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ANALYSIS OF MINOR AND TRACE ELEMENTS IN PLUTONIUM USING POLARIZED ENERGY 
DISPERSIVE X-RA Y FLUORESCENCE 

Christopher G. Worley 
Chemistry Division, Los Alamos National Laboratory, Los Alamos, NM 

Wavelength dispersive X-ray fluorescence (WDXRF) has been used for many years in our 
laboratories for quantifying gallium in plutonium metal. Polarized energy dispersive X-ray 
fluorescence (EDXRF) was evaluated here for gallium and trace elemental analysis in plutonium. 
This instrument has fewer facility interface requirements than a high power WDXRF instrument 
(eg. no facility chilled water system is needed). Secondary targets are used to irradiate the 
specimen, and a target material with a K line energy above but near the analyte line absorption 
edge is used to induce efficient analyte fluorescence. The secondary target polarizing geometry 
also minimizes spectral background. Thus, some trace elements such as uranium can potentially 
be detected. A disadvantage of using EDXRF is contending with the presence of X-ray and 
gamma peaks that originate from the inherent sample radioactivity; these peaks are not normally 
observed with WDXRF due to instrumental geometry. Examples will be discussed. 

The WDXRF sample preparation method currently used for gallium quantification entails 
dissolving the plutonium metal, removing the plutonium with ion exchange solid phase 
extraction, and analyzing the eluted solution. To eliminate the possibility of radioactive solution 
leaking out of the specimen cups, an evaporation technique will be explored for use with 
polarized EDXRF which has the additional benefit of pre-concentrating the solution. Thus, 
detection limits for trace elements such as uranium are greatly improved. Preliminary 
assessment of this pre-concentration approach will be discussed for uranium trace analysis. 

Zinc is currently used as an internal standard for gallium, but germanium is a less common 
impurity and will be studied for use as the internal standard. The efficacy of using the secondary 
target scatter peak will also be compared with using an internal standard. Once the optimal 
sample preparation and analysis parameters are determined, the gallium method uncertainty will 
be examined. 
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Outline 
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• Gallium and Uranium in Plutonium 
• Polarized EDXRF 

• Experimental 
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I ntrod uction 

• Plutonium metals and oxides 
• Gallium 

- Common plutonium metal alloy for machining purposes 
- Present in raw feed for making Pu/U mixed oxide nuclear fuel 

• Uranium - Pu radioactive alpha decay daughter product 

• Quantification of Ga and U needed 

• WDXRF 
• Currently used for gallium quantification 
• Uranium possible with adequate sample preparation 
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Introduction 

• Old WDXRF instrument used for Gallium in Plutonium 

• Polarized EDXRF - Quantify Ga & U in Plutonium 
• Easier / cheaper installation in nuclear facility vs. WDXRF 
• Trace elemental capabilities 

- Polarization geometry - Low background 
- Secondary targets - Optimal analyte excitation 

• Specimen polymer film will not break from X-ray exposure 
- Best LLDs - Very long count times possible 

• 100 kV source - Excitation of higher energy K lines 

• Sample alpha radioactive decay 
• Detector dead time can be problematic with EDXRF 
• Peak overlaps - Software peak deconvolution helps 

A · Remove Pu, Am, Np with ion exchange chromatography 
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Introduction 

• Plutonium mixed oxide fuel feed (MOX) 
• 1000-10,000 ppm Ga 
• 1000-1500 ppm U 
• Currently Ga by ICP-MS 

- Many serial dilutions introducing error 

• Currently U by IDMS 
- Time consuming and overkill 

• Development - Both Ga and U by Polarized XRF 

• Plutonium metals 
• <1 % Ga and 10-100 ppm U 
• 10ppm U, 0.5g metal, 5 mL soln -7 1 ppm -7 Pre-concentrate 
• Here focused on MOX samples 

A · Sample prep same for metals except dissol & preconcentration 
Los Alamos 
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Introduction - Sample Pre-concentration 

• Tap water example 

.r: 
o 
~ 
E -­If) D-
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0.20 

0.15 

A ;~ 
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Spectra 

Blue - 10 mL tap water 
Red - Water residue after evaporation 

Sample 
337110185 
337110182 

2.0 2.5 

DatelTime 
1121120113.0044 PM 
1120120114:48:47 PM 

Application 
<Manual> 
<Manual> 

3.0 

kV rnA Target Filter 
45 133 Fe None 
45 13.3 Fe None 

3.5 

Live Time (5) 
300000 
300.000 

7124120 11 15:56 

~ 
Ca-Ka1 

Energy (keV) 

