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Topics

= Separation of REE from Fresh Fission and Activation Products
* Y-87/88/91

Ba/La-140

Ce-139/141/143/144,

Nd-147,

Sm-153, Eu-152,155,156, Tb-160,Tb-161

“ I’'m impatient

* Use both precipitations and columns

= Discuss interferences.
* Not talking about Scandium
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The Periodic Table of Elements
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MOST DANGEROUS SUBSTANCE IN THE WORLD
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3 Day Old Fresh Fission Product ~1E12 Fissions

Whole sample

sutsEB el slnass_nays. Ba-140 | 47600.0 | 49824.2 096 |+-] o0.06 GOOD
BT G A e e T Ce-141 | 171202 | 174438 098 |+/-| o0.06 GOOD
Aoysen__
ﬁ 65536 After a
= few weeks
Q“.I:n Mo-39/Tc¥m
ooy | M0-99 | 98603.6 | 92799.0 1.06 |+/-| o0.06 IFFY
TE-132 | 64500.0 | 64070.7 1.01 |+/-] o.06 GOOD /
Y-91 4650.0 4778.3 097 |+-| o0.06 GOOD
32768+ e
U-237 110000.0| 111995.0 | 098 |+/-| o0.06 GOOD
Np-239 |2544150.0| 25112000 | 1201 |+/-| o0.06 GOOD
16384
d o 5
& =
J L 1l 1 l 1
[ | |
1000 1500 2000
keV =l
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Strategy

Bulk separation of Y + REE from most other Fission Products
* Mo0-99/Zr-95/Nb-95/Te-132/1-132/Ba-140 (Interferents)
* Ce-139/141/143/144 are grouped together at low side of gamma spectrum.

All higher energy fission products contribute to Compton Continuum.

Mo-99 and Te-132 are main interferences.
* 1-132, daughter of Te-132, lots of gamma rays across gamma spectrum.

Nd-147 low side of Ce’s can measure gamma directly with min sep.
Sm-153, Eu-152,155,156, Tb-160,Tb-161

» Separate or keep together for gamma measurement?

* All low fission yields (less than 0.5%).

Get rid of Ba/La-140 is #1 priority.
* La-140 will continue to in-grow if any Ba-140 is present.
* La-140 interferes with entire gamma energy spectrum.
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Chemistry Review

= Simple Group Separation of Yttrium + Lanthanides

* Main Oxidation State +3.
- Ce(IV), Eu(ll), Yb(I1), Sm(I)
¢ Ce easy to oxidize and reduce (NaBrO; and H,0,).
* Eu can be reduced by zinc.
* Sm can be reduced by magnesium.
Y and REE hydroxides are all insoluble.
* Hydroxides of most metals are also insoluble.
* Ba/Sr usually soluble — Ba/La-140, way to get rid of Ba-140.
Carbonates: Y and REE are all insoluble.
* Y, Ce, Nd carbonates are soluble in excess alkali potassium carbonate solution.
* Ba/Srinsoluble
Sulfates: Y and REE are soluble (Except Eu?*if you can keep reduced).
* Ba/Srinsoluble
* BaSO, carries La under the right conditions
*  Other REE?
Fluorides: Y and REE all insoluble.
* Great for bulk precipitation of Y and Lanthanides
* Hard to redissolve?

¢ Saturated solution of Boric Acid (6%) + little HNO; «
* Reprecipitate as hydroxide or carbonate for column separations.

U.S. DEPARTMENT OF Ofﬂce Of
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Solubility of Y and REE Carbonates

“ Dissolve R.E.E.(OH); (10 mgY and 10 mg La)
“ 1 mL HCI, incipient dryness, 3 mL 50% K,CO, boil to expel NH,

=20 mL H,0 heat until gelatinous precipitate changes into a fine
crystalline precipitate.

" The supernate contains the soluble Y!
" The supernate also contains Ce and Nd.

“ The precipitate contains La.
“ TRU resin gives a superior separation.
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Strategy

Since we will eventually use TRU resins and DGA resin we have to understand the
column capacity for how much “cold” carriers it can hold.
Working capacity is approximately 2 mg of Am per mL of resin.
* 4 mgAm in per 2 mL prepacked column.

