.48° 102290 0.5 alcohol; soluble in glycerin;
slightly soluble in ether

Slightly soluble Soluble in alcohol

Decomposes

Very soluble Very soluble

7.120 57100 0.83 alcohol; soluble in alkali

0.75° 21.8100 Insoluble in alcohol and ether

3,720 56.7°% Slightly soluble in alcohol; solu-

Very soluble
Soluble

Soluble;
decomposes

61.8°0

Soluble;
decomposes

Decomposes
92. 5'.‘I.B

Very soluble
Soluble

Soluble

80.260

Very soluble

ble in alkali, ether and glycerin
Slightly soluble in alecohol
Insoluble in alcohol

Soluble in acid; 25 alcohol
Soluble in acid

Decomposes in ether

Soluble HF and HHB; insoluble in

alcohol

(Table continues on following page.)
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Compound

Iodides

Table II. Solubility of Potassium Compounds ( Continued)
Water Solubility

Formula

KF -2H,0

KHF2

KS1Fg
Rptaiy
KoThF ¢+ bH 0
KoTiFg B 0

KQZrFG

KIO),

KI

Klj

Cold

349,38

n2t

0.1217-5

Slightly soluble;

decomposes
2.15

.556°
1.320
7812

L. 740

0.6613
127.5°

Very soluble

Soluble;
decomposes

Hot
Very soluble

Very soluble

0-95%100

6.6

1_2721

25100

32.5100

Soluble
208100

Other Solvents

Soluble in HF; insoluble in alcohol

Soluble in KCpHz0,; insoluble in
alcohol

Soluble in HCl; insoluble in NH

and alcohol 3

5lightly soluble in HF
Decomposes in acid; imsoluble in
alcohol

Min. acid; insoluble in NH5

Insoluble in NE5

Soluble in KI; insoluble in aleohol
and Kﬂj

Very slightly soluble in KOH

14.3 alcohol; soluble in NHx;
slightly soluble in ether

Soluble in alcohol and KI

Soluble in dilute solution KI
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K51r16 Very soluble Insoluble in alcohol

EE913 Decomposes Soluble in alcohol, ether, KI and
acetic acid.
K2Pt16 Soluble Soluble; Insoluble in alcohol
decomposes
Nitrides K3N Decomposes
1CN03 Soluble Soluble Very soluble in NB3 and alcohol;
soluble in alcoholy insoluble in
94% alcohol
KePt (N02 ) L Soluble Soluble
KNC‘.‘2 Soluble Soluble Soluble in aleohol
Oxides xao Very soluble Very soluble Soluble in alcohol and ether
K202 Vei'y soluble Very soluble
1{201+ Very soluble; Very soluble Decomposes in elcohol
decomposes
Sulfides KES Soluble Very soluble Soluble in glycerin; insoluble in
ether
KHS Decomposes Decomposes Soluble in alcohol
K252 Soluble Decomposes Soluble in alecohol
Sulfate xesoh Soluble Soluble

msoh Soluble Soluble
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an acidic solution, and it can be used to convert oxides and silicates

into sulfates. When it is heated at a temperature of 2000, it is converted
into potassium pyrosulfate, K28207. When K2320.r is strongly ignited, 803
is released and normal potassium sulfate, xesoh, is produced. The electro-

lysis of a concentrated solution of KHSOk will produce potassium peroxydi-

sulfate, K28208 .

Potagsium hydrogen sulfite, or potassium disulfite, KHED3, can be pro-

duced by saturating a solution of potassium carbonate or potassium hydroxide

with sulfur dioxide. Normal potassium sulfite, K2803 , 1s formed by treating

the solution with an additional amount of potassium tarbonate. The sulfites
are easily decomposed by heating to form stable sulfate, K,'_,SDh. The sulfites
can also be easily oxidized to produce the corresponding sulfates.

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

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

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

is treated with an equimolecular amount of hydrofluoric acid, potassium hydrogen
fluoride, ICHFE, is produced.

Potassium chloride, KCl, can be obtained in the natural state; however, it

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

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

KBr, and potassium iodide, KI, are produced. All of the potassium halide salts

are completely ionized and are readily soluble in water at room temperature.

Potassium chlorate, KClOa, potassium perchlorate, l(Cth, potassium

hypochlorite, KC10, potassium bromate, KBrO3, and potassium iodate, KIO., are

3
all salts of the oxygen acids of the halogens. KC].03 is prepared by passing

chlorine gas into hot, concentrated potassium hydroxide. It is a colorless

salt that is much more soluble in hot water than in cold. KClO, can also

3
solution. K0103 is a strong

be prepared by adding hot KC1 to hot Na0103

oxidizing agent, and it will decompose with a violent explosion to produce

free chlorine and oxygen. KBrO3 and K103 can be produced in the same
and they exhibit the same chemical reactions as KClO

manner as KC10 does.

3’ 3

Potassium perchlorate, KCth, is produced by an anodic oxidation of KClO3.

It is produced as a colorless compound that is used as a strong oxidizing
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agent. Potassium hypochlorite, K010-61120, is produced either by the reaction
of chlorine gas upon a cold solution of KOH or by an electrolysis of KCl
solutions in the presence of potassium hydroxide and chlorine. Potassium
hypochlorite can be easily reduced to chloride ions and oxygen.

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

sodium bydroxide, can also enter into reaction with K3P°h to form potassiam

dihydrogen phosphate, l(HzPoh, potassium monohydrogen phosphate, xgnrou, and
tripotassium phosphate, K3P°l;‘ Aqueous solutions of KKaPOh are acidic, vhile

solutions of K2HPOJ‘ and K POh vary in their alkalinity. If lCHzPOh 18 heated,

3
a series of potassium metaphosphates, ICP03, are formed. When Kemh is

treated, it will decompose to form KI‘PEOT and water. K3P°h is stable toward
heat.

h. The Carbonate Compounds. Potassium carbonate, K2003, is prepared

by a series of chemicel reactions involving megnesium carbonate and potassium

chloride. Potassium hydrogen carbonate, KHCO,, is produced either by passing
carbon dioxide gas into a saturated solution of K2003 or by pessing carbon
dioxide over a mixture of x2903 and charcoal. K2003 and mco3 solutions are
alkaline because of the basic action of the 033 ions and the slight
hydrolysis of the Hco3‘ ions.

i. The Cyanide and Cyanate Compounds. Potassium forms complex

cyanides with iron: 1i.e., potassium ferrocyanide, the(cu)s, and

potassium ferricyanide, K3Fe(CR)6. Potassium ferrocyanide is prepared

a8 a by-product of the coal gas industry. In the process, hydrogen

cyanide, HCN, is released from the coal gas to react with FeO to form
ferrocyanic acid, Hhh{CN)S’ which reacts with Fe203 to produce Fe) [Fe(GH)sla.
This compound is roasted with lime to give a soluble calcium ferrocyanide.
The solution is then heated with potassium chloride to form lemon-yellow
crystals of the hydrate, KyFe(CN)+36,0. The potassium ferrocysnide can

be solubilized in acid and converted to potassium ferricyapnide, K3Fe(CN)6,

by oxidizing the solution with chlorine. When ferrous ions, Peq'e, react with

potassium ferricyanide, the ferricyanide ions are reduced to ferrocyanide

ions and a soluble compound of potassium berlinate, KFe[Fe [F'e(CN)d]T or

Prussian blue, is formed.
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Potassium cyanide, KCN, is formed by heating potassium ferrocyanide with

K2003 in the presence of iron. It can alsoc be made by passing nitrogen or
ammonia over a mixture of fused K2003 and carbon. KCN can be quickly changed

into potassium cyamnate, KOCN, by mixing FbO with the fused cyanide. KCN can

enter into a reaction with sulfur to produce potassium thiocyanate, KSCN.

