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ABSTRACT

The recovery of plutonium from i r rad ia ted natural uranium using

te r t i a ry amine extractants i s being invest igated a t the Whiteshell Nuclear

Research Establishment for the reprocessing of Canadian power reactor fuels.

The extract ion behaviour of plutonium and uranium into Alamine 336 in

diethylbenzene has been studied using simulated fuel solutions in the labora-

tory, and i r rad ia ted fuel in a miniature sca le p i l o t p lant . A wide variety

of ana ly t ica l methods developed to f a c i l i t a t e the evaluation of such process

parameters as plutonium and uranium d i s t r ibu t ion coefficients , f ission

product decontamination and the efficiency of plutonium recovery i s described.

The methods used to determine uranium, plutbnlum, americium, f ission products,

amines and o thers , are discussed and the laboratory procedures are given.
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Résumé

La récupération du plutonium dans l'uranium

naturel irradié, au moyen d'extracteurs à base d'aminé

tertiaire, fait actuellement l'objet d'une enquête à

l'Etablissement de Recherches Nucléaires de Whiteshell

pour le retraitement .des combustibles irradiés dans les

réacteurs des centrales nucléaires canadiennes, u Le -.-..--

comportement d'extraction'du plutonium et de", 1' uranium ' .

dans l'alamine.336 dilué dans du diethylbenzène a été

étudié au laboratoire, au moyen de solutions simulées de

combustible et dans une installation pilote miniaturisée,

au moyen de combustibles irradiés. Les*nombreuses

méthodes analytiques, développées pour faciliter ri*évalua-.

tion des paramètres de traitement comme les coefficients

de distribution du plutonium et de l'uranium, la ' •-•"

decontamination des produits de fission et l'efficacité

de la récupération du plutonium, sont décrites. Les

méthodes employées pour déterminer l'uranium, le plutonium,

l'américium, les produits de fission, les amines et

autres éléments font l'objet de commentaires et ,les

procédures de laboratoire sont expliquées.
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1. INTRODUCTION

The use of high molecular weight amines to extract inorganic

acid and other anrons from aqueous media was first suggested by Smith and

P a g e ^ in 1948. It was later reported by M o o r e ^ and by Sheppard^3' that

various anionic metal complexes could be extracted from aqueous acid media

by amines dissolved in diluents such as chloroform. Wilson first pro-

posed that aliphatic tertiary amines may be used to selectively extract

plutonium from nitric acid solutions of irradiated nuclear fuel and that

they would be especially suitable for the reprocessing of fuels where the

uranium is to be discarded. Most fission products are not extracted and

remain with the uranium in the waste.

A proposal to use amine extractants to reprocess natural uranium

fuels from Canadian power reactors was first described by Rae 5 . The

solvent chosen for study was a commercial tertiary annn.e, Alamine 336*,

dissolved in diethylbenzene diluent. Since the quantity of fissile uranium-235

remaining after irradiation of CANDU fuels is very low there is no economic

requirement to recover it. This is in contrast to irradiated enriched fuels

where the widely Hsed TBP process provides recovery of both plutonium

and uranium.

A diagram of the flow sheet for the proposed amine process is

given in Figure 1. The approximate composition of a typical CANDU fuel

solution is given in Table I. Experimental evaluation of this process has

involved basic studies by the Chemical Technology Branch at WNRE of the

plutonium and uranium extraction behaviour of the solvent and more detailed

testing with irradiated fuel solutions using a miniature scale pilot plant

Among the parameters studied were the distribution coefficients of plutonium

and uranium from nitric acid solutions, the separation factor for plutonium

* Alamine 336 is a product of General Mills, Kankakee, Illinois, It is a
mixture of tertiary aliphatic amines, with decyl-di-n-octyl amine as the
major component.
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and uranium tinder a range of conditions, detailed extraction profiles in

mixture-settler operations, fission product decontamination factors and

evaluation of the efficiency of the plutonium recovery of the process.

SOLVENT'- 0.15 M ALAMINE 336 IN pJETHYLBENZENE
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I SCHEMATIC FLOW DIAGRAM FOR FUEL REPROCESSING WITH TERTIARY
AMINES

This report .summarizes the analytical methods used in these

studies. I t includes the determination of uranium, plutonium and fission

products in. the aqueous and the .organic streams, the determination of

plutonium oxidation states in the process feed, and the determination of

primary, secondary and tertiary amines. The salient featuresjpf_each method

are discussed and a compilation of the detailed laboratory procedures is

given in the Appendix. '
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TABLE I

TYPICAL COMPOSITION OF A CANDU FUEL SOLUTION

Uranium

Plutonium

HNO3

Fission Product Activity

300 mg/mS.

^1.5 mg/mK.

^ 2 M

^270 mCi/mfc

2. DISCUSSION OF ANALYTICAL METHODS

2.1 URANIUM

A number of methods were used for the determination of uranium.

The choice of method was dependent upon the sample medium and uranium con-

centration range, and the analysis precision required.

2.1.1 TITRIMETRY

'" The determination of uranium in solutions, such as the process

feed and the fission product waste after-plutonium extraction, was performed

by'a redox titration procedure previously described by Davies and Gray

(see1 Method 1 in the Appendix)". In this method, uranium is reduced to U(IV)

with ferrous' sulfate1; , the excess Fe(II) is oxidized with nitric acid in

the! presence of Mo(VI) catalyst'and the uranium is determined by titration

with" potassium dichromate. Because of a poorly defined visual end Joint,

vanadyl- sulfate was added to enhance the colour change, as proposed and



discussed by Eberle*8? Samples containing 300 mg/mS, uranium and up to

2 mg/mS, plutonium were analyzed with a precision of ±0.8% (2a). The pro-

cedure was also tised to determih^ liraniMa^cectlyVlnr samples of Alamine 336/

diethylbenzene from the solvent interstages of the extraction mixer-settler

(see Figure 1). In this case vigorous stirring is required during the

titration to ensure good transfer of the uranium into the aqueous phase.

The analyses of solutions containing large amounts of g-y activity were

carried out in a laboratory lead-shielded hot cell. This titrimetric pro-

cedure is conveniently adapted to remote handling procedures.

2.1.2 COLORIMETRY

To determine uranium in the aqueous and s o l v e n t s t reams of t h e

e x t r a c t i o n con tpc tor^ s e v e r a l c p l o r i m e t r i c methods were used . Aqueous

samples conta in ing 0 . 0 1 t o 10.0 mg/mft uranium i n n i t r i c a c i d were gene ra l ly

analyzed by the we l l known p e r o x i d e " 5 [Method 2] or t h i o c y a n a t e 10

[Method 3] procedures . The p r e c i s i o n of a n a l y s i s i n eac'i c a se was ± 4 t o

5% (2a). Initially, the determination of uranium in the solvent stream was

done by extraction of uranium into ammonium carbonate followed by the normal

peroxide procedure [Method 4]. However, complete extraction of uranium

into the aqueous phase was difficult to ensure and the method was tedious.

Other workers >12» have shown that the uranium-thiocyanate complex can be

formed directly in organic solvents such as acetone, etfranol and .butyl -

cellosolve (ethylene glycol monobutyl ether). This method showed the added

advantages of reduced anionic interferences and increased reagent and colour

stabili ty. Thus, a solvent was sought which could provide a one phase

system with the sample Alamine 338/diethylbenzene and the reagents. Iso-

propanol was found to be suitable. Possible.metal interferences, e.g..iron,

vanadium, are elimimated-by addition; of a reducing agent. Ascorbic acid is

added in preference to stannous chloride, as the latter has an appreciably

higher blank absorbance. The absorbance of the uranium-thiocyanate,complex

is measured at 375.nm [Method 5]. The colour and reagents are stable, for

extended periods. The concentration of water introduced from the samples

and reagents must be carefully controlled,.otherwise interference due to
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sample-reagent innniscibility is observed. The method was used primarily to

analyze Alamine 336/diethylbenzene solutions, but was also suitable for

samples of tributylphosphate in xylene or dodecane. The precision of analysis

for uranium concentrations between 0.2 to 2.0 mg/mfc was ±2.2% (2a) and the

detection limit was 0.01 mg in a 1.5 mil sample.

2.1.3 X-RAY FLUORESCENCE

An X-ray fluorescence procedure similar to that described by

Jones was also used to determine uranium in the solvent interstages of

the first cycle extraction [Method 6]. The uranium Lai fluorescence at

26.18° (LiF crystal) is measured using a Norelco vacuum X-ray spectrograph.

The method is in some ways superior to colorimetric methods, in that the

sample may be analyzed directly without pretreatment and the analysis is

rapid and relatively free from interference. A sample volume of 5 mH is

required to ensure "infinite depth" in the 2.5 cm diameter X-ray cell, and

the uranium concentration should be greater than 20 ug/m&. The precision of

analysis rangrad from ± 2% (20) at 1.0 mg/m£ uranium concentration to ± 10% (20)

at a uranium concentration of 0.05

2.1.4 POLAROGRAPHY

Trace quantities of uranium may be present in the plutonium

product after the second extraction cycle. The methods described above are

not sufficiently sensitive to determine uranium in these solutions, and

consequently a poJlarographic method [Method ?} was developed. To minimize

the amount of plutohium in the polarographic cell, a preliminary separation

of uranium from piufconium by anion exchange is used. The sample is adjusted

to i2 ̂ in hydrochloric acid and 5% ascorbic acid is added to reduce the

Plutonium t:p^?u£Iil). Uranium is retained on:the cqluim and the plutonium

is removed vw^th^ Uranium is then eluted

withiG^l.MjBGli, evaporated?to dryness, and dissolved in 1 M perchloric acid.

A polarogram is-obtained with a potential scan from 0.2 volts to 0.7 volts
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(vs saturated calomel electrode) and the diffusion current is measured at

approximately 0.4 volts. Ascorbic acid was found to interfere, but was

removed simply by heating the column eluate to dryness with ni t r ic acid,

followed by dissolution in perchloric acid. I t is possible to determine

0.5 lig of uranium in the sample aliquot.

2 . 2 PLUTONIUM

Three basic methods were used for the determination o£ plutonium

concentration.

2.2.1 Ct-COUNIING

The quickest and easiest analyses employ the determination of

standard cc-counting procedures [Method 8], using either a ZnS scintillation

counter or an argon/methane-filled proportional counter. The plutonium

concentration is calculated from the total ot-activity and from a determination

of the plutonium specific activity [Methods 9 and 10]. If ZItlAm and 2It2Cia

are present, their contribution to the total a-activity is determined by

a-spectrometry using a gold surface barrier silicon detector (also see

Section 2.5). For some organic solvent samples, plutonium is first extracted

into 0.5 M H2SOit/0.1 M HNO3 before o-countlng. For samples containing less

than 1.0 pg/m2. plutonium, coprecipitation with lanthanium fluoride may be

used 15>K , but this is a tedious method with relatively poor precision.

2.2.2 DIFFJEBESTIAL SPECTROPHOTOMETRY

The precise determination of piutoriium in the second eycla pro-

duct was required for plutonium accounting purposes. The differential

spectrophotometric [Method 11] procedure utilizing Pu(III) in hydrochloric

acid was used^37 . Tests' for sulfate interference showed no effect at the
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normal levels of 0.06 M sulfate in the measured solution. Howevers a sulfate

concentration of 0.12 M in a solution containing 4 mg/i plutoniuin resulted

in a negative bias of 1%. The precision of the method was determined to be

0.55% (20). Where only small numbers of analyses are required, this method

is inconvenient to uss since relatively large amounts of standard plutonium

solutions are required for calibration.

2.2.3 ISOTOPE DILUTION

Precise determinations of plutonium in the process feed and the

aqueous waste after extraction were performed using the isotope dilution

procedure [Method 12] described by Webster . A known amount of 2"*2Pu

tracer standard is added to the sample and all plutonium species are converted

to the same chemical state by a series of oxidation-reduction steps. Fol-

lowing this, quantitative recovery of the plutonium is not required. The

uranium and fission products, are separated from the plutonium by anion

exchange in 8 M HNO3 on Dowex 1. The plutonium is eluted and the 239Pu/21f2Pu

mass ratio determined by mass spectrometry. The isotopic composition of the

sample plutonium is also determined by mass spectrometry, and this, together

with the mass ratio, allows the calculation of the sample concentration. The

procedure allows the determination of 0.2 yg/mil to 2 mg/mS, plutonium in

irradiated fuel dissolver solutions and in the fission product waste, con-

taining uranium at the 300 mg/m£ level. The precision of waste solution

analysis at 5 yg/mS. plutonium concentration was estimated to be ±10% (20),

which was quite adequate. The precision at 1 mg/m& was determined to be

±1.0% (2a). This method; was also, used as an alternative to the differential

spectrophotometric procedure for precise plutonium determination in the

second cycle extraction product, and the final product after ion exchange

purification.
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2.3 FISSION PRODUCTS AND TOTAL B . Y - A C T I V I T Y

The assessment of fisnion product decontamination across the

reprocessing flowsheet [Method 13] i s important to the determination of the

pur i ty and S ,y -ac t iv i ty of the f ina l plutonium product, so tha t shie lding

requirements and handling procedures may be c lear ly defined for product

s torage or t ransfer and for plutonium fuel fabr ica t ion . Most f i ss ion products

are not extracted i n t o amines and are el iminated in the aqueous waste.

However, zirconium, niobium and ruthenium tend to ex t r ac t to some degree,

and may be present in the f ina l product i n undesirable amounts.

The f i s s i o n products with appreciable y - a c t i v i t y were determined

by Y-spectrometry without previous chemical separat ion using a Ge(Li)

de tec tor (30 cc volume, resolut ion 2.5 KeV FWHM). They a r e l i s t e d in

Table I I , together with the Y-^ays used for the analyses . Samples were

counted as l iquids i n b o t t l e s of s tandard geometry.

TABLE I I

LIST OF FISSION PRODUCTS AND ASSOCIATED Y - R A Y ENERGIES
USED FOR ANALYSIS

FISSION PRODUCT

^ C e / P r

106Ru/Rh '
l3*Cs
125Sb

9 5Zr
95Nb

' -. ' " -- " ' -.V \- ' -.•". ' "'

ENERGY OF Yr?RAY USED FOR ANALYSIS
(MeV)

0r l34 and 0.696

0.497

0.512 and 0.617/0,622

0.605

0.634

0.662/01661

0.724

0.766
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The total $- and total y-activity was determined at various

stages in the process to provide a gross measure of the activity decontam-

ination and again to define product purity. The ^-activity was determined

using an end-window proportional counter with samples evaporated onto

3 counting trays. The total y-activity measurements were made using a

Nal(Tl) detector, with the samples in standard geometry containers.

2.4 PLUTONIUM OXIDATION STATES

Plutonium exhibits the unusual property that all four of its

oxidation states (III, IV, V and VI) can exist simultaneously in solution in

certain acid media. However, only Pu(IV) extracts readily into Alamine 336/

diethylbenzene from nitric acid solutions M , and the plutonium in the pro-

cess feed must be adjusted to this state to ensure efficient extraction. A

determination of the oxidation states is thus important, particularly of

Pu(IV) and Pu(VI). Pu(III)*and Pu(V) are less stable in nitric acid solutions

of irradiated fuel and are usually absent. Both a solvent extraction and a

spectrophotometric procedure have been used for this analysis. However,

they are not suitable for low concentrations of about 1 to 5 pg/m£ plutonium.

For this purpose, a chromatographic separation procedure has been inves-

tigated, using tertiary amines coated on thin layer plates. The results of

this work are also described.

2.4.1 SOLVENT EXTRACTION

To determine the concentration of Pu(IV) and Pu(VI) in the pro-

cess feed solutions, a solvent extraction procedure [Method 14] using

Hyamine 1622* dissolved in benzene was used^20*215. With the sample acidity

adjusted to 4 M HNO3, 99.8% of the Pu(IV) was extracted with three portions

* Hyamine 1622 is p-diisobutylphenoxyethoxyethyldimethylbenzylammonium

chloride.



of solvent , leaving the Pu(VI) in the aqueous phase. The unextracted

Plutonium was determined by a counting. A concentration of 3 ug/m£ Pu(VI')

could be detected in a 1.5 mg/mJi Pu(IV) solut ion.