* ~20% of theoretical maximum loading capacity.

What rad tracers can we use?

* Ce-139, Eu-152, Y-88

Cold carriers

* Y, Ce, La, Nd, Sm, Eu, Tb?

Hold Back Carriers

* Ba, Zr

* Ni/Co DMG example

Oxidation States

* Ce(lll) and Ce(IV) not worrying about reducing Sm(ll) or Eu(ll).

Office of
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Strategy

Lanthanides carry other lanthanides
* Ce and La are traditionally used as carriers.
* Ce requires and oxidation/reduction cycle.

Tracers
* Since we can use Y-88, Ce-139 and Eu-152 we can add carriers for these later.

Cold carriers
* Y, Ce, Eu (only tracers added)
* La, Eu, Sm, Tb (1 mg each)

* 4 mg of column TRU column capacity.
* Act as carrier for Y, Ce, Eu

Hold Back Carriers
* Ba, Zr (1mg each)
Other Carriers
* Ni, Co, Sr, Be?

Office of
Nuclear Energy




Strategy

* Oxidation/Reduction Cycle
Cerium can easily be oxidized to +4 with a saturated solution of NaBrO,.
Cerium(IV) can easily be reduced to +3 with H,0, in an acidic medium.

 Start
* Add carriers and tracers to liquid sample.

* Add a few drops of 30% H,0, and heat on a hot water bath for a few
minutes Ce(IV) to Ce(lll).

* Make alkaline with NH,OH.
When precipitate forms add an additional %2 mL of NH,OH.
Why not NaOH?

Centrifuge
* Keep supernatant for further processing of Sr, Ni, Co, etc.
* Niand Co form soluble amines.
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Strategy

* To the hydroxide precipitate add a few drops of acid to dissolve and volume

to ~10 mL.
Volume helps reduce other metals getting trapped in precipitate as it is forming.

* Add %2 mL HF

Fluoride precipitate forms slowly — be patient.

Fluoride also complexes Zr and Nb so they don’t precipitate
Centrifuge

* Precipitate contains Y and REE.

* Gamma count precipitate for Nd-147 at this point.
* Solubilities of the hydroxides and fluorides give 99%+ recovery of Y and REE.

* Supernate contains Zr, Nb, Be, etc.
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Nd-147 with other REE
Major gamma peaks are from radiocerium and La-140
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Digression

* Fluoride Supernate
Complexed Zr and Be behave like the sulfate anion.
Can easily be precipitated by adding additional Ba.

* BaZrF, and BaBeF,

* Dissolve with 5% Boric Acid and Nitric Acid
* Precipitate Zr(HPO,)2nH,O with a few drops of phosphoric acid.
* Precipitate Be(OH), with NH,OH
* Careful Be is amphoteric and will dissolve if too much NH,OH is used.

* Had to get this slide in as these are the latest separations that I’'ve been working on.
* Plus BaZrF, and BaBeF, are fun to say and precipitate instantaneously.
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Strategy

* Dissolve the fluoride precipitate with 3 ml saturated Boric Acid + 0.5-1 mL
HCI + 3 drops H,0, (reduce Ce(IV) to Ce(lll).
Hot water bath
Convert fluoride to BF, (gas) or BF* (anions)?

* Precipitate the Y and REE with NH,OH

Wash with H,0.
* Set up to go through TRU

Dissolve with minimum HNO; and transfer to 2 mL TRU cartridge with 2M HNO..
Load solution

* TRU- preconditioned with a few mLs of 2M HNO;.
* Strip Y with 15 mL 2M HNO; into a glass LSC vial.

