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230U and 233U as fingerprint
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[Magill et al., EC. (7) 2006]

233| > 10-2 Nuclear weapons fallout
236 <« 10~2 Civil nuclear industry

[Hain et al., Nat. Commun. 2020, this meeting]
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238U (ty,=4.5x10%y)
23U (ty,= 7.0x108%y)

236U (ty,=2.3x10"y)

- Mainly anthropogenic
radionuclide
236 [ 238y = 10-6 — 10-12

[Steier et al., NIMB. 2008]

2331 (t,,= 1.5x105y)
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UO- for AMS

(~ng UO, + 2 mg Fe,0O3) - UO-

- Slowly-rising UO- current - time-consuming (~4-5 h)

- Low sample throughput lon Ej (eV)
N . | UO- ?
- lonization yield ~0.3%  7ion X €xXp(Ea) UOs 2125
UF;  3.820

- Strong UF:~ (high E,) current with excess fluorine
(PbF,) mixed with pure U metal [zhao et al., NIMB. 2010].

(UO, + Fe,0,) + PbF, > UF.~ ?
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Results summary

- UF;~ extraction 3 to 10-fold more efficient than UO-
- Mixing ratio with PbF, of 1:9 (wt. ratio) is optimal

- 2 90% of extractable U within 2 h

- Direct application with sub-milligram Fe preparation

- UF;~ extraction method validated with 23°U/%38U and

233U/238U levels of previously measured samples
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Materials for UF;~ extraction
L. I1. I11.

Dry Vienna-KkU-D30 5 pg U in Vienna-KkU

solution + 200 pg Fe

Vienna-KkU
solution co-

powder (U:Fe = 1:30)
op solution

precip. UF, with
NdF; (U:Nd = 18)

or

1:9 PbF, powder

1:9 PbF, powder

Dried + calcined (~6h)

oP

1:9 PbF, powder

aTe

Vienna Environmental Research Accelerator
( Faculty of Physics - Isotope Physics




Materials for UF;~ extraction
L. I1. I11.

Dry Vienna-KkU-D30 5 ug U in Vienna-KkU

solution + 200 pug Fe

Vienna-KkU
solution co-

powder (U:Fe = 1:30)
op solution

precip. UF, with
NdF; (U:Nd = 18)

1:9 PbF, powder

Dried + calcined (~6h)

but at least 2 mg T
CO-precipitation
=20 mg!
Msamp Mgamp = 20-30 mg!

oP

1:9 PbF, powder
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AMS detection efficiency of U using UF.
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AMS ana

1E-9 41—

lysi

S using UF.-

1] (6.85+0.54)x10"""
1] (6.9320.61)x 10" I

1| (21.44£1.8)x107"!

236ul238U

1E'11 L TR | I I I I I I I 1 1 I 1 I I I
Samples
| :Vienna-KkU-D30+ PbF, =g
Validation with U-standard 1l : +PbF,

[Steier et al., NIMB. 2008] Il : (UF,+NdF;)+PbF, g



Method valldatlon of AMS using UF¢

A|r f||ter sample
A A
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as UO™ as UF5~ as UO™ as UF5~

Previously measured isotope ratios of blank and sample confirmed E(
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Results summary

- UF:~ extraction 3 to -10-fold more efficient than UO-
- Mixing ratio with PbF, of 1:9 (wt. ratio) is optimal

- 2 90% of extractable U within 2 h

- Direct application with sub-milligram Fe preparation

- UF;~ extraction method validated with 23°U/%38U and

233U/%38U levels of previously measured samples
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Outlook

Application for environmental samples
AF,~ application for other actinides at VERA (Np, Pu, ..)

