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DETERMINING GALLIUM FROM PLUTONIUM
USING ANION EXCHANGE AND X-RAY FLUORESCENCE

by

Calvin J. Marten and James M. Hansel

ABSTRACT

Gallium in plutonium is determined using anion exchange and x-ray fluores-
cence. A 6M HC1solution of plutonium, with ascorbic acid added, is passed through
an anion exchange resin column. This process sticks the gallium to the resin and
allows the plutonium to pass through the column. Zinc, as an internal standard, is
pipetted into an empty beaker into which the gallium is eluted with 0.02M HCL This
solution is then evaporated to approximately 2 mL and is transferred to a 10-mL
volumetric flask. The solution is poured into an x-ray cell, and the Ku line for both
gallium and zinc are read on the x-ray instrument. We then compare the ratio of the
intensities for gallium and zinc from a sample with that from standaxds. The relative
standard deviation for the range 0.270 to 1% gallium is 0.36%.

INTRODUCTION
A method to determinegallium

in plutoniumwas desired to
replace a spectrophotometric
procedure using an oxine-chloro-
form extraction.* Becausegallium
adsorbs toanionexchangeresin
betterthananyanotherelementin
theperiodicchart,2weusedanion-
exchangecoupledwithx-ray
fluorescenceto determinegallium
in plutonium.Becausegallium
hasa Kcxlinewithan energyof 9.2
KeV,it is anoptimalelementfor
x-rayanalysis.

To achievethebestprecision
possible,wechosezincas our
internalstandard.Althoughzinc
willadsorboutof 6MHCl,it does
notadsorbas wellas galliumand
elutesat a differentratethan
gallium. We,therefore,addthe
zincto thesystemafterthe

galliumhasbeenseparatedfrom
theplutonium.

EquipmentandReagents
In thiswork,weusethe

followingequipment:
● Aluminumcellholder,50-mm

o.d.
. Columns,glass,ion-exchange,

19by 200mm
● Mylarfilm,6- ym thick
● Samplecells,x-ray,Chernplex,

plastic,series1400,32-mmo.d.
● X-rayspectrometer;Siemens

SRS300microprocessor-con-
trolledsequentialx-rayspec-
trometersystem;rhodium-target
x-raytube
Wealsousedthe following

reagents:
● Galliumsolution,10.0000mg/

mL,from99.99’ZOgalliummetal
● Galliumsolution,1.0000mg/mL

● Zincsolution,5.00mg/mL
c Ascorbicacid,EastmanOrganic

Chemicals,L-ascorbicacid
● Hydrochloricacid,6M,0.02M
● Ion-exchangeresin,analytical

gradeanionexchangeresin,AG
1 x4,50 to 100mesh,chloride
form,Bio-RadLaboratories

PROCEDURE
1. Dissolve500mgofpluton-

ium metalin a covered20-
mLbeakerwith1 mLof 12M
HCI. Theresultingsolutionis
6MHC1.

2. Rinsecoverandbeakerwith
6MHCIandadd 100mg
ascorbicacidtobeakerto
ensurethatall theplutonium
is PU+3.

3. Conditionanionexchange
columnwith6MHCIthree
times. -



4. Add the6MHC1-plutonium
solutionto theanionexchange
column. Rinsethebeakerwith
6MHC1andadd tothecolumn.
Continuerinsingandaddingto
thecolumnuntil40 mLof HCI
haspassedthroughthecolumn.

5. Pipet2 mLof the5.00mg/mL
zincsolutioninto20-mLbeaker.
Then elutethegalliumoff the
columnintothisbeakerwith
0.02MHCL

6. Evaporatethegalliumandzinc
solutionto approximately2 mL
andtransferthesolutiontoa 10-
mLvolumetricflask.

7. Preparea “cold”placeinsidethe
“hot”box usingpapertowels.

8.Transferthesamplesolution
fromthe10-mLvolumetricflask
to an x-raycell,beingcarefulto
keeptheexteriorof thecell
uncontaminated.

9. CoverthecellwithMylarfilm.
Checkfor leaksby turningthe
Mylarsideof thecelldown,
waitbriefly,thenlookfor leaks.
Do thisjustbeforeplacingthe
cell in thespectrometer.

10.Placethecoveredx-raycell
containingthesamplesolution
in an aluminumcellholderthat
alsohasa Mylarcover.