U.S. DEPARTMENT OF Ofﬂce Of
ENERGY Nuclear Energy



Table 1

Y CI ea n u p Elution of Selected Elements on a TRU Resin Column
{fine partcies]
Element Eraction Eluting (3] by number of free column volumes
1=-3 B=10 11=15 16=20 21-25 28-30 31=40
. . . LE oE 4 <19 - - - - -
Dissolve Y and REE flourides with ”m% 28 a2z - 2 . : -

; i ; Al 8.8 <28 - - - - -
boric acid and reprecipate as OH 3 &5 5 - - : - -
with NH,OH & w - I = 2 -

tin 100 - - - - - -

Fa 102 12.3 - - - - N

- N - SR R - DL

Make 2M HNO; load solution e - S . e - . -

Zn 100 = i - = - =

\S'r Eﬁ 75.8 a5 - - _ -
TRU 2 mL column zr = E = = - = —

Ru——F2.6 =18.2 - - = - s

Rh 100 - - = - = =

o s - 3 : - - -

Elute Y 15 mL 2M HNO, directly Ea 100 - i : - . :
. . . . La - - - - - 300 720
into glass LSC vial. Gravity Drip. Ce : - - - - @0 750
M . ) - - = - g8.0
Sm - - - - - - 100
Eu - - = - - - =99

1 - = - -

Why 15 mL??? Hg o) ®0)  ve - e -
Ame - - - - - - 29

# radcrmatric

1-30 f.e.v. : 21 HNOs
31=20 f.ewv. : 0058 HMNOa

note: Because of uncertainties inharent in tha ICP-AES method, the fractons shown
for each element may not total to 100%. Values in parentheses are subject to
conciderable uncertainty and are intended only as a rough guide.
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Why the 15 mL 2M HNQ, Strip? - Increases Y-91 measurement sensitivity

Gamma Efficiency ~0.1% br ~0.3%.
LSC Efficiency ~100%

* Interference from Y-87 and Y-88.

Gas Flow Proportional Counter Efficiency ~50%
* Slight Inference from Y-87 and Y-88.

Cerenkov Counting Efficiency ~30%
* No Interference from Y-87 or Y-88.
* Can use Y-88 as a tracer?

Gamma 1000 Bq Y-91 (0.1)(0.003) = 0.3 CPS
Cerenkov 1000 Bq Y-91 (0.3)(Yield) = 300 CPS
Cerenkov vs gamma ~1000X increase in sensitivity for same sample size.
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Y-91 Gamma Spec/LSC/Cerenkov?

= Y87-80.3 h—Sr-87/m 2.806 h—Rb-87 4.7E10y
* Gamma’s Y-87 484.7 (92.2%) keV —Sr-87m (388.41 (83%) — Rb-87
* Beta’s Y-87 — Sr-87m — Rb-87 (100%) 273.3 Max/78.8 Avg keV

*Y-88 106.6d
* Gamma’s 1836 (99.4%) keV & 898 (94%) keV
* No Beta’s
“Y-9158.5d
* Gamma’s 1204.9 (0.3%) keV
* Beta’s (99.7%) 1543 Max/603.8 Avg keV
= Sr-89 50.5d

* Gamma’s 909.2 (0.095%) keV
* Beta’s (99.9%) 1491.3 Max/583 Avg keV

EEEEEEEEEEEE Office of
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Cerenkov Counting Conditions

Beta energy > 250 keV for Cerenkov Light to be produced.
Y-91 Beta’s (99.7%) 1543 Max/603.8 Avg keV

Sr-89 Beta’s (99.9%) 1491.3 Max/583 Avg keV

Difference in Y-91 and Sr-89 beta energies only 3% or 21 keV.

* Will have a Cerenkov efficiency within 1% of each other.

* Can use Sr-89 to calibrate for Y-91!
Y-87 no Cerenkov interference

* Decay chain has no beta’s with high enough energy!

Gamma energies higher than 514 keV only cause minimal Cerenkov.
* Can discriminate by increasing LSC count window 0-50 vs 4-50.