2.4.2 SPECTROPHOTOMETRY

The visible absorption spectra of the plutonium oxidation states

in nitric acid media (see Figure 2) are sufficiently different to allow the
( jo j

simultaneous determination of the III, IV and VI statesv . Measurements

are made at wavelengths where the maximum absorption for one state is

coincident with a low absorption for the others. Using Beer's Law, a series

of simultaneous equations may be written, the solution of which provides the

concentration of each oxidation state [Method 15]. The wavelengths used for

the analyses, and the molar absorptivities which were determined experi-

mentally at WNRE for each state, are shuwn in Table III. Also shown are

the values for plutonium polymer , which may co-exist with other oxidation

states under certain conditions.

TABLE III

MOLAR ABSORPTIVITIES OF P u ( I I I ) , P u ( I V ) , P u ( V I ) AND

PLUTONIUM POLYMER AT SELECTED WAVELENGTHS ( I N 1 . 7 M HN0 3 )

WAVELENGTH
(ran)

565

660 ;_;•.,-c;

8 3 4 -

"755:K ""

ePu(III)

37.1

5.4

*••>•••••¥&*'•

ePu(TV)

• • - . • • ." ' • • •

8-4;..=

...33,,3-U;

* 3 - l ( h 3 : -••

EPu(VI)

2.5

-261

22.4

ePu POLYMER

^ 1 8

'.; ; y:}2 ;. j

••:.• ' - : ^ 1 2 •'"• : ; ; ;
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Using the 834 nm absorption peak and 5 cm cells, the Pu(VI)
detection limit was about 3 yg/nA in a solution of 1 mg/m£. Pu(IV). The
detection limit for Pu(III) was about 30 ug/mJl. The method was used only
for synthetic process feed samples of uranium and plutonium with no fission
products. Where large quantities of-uranium were present, the samples
were measured against a reference solution of the same uranium concentration.

2.4.3 ... , frilN LAYER' CHROMTOGRA1:SY '

; ^qch and?Lahr^^ showed that each separate plutonium oxidation
state has a different retention (Rf) value on chromatographic paper impreg-
nate! wr&'tri^-octyiamlne vrtien "eluted with a HNOa/NH'.NOa solution. The
amine may be considered io behave as an anion exchanger on which the anionic
nitrate complexes of the plutonium oxidation states are retained in accor-



dance with the strength of the complex. Because of the slow elution times

in paper chromatography, separations were attempted on thin layer silica gel

plates impregnated with tri-n-octylamine. To be of value for process feed

analyses, the method must be able to separate the individualr,states from

mixtures, and be able to do it in the presence of uranium.

Samples of 1 to 5 yg plutonium are spotted on the plates, and

eluted with a solution of 0.1 M HN03, 0.5 M NHi»N03 and 0.1 M sulfamic acid.

Sulfamic acid is added to prevent nitrite oxidation of Pu(III). The plates

are dried under an infrared lamp and the separate areas of plutonium are

detected by autoradiography using Ilford X-ray film. The areas are then

leached with 5% acetic acid (90 to 95% recovery) and the plutonium determined

by a-counting.

^Difficulties were encountered in the preparation of standard

sblutlpnf * iff jpicih PiiClII) "., Pu(IV)r and?Pu0I) "were ffi; equ|$ibriin and In

which the concentration of each was knowni and in the stabilization of

oxidation states during elution. Attempts to separate all three oxidation

states from a mixture during a single elution were unsuccessful, but partial

separation was achieved for mixtures of Pu(IV) and Pu(Vl). In the presence

of uranium, the latter separation was not achieved. This is thought to De

due to photolytic reduction of U(VI) to U(IV)," followed by reduction of the

Pu(VI) by U(IV). This has been shown to occur in similar systems .

2.5 AMERICIUM

Americium is produced by the irradiation of Pu:239B,,.

It is an a emitter, and thus its activity must be cqnsidered in the deter-

mination of plutonium concentration by a-counting methods.
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2.5.1 a-COPNTING

.The 21flAm concentration in irradiated fuel solutions, or unirradi-

ated Pu solutions, was determined by a-counting and a-spectrometry, after a

preliminary removal of plutonium by solvent extraction with Hyamine 1622

[Method 16]. A minimum of 10 "* dpm a-aetivity was required for analyses.

Analysis by a-spectrometry directly on samples containing plutonium i s not

satisfactory as the zl>1Am a p a r f c l e (5.49 MeV) cannot be resolved from the
238Pu a par t ic le (5.50 MeV).

2.5.2 Y-SPECTROMETRY

The concentrat ion of 241Am in the plutonium product was also

determined by d i r e c t measurement of i t s 60 KeV y- ray (36% branching r a t i o )

with a 30 cc Ge(Li) de tec tor [Method 17 ] . This i s super ior to d i r e c t

a-spectrometry because the principal y-activity of the product is due to
zl*1Am. The method has the^,further advantage that a chemical separation from

plutonium or uranium is not required, A small correction must be made for
(25)plutonium y-activity and for y-absorption in the sample matrix

2.6 TOTAL ACID

The .acidity of the_ pro£esi5feed-imst be 'adjusted to about 2 M HN03

after fuel dissolution to allow optimum extraction of plutonium and maintain

good uranium decontamination''26''. Higher acid conditions will increase the

extraction of uranium and may also increase solvent degradation by acid

hydrolysis. The acidity was determined by titration with NaOH, using pheriol-

phthalein or bromothymol blue indicator [Method 18]. Interferences due to

the hydrolysis of-plutonium and uranium by the following reactions

• Pu+!f + H2O < "- Pu(0H)+3 + H+
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UOZ
+2 + HaO ' T UO2(OH)

+ + H+

were eliminated by coraplexing the pliitonium and uranium with either sodium

fluoride or citric acid.

2.7 SULFATE

Dilute sulfnxic acid is used to strip plutonium from the solvent

in the second cycle extraction. Sulfate was determined in these solutions,

and in the final plutonium product, after ion exchange to check the product

purity. Two methods were used. M

2.7.1 TlTRATIOi: ; : " " • > ' - "

Sulfate was determined in an aqueous/i

with lead nitrate^ using PAN indicator • [Method ;1S>1. :Up>\'~io 30 iig of

plutonium could be tolerated in the titratibn.;fior; samples containing

large amounts of plutonium, a preliminary separation was made on Dowex 50

Ion exchange resin. The sulfate was eluted with 0.1 N HN03. The limit of

detection was 0.002 mmoles using a 1 lafi- aliquot.

2.7.2 ISOTOPE DILUTION (35S TRACER) ,

To facilitate the determination of sulfate in laboratory.studies

of the second solvent extraction cycle, labelled H2 35S0ii was added to the

normal strip solution. After contact.with the solvent from the first extrac-

tion .cycle, ths sulfate in the strip was determined by 3 liquid, scintillation

costing [Method 20]. The presence of 2lflPu, a g-emitter^-interfered,with i

the analyses and in some cases necessitated a separation from the sulfate by

ion exchange on Dowex 50. Corrections for the quenching effects of the

solvent medium were made using the channels ratio method 28 .
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2.8 AMINES

* Baroncell i has shown that the concentration of t e r t i a r y amine in

the di luent governs the degree of plutonium and uranium extract ion a t a

given ac id i ty and also determines the eff iciency of the plutonium-uranium

separation a . Thus, i t i s important to closely control the amine concentra-

tion used. Changes in the amine concentration during the ext rac t ion process

due to d i luent evaporation and amine degradation must be taken in to account.

2 .8 .1 TOTAL AMINES

A t i t r a t i o n procedure [Method 21] s imi la r to tha t described by

Siggia was used. The t i t r a t i o n medium was ethylene glycol monomethyl

ether which was miscible with the Alamine/diethylbenzene. -The t i t r a t i o n was

performed potent iometr ical ly with standard HGl/isopropanol using a glass-

calomel e lec t rode ; The prec is ion of the method was ±5% (2a) for 0.15 mmoles

of amine, and the detection l i m i t was 0.002 mmoles. A potentiometric t i t r a -

t ion in g l a c i a l ace t ic acid medium using perch lor ic acid t i t r a n t was also

suitable for this analysis » .

2.8.2- TERTIARY AMINES

The concentration of t e r t i a r y amines in diethylbenzene was

determined by t i t r a t i o n with HCl/isopropanol , a f ter ace ty la t ion of the

primary and secondary amines with ace t ic anhydride [Method 22] , The

precis ion and detection l imi t were the same as for the t o t a l amine determina-

t ion above.

2.8.3 PRIMARY AND SECONDARY AMINES

1 Trace q u a n t i t i e s of primary and secondary amines may be present

in Alamine '336/diethylbenzene so lu t ions as t h e "result of manufacturing by-

products^3 3^, or from the degradat ion of t e r t i a r y amines by r a d i o l y s i s and
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hydrolysis . Analyses by gas chromatography 3S have shown that secondary

amines constitute aliout 3% of the total Alamine 336 amine concentration

(i.e. about 0.005 M). The primary amine concentration is expected to be

less than 1% (about 0.002 it). Several chemical methods have been investigated

for their determination.

Primary and secondary amines react with carbon disulfide to form

dithiocarbamic acids"6 :

RNH2 + CS2 • ENHC

R2NH + CS2 + R2NC,

The acids were titrated potentiometrically in a pyridine/isopropanol medium

with standard sodium hydroxide [Method 23]. Some uncertainty in the blank

determination was observed, possibly due to diethylbenzene interference, and

thus the method sensitivity was only about 0.002 mmoles amine; Uranium at

a 3:1 molar ratio with respect to amine had no observable effect. An attempt

to determine the secondary amines alone by this method, after a preliminary

condensation of the primary amine with 2-ethylhexaldehyde 3S , was not satis-

factory.

Other titration procedures have been investigated. Secondary

and tertiary amines were titrated with perchloric acid, after a preliminary

condensation of the primary amine with sallcylaldehyde^ , or acylation with

phthalic anhydride. . Salicylaldehyde was similarly used to complex the

primary amines before titration of the combined secondary and tertiary amines

with HCl/isopropanol in Bthyler.e glycol monomethyl ether medium . In

general, these methods were unsatisfactory, possibly due to side reactions of

the secondary and tertiary amines with the complexing agent.

A colorimetric determination of primary amines using the forma-

tion of a coloured Schiff base with salicylaldehyde was investigated^39 , as
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well as a colorimetric procedure for secondary amines . In. the latter

procedure, the dithiocarbamic acid formed by addition of CS2 to the secondary

amine is reacted with Cu(II) to form a yellow complex. These methods were

discarded, however, as it became apparent that the molar absorptivity of a

mixture of homologous amines was difficult to define.

The methods described above have not been satisfactory for the

detailed analysis of mixtures of primary, secondary and tertiary amines.

Attempts are being made to determine the amines (in their nitrate form) by

gas chromatography directly using a column of silicone oil (SE30) and

potassium hydroxide on Chromosorb P, or by chromatography of the primary and

secondary amine derivatives with trifluoroacetic anhydride. These studies

have not yet been completed.
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1. DETERMINATION OF URANIUM
(Potassium Dichromate Ti trat ion)

A. SUMMARY

Uranium is determined by titration with dichromate, following

the method of Davies and Gray . Iron(II) sulfate is used to reduce U(VT)

to U(IV) in a concentrated phosphoric acid solution containing sulfamic acid.

The excess Fe(II) is subsequently oxidized by nitric acid in the presence of

ifo(VI) catalyst. After the addition of sulfuric acid and water, U(IV) is

oxidized by titration with dichromate using barium diphenylamine sulfonate

as indicator. The end point may also be determined potentiometrically if a

trace of vanadyl sulfate is added to the solution.

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Applicability:

10 mg to 300 mg in sample aliquot.

± 0.8% at 60 mg uranium level.

The procedure is suitable for the deter-
mination of uranium in ni tr ic acid, in
solutions of irradiated fuel containing
fission products and plutonium, and in
organic solvents such as' Alamine 336/
diethylbensene (see Section G.I).

C. REAGENTS

All reagents should be analytical reagent grade.

(1) 1.5 M Sulfamic Acid:

Dissolve 150 g of sulfamic acid in 1 liter of cold water.

(2) Concentrated orthophosphoric acid.
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(3) 1.0 M Iron(II) sulfate:

Slowly add 100 taH of concentrated sulfuric acid to 750 m£
cf water. Add 280 g of iron(II) sulfate heptahydrate to
the hot solution. Stir until dissolved. Cool and dilute
to 1 liter.

(4) 4 M Nitric Acid/0.1 M Sulfamic Acid:

Dilute 250 m& of concentrated nitric acid to 930 m£. with
water. Mix. Add 70 mi of 1.5 M sulfamic acid.

(5) 1% Ammonium Molybdate:

Dissolve 10 g of ammonium paramolybdate in about 250 mfc of
hot water. Cool. Dilute to 1 l i t e r with water and mix.

(6) 9 M sulfmric acid.

(7) 0.04% Barium diphenylamine sulfonate solution:

Dissolve 0.2 g of barium diphenylamine sulfonate in about
200 m& boiling water. Cool and dilute to 500 ml with
water.

(8) 0.05 N Potassium dichromate:

Using primary standard grade potassium dichromate, accur-
ately weigh approximately 2.45 g. Dissolve in water and
make up to 1 l i t e r .

(9) 0.05 M Vanadyl sulfate:

Dissolve 1.0 g vanadium(IV) sulfate dihydrate in 80 m£
cold water. Dilute to 100 mJL This solution should be
used within two days.

(10) Standard uranium solution (300 mg/mS.):

Dissolve 63 grams of uranyl ni t ra te hexahydrate in 25 m&
of 1 M p o 3 . Dilute to J.00 m?. in a volumetric flask.
Standardize the solution^by evaporating a suitable aliquot
in a platinum crucible and igniting at 850°C for 1 hour.
Cool in a desiccator,,and weigh: as IbQe.

NOTE: Several of the above reagents say;be combined and used as follows:

(1) Phosphoric acid - ferrous sulfajte solution:

Add 50 mS. of 1 M ferrous .sulfate solution to 400 mfc con-
centrated orthophosphoric acid. Use 45 mS. in the procedure.

(2) 8 M n i t r ic acidsr?,;0> 15 II sulfamic acid - 0.4% ammonium
mblybdate solution:

Dissolve 4.0 g of ammonium paramolybdate in 400 mil of
. -water . ; Add-500 mfc of concentrated ni tr ic acid and mix.
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Add 100 mJl df 1.5 M sulfamlc acid and mix.
the procedure.

Use 10 mi in

(3) Dilute sulfuric acid - vanadyl sulfate solution:

Add 200 ills' of concentrated sulfuric acid to 3 litres of
3 g of vanadyl sulfate dihydrate.water. Add

and dilute to 4 litres.
Dissolve

Use 100 mil in the procedure.

D. PROCEDURE

(a) VISUAL END POINT

(1) Transfer an aliquot of the
sample(V) containing up to, 300 mg uranium
to a 500 mil conical flask. The total
volume of sample must not exceed 15 mil.

acid. Mix.
(2) Add 5 wi 1.5 M sulfamic

(3) In the following order,
add 40 mil of concentrated orthophosphoric
acid, 5 mil 1.0 M of iron(II) sulfate solu-
tion, 5 mil of 4 M HNO3/O.I M sulfamic
acid and 2 mil of 1% ammonium molybdate
solution. Mix thoroughly; after, each,
addition.

(4)- Wait 2 to 5 minutes after
the appearance of the green colour.

(5) In the following order,
add 25 mi of 9 M sulfuric acid, 200 wi of
cold water and 2 mH o€ 0.04% barium di-
phenylamine sulfonate, mixing after each
addition. 10 mil of 0.05 M vanadyl sulfate
solution may be added at this stage.

(6) Within 10 minutes of the
addition of water,'titrate to an intense-
violet colour which1 does not fade for up
to 1 minute.