Potassium thiocyanate can also be prepared by treating the cyanide with
ammonium polysulfide or sodium thiosulfate.

J. Other Potassium Compounds. The roasting of manganese dioxide with

KOH in air will produce potassium manganate, Ke"“oh’ which in turn can react

with Hesoh or chlorine water to form potessium permanganate, KMnOh. ]{Hnoh is

a purple-black solid that dissolves readily in water. Its solutions are

strong oxidizing agents in both acid and alkaline conditions. When it is
[o)

heated above 2007, it will lose oxygen to yleld M::IO2 and K2Mn0h.

Potassium chloride, KC1, will react with chloroplatinic acid, H2Pt016

to produce potassium chloroplatinate, KaPtCls. This alkalil chloroplatinate

is a yellow salt that is very insoluble in water. The water insoluble salt,

potessium cobaltinitrite, K, [Co{me}d *38,0, 1s formed by adding e large

excess of potassium nitrite to an acetic acid solution of sodium cobaltinitrite,
L E:o(m2]6] . Potassium can also enter into reactions with tartaric acid,
chlorate ions, and picric acid, respectively, to produce insoluble salts,

such as potassium hydrogen tartrate, Kl-lchﬂhos, potassium perchlorate, I{Cloh,

and potassium picrate, Kocsﬂatma)s.

B. The Analytical Chemistry of Potassium

Potassium, after its isolation and separation from other elements, is

most often determined gravimetrically as potassium chloroplatinate, xaptmﬁ,“'s)

or potassium perchlorate, KCloh.(T'll} Potassium can also be precipitated as
the double cobaltinitrite of potassium am sodium, K,Na EO(NDQ}G] . (12-19) However,
the composition of the precipitate varies with the ionic composition of the solu-

tion. Potassium has also been determined gravimetrically by being precipitated

) (21)
312"
potassium periodate, KIO,; (22-26) Lotassium hexanitritocuprate, K,Pb Cu(No,) ,(@1)

as potassium sulfate, KQSOu;(eo) potassium molybdophosphate, K3(Moo

potassium perrhenate, lCReOh;(za) potassium hydrogen tartrate, COQH-(CI{OH}Q(.‘OaK; (29)

10
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potassium 6-chloro-5-nitrotoluene-m-sulfonate, CH3 -C 652(01 ) (me) . 3)3]( ; (30)

potassium diliturate, Cl‘Baosﬂal(,'(n) potassium dipicrylaminate, Cmﬂholaﬂ.rl(;(y’ 33)

potassium fluoborate, ICBFII_;(SM or potassium tetraphenylborate, sz.(35-hl)

Most of these compounds are satisfactory gravimetric fomtaa) for
determining potassium and can be used in the radiochemical analysis of
sample materials for the radiocactive potassium isotopes.

The isolation and separation of potassium from other elements has
most frequently been completed by precipitation methods. More recently,
solvent extraction and chromatography methods have been employed. These
separation methods can generally be described as follows:

1. BSeparations By Precipitation. Potassium and the other alkali

elements (sodium, 1ithium, rubidium, and cesium) can be best separated
from other elements by methods first suggested by Berzelius (k2) and &nith.(ua)

Especially adapted to the decomposition of minerals, the Berzelius method(ka)

and its modifications (bh-16)

uses mixtures of HF-BCth-HzSOh to decompose
the materials and then converts the alkali sulfates to chlorides for the
final precipitation of the potassium as either the chlom'plntinate{a-ﬁ) or
perchlomte.”'u) Smith's mthod.(%) and its mdirications(hs'w) decomposes
the potassium-bearing material (usually a mineral) by heating it in a mixture
of calcium carbonate and ammonium chloride. 002 and ma3 are given off and

the mixture reduces to lime and calcium chloride. Continued heating in

this mixture converts most of the metals to low-solubility oxides while the
calcium chloride sinters the mass. After cooling, the mess is extracted

with water; all of the alkali metals and a small portion of the calcium extract
a8 chlorides. The calcium is removed from the mixture by precipitating it

with ammonium carbonate and oxalate. Following filtration, the soluble alkali
metals are treated either with Hcmh or Hth016 to precipitate the potassium

either as xc1ok(7'u) or as Kept016.{3'6}
Barium, strontium, magnesium, borates, sulfates, and phosphates can

interfere in either of these methods for the determination of potassium and
the other alkali metals. The removal of calcium by an ammonium carbonate
and oxalate precipitation also removes barium and strontim;(hg} magnesium

can be separated either by a precipitation of magnesium ammonium phosphatetso)

11
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or magnesium onna.u.(51)

Borates can be removed as volatile methyl borates

by adding methyl alcohol to the hydrochloric acid solution and evaporating

the mixture to dryness. (49) The addition of barium chloride solution to

the chloride mixture will precipitate the sulfate ions as Buso,‘;“m the

excess barium can be removed by a precipitation with ammonium ca.rbanate.(hg)

Phosphates can be removed from the alkali chloride solution by a precipitation

either with zinc car‘bomte(g"?) or with an Fe013 solution at a controlled pH.“‘g)
Potassium may be separated from sodium and lithium by several precipita-

tion methods. The most important ones are based upon the formation of the

alkali chloroplatimten(s's) or the perchlomtes.('r"ll)

In the chloroplati-
nate method, the sodium and lithium chloroplatinates and the precipitating
agent, H,PtClc,are soluble in 80% ethyl alcohol and can be easily separated
from the insoluble KZRCIS. However, several extractions of the chloroplatinate
salts may be necessary to remove all of the lithium. Besides the direct
precipitation with thomp].atinic acid, HQPI:Cls, a solution of lithium chloro-
platinate can be used as the precipitating ngent.(53} Rubidium and cesium
also form insoluble chloroplatinates. If the chloroplatinate are precipitated
from a nitrate solution with uznms, potassium (and Rb and Cs) can be
separated from large amounts of sodium, iron, aluminum, manganese, and other
anlts.(s) If the precipitation is made from a chloride solution, an immediate
and quantitative separation of potassium (and Rb and Cs) from the same elements
can be obtained by dissolving the chloroplatinates in 60-70% alcohol and
a few drops of ethyl ether.(s) In the perchlorate method, butyl alcohol-
ethyl acetate and ethyl alcohol-0.2% HCJ.OI‘ mixtures have been used to
extract the soluble sodium (and lithium) perchlorates from the insoluble
KC10,. The perchlorate salts of cs*l, motl, uah*l, and T1*! are also
insoluble and will interfere. Sulfate ions must also be absent becayse
sodium sulfate is also insoluble in the solvents used for the extraction.
Magnesium, the alkaline earths, nitrates, and pnosphates do not interfere
in the perchlorate method.

