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ABSTRACT

Flame photometric methods are described for the
determination of sodium, potassium, lithium and calcium in a
variety of materials, including rocks, minerals, ores, metals,
alloys, and ceramic materials.

Most of these methods have been developed in the
Analytical Chemistry Subdivisign of the Mineral Sciences Division,
Mines B.ranch. Some are modifications of existing methods.

Procedures are given regarding decomposition of
samples, elimination of interferences, and operation of the

Perkin~Elmer flame photometer.
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PROCEDES PHOTOMETRIQUES A FLAMME EN USAGE
A LA DIVISION DES SCIENCES MINERALES,
DIRECTION DES MINES, OTTAWA
par
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- FKlsie M, Penner et W,R. Inman

RESUME

Le présent Bﬁlletin décrit les procéde’g photométriques | L4
a flamme qui servent au dosage du sodium,. du potassiui'n, :du
lithium et du calcium dans divers matériaux, notamment‘ les roches,
les minéraux, les minerais, les ﬁlétaﬁx, les alliages et les matieres
céramiques.

La plupart de ces procédés ont été mis au point 3 la
subdivision ﬁl’éme cie lé chimie avnalyti'que, Division aes mines.,
Certains d’ entll‘ev eux constituent des variantes de procédés déja
existants,

- Le présent bulletin décrit, en plus,vv ceftain procédés
relatifs & la décomposition des éclllantillons, a 1’ élimination des
interférences et au fonctionnement du photometre a flamme

Perkin-Elmer.

*Chargée de recherches et ¥k chef, Subdivision de la chimie
analytique, Division des sciences minérales, Direction des
mines, ministere des Mines et des Relevés techniques, Ottawa,
Canada.
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1. INTRODUCTION

The flame photometer is an emission spectrometer
combining a flame source and a photoelectric detection system for
the measurement of light intensity. It is designed to measure
quantitatively the light emitted by certain metals--i.e. alkali and
alkaline earth metals--when they are atomized from solut‘ion, led
to a burner, and excited to spectral emission in a flame. The
intensity of the light emitted by each element is proportic;nal to the
concentration of its a.toms in the flame at any given instant.,

In practice, flame photometry is not quite as simple
as the above statement implies., Accurate measurement of the light
intensity produced by a given elem;ant must take into consideration
"interference effects'. This term, in flame photometry, refers to the
effect of foreign elements or materials in solution--i.e. acids, bases,
salts, and metallic ions--on the emission of the element to be
analyzed, This effect can be one of enhancement, or suppression,
of the desired element when compared with the same concentration
in a standard that does not contain the other materials., Interference
effects that are directly related to the composition of the solution
are those caused by weak emission lines and molecular band emissions
of the interfering elements which fall in the analytical wave length

range, Physical effects related to composition are differences in

surface tension and viscosity, which in turn can produce changes



in rate of atomization, in portion of sample nebulized, and in

1y*
flame characteristics. This has been explained( )

as being due
to differences in the rate of.evaporation from the mist droplets
which occuré in the spray chamber; in other wbrds., the presence -’
of acids or salts in the mist droplets is said to hinder evaporation
of the droplets and the resulting increased amount of water carried
into the flame reduces 1':he radiation intensity produced in.the flame
. by the test element,.

| There are three ways of compensating for or eliminéting
the interferences caqsed by large amounts of foreign ions in solution,
namely:

3
(2) i.e. the addition of

(a) Syntheti;: standards method,
equivalent amounts of the interfering ions to the
sta‘ﬁdards to compensate for those present in the
sample, The drawback to this method is that it
requires preliminary knowledge of the composition
of the sample, preparation of separate standards
for eacﬁ sampie, and the use of extremely pure
reagents in order that addition of the requisite
amounts of interfering ions to the standard solutivpns

shall not introduce appreciable amounts of the

element being determined.:

o .
References are listed at the end of the report in the order in
which they are numbered in the text. '




(3)

(b) Radiation buffer method, i.e, addition of high

concentrations of interfering ions to both the

comparison standards and the sample in order to

minimize the effects of viscosity changes and of

small concentration variations of the interfering
ions within the sample under invest{gation. In
using tiliS method care must be taken that the total
dissolved sal't concentration is not too high; or
solid salt may collect on parts of the burner,

' (c) Chen.lical separation method, i.e. removal of
foreign ions by chemical means, e.g. solvent
extraction, volatilization, mercury cathode
separation, hydrolysis, etc. This is by far the

| best method.

Two methods (4) may be used for measuring the light
intensity produced by a given element, the direct intensity method
and the internal standard method. The direct intensity method is
the simplest approach to ﬂamé photometry; in it the sample is
introduced into the flame, the amount of light emitted by the desired
element is measured, and the phdtometer reading is related to the
concentration. In the internal standard method, however, a known
amount of an element (the Perkin-Elmer instruction manual .(4)

suggests lithium) is added to both the sample and the standards,

and measurement is then made of the ratio of the intensity of the




unknown element, which is measured on one phototube, to that
of the known'inter_nal standard lithium, which is measured on
anqther.