NOTES

The aliquot should contain
less than 50 mmoles of
nitrate ion.

Sulfamic acid is used to
destroy nitrite ion which
interferes with the reduc-
tion.

The solution will turn dark
brown, but will become clear
green after about five min.

Vanadyl sulfate may be used
to enhance the end point.
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(7) Repeat the above procedure
without the sample present to obtain a
reagent blank.

(8) Calculate the uranium
concentration according to the method
given in Section E.

(b) AUTOMATIC POTENTIOMETRIC TITRATION

A Metrohm Potentiograph Model E436 recording titrator or its

equivalent is used with a platinum-calomel electrode combination.

NOTES

(1) Follow steps 1 to 4 of
"Visual End Point Procedure".

(2) In the following order, add
25 mil of 9 M sulfuric acid, 10 mil vanadyl
sulfate solution and dilute to 150 mil with
water.

(3) Titrate with potassium
dichromate using the automatic titrator.

(4) Determine the reagent blank
following the above procedure, omitting the
sample.

centration e'
Section E.

(5) Calculate the uranium .con-..
?f;-<*"<H'n̂ "to- 4lie~iMethba? gitven; in

Barium diphenylamine sul-
fonate indicator is omitted
as it tends to make the
potentiometric end point
less distinct.

The titration must be carried
out within 10 minutes of the
addition of water.

E. CALCULATIONS

iar.-~ •-.: i 5 - : ta) iCal<mlatfrrthe?uranium,cohcentration of the sample from:

Uranium
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where T = sample titer (TDSL of dichromate)

TJJ = blankti.ter.(m& of dichromate) ;

F = factor (mg .uranium/mJl dichrpmate)

V = s a m p l e a l i q u o t ( m £ X ..-2-1 *,*.; ^.'---' :••••"*• -,•'• "̂-••.•.-• ••*.- '•- -•

(b) Determine the factor (F) from

^ Uranium/mJ!, Dichromate) = B X ^ X C

B = concentration of potassium dichromate (mg/m&)

C = atomic weight of uranium

D = molecular weight of potassium dichromate

•••',.]•> •••>-.!ii

F. REFERENCES

1. W. Davies and W. Gray, Talanta, 11, 1.203 (19.64) .

2. A.R. Eberle, M.W. Serner, C.G. Goldbeck and C.J. Rodden, NBL-252,
NTIS (1970).

G. APPENDIX

G.I TITRATIQH"PROCEDURE FOR ORGANIC SOLVENT SOLUTIONS

The visual end point procedure has been used to determine the

uranium concentration of several organic solvent solutions.

1- Alamine ZZS - diethylbenzene

Use the normal procedure; The stirring should be fast to ensure

good mixing of the organic and aqueous phases.
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2. Thenoyltrifluoraaetone - methyl isobutyl ketone and aaetyl-
aeetone - methyl isobutyl ketone

(i) The sample aliquot should be less than 2 mS,.

(ii) Increase the sulfamic acid to 15 mil.

(iii) Increase the standing time (stage 4) to approximately

15 minutes to ensure complete reduction.

">y,, ;•'£:'; ~Xn it .1 itiU'i
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2 . DETERMINATION OF URANIUM

(Hydrogen Peroxide C o l o r i m e t r i c Procedure)

A. SUMMARY

Uranium is determined spectrophotometrically as i t s peroxide

complex in sodium hydroxide solution 1 . The absorbance is determined at

400 nm. At shorter wavelengths absorbance due to the reagents becomes

important.

If the concentration of Co, Cr, Fe or Tl is greater than 100 pg/mil,

a separation step is required. Interference from Al can be minimized by

addition of excess sodium hydroxide to form sodium aluminate. Nitrate,

sulfate and chloride do not interfere.

PERFORMANCE DATA

Concentration range:

Precision (2a):

Limit of detection:

Applicability:

50 yg to 1 mg of uranium in sample
aliquot. Maximum aliquot is about
15 mfc.

approximately ± 4%.

30 pg of uranium.;

The procedure is suitable for the
j3eterMnation of uranium in ; nitric acid
solutions.

C. REAGENTS

All reagents should be analytical reagent grade.
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(1) 30% Hydrogen Peroxide,

(2) Sodium Hydroxide Solution (10% w/v):

Dissolve 10 g of NaOH in 50 m£ of d i s t i l l ed water. Cool
and di lu te to 100 mJL

(3) Standard Uranium Solution:

Dissolve 0.1179 g of pure U3O8 in 25 mil of 8 M nitric acid
and dilute to 500 mJl with H2O to give a solution of
1 mS. = 200 pg uranium. Standardize the solution by heating
a suitable aliquot in a platinum crucible at 85Q°C for
1 hour. Cool in a desiccator and weigh as U3O8 .

D. PROCEDURE

NOTES

(1) Transfer an aliquot con-
taining between 50 Jig and 1 mg of uranium to
a 25 m& volumetric flask.

(2) Add 5 nA of 10% sodium
hydroxide solution.

peroxide.

and mix.

(3) Add 0.2 a& of 30% hydrogen

(4f Dilute to 25 mS, with H20

(5) Determine the absorbance of
the solutions using 5 cm cells at a wave-
length of 400 nra, by measurement against a
cell containing distilled water. Use a slit
width of 0.05 mm.

The colour of the uranium-
sodium hydroxide-peroxide
complex is stable for at
least 12 hours.

I rt&}'^"llB'terMne, the' reagent blank
as* described in paragraphs I to 5, omitting
the sample.

^ (7) Calculate the uranium con-
centration qf the! ̂ajqple; accprddiig :tbythe
method given in Section E.
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E. CALCULATIONS

(a) Calculate the uranium concentration from:

F (As - AB)
Dranium (yg/m!t) = -

where F * calibration factor (see below)

Ag = absorbance of t he sample

A B = absorbance of the reagent blank

V = sample aliquot volume

(b) Determine the calibration factor (F) as follows: Prepare

uranium standards containing 50 ug, 100 ug, 300 yg, 500 ug and 1 mg in

25 mil volumetric flasks, Proceed as in Section D. Calculate the calibration

factor from:

F _ Z pg of uranium in the standards
S absorbances of the standards

or from the slope of a straight line plot of absorbance vs uranium concen-

tration for a series of standards.

F. REFERENCES

1. C.J. Rodden and J.C. ?arf> ,;eds;.,
:^Amly0gal-<^em;8try-of.--i3te

Manhattan Project/ )$££. K^c^H-Sne^^.sSerVf--^J5i/y'v.>fV^Il -(McGraw-
H i l l ) , V o l . 1 , p . W'KaZfa '*'~: :'S-T -; '•'•-^••--^y-rA^-7i;f ua>ivt•::?•«» ••

2« I.M. Kolthoff and P . J . Elying, Tr-eatise on AnalyMaal Chemistry,
(Interscience) Part I I , %ol.^9, j). 1k%l%hff



- 31 -

3. DETERMINATION OF URANIUM

(Thiocyanate Color imetr ic Procedure)

A. SUMMARY

Uranium is determined spectrophotometrically as its thiocyanate

complex at the absorbance maximum at 375 nm . Interference from iron is

suppressed by reduction to the ferrous state with stannous chloride. Iron

and chromium interfere if present at more than a 5:1 ratio with respect to

the uranium.

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Limit of detection:

Applicability:

20 yg to 1 tng of uranium in sample
aliquot. Maximum sample aliquot is
about 10 mH.

approximately ± 5%.

10 ug of uranium.

The procedure is suitable for the deter-
mination of uranium in ni t r ic acid
solution.

REAGENTS

All reagents should be analytical reagent grade.

(1) Stannous Chloride (10% w/v):

Dissolve 10 g of hydrated stannous chloride in 10 mJl of
11 M hydrochloric acid and dilute to 100 raJ. with distilled
water.
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(2) Ammonium Thiocyanate (50% w/v):

Dissolve 50 g of ammonium thiocyanate in distilled water.
Make up to 100 m&. Add 10 g of activated alumina to
decolourize, shake and allow to stand. Filter before use.

(3) 2 M Hydrochloric Acid.

(4) Standard Uranium Solution:

Dissolve 0.1179 g of pure U3O8 in 25 mi of 8 M nitric acid
and dilute to 500 ra& with water to give a solution
1 m& = 200 yg uranium. Standardize the solution by heating
a suitable aliquot in a platinum crucible at 850°C for
1 hour. Cool in a desiccator and weigh as

D. PROCEDURE

(1) Transfer an aliquot con-
taining between 20 yg and 300 pg of uranium
into a 25 mfc volumetric flask. Add 10 wS,
of water and 2 mS, of 2 M hydrochloric ac id .

(2) Add 0.1 mJl of 10% stannous
chloride solution and mix well.

(3) Add 10 ml of 50% ammonium
thiocyanate accurately with a pipette. Mix
well and dilute to 25 m& with water.

(4) Determine the absorbance
of the solution using 5 cm cells at a wave-
length of 375 nm, by measurement against
distilled water. Use a slit width of
0.05 mm. %••. f ' sr

- v - . • • : • • " "

(5) Determine a reagent blank as
described in paragraph^ 1 to 4, omitting .thei
s a m p l e . •• < '•' '-'•'''•• '-" ""'-'• "':r:'~ • ' - • • • • < ? • -

(6) Calculate the" uranium con-
centration df vtheMsample'caccording1 to 1
•• Tiiethod givsn iff Section -Ev ' ! • '

NOTES

If the sample contains nitric
acid the aliquot should be
chosen so that the final
nitric acid concentration
after dilution to 25 mS. is
not greater than 1 M.

The absorbance of the solu-
tions must be determined
within 15 minutes after the
addition; of, the ammonium



- 33 -

E. CALCULATIONS

(a) Calculate the uranium concentration from:

Ursnium (mg/m£) =

where F = calibration factor (see below)

Ag = absorbance of the sample

Ag = absorbance of the reagent blank

(b) Determine the calibration factor (F) as follows: Prepare

uranium standards containing 50 ug, 100 yg, 300 ]xg, 500 ug and 1 mg in

25 ml volumetric flasks. Proceed as in Section D. Calculate the calibration

factor (F) from:

„ _ E ug of uranium in the standards
E absorbances of the standards

or from the slope of a straight line plot of absorbance vs uranium concen-

tration for a series of standards.

F. REFERENCES;

1. J .E . Currah and F.E. Beandsh, Anal. Chem. 19, 609, (1947).

2. I.M. Kolthoff and P.J. Elving, Treatise on Analytical Cfiemistvy,
(Interscience) Part I I , Vol. 9, p. 74 (1962).
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4 . DETERMINATION OF URANIUM IN ALAMINE 336/DIETHYLBENZENE

(Ammonium Carbonate - P e r o x i d e Procedure)

A. SUMMARY

Uranium is extracted from the solvent phase with 10% ammonium

carbonate. The solution is neutralized with nitric acid and the uranium

is determined by the spectrophotometric peroxide procedure.

PERFORMANCE DATA

Concentration range:

Precision (2a):

Limit of detection:

Applicability:

50 yg to 1 mg of uranium in sample
aliquot. Maximum sample aliquot is
about 5 vaX,.

Approximately ±5%.

30 ug of uranium.

The procedure is suitable for the deter-
mination of uranium in Aiamine 336/
diethylbenzene solutions.

REAGENTS

All reagents should be analytical reagent grade.

(1) 10%1w/v Ammoniunî arboriafre*:

Dissolve 10 g of ammonium carbonate in water. Dilute to
. 100 rafc., ...... :. . ,;;'<, .;ii ,.:,.,.- '

(2), 15% w£v Sodium -Hydroxide:

Dissolve 15 g of NaOH in 50 m£ of H 2 0 . Cool and dilute to
100 nA.
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(3) 30% Hydrogen Peroxide.

(4) Standard solvent uranium solution:

Shake 100 mil of 300 mg/m£ U in 2 M HN03 with 100 ml of
0.15 M Alamine 336/diethylbenzene. Centrifuge and separate
the phases. The solvent uranium concentration should be
about 20 mg/mJl. Standardize the solution by evaporating a
suitable aliquot in a platinum crucible and igniting at
850°C for 1 hour. Cool in a desiccator and weigh as

Alternatively, titrate the solvent with dichromate according
to the procedures given in Method 1.

D. PROCEDURE

NOTES

(1) Transfer an aliquot (Vi)
containing 50 to 1000 yg of U to a separa-
tory funnel.

(2) Adjust the volume to 5 ri,
with diethylbenzene.

(3) Add 5 ml of 10% ammonium
carbonate and shake for 3 minutes.

(4) Transfer the aqueous phase
to a centrifuge tube.

(5) Repeat the extraction twice
with 4 mH and with 3 m£ of ammonium carbonate.

(6) Combine the aqueous phases
in the centrifuge tube. Wash with diethyl-
benzene.

(7) Centrifuge to separate the
phases. Transfer the aqueous phase to a
conical flask.

(8) Add concentrated nitric acid The yellow colour of the
dropwise to the aqueous extract to neutralize uranium carbonate complex is
the ammonium carbonate. Adjust to approxi^ destroyed when the solution
mately pH 2. . . „ . - . . . becomes acidic.

(9) Boil the solution to remove
carbon dioxide. .
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(10) Transfer the solution to a
25 rt& volumetric flask (V2). Dilute to the
mark with water. Mix.

(11) Transfer a 10 m& aliquot
(V3) of this solution to a second 25 mH
volumetric flask.

(12) Add 10 mH of 15% sodium
hydroxide solution.

(13) Add 0.2 wi of 30% hydrogen
peroxide.

(14) Dilute to 25 mil with water.
Mix.

(15) Determine the absorbance The colour of the complex is
of the solution using 5 cm cells at a wave- stable for at least 12 hours,
length of 400 nm and a slit width of
0.068 mm against a cell containing dis-
tilled water.

(16) Calculate the uranium con-
centration of the sample according to the
method given in Section E.

E. CALCULATIONS

(a) Calculate the uranium concentration of the sample from!

Uranium

where F = calibration factor (see below)

As = absorbance of the sample

AB = absorbance of the blank

Vi = sample aliquot,volume (m&) ' ' "

Vz - volume from prpcedure 10 "

V3 = volume from procedure 11

(b) Determine the calibration factor (F) as follows: Transfer

aliquots of the uranium solvent standard containing 50 yg, 100 yg, 300 yg,
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500 yg and 1 mg to a separatory funnel. Proceed as in Section D. Calculate

the calibration factor (F) from:

•p _ yg of uranium in the standards
E absorbances of the standards

or from the slope of a straight line plot of absorbance vs uranium concen-

tration for a series of standards.

NOTE: To determine the % recovery of uranium in the ammonium carbonate
extraction process, compare the above calibration with that using
aqueous uranium standards (see Method 2).
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5. DETERMINATION OF URANIUM IN ALAMINE 336/DIETHYLBENZENE

(Thiocyanate - Isopropanol Procedure)

A. SUMMARY

Uranium is determined spectrophotometrically as its thiocyanate

complex in water/isgpropanol solution. Ammonium thiocyanate, dissolved in

a mixed aqueous-alcohol medium, is added directly to the solvent sample of

Alamine 336/diethylbenzene. Ascorbic acid is added as a reducing agent for

interfering metals. The absorbance of the solution is measured at 375 nm.

PERFORMANCE DATA

Concentration range:

Precision (2a):

Limit of detection:

Reagent stability:

Complex stability:

Applicability:

20 yg to 2.0 mg of uranium in the sample
aliquot. Maximum sample aliquot is
about 1,5 ml.

Approximately ±2.2% at 200 pg U level.

10 yg of uranium.

A to 5 days.

The procedure is suitable for the deter-
mination of uranium in Alamine 336/
diethylbenzene. solvent.

REAGENlS

All reagents should be analytical reagent grade.
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(1) Chromogenic reagent (ammonium thiocyanate/£-ascorbic acid):

Prepare 1 l i t e r of reagent containing 222 g of ammonium
thiocyanate and 13.4 g of ^.-ascorbic acid in a 50% water/
50% isopropanol solution.

