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Common Recipes for CeF; Microprecipitates

10 mL 0.35 M HNO3 None
Ac 15 mL 2 M HCI None 100 1.0
Am/Cm 15mL4 M HCI Dilute 2x 50 3.0
Am/Cm 15 mL 0.25 M HCI None 50 1.0
Am/Cm 20 mL1 M HCl None 50 1.0
Np/Pu 10 mL 0.1 M NH4 bioxalate None 50 1.0
Np/Pu 20 mL 0.1 M HCI-0.01 M HF -=0.01 M TiCI3 None 50 1.0
Pu 25 mL 0.05 M HNO3 - 0.05 M HF —0.02 M TiCI3 None 50 1.0
Th 15 mL 9 M HCI Dilute to 40 mL 40 3.0
U 15 mL 1 M HCI None 100 1.0
U 10 mL 0.1 M NH4 bioxalate None 100 1.0
Y 15 mL 8 M HNO3 Dilute 2x 100 3.0
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CeF; Microprecipitate Method Overview

. Filter
1) Dilute samples as necessary and - .
add Ce Carrier (See Table I). assembly with

8) Ensure tight fit of filter assembly. 25mm, 0.1um
2) U Samples, Add 0.5mL 10% TiCl 9) Engage vacuum Resolve™
) U Samples, 5m iCly Sample ) Engage vacuum. polypropylene
from . o filter
3) Th.Np. Pu, Am/Cm samples .| separation 10) Wet filter with 3-5mL 80% ethanol.
Add 50 L 30% H,0, mzfggi in 11) Wet fiter with 3-5mL DI water.
4) Swirl to mix. centrifuge 12) Add sample.
tube
13) Rinse tube with SmL DI water
5) Add 1-3.5mL conc. HF (see Table I) and add to fitter assembly.
6) Swirl to mix. 14) Allow all fluid to pass through filter.
7) Wait 20-30 minutes before filtration 15) Rinse filter funnel with 3-5mL DI Water

16) Rinse filter funnel with 2-3mL ethanol. L|
17) Filter until dry.

19) Mount filter to stainless steel planchet.
18) Remove filter (lifting on edges) _ 20) Place mounted filter into petri dish

21) Dry under heat lamp.

22) Place lid on petri dish. Store until
alpha measurement.

]
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2022 Conclusions

* New Filter Material

- Polyethylene is a viable replacement for Resolve® Filters

 PE performance is equivalent to PP for standard actinide
precipitate conditions

 PE does experience slight curling

» Review of RE Precipitate Method

* Precipitate quality is unaffected by different amounts of rare
earth (25-200 ug) or HF (1-3 mL) added

« Peroxide is detrimental to high HCI samples
«  Finishing with 100% ethanol reduces filter curling

«  Finishing/mounting/drying has little impact on spectra quality
but does impact handling

Eiﬂhr‘ﬂm www.eichrom.com




Overview of Customer Comments/Questions

* Physical
*  Filters not centered on funnel
*  Oval-shaped filters
«  Wrinkling/ballooning of filters in funnel

 Chemical

«  High FWHM with tailing for Am/Cm samples
— Specifically for TRU resin eluents
«  High FWHM for Th samples

* Kinetic

 How long do precipitation reactions need?

gichrom www.eichrom.com




2023 Experiments

*  Physical Handling

Wrinkled/off-center filter performance
Filter durability during long-term storage

* Aqueous Phase Chemistry

Clean acid vs. column eluent
Varied [acid], and acid neutralization

* Precipitation Kinetics

Filtration of Am/Cm samples at short time-points

Eiﬂhr‘ﬂm www.eichrom.com




Examples of Distorted Filters

Oval-shaped and Filters placed off- Ballooned filter
wrinkled loose filters center on funnels removed from funnel

gichrom www.eichrom.com




Resolve Funnels vs. Pall Gelman Funnels

Pall
Resolve Gelman

Pall Gelman filter with

(L) and without (R)
mesh insert
Comparison of filter Oval-cut filter on Pall

edge width Gelman
po_________
www.eichrom.com




Counts
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Physical Handling “Worst Case Scenario” Tests

Experimental Conditions:

« 200 dpm 243Am, 100 dpm

241Am, and 244Cm

* 10 mL1 M HCI

50 ug Ce
* 1 mL conc. HF

« 20 min precipitation time
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Durability/Storage Testing

Experimental Conditions: NETET 191/ Ao 245 [Cm- 294 -
- 200 dpm 243Am, 100 dpm b g a/sowmwf";”'ﬂ'““ £
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» 20 min precipitation time
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Durability/Storage Testing

Percent Change in Activity for PP Samples Percent Change in Activity for PE Samples

oo Tooam oam v [l e L 2

Initial Activity (dpm)  EZE] Initial Activity (dpm) [WL¥i

Two Weeks +0.9% -0.2% -0.4% +o.7% 1.2% -0.7%
Ll 3.9% -2.7% -4.0% +o.0% 0.7% -1.4%
Three Months 53% 58% -6.9% +o.5% 2.7% -2.9%
Six Months 52% 59% -6.1% -1.1% 2.7% -2.3%
Eight Months 1.0% -1.9% -2.2% -1.0% 2.7% -2.3%
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Durability/Storage Testing