* Sr-85 used for Sr-90/Y-90 determination routinely at RESL.
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Y-88/91 Efficiency by Cerenkov Counting

Office of
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0.400
0.350
0.300
0.250
0.200
0.150
0.100

0.050

Sr-89 Efficency vs Volume
BGO Y-88 Efficiencyvs Volume
® ® [ ] ® [ ]
! ®
o o © g * ? f
e o o [ o d e

1 2 3 4 5 6 7 8 9 10 11 12 13 14

@ Sr-89Eff @Y88-898KeV @Y88-1523 KeV

Count Regions CPMA(0-50) Sr-89/Y-91
Y-88 BGO Count Regions CPMB G(500-600) 898 keV gamma
Y-88 BGO Count Regions CPMC G(1075-1250) 1523 keV gamma

15




Cerenkov Spectrum of Y-91 and Sr-89
BGO Spectrum of Y-88 and Sr-85
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Y-91 + Y-88 TN ) Sr-89 Standard
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| /
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Sr-89 + Sr-85
| Sample \
|
|
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Sr-85 Contaminant in
Sr-89 Standard.
Sr-89 (50.5 d)
Sr-85 (64.7 d)




Yttrium GOAL (Y-91, Y-87, Y-88) Complete!
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Table 1

LEtIS get Ce r| um Elution of Selected Elements on a TRU Resin Column

{fine partcies]
Element Eraction Elyting (%] by number of free column yolumes
=5 =10 11-18 16=20 21-25 2E-30 31-40
. . U gE8.4 <18 - - - - -
Strip rest of REE off TRU with 30 e 28 a2z - - - - -
Al €24 <28 - = - - :
mL of 0.05M HNO3. A g8 @8 - - - - -
Ca 100 - - - - = =
Cr 100 - - - - - -
. . M 100 - - - - - -
Gravity Drip Fe 102 123 - - - - .
Co 100 - - - = i =
Mi 100 - - - - - -
Cu 100 - - - - - =
n 100 = - - - - -
Er 100 - = - - . -
Y 23.4 768.8 3.5 - = - -
a5 = = = = = - Fi=mu
Fu———E2.5 <18.2 = - - - -
Rh 100 - = - - - -
Ag 100 - - - - - -
cd 100 - - - - - -
En 100 - - - - - -
La - - - - - 30.0 F2.0
Ce - - - - - <25.0 75.0
Pr - - = - - - 100
hd - = - - - - 8.0
Sm - - - - - - 100
Eu - = = = - - =89
Hg oo (&) 18] - - - =
Pb 100 - - - = = =
Am® = = - = - - >89
# radiomatric
1-30 f.e.v. : 21 HNOs
31=40 f.e.v. : 0.05M HNDa
note: Because of uncertainties inharent in tha ICP-AES method, the fractons shown
for each element may not total to 100%. Values in parentheses are subject to
considerable uncertainty and are intanded only as a rough guide.
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Cerium

- Elution on DGA Resi
=30 mL 0.05M HNO; TRU Strip o glecartlﬁdg'e,gg?gﬁm,?1(1)oc‘f§ﬁ?‘u@nI -
Solution (gravity drip) 3.0M 0.025M
| HCI HCI 4
. : P
“ Precipitate REE with NH,OH 4 Ia . p
» Centrifuge and wash .
* Could go into DGA § Am _
* If we do then we will keep Ce and B0 La >99% Zm >299‘:/;
La together and have a harder o oo, ]
, , : 107 - Pr 20% =
time getting cleaner fractions of : Nd 3% AG::?;; ]
Nd, Sm, Eu and Th. ole——— AmOS%| s

NN . R O VRN LI S | LT "
01 2 3 4 5 6 7 8 9 1 1 12 13 14 15 16 17 18 19 20

* Look at zoom view on next slide. Bed Volumes

EEEEEEEEEEEE
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Look at the
Elution of La, Ce, Pr, Nd on DGA, Normal Elution of Nd, Sm, Eu, Y on DGA, Normal
50-100 prm, 0.9 om x 14 cm, 21(1)°C, 3.5 mL/min 50-100 prm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mL/min

awesome :
separation 1o 32[,3?.909 T e : el | ] 20 MHG
between La/Ce and ol TEN | Lol ] = Ti f-ﬁ;g prym
. E j =
Nd with 3M HCl. 3 | "'"‘\‘ PU= g IREE ,><\\
| \ f \ /
01 +| X :f f’f o1 i 1} .,f' v }
Look at the OK | s | o ? /| ] &
. | l L ;«
Sepa ratlon oo 0 _-5" r1T[II-"15; 20 25 30 35 407457 50 55 B0 oo D—” 5”"107”15"26 25 30 ”35” '4(;“'45; 50 55 80
Bed Volumes Bed Volumes
between Nd, Sm | |
Elution of Sm, Eu, Gd, Tb, Dy, Y, Sc on DGA, Normal  Elution of Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu on DGA, Normal
and Euin 2M HCI. 50-100 pm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mUmin 50-100 pm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mUmin
100 Elute = 1005
7.2 1.5 MHQ ] ] 84 |11 1.0 MHCI
sSm| 4 ] 1 & 1 |
: u 2B - 10: - D;s "%OJEETJ'Pa Eﬁ?
Y ' - 30