Potassium can be separated from sodium, lithium, and many other elements
by the trisodium cobaltinitrite method.(12-19) "Hh+1’ cs*l, mo'l, v, u*S,

+h

Sb+3, Bi+3, and Sn°  interfere in this method. Large emounts of sodium can

12
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be separated by saturating an acid solution with gaseous hydrochloric acid.(kg)

Acetone readily dissolves lithium chloride so that it can be dissolved
and separated from insoluble potassium chloride.(sh} Sodium, barium, and
strontium chlorides are also inscluble and would interfere in this method.
Rubidium and cesium can be separated from potassium by precipitating them
from a dilute li'l!'(:*3 solution with 9-phosphomolybdic acid.{s’ss) Potassium
is soluble in this system and is recovered by a chloroplatinate precipitation.ts)
Potassium, rubidium, and cesium can be separated from sodium and lithium by
a chloroplatinic acid precipitation, (3-6) converted to the chlorides and the
potassium separated from rubidium and cesium by extracting the chloride mixture
with abeolute adoohiol P TT) aaturatied VAtH DyAFOCKIORS AC1A Gk, THA
rubidium and cesium chlorides are insoluble in this mixture. This method is
a rather long and tedious one; it is sometimes necessary to re-extract the
chlorides in order to remove all of the KCl, and depending upon the concentrations
of all three elements, each element can interfere in the determination of
the others.

Potassium (and ammonium ions) can be separated from sodium, lithium,
and magnesium by a sodium tetraphenylboron pmipitation.{35-h1) The
insolubility of potassium tetraphenylboron suggests that this is an
excellent gravimetric form for the determination of potassium. In one
of these studies,(ss) it was found that the ammonium ion interference could
be minimized by operations involving fuming with iﬂD3, volatilization of
amnonia by heating with sodium hydroxide and a hypobromite oxidation of the
remaining traces of ammonium salts.

2. BSeparation By Electrolysis. Although the alkali metals cannot

be separated from solution by electrodeposition, their separation from other
elements can be effected by electrolysis with a mercury cathode at a con-
trolled potentia.l.(ﬁ) The alkali metals and the alkaline earth metals can
be left in solution, while elements such as copper, cadmium, iron, cobalt,
nickel, and zinc are deposited on the cathode.

3. BSolvent Extraction Separations. The polylodides of the alkalil

astals Gan b extiested with itrossthese.'”?) ‘Mietr alstribition. retios

increase in the order I1 < Na < K < Eb < Cs and are dependent upon the amount

13
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of free iodine added to the system. The use of 30$ ethyl a.lcohol(}s' 53) to
separate insoluble potassium (and Rb and Cs) chloroplatinates has already been
revieved above. Similarly the use of butyl alcohol - ethyl acetate or ethyl
alcohol - 0.2% HCth mixtures in separating the alkali perchlorates (7-11) has
ilvesdy been Aiscussed. ‘The scstone extractice’”?) of solubile T4CL fyom

insoluble KC1 has also been mentioned above.

4. Chromatographic Separations

a. With Inorganic Absorbents. A chromatagraphic ion exnhs.nge system

involving an alumina column has been used to separate fluoride and sulfate
ions from potassium bHefore its determination as KCth.(Go) The column was
treated with 1 M HCth until the effluent showed an acid reaction. Then
the water extracts of decomposed silicates were passed through the column
and the potassium recovered from the effluent. .

b. With Organic Absorbents. Chromatographic columns of violuric acid,

mixed with barium sulfate, diatomaceous earth or starch, have been used to
separate potassium chloride from sodium and magnesium chloridea.{sn
Potassium has also been separated from sodium by use of a violuric acid

coltm{&) and by use of a column of 5-0mo-5-ominﬂ.no-3-phenylisoxszoline.(63)

¢. With Ton Exchange Resins. Mixtures of K, Na, Kb, and Cs chlorides

have been separated by adsorbing the mixture on Dowex-50 and using either

(64) or 0.7 ¥ HC1(65) as the elutriants. Potassium has been

0.15 N HC1
completely separated from Na, Rb, and Cs by adsorbing a mixture of the chlorides
on an Amberlite IR-100 or IR-1l resin column and eluting with HC1l solutions.{ss’s'n
Potassium and sodium were eluted with O.1 N HCl and the rubidium and cesium

were eluted with 1 N HCl. Amberlite IR-100 resin and HCl have also been used

to separate milligram amounts of KCl from milligram amounts @of RnCl.(w)
Milligram amounts of KCl containing less than 0.1 ppb of Cs and 1.0 ppb of Rb
have also been prepared by use of a cation resin colm.{sg’m) Potassium and
sodium have been separated from each other by use of a column of Wofatit KsS

ion exchange resin and 0.1 N HC1l as the elutriant. (1) Cation ion exchange
resins have also been used to separate K and Na from each other and from Mg

and Cs in milk ash, (12) K from Na in blood, (73) K from insoluble ailicates,(?h)

and K and Na from 1ithium.(7)

14
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The alkali metal complexes of uramildiacetic acid were studied by use
of a cationic resin.(.m} Lithium and sodium form stable complexes but
potassium does not. The complexes were separated by use of a sulfonic
acid resin, pretreated with either dimethyl amine or tetramethylammonium
hydroxide, and elutions with alkaline solutions. Ijithium and sodium, but
not potassium, rubidium, or cesium, form complexes with the chelating
agent, ethylenediaminetetraacetic acid, EDTA, and can be separated from
K, Fb, and Cs, and from each other by eluting an anion resin column of
Dowex-1 (4% crosslinkage) with 0.13 M EDTA solution.(W}

d. By Paper Chromatogrephy. Tracer quantities of radicactive Kue (12.k4 n)

beve been separated from Naau (15 h) by use of paper chromatography and a
solvent mixture of conc. HCl-water-0.05% tartaric acid (1:10:13).(78) In
other chromatographic studies with paper columns, the movement rate of
potassium ions has been studied using solvents such as dipicryalamine in a

(80)

solution of MQCOS,(Tg) quercitin in acid and alkaline media, and complex

(82,83)
(86)

-acetylacetone, (81) alcohols in HC1,
(8L (85)

forming mixtures, e. g., butsnol-HND3

butanol in HC1, (83) alcohols in ENOs, ’ xetones in HC1, butanol-}mr,'
phanol, (® o colldine in nnn3.(87)
KC1l has been quantitatively separated from Ii and Na chlorides using