(2) Standard solvent uranium solution:

Shake 100 mil of 300 mg/mH uranium in 2 M HNO3 with 100 n&
of 0.15 M Alamine 336/diethyIbenzene. Centrifuge and
separate the phases. The solvent uranium concentration
should be about 20 mg/mJl. Standardize the solution by
evaporating a suitable aliquot in a platinum crucible and
igniting at 850°C for 1 hour. Cool in a desiccator and
weigh as U3O8. Alternatively, t i t ra te the solvent with
dichromate according to the procedures given in Method 1.

D. PROCEDURE

(1) Transfer an aliquot con-
taining 0.2 to 2.0 mg of U to a 25 volu-
metric flask.

(2) Add 15 m& of the chromo-
genic reagent with a pipette. Mix.

(3) Dilute to volume with
isopropanol. Mix.

(4) Allow solution to stand
for about 30 minutes.

(5) Determine the absorbance
of the solution at a wavelength of 375 nm
and a s l i t width of 0.05 mm against dis-
t i l led water.

(6) Determine the reagent blank
as described in paragraphs 1 to 5, using
an appropriate aliquot of the solvent
(Aldinine/diethylbBnzene5J withSiut lii

NOTES

This range is applicable to
1 cm cells. For 5 cm cells,
the aliquot should contain
0.01 mg to 0.2 Kg U.

The solution may be cloudy
at this stage. Dilution with
isopropanol will clear up the
solution.

There is a volume decrease
on mixing. Adjust the volume
with isopropanol.

No variation of the colour
has been noted for any times
greater than 30 minutes.
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(7) Calculate the uranium con-
centration of the sample according to the
method given in Section E.

E. CALCULATIONS

(a) Calculate the 'cranium concentration from:

F (As - Afi)
Uranium (]ig/mx>} = n

where F = calibration factor (see below)

Ag = absorbance of the sample

Ag = absorbance of the r eagen t b lank

V = sample a l i q u o t volume (mil)

(b) Determine the calibration factor (F) as follows: Prepare

a series of uranium solvent standards between 20 yg and 2.0 mg in 25 mH

volumetric flasks. Proceed as in Section D. Calculate the calibration

factor (F) from:

v - ^ US of uranium in the standards
I absorbances of the standards

or from the slope of a straight line plot of absorbance vs uranium concen-

tration for a series of uranium solvent standards.

f n \*
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6 . DETERMINATION OF URANIUM IN ORGANIC SOLVENTS

BY X-RAY FLUORESCENCE

A. SUMMARY

Uranium is determined directly in an organic solvent by the

measurement of the intensity of the Lai fluorescence of uranium using a

Philips Universal Vacuum X-ray Spectrograph. The procedure is calibrated

using standard solutions of uranium in the appropriate organic solvent.

B. PERFORMANCE DATA

Concentration Range:

Precision (2a):

Limit of detection:

Applicability:

0.05 Tag/nA to 1 mg/m!l in the measured
solution.

Approximately ±7%, based on standard
solutions at the 0.5 mg/m& level.

20 yg/mJl of uranium in the measured
solution.

The procedure is suitable for the deter-
mination of uranium in organic solvent
solutions such as Alamine 336/diethyl-
benzene.

-REAGENTS >

All reagents should be of analytical reagent grade.

(I} HOrgariic diluentt

_;1;' VThik s h ° u ^ b e the same diluent as is present in the samples,
''"'. e.g. xylene, diethylbenzene.



- 42 -

(2) Uranium Standard Solution

Shake 100 mH of a 300 mg/m& solution of uranyi nitrate in
2 M HN03 with 100 m!L of 0.15 M famine 336 in diethylbenzene.
Centrifuge and separate the phases. Determine the uranium
concentration of the solvent phase by evaporating a suitable
aliquot in a platinum crucible and igniting at 850°C for
1 hour. Cool in a desiccator and weigh as U3O13.

Alternatively, titrate the solvent with dichromate according
to the procedures given in Method 1.

D. APPARATUS

(1) Philips Universal Vacuum X-ray Spectrograph.

E. PROCEDURE

(1) Transfer an aliquot (Vi) of
the sample containing 0.5 to 10 mg of
uranium to a 10 mft volumetric flask (V2).

(2) Dilute to 10 vA with the
organic diluent and mix.

(3) , Accurately transfer a 5 mil
portion to an3fe£ay liquid cell . i?

(4) Seai the cell with mylar
film, 0.25 mil in thickness.

(5) Place the cells in the cell
holders and place the cell holders in the
instrument sample chamber.

(6) Adjust the chamber position
so that thessampie? *±s vyta fthe ^--rayi beam.•< £

(7) Set the goniometer angle
to 26.18°. Use the LiF crystal and the
scintlllatibiiiieTSector; : : ^

NOTES

The mylar film surface should
be smooth.

The mylar film surface of the
cell holder should be smooth.

All settings should be made
while moving from the lower
to the* higher angle.
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(8) Record two ten second counts
using the sealer.

(9) Also record duplicate 10
second counts at angular setting of 24.18°
and 28.18°.

(10) Repeat steps 6 to 9 for
other samples in positions 2, 3 and 4.

(11) Calculate the uranium con-
centration of the sample according to the
procedures given in Section F.

F. CALCULATIONS

(a) Calculate the uranium concentration of the sample from:

Uranium (ug/m&) = I s a m pi e %

where -sample = c°unts per second (cps) of the sample

Jf= cps(26.18°) - Jg[cps(24.18°) + cps(28.18°)]

FjJ = mean value of calibration factor (see below)

Vi = volume of sample aliquot (see procedure 1)

V2 = volume oi volumetric flask (see procedure 1)

(b) Determine the calibration factor (FJJ) as follows: Prepare

a series of uranium solvent standards containing 0.5 to 10 mg of uranium in

10 vaU volumetric flasks. Proceed as in Section E. Calculate a calibration

factor (F) for each standard from:

where Ug'pj) = concentration of uranium in the standard

*STD = counts per seconC (cps) of the standard

Determine FM as the mean value of F from the standard uranium

series.
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G. APPENDIX

G.I OPERATING INSTRUCTIONS FOR PHILIPS UNIVERSAL VACUUM X-RAY
SPECTROGRAPH

G.I.I START-UP PROCEDURE

(1) Check t h a t the k i l o v o 1 t and
milliampere dials are at their lowest
possible settings.

(2) Turn the line key on the
power supply to "on".

regulator.
(3) Switch on the voltage

(4) When the current has
stabilized at 220 mA, press the start
button on the power supply.

(5) Press the X-ray "on"
button.

(6) Adjust the voltage and
current to 50 kV and 40 mA, in that order.

(7) Switch on the "scint
counter", "sealer", "timer", and "goni-
ometer".

(8) Set the "H.V. control"
on the scintillation counter to 250 on the
vernier dial.

NOTES

This prevents damage to the
instrument by a sudden power
surge when the X-ray power
supply is turned on.

Set the timer to allow suf-
ficient time to complete the
analysis.

The "line" and "control" lamps
should light up. The current
will rise to 150 mA, stay
there for a moment, jump to
270 mA and stabilize at 220 mA.

Check that the cooling water
is flowing.

The green lights should come
on over rectifier 1 and rec-
tifier 2. After a short time
the meters will indicate
' W KV and ̂ 15 mA.

Some drift may be noticed as
the instrument warms up. Re-
adjust if necessary.

Each switch incorporates an
indicator light.

The meter should read
^ 790 volts.
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G.I.2 SHUTTING DOWN PROCEDURE

The procedure is the exact reverse of the START-UP procedure.

NOTE: For the best precision, the instrument should be run at operational
power for h. hour before starting the analysis. After that time the
settings should be adjusted to exactly 50 kV and 40 mA.



- 46 -

7 . DETERMINATION OF URANIUM IN PLUTONIUM BY P0LAR06RAPHY

A. SUMMARY

Uranium is separated from plutonium by anion exchange in 10 to

12 M HC1. The uranium in the eluent is determined by polarography in

0.01 M HC1/1 M HClOif-base electrolyte.

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Accuracy:

Limit of detection:

Applicability:

2 to 1000 Ug/md U in the presence of up
to 100 mg/mJl Pu.

± 5% at 100 to 600 yg uranium level.

U recovery is 87% ± 3%.

0.5 ]ig of U in the polarographic cell.

The method is directly applicable to
aqueous nitrate or chloride solutions of
Pu and U, for example, Pu product solu-
tions in fuel reprocessing streams.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) Hydrochloric acid - 0.02 M, 0.1 M, 8 M, 12 M.

(2) 5% w/v ascorbic acid in 8 M HC1 and in 12 M HC1 - Dissolve

2.5 g ascorbic acid in 50 mil of 12 M HG1 or 8 M HC1.

(3) 0.01 M HC1/1 M HClOi* - Prepare a 2 M solution of HCKK and

combine with an equal volume of 0.02 M HC1.



- 47 -

(4) Hg - purified by oxidation of metal impurities in en air

oxifier, and by filtration through a gold foil adhesion filter.

(5) N2 - see Section G.I for purification.

(6) Strongly basic anion exchange resin - AG1 x 2, 50 to 100 M.

D. APPARATUS

(1) Differential Cathode Ray Polarograph, type A1660, Southern

Analytical Co. Ltd., with glass polarographic cells.

E. PROCEDURE

(1) Prepare an ion exchange
column with a resin bed of 10 cm x 1 cm
(AG1 x 2, 50 to 100 M;. Wash the
column with 10 mH of 5% ascorbic acid/
12 M H.C1 solut ion.

(2) Transfer the sample
aliquot (Vi) into a 10 m& beaker and add
5 mil 12 M HCl/5% ascorbic ac id . Allow
to stand for 20 minutes for complete
reduction of plutonium to P u ( I H ) .

(3) Transfer the sample
onto the ion exchange column and wash
with 10 n£ 12 M HCl/5% ascorbic acid,
5 mJl 8 M HCl/5% ascorbic acid and 6 nA
8 M HCl.

(4)
10 mS. 0,1 M HCl.

Elute the uranium with

dryness.
(5) Evaporate the eluent to

(6) Add a few drops of con-
centrated UNO3 and evaporate to dryness.

.NOTES

The 5% ascorbic acid/12 M HCl
solut ion should be prepared just
before use. The solution is
s t ab le for 1 to 1% hours.

The sample aliquot should contain
1 to 500 yg U and < 50 mg Pu in a
volume less than 0.5 mil. The
quantity of HNO3 present in the
sample should be less than
1.5 mmoles.

The second wash removes Pu while
the thi rd wash removes the
ascorbic acid.

The HNO3 destroys traces of
ascorbic acid.
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(7) Add a few drops of
0.01 M HG1./1 M HClOi, and heat gently
for a few minutes.

(8) Dilute the remaining
liquid accurately to 5 m£ (Vi) with
0.01 M HC1/1 M

(9) Transfer approxi-
mately 2 m& to the polarographic cell
and purge with N2 for 5 minutes.

(10) Obtain a polarogram
of the sample, scanning from 0.2 to
0.7 V. Measure the U peak height (H)
at "V0.4 V vs SCE.

(11) Obtain a polarogram
of a standard""U lii" 0701 M HCl/1 M HC1O*
solution and measure the peak height
(Hs).

(12) Calculate the uranium
concentration of the sample according
to the method given in Section F;

Refer to the polarographic manual
for operating instructions.

The standard U concentration
should be within 10% of the
sample concentration.

F. ' CALCULATIONS

Calculate the uranium concentration of the sample from:

Uranium (yg/mS,) =

where

H

Hs

V2

uranium concentration of standard (]ig/m£)
I.

polarographic peak height of sample (see procedure 10)

polarographic peak height of standard (see procedure 11)

sample aliquot volume (m&)

volume of final dilution (mJl) (see procedure 8).
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G. APPENDIX

G.l PURIFICATION OF N2 GAS

The N2 gas may be purified as follows:

(1) Dissolve 2 g ammonium metavanadate in 25 mfl. hot concen-

trated HC1.

(2) Dilute with H20 to 250 m£.

(3) Shake with a few grams of heavily amalgamated zinc.

(4) Divide between two 250 m£ gas washing bottles each con-

taining about 25 g heavily amalgamated zinc.

(5) Was?h the gas emerging from the second bottle with water in

a third bo t t l e .

A deep clear violet colour in the vanadate solutions indicates

the solutions are ready for use.

"mw. *0<isK 'JfOSH-'-ii-!: 4E* !«•• %;--3';;
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8. DETERMINATION OF PLUTONIUM BY g-CQUNTING

A. SUMMARY

Aqueous samples are evaporated directly onto stainless steel

planchettes and counted on a 2tr proportional counter or a ZnS a-detector.

Organic solvent samples are either evaporated directly onto the planchettes,

or the piut;6nium is extracted initially into an aqueous phase. If other

a-emitters are present, the percentage of Pu a-activity is determined by

ot-spectrometry.

B. PERFORMANCE DATA

Activity range:

Precision (2a);

Applicability:

Activity on tray should be in the range
of 50 to 50 000 cpm, that is, about
0.001 to 1 yg of plutonium.

For samples containing 300 mg/mil of U,
the Pu concentration should be at least
30 ]Xg/vA to minimize counting errors.

(i) aqueous samples ±3.3% at 10 000 cpm level,
(ii) organic solvent samples (direct) ±5.5%.
(iii) organic solvent samples (extraction)

- ± 6.0%.

The methods have been applied to solu-
tions of Pu in HNO3 , H2S0i» and Alamine/
diethylbenzene.

C. REAGENTS

All reagents should be analytical reagent grade.
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(1) Dilution reagents - HNO3, diethylbenzene (pre-equilbrated
with 2 M HNO3).

(2) 0.1 N HNO3/O.5 N H2SCK solut ion.

D. INSTRUMENTATION

a-det<actor.

(1) Internal 2ir proportional counter (AECL-CF1S-2) or ZnS

(2) Gold surface barrier Oi-spectrometer.

(3) Stainless steel counting trays (with outer ring of varnish),

(4) Infrared heat lamp, hot plate.

(5) Brass circular heating rings (same diameter as a trays).

E.

E.I

PROCEDURE

AQUEOUS SAMPLES

NOTES

(1) Transfer accurately a
sample aliquot (Vi) to a stainless steel
counting tray.

(2) Evaporate, the sample to
dryness with an infrared heat lamp.

(3) Heat the tray''£6 red heat
with a burner.

(A) Determine the totalfa-
activity (Ai) in dpm using a 2TT counter
or a ZnS scintillation counter. "-

(5) Calculate the Pii concen- r

tration from:

Aliquot should contain 0.001 to
1.0 yg of Pu. Use 2 M HKO3 for
any preliminary dilutions (Di).

Solids on the tray should be
minimized.

[Pu]
Ai x Pi
Si x Vi
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where S • specific activity of Pu
(see method 9 or 10).

If other a-emitters are present, determine
the % a-activity (Pi) of Pu by O-speetro-
metry.

Then [Pu]

E.2 ORGANIC SOLVENT SAMPLES

E.2.1 EXTRACTION PROCEDURE

NOTES

(1) Transfer a sample aliquot Aliquot should contain 0.01 to(
(Vz) to a volumetric flask (D2).

(2) Add HNOa/HzSCU mixture
until flask is about 2h full. Shake for
one minute.

(3) Dilute to volume with
HNQ3/H2SOi,. Mix.

(4) Remove the top organic
layer and discard.

(5) . Transfer an aliquot (¥3)
of the aqueous phase onto a stainless
steel counting tray. •;-s\ias,r-

(6) Evaporate under infrared
heat;lamp. Hea^^theKtray;"to red heat with,
a Bunsen burner, tt.f-,?5.;,&;..:,.̂: ' V]'"

(7) Determine the total,,, M,; ,,,
a-activity (A2) in dpm using a 2ir cput^ter
or a ZnS scintillation counter.

of Pu. Preliminary dilu-
tions are done with diethy-
benzene pre-equilibrated with
2 M HKO3.