Dead Time (% l 
0336 
4.747 
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-Experimental - Instrumentation 

• PANalytical Epsilon 5 Polarized EDXRF 

-QAlamos 
NATIONAL LABO RAT O RY 

• 15 secondary targets 
• 100 kV WISe anode 
• 600 Wanode 
• Ge solid state detector 

(LN2 cooled) 
• <140 eVres @ Mn Ka 
• Helium flush system 
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Experimental - Instrumentation 

• Signal improvements with optimized secondary target 
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Spectra 

Red - Optimized CaF2 target 
Blue - Barkla Al203 scatter target 

Si-Ka1 

Sample 
337110175 
337110171 

2.0 

DatefTime 
112012011115:16 PM 
11201201112:33:19 PM 

2.5 

Application 
<Manual> 
<Manual> 

CI-Ka1 

kV 
30 
40 

mA 
20 
15 

Target Filter 
CaF2 None 
Al203 None 

3.0 

Live Time (5) 
300000 
120.000 

7124/201119:17 

K-Ka1 

Energy (keV) 

Dead Time (%) 
0.928 
0.058 
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Experimental - Sample Preparation 

• Dissolve Pu oxide in 12 M HCI / trace HF and HN03 

• Duplicate 50 mg sample cuts 

• Add 6 M HCI 

• Air exposure - Wait for Uranium to oxidize to U+6 

• Add 1 00 mg ascorbic acid 
• Reduce all plutonium to Pu+3 state 
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Experimental - Sample Preparation 

• Ion exchange with BioRad AG1-X4 chloride form resin 
• 6 M HCI for ion exchange separation 
• Ga and U retained; Pu, Am, trace Np eluted 
• Elute Ga and U with 0.1 M HCI 
• Ge and Y internal standards for Ga and U respectively 

• Reduce volume to 4 mL with heat lamp 

• Transfer 3.5 mL to specimen cup 

• Seal in cup with Kapton 
• Apply parafilm over Kapton to prevent any leaks 
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Results - Radioactive sample self fluorescence 

Np L series from Americium alpha decay (Mo filter, low power) 
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--75 ppm Am solution 

Am-241 -7 Np-237 

5 10 

Datemme 
1·_<·~111 '~P! 

Sno,..t·r", 

Application 
n~r: -

kV 

I 
Np-La1 

15 

rnA Target Filter 
I n,. 2~ 

, 
Np-Lb1 

Live Time (5 l 
1 .~ ..... "'1"\ 

20 

Energy (keV) 
Dead Time (%l 
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Results - Internal Conversion 

1 2 
239p 235U -...--

(Z-2) 
Alpha Decay Excited Nucleus 

3A Gamma ray 

~ 

Internal Conversion 
A Gamma Emission 
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Results - Americium increases dead time 

• Np L series and Am 26 and 59.5 keV gammas (increase dead time) 
Spectra 712312011 14:48 

40 

I Np-Lb1 
Np-La1 

20 

20 40 60 

Energy (keV) 
Live Time (5) Dead Time ('!O) 
58 410 2650 

./'i Id Sample 
~ 1 1 Exch metal P 250 mlcroL-Mo filter 251<. 

DatefTime Application 
111221201043515PM <Manual> 

kV mA Target Filter 
25 05 · Ao Mo 250 
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Results - Alpha radiation-induced analyte fluorescence 

• 1000 ppm Zn, 75 ppm Ga solution 

• X-ray source "off' (low power with Mo filter/beam stop) 

1.0 

0.5 

8.5 

../"'I Id Sample 
~ 11 337110191 

Los Alamos 
NAT IONAL LABORATOR Y 

Spectra 

ao 95 

DatelTime Application kV rnA Target Filter 
112512011 34854 PM <Manual> 25 05 AI Mo 250 

71231201115:23 

10.0 

Energy (keV) 

Live Time (s) Dead Time (%) 
120000 8334 
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Results - Americium decay Np L fluorescence 

• Difficult to analyze trace uranium without removing Am 
Spectra 712312011 17:.24 

40 

30 

20 

10 
Np-La2 

U-La1/ 
13.4 13.6 13.8 140 14.2 

Energy (keV) 

Live Time (5) Dead Time (%) 
120000 8334 

Date/Time Application 
112512011 3 48 54 PM <Manual> 

kV mA Target Filler 
25 0 5 AI Mo 250 

./'l Id Sample 
~ 1 1 337110191 
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Results - Trace Americium sample 