It is generally assumed tvhat the internal standard
method is more accurate than the direct intensity method, _sincé
the direct method assumes that sa':mple viscosity, ra.te of
atomization, flaine temi)erature, and gas and alr pressures remain-
constant. Changes in any of these Variablés- would result in some
error in reading. In the case of the internal standard method,
these physical variables would tend to affect the light emitted by
the internal standard lithig.m and that emitted by either sodium or
po'tassium_in the same way, and therefore the ratio of lighfs-
emitted would tend to be the same. However, the presence of
large amounts of foreign ions in solution will not necessariiy affect
, Both the internal standard lithium and the sodium or potas‘siurh in the

same way, and therefore the ratio of Qmitted lights will either
inci'ease or decrease, depending on whether the foreign ions have
‘a greater effect on the lithium or on the element being determined.
Error can also result from the presence of small amounts of
lithium in the samples,e.g. rock samplles'. Therefore, the
éssumpf;ion that the internal standard method is more accurate is
not always strictly true. With proper control of gas and aix
pressures, and compensation for or elimination of interfering ioﬁs,

the direct intensity method is just as accurate as, and in some cases




more so than,the internal standard method, and it is also considerably
simpler.

The methods described in this bulletin, for the
determination of sodium, potassium, lithium and calcium in various
materials, have all been used extensively in the chemistry section
of the Mineral Sciences Division of the Mines Branch., They either
have been developed there or are modifications of published
methods. They all utilize the Perkin-Elmer Model 146 flame

photometer and the direct intensity method of measurement,

2. APPARATUS

Perkin-Elmer Flame Photometer, Model 146

The instrument requires a nominal 115 volt, 60 cps,
ac powder supply, and draws approximately 50 watts. A Raytheon
voltage stabilizer provides a separate line to the main power in
order to reduce line variation,

A supply of clean compressed air at a constant pressure
is essential. A Fisher Governor Pressure Regulator is supplied
with the instrument and comes equipped with a Taylor Air Filter.
Installation should be from mains to air filter to regulator to
instrument, The line pressure should be between 30 to 150 psi or
sufficient to maintain a constant 10-pound pressure to the a.tomizer

after being reduced by the air-regulating valve provided.




Tank propane and acet&rlg'ne ga's are used as fuel, and
the tanks are each equipped with a double-stage regulator to which
a single~stage regulator is connected, Gas pressure is reduced
from tank pressure to 5 pS]. to 1 psi before being admitted to the
instrument., A p‘ressure regulator which automatically maintains
a constant fuel pressure at approximately 1 psi i; built into the

instrument.

Eberbach Dyna ~Cathn Mefcury Cathode

Leeds and Northrup pH Meter, Cat, No, 7664
3. INSTRUMENT OPERATION

Propane gas is used for sodium and po-tassium deter-
minations and acet&lene gas for li%:hiu'm ana calcium. Instrument
zero'is set with‘distillé‘d watér., Sample radiation intensity readings
are taken and converted to. concenfl'atibn by éompariéon betv&een
suitéble standards giving intensities a little higher and iower thaﬂ
the solution in questtion, i.e. 1'eéding between a low and a high
standard., All réadings except very low onés (i.e. less than 1 ppm of
Na, K, or Li,- and less than 5 ppm of Ca) are made u‘sin'g thé centre
portion of the ‘sc'ale (i.e.v a?prox; 30 to 60). Sample readings are

determined as an average of three or more scale readings. .




4., PREPARATION OF STANDARD SOLUTIONS

Standard Lithium Solution - 1000 ppm ILi

Weigh 4,6095 g of lithium sulphate monohydrate

(LizSO .HZO) into a 250-ml beaker. Dissolve in distilled water

4
and make to 500 ml, Store in a polyethylene bottle.

Standard Sodium Solution - 1000 ppm Na

Weigh 1.2709 g of sodium chloride (NaCl dried at
125°C} into a ZBO—ml-beakcj‘r. Dissolve in distilled water and make

to 500 ml., Store in a polyethylene bottle.

Standard Potassium Solution - 1000 ppm K

Weigh 0.9534 g of potassium chloride (KCl dried at
125°C) into a 250-ml beaker. Dissolve in distilled water and make

to 500 ml., Store in a polyethylene bottle.

Standard Sodjum + Potassium Solution - 1000 ppm(Na + K)

Weigh 1.2709 g of dried NaCl and 0.9534 g of dried
KCl into a 250-ml beaker. Dissolve in distilled water and make to

500 ml. Store in a polyethylene bottle.




Standard Calcium Solution - 1000 ppm Ca

Weigh 1.2486 g of low alkali.-C.P. calcium carbonate
(CaCO3) into a 400-ml beaker. Add approximately 100 ml dxstilled
water. Cover with a watch.glass and dissolve by the slow addition
of 1.6 ml of' concentrated nitric acid (HNO3); Cool, make to

500 ml, and store in a pblyethylene bottle.

Prepare 100-ppm solutions of each of the above by

diluting 50 ml of each to 500 ml. Store in polyethylene bottles.




5. REAGENTS

For Determination of Sodium and Potassium

Radiation Buffer Solution

Weigh 86.9 g of aluminum nitrate nonahydrate

(Al1(NO '9H2,O Baker and Adamson low in alkali) and 22.6 g of

3)3
ferric nitrate nonahydrate (Fe(NO3)3..9HZO) ‘1.nto a 600-n§1 beaker,
Dissolve in approximately 150 ml of distilled water, Weigh 7.80 g

of calcium carbonate (CaCJO3 C.P. low in alkali) and 3,13 g of pure
magnesium metal into a 600-ml beaker. Add approximately 200 ml
distilléd water, cover, and add slowly 40 ml concentrated HCI.
Filter both solutions into a 500-ml volumetric flask, make to volume,
and store in a polyethylene bottle. (10 ml.of this solution diluted to

250 ml is equivalent to approximately 500 ppm of aluminum, 250 ppm

of iron, 250 ppm of calcium, and 250 ppm of magnesium.)

Calcium Carbonate (CaCO3) ~ C.P. low in alkali.