11.Excitethesamplesolutionwith
a rhodium-targetx-raytube.
Measurethefollowing2fI
settingsfor60s forgalliumand
30s forzinc:

20 Measurement
38.92 Ga Ka
40.20 Background1
40.20 Background2
41.81 Zn Kcx

Weanalyzethesamplewith
thespectrometricparameters
shownin TableI.

Figure1 showsa plotof inten-
sityvs 26 forgalliumandzinc
afterseparationfrom500mgof
plutoniumby anionexchange.
Theintensityof thegalliumis
4800C/S.

STANDARDS
Thestandardscontainknown

amountsofgalliumandzincas
listedbelow:

Standard GaIlium
No. (rng)

Table I. X-Ray Operating Para-
meters

X-raytube rhodium
Voltage 60 kV
Current 50 rnA
Counters Scintillationand

Flow
Analyzing

crystal LiF200
Soilerslit Fine
Countingtime 60s Ga
Countingtime 30s Zn

Zinc Plutonium
(rng) (rng)

Ga-1 0.000 10.00 500
Ga-2 0.000 10.00 500
Ga-3 3.000 10.00 500
Ga-4 3.000 10.00 500
Ga-5 5.000 10.00 500
Ga-6 5.000 10.00 500

37.00 38.00 39.00 40.00 41.00

26
Fig. 1. Wavelength scan forgalliutn and zinc.

42.00 43.00



Wepipettheappropriate
amountsof thegalliumsolution
intoeachof thebeakersandadd
theplutoniumsolutionto each
beaker. Wethenanalyzethe
standardsas describedin the
“Procedure”section. Figure2
showsa plotof intensityratios
(Ga/Zn)vs concentrationof
gallium.

CALCULATIONS
TheSiemensspectrometer

givesthenet intensityvalues. To
obtaintheGa/Znratios,we
dividethegalliumcountsper
secondby thezinccountsper
second. Wedo a leastsquaresfit
for thestandards,relatingGa/Zn
ratiosto thegalliumconcentra-
tions. To calculatetheconcentra-
tionof galliumin theanalyzed
samples,weusethecoefficients
for theequationrepresentingthis
standardcurve.

INTRALABORATORYEX-
CHANGE

‘Inthecourseof thiswork,we
conductedan intralaboratory
exchangeprogram(roundraven
sampleexchange)of foursamples
containingvariousamountsof
gallium. Thesefourunknown(to
theanalysts)samplesweredistrib-
utedto six laboratoriesin the
AnalyticalChemistryGroup
(CLS-1)thatusedifferentanalyti-
cal techniques.Eachtechnique
employedan instrumentfor
measurementaftera separation
hadbeenachievedby a chemical
procedure.Table11showsthe
analyticaltechniqueswiththein-
strumentationandchemicalsepa-
rationused.

The“unknown”plutonium
solutionsareshownin TableIII.

SolutionsA, B, andC were
preparedby aliquotinga large
volumeof a carefullyandaccu-
ratelypreparedgalliumsolution
intoa volumetricflaskto which
plutoniumwasadded. SolutionD

0.6000

0.5000

c 0.4000
N
3
u 0.3000

0.2000

0.1000

-0.0000

Y=0.0021+0.1057XR=l.01)

1 1 1 1 1 I
0.00 1.00 2.00 3.00 4.00 5.00 6.00

mgGa
Fig.2. Plotojinfensityrafios(Ga/Zn)us concentration
ofgallium.

Table II. Analytical Techniques Used in Round Raven Exchange

Instrumentation Chemical Separation

MassSpectroscopy AnionExchange
X-RayFluorescence AnionExchange
X-RayFluorescence None(DirectReadingin Pu)
DirectCurrentPlasma TributylPhosphateExtraction
InductivelyCoupledPlasma TnbutylPhosphateExtraction
Spectrophotometry Oxine-ChloroforrnExtraction

Table HI. Concentration of
Gallium in Plutonium Solutions

Table IV. Impurity Content of
Solution C

Sample % Gallium

SolutionA 0.6205
SolutionB 0.7790
SolutionC 0.7790
SolutionD 1.000*0.02

wasa well-characterizedRocky
Flatsexchangemetal. The* for
SolutionD indicatesa littlemore
uncertaintythantheothersolu-
tions.