Use the meniscus of the bottom
of the organic layer for dilu-
tion to volume.

tration from:
(8) Calculate the^Eu .conc§n- , , > • 4 ,

[Pu] D2

where = specific activity of ^u
(see methods 9 and 10).
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E . 2 . 2 DIRECT EVAPORATION

NOTES

(1) Place a stainless steel
counting tray on a brass heating ring on a
hot plate. Heat to above the boiling point
of diethylbenzene.

(2) Transfer a sample aliquot
to the centre of the tray.

The sample wi l l flow outwards
but should evaporate before
reaching the edge of the tray.
The aliquot should contain
0.001 to 1 ]ig of Pu. Prelim-
inary sample di lut ions (D3)
should be done with diethylben-
aeae pre-equilibrated with 2 M
HNO3.

(3) Heat the tray strongly
until most of the organic residue has
disappeared.

(4) Heat the tray to red
heat with a Bunsen burner.

(.5) Determine the total
a-activity (A3) in dpm using a 2ir counter
or a ZnS scintillation detector.

(6) Calculate the Pu concen-
tration from:

[Pu] = D3

where specific activity of
Pu (see methods 9 and
1Q) -v
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9. DETERMINATION OF PLUTONIUM.SPECIFIC ACTIVITY

(Total activity/concentration procedure)

A. SUMMARY

The specific activity of plutonium is determined by precise

measurements of the a-activity (Bee method 8) of a Pu solution whose concen-

tration is accurately known. The Pu must be purified before analysis to

avoid interference from 21tlAm.

B. . REAGENTS

All reagents should be analytical reagent grade:

(1) Strongly basic anion exchange resin AG1 x 8 (200 to 400

mesh).

(2) 8 M HN03, 0.1 M HNO3.

C. APPARATUS

(1) c.Ionjexchange columns - 5 cm x 6.5 cm (diameter),

.p.....7..., ; pRocfPURE ;c ,

• NOTES

• --, --:- ; i 3 g : (1) Prepare an ion excliange
column containing 1 to 2 iH of resin
(AG1 x 8 ) . Wash the res in bed with 10 mi?-
of 8 M HN03.
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(2) Make the Pu sample up to The sample should contain about
8 M HNO3. 0.1 to 1 mg of Pu.

(3) Transfer the sample to the
ion exchange column.

(4) Wash the column with 3 por- This removes 9l11*-: from the
tions of 10 mil of 8 M HNO3. column.

(5) Elute the Pu with 0.1 M
HNO3. Collect the eluent in a 10 mH
stoppered flask.

(6) Determine the Pu concen- About 10 to 50 yg of Pu are
tration of the sample by the isotope dilu- required for analysis,
tion procedure (method 12).

(7) Determine the total
a-activity (A) of the sample (method 8),

Dilute the sample with HNO3 if
required.

E. CALCULATIONS

Calculate the Pu specif ic ac t iv i ty (S) from:

S (dpm/mg)
[Pu]

where A = t o t a l a -ac t iv i ty (dprn/mft) (procedure 7),

[Pu] = Pu concentration (mg/mS.) (procedure 6 ) .
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10. DETERMINATION OF THE SPECIFIC q-ACTIVITY OF PLUTONiUM

(Isotbpic Composition Procedure)

A. SUMMARY

The specific a-aetivity of a given sample of plutonium is depen-

dent on the quantity of the various plutonium isotopes present. The isotopic

composition is determined by mass spectrometry. The contribution of 23ePu

to the a-activity is determined by a-spectrometry, after ion exchange

separation from 2l*lAm.

B, REAGENTS

All reagents should be analytical reagent grade.

(1) Strongly basic anion exchange resin r- AG1 x 8 (200 to 400

mesh).

(2) ENO3 - cone, 8 M, 0.1 M.

C. APPARATUS

(1) Ion exchange columns - 5 cm x 0.5 cm (diameter).

(2) Mass spectrometer, equipped with a thermal ionizatiou source,

Consolidated iEle^trpdywamics Corp., Model 21-7Q3A,

(3) Gold foil surface barrier a-spectrbmeter.

D. PROCEDURE

NOTES

(1) Prepare an ion exchange
column containing 1 to 2 mil of resin



(AG1 x 8) . Wash the resin bed with 10 mS,
of 8 M HN03.

8 M HNO3.
(2) Make the Pu sample up to

(3) Transfer the sample to
the ion exchange column.

(4) Wash the column with
3 portions of 10 mfc of 8. M HNO3.

(5) Elute the Pu with 0.1 M
HNO3. Colxect the eluent in a 10 ml
stoppered flask.

(6) Determine the plutonium
isotopic composition (weight percent) by
mass spectrometry^1).

(7) Prepare a-counting trays
of this solution and determine the per-
centage of 238Pu a-activity by a-speetro-
metry.

The sample should contain about
1 mg of Pu.

This removes 21uAm from the
column.

E. CALCULATIONS

Calculate specific a-activity (S) of the plutonium from:

S = P9S9B9 + PQSOBQ + PiS,Bi -I- P2S2B2
(100 - P8)100

where P 9 , P o , Px and P2 = weight percentages of 2 3 9Pu, 2l>0Pu, 2 l t lPu
and z<t2Pu respectively.

5V? sOv s l and S2 = specific a - ac t i v i t i e s of *39Pu, 2It0Pu,
2 aPu and 2If2Pu respectively.

B9 , Bo, Bi and B2 = a branchiug ra t ios for 2 3 9Pu, 21fDPu, 2kl?\s
and',21* 2Pu: respectively.

percentage H 2 ? 8 Pu C^

This simplifies to:

S9 (So - S9) + P1CS1B1 - S9) + P2(Sg - S9)
(100 - P8)100



where B9 = Bo .= B2 = 1 0 0 % ,

Bi = 0.0023% (value taken from reference 2)

Substituting values for the constants:

S =
136.3 + 3.701 Po - 1.312 Pi - 1.278

100 - Pa
p

where the specific activities of the Pu isotopes are determined from the

following half-lives (values taken from,references 3 and 4) '•

2 39

21*0

21*2

Pu

?U

Pu

Pu

24,390 years

6,537 years

14.8 years

3.87 x105 years

F. REFERENCES

1.

2.

3.

4.

W.R. Shields, NBS Technical Note No.; 277:^Hashingtcn, D.C.,
U.S. Government Printing Office, 1966.

H.W. Kramer, BNL-50237 (T-573), (1970).

Nuclear Data Sheets, Section B, Volume 4(6),(1970), Academic
Press, New York and London. ,

Nuclear Data Sheets, Section B, Volume 6(6),(1971), Academic
Press, New York and London.

^BsMsSSl^!^SMSSS$0^i^^
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1 1 . DETERMINATION OF PLUTONIUM BY DIFFERENTIAL SPECTROPHOTOMETRY

A. SUMMARY

Milligram amounts of plutoniutn are determined in hydrochloric

acid solution using a differential spectrophotometric method described by

Phillips . Plutonium is reduced to Pu(III) with hydroxylamine hydrochloride

and the relative absorbance of the sample is measured against an accurately

known standard plutonium solution at 565 nm.

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Applicability:

3 to 4 mg/mJl plutonium in the measured
solution.

± 0.6%.

The procedure is suitable for the
determination of plutonium in pure
solutions, such as the plutonium product
after fuel reprocessing. A final con-
centration of 0.7 M nitric acid and
0.06 M sulfate in the measured solution
does not affect the determination.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) 50% w/v hydroxylamine hydrochloride in 1 M HC1.

(2) 4 M HN03. •

(3), 1.1 M and 0.12 M HC1.
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(4) Plutonium standard stock solution (20 mg/m£) - Weigh an

empty clean 25 m£ volumetric flask. Dissolve 0.5 g of plutonium metal

(NBS Pu metal standard 949c of accurately known weight) in 15 mil of 6 M HC1.

Dilute to volume with 1 M HC1." Weigh. Calculate the plutonium concentration

(P) in mg/g of solution.

D. INSTRUMENTATION

(1) Unicam SP500 spectrophotometer or equivalent.

E. PROCEDURE

(1) Transfer a 4 m aliquot (V)
of the sample to a 25 mJt volumetric flask

using a calibrated glass pipette.

(2.) Add sufficient. 4 M H N O 3
to give a total of 17.5 mmples nitric acid
in the flask (including the sample).

(3) Add 10 mJl of 1.1 M HC1.

„ ,.;,.. ,.-,(,4.);.-,; :Add -,2 .:5- v & of;, 5.Q% hydrp-
xylamine hydrochloride; i n .1 M HGl. . , IS

(5) Dilute to apprpximateiy
24 ml!, with 1.1 3

(6) Stopper the flask and
allow to stand for approximately 12 hours
in a temperature controlled water bath at
20 to 25°C (T).

(7) Dilute to volume with '
1.1 M HC1. Mix. Dry the neck of the
flask-..and the stopper.

NOTES

The quantity.of nitric acid in
the aliquot should be known.
See Section I.I for calibration
of volumetric flasks.

The nitric acid concentration
after dilution is 0.7 M.

Plutonium is reduced to Pu(III).

Reduction is complete in
12 hours.
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(8) Prepare a series of
plutonium standard solutions in the concen-
tration range of 3 to 4 mg/mft as in the
above procedures, except use about 0.12 M
HC1 in steps -3, 5 and 7.

(9) Determine the cell absor-
bance corrections for several 4 cm glass
spectrophotometer cells (see Section 1.2).

(10) Clean the cells succes-
sively with 1 M HC1, water and acetone.
Dry.

(11) Transfer a portion of a
plutonium standard solution to a spectro-
photoineter cell .

(12) Transfer a portion of the
sample solution to another spectrophoto-
meter cel l .

(13) Determine the absorbance
of the sample-(As) against the plutonium
standard solution at 565 nm. A s l i t
width of 0.09 mm is used.

See Section G for calibration
procedure. The final HC1
concentration in the samples
and standards should be the
same, and between 0.8 and 1.0 M.

The Pu standard concentration
should be similar to that of
the sample.

See Sect-ion 1.2 for determination
of the cell blank absorbance
corrections

F. CALCULATIONS

Calculate the plutonium concentration of the sample (Cs) from:

where

CS--

Cc

Ag

F

V

[ F ( A S ' -

plutonium concentration of the sample (mg/mJL)

plutonium concentration of the standard (mg/mJl)

^£ri&^Ki<&:.:b£-'^:.saMi>i& relative to the standard

cell absorbance correction (see Section 1.2)

calibration factor (see Section G)

' calibrated volume of volumetric flask

volume of sample aliquot
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G. CALIBRATION

Accurately weigh suitable portions of the plutonium standard

stock solution into calibrated 25 m& volumetric flasks and proceed as in

paragraphs 2 to 7 in Section E. (The final plutonium concentration should

be in the range of 3 to 4 mg/m& after dilution (step 7, Section E)).

Calculate the plutonium concentration in each flask from:

W x P
c • ~w-

where G = concentration of plutonium standard (mg/m&)

W = weight of Pu standard stock solution (in grams)

P - concentration of Pu standard stock solution (mg/gram)

Determine the absorbances of three of the standard solutions

relative to the fourth (the one of lowest Pu concentration).

Determine the calibration factor (F) from:

S(C - GR)

2(A - AB)

where C = concentration of each of the standards (mg/nA)

CR = concentration of the standard with lowest Pu concentration

A = absorbance of each of the standards

A]j = cell absorbance correction

H. ' ' REFERENCES

Phillips,-, The Analyst, JS3, 75 (1958).
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I. APPENDIX

I.I " CALIBRATION OF VOLUMETRIC FLASKS

(1) Weigh an empty stoppered 25 mS. volumetric flask (W).

(2) Fill the flask to the mark with distilled water.

(3) Record the temperature of the water (t).

(4) Weigh the volumetric flask and water.

(5) Calculate the volume of the flask at the measurement tem-

perature (T) (see step 6, Section E) from the following relationships:

M t - W + 0.0012 ^ - |

V T = Vt + 0.000025 Vt (T - t)

where M t = mass of water in the flask

t = temperature of the water in °C

W ='weight of water in the flask in grams

Dt = density of water at temperature t

B = density of brass (y 8.4)

V t = volume of water at temperature t

V-p = volume of flask at temperature T

and where the fraction 0.000025 represents the cubic coefficient of expansion

per degree Celsius for the volumetric glassware.

1.2 CELL ABSORBANCE CORRECTIONS (AB)

Prepare a cobalt solution as follows: Dissolve 38 grams of

GoCl2'H20 in water and dilute to 500 mi in a volumetric flask. Use this

solution to determine the cell absorbance corrections.

NOTE: The cobalt solution is used in preference to a plutonium solution
because of decreased handling hazards.
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(1) Fill each cell with the above cobalt solution.

(2) Determine the cell with lowest absorbance.

(3) Choose the cell with lowest absorbance as a reference.

NOTE: This cell is normally used for the plutonium standard of lowest Pu
concentration (see procedure 11).

(4) Determine the absorbance correction for each of the other

cells relative to the reference cell.
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12. DETERMINATION OF PLUTONIUM

(Isotope D i lu t ion Procedure)

A. SUMMARY

Plutonium is determined using an isotope dilution procedure

similar to that described by Webster 1 . A tracer of 2l*zPu is added to the

sample, and the mixture is subjected to several oxidation-reduction steps to

ensure chemical equivalence of a l l plutoriium species. The plutonium is

then separated on an anion exchange column, and an isotopic analysis is made

by mass spectrometry.

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Applicability:

0.02 Jig to 100 Jig of Pu in sample aliquot.

Approximately ±1.0% for all of concen-
tration range.

The method is directly applicable to
nitric acid solutions of irradiated
reactor fuels, and to Pu product solu-
tions and fission product waste streams
after fuel reprocessing (see Section H).

C. REAGENTS

All reagents should be analyt ical reagent grade.

(1) 0-1% w/.v hydrpxylamine hydroehlorlde in 1 M HC1.

(2) ' 20% w/v hydroxylamine hydrochloride in 1 M HC1.

(3) HN03 - 3 M, 8'% 1& M.

(4) Strongly basics low cross linked, anion exchange resin

AG1 x 2 (200 to 400 M).
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(5) 2"2Pu tracer solution (y 200 Ug/g) - Dissolve a sample of
2"2Pu02 (Oak Ridge National Laboratories, Tennessee) in a small amount of

concentrated HN03 and 0.005 M HF, and dilute to 10 mfc with 3 M HNO3. Stan-

dardize this solution against a pure plutonium metal standard (NBS 949c)

using the procedure in Section E (omit steps 7 to 12).

D. APPARATUS

(1) Shielded (3,7 facility equipped with remote handling and

sampling devices.

(2) Solid source mass spectrometer - Model 21-703A Consolidated

Electrodynamics Corp. Ltd.

(3) Ion exchange columns - 10 cm x 0.5 cm (diameter) with a

5 mZ. reservoir.

(4) Micro sample vials (y 100 \iH volume).

E. PROCEDURE

E . I FOR SAMPLES CONTAINING 5 TO 300 US OF Pu

- ; (1) Weigh an amountjof the
2If2Pu t racer solution (Wt) into a 10 mil
beaker such that the weight of 2lf2Pu taken
i s approximately equal to the weight of

Pu in the sample a l iquo t .

(2) Add an aliquot (Vs) of
the sample containing from 5 to 100 ug Pu.

NOTES

Weight ratios of sample Pu to
tracer Pu should be approxi-
mately equal to unity for
optimum mass spectrometer pre-
cision.

Dilute the sample with 1 M HNO3

if necessary. (Dilution fac-
tor = D.) If the sample aliquot
contains less than 5 T-lg Pu
refer to Section E.2 for an
alternate procedure. The quan-
tity of U ir the sample aliquot
should be less than 100 mg.
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(3) Add 1 to 2 ml of 3 H HNO3.

(4) Evaporate the mixture to a
small volume (0.5 mS. or less).,

(5) Add 2 mil of 0.1%
NH2OH'HC1 in 1 M HC1 and 2 to 3 drops 20%
NH2OH*HC1 in 1 M HC1 and allow to stand
for 20 to 30 minutes.