Percent Change in FWHM for PP Samples Percent Change in FWHM for PE Samples
simpe o Loan v Qlfsime oo Loan [
Initial FWHM (keV) 37.9 39.7 29.9 Initial FWHM (keV) 39.4 41.1 34.9

Two Weeks +5.4% +3.4% +16% +6.9% +8.2% +17%
VAWV ES G B E N +4.8% +3.0% +13% +6.0% +6.1% +9.5%
Three Months +38% +34% +82% +32% +33% +67%
Six Months +16% +11%  +55% +14% +16% +48%
Eight Months +16% +12% +50% +15% +13%  +50%

gichrom www.eichrom.com




Physical Handling — Conclusions and Process Changes

Conclusions Process Changes

« Minimal change in % recovery .
unless gaps in filter .
— Can identify gaps easily during .
wetting by “whooshing” of EtOH
 Pall Gelman funnels larger active

area — more important to fully
center filters

« Minimal activity loss but significant
increase in FWHM with long-term
storage

gichrom www.eichrom.com

Warning labels
Less compression to funnel stacks

Adjust dye cutting
pressure/method to reduce jagged
edges

Prior to Use
'—Q Press Funnel Top and Bottom Together
4§ Precondition Filter with 80% Ethanol
See Eichrom Method SPAO1 . 1

i v
. Notice: Filter material has changed.
Filters may curl if dried prior to
mounting. See Eichrom application
note AN-1805-10 for procedure

HANDLE WITH CARE

ROUGH HANDLING MAY CAUSE |
FILTERS

TO COME LOOSE OR WRINKLE
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Clean Acid vs. Column Eluent

TEVA UTEVA____|TRU ____DGA ____

PC/L/R 30 mL PC/L/R 30 mL PC/L/R 30 mL PC/L/R 30 mL

3 M HNO;, 3 M HNO;, 3 M HNO;, 3 M HNO;

Th-15mL Ellcnlj((e)z)SZ(l)\/lrrcl)l;(:Iit/l Am-15mL Rinse — 20 mL

9 M HCI o 4 M HCI 0.25 M HNO;,
acid

Pu/Np—-15mL0.1 Rinse — 4 M

M HCI/0.05 M U-15mL1 M HCI Am-0.1 M HCI
HF/0.01 M TiCl, Al [l

U or Pu/Np - 15
mLO0.1 M
ammonium
bioxalate
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Clean Acid vs. Column Eluent
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Clean Acid vs. Column Eluent

17

TEVA UTEVA _E-

Th: 15 mL 9 M HC|
diluted to 40 mL

dpm FWHM
-6.5% +4.1%

Pu/Np: 15mL0.1 M
HCI/0.05 M HF/

0.01 M Ticl,
dpm  FWHM
-8.4%  -2.8%

U:15mL 1 M HCl

dpm
-0.4%

FWHM
-8.5%

Am: 15 mL 4 M HCI

diluted to 30 mL

dom  FWHM
25%  -2.2%
U:15mLO0.1 M

ammonium
bioxalate

dom  FWHM
4.7%  -11%
Pu/Np: 15 mL 0.1 M

ammonium
bioxalate

FWHM
+12%

dpm
+3.1%

m: 15 mL 0.1 M HCI
dom  FWHM
-33%  -5.1%



Am/Cm Acid Dependence

Experimental Conditions:

« 20 dpm 243Am, 10 dpm
241Am, and 244Cm

* 50 ug Ce
* 1 mL conc. HF
« 20 min precipitation time

[HCI] (M)

15 0.1

50 1.2

30 2.0

15 4.0
15+7.6mLconc 4.0+3.9M
NH,OH NH,OH

gichrom www.eichrom.com
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Am/Cm Acid Dependence

Am-243 FWHM for PP v PE with varied [HCI] Am-241 FWHM for PP v PE with varied [HCI]
90 T T T T T T T T T T T T T T T 90 r 17T TrTT L L L] r1r 17T L L L] r~r=rri
LIS A L N N A L N B N LY BN B Y B BN LA B A L B B | -PP 2> M HCl 4 M HCI -pp
[0 MHCI1.2M HCI| 2M HCT | 4 MHCI [#1rol | | g 0 |01 MHCI1.2 M HCI Cl4MHCt W N.or [ PE
PP w H202 PP w H202
80 - - PE w H202 80 - ] PE w H202

Cm-244 FWHM for PP v PE with varied [HCI]

90 rrrrrryrrrrrryrrrr-ryr-rrrrryrrrrrrr i
|04 MHCI|[1.2 M HCI| 2 M HCI [4 M HCI [4MHCI+ =§E