SolutionB is a high-purity
solutionof plutoniumandgal-
lium,whereasSolutionC hasthe

Element Impurity Level

Aluminum 750
knencium 1800
Chromium 150
Iron 400
Nickel 200
Neptunium 100
Uranium 400

sameconcentrationof galliumbut
hasa relativelyhighimpurity
level. TableIV showstheimpur-
ity contentof SolutionC.

Wecomparedtheimpurity
levelsbecauseearlierworkby

3



-- - . - - . . . .. . - —-.CN-1 on UnitedM_igdom(UK)
exchangesamplesindicatedthata
highimpuritylevelmightcause
difficultyin obtaininggood
agreementwiththeUKfor
gallium.A littlelaterin this
report,weshallsee if thatis true
forthesesamples. A complete
tabulationof all theresultsforthe
foursamplesby thesix methodsis
givenin TableV.

Wealsodisplaythisdatain the
followinggraphics.Thisgraphic
methodis knownas thedouble-
sample,graphicanalysismethod
as describedby W.J. Youden.3,4
An exampleof sucha graphic
analysisdisplayis shownin Fig.3.

The informationshownin Fig.
3 is alsocomplex,so wewishto
explainfromthebeginninghow
thedoubIe-sampIe,graphic
analysismethodis used. If we
lookat Fig.4, weseethata
concentrationrangeforSolutionA
hasbeenputon theY axis,and
similarlya concentrationrangefor
SolutionB hasbeenputon theX
axis.Thevaluesof galliumfor
SolutionsA and B providethetwo
coordinatesto plottheonepoint
for thetruegalliumvaluesforthe
twosolutions.

If thesix analyticalmethods
wereveryaccurateandvery
precise,thepointsplottedforeach
of themwouldfitpreciselyon top
of theplotfor thestandardvalues
for thetwosolutions.Weknow,
however,thatthisis highly
unlikeIy. If thesix methodswere
subjectonlytorandomerrors,the
plottedpointsshouldscatter
aboutthetruepointintoeachof
the fourquadrants.

In Fig.5, weaddthetwo
medianlinesthatgoexactIy
throughthestandardpointto
formfourquadrants.

In Fig.6, weselectedoneof the
six methods, ICP,andused the
twovaluesobtained hornthe
solutionsby theICPmethodto

Table V. Statistics for the Four Solutions by the Six Methods

Method SoIn. A Soln. B SoIn. C SoIn. D

MassSpec. x,% =
=

%R& =

XRF-IE x, 70 =

n=
%RSD=

XRF-Dir. x, 70 =

n.

% RSD=

DCP x, 70 =

% R& z

ICP x, 70 =

n =

Oxine x, 70 =

=

% R& =

0.617
4

0.25

0.612
6

0.39

0.618
4

2.36

0.601
4

3.04

0.652
1

0.613
5

0.55

0.777
4

0.28

0.774
6

0.40

0.771
4

0.85

0.734
4

1.26

0.811
1

0.770
5

0.44

0.777
4

0.29

0.778
6

0,21

0.785
4

1.79

0.724
4

2.23

0.821
1

0.779
5

0.39

1.002
2

0.15

0.984
6

0.41

0.999
4

1.33

0.827
4

1.45

1.0
1

1.00
4

0.40

TrueValue x, % = 0.6205 0.779 0.779 1.00* 0.02

0.70

0.65

a
c 0.64
0,-

3

8

0.s5

0,50

0.65 0.66 0.75

9

I [

0.85 0.95

■ STANDARD

■ ICP

O DIRECT X-RAY

El ION EXCH X-RAY

● OXINE

E DCP

● MASSSPEC

SolutionB

Fig.3. Solutions A and B showing gallium results from all methods.
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0.70
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a
c 0.60
0,-
5
5m

0.55

0.54

I I I I

0.55 0.65 0.75 0.85 0.95

SolutionB

■ STANDARD

Fig, 4. Solutions A and B showing standard gallium results.

1 1

0.55 0.65 0.75

I I

0.85 0.95

SolutionB

Fig.5.SolufionsAand Bwith medianlines.

■ STANDARD

pIotthepointrepresentingICP.
Weseethatwhatevererrorsare
involvedherehaveputthispoint
in theupperrightquadrant.