(88,89) ethanol in water, (89) acetone in water, (89)

methanol as a solvent,
methyl ethyl ketone in methanol, (%0) and with acetone-, ethanol-, butanol-,
and pentax:ol-methanol mixtues.(go) The alkali acetates can also be separated
by paper chromatography using ethanol-2N acetic acid as a solvent.(gl) The
same system was used later to quantitatively determine K in a alkali mijure.(ga)
Potassium has been separated from Na, Mg, and Ca in biological samples by
the same solvent mixture.(93'96} Propanol-methanol mixtures as solvents have
been used to separate K from Na, Nﬂh‘ Mg, and 1.1.(97) and from Na, Mg, and
&_(98) These solvents have also been used to separated alkali hydroxides,
citrates, and sulphates.{gg-lol}

K has been separated from rubidium and cesium by using conc. HCl-

(102)

methanol-n-butanol-isobutylmethyl ketone as a solvent and by phenol

saturated with 2 N HCl£103) Potassium in urine has been determined also by

a paper chromatographic technique.(mh)
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An electrolytic method of detecting the alkali metals by placing the
paper sprayed with phenolphthalein between two graphite electrodes at a
voltage of 6 volt for 5 seconds has also been used to separate the alkali
mtsls.(105)

IV. DISSOLUTION OF SAMPLES CONTAINING POTASSIUM
Most of the analytical methods used in determining potassium and the
other alkall metals require 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 alloys containing potassium can be put into solution
with volatile acids such as HC1, smos, HF, or a combination of these acids.
Some rocks and minerals are soluble in HCl, However, when the rock or
mineral is not acid soluble, the material can be solubilized by either the
Berzelius uthod.(he) or the Smith method.(u” These methods are most frequently
used on silicate rocks. The Berzelius method attacks the rock with HF and
Hasok, then expels the excess fluorine and silicon by a distillation, followed
by a removal of all metals except the alkalies. The alkali sulfates are then
converted to chlorides. In the Smith method, the decomposition is accomplished
by heating the powdered rock with a mixture of ammonium chloride and calcium
carbonate. Under these conditions, the alkali metals are converted to
chlorides which can be extracted by water.
Typical methods involving the decomposition of soils include treat-
ments with ammonium acetate, HCl, and aqua mg;l.a,(loa’ 107) and leachings
with either BNO3, (108) HCl-HF, (109) and Hasohglm) Biological materials,

such as tissues, body fluids, vegetation, etec., can be decomposed with HCl,

HNO;, HNO,-H,80,, or HNO,-HC10, mixtures, (106,107)

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

tion of the potassium radionuclides, the addition of inactive potassium carrier

to the solubilizing mixture would greatly assist in achieving an isotopic
exchange between the radicactive and inactive potassium atoms. The exchange
should be rapid and complete, since potassium exists in only one oxidation

state.
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V. SAFETY PRACTICES

The decomposition 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. Likewise, some of the
reagents used in an analysis can be harmful. Thus, adequate safety pre-
cautions should be followed in processing any sample material. Pleters and

(111) have recently issued a manual on safe laboratory practices.

Creyghton
This manual, as well as others on laboratory safety, should be consulted
before any analysis is undertaken.

The processing of radicactive material in a laboratory area greatly
magnifies the needs for safe laboratory practices. If radioactivity is dis-
charged into a laboratory area by evolution or spillage, hazardous conditions
for persomnel and wide spread contamination can result. Information on safe
handling practices for radicactive materials appear in such sources as the
Oak Ridge Rational Laboratory's Master Analytical Msmnlula) and in the
International Atomic Energy Agency's publication, entitled, "Safe-Handling
of Rndioisotopes."(ua) Many other similar sources of information exist

and should be consulted.

VI. COUNTING TECHNIQUES FOR THE RADIOACTIVE POTASSIUM ISOTOPES

The nuclear characteristics of the radiocactive isotopes of potassium
are summarized in Table I of this monograph. Potassium is unique in that
one of its stable isotopes, Km, is a natural radiocactive source having a
half-life of 1.39 x ].O9 years. This natural potassium radioactivity can
sometimes be used in measuring the potassium content of a sample material.
For example, the potassium content of iron meteorites was measured by
isolating the potassium and then measuring the Kho by means of a low-level
beta counter.(uu) The assay of the potassium content of rocks and minerals

ko

has also been accomplished by isolating K =~ and measuring its radiocactivity. (115)

The other moet frequently used potassium radioisotope is Kha (12.4 n).

Its radiocactivity can be measured by such counting techniques as Geiger-Mueller

counting, proportional counting, or gamma scintillation spectmmtw_(us'ng)

Generally, the sample material containing Kha must be processed radiochemically
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before the radicactivity measurements are made. However, it has been possible
to determine small amounts of potassium in silicon metal by a non-destructive

(120)

radicactivation analysis involving gamma scintillation spectrometry
measure the radicactivity of Kha. Potassium-U42 has also been
determined in biological materials by nondestructive radiocactivation analysis

methods . (121-126)

VII. RADIOCHEMICAL PROCEDURES FOR THE POTASSIUM RADIONUCLIDES

The analytical procedures used in radiochemistry are used primarily
either (1) to assist in obtaining & pure radionuclide in some form so that
an absolute measurement of its radicactivity, radiation energies, and
half-life can be made, or (2) to separate and to determine the amount of
radicactivity of a particuler radioelement in a radionuclide mixture, or
(3) to complete a radiocactivation analysis.

In order to accomplish any one of the above interests, radiochemistry
usually considers the isolation of the desired radionuclide by either

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

frequently used in radiochemistry. They involve the addition of a small
amount of inactive stable element to a solution of the irradiated material
to serve as a carrier of the radionuclide of that element through the
separation method. In a carrier-free separation, it is required that the
radioelement be isolated in a manner capable of giving either no amount

or a minimal amount of stable element in the final form to be used in the
radiocactivity measurements. Usually a carrier-free method is used to obtain
a radiocnuclide for an absolute measurement of its radicactivity.

Analytical radiochemistry uses separation methods involving precipitation,
solvent extraction, chromatography, volatilization, and electrolysis to
isolate a radioelement in a suitable form for a measurement of its radio-
activity. Carrier radiochemistry is unique in that it is not always necessary
to recover completely the added amount of carrier element, since a radiochemical
analysis is designed to assure that the atoms of a radicactive element achieve
an isotopic state with the atoms of the inactive element and any loss of the
raedioactive species is proportional to the "loss" of carrier during the

separation process.
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Colorimetric, polarographic, and similar analysis techniques are
seldon used in radiochemistry because they do not separate the desired
radionuclide from contaminants (either radicactive or stable) in the
mixture being analyzed. However, some of the developments used in these
.analysis techniques may be useful in radiochemis try.

Both carrier-free and carrier radiochemical analysis procedures exist

for the potassium radionuclides. Such procedures as these have evolved
from each investigator's choice of ideas and techniques similar to those
reported in Section III of this monograph. Most of these procedures have
been originated to separate the potassium radionuclides for use as radio-
active tracers ,{127) and to determine stable potassium by radiocactivation
analysis methods.(128,129)

A carrier-free method has been used in the radicactivation analysis
determination of trace potassium in alkalji carbonates and chloridea.{%’ 130)
The paper chromatography method cited ea.rlier'('-fs]| is also a carrier-free
method. Almost all of the chromatographic separations mentioned eurlier
could be used in carrier-free separations of radiopotassium.