(6) Heat gently and evaporate
to low volume.

(7) Add 2 TOSL of cone. HN03
and evaporate to-|&0*2 mil volume.

(8)^ A|d ^ 2 mil 8 M HN03.

(9) Prepare an ion exchange
column containing about i mJl of res in .
Wash the res in bed with 10 mil of 8 M HN03.

the sample
• onto' the column; Wash the column with

15 mil 8 M HNO3. r.c.(\- :.:; •:..•

(11) Elute the Pu with 4 mS,
of 0.1% NH2OH«HC1 in 1 M HC1 in to a 10 mi
beaker.

(12) Heat the eluent gently
and evaporate to low volume ( ^ 0 . 5 mil).

(13) Add 2 mil of cone. HN03
and evaporate to 0.05 to 0 .1 mil.

(14) Transfer the mixture to a
micro sample v i a l for mass spectrometric
analysis of the 2 3 9Pu/2 ' l 2Pu r a t i o .

The two aliquots are more
efficiently mixed in the lar-
ger volume.

In this and successive eva-
poration steps do not allow the
solution to go to dryness. The
possible formation of insoluble
PuO2 will result in poor Pu
recoveries. Quantitative re-
coveries are not required but a
minimum of 5 yg Pu are required
for mass spectrometric analyses
with a Faraday cup collector.

This reduction and the following
oxidation step (step 7) con-
verts the Pu to Pu(IV) before
ion exchange. Isotopic equili-
brium between the sample and
tracer Pu is ensured.

The wash removes uranium and
fission products. The column
flow rate should be about 0.5
to 1.0 m£./min.

NH2OH»HC1 i s destroyed.

Mass spectrometric analyses are
performed according to the pro-
cedures described in reference 2.
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(15) Calculate the plutonium
concentration according to the method
given in Section F.

A Faraday cup collector is used
for samples containing more
than 5 yg of plutonium.

E.2 FOR SAMPLES CONTAINING 0.02 to 5 yg of Pu

(1) Proceed as in step 1,
Section E.I. The weight of the dilute
2lf2Pu tracer solution should be greater
than 0.05 g to prevent:weighing errors
due to evaporation.

(2) Transfer an aliquot of
the sample containing from 0.02 \Xg to
5 lag Pu to the beaker.

(3) Proceed as in steps 3
to 9, Section Ell.

(4) Transfer the sample onto
the column. Wash the column with 15 m&
of 8 M HN03 and with 15 m& of 3 M HNO3.

(5) Proceed as in steps 11
to 15, Section E.I. ;

The 2l*2Pu tracer should be
accurately diluted by weight
with 3 M HNO3 to a concentra-
tion of 2 »ig/g (w).

The final wash with 3 M HNO3

is necessary to minimize the
uranium,concentration in the
aliquot for mass spectrometry.

Mass spectrometric analyses
are,, performed according to the
procedures in reference 2. An
electron multiplier detector
is used for samples containing
less than 5 yg of Pu.

F. CALCULATIONS

Calculate the plutonium concentration [Pu] from:

w -
239.05 ^t
242.06 * Vc.

"100
D
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where w = concentration of 2l*2Pu in the tracer solution (in JJg/g)

^ = 239Pu/21i2Pu atom ratio of the sample/tracer mixture

Rt = 23SPu/2lt2Pu atom ratio of the tracer (obtained by mass
M ... spectrometric analysis of the pure tracer solution)

&s = 239Pu/21f2Pu atom ratio of the sample (obtained by mass
spectrometric analysis of the sample, after separation of
uranium and without addition of tracer)

P = weight % 2-9Pu in the sample (obtained by the mass spectro-
metric determination of the isotopic composition of the
sample)

Wt = weight of the 2"2Pu aliquot (in g)

Vs = volume of sample aliquot (in m£)

C = dilution factor of the original sample

G. REFERENCES

1. R.K. Webster, A.A. Smales, D.F. Dance and L.J. Smee, Anal. Chim.
Acta., 2A, 371 (1961).

2. W.R. Shields, NBS Technical Note No, 277, Washington, D.C.,
U.S. Government Printing Office, 1966.

H. APPENDIX

H.I APPLICATIONS

The method of isotope di lut ion has been applied to the following

types of samples:

(1) Dissolver and feed solutions (1.0 to 1.5 icg/mfc of pluto-

nium) -A sample volume of 0 .1 raH was; di luted to 10 m£ with 1 M HN03. Two mil

of the d i lu ted sample (y 28 yg Pu) was added to a weighed 0.1 mA aliquot of
2I*2Pu t r ace r (^ 20 yg 2 I t 2Pu), The method in Section E.I was used. Mass

ra t ios obtained were normally in the range 0.8 to 1.3.



(2) Raffinate (fission product waste) solutions (0.2 to

100 Ug/m&) - A sample volume of 0.2 m& was aliqubted directly into a weighed

0.05 mSL aliquot of 2l*2Eu tracer (2 g/m&). \ The method-described in Section E.2

was used. Mass ratios obtained were normally in the range 0.1 to 10.0.

(3) Plutonium product solutions (1 to 30 mg/iaH) - The sample

was diluted to a> cbncentratibn of 100 Jig/mft. Oil mS. of the diluted sample

was equilibrated with a weighed 0.05 mfc aliquot of 21fZPu tracer (y 200 yg/g).

The ion exchange steps (7 to 12) in Section E were omitted.

^f!1^:J/SJ^
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13 . DETERMINATION OF TOTAL g , TGTAL v , AND FISSION PRODUCT ACTIVITY

A. SUMMARY

The total 8-activity of a sample deposited on a & counting tray

is measured using an end-window proportional counter. The total y-activity

is determined using a Nal(Tl) detector and individual fission products are

determined using a Ge(Li) detector, directly from solutions in standard

geometry bottles.

B. PERFORMANCE DATA

Activity range: count rate for total B and total y should
be > 100 cpm.

count rate for individual fission products
should be > 50 cpm for each isotope.

Precision (2a): total 3 ±5.5% at 10 000 cpm level
total Y i 10 to 15% (estimated)
fission products ±2 to 20% (depending
on the individual isotope)

Applicability: The methods, have been applied to both
aqueous and organic solvent solutions
containing fission products.

C. REAGENTS

All reagents should sbe analytical reagent grade.

(l) Dilution reagents - HNO3- diethylbenzene (pre-equilibrated

with 2 M HNO3).
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D. APPARATUS

(1) End-window proportional counter (AECL type FB-2).

(2) Nal(Tl) detector and associated counting equipment.

(3) Ge(Li) detector and associated counting equipment.

(4) $ counting trays.

(5) Infrared heat lamp.

(6) Standard geometry bottles (glass or plastic) 30 n# volume.

E. PROCEDURE

NOTES

E.I TOTAL B DETERMINATION

(1) Transfer accurately a
sample aliquot (Vi) to a stainless steel
counting tray using a micropipette.

(2) Evaporate the sample with
an infrared lamp.

(3) Determine the total
6-activity (Ai) on the tray using-an end-
window 2ir proportional counter (opm).

(4) Calculate:

••'•••• •••-••••:i"1 V x c p m / S i f : ^ ! : | f . -

E.2 TOTAL y DETEBMINATION

(1) Transfer accurately a
sample aliquot (V2) to a standard.geometry.-
bottle.

(2) Determine the total
Y-activity (A2) using a Nal(Tl) detector
(cpti).
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(3) Calculate:

Total Y (cpm/mi!.)

E.3 FISSION PRODUCT DETEBMINATION

(1) Transfer accurately a
sample aliquot (V3) to a standard
geometry bottle.

(2) Determine the activity
(dpm) of each individual fission product
using a Y~spectrometer with a Ge(Li)
detector.

(3) Calculate the activity
of each fission product in the sample from:

Fission product (dpm/mJt)
An
V3

where An is the activity of a given fission
product.

The counter efficiency and
branching ratio for each fis-
sion product must be known in
the calculation of dpm from
cpm.
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14. DETERMINATION OF PLUTONIUM(VI)
(Hyamine Extraction Procedure)

A. SUMMARY

Plutonium(IV) is extracted from a 4 M nitric acid with a 1%

Hyainine/benzene solution. The plutonium(VI) remaining in the aqueous phase

is determined by either;

(i) a-counting/a-spectrometry of the aqueous solution, or

(ii) reduction to plutonium(IV)> followed by extraction with

1% Hyamine/benzene and a-counting/a-spectrometry of the extract (used when

samples contain large amounts of other a-emitters and are highly 3,Y active),

The plutonium determination may also be carried out using an

isotope dilution procedure.

B. PERFORMANCE DATA

Concentration range:

Precision (2G):

Applicability:

0.02 to 150 yg Pu(VI) in the sample
aliquot.

±5% at a concentration of 2% Pu(VI).

Thfe method may be used to determine the
Pu(Vi)"concentration of plutonium
solutions. I t has been applied to the
determination of Pu(VI) in nitric acid
solutions of irradiated fuel.

C. REAGENTS

All reagents should be analytical reagent grade.
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(1) Benzene.

(2) Urea solution - 2 mg/mil.

(3) Hydroxylamine nitrate solution - 15% w/v.

(4) Sodium nitrite solution - 7% w/v in 0.5 M nitric acid.

(5) 1% (w/v) Hyamine/Benzene solution - Dissolve 1 gram of

Hyamine 1622 (p-diisobutylphenoxyethoxyethyldimethylbenzylammonium chloride)

in 20 md of distilled water. Add 3 mJt of 3 M HNO3 and stir. Allow the

white precipitate to settle and decant the supernatant. Dissolve the pre-

cipitate in benzene and filter through two Whatman No. 41 filter papers.

Wash the filter paper with benzene and dilute the filtrate and washings to

100 m& with benzene.

D. PROCEDURE

D.I PROCEDURE I

<.l) Transfer an aliquot of
the sample, containing up to 150 ug Pu to
a glass test tube.-"*

(2) Adjust to the acidity to
4 M and ̂  2 mSL volume with nitric acid.

(3) " Add t l m H of 1% Hyainine/

gii^y mix: ?the itwb" ?

benzene'-s

phases for 1 minute.

(5) Â Llow the phases to
separate. Centrifuge if necessary.

(6), Transfer the:Hymanine/,
benzene phase to a volumetric^ flask *

times.
(7) Repeat s teps 3 to 6LtKree

NOTES

To prevent plutonium hydrolysis
do not use HNO3 of less than
0.5 M.

Care should be taken not to
transfer any of the aqueous
phase.

This ensures approximately
99.98% extraction of Pu(IV).
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(8) Dilute to volume (Vi)
with 1% Hyamine/benzene. Proceed to
step 13.

(9) Add 0.1 mft of urea
solution to the remaining aqueous phase
(step 6). Thoroughly mix and allow to
stand for 15 minutes (see note below).

(10) Add 0.1 m& of hydro-
xylamine nitrate solution. Mix.
Allow to stand for 1 hour.

(11) Add 0.1 m& of sodium
nitrite solution. Mix. Allow to stand
for H hour.

(12) Extract the Pu(IV) with
1% Hyaraine/benzene as in steps 3 to 8.
Combine the extracts in a volumetric
flask (Va).

(13) Evaporate appropriate
aliquots from flasks Vi and V2 onto
a-counting trays. Determine the total
a-activity of each solution (see Method 8),
Determine the percentage Z39Pu + 21f0Pu
a-activity by a-spectrometry.

Pu(VI) is reduced to Pu(III).

Fu(III) is oxidized to Pu(IV),

If the a-counting trays contain
much solid, wash the Hyamine/
benzene/plutonium solutions with
1 mR. of 4 M( HNO 3. Prepare
fresh a-counting trays. Analy-
sis by a-spectrometry is not
required if there are no a-
emitters other than plutonium
present.

(14) Calculate the percentage
"'u(vT) in the sample according to the
method given in Section E.

NOTE: If the plutonium sample is lowin other a-emittexs and low. in 3j,Y*-
activity, the aqueous phase after step 8 may be directly made to
volume:(V2) with nitric acid, and analyzed as in step 13.

D.2 PROCEDURE II

(1) Determine the tqft̂ i - i,,.
plutonium concentration (Pu)f in the
sample, using an isotope dilution/mass
spectrometric procedure (see method 12),,
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( 2 ) C a r r y o u t s t e p s 1 t o 7 o f
t h e a b o v e p r o c e d u r e , o n a f r e s h a l i q u o t ( V )
o f s a m p l e . D i s c a r d t h e o r g a n i c H y a m i n e
p h a s e f r o m s t e p 7 .

( 3 ) D e t e r m i n e t h e p l u t o n i u m
c o n t e n t ( P u ) e o f t h e r e m a i n i n g a q u e o u s
p h a s e , u s i n g a n i s o t o p e d i l u t i o n / m a s s
s p e c t r o m e t r i c p r o c e d u r e ( s e e m e t h o d 1 2 ) .

( 4 ) C a l c u l a t e t h e p e r c e n t a g e
P u ( V I ) i n t h e s a m p l e a c c o r d i n g t o t h e
m e t h o d g i v e n i n S e c t i o n E .

E. CALCULATIONS

E.I PROCEDURE I

C a l c u l a t e t h e p e r c e n t a g e P u ( V I ) i n t h e s a m p l e f r o m :

v -D ftr-rS • 1 Ca X .P2 X V2 X 1 0 0
% Pu(VI) in sample = - f c ^ p ^ + (VaP2C2)

w h e r e P 2 = %
 2 3 9 P u + 2 l * ° P u b y a - a c t i v i t y i n f l a s k V 2

P i « % 2 3 9 P u + 2 " * ° P u b y a - a c t i v i t y i n f l a s k V i

C 2 = t o t a l a d p m / m A i n f l a s k V 2

..•".. ? C | v = t o t a l a d p r a / m i n f l a s k V j

N O T E : I f h o i a - i - e n i i t t e r s o t h e r t h a n p l u t o n i u m a r e p r e s e n t , t h e n P j = P 2 i n
t h e a b o v e c a l c u l a t i o n , a n d a - s p e c t r o m e t r i c a n a l y s i s i s n o t r e q u i r e d .

E . 2 P R O C E D U R E I I

Calculate the percentage Pu(VI) in the sample from:

% Pu(VI) in the sample = v H*tPu)f

w h e r e u ( P u ) e > m g o f p l u t b n i u m i n t h e a q u e o u s p h a s e a f t e r e x t r a c t i o n

V - . v o l u m e o f s a m p l e a l i q u o t ( m S . ) f o r t h e e x t r a c t i o n

( P u ) T " = m g p f p l u t o n i u m / m H o f o r i g i n a l s a m p l e
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15. DETERMINATION OF PLUTONIUM OXIDATION STATES
(Spectrophotometric Procedure)

A. SUMMARY

The oxidation states of plutonium are determined directly in

nitric acid solutions by spectrophotometric measurement of their absorption

spectra.

The method is used to determine Pu(III), Pu(IV) and Pu(VI)

separately or in mixtures, and may also be used in the presence of U(VI) .

The individual concentrations are determined by calculation from the molar

absorptivities, and the total plutonium concentration is> determined by

summation of the individual concentrations. The presence of Pu polymer may

also be detected. ;-< •;; •

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Applicability:

The lower limit of determination is:
(i) 80 ug/mH for Pu(III) and Pu(IV).
(ii) 5 yg/mH for Pu(VI) using 1 cm

c e l l s . ^.-••..P-K..

(iii) 200 yg/m£ for Pu polymer."'

± 4% for sample concentrations of:
(i) 50 Ug/mJl for Pu(VI).
(ii) 350 yg/nA for Pu(III) and Pu(IV) .

using 1 cm cells, • "

The method is suitable for samples pf
plutonium in 1.7 M nitric acid solutions.
A variation of ±0.2 M will not affect
the accuracy by more than ± 1%.
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C. INSTRUMENTATION

(1) Visible-ultraviolet spectrophotometer and accessories.