Ammonium Chloride (NI—I4C1) - reagent grade,

For Determination of Lithium

Radiation Buffer Solution

Weigh 31.77 g of sodium chloride (NaCl) and 23.85 g of
potassium chloride (KCl) into a 400-ml beaker. Dissolve in distilled

water and make to 500 ml. (This solution contains 25,000 ppm each
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of sodium (Na) and potassium (K)}. When diluted 5 rnl to 250 ml, the

Na and K concentrations are approximately 500 ppm.}

Basic Liead Carbonate - reagent grade,

2M Amrhonium Acetate 1M Acetic Acid Buffer Solution

Welgh 154 g of the reagent (NH C H O ) into a l-litre
beaker. Dissolve in dlstllled water, add 60 ml glacial acetic acid

(C 402) and make to 1 litre.

Cupferron Solution 9%

Weigh 9 g of the reagent (C6H5'N(NO)ONH4) into a 250~-ml

beaker. Dissolve in 100 ml distilled water and filter if necessary.

!

Cool in a tray of crushed ice..
Chloroforn} .(CHCI?’) - reagent grade,

For Determination of Calcium

8-Quinolinol, 5% Solution in 2M Acetic Acid

Weigh 25 g of the reagent (C ON) into a 400-ml beaker,
Add 60 ml glacial acetic acxd 200 ml d1st1]led water, and stir until
in solutron. Filter and make to 500 ml, Store in a polyethylene

bottle, -
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2M Ammonium Acetate Solution

Weigh 77 g of the reagent (NH4CZH302) into a 600-ml

beaker. Add approximately 300 ml distilled water, stir until in

solution, and make to 500 ml. Store in a polyethylene bottle.
Chloroform - reagent grade.

Hydrogen Peroxide (HZOZ 30%) - reagent grade.

Cupferron Solution 9%

Weigh 27 .g of the reagent into a 400-ml beaker. Dissolve
in 300 ml distilled water and filter if necessary. Cool in a tray of

crushed ice.

'

5N Nitric Acid

Dilute 325 ml concentrated HNO3 to 1 litre.

1:1 Tri-n-butyl Phosphate~Chloroform Extracting Solution

Mix 100 ml of tri-n-butyl phosphate with 100 ml of

chloroform.

N-heptane (C'?Hlé) - reagent grade.
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6. SODIUM AND POTASSIUM DETERMINATION METHODS -

Determination of Sod'uim and Potassi\im in Rocks and Minerals
Principle =

Iron, aluminum, magnesium, calciqm,aqd phpsphorus
all interfere to some extent with the flame photometric determination
of sodium and potassilﬁn. 'i'wo met.ho‘ds for the determination of ,
these glements in rocks and minerals are gi'ven below, namely
(a) a Radiation Buffer method and (b) 2 modified J. Léwrence Smith
method (._5)";;0 In the first method the interfering ions are balanced
out, and 1n the second they are removed,

| In the Radiation Buffer procedure, the interfereﬁce
effects .due to th_e.ab_ove ions are compenséted for by the addition
of high concentrati'ons f)f these it;terfering ;;ons to both the standards
and sample, = This blavnks"outl the effecfé of the small amduﬁts
present in the sample. : : ' )

In the J. Lawrenqe Smith methbd, after the sample has
'béen subjected to a calcium carbbnate_m_ammoniqm chloride sginter
the filtrate should contain only al.kalies plus calcium. Practically

call of the silicon, aluminum, iron, magnesium, a‘nd’phosphorus is
retaine(i in the precipitate. Standards are prepared by addition

of sodium and potassium to reagent blanks. Inthis way the amounts

of alkalies present in the calcium carbonate and ammonium chloride
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are exactly balanced out in both standards and sample. Also, the

slight variation in calcium content between the standards and sample,

due to calcium present in the sample, is not critical since the inter-

ference effect of calcium on the alkalies, using a propane flame, is slight.
Neither of these methods takes into consideration the

interference effects of the alkalies on each other., Where the sodium

concentration is much higher than that of potassium, and Yice versa,

equivalent amounts must be added to the standards.

(a) Radiation Buffer Method -

Preparation of standards:

Prepare 0,1,3,5,10,15,20 and 25 ppm sodium plus
potassium standards by adding these amounts (in ml) of(Na + K)100
ppm solution to 100-ml flasks contéining 4 ml of radiation buffer
solution., Make to volume. Prepare fresh every day.

Procedure:

Weigh a 0.2500-g sample into a 100-ml platinum dish.
Carry a reagent blank through the p;‘ocedure . Add 5 ml concentrated
HCIO, and evaporate to dryness on the hot plate. Add 5 ml 1:1 H,50 4,
5 ml concentrated HCl, and 5 ml 48% HF, Evaporate to a small
volume (approximately 10 ml), cool, wash down the sides of the

dish, then add another 5 ml HCl and 5 ml HF. Evaporate to fumes
of HZSO4, cool, wash down the sides of the dish, and evaporate to
complete dryness. Add approximately 25 ml water plus 3 drops

of concentrated HCl and leave on the hot plate until the solution

becomes clear, Transfer to a 400-ml beaker (using tongs to hold
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the platinum dish in order to prevent contamination of sodium from
the hands), then filter into a 250-ml volumetric flask. Add 10 ml
of radiation buffer solution and make to volume. Determine both

the % Na and the % K present in the sample and the reagent blank

by reading on the Perkin-Elmer flame photometer between appropriate

standards,'u.sing an air-propane flame. Subtract the blank results
from the sample results.