Carrier methods are now employed in the preparation and production of
radicactive tracers of pota.sahm(la?) and in radiocactivation analysis.{lea’ 129)
In radicactivation analysis, trace amounts of potassium have been determined

(133)

in water,(lal) m.gnesium,(lﬁ) and minerals. Samples of meteoritea(lah)

and tungsten metals (135)

have been analyzed in the same manner. Aluminum,
stainless steel, soils, vegetation, ore concentrates, clays, sand, limestone,
cement, tissue, resins, lithium carbonate, and lithium iodide have also been
analyzed for stable potassium content by a neutron radiocactivation analysis.
The separation methods are described in Procedure 7 that follova.(136 »137)
In each of the procedures included in this section, information is
given about the specific use of the procedure, the type of material
analyzed, the type of nuclear bombardment, etc. Whenever possible, a
statement is made about the decontamination levels achieved by the par-

ticular procedure cited.

19


http://www.nap.edu/catalog.php?record_id=21559

PROCEDURE 1
Procedure Used In: Preparation of radiocactive tracers
Method: Precipitation
Element Separated: Potassium radionuclides
Type Material Bombarded: ILithium Chloride
Type of Nuclear Bombardment: 20-60 Mev alphas
Procedure By: Brooks (Reported by Meinke(m))
Separation Time: 1 hour
Chemical Yield of Carrier: Quantitative
Decontamination: Radiochemically purity possible
Equipment Required: Standard
Procedure:
1. Dissolve LiCl in about 3 cc water; add KCl carrier (~ 20 mg).
2. Add ~ 5 cc of T2% HC10), and cool in ice.
3. Centrifuge.
L4, The KC10), may be recrystallized as many times as desired by

heating it to ~ 900 C with 1 cc of 72% HClOu and then cooling in ice.

Remarks :

k recrystallizations can be made in 1 hour of chemistry. About 1/2%
is lost per recrystallization by doing it this fast. A trace of P32 some-
times was not removed by this chemistry.

mh" salts interfere. Separation from Na is good. No Rb or Cs

contamination was found.

PROCEDURE 2
Procedure Used In: Preparation of radioactive tracers
Method: Precipitation
Element Separated: Potassium radionuclides
Type Material Bombarded: Lithium chloride
Type of Nuclear Bombardment: 20-60 Mev alphas
Procedure By: Brooks (Reported by Mein.‘le(m))
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PROCEDURE 2 (Continued)

Separation Time: L0 minutes or less
Chemical Yield of Carrier: 50% or more
Decontemination: Radiochemically purity possible
Equipment Needed: Standard
Procedure:
1. Dissolve LiCl in ~ 5 cc of 0.
2. Add 10 cc of Napthol-yellow-S (5% solution) cool end centrifuge.
3. Recrystallize from sbout 5 cc of 5% RYS.
L, The ppt can be dissolved quickly in water or weak acid.

5. BScavenge with F'e(OH)a.

Remarks :

IIB]: salts interfere.

PROCEDURE 3
Procedure Used In: Radiocactivation analysis
Method: Ion Exchange (carrier-free separation)
Element Separated: l{ha (12.4 n)
Type Material Analysed: Alkall carbonates and chlorides 902130)
Type Nuclear Bombardment: Khl(n,y)!{he

Procedure By: Brooksbank and Iﬂddicotte( 66) (Reported in detail by
Leddicotte(130))

Separation Time: Several hours

Chemical Yield of Carrier: A carrier-free separation
Decontamination: Excellent from radionuclides of Na, Fb, and Cs.
Equipment Required: Ion exchange columns

Procedure:

A. Irradiastion of Sample Material

1. Irradiate known amounts of test (Note 1) and comparator samples (Note 2)

ina neutron flux of at least 6.5x 104 n/sec/ cma for 16 hours or longer (Note 3).
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PROCEDURE 3 (Continued)

Prepare the test and comparator samples for the irradiation either by wrapping
each specimen in aluminum 1"011 or placing it in a quartz ampoule. If the
sample is a liquid, small polyethylene bottles can be used to contain the
sample during the irradiation (Note k4).

B. Preparastion of Irradiated Materials for Analysis.

I. The Comparator Sample

1. After the irradiation, quantitatively transfer the comparator sample

(Note 2) to a 100-ml volumetric flask. Dissolve the sample in a smell measured
volume of distilled water; then dilute the solution to 100 ml with water. Mix
the solution thoroughly by shaking it carefully.
2. By means of a l-ml volumetric pipet, transfer an aliquot to a
second 100-ml volumetric flask; then dilute the aliquot to 100 ml with water.
3. Shake the solution thoroughly; then pipet an aliquot of this solution
directly to the top of the ion-exchange column (Notes 5 and 6). Then proceed
in the manner described below in Step 1 of Part C below.

II. Solid Test Samples

1. If the sample is a solid, quantitatively transfer the test portion
into a 50-ml glass centrifuge tube, and then add dropwise to the same centri-
fuge tube enough concentrated HCl to completely dissolve the sample. If
necessary, heat the mixture to dissolve the sample., Transfer the solution
of the irradiated sample to the top of the ion-exchange column (Notes 5 and 6).
Then continue with Step 1 of Part C below.

III. Iiquid Test les
1. Pipet an aliquot of the irradiated test portion directly on to the

top of the ion-exchange column (Notes 5 and 6); then continue with Step 1
of Part C below.

C. Ion Exchange Separation of Potassium

1. Connect the ion-exchange column to a reservoir (Note 7) that contains
a supply of 0.1 M HCl. Adjust the flow rate so that the eluate flows from the
column at the rate of 1 ml per minute.

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

discard the first 40O ml of eluate that pesses through the column (Note 8).

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

k., 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). Process
this fraction of the eluate as instructed in Step 1 of Part D below.

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

D. Preparation of K¥2 Eluate For Radiocactivity Assay

1. Evaporate to dryness the solution that was collected in Step 4 of
Part C above. Add 1 to 2 ml of conc. HC1l to the beaker, and then wash the
solution into a 10-ml volumetric flask. Rinse the beaker with small portions
of H20, transfer the rinsings to the flask, and dilute the solution to volume.

Assay the solution for l(kz radiocactivity as instructed in Part E below.

E. Measurement of Kha Radiocactivity and Calculation of
Stable Potassium Content of Test Sample

1. The Kue radioactivity in both the test and comparator samples may be

assayed by beta or gamma counting. Use a Geiger-Mueller counter for the beta
measurements and a gamma scintillation counter for the gamme measurements
(Note 11).

2. Following the radicactivity measurements, correct the observed th?
radiocactivity 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 radioactivities becomes a measurement of the amount of stable potassium

in the test sample:
Corrected Kkz radicactivity in Test Sample

% K in Test Sample = X 100

Corrected Kuz radiocactivity in Comparator Sample

1. Use at least 0.1-0.2 gram portions.
2. Use from 0.025 to 0.030 gram of potassium carbonate.
3. The limits of measurement for this procedure is about 0.05 micrograms

of potassium.
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PROCEDURE 3 (Continued)

L., This type of sample will have to be irradiated in an air-cooled or
water-cooled facility of the reactor.

