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Motivation

¢ Inert gases are used In low-level nuclear
and particle physics:
— for cleaning / as blankets
— liguefied: for shielding / as scintillator

¢ Count-rates dewn| te event/year-scale
reguire: Righest: purity!

¢ Usually, erders off magnitude cleaner than
commercialispecifications (6.0, =1ppm)

¢ Task: Removal of dissolved radioactive
impurities (e.g. 2??Rn, °Kr, =2Ar)



Example: Purity requirements in
hitrogen for BOREXINO

Required purity

222Rn =3l atems/m* =7 UBg/m>

Ky pien <0. 14 ppi S5Kr: <0.2 UBg/m=

Argon =(0.36 ppm 39Ar: <0.6 pUBg/m?
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Noble gas mass spectrometer
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Low background proportional
counter

A TN
T S—— i ;,__
ki

.f

e

'-
—--——
S —
'-9.. = SR

100 1 12578 S48 15

Ml imluu!rmhmmu! ummlnuhmhnmnllu I !lmmmlmlh ||hmhtuhullnulnuinlmuliuuluuluulliu nnhnnuuhmi

9 “““Rildetectiontlimit (ncluding vackarotnd
firem counter=hlling): =15 atems !



Outline

+ Motivation
¢ Measurement technigues
¢ Gas purficatien technigues




N, purification from Ar/Kr/Rn by
adsorption technigues

— H. Siimgen: ,,Adserption technigues fior
gas purfication: LRIF 2004, SUdBUIR/

Conclusions:

o Al/INS separation impoessible

% [KI/INS Separation diffictiit

o Rig/INE SEpaiation s, easy
Vi2IRNISSUE: re-contaminaticn



~~ 22Rnin N, before
purification:
aﬁ ~50 Lqu/m3 (STP)

& e

Adsorber mass:
2.1 kg
Flow-rate: up to
100 m3/h (STP)

e

B 222Rn in N, after p'urification: <0.5 pBg/m? (STP)



Argon purification from #2?Rn

¢ Argon: Cryegenic shield im GERDA
¢ 222Rn purity requirement: <0.5 pBg/m?
¢ Concerning adserption:

— N5 and Ar sehave: similar (looth Very,
different firem radoemn)

— But: T(LAR) = T(LN,) + 10K

v hechnical aiffictityz Argen: canreasily
freeze!



Argon purification from #??Rn

222Rn in Ar before
purification:
~200 uBg/m?3 (STP)

Adsorber mass:
0.15 kg
Flow-rate: up to
20 m3/h (STP)
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222Rn in Ar after puriiéion: <0.5 HBg/m? (STP)



Alr
separation
plant
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Ar/Kr concentration in nitrogen
firom different sources

Description Ar [ppm] [ Kr [ppt]
Linder AG (Weoerms) 0.4 6
Westiialen AG (Hoerstel) 0.03 v
SEIE(IVanRteVve) 0). 7 5
Gozl 0.36 0.14




Problems with sampling

¢ Gaseous samples (1-5 ccm) have
pPad velume/surface ratio

— hIgh risk off contamination

¢ Thus: Liquidisamples (24081 LIN5)



Ar/Kr concentration in nitrogen
firom different sources

Description Ar [ppm] [ Kr [ppt]

Linde AG (\WWoerms) 0.4 6
Westialen AG (Horstel) 0.03 7
SOL (IVianteva) 0.2 )
SiRcer AGH (W erImS) ). 04 Z
Wesittallen AG (Florsis ) 0).0)0]0)5 0).0F
SOL (\Veipriovey) 0. 005 0. 04

Gozl 0.36 0.14




Problems with sampling

¢ Even liguid samples must be
prepared very carefully

» NG appropiate sampling pPort: fior
Simall-scale samples availalle: at
Linde: plant:

¢ Thus: Test-tank installed @ MPIK



Ultrapure nitrogen from LINDE

LINDE tank @ MPIK

~&-/

small sampling
dewar (240 |)

60 m tube directly to

\mass spectrometer




Ar/Kr concentration in nitrogen
firom different sources

Description Ar [ppm] [ Kr [ppt]

Linde AG (\WWoerms) 0.4 6
Westialen AG (Horstel) 0.03 7
SOL (IVianteva) 0.2 )
Linde AG (Woerms) 0),0)4 4
Westialenr AG (Herstel) 0)50]0)0)5; 006
SEOIL (IVianteVvea) 0),0)0)5 0). 04
Lipele AG (Worens) 0.013 0.1

Gozl 0.36 0.14




Search for ultrapure N, on the
market - Summary:

¢ Al separation plants produce N, of
Very high purity.

» Contaminations are brought in By
transport / refilling / sterage

¢ Conclusion (fer BOREXING):

Eulifdeliverny chain (hfem the preducthien
planit te the lalerateRy) REEUS 16! IDE
tested Under realisite conaitiens:
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Total ?°°Rn budget inside tank: 65 mBqg
Converted in %°°Rn concentration: 6 uBg/m?3 (STP
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Time dependency of 22?Rn (tank 90% full)

'DAMPIK\Rn_LAK_decay.dat' using 123 ——
7.5+13.5enp(aclog(2)/3.8235) ——
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Results on Argon / Krypton

Conditions C.r LPpPb] Cx,r LPpt]
In liguidl phase 12 + 2 0.02 £ 0.005
N gas phase £ A 0)50]0)6)==N0)50]0)4!
BOREXINGO geal <360 =014

» Nordependency: on filling level off tank

9 Gas plhiase concentrationralwaysHewer
thanrtliguic phase conceRtation

¥ SUpPlY chainrsuceesiully/ tested!




222Rn dependency on filling level

Crn [LBO/m*] (STP)

Conditions Liquid Gas
phase phase

Vi —14 me (90 % filled) 8+1 7+1
Vs —6 me (B8 % filled) 0) = I 26 + 3
Vs —8l me (@9 % filled) 14 £ 1 30 + 3
Vine —0:8 meN(5 2% filled) 38+ 5 42 + 9
Vine 200 (@lmest empiy) 237 £ 13 A/ & 3




222Rn in gas phase / liguid phase
An attempt of interpretation

b




Outline

¢ Motivation
¢ Measurement technigues

¢ Gas purificatien technigues
— Adsorption
— Distillation

& SUrvey ol gases frem
eurepean: suppliers

9 llest el whelerdelivery chiain
. Corieltision



Conclusion

¢ °2?Rn problem can be solved ,,in the lab*
Py adserption technigues

¢ Distillation Is better approach fior Ar/KK
purification

¢ Einal Ar/Kr concentration strongly.
dependent: on sterage: / refilling / transport

¢ Can| be controlled! (tanik design / refilling
precedure)

¢ Final 222Rnl conecentration) determined 15y
sterage: tank
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