1 ppm = 0.10% Na or K

NaZO KO

Factor — = 1,3479

For samples which are higher than 25 ppm, di_iute the
samplé solﬁtidn as required and add an Qquivalent amount of
radiation buffer solution--e.g., fpr a l:2 dilution, i.e. 50 ml of
sample diluted.to 100 ml, add another 2 rnll of buffer solution; for
a 1:4 dilution, i.e; 25 ml diluted to 100 ml, add anothex; 3.ml of

buffer solution.

Note: The above method applies only to samples that

contain roughly equal amounts of both Na and K. Sodium

will interfere with the potassium determination, and

vice versa, when the ratio of one to the other is greater

than one. For accurate analyses, estimate roughly

the concentrations of both ions present in the sample,
then prepare standards using the Na 100 ppm and the
K 100 ppm solutions, i.e. add an equivalent amount of
K to the Na standards, and vice versa.
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(b) Modified J., Lawrence Smith Method -

Preparation of standards:

Weigh, on pleces of glazed paper, two blank preparations
each containing 5 g of low alkali CaCO3 and 1 g of NH4C1. Mix
well and tr?.nsfer to 40-ml platinum crucibles. Cover with platinum
lids and place each crucible in a hole which has been punched in a
heavy asbestos sheet, so that one—thil;d of its. height is ai:;ove the
top of the sheet. Heat with a bunsen burner at a low temperature
for about 15 minutes until NH401 fumes cease to be evolved, Then
increase the heat to full flame and maintain for 45 minutes., Cool,
wash ciown the sides of the crucibles with distilled water (always
holding the crucible with clean tongs), and transfer the crucibles plus
contents to 600-ml steel beakers., Cover ’;Nith distilled w;.ter and
place on the hot plate for one hour. Remove the crucibles and let
the solutions (covered) evapor;a.te to about 150 ml, Filter hot,
using Whatman #40 paper, into 250~-ml flasks. Break up any lumps
present with a thick glass rod, Wash the beakers and precipitates
well with hot water., Add one drop of methyl red to the filtrates, and
neutralize by the dropv;rise addition of concentrated HCI until the
solutions‘just turn pink. Cool, and make to volume. Transfer
50-ml a];iquots of these two blank solutions to eight 100-ml volumetric
flasks, Prepare 0,1,3,5,10,15,20 and 25 ppm(Na + K)standards

by adding these amounts (in ml) of(Na + K)100 ppm solution. Make

to volume,
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Procedure:

Weigh, on glazed paper, 5 g of CaCO3, L g of NH4C1, ‘.
and 0.2500 g of finely ground sample (200 mesh). Mix well and
transfer to a 40-ml platinum'cru;cible, Treat exactly as for the
standards but filter into a 500-ml volumetric flask. Neutralize,
cool, and ¥nake to volqme. (Check the completeness of decomposition
by washing the precipitate into a beaker and dissolving with HCL,

A cléar solution indicates complete decomposition.} Determine
both the % Na and %K present in the sample, by reading on the
Perkin-Elmer 146‘b'etween appropriate standards,- using an air- b
propa“n,e flame.
1 ppm = 0.20% Na or K
Na,O K,0

2V
AT = 1.3479 *—ZT**K'* = 11,2046

Fac'tqr

‘For sémples that are higher than 25 ppm, dilute the
sample solution and prepare s‘tandagrds by adding(Na + K)100 ppm
solution to an equivalent amount of the blank solution--e.g., for a.
1:2 dilution of the sample, L.e. 50 ml diluted to 100 ml, prepare
standards by the addition of(Na + K)100 ppm solutién to 25 ml aliquots
of the blank solution; for a 1:5 dilution, i.e. 20 ml diluted to 100 ml,
prepare ‘standards by addition to 10-ml aliquots,

‘Note 1: See note for Radiation Buffer method, ] ‘ f

Note 2: Larger amounts of standards can be prepared,
if desired, by weighing 8 blank samples, filtering into
500-ml flasks, and adding the requisite amounts of
(Na + K)1000 ppm solution. These solutions can be kept
for approximately one month if stored in polyethylene
bottles., '
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Applications of the Radiation Buffer Method -

(1) All silicate-type materials except those high in phosphorus,
e.g. granite, feldspar, mica, spodumene, lepidolite, clay, shale,

tar sand, chlorite schist, serpentinite, nepheline syenite, and
pollucite (the rubidium and cesium contents must be known and exact
additions made to the standards).

(2) Ceramic materials--e.g. silica sénd, flint cléy, fire
brick, and glass,

(3) Miscellaneous materials--e.g. iron ore, slags and
concentrates (after removal of iron on the mercury cathode); niobium
slags and concentrates, pyrochlore, and niocalite (after removal of

!

Nb by hydrolysis in dilute I—IZSO solution); boiler scale; asbestos;

4
coal ash; wood ash; sodium and/or potassium aluminum silicates;
magnesium sludge; coal clinker (after ignition at 600°C); cryolite;

and ilmenite (after removal of iron and titanium by a cupferron-

chloroform extraction).

Applications of the Modified J, Lawrence Smith Method -

(1) All materials listed under the Radiation Buffer method, .
plus those containing phosphorus but with the exception of those
containing large amounts of nlobium (i.e. niobium slags, concentrates,
and minerals).