5. The ion exchange column is composed of 100- to 120-mesh IR-1 (or IR-100)
resin packed into a glass column 1 cm in diemeter and 100 cm long. A small
glass wool plug at the base of the columm holds the resin in the columm. The
resin 1s pretreated with a solution of 0.1 M HCl. The treatment consists of
passing the 0.1 M HC1 solution over the column until the desired molarity
(0.1 M) 1s obtained.

6. The transfer may be made by use of a volumetric pipet. If it is
necessary to rinse the pipet, use O.1 M HC1 as the rinse liquid. In transfer-
ring the radiocactive solution on to the column, exercise care in delivering
the solution from the pipet so that the resin at the top of the columm will
not be disturbed.

T. A dispensing bottle of at least 3-liter capacity is suitable for use
as a reservoir. Tygon or rubber tubing may be used to connect the reservoir
to the column.

8. This solution may contain radiocactive anionic constituents as well as
separated Naah (15 h) radioactivity; the presence of these should not be con-
fused with Kua which is eluted later.

9. This particular procedure is designed to separate Ra, K, Kb, and Cs
in alkali carbonates and chlorides. This fraction will contain Naau (15 n),
and it can be processed for the amount of stable sodium in the sample, if a
sodium comparator sample 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 Rb; (b) then, strip the column with at least
1 N HC1 and process this fraction for Cs. Rubidium and cesium comparator
samples should have been irradiated, if stable Kb and Cs are to be determined
in a sample.

11. Gamma-ray energy discrimination may be used here.

12. Decay measurements may be followed, if reguired.
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PROCEDURE 4

Procedure Used In: Radiocactivation analysis

Method: Precipitation

Element Separated: Kha (12.4 n)

Type Material Bombarded: Water

Type of Nuclear Bombardment: Khe(n,r)l(he

Procedure By: Blanchard, Leddicotte, and Moeller(lal)
Separation Time: Not estimated by the authors
Chemical Yield of Carrier: 60-70%

Equipment Needed: Standard

Procedure:

1. 30 mls of water was placed in a polyethylene bottle and irradiated
for 16 hours in & flux of 6.5 x 107+ n/cmafsec.

2. If any specific elemen'.b, such as potassium, is to be analyzed
quantitatively, a known amount of 1(2003 is irradiated along with the water
sample. The standard is processed in the same manner as the unknown sample.

3. The radiochemical separation is carried out as outlined in "The
Chemical Separation Scheme" attached.

4. The potassium 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 lhal", a further separation of these elements are made by forming
the perchlorates and dissolving the sodium perchlorate in a mixture of butyl
alcohol and ethyl acetate, in which the potassium and rubidium perchlorates
are insoluble.

5. The radiocactivity of each of these groups including the potassium
as Khe (12.4% h) was analyzed by gamma scintillation spectrometry; Kke decays
with gamma radiations of 1.51 Mev.

6. Following the radioactivity measurements, correct the observed
xl'e radioactivity for decay, dilution volume, sample end yileld weights
for both the sample and standard. A ratio of these corrected radio-
activities becomes a measurement of the stable potassium in the water sample:

L2
$X in HEO Sample = Corrected K radicactivity in H20 sample
Corrected Ki<c radioactivity in standard sample

X 100
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92

Chemical Separation Scheme

1) Add the radiocsctive sample to a 50 milliliter centrifuge tube, Aerate to remove radioactive gases.
Acidify with HNOa and add Cl1, Br, I, Cu, As, Fe, Y, Co, Mn, Zn, Ba, Sr, Ca, Na, and K carriers.
Precipitate C1l, Br, and I with slight excess of Ag. Heat to cosgulate the precipitate. Centrifuge.

2) Precipitate: 3) Supernate: Adjust acidity to 0.5 N HC1l. Saturate with HzS. Centrifuge.
RgCT, T,
AgI. Wash k) Precipitate: 5) Supernate: Transfer to beaker, Add 1 ml conc. HCl. Boil until

with water, CuS + AszSs. solution is clear. Oxidize Fe™* to Fe™* by boiling with HNOa.
filter, Wash with Cool solution and make 1:1 with conc. HCl. Neutralize with conc,
mount and wvater, NH4OH to precipitate hydroxide. Centrifuge.
count, filter,
Designate mount and 6) Precipitate: 7) Supernate: Saturate with HzS. Centrifuge
as the count, Fe + X
SILVER Designate hydroxides.  g) precipitate: 9) Supernate: Acidify solution with
GROUP. as the Wash with CoS, MnS, HC1. Boil to remove HpS. Add
ACID vater, ZnS. Wash (NH4 )2H(PO4) and an excess of
SULFIDE filter, with water, NH(OH. Digest. Centrifuge,
GROUP. mount and filter, )
count. mount and  10) Precipitate: 11) Supernate:
Designate count. Ca, Ba, and Soluble ions.
as the Designate Sr phosphates. Designate as
HYDROXIDE ae the Wash, filter, the SOLUBLE
GROUP . BASIC mount, and GROUP.
SULFIDE count.
GROUP. Designate as
the ALKALINE

GROUP.

(penunjuod) ¥ IYNATDOUL
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PROCEDURE 5

Procedure Used In: Radioactivation analysis
Method: Precipitation

Element Separated: Kha (12.4% n)

Type Material Bombarded: Magnesium

Type Nuclear Bombardment: K'l(n,y)K'Z

Procedure By: Atchison and Beamer(l32 )
Separation Time: Approximately 3 hours

Chemical Yield of Carrier: Possible quantitative
Equipment Needed: Standard

Procedure:

A. Irradiation of Sample Material

1. Magnesium turnings were irradiated for U weeks at the QOak Ridge
National Laboratory in a flux of 5 x 10°+ n/stzr.‘/r:‘m.2 along with a weighed
portion of K2003 for a standard (Note 1).

B. Radiochemical Separation of Kha

1. After the irradiation, dissolve a weighed portion of the Mg sample
in 16 ml of 12 M HCl in the presence of 60 mg of K and 80 mg of Na carrier
and 10 ml of water in a 250 ml beaker.

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

3. Transfer the solution to a 100-ml mixing cylinder and dilute to
approximately 75 ml and add 13 ml of n-butylamine. Dilute to 100 ml and
mix well.

L. Centrifuge the slurry and decant the clear liquid through a dry
filter paper. Place a 60-ml aliquot in a 150 ml beaker and evaporate to
dryness on a hot plate. Sublime the amine hydrochloride away using a Bunsen
flame while passing a stream of nitrogen into the beaker.

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

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

6. Add 5 ml of T0% HCth and evaporate to dense fumes. Separate

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

precipitate in water and 5 mgs Na carrier and precipitate the K as the
perchlorate. Filter and dissolve the precipitate in water. Add 5 mg of
Na and 1 drop of HClOl‘. Evaporate the solution to dryneses. Then carry
out a final precipitation of K from ethyl acetate. Dry at 110° ¢ for
20 minutes and ignite at 300° C for 20 minutes. Weigh as KCth to determine
the chemical yield.