• 850 ppb Am specimen - No Neptunium L present 
• Much better for low level Uranium 

Spectra 712412011 18:27 
r. 
o 
~ 
.E 
UJ o 0.08 

0.06 

0.04 

0.02 

h 
Pu-La1 

o.oo-L---.-----~-~-~-~_____,-__,.-__,.-__r-~-_,_-___,_-~-~-~-_._--,-J 
13.0 135 14.0 14.5 

Energy (keV) 
DatefTime Application 
1212120101141 09 AM <Manuat . 

kV mA Target Fitter 
100 6 Mo None 

./'i td Sample 
~ 11 337100053 

Li\le Time (s) Dead Time (%) 
575070 4155 
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Results - Optimized secondary target for Uranium 
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35 ppm Uranium solution 

Blue - Barkla scatter target 
Red - Mo secondary target 

13.0 

Sample 
337 110194 
337110192 

13.5 

Dateffime 
11251201 1 409 49 PM 
1/2512011 3:53:20 PM 

Spectra 

fA 
Np-La1 

14.0 

Application 
<Manual> 
<Manual> 

31171201 117:52 

14.5 15.0 

Energy (keV) 

kV rnA Target Filter Live Time (5) Dead Time (%) 
100 39 Mo None 120.000 50 .300 
100 6 Al203 None 120.000 25.489 
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Results - Specimen infinite thickness/volume 

• Ga/U standard with concentration of average Pu oxide 
sample 

• Ge and Y internal standards for Ga and U 

• Filled specimen cups with different volumes 

• Compared net intensities to determine intensity plateaus 
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Results - Determining infinite thickness/volume 

<t 
E -I/) 

23 

22.5 

22 

Q. .e 21 .5 
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~ 
I/) 
c: 
Q) 21 ... 
.: ... 
Q) 

z 
20.5 

20 

19.5 
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0.0 1.0 

Gallium Ka Critical Volume (1.5 mL ?) 

~~ ~~ 

...... • ..... ~, 

~. • 

2.0 3.0 4.0 5.0 6.0 7.0 8.0 

Specimen Volume (mL) 

0 

9.0 10.0 
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Results - Determining infinite thickness/volume 

52 
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1/1 
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Q) 
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~ 45 

44 
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42 

0.0 
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Germanium Ka Int Stand for Ga Critical Volume (-2 mL ?) 

~~ 
~~ • • ~~ • 

• 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 

Specimen Volume (mL) 

~~ 

10.0 

- EST.'943 ________________________________ _ 

P.20 UNCLASSIFIED 



UNCLASSIFIED 

Results - Determining infinite thickness/volume 
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E u; 

3.5 

3 

2.5 
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c: 
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c: ... 
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Uranium La. Critical Volume (-3 mL) 

~~ 

~~ . ~~ • • <II~ 

-

2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 

Specimen Volume (mL) 

~ 

10.0 
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Results - Determining infinite thickness/volume 
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Yttrium Ka Int Stand for U Critical Volume (-3 mL) 
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~~ 
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~, 

10.0 
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Results - Infinite thickness/volume 

• -3 mL volume infinitely thick for Ga, U, Ge, & Y 

• Reduce ion exchange eluate volume to 4 mL with heat 
• Maximizes solution concentration 
• Possible could reduce further since more concentrated and 

infinte thickness will decrease some 

• 3.5 mL aliquot currently analyzed 
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Results - LLDs 

• Lower Limit of Detection - Ga and U 
• Gallium - Ample signal with short count times 
• Uranium 

EI 

- 3 min count time insufficient for acceptable reproducibility 
- Even 20 min not ideal for best reproducibility 
- However, customer does not have a specific precision requirement 

Short Long Nominal 
count count Oxide concentr in 
time time Specimen LLD Pu oxide 

emen mm mm ,J.,Lg, t (.) (.) LLD ( ) ppm ppm ( ) ( ) 
X greater 
th LLD an 

Ga 3 --- 5.44 218 6000 28 

U 3 --- 11.43 457 1200 3 

U --- 20 4.43 177 1200 7 
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Results - Ga Ka WDXRF vs. Epsilon 

~Alam05 
NATIONAL LABORATORY 

= 
1 5 PW2404 XRF spectrometer .15/2011 11 38 22 AM 

' . / " 

10 

05 

~ .A 
~ "'- V' .A 

V 

00 
378 

Y·AxIS Count ;ale (k cps) 
38 2 386 390 394 

".,__---------~spe=(c"'-!tra~--------'7""12'I2""'0 l1_"_"i",. 