Eu
Look at the crappy ? i?i - = | [ 1 1 - %
separation A i P AL Tl T P

between Sm, Eu T+ ;--" “‘\"“-‘ HRY \ \\.i ’f'
o L. L A I X. \\ |

T

;_"
¥

o+

-

*
»

*

w

and Tb in 1-1.5M Ty
001 =; — 0 ot i [ - J
HCI 0 5 10 15 20 25 30 3 40 45 50 %5 60 0 5 10 15 20 25 30 35 40 45 50 55 60 65

EEEEEEEEEEEE
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Cerium Strategy

Elution of La, Ce, Pr, Nd on DGA, Normal
50-100 pm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mU/min

Either get Ce and La

Elute

together J
1 v , oY
Or lJI \k' HAA
e R

Bed Volumes

Elution of Sm, Eu, Gd, Tb,
50-100m09(xnx14an.21(1)°0 3.5 mU/min

Take advantage of
Ce(lV) then easily et ], 15fin
separate La from . 11

7

3
™
- . oeret PHRESIES

__,_
V-

M

By

>

remaining REE. HibA h
0.01 ‘g .:‘.‘ «;ﬁL ~\F

0 5 10 15 20 25 30 35 40 45 50 55 60
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0.01

01

0.01

Elution of Nd, Sm, Eu, Y on DGA, Normal
50-100 pm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mL/min

Elute
B 2.0 MHQ!

Nd

. I

I 1% z T
1Y _.:". !
} M

.

]

Dy, Y, Sc on DGA, Normal Eluth!"IOde Tb, Dy,
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Cerium Strategy

Keep Ce and La together. 00 B e 1 o S S 900 0 o 14 £ SR, 25 e,
100 32 Sl B 3B 20MHG
Dissolve up the REE OH’s with HCI oo ' JAFL | 4
i 2 ;
and make 3M HCL load solution. g . sib I# o xm.
Bl . ~ B.LAL]
TX \ ‘k:, T / ke W
Strip La and Ce with 40 mL 3M HCL o JJ4l 2 % O " || NP )’
. . | - .D‘ 3 «"
(gravity drip) ! \ o i S
001 4—a \.: 001 l v - >
0 5 10 15 20 25 30 35 40 45 50 5 60 0 S5 10 15 20 25 30 35 40 45 5 55 60
Bed Volumes Bed Volumes
Strip Nd, Sm, Eu, Tb and Am with 20 Elution of Sm, Eu, Gd, Tb, Dy, Y, Scon DGA, Normal - Elution of Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu on DGA, Normal
. . 50-100 pm, 0.9 cm x 14 cm, 1}°C 3.5 mUmin 1(I)m1, 9 cm x 14 am, 21(1)°C, 3.5 mU/min
mL 0.025M HCI (gravity drip) o N .
et | 1.5 MHG! 4 111 1,0 MHC!
E 41) 3;5 o &
. 25
Note: Could remove some Nd with ’ TTA sl
B e
16 mL 2M HCI (8 bed volumes) B ]l : B ool "e,""&._:'vf:ss,i
. » J | ‘q‘ N "*.,*
would result in better Am-239/240 0 f 'y, . ; \ \ o | Padted
1 = 1 - <. =y
measurement. i‘f s s | .
001 T 001 | S \: .
[ 5 10 15 20 25 3'.) 3% 40 45 50 5 60 0 5 10 15 20 2!": 3'.)35 40 45 50 55 65

Rember Nd-147 has already been
measured.
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Alternative Cerium Strategy

" To the 20 mL 3M HCL strip containing La and Ce.
* Add 10 mg of Ce carrier.