(2) Refractory materials--e.g. kyanite, aluminum oxide,

bauxite, and pyrophyllite muscovite,
(3) Miscellaneous materials-~e.g. cement, limestone,

dolomite, marl, and fly ash.
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7. LITHIUM DETERMINATION METHODS

Determination of Lithium in Minerals

Princ iple -

Iron, aluminum,phosphate, sodium; and potassium
all interfere to some extent with the flame photometric de‘fser—_
mination of lithjum. Accurate analysis requires some preliminary
knowledge as to .the amounts of these elemeﬁts present in the
sample, followed by‘equivalent additions to the standards. This
is time-consuming, since it reqq.ires the preparation of separate
standards for each samplé. A more rapid and acéurate methqd
was developed (6) lin which iron, al‘urhinu:rn,,and also phosphate,
were removed by a basic lead carbonate precipitation, and in which
a buffer solu.tion.ccms.isting of equal amounté of sodium and
potassium ions was added to both sfan‘dards and sample to‘give
an approximate concentration of2500'pprn of each. The addition
of a large amount of sodium and potassium in this way blanks out
the small amounts pr‘esent in the sample. The air-acetylene
flame was iJ.séd for the determination, since the effect of such high
éonceritra_.tions of alkalies on lithium is less than With a propang

flame.

.-
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Preparation of Standards -

Prepare 0,1,3,5,10,15, 20,25, and 30 ppm lithium
standards by adding these amounts (in ml) of Li 100 ppm solution
to 100 ml-flasks. Add 2 ml of radiation buffer solution and make to

volume.
Procedure -

Weigh a 0.2500-g sample into a 100-ml platinum dish.

4 and take to dryness on the hot plate,

5 ml concentrated HCl, 5 ml 48% HF,

Add 5 ml concentrated HCIO
Cool, add 5 ml 1:1 HZSO4’
and allow to go into solution slowly at a moderate heat, Evaporate to
a low volume, then add another 5 ml HCl and 5 ml HF, Take to
complete dryness (l.e. until I-IZSO4 fumes cease to be evolved),
Cool, add aboutl 25 ml water and 1 ml of 10% I—IZSC)4 and heat to
dissolve the salts. When in solution transfer to a 400-ml beaker,
add a few drops of methyl red, cover with a watch glass, and heat

to boiling. Add basic lead carbonate slowly from a spatula until

the solution is basic to methylnred (l.e. lemon yellow in colour).
Filter hot through Whatman # 42 paper into a 400-ml beaker, washing
both beaker and precipitate well with hot water., Add 5 ml 1:l I—IZSO4
to the filtrate and evaporate to dryness. Wash down the sides of the
beaker and again evaporate to dryness. Take up the residue. with

approximately 50 ml distilled water, heat, and filter through #42

paper (to remove excess PbSO4) into a 250-ml flask. Add 5 ml of
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radjation buffer solution and make to volume. Read on the Perkin-
Elmer flame photometer between appropriate lithium standards,
using air-acetylene flame.

0.10% Li

1 ppm
Li,o

— = 2.1527
1

it

Factor

For 'saniplgs higher than 30 ppm Li, dilute 50 ml of
sample plus 1 m] of radiation buffer to 100 ml.

Note: For‘phosphate-type minerals, e.g. amblygonite,
add 5 ml of 10% H,80, to take up the residue in the
platinum dish. Wash into the 400-ml beaker and
neutralize most of the excess acid with concentrated
NH OH. During evaporation of the filtrate to dryness,
add 15 ml concentrated HNO, plus 5 ml concentrated
HC) to destroy ammonjum salts. ’

Determination of Lithium in Aluminum Metal and Alloys

Principle -
Lithium can be d.e1':ermined flame-photometrically in
aluminum metal and alloys after removal of the aluminum by a

cupferron-chloroform extraction at pH 3.6,

Preparation of Standards -

Prepare 1,3,5,10, 15,20, and 25 ppth Li standards by
adding these amounts (in ml) of Li 100 ppm. solution to 100 ml flasks .

Make to-volume,

[
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Procedure -

Weigh a 0.5000-g sample of aluminum metal into a °
250~-ml beaker. Add about 25 ml distilled water and 10 ml concentrated
HCl. Cover and place on the hot plate until in solution. Cool, then
neutralize most of the excess acid with concentrated NH4OH. Cool,
then adjust- the pH to approximately 0.5, using a pH meter and
concentrated NI{4OH. Add 25 ml of 2M ammonium acetate 1M
acetic acid buffer and make to 100 ml. Transfer a 20-ml aliquot to
a 125-ml separatory funnel. Add 25 ml of cold, freshly prepared
9% cupferron solution, shake to coagulate the precipitate, then
extract with 4 successive portions, i.e. 20,10,5, and 5 ml, of
chloroform. Wash the aqueous layer into a 250-ml beaker and heat
gently on the hot plate to remove excess chloroform, Then evaporate
to dryness with the aid of 15 ml concentrated HNO3, 5 ml concentrated

HC1, and 5ml 1:1 HZSO Wash down the sides of the beaker and

4"
evaporate to dryness again., Take up with approximately 50 ml
distilled water, heat, cool, filter into a 200-ml flask, and make to

‘volume. Read between appropriate Li standards, using the Perkin-

Elmer flame photometer and an air-acetylene flame,
1 ppm = 0.20% Li

Note: Large amounts (i.e. greater than approximately
3%) of alloying constituents, e.g. iron, chromium or
zinc, can be removed after the aluminum extraction by a
mercury cathode separation. After evaporation of the
aqueous layer to dryness, take up the residue with 2 ml
1:1 H,50,4 and approximately 100 ml water. Transfer
to the mercury cathode and electrolyze for % hour.
Filter back into the original beaker and evaporate to
dryness agaln, etc.
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Determination of Small Amounts of Lithium in High~Purity Zinc Metal