In Fig.7, wehaveaddedthe
pointprovidedby theresults
obtainedfromthedirectx-ray
method;thispointfallsintothe
upperleftquadrant.

Theadditionof thethird
analyticalpoint,fromthex-ray
fluorescence-ionexchange(XR.F-
II3)method, givesus a point that
faik in theIowerleftquadrant
(Fig.8).

In Fig. 9, wehaveaddedthe
resultsfromtheremainingthree
analyticalmethods.Notethatthe
randomdistributionof thepoints
aroundthestandardpointhasnot
continuedandthatnoweach
methodhasa slightbias,causing
resultstobe eitherhighin both
samplesor lowin bothsamples.

In Fig. 10,wehavea new
combinationof solutions;results
fromSolutionA areplotted
againstresultsfromSolutionC.
Weseea similarspreadof results
withthesamemethodsdistrib-
utedin thesamerelationshipto
eachother.

Figure11 showsa comparison
of resuItsfromSolutionsA andD.
Again,weseea distributionof the
six methodssimilarto theother
graphicanalyses.

An interestingcomparisonis
thatof resultsfromSolutionsB
andC. Thesetwosolutionshave
thesameconcentrationof gallium
but differin theamountof impuri-
ties.SolutionC has theimpurities
shownin TableIV, andSolutionB
is a high-purityplutoniumwith
onlygalliumin it.

5
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0.70
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0.55

0.50
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Fig.6. Solutions A and B adding gallium results from ICP.

c

0.55 0.65 0.75 0.8s 0.95

■ STANDARD

■ ICP

■ STANDARD

■ ICP

o DIRECTX-RAY

Fig. 7. Solutions A and B adding gallium resulfsfrom direct x-ray.
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0 DIRECT X-RAY
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Fig. 8. Solutions A and B adding gallium results jrotn ion-exchangex-ray.
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<
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0.55
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0.s5 0.95

■ STANDARD
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Fig. 9. Solutions A and B showing gallium results from all methods.
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Figure12showsa plotof the
resultsforSolutionB versusthose
forSolutionC. Thesix methods
havethesamepatternas in the
othergraphs.Thequestionof the
impactof theimpuritiesasked
earliercan.nowbe answered.

A comparisonof theresults
fromSolutionB versusSolutionC
is shownin TableVI. A T-test
showedthattherewasnodiffer-
encebetweentheresultsobtained
forSolutionB andthoseobtained
forSolutionC.

Figure13showsan enlarged
scalefora betterviewof the
closelygroupedpointsshownin
Fig. 12.

Table VI. Comparison of Results
of Solutions B and C

SoIn.B SoIn. C

0.777 0.777
0.774 0.778
0.771 0.785
0.734 0.724
0.811 0.821
0.770 0.779

x = 0.7728 x = 0.7773
a = 0.0245 (J = 0.0310

%RSD= 3.167 %RSD= 3.991

T-Test D.F.= 10 T = 0.279

CriticalValue(99’%)= 3.169
CriticalValue(95%)= 2.228

0.55

0.50
L I I I I r

0.72 0.73 0.74 0.75 0.76 0.77 0.76 0.79 0,80 0.81 0.82 0.S3

SolutionC

Fig. 10. Gallium results from Solutions A and C.
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0.65

1

050trl—Tl—

8

I I I
0.80 0.84 0.88 0.92 0.96 1.00 1.04 1.08 1.12 1.16

SolutionD

Fig. 11. Gallium resuksfromSolutionsA and D.
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Fig. 12. Gallium results from Solutions B and C.
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Figures 14 and 15showthe
comparisonbetweenSolutionsD
andC andSolutionsD andB,
respectively.

Theimportantpartof this
studyis to determinewhich
methodis thebestwithregardto
bothaccuracyandprecision.
TableVII listsaccuracyand
precisionvaluesfor themethods.

To determinethebestmethod,
wedeviseda rankingsystem. By
subtractingtheaccuracyforeach
method from100andaddingthe
absolutevalueof thatresultto the
RSD,weshouldhavea valuethat
ranksthemethodsforboth
accuracyandprecision.In Table
VIII,werankthetopfourmeth-
ods.