D. PROCEDURE

D.I PURE PLUTONIUM SOLUTIONS

(1) Transfer an aliquot of the
sample to a 5 m8. volumetric flask. Dilute
with nitric acid so that the final nitric
acid molarity is between 1.5 and 1.9 and
the plutonium concentration is less than
5 m g / m & " . - •••••• • •

(2) Determine the absorbance
wof the sample against a 1.7 M nitric acid
reference at the following wavelengths:
(a) 660 nm if only Pu(IV) is present;
(b) 565 nm if only Pu(III) is present;
(c) 834 nm if only Pu(VI) is present at

less than 1 rag/mi?-;
(d) 955 nm if only Pu(VI) is present at

greater than 1 mg/mil;
(e) appropriate combinations of these

wavelengths to determine multi-valent
samples;

(f) for Pu polymer, plot spectrum from

NOTES

This procedure should be car-
ried out in a glove box if the
in i t i a l plutonium concentration
is greater than 5 mg/vcA. Use
dilute nitric acid (> 0.5 M)
for dilution.

Measure the absorbance with a
0.02 nm s l i t width. Determine
the exact peak wavelength by
searching for the maximum ab-
sorb ances.

about 622 nm.

D.2 PLUTONIUM IN THE PRESENCE OF URANIUM

(1)- Prepare the sample as in
procedure 1, Section D.I.

(2) Prepare a reference
solution of slightly lower uranium con-
centration than the sample and with a
nitric acid concentration of 1.7 M.
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(3) Determine the absorbanee
of the sample against the reference solu-
tion at various wavelengths. For best
results, plot the absorbance spectrum and
determine the net plutoniuc absorLance
above uranium background.

E. CALIBRATION

E.I PREPARATION OF STANDARDS

PLUTONIUM(III)

Dissolve 0.5 gram of Pu metal standard (NBS 949c) in 15 m& of

6 M HC1. Dilute 'to 25 mJi with 1 M HC1. Transfer a se r i e s of aliquots (20,

40; 60;, and 80 mg of Pu) to a 25 mA volumetric flask. Add 1 mil of 3.75 M HN03

and 12.5 M of 10% w/v hydroxylamine hydrochloride. Dilute to volume with

1 M HC1. Allow to stand for 2 hours.

PLVTONIUM(IV)

Transfer a ser ies of al iquots (20, 40, 60 and 80 mg of Pu) of

the above Pu metal standard to- a 25 vA volumetric f lask. Add several drops

of a 15% w/v NH2OH'HNO3/0.5 M HNO3 so lu t ion and 1 mK, of 15% NaN02 (in

0.5 MHNO3). Dilute to volume with HN03 so .that the f ina l n i t r i c acid con-

centrat ion i s 1.7 M.

PLUTONIUMVT)J ' - ' - „ • ' ,fe r ' '

Transfer a series of aliquots. (20, 40, 60 and'80 mg of Pu) 'tip a

25 mi round bottom flask. Dilute to 10 m& with HNO'3 so;'that the nitri&s a&ld

concentration is 0.7 M. Reflux for 10 hours. Dilute.to'25 md with HNO3 so

that the final nitric acid concentration' is 1.7 M; " '
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E.2 GRAPHS AND CALIBRATIONS

(1) Construct c a l i b r a t i on graphs of absorbance vs plutonium

concentration for each of the standards in Section E.I at the following

pa r t i cu l a r wavelengths:

Pu(III)\ 565 nm

Pu(IV) 660 nm

Pu(VI) 834 nm and 955 nm

NOTE: The calibration graph for Pu(VI) at 834 nm Is valid for Pu concentra-
tions tip to 1 mg/mS.. For higher concentrations, measure the absorb-
ance at 955 nm.
The calibration graph for Pu(lII) in 1 M HOI is valid for ni tr ic acid
concentrations up to 2 M.

(2) Determine the molar absorptivity of each plutonium oxida-

tion state at each of the following wavelengths: 565 nm9 660 nm, 834 nm and

955 nm.

NOTE: The molar absorptivities determined experimentally at WNRE are shown
in Appendix G.I.

F. CALCULATIONS

(1) r'Where plutonium is present only in one oxidation state,

determine the plutonium concentration from the particular calibration graph.
C ' ' • ' ' f ',," ' • • ; • • •

(2) Where several oxidation states of plutonium are present»:-

calculate each concentration from simultaneous Beer's law equations:

AX = ( e j 1 1 c 1 1 1 t ) + <e£v c I V t ) + ( e f c V I t)

where A, = absorbance at a particular wavelength
A J , - • - • - ••• •• ;

J ' E,, = molar absorptivity of the oxidation states at that wave-
1 length

c = molar concentration of the oxidation states

t = cell path length



Solve the following simultaneous equations for the oxidation s ta te concen-

t ra t ions: . . ; ..,.,.,,. ,, ,/,,., ,.,,;,.;•

AS65 ^ S l t ^ l ^ ^

A660 = 0=660 G t ) + ( E 6 6 0 C t ) + (E660 C , t)

A355 = .feffi c111 t) +1 (eR, cIV t) + (JIs cVI t)

NOTE: Where only trace quantities of a particular oxidation state are pre-
sent, plot the spectrum in the region of interest and determine the
net absorbance of the oxidation state above the absorbance of the

;,, % i major^ components » ^Calculate jt̂ ie . concentrations from, the, calibration
, . ; g r a p h i . ':'•••'-•"'••'• ; "'"-'' - ' ••' ' ; ' •;; '

G. APPENDIX

G.I PLUTONIUM OXIDATION STATE MOLAR ABSOSPTIVITIES

The following molar dbsorptivities were determined experimentally
P

at WNRE. Some values for freshly prepared plutonium polymer (e,) are also

shown. •. -- - . >

III IV VI

£565 = 37.1 " E565 s- 8.A . £565 = 2.5

£660 = 8.4 £660 = 33.3 eY;60 = 0.8

= 1.2 e5V5 = 2.6 EY1 5 = 22.4I I I • , I V " VI"
£831, = 5 . 4 F,B3h = 1 0 . 3 „ . . . . . . - e B 3 i i = 2 6 1

£565 ^ 9 : 6622" ^ 18 ' "-' • "' £660 ^ 12

12
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16. DETERMINATION OF AMERICIUM-241 IN PLUTONIUM

(Hyamine Extract ion Procedure)

A. SUMMARY

The plutonium in the sample is conditioned to Pu(IV) with ferrous

ammonium sulfate and sodium nitrite and is then extracted into a solution

of 1% Hyamirie/benzene. The americium-241 which remains in the aqueous phase

is determined by a-counting and a-spectrometry.

B. PERFORMANCE DATA

Limit of detection:

Precision (2a):

Applicability:

approximately 0.1% by a-activity or
10^ dpm/mS,.

± 10% (estimated) at 1% 2lflAm level.

The method is suitable for the determin-
ation of 2'*1Am in nitric acid solutions
of plutonium and in solutions of irra-
diated fuel.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) 1% (w/v) Hyemine/Benzene - Dissolve 1 gram of Hyamine 1622

(p-diisobutylphenoxyethoxyethyldimethylbenzylammonium chloride) in 20 mft of

distilled water".'. Add 3 ml of 3 M HN03 and s t i r . Allow the white precipitate

to settle and decant the supernatant. Dissolve the precipitate in benzene

and f i l ter through two Whatman No. 41 f i l ter papers. Wash the f i l ter paper

with benzene and dilute the f i l t ra te and washings to.100 ml with-benzene.
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(2) 20% w/v Ferrous Ammonium Sulfate - Dissolve 2.0 g of

ferrous ammonium sulfate in 10 mJl of distilled water and 0.2 mSL of 10% w/v

sulfuric acid. Mix and filter.

(3) 7% w/v Sodium Nitrite - Dissolve 0.7 g of sodium nitrite in

10 m& of distilled water and filter.

D. PROCEDURE

(1) Transfer an aliquot (Vi)
of the sample to a 10 mA volumetric
flask (VZ).

(2), Adjust the solution to
4 M with nitric acid

(3) Add one drop of 20%
ferrous ammonium sulfate and mix.

(4) Add one drop of 7%
sodium nitrite solution and mix,

(5) Dilute to volume with
4 M nitric acid. • ,,

(6) Transfer 2.0 v& of the
diluted solution to a ground glass
stoppered centrifuge tube.

(f) ' Add 2 m£ of % famine/
benzene solution. -

(8) Stopper the centrifuge
tube and shake for thirty seconds.
Ensure the phases are well mixed.

(9) Centrifuge the sample
to separate the phases.

(10) Remove and discard the
Hyamine/benzene phase.

NOTES

The aliquot should contain 10E

to 106 dpm total a-activity.

Plutonium is reduced to Pu(III)

Plutonium is oxidized from
Pu(III) to Pu(IV).

Care should be taken not to
remove any of the aqueous
phase. •

(11) Repeat steps 7 to 10 for
a second extraction.
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(12) Evaporate a portion (V3) Care must be taken not to
of the aqueous phase on a stainless steel transfer any of the solvent
a-counting tray. phase to the counting tray.

(13) Heat the counting tray
to red heat in a flame.

(14) Determine the total a-
activity (Ai) on the tray (in dpm).

(15) Evaporate a portion (Vif)
of the original undiluted sample solution
containing 10** to 10s dpm a as in steps
12 to 14 and determine the total a-activity
(A2) of the sample (in dpm).

E. CALCULATIONS

Calculate the zlflAm ac t iv i ty (Di) in the sample from:

Di = T7̂ - x rr— dpm/mil

Calculate the t o t a l a -ac t iv i ty (D2) of the sample from:

The percentage of ZH1Amby a-activity (P) is thus:

P = ~ x 100

;>H.;-L-t I*
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17. DETERMINATION OF; *»
lAm

(y-Spectrometry)

A. SUMMARY

Americium-241 is determined directly in a sample by measurement

of its 60 keV Y-ray (branching ratio is 0.36) using a Ge(Li) detector and

associated y-spectrometer. Where plutonium and uranium are present, a

correction for their y-activity and y-absorption is made.

B. PERFORMANCE DATA

Limit of detection:

Precision (20):

Applicability:

about 10 dpm in the presence of 300 mg U
and 2 mg Eu.

± 3% if U and Pu not present.
± 10 to 15% if U and Pu are present.

The method may be used to determine ZIflAm
in solutions containing U arid Pu. Fission
product y-activities must be taken.

C. REAGENTS

(1) Standard uranium solution (100 mg/mS,) - Accurately weigh

21 g of uranyl nitrate hexahydrate and dissolve in water. Dilute to 100 mJL

(2) Standard plutonium nitrate solution (1 mg/mil) - Prepare

from any suitable plutonium nitrate solution'by dilutibn=Tirithl-M nitric

' a c i d . • " " ? ? * " """*' ' •' ••'*••"

(3) Standard 2l>1Ara solution (10 }iGi/mil) - Available from Radio-

chemical Centre, Amersham, England.
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D. INSTRUMENTATION

(1) Ge(Li) detector and associated y-spectrometer.

(2) Standard geometry counting bottles (30 m&, polyethylene),

E. PROCEDURE

(1) Transfer a sample aliquot
(V) to a standard geometry bot t le .

(2) Determine the 2"1Am y-
activity (C) at 60 keV by y-spectrometry
(in dpm).

(3) Determine the ai|1Am
activity (A) of the sample from:

NOTE: I f U arid Pu a r e p r e s e n t , determine c o r r e c t i o n s as fo l lows:

URANIUM

(1) Estimate the U concentration in the sample. Transfer an

amount of D standard equal to this to a standard geometry bottle. Add a

portion of 21tlAm standard solution containing an amount of 2l>1Am equal to

that in the sample. Determine the 21flAm activity.

(2) Add a portion of 2"lAm standard solution containing as much
2lllAm as is estimated to be present in the sample to a counting bottle not

containing uranium. ^Determine the 2"*xAm.activity.

(3) From the activity measurements in (1) and (2), determine

the amount of y-absorption. Express as % recovery (R).

Apply this correction to the sample activity calculation in

paragraph 3.
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PLUTONIUM

(1) Using the Pu standard t r ans fe r an amount of Fu equal to

that in the sample to a standard geometry b o t t l e .

(2) Determine the ac t iv i ty (B) using the same energy l imi ts as

for the integrat ion of the 60 keV 2lllAm peak.

(3) Subtract t h i s value from the ac t iv i ty determined in para-

graph 2, Section E.

(4) Also determine the y-absorption by Pu with a 2lflAm/Pu mix-

tu r e , as for uranium. Express as % recovery (P).

Calculate the corrected a c t i v i t y (Ac) in dpm/m& from:

A - C - B 100 100
Ac ~ v s R X P

• _;-;o ':-.
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1 8 . DETERMINATION OF ACIDITY IN SOLUTIONS CONTAINING
URANIUM AND PLUTONIUM

A. SUMMARY

Acidity is determined by titration with standard sodium hydroxide

using bromothymol blue as indicator. Sodium fluoride is added to the sample

to prevent hydrolysis of plutonium and uranium.

B. PERFORMANCE DATA

Concentration range:

Precision (20):

Applicability:

0.02 mmoles to 3 nmoles in the sample
aliquot.

± 1% at the 1 mmole level.

This method is suitable for the deter-
mination of the acidity of aqueous and
organic solvent solutions containing
uranium and plutonium. No interference
was found for sample aliquots containing
up to 0.14 mg of plutonium and 80 mg of
uranium.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) Standard 0.1 N NaOH'"- Dissolve 4 g of sodium hydroxide in

200 ml of water. Dilute with water to 1 litre. Standardize with standard

hydrochloric acid or potassium hydrogen phthalate.

(2) 1.4% NaF - Dissolve 14 g of sodium fluoride in 200 mX, of

waters Dilute to•-•!: litre with water.
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es) 0.2% Alcoholic Bromothylmol Blue Indicator - Dissolve 0.2 g

of bromothymol blue in 50 m£ of methanol. Dilute to 100 mSL with methanol.

D. PROCEDURE

(1) Add 30 ml of 1.4% sodium
fluoride to a 250 vaU conical flask.

(2) Add 10 drops bromothymol
blue indicator.

(3) Transfer the sample
aliquot to the flask.

(4) Titrate with 0.1 M
sodium hydroxide to the first permanent
blue colour.

(5) Determine the blank titer
by the above procedure.

NOTES

The aliquot should contain
0.02 to 3 mmole of acid.

If the quantity of acid in the
sample is less than 0.5 mmole,
0.01 M sodium hydroxide titrant
should be used.

E. CALCULATIONS

Calculate the acidity of the sample from:

Acidity (normality) = <T "

where

N

V

sample titer (m£ of sodium hydroxide)

blank titer (m£ of sodium hydroxide)

sodium hydroxide normality

sample aliquot in m&
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19. DETERMINATION OF SULFATE IN
NITRIC ACID/SULFURIC ACID MIXTURES

A. SUMMARY

Sulfate is determined by titration with lead nitrate in an

aqueous/methanol medium at a controlled pH using PAN (l-(2-pyridyl-azo)-2-

naphthol) indicator. If milligram quantities of plutonium or other cations

are present, a preliminary cation exchange separation is performed.

B. PERFORMANCE DATA

Concentration range:

Precision (2o*) :

Applicability:

0.01 to 1 mmole in sample aliquot.
Maximum aliquot is 10 mJL

± 2% at 0.1 to 1 mtnole sulfate.

The method is suitable for the deter-
mination of sulfate in the presence of
nitric acid, and has also been applied
to Alamine 336/diethylbenzene solutions.
Up to 30 yg of Pu in the aliquot: may be
tolerated. If Pu is not present, the
total acidity is also determined.

C. REMNTS,'

iw.ŝ vo v r »? All ̂ agehtss should be: analytical reagent grade.

(1) 0.1 M Lead Nitrated -Dissolve: 33 g of Pb(NO 3)2 in 1 liter

of H2O. Standardize against 0.1 M H2S0v.

(2) 1 M NaOH - Dissolve 40 g of NaOH in 1 liter of H2O. Stan-

dardize with potassium hydrogen



(3) 0.2% PAN indicator in methanol.

(4) 0.2% phenolphthalein in methanol.