EEEEEEEEEEEE

Yield is done with Ce-139 tracer already added.
Precipitate with Ce/La with NH,OH.
Centrifuge and wash precipitate.

Dissolve precipitate with 1 mL HNO; and 1 mL saturated solution NaBrO..
- Oxidize Ce(lll) to Ce(IV)

Add 1 mL saturated KIO, (10g/100mL) to precipitate Ce(lO;),.

Dissolve Ce(10;), with 0.4 mL HNO, + 3 drops H,0, +1 drop HCI.
* Reduces (Ce(IV) to Ce(lll).

Repeat for a total of 3 cycles.

Office of
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Ce-141,Ce-143, Ce-144 + Ce-139 Complete!

DETO3EC-TS-CE-3 . CNF

Frrrrrrrr e T T i T I
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Live Time :21337.110 sec

Real Time :21349.820 sec

Start: = 0.2 (kev)

Stop : 3990:1999.8 (keV)

ACq. Start :wed Aug 13 08:14:48 2025
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Remaining Lanthanides

Nd-147 11 d

* 91.1 (28%) keV, 531(13.5%) keV

* Compton Continuum Interference with Eu-155 and Th-161.
* Can be removed from DGA with 16 mL 2M HCI .

Sm-15346.8 h
* 702(44%) keV, 632(34%) keV, 805(21%) keV

Eu-156 15.2 d

Note: We are working with
fresh fission products not waste
where Sm-151 or Eu-152 would
be built up in irradiated fuels.

* 811.8(10.3%) keV, 88.96(9%) keV, 1231 (8.8%) keV + many more

Eu-1554.96 a
* 86.5(32.7%) keV, 105.31 (21.8%) keV

Tbh-160 72 d
* 86.8 (13.4%) keV, 876(30%) keV, 966(25.5%) keV + many more

Tb-1616.9d

* 74.6 (5.9%) keV Am-243 interferes if using as tracer 74.67 (66%) keV

EEEEEEEEEEEE
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Eu-155, Eu-156 + Eu-152 Semi Complete!

72 hour count after Nd-147 and radiocerium were thought to be removed.

DETO2EC-GB-ND-EU-1.CNF

Live Time :259200.000 sec

Real Time :259519.560 sec

Start: 1.4 0.2 (ke

Stop : 3999:1999.7 (keV)

Acg. Start :Mon May 27 10:32:36 2024
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Terbium Goal (Tb-160, 161
Working on this.

DETO6EC-TB-160.CNF

B Live Time :63527.730 sec
— Real Time :83682.440 sec

30000 SEA0TE aechiieed dieve
| Acqg. Start :Mon Oct 2 15:48:55 2023
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Where to Next?

g U T B\ B Yo o
My 2026 goals are: e T T o Wl i A i
w2l ol "I 23
7939 ‘ ‘J‘lm 21
L 10
Need to remove Nd-147 0] 2.5 i 7 e
. 51, -
Yield by ICP-OES or ICP-MS. ¢ |k ;( o BRI
‘II"' bt , T L "»
01 lxr ;? g"k: 014 ‘ s Y:’
Then keep Sm, Eu, Tb together for MY R[4 ‘.\ | J &
gamma COuntIng. 0010 l5 1} 5 20 25 30 35 40 45 50 55 60 0010I 5 '1|J o 2 25 20 3 % 45 % % 6
. . Bed Vol Bed Vol
See if Eu-152 will trace the Sm o o
Elution of Sm, Eu, Gd, Tb, Dy, Y, Sc on DGA, Normal Elution of Gd, Tb, Dg, Ho, Er, Tm, Yb, Lu on DGA, Normal
and Tb 50-100 pm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mUmin 50-100 pm, 0.9 cm x 14 cm, 21(1)°C, 3.5 mUmin
100 75 meHdI: 100
st 15M
Work on reduction of Eu(ll) 10 10
chemistry. 2 114 5 ]
r
[y |
Work on reduction of Sm(Il) h %( % 1{ R "\.\ :
EEL]
chemistry. - Tl L e [ ool .
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Questions?
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