T. The 1(2003 comparator is carried through the same procedure as the

Mg sample.

C. Measurement of Khe Radioactivity

1. The activity of the Khe may be measured by beta or gamma counting.

Use a Geiger-Mueller counter for beta measuremente and a gamma scintillation
counter for the gamme measurements. .

2. Following the radicactivity measurements, correct the Khe activity
for decay, dilution volume, and sample and yield weights for both the
magnesium and standard samples. A ratio of these corrected radiocactivities
becomes a measurement of the stable potassium in the sample:

k2

iKinSampleacomctedK in sample x 100

Corrected K in standard sample

Notes:

1. A 24-hour irradiation would be sufficient if the analyst can
obtain the sample within a day after irradiation.

2. Page 8 in "Applied Inorganic Analysis" by W. F. Hillebrand and
G. E. F. Lundell - 1929.

3. The filtrate from the K precipitate may be saved for Na analysis
if desired; however, the analyst must remember that Naah can also be formed
by the fast neutron reaction, Mgah(n,p)ﬂaek. The authors found that a Mg
sample with 10 ppm of stable Ne present analyzed 123 and 116 ppm by

activation.
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PROCEDURE 6

Procedure Used In: Radioactivation analysis

Method: Precipitation

Element Separated: Khe (2.4 n)

Type Material Bombarded: Dunite mineral ore from Balsum Quarry, North Carolina
Type Ruclear Bombardment: Khltn,w)xha

Procedure By: Sa.lmn(]'s?’)

Separation Time: Not estimated by author

Chemical Yield of Carrier: Approximately T5%

Equipment Needed: Standard

Procedure:

1. Weigh approximately 50 mg of sample into a short length of polythene
tubing and heat seal the ends. Similarly, weigh and seal 20 mg of K2003
dried at 110° C as a standard. Irrediate sample and standard in BEPO (at
Harwell) for about 3 hours.

2. After the irradiation, empty the sample into a platinum dish con-
taining 5 ml of a solution of KCl as carrier (10 mg of x* per ml). Add a
few drops of H,S0, (SpG 1.84) and 10 ml of 4O% HF. Evaporate gently to
fumes of uesou, cool and add 10 ml of HF and again evaporate to fumes.

Cool the residual solution and transfer it to a 250-ml beaker with H20.

3. Add 10 ml of Hm3 (5pG 1.42) and 5 ml of HC10,, (SpG 1.70). Heat
until strong HCIOI.; fumes appear, then cool to room temperatire. Transfer
the solution and precipitated KCth to a 50-ml centrifuge tube using absolute
ethanol for rinsing. Centrifuge and wash the precipitate three times with
ethanol. Dissolve the precipitate with 10 ml of 820.

4., At this step, take a suitable aliquot from the irradiated standard
and to it add 5 ml of potassium carrier and continue with the separation
for both sample and standard.

5. Add 10 mgs of Fe+3 or chloride, stir and make basic with NaOH.
Centrifuge the re(0H33 and filter the supernate into another 50-ml centri-
fuge tube.

6. Just acidify the filtrate with glacial acetic acid and add an
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PROCEDURE 6 (Continued)

excess of freshly prepared 10% aqueous solution of sodium cobaltinitrite.
Allow the precipitate to settle and centrifuge. Discard the supernate.
Wash the precipitate three times with water.

7. Dissolve the precipitate with 2 ml dilute H:N03 (1L + 1) with gentle
heat. Cool and add 2 ml of dilute HN03 and 15 ml of absolute ethanol.
Precipitate the potassium chloroplatinate with 1 ml of 10% w/v platinum
chloride solution. Centrifuge and wash 3 times with ethanol.

8. Make a slurry with a small quantity of ethanol and transfer it to
a weighed counting container, dry it under an infra-red lamp and weigh for
chemical yield determination.

9. Determine the Khe either by beta or gamma measurement (Note 1).

(Wt of K in standard) (Sample activity)
Wt of K in sample = Standard sctivity

(Note 2)
Notes:
1. Author measured beta radiocactivity.

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

PROCEDURE 7

Procedure Used In: Radioactivation analysis

Method of Separation: Precipitation (See Note 1)

Element Separated: Khe (12.4 n)

Type of Material Analyzed: Water,  3) aluminun, stainless steel, soils, vegetation,
ore concentrates, clays, limestone, cement tisgue
resins, lithium carbonate, and 1ithium iodide.(135,137)

Type of Nuclear Bombardment:

Procedure By: I;ed.dicotte(ns’ 137)

Chemical Yield of Carrier: At least 65%

Time of Separation: 2 hours

Degree of Purification: Greater than II.O5 from radionuclides of Na, Cu, Mn,
Fe, Co, and Zn,

Equivment Required: Standard
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PROCEDURE 7 (Continued)

- Procedure:

A. Irradiation of Sample Material

1. Irradiate known amounts of test (Note 2) and comparator (Note 3)
samples in a neutron flux of at least 6.5 x 101t n/ma/sec for 16 hours or
longer (Note 4). Prepare the test and comparator sample for the irradiation
either by wrapping each specimen in aluminum foil or placing it in quartz

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

B. Preparation of Irradiated Materials for Analysis

I. The Comparator Sample
1. After the irradiation, quantitatively transfer the comparator sample

(Fote 3) to a 50-ml volumetric flask. Dissolve the sample in a small, measured

volume of 6 M HNO.; then dilute the solution to 50 ml with water. Mix the solu-

3¢
tion well by carefully shaking it.

2. By means of a volumetric pipet, pipet a 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 aliquot 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 standard carrier solution of known
potassium concentration (Note 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. Solid Test Sample

1. If the sample is a metal or alloy, quantitatively transfer the
irradiated test portion from the quartz tube or aluminum wrap to a 50-ml glass
centrifuge tube, and then add, by means of a volumetric pipet, to the same
centrifuge tube 2.00 ml of a standard carrier solution of known potassium
concentration (Note 6). Also add 1 ml each of holdback carriers of barium,
cadmium, cobalt, copper, iron, manganese, phosphorus, sodium, and zine
(Fote 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 make the solution 0.3 M in HCl. Continue with

Part C below.

III. Iiquid Test les
1. Pipet an aliquot of the irradiated portion into a 50-ml glass centri-
fuge tube. By means of a volumetric pipet, add to the same centrifuge tube
2.00 ml of a standard carrier solution of known potessium concentration (Note 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 H20, mix it well, and make the solution 0.3 M in HCl.- Continue

witnh Part C below.

Iv. Or c Test les
1. If the sample is a tissue, vegetation, or a similar material,
quantitatively transfer the irradiated test portion from the irradiation
container to a 50-ml beaker. By means of a volumetric pipet, add to the
same beaker 2.00 ml of a standard carrier solution of known potassium con-
centration (Note 6). Also add 1 ml each of holdback carriers of barium, cad-
mium, cobalt, copper, iron, manganese, phosphorus, sodium, and zinc (Note T).