(5) Hexamine buffer - Dissolve 140 g of hexamethylene tetramine

in 500 mil of H2p.
(6) 0.5 N HNO3 and 0.1 N HN03.

(7) Methanol.

(8) Strongly acidic ion exchange resin - Dowex 50 x 8 (50 to

100 mesh).

D. PROCEDURE

D . I CATION EXCHANGE SEPARATION OF P u FROM AQUEOUS SOLUTIONS

• " '"' •'' '"!'.' "''' ' ''NOTES

(1) Prepare a column of Dowex
50 x 8 resin (10 cm x 0.4 cm). Wash the
resin with 15> mH of 7 M̂ HNOsV followed by
15 mil of 0.5 MHNO3. •-'"'• ;

(2) Adjust the sample (Vi)
acidity to 0.5 to 1 M HNO3.

(3) Transfer the sample to the A 25 mJl volumetric is su i table
column. Collect the e luate in a volumetric (V2).
flask. • ,

(4) Wash the column with 10 mil
of 0.1 M HNO3. Combine in the volumetric
flask.

(5) Evaporate a suitable Proceed with the titration if
aliquot of the solution on a stainless the Pu in the titration aliquot
steel counting tray and determine the is less than 30 yg. •'
total a-activity.

D.2' DETERMINATION 01) SULFATE

J£ ..Qfii i»
•°i , • (6)- Transfer accurately an Aliquot, should contain 0.1 to
0 ' aliquot (V) of the eluate to a 250 mil 1 mtnole of sulfate.
** conical flask, • * 3 iw ms^a-mh
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(7) Add H2O to make the
aqueous volume equal to 10 mil.

(8) Add 3 drops of phenol- for organic solvent solutions,
phthalein. Titrate with 1 M NaOH (VA) to a very rapid stirring is required,
pink end point.

(9) Add 1 vA of 0.5 M HN03

(pipette) and 3 m£ of hexamine buffer.

(10) Add 70 ml of methanol and
3 drops of PAN indicator. Mix thoroughly.

(11) Titrate with 0.1 M
Pb(N03)2 (VT).

(12) Determine a reagent blank Use a HNO3 solution to simulate
the sample.

E . CALCULATIONS

Determine gulf ate molarity [SO i»] as follows:

where M - molarity of lead nitrate

If a Pu; ion exchange separation was done, then the sulfate

molarity..is: ^ ; : . - • . ' • • • • . , , . • - , - . ; '

If no Pu is present in the sample, the total acidity of the

sample may also be determined in the titration:

Total acid (normality) ~ ^

where NB is the normality of NaOH titrant
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2 0 . DETERMINATION OF H2
35S0u BY LIQUID SCINTILLATION COUNTING

A. SUMMARY

The concentration of labelled H235S0ij in plutonium solutions is

determined by scintillation counting of the 35S ̂ -activity, after separation

of the plutonium by ion exchange. The channels ratios method'1^' is used to

correct for quenching effects of the solvent media.

B. PERFORMANCE DATA

Activity range: 5 to 5 000 nCi of H2
35SOit.

Precision (2cr): ± 10% at 5 to 900 nCi of H2
35SO4,

Applicability: The method is applicable to Pu(S0i»)i,
solutions containing H235SOi,. The Pu
and HNO3 content of the sample aliquot
should be less than 50 mg and 4 mmole
respectively.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) HNO3 - 0.5 M,~8 M.

(2) NE 220 l iquid s c i n t i l l a t o r (Nuclear Enterprises L td ; ) .

(3) Strongly ;acidicv cation exchange res in (AG50 x 8,- 10QKto

200 M).

(4) 15% NHj>OH»HNQ3-in 0.5 M HN03.

v'5) 15% NaN02 in 0.5:
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D. INSTRUMENTATION

(1) Liquid scintillation counter - Mark I, Nuclear Chicago

Corp., Des Plaines, Illinois,

(2) Liquid scintillation counting vials - Nuclear Enterprises

Limited.

E. PROCEDURE

(1) Prepare an ion exchange
column 5 x 1 cm using AG50 x 8 (100 to
200 M) resin. Wash the column with 10 mil
of 8 M HNO3 followed hy 10 mfc of 0.5 M HNO3.

(2) Transfer the sample
aliquot into sufficient 0.5 M HNO3 to lower
the final HNO3 molarity to less than 1 M.
The final volume should be less than 4 m&.

(3) Add 1 or 2 drops of 15%
NH2OH*HNO3 and allow to stand for 15 min.

0.5 M HNO3.
(4) Add 0.5 wSL 15% NaN02 in

(5) Transfer the sample to the
ion exchange column. Collect the effluent
in a 10 mfc volumetric, flaskv Wash, the
column with .additional. 0.5 M HNO3 until
10 mfc have been collected. ""

(6) Transfer a 1 mS. aliquot
from the volumetric flasfc into a liquid

f ^ c i n t i l l a t i o n vial containing 15 mA NE 220.

If the Pu activity (in curies)
is less than the activity of

S (in curies), ion exchange
steps 1 to 5 may be omitted.

The aliquot should contain 5 to
5,000 nCi
50 mg Pu.

35 S and less than

Plutonium is reduced to Pu(III).

Plutonium is oxidized from
Pu(III) to Pu(IV).

See Section I . I for operating
instructions of the liquid
scintillation counter.

F. EFFICIENCY CALIBRATION

'Construct-a graph of efficiency vs channels B/A count ratio

(seeSection I.I); ,tq1 correctfor solvent quenching as follows:
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(1) Transfer approximately 10 000 dpm 35S standard into each of

6 scintillation vials each containing 15.0 mil of liquid scintillator.

(2) Add 0.1, 0.3, 0.5, 0.7 and 0.9 mmoles of HN03 to 5 vials,

keeping the aqueous volume constant. An equal volume of H2O is added to

the sixth vial.

(3) Obtain 35S cpm in channel C and the channels B/A count ratio

as in steps 1 to 10 in Section I.I.

(4) Calculate the efficiency for each standard from

E = -^ x 100DR

where CR = cpm of 35S in channel C

DR = dpm of 35S added

(5) Plot E vs the channels B/A count ratio for each standard.

G. CALCULATIONS

Read E (sample) from the graph using the value of the channels

B/A count ratio determined for the sample,, Calculate the activity of 3SS in

the sample (Dg) from:

S E S a

where Ds = 35S dpm/md of sample

Gc = observed 35S cpm of sample

, •, . . •, E g i , = , , . , ' f j j E f i c ^ L e n c y •""'•"'•' ;"""'"* ;"' *"'''" - ; " * : - ' = - • •.••-•-

' : ; - ; a a = a l i q u o t ' ^ ; - 1 ; ; '•'•• :-- c . : . ;.• -•-•: ';<i- •••-••: . : • • • • < • • : ^ . - j • • t , - i • ' . h i : ••,•;;

is calculated from:

M - Mo —
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where M = SOi,= m o l a r i t y of sample

Mo = SOi»= m o l a r i t y of s tock s o l u t i o n

Do = dpm/mft of s t ock s o l u t i o n

Dg = dpm/m& of sample

H. REFERENCES

1.

2.

J.K. Weltman and D.W. Talmage, Int. J. of App. Rad. and Isot.,
JL4, 541 (1963).

E.T. Bush, Anal. Chem., 35, 1024 (1963).

I. APPENDIX

I.I OPERATING INSTRUCTIONS FOR THE NUCLEAR CHICAGO MARK I LIQUID
SCINTILLATION COUNTER

one hour.

(1) Insert sample vials into the counter and allow to cool for

(2) Turn on channels A, B and C.

(3) Set the attenuator on all channels to F (coarse), 0.0. (fine),

(4) Set the window switch to "L-U" position and adjust the

lower and upper windows as follows:

LOWER UPPER

iGhanneleA
Gtiannel B
Channel C

0.7 V
1.2 V
0.7 V

1.2 V
2.5 V
2.5 V

v-'••-•-'•r-^5'ji g e t t n e "program" switches as follows:

"Start" - set to "Auto Recycle"
••• "Sttop'V - set to "Time or Count"

"Print" - set to "Ratio"
"I ; > "Ratio" - set to B/A
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(6) Set the "Preset" dials of sealers A and B to 20 000 and of

sealer C to 40 000.

(7) Set the "Low equnt reject"•, for each channel to "off".

(8) Set "minutes" dial to 10 minutes.

(9) Set the "Sample changer programmer module" as follows:

"External standard" - set to "Off"
"Select s tar t" - set to "Auto Recycle"
"Repeat count" - set to 1
"Operation" - set to "Program"

(10) Read cpm in channel C and the Channels B/A count ratio.
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21. DETERMINATION OF THE TOTAL AMINE CONTENT OF MIXTURES OF

PRIMARY, SECONDARY AND TERTIARY ALIPHATIC AMINES

A. SUMMARY

The combined total amine content of the sample (primary, secon-

dary and tertiary) is determined by titration with HCl/isopropanol. The

titration is performed potentiometrically in an ethylene glycol monomethyl

ether/isopropanol medium.

B. PERFORMANCE DATA

Concentration range:*

Precision (2a):

Applicability:

0.1 to 1 mmole of amines in the sample
aliquot.

± 0.6% for 0.8 mmoles in sample aliquot.

The method is suitable for the deter-
mination of total amines in Alamlne 336/
diethylbenzene solutions.

REAGENTS

All reagents should be analytical reagent grade.

(1) Ethylene glycol monomethyl ether/isopropanol mixture - Mix

equal volumes of the two reagents.

(2) 0.1 M HC1 in isopropanol standard titrant - Add 0.83 m£ of

12 M HC1 to a 100 m& volumetric flask. Dilute to volume with isopropanol.

Standardize against sodium hydroxide standard.
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D. INSTRUMENTATION

(1) Potentiometric titrator with glass/calomel electrode.

E. PROCEDURE

NOTE: If the sample contains HNO3, neu t ra l i ze by shaking with 4 M NaOH.
Wash the sample 3 times with water before t i t r a t i o n .

NOTES

(1) Transfer accurately an The sample should contain 0.1
aliquot (Vi) of the sample to a 50 mA to 1 mmole of amine. A 5 mil
beaker. aliquot of 0.15 M Alamine 336/

diethylbenzene is suitable.

(2) Add 35 m£ of ethylene
glycol monomethyl ether/isopropanol. Mix
thoroughly.

(3) Titrate the solution
with 0.1 M HC1 reagent using a potentio-
metric titrator with a glass/calomel
electrode.

(4) Determine the end point
from the point of inflection of a
potential versus titrant volume curve.
Volume of titrant is V2.

(5) Determine the blank (VB)
of reagents.

F. CALCULATIONS '

Determine the total amine molarity (Mj) from:

(V2 - VR) N
 ;

where N = normality of HG1 titrant.
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2 2 . DETERMINATION OF THE TERTIARY AMINE CONTENT OF MIXTURES OF

PRIMARY, SECONDARY AND TERTIARY ALIPHATIC AMINES

A. SUMMARY

The concentration of tertiary amines is determined by titration

with HCl/isopropanol. Primary and secondary amines are acetylated before

the t i tration, which is performed potentiometrically in an ethylene glycol

monomethyl ether/isopropanol medium.

B. PERFORMANCE DATA

Concentration range:

Precision (2a):

Applicability:

0.1 to 1 mmole of tertiary amine in the
sample aliquot.

±0.6% for 0.8 mmole in sample aliquot.

The method is suitable for the deter-
mination of tertiary amines in Alamine 336/
diethylbenzene solutions containing small
amounts of primary and secondary amines.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) Ethylene glycol monomethyl ether/isopropanol mixture - Mix

equal volumes of the two reagents.

(2) 0.1 M HC1 in isopropanol standard titrant - Add 0.83 mS, of

12 M HC1 to a 100 mil volumetric flask. Dilute to volume with isopropanol.

Standardize against a standard NaOH solution.
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D. INSTRUMENTATION

(1) Potentiometric titrator with glass/calomel electrode.

E. PROCEDURE

NOTE: If the sample contains HNO3, neutralize by shaking with 4 M NaOH.
Wash the sample 3 times with water before titration.

(1) Transfer accurately an
aliquot (Vi) of the sample to a 50 mJl
beaker.

anhydride.
15 minutes.

(2) Slowly add 10 mi of acetic
Stir and allow to stand for

(3) Add 30 mi, of the ethylene
glycol monomethyl ether/isopropanol mix-
ture.

(4) Titrate, the solution with
0.1 M HC1 reagent using a glass/calomel
electrode.

(5) Determine the end point
from the point of inflection of a potential
versus titrant volume curve. Volume(of the
titrant is V2.

(6) Determine the blank
of the reagents.

NOTES

Sample should contain 0.1 to
1 mmole of tertiary amine. A
5 mft aliquot of 0.15 M Alamine
336/diethylbenzene is suitable.

F. CALCULATIONS

Determine the tertiary amine molarity (Mt)

M*
(V2 ~
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where N = normality of HC1 titrant

If the total amine concentration (MT) is known (Method 21), the

mole percentage of tertiary amine may be calculated as follows:

Mt

Mole % (tertiary amine) = — x 100
Mf
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23. DETERMINATION OF THE PRIMARY AND SECONDARY AMINE CONTENT OF
MIXTURES OF PRIMARY, SECONDARY AND TERTIARY AMINES

A. SUMMARY

Primary and secondary amines react with carbon disulfide to form

dithiocarbamic acids. These acids are titrated potentiometrically with NaOH

in a 25% pyridine/isopropanol medium.

B, PERFORMANCE DATA

Concentration range:

Precision (2a):

Applicability:

1.5 to 45 Umole of combined 1° and 2°
amines in the sample aliquot.

± 3% at the 6 ymole level.

The method is suitable for the deter-
mination of combined primary and secon-
dary amines in Alamine 336/diethylben-
zene solutions. Tertiary amines at the
1 mmole level do not interfere and the
method has been used in the presence of
a 3:1 mol̂ .i* ratio of uranium to amine.

C. REAGENTS

All reagents should be analytical reagent grade.

(1) 0.01 M NaOH in isopropahol/ethylene glycol motiomethyl ether

standard t i t rant ,

(2) Carbon disulfide.

(3) Pyridine/isopropanol mixttirer -^ jfcLx 250 mil of pyridine and

750 mil of isopropanol
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(4) Isopropanol/ethyiene glycol monomethyl ether mixture - Mix

250 mil of isopropanol with 25 mil of ethylene glycol monomethyl ether.

D. INSTRUMENTATION

(1) Potentiometric titrator.

(2) Magnetic stirrer.

E. PROCEDURE

NOTE: PfflTEEATMENT'OFSAt&LES CONTAINING ENO% OR K'-'Wash the sample with
an equivolume of 4 | NaOH. All acid should be neutralized in one
washing to prevent loss of primary amines into an acidic aqueous
phase. Centrifuge and separate the phases. Wash the organic phase
with 5 equivolume water washes to remove entrained NaOH before pro-
ceeding with the t i t ra t ion.

: NOTES

(1) Transfer a suitable aliquot
(VA) into a 30 mil beaker. Add 22 mil of
pyridine/isopropanol mixture.

(2) Add 1 mil of CS2. Stir.
Let stand for 15 minutes.

(3) Titrate with NaOH (normal-
ity Ng), using a potentiometric titrator
with a glass/calomel electrode.

(4) Determine the end point (VT)
from a plot of potential versus titrant
volume.

(5) Determine a blank titration Titration should be performed
(VB) for the reagents. slowly.
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F. CALCULATIONS

Determine the combined primary and secondary amine molarity (Mp+S)

(VT - VB) x NB

NOTE: Diethylbenzene will interfere with the method. A correction must be
applied which varies with the treatment of the sample solvent:

SOLVENT TESATMENT CORRECTION (FOR 0.01 N NaOH TITRANT)

Technical grade

diethylbenzene Add 0.113 mSL to VT for each mS. of diethylbenzene

Dis t i l l ed diethylbenzene Add 0.088 mS> to V-p for each m& of diethylbenzene

Base washed diethylbenzene Add 0.063 mS. to V̂ , for each mil of diethylbenzene
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