TABLE VII. Accuracy and Preci-
sion of Methods

Method %Accuracy

XRF-Direct 99.81
MassSpec 99.78
MW-IE 99.07
Oxine 101.10
ICP 104.93
DCP 91.68I ❑ DCP

I ● MASS SPEC

Method %RSD

0.72 0.73 0.74 0.7S 0.76 0.77 ‘0.76 0.79 0.80 0.61 0.82 0.63

SolutionC

Fig. 13. Solutions B and C in an enlarged scale.

MassSpec 0.24
XRF-IE 0.30
Oxine 0.45
XRF-Direct 1.58
DCP 2.00
ICP ---a

Wnlyone result obtained by this
method.

9

I



Table VIII. Combined Ranking
of Methods

Method Ranking Sum

MassSpec 0.46

XRF-AE 1.23
Oxine 1.55
XRF-Direct 1.77

XRF-Directhasan unaccepta-
bly highprecisionbecauseit is
considerablyworsethanthatfor
Oxine,whichis themethodbeing
replaced.XRF-IEandMassSpec
areacceptablemethodswithMass
SpecbeingthebestandXRF-IE
next. We,of course,areworking
withXRF-IE,themethoddetailed
in thisreport. Therangeof
relativestandarddeviationsfor
theXRF-IEmethod,determined
on thefoursamplespreviously
discussedplusoneadditional
sampleat 0.18’ZOgallium,is shown
in TableIX.

Table IX. Precision for XRF-IE

Gallium
Cone. RSD

Sample (%) (%)

Sample1 0.18 0.40

SolutionA 0.62 0.39
SolutionB 0.78 0.40
SolutionC 0.78 0.21
SolutionD 1.00 M

Av = 0.36

1.12

1.08

9
1.04

I.ml
A.

E
a
c 0.96
0.=

: 0.92

UI

0.88

0.84

E

0.80
I

I I I I I I I I I I

0.72 0.73 0.74 0.75 0.76 0.77 0.78 0.79 0.80 0.81 0.82 0.83

SolutionC

Fig. 14. Gallium results from Solutions C and D.
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Fiq. 15. Gallium rssults from SolutionsBand D
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Fig. 16. Adsorption curves for gallium and zinc.

DISCUSSION
Figure 16 shows the sorption

curves for both zinc and gallium
on anion-exchangeresin. In a test,
we adsorbedboth zinc and
galliumon an anion exchange
resin column with 6M HC1and
then eluted with 20 mL of O.lM
HC1.The eluatesolutionwas
analyzed,andwediscoveredthat
onlythegalliumhadcomeoff the
column.We thenelutedwithan
additional20 mLof O.lMHCI.
Thissolutionwasanalyzed,and
wefoundlargeamountsof zinc.

Thefirst20 mLof O.lMHCI
elutedthegalliumoff thecolumn.
In theprocess,themolarityof the
HC1ontheresin(seeFig. 16)was
lowered,thuscausingthezincto
be retainedevenbetterthanat 6M
HCI.Thesecond20 mLof O.lM
HCIwasableto lowerthemolar-
ity to nearlyzeroso thatthezinc
wasfreedfromtheresin. A scan
of thissecondsolution,however,
revealedthata smallamountof
galliumhadbeenretainedwith
thezincafterthefirstelutionand
hadcomeoffwiththezincin the
secondelution. Figure17is the
scanof thissecondsolutionand
showsa galliumpeakpresent.
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28
Fig. 17. Scan of gallium in second solution.

In viewof thissmallbut
significantamountof gallium
remainingon thecolumn,we
decidedthatan eluantsolutionof
lowermolarityshouldprobably
be used. We ranan experimentto
testtheO.lMHC1againsta 0.02M
HCIsolution,usingfoursamples
eachof a 0.18%galliumin pluto-
niumsolution. Theresultsare
shownin TableX.

Wesee fromTableX that0.02M
HCIgivessignificantlyhigher
gaIIiumresultsthandoesO.lM
HC1as an eluant. Therefore,the
molarityof theHC1usedin this
procedureshouldbe 0.02M.

Table X. Eluant Comparison of
0.02M HC1VSO.lMHC1

0.02M O.lM

x = 0.1774 X = 0.1675
0 = 0.0008 0 = 0.0008

RSD = 0.45% RSD = 0.48%

T Test: T = 14.55

CriticaIValue(99%) 3.707
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