Preparation of Standards -

As for "Determination of Lithium in Aluminum Metal and

Alloys', see page 20.
Procedure ~

Weigh a 1 .0006~g sample of high-purity zinc into a
250~ml beaker. Add about 2_,5 ml distilléd water, 5 ml 1:1 HZSO4’
and 3 ml concentrated HCl, When solution is complete, evaporate
to dryness on the hot plate. Add 1 ml 1:1 HZSQ4: plp.s appyoximately
50 ml distilled water, and heat to dissolve the salts. ' Traqsfer to
a hercury cathode cell and electrolyze for 1 hour, Filter back
into the original beaker and evapo;n'ate to drynessf Wash down éhe
sides aﬁd evapc;rate to dryness again. Take up the residue With‘
about 15 ml distilled water, filter into a 50-ml flask, and make'
to volume. Read the lithium on the Perkin;Elmer flame photometer
between appropriate étandards, using air-acetylene flame.

1 ppm = 0.0050% 14

For larger amounts of Li, dilute the sample as required. .
Application -

Lithium in high-purity tin metal.
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Determination of Small Amounts of Lithium, Sodium, and Potassium
in High-~Purity Bismuth Metal

Preparation of Standards -

Prepare Li standards as in "Determination of Lithium in
Aluminum Metal and Alloys', see page 20. Prepare 1,3,5,10,15, 20,

and 25 ppm (Na + K) standards by adding these amounts (in ml) of

(Na + K) 100 ppm solution to 100-ml flasks. Make to volume.
Procedure -
Weigh a 1.0000-g sample of high-purity bismuth metal into
a 250-ml beaker. Add about 25 ml distilled water, 4 ml concentrated

HNO3, and 3 ml concentrated HCIO , to both the sample and a blank,

4

and evaporate to fumes of HCIO Cool, wash down the sides of the

!

4°
beakers, and evaporate to fumes again., Add another 1 ml concentrated
HC104, plus approximately 50 ml distilled ';Na.ter, and transfer both
sample and blank to mercury cathode cells, Electrolyze for 1 hour,
filter back into the original beaicers, add 1 ml 1:1 HZSO4’ and evaporate
to dryness., Cool, wash down the sides of the beakers, and evaporate

to complete dryness. Take up the residue with about 15 ml distilled
water, filter into 50-ml flasks, and malke to volume. Read % ILi, Na
and K on the Perkin-Elmer flame photometer between appropriate
standards; using alr-propane flame for the Na and K determipations and
air—-acety.lene flame for the Li, Determine % Na and K in the blank, and

subtract from the results obtained for the sample.
1 ppm = 0.0050% Li, Na, or K.

Application -

Lithium in high~purity copper metal.
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8. CALCIUM DETERMINATION METHODS

Determination of Calcium in Sandstones, Silica Sands, and Quartz

Principle -

The flame photometric method for calcium is idea].ly
suited to thé determination of calcium in sandstones, silica sands,
and quartz, siace these'i'naterials consigt chiefly of silica plus
small amounts’df'iron, aluminum and a]kalies.. The alufnihum
must be removed, since it suppresses the ca_lciuin results, The
alkalies are not genel-'ally present in sufficient amounts to interfere.

Preparation of Standards -

Prepare 5, 10,15,20, and 25 ppm Ca standards by adding
these amounts (in ml) of Ca 100 ppll_'n solution to 100-ml flasks; Make
to volume. |

Proeedurs -

Weigh a 1.0000-;g sample into a 106~m1 platinum dish.
Carry a reagent blank’throu.gh the kprocedure. Add 5 ml concentrated
HC104 and take to dryness. A'dd 10 ml concentrated HCIL, 5 ml
48% HF and 3 ml 1:1 HZSO4, and evaporate to fumes of HZSO4.
Cool, wash down the ls.ides of the dish, add 10 ml conc-enfrated HC1
and 5 ml-48% HF, and take to cor‘npiefvze dryness.‘ Take up the residue
with 4 drops concentrated HCI and approacimately 20 ml distillsd

water. When all salts are in solution, cool; transfer to a 250-ml

beaker, and adjust the pH to 1.8 to 2.0, using a pH meter, with '
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I:1 NH4OH. Transfer to a 125-ml separatory funnel. Add 10 ml
of a 5% solution of 8-quinolinol in 2M acetic acid and shake., Add
10 m! of 2M ammonium acetate solution and shake. Extract with
four successive portions, i.e. 15,10,5 and 5 ml, of chloroform
or until both layers are water-white. Discard the organic layer.
Wash the aqueous layer back into the original beaker, heat gently
to remove excess chloroform, then bring to dryuness withhthe
addition of 20 ml concentrated HNO3 and 10 ml concentrated HCI
to destroy ammonjum salts., Wash down the sides of the beaker
with water and evaporate to dryness again, Take up with water and
1 drop concentrated HCI, filter into a 100-ml flask, and make to
volume, Determine the % Ca present in both the sample and the
blank, by reading on the Perkin-Elmer flame photometer between
appropriate Ca .standards, using the 6200 A band and air-acetylene
flame. Subtract the blank result from the sample result.

1 ppm = 0.01% Ca

CaO
Ca

1

Factor 1.3992

For concentrations of Ca above 25 ppm, dilute as required.
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Detgrmination of Calcium and Lithi.bim in 'I‘itanibim Métal a.nd Ailoyé
Principle -

Calcium and lithium can be d'et'eyrr,nined flame ~photo-~
metrically in titanium méial and alloys after rem_ovaiof the titanlum
by a cupferron-chloroform extraction and of the aluminum'by.an'
8-quinolinol~chloroform extraction. Thé aluminum, if present in
small am‘ounts, need no‘i: be removed if lithium only is to be determined.
Cupferron-chloroform extraction also serves to rer'n’ove some alloying
constituents, €.g. 'rnolybdenum, zirconium, iroh, and vanadiuin.
Large amounts of chrlomium, copper, cobalt and nickél can be
removed by a mercury cathode separdtion.