10 

" 

~.-./" 

oo=-..,==~==;=:::o;;=-::::;-~=--..-~___,_..:..........c~--_._~--~.,__---' .. 
~ ....... 
11 ))111)41 

" 
Oolommo 

111 

" ,. .. 
Energy (keV) 

AppIk;aIion k.... mA Tal~ r •• , l .... rllTle ,S) Ot!:i;'l nrne~) 

lOP.. ....MlUaI~ 8(1 75 ..:8, 1 .91 

Ga6 

398 
X·Axis An~I.('2n 

WDXRF 
4000W 
LiF 200 
150 ~lm collimator 
750 ~m AI filter 

Epsilon 5 
KBr target 
600W 
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Results - Zinc impurity in specimen cups 

• Germanium better internal standard for gallium than zinc 
Spectra 7/24/20111 5:32 

.c 
0 

~ 
E -, 
(/) 

7~' 
a. 2.0 0 

1.5 

1.0 

0.5 
\;1 

cu-~ 

"", ~1 
0.0 

I~.-!~-~~ 
7 8 9 

Energy (keV) 
Id Sample Datemme Application kV mA Target Filter Live Time (s ) Dead Time (%) 
11 337110152 1/1212011 40833 PM <Manual> 75 8 Ge None 120000 25182 
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Results - Instrument tungsten issue 

• Tungsten X-ray beam restrictor 
• Some overlap with gallium and germanium 

.c. 

~ 
E en 
0. 
o 

0.6 

6 

Cu·Kal 
... 11. 

Ta·Lal 

I ' I~ 

DatefTime 
21151201141026 PM 

Spectra 

Zn·Kal 

'Y'1 '\s.U:.K.~1 

Application 
<'~anual> 

I 
Ga·Kal 

Ta-Lbl 

kV 
80 

Ge-Kal 

10 

rnA Target FIlter 
75 KBr None 

7/231201114:40 
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Results - Instrument tungsten issue 

• Empty specimen cup - W, Ta?, Cu, Fe interferences 
• Problematic for thin film trace analysis of these elements or Gallium 

.£ 
U 

~ 
E 0.6 en 
D­
O 

0.4 

6 

./'i Id Sample 
~ 1 1 337110084 

Los Alamos 
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~ 
W-Lal 

8 

DatefTime 
1/6120111 1027 PM 

Spectra 

Application 
<Manual> 

10 

kV mA Target Filter 
100 6 KBr None 

J 
Br-Ka1 -C 

1 

71241201114:48 

Br-Ka1 , 

12 

Energy (keV) 
Live Tim e (5 ) Dead Time (%) 
118720 1067 
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Results - Argon in liquid cup spectra 

• He flush time important for light element analysis in liquid cups 

0.4 

0.3 

0.2 

0.1 

2.5 

Id Sample DatefTime 
1 1 337110312 311712011410·32 PM 

,/1_ 21 337110311 
;:--; 3 1 337110253 

311712011 4:09:42 PM 
211812011 1 2724 PM 

Los Alamos 
NATIONAL LA BOR ATORY 

Spectra 712412011 17:34 

3.0 

Application 
<Manual> 
<Manual> 
<Manual> 

Argon Ka peak 

Green - Specimen cup with cap (wi hole) 
Blue - Cup with microp film over top 
Red - Same cup after 1.5 min He flush 

Energy (keV) 

kV rnA Target Filter Live Time (s) Dead Time (%) 
30 20 CaF2 None 30000 0629 
30 20 CaF2 None 30000 0629 
30 20 CaF2 None 120000 0818 

__ EST 1943 _______________________________________ ____ _ 
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Summary 

• Americium alpha decay a challenge for EDXRF 

• Ion exchange (hopefully) will eliminate Americium 

• Ga and U quantification promising 
• Sample prep and instrumental parameters determined 
• Ion exchange effectiveness needs to be proven 

• Instrumental interferences (mainly tungsten) not an 
issue for higher levels of gallium 
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Future Directions 

• Prepare and analyze Pu oxide sample duplicates 

• Spike one with Ga and U to determine ion exchange 0/0 
. 

recovenes 

• Determine method uncertainty 

• Develop pre-concentration method for trace U in metals 

A 
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