C, Ag cathode material to further cut down low-energy background in
future measurements

Adjusting the UF4 + NdF3 co-precipitation to sub-milligram Nd
amounts
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Long-lived U trace Isotopes

:> 236U 236U (tl/zz 23X1O7 y)
235U (ny,,Y)?38U (~95 b) —> mainly anthropogenic
radionuclide by
238U (n,,3n)2%U (~0.5 b @ E,= 13 MeV) abundance

236(J [ 238y = 106 — 1012
[Steier et al., NIMB. 2008]

— 233
232Th(n,, v)?3Th > 233Pa > 233U (~7 b) | 233U (t,,, = 1.5x105Y)

235 233 - Thermonuclear
U(n,3m™*U (-0.1 b @ E,= 13 MeV) production, or Th-rich

rocks

233y [ 236y = 102

[Karin Hain et al., Nat. Commun. 2020]
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Cross Section (barns)

Cross Section (barns)
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233U/ 238U AMS analysis using UF¢’

1 E | | | I I I I | I I 1 | | |

1[1] (1.8220.19)x102  [m] (5.5+2.9)x102
1 (] (3.81+£0.59)x 10~ (4.20+0.36)x1073

233ul236u

| Global fallout: (1.40+0.15)x 1072
0'001 | I I 1 1 1 1 1 1 1 1 1 1 |

Samples

Global fallout ratio: [Karin Hain et al., Nat. Commun. 2020, this meeting]
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lonization of negative ions

SPUTTERING CESIUM INCIDENT POSITIVE ION ( I) _ L
TARGET MONOLAYER ® - =" AT? e olod
\
eo0o0o0o0
0000
= | P (v)f(v)dv
66090 EJEcnONOeEXTRACTED ' / ( )f( )
L] .O “« ANGLE  NEGATIVE ION (I')
() - 4
® 0000 Mk. lon E, (eV)
Sev ooy UO; 2125
LOW GAS PRESSURE REGION - 125
®© 0000 (GAS DENSITY: n,) e
\ L L02F2 3.356
UF,  1.244
METAL SURFACE  NEGATIVE-ION PRODUCTION )
(WORK FUNCTION:#) ~ ON METAL SURFACE UO.F;  6.250
(EFFICIENCY:7") ‘
UOF;  3.803
UF;  3.820
9 —(¢ — E,) UF, 5.056  [NIST, 2020]
P (v) = —ex '
( ) 0 b (2@@COS@)/7T+]€BTeff
e Lniversitat [Ishikawa et al., Rev. Sci. Instrum. 65(1732). 1994] " VERA

H =
< f}mf' Wlen Vienna EnvironmentalResearchAcceleratcg

( Faculty of Physics - Isotope Physics




Bending Magnet 90° (BM 11-1) 4

lonization yield

FC 11-1

(O FC S2-1

30 kV Preacceleration .
ions measured

_ Focus Lens

Nion —

x/y-Steerer .
d ‘ atoms in sample
x/y-Slits Source?2
40 Samples
ROI
100 ’ . .
[ ! : R (002,32,2) —— 1 T T T T T T T
(002 08 1) :'
238UF5_ . - :\
». 20| maximum ion current :
/i < I
c
10 o :’ .
o g 154 | 4
£ S
5 :VI\ S |
T c ‘. M
: .IQLO 10_ * -
¢ 1 \
) W e
1r 2] LVNTAS
o~ »y )
51 .ooot *e ::'3003400 gty 7
.”‘0:14
0‘;‘
0 “'""“t!nuu
1 1 I € 1 ¥ I ¥ 1 v 1 ¥
6 00 05 10 15 20 25 30 35 40
330 340 tlme (h)

mass (u)



€

q .

nion

(gu) ¥2|T-TI 24

350

320

310

300

mass (u)



Materials for UF;~ extraction

Vienna-KkU-D30 B PDbF, powder by 1:X wt. ratio

1.5 -

238UF,~ ionization yield (%)
=

0.5 -

g% inversitat
</ wien

1.5

| 2.0 |
time (h)

2.5

3.0

3.5

4.0

Nups = (2-49 £ 0.12)%

(background corrected)

Optimal sample size for
lonization efficiency ca. 200
g Vienna-KkU-D30

—> difficult to handle
environmental samples
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FC I1-1|CR (nA)

X A — )2
normal(z, pt,0) = ——— - exp %
o

D (6.1)

f(z) = ag - normal(xz, xo, 09) + a, - normal(z, x;, 07) + 0.158 - anormal(x, x,1, 0,.)

+0.353 - agynormal(x, x,9, 0,) + 0.315 - agnormal(x, x,3, ;)

(6.2)
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28U'F; ion current (nA)

Investigated sample sizes
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