' Preparation of Standards -

Prepare Ca standards as in "Determination of Calcium in
Sandstones, Silica Sands, and Quartz!, see page 24,
Prepare Li standards .as in "Dei:ermination of Lithium in
Aluminum Mgtal and Ailoys", see page 20.
Procedure -

Determination of Ca: Weigh a 0.5000~g sample into a 600-ml

beaker., Carry a reagent blank through the entire procedure.
Add approximately 100 ml distilled water, cover, and add slowly

35 ml concentrated HZSO When all the sample is in solution,

4:.
add 3 ml of 30% HZOZ and boil until the solution becomes colourless.,

R,emove the watch glass, wash down the sides of the beaker, and

evaporate to fumes of HZSO/-L to remove excess HZO . Cool, Waéh

2

down the sides of the beaker, and evaporate to fumes again., Cool,
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add about 50 m! of water, and cool in a tray of crushed ice.

Transfer to a 500-ml separatory funnel, add 105 ml of cold, freshly
prepared 9% cupferron solution, and shake to coagulate the precipitate.
Add 50 ml of chloroform, shake for a few minutes, let stand for

5 minutes, and then drain off the organic layer. Add another

5 ml of cup.ferron solution (a white flash at this point'indicates
complete precipitation of the Ti). Extract with 20,10,10,10 ml (etc.)
portions of chloroform until both layers are water-white. Drain the
aqueous layer back i_nto the original beaker, cover, and heat gently
on a warm hot plate to remove excess chloroform, Evaporate to
about 75 ml, add 20 ml concentrated HNO3 and 10 ml concentrated
HC1 to destroy excess cupferron, ‘and then evaporate to dryness.
Cool, wash down the sides of the beaker, and evaporate to complete
dryness. Add approximately 25 ml water and 0.5 ml concentrated
HCl. Heat until all residue is in solution, cool, and transfer to

a 250-ml beaker. Adjust the pH to 1.8 to 2.0, using a pH meter
with 1:1 NH4OH. Transfer to a 125-ml separatory funnel. Add

10 ml of a solution of 5% 8-quinol’1nol in 2M acetic acid and shake,
Add 10 ml of 2ZM ammonium ace.tate buffer and shake to coagulate

the precipitate. Extract with 2.0,-10, 5 and 5 ml portions of chloroform.
Wash the aqueous layer back into the 250-ml beaker, cover, and heat
gently to remove excess chloroform., Thenh evaporate to dryness
with the addition of 15 ml concentrated HNO3 and 5 ml concentrated

HCI to destroy ammonium salts. Wash down the sides of the beaker




- 28 -

and evaporate to complete dryness. Take up the residue with ‘
about 20 ml water, heat, c;ool, and :Eilter. inj:o a 50~m1 flask, , Make
to volume, Determine % Ca in.both samlﬁle and blank, reading
between apéropriate Ca standards on the ‘Perkirvl-‘-Elrn‘er flgme
photometer, using the 62.00A band and airgavcetylen‘e‘ flame. Subtract
the blank resul£ from the saﬁw.ple result.

l“ppm = 0,01% Ca

For samples that are higher than 25 ppm Ca, dilute as required.

Determination of Lii: Ll can be determined on the above

solution; or, if Li only is to be determined, a shorter method may
be employe.d, viz., after solution of the sample and evaporation to -
fumes of 1—12804, cool, add about ;50 ml Wéter, ~and allow to cool to
ToOom temperature. M.ake ﬁp to 250 ml in a volumetric flask.
Transier a 50—-1.111 aliquot to a 125~ml separatory funnel, add 25 ml
of cold, freshly prepared 9% cupférroﬁ solution, shake, and extract
20,10,5 and 5 ml of chloroform. Evaporate the aqueous layer to
dryness, etc,, as above, and filter into a\ 50-ml volumetric flask,
Read the Li between approPri’ate Li standards, using an alr-acetylene
flame.
1 ppm = 0..05% Li
Application -

Determination of Calcium and Lithium in vanadium metal.
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Determination of Calcium in Impure Uranium Oxides

Principle -
Calc‘ium can be determined flame-photometrically in
impure uranium oxides after removal of the uranium by extraction as
uranyl nitrate with tri~-n~-butyl phosphate, and after removal of
possible small amounts of aluminum with 8-quinolinol and chloroform.

Preparation of Standards -

As for "Determination of Calcium in Sandstones, Silica
Sands, and Quartz'', see page 24.