3.9 M NH,OH
PP w H202
PE w H202

80 .
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Th Acid Dependence

Experimental Conditions: Th FWHM for PP v PE with varied [HCI]
- 200 dpm 23Th 22°Th, and e
oy 2471 1 e, T
* 40 ug Ce B Th-228 PP
[ ]Th-228 PE

« 3 mL conc. HF 1

« 20 min precipitation time

(H) (V) | I

FWHM
3

30 2
40 .
N A Z N W B~ Z N W b oz
15 4 < < g < £ Z g < £ Z g
T T T
15 + 169 mL 90 + 89 M 800 #0Th o
conc NH,OH NH,OH
§4oo- 229Th
www.eichrom.com L-
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Aqueous Phase Chemistry Conclusions

Acid vs eluent

No significant difference in yield for acid vs eluent
Some increase in FWHM for Np/Pu-TRU sample

Am/Cm vs [HCI]

FWHM PE > FWHM PP
Significant increase in FWHM with increasing [HCI]
Neutralizing HCI restores original spectral quality

Th vs [HCI]

FWHM PE > FWHM PP
No significant dependence on [HCI] but PE > PE for all conditions
Neutralizing HCI greatly improves spectral quality

EiUhr‘Um www.eichrom.com
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Short-term Delayed Filtration Test for Am/Cm

Experimental Conditions: 50 .
« 200 dpm 243Am, 100 dpm — P S S ey
241 Am. and 244Cm = 40 —t 1 394
’ = . o
* 10 mL 1 M HCI Lol .
C
« 50 ug Ce 2
—320
* 1 mL conc. HF @
* VARIED precipitation time % to- 1
= Am-241
T T T r e Cm-244| ]
1000 1 243Am 1 0+ —— ——r —
900 4 1 10 100
800 4 - Time (min)
700 - #4Cm | 160 T —
,.g 600 . 140_-_. H n " amh - " 4
3 0 . = T30
© 400 - ] 120 -
300 ’g»]()o_
200 - E
100 L\ b 80
0 >
475 5.00 5.25 5.50 5.75 6.00 © 604
<

Energy (MeV)

40 7]

npo | 2] = Am2¢1]
- ] ® Cm-244| A
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Current Work: Investigation of Thicker PE Membrane

Motivation

Determine if thicker filters are viable alternative to new PE
materials

Hope that the thicker membrane may have fewer physical issues
related to curling and shifting in funnels

Experiments

Perform standard QC to determine product quality
Test filter curling
Test Am/Cm sample acid dependence

Long-term Objectives

If we proceed with this new material, we will monitor customer
comments related to filters shifting and ballooning in funnels to
determine if we see a decrease in frequency. We hope the thicker
material will be sturdier and create a tighter fit in the funnels which
will prevent it from slipping during shipping and handling.

Eiﬂhr‘ﬂm www.eichrom.com
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Questions?

For more information on alpha spectrometry please join Eichrom at ORTEC’s Alpha
Spectrometry Training Course from October 14-18, 2024, at GEL Laboratories in
Charleston, SC
https://www.ortec-online.com/service-and-support/training/alpha-spectrometry

e ORTEC Ye13W | aboratories

AMETEK
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Acid vs Elution Multi-day Test

Conduct mock columns to m

collect “eluent” samples
Prepare 10x samples for PC/L/R30mL PC/L/R30mL PC/L/R30mL PC/L/R 30 mL

each acid and eluent 3 M HNO;, 3 M HNO;, 3 M HNO;, 3 M HNO;,
solution with tracers Rinse —20 mL :
Add Ce and HF to 5x ;hM |-1|z|mL 5 M HCI/0.05 ‘2':‘” ch? mi g_';;eM aoNg‘gL
samples M oxalic acid

Delay precipitation for Pu/Np - 15

other 5x samples mL 0.1 M .

Each day prepare one HCI/0.05 M U-15mL1M Rinse—-4M Am-0.1M
delayed filtration and HF/0.01 M HCI HCI/0.25 M HF  HCI
delayed precipitation Ticl,

sample for each solution

Monitor how DPM and U or Pu/Np -

FWHM are affected over 15mlL 0:1 M

: ammonium
ime bioxalate

o
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Thorium
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Uranium
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Americium
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Neptunium/Plutonium

FWHM
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Kinetics Conclusions

*  Short-term

« Activity unaffected, but slight increase in FWHM over time
Multi-day

* No relationship between FWHM and day of filtration/precipitation

e Lower FWHM for Th-TEVA acid samples

*  Decrease in activity/yield for U-UTEVA eluent sample over time
*  Am-DGA samples lower FWHM than Am-TRU
 Related to [HCI]

EiUhFUm www.eichrom.com
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Current Work: Investigation of Thicker PE Membrane

Original PE New P

- il — —— T T
3 — -~ A
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Investigations of Thicker PE Membrane

FWHM for thicker PE with varied [HCI]
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