Then add 3 ml of conc. 112801‘\ and 4 ml of conc. HNO.. Cover the beaker with

3
a watch glass; then boil the solution for 15 minutes. Cool the solution,

add to it 3 ml more of conc. HNO3, and boil the solution for 15 minutes (or

to fumes of S0 Repeat the addition of HNO, and the boiling until the

3 3
sample is dissolved. Add e few ml of conc. HCl, evaporate to remove ms.
Repeat several times if necessary. Dilute solution to make it 0.3 M in HCl.
Transfer to a 50-ml centrifuge tube; then continue with Part C below using

the procedure described, either as I. By the Chloroplatinate W’(IBT) or as
(138)

II. By the Perchlorate Method.

C. Radiochemical Separation of Kl‘e

I. By the Chloroplatinate Method

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

Transfer the supernatant liquid to a new 50-11:1 centrifuge tube. Wash the
precipitate with one 10-ml portion of hot water. Centrifuge the mixture and
add the wash to the centrifuge tube. Discard the precipitate.

2. Add 3 ml of bromine water to the supernatant liquid-water wash
mixture. Boil until all of the excess HQS has been removed; then add
conc. NH)OH dropwise until no further precipitation of Fe(OH) 3 occurs.
Centrifuge the mixture (Note 10). Filter the supernatant liquid into a
new 50-ml centrifuge tube. Discard the Fe(OH)3 precipitate,

3. Heat the solution to near boiling; add a 1-2 ml volume of barium
holdback carrier and add dropwise enough saturated ammonium carbonate solu-
tion until no further precipitation of Ba003 occurs. Heat the mixture to
boiling and allow the precipitate to settle. Centrifuge the mixture (Note 11).
Filter the supernatant liquid into a small porcelain evaporating dish. Wash
the precipitate once with hot water (Note 12) and then centrifuge. Filter
the supernatant liquid into the evaporating dish.

L, By use of a hot plate, or a heat lamp. slowly concentrate the solu-
tion by evaporating the solution to a l-ml volume; then add 1-2 ml of conec.
HCl and 2 ml of chloroplatinic acid to the dish (Note 13).

5. Repeat the evaporation process until the mixture becomes syrupy (Note 14).
Cool until the mixture becomes solid.

6. Add 2 ml of 95% ethyl alcohol (Note 15) and then crush the solid with
a glass stirring rod. Allow the mixture to stand for 30 minutes (Note 16).

T. Filter off the K2Pt016 precipitate through a tared filter paper
(Munktells No. 00) that is held in a Hirsch funnel (Note 17); wash the preci-
pitate three times with 5-ml portions of 95% ethyl alcohol. Dry the preci-
pitate for 1 hour in a drying oven at 1100 C. Cool in a dessicator. Weigh
the K2Pt016 precipitate and filter paper on an analytical balance. Mount the

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

II. By the Perchlorate Method

1. Add 10 ml of 70% HCth to the solution in the centrifuge tube.

Place the tube into an ice bath. Cool at this temperature (20° C) for
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PROCEDURE 7 (Continued)

at least 30 minutes or until no further precipitation of cmh' ions occur
(Note 18). Centrifuge the mixture; discard the supernatant liquid. Wash
the c1ou' precipitate with 5 ml of 95% ethyl alcohol. Stir vigorously
while adding the alcohol. Centrifuge and discard the wash liquid.

2. Add 1-2 ml of H,0 to the tube containing the cm,“ precipitate.
Warm slightly to complete the dissolution. Add additional volumes of the
holdback carriers used previously. Concentrate the solution volume to
5 ml by boiling.

3. Repeat Step 1.

4., Repeat Steps 2 and 1 (in that order).

5. Filter off the KCloh_ precipitate through a tared filter paper
(Munktells No. 00) that is held in a Hirsch funnel (Note 19); wash the
precipitate three times with 5-ml portions of 95% ethyl alcohol and once
with a 10-ml portion of ethyl ether. Weigh the KCth precipitate and filter
paper on an analytical balance; then mount and count its radiocactivity as

instructed in Part D below.

D. Measurement of I_tha Radiocactivity and Calculation
of Stable Potassium Content of Test Sample

42

1. The K~ radiocactivity in both the test and the comparator samples
may be assayed by beta or gamma counting. Use a Geiger-Mueller counter for
the beta measurements and a gamma scintillation counter for the gamma measure-
ments (Note 20).

2. Following the radicactivity measurements, correct the observed Khe
radioactivity for decay (Note 21), dilution volume(s), and the sample weights
(or volumes) of both the test and comparator samples. A simple ratio of

these corrected radioactivities becomes a measurement of the amount of

stable potassium in the test sample:

Corrected Kh2 radiocactivity in Test Sample
% K in Test Sample = TS X 100.
Corrected K radioactivity in Comparator Sample

Notes:

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

KCth or KePt016. The techniques concerned with sample irradiation, processing
of irradiated material, and the measurement of Kka (12.4 n) radioactivity apply
in either application.

2. Solid test samples should weigh from 0.10 - 0.20 gram; liquid samples
should have a volume of from 5 - 25 milliliters.

3. Use 0.025 to 0.030 grams of spectrographically pure K2003.

4, The limits of measurement for stable potassium by this procedure
18 1 x 1077 gram.

5. Irradiations of liquid, vegetation, or similar type sample materials
must be made in an air-cooled or water-cooled reactor irradiation facility.

6. Standardized to contain at least 10 milligrams of potassium per
milliliter.

T. Solutions of the ions of other elements may also be added as holdback
carriers; concentration equal to 5 milligrams of element per milliliter.

8. Soils, clays, and similar materials may require addition of I-iN03
or fusion.

9. Additionsl smounts of Cu’® ions may be added here for further scavenging
of acid sulfide precipitible elements. Sufficient l-lzs is present to cause CuS
precipitation. Centrifugation is advisable after each addition of copper
holdback carrier.

10. Additional amounts of F‘e+3 ions may be added here to serve as a
scayenger for other hydroxide precipitible elements. Sufficient NH3 ions
are present to cause Fe(OH)3 precipitation. Centrifugation is adviseable
after each addition of iron holdback carrier.

11. The barium scavenging step may be repeated before centrifuging.

12, This step provides a means of removing adsorbed alkali chloride
from the Br2003 precipitate.

13. This method is applicable for the determination of K in the
presence of Na, Li, Mg, Ca, and Sr chlorides.

14, Complete evaporation will result in loss of potassium.

15. xzptcné is slightly soluble in alcohols of less than 90%.
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PROCEDURE 7 (Continued)

16. Additional alcohol will need to be added to the mixture during
this time interval. Stir the mixture frequently.

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

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

19. The KCJ.Oh precipitate may be washed from the centrifuge tube
onto the filter paper with 95% ethyl alcohol.

20. Geamma-ray discrimination may be used here.

21. Decay measurements may be followed, if required.
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13.
14,
15.
16.

17-
18.

19.

21.
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