Analyze the.sample for the approximate Na and K contents
and add these amounts to the standards.,

' Procedure -

Weigh a 1,0000-g sample. into a 250-ml beaker. Add 30 ml
of BN I—INO3 to t.mth the sample and a reagent blank. Heat gently,
keeping covered until in solution., Cool, wash into a 125-ml
separatory funnel with approximately 20 ml of 5N HNO3. Add 40 ml
of extracting solution and shake for about 3 minutes. Allow to settle
and drain off the organic layef. Add another 10 ml of extracting
solution plus 5 ml of chloroform, shake, allow to settle, and drain
off the organic layer. Clean the aqueous layer with two successive
extractions with 5 ml of chloroform. Then add 10 ml of n-heptane
and shake. Rinse out the stem of the funnel with distilled water,

then drain the aqueous layer into the original beaker, making sure
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that none of the n-heptane layer is drained off with the aqueous.
Add 10 1ﬁl of 5N HNO3 to the funnel, shake, allow to settle, and -
a‘dd the lower acid layer to the aqueous in the beaker. Repeat
twice more with 10-ml pbrtions of 5N HNO3. Evaporate both -
sample and blank solutions to'drynesg with the addition of 5 ml of

1:1 HZSO 1f soluble silica is present in the sample, evaporate

4° (
the aqueous layer down to a low volumie, transfer to a platinum

dish, treat with 1 ml 48% HF plus 5 ml 1:1 HZSO4, and evaporate
to dryness.) Take up the residue with approximately 25 ml water

and 5 drops ééncentrated HC1, and heat until in solution. Cool,

'AOH, and transfer to.a 125-ml

adjust-the pH to 1.8 to 2.0 with 1:1 'NH4

separatory fuanel., Add 1_5 ml of a solution of 5% 8~quinolinol in

2M acetic acid and shake. Add 10 ml of 2M ammoniﬁm acetate
buffer and shak'e. ‘Extract the aluminum with four sﬁccessive
portions of chloroform, i.e. 20,10,5, and 5 ml. Drain the aqueous
layer back into the original beaker and evaporate to dryness with
the addition of. 15 ml concentrated I—INO?;, 5 ml concentrated HC1
‘and 5 ml 1:1 1{2504. Wash d’o‘wn‘the sides of the beaker and evaporate
to complete dryness._ Add about 20 ml of water to the residue in the
beaker, boil until in solution, co;)l, filter into a 50-ml flask, a‘nd
make to volume. (If all the residue does not go into solution, add
one or two drops of HCl. Also add an equivalent amount to_ﬁhe
standards.) Estimate by flame photorrietry the approximate Na and

K contents of the sample and add these amounts to the Ca standards.
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Determine % Ca in both the sample and the blank,
on the Perkin-Elmer flame photometer, by reading between
appropriate Ca standards, using air-acetylene flame and the
6200 A band., Subtract the blank result from the sample result.

1 ppm = 0,005% Ca

Note 1t The chloroform and n-heptane scrubbing

of the aqueous layer is to.ensure complete removal
of phosphate., Scrubbing of the n-heptane layer

with 5N HNO, is to regain the last few drops of
solution that were left with the n-heptane layer when
the aqueous layer was first drained off,

Note 2: The chloroform in the extracting solution
raises the density of the extracting solution so that
it is greater than that of the aqueous layer.
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For Sodium and/or Potassium Determination

(1) Salt Cores - Dissolve in water., Add Na to K standards
and vice versa.

and KZTiF -

(2) ~ Alkali Fluo Titanates, e.g. Na,TiF 6

6

Remove fluoride ion with HZSO in a 'platinum dish, hydrolyze Ti

4
in hot dilute H,50, solution, filter, and wash With'hot water.
Evaporate to dryhesé. Read between Na standards foi' NaZTiFé,
6.

(3y - Alkali Chloro Titanates, e.g. K2T1Cl

and between K standards for KZTiF
6" Hydrolyze
Ti in hot dilute H SO, etc., as in (2).
(4) Water Glass (Sod’i._uxﬁ Silicate) ~ Weigh in a weighing
' bottlé. Wash into a plastic beaker with hot water, make to volume

in a volumetric flask, and immediately transfer to a plastic bottle.

Aligquot into a platinum dish and evaporate to dryness with HF and

: HZSO'4. Read between Na standards.,

© (5) Quartz - Treat sample ana blank with HF and I—IZSO4
and evaporate to dryness. Read between(Na + K)standards,

~(6) ' Lithium Metal (7} - Weigh under argon in a dry box.

Dissolve on ice (prepa,.red from distilled water) in a plastic or
stainless steel beaker. Neutralize to methyl red with coricentrated
HCl. Evaporate an equivalent volume of HCL to dryness for the
blank and make up to the same volume as the sample. Read bevtween

(Na + K)standards.,
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For Lithium Determination

(1) Lithium Silicate (Liz SiO3) - Dissolve with HF and

HZSO in a platinum dish and evaporate to dryness. Read between

4
Li standavrds.

(2) Lithium Fluo Titanate (LizTiF6) and Lithium Titanate
(LizTiO3)'— see (2) above,

(3) Lithium Magnesium Alloys - Dissolve in HCI and
evaporate down to a syrupy consistency twice ‘po remove all acid,
‘Read between Li standards containing an equivalent concentration

of Mg (prepared from pure Mg metal).

(4) Lithium Fluoride (LiF) - Remove fluoride ion with HZSO4'
R'ead between Li standards,

(5) Chromium Zinc Alloys - Dissolve in HCIO, or H,S0

4 4°
Aliquot, and rem;:)ve Cr and Zn with the mercury cathode. Read
between Li standards,

(6) Chromium Titanium Alloys - Dissolve in I-IzSO4 and
HZOZ" Evaporate to fumes twice to remove HZOZ. Aliquot, and
extract Ti with cupferron and chloroform. Remove Cr on the

mercury cathode. Read between Li standards.,

For Calcium Determination

(L) ‘ Silicon (Si) - Dissolve a large sample weight (in the order
of 5 g) and a blank in a platinum dish with I—INO3 plus the dropwise |

addition of HF, Evaporate to dryness with HZSO Adjust the pH to

4.
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1.8 to 2.0 and extract Al with 8-quinolinol and chloroform. Evaporate
to drﬁmess, make to a small volume (50 ml), and read between Ca

standards,
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