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composition [%] of 1.4571 (X6CrNiMoTil7-12-2) according to DIN EN 10088

Cr Ni Mo Ti
<0.08 165 - 185 105-135 20-25 >5x €<0.70
Steel 4571 activity [mBq/kg]
sample primordial man made | cosmogenic
heat p|a-|-e 226Ra 228Th 228R0 4OK 60co 7Be
kg # hours
5991 495466-2 2.9 5.1 <29 <39 6.5
540 D1 705 10 10 05
494257 347106-2 | <20 <19 <34 <45 142 34.6
613 D2 95.2 0.6 5.3
493553 320308-3 | <0.84 11 <3.3 <3.3 15.1
573 D3 1612 0.4 05
493554 20311+AF | <22 | <26 | <45 | <62 14.4
3996 D4 36.1 1.0
492217 91856 <12 <11 <26 <28 11.6
406 D5 1013 0.5
495895 ?220mm| <0.6 <0.8 <14 <17 16.7
4938 D6 2533 04
496895 ?25mm| <1.3 <10 <41 <6.8 171
5248 D7 994 07

measurements at Heidelberg
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Steel 4571 activity [mBq/kg]
sample primordial radionuclides man made cosmogenic radionuclides
i 2260 | 234mp_ | 235, 11 228 228 20, 137 ~.160~_1 7o |54 58 56 6 78
Suppller' Ra Pa U Th Ra K Cs| “Co| 'Be|>"Mn| °°Co | >°Co | "°Sc | ™V
<13 | <94 | <26 <02 [ <26 | <28 077 | 450 [[<39] 13 | 067 |<032[<035]0.30
Ilsenburg 043 | 21 04 | 034 0.11
<024| <12 |<063] <011 [<086|<093|<016| 140 [<30| 15 | 099 | 017 | 0.24 [036
Ilsenburg 01 01 | 012 | 006 | 006 |007
<035| <38 | <15 <027 <11 | <11 [<039] 130 [136| 14 | 059 |<042|<031]040
Ilsenburg 06 | 25 | 02 | 020 0.12
1<074| <45 | <15 <041 | <10 | <11 <026 138 [[<57| 092 | 056 |<062|<054]|0.27
07 024 | 0.23 0.11
. | <13 | <41 | <19 | 51 | <30 <17 |<036] 20 | 96 | 20 | 071 |<071|<067] 031
Acronl 05 1 |29 03 | 026 0.13
A ni 10 54 25 15 10 |<081| <01 | 183 48] 17 | 069 | 028 | 047 022
cro 06 | 16 15 1 o2 | o5 07 | 17| 02 | 016 | 010 | 014 |0.09
: 39 | <56 | <39 52 19 | <17 | <06 | 421 |<59]| 16 | 054 | <06 | 061 |0.39
Acroni 16 05 1.0 19 03 | 027 0.26 | 013
50°%6 I *
Ilsenber‘gl electric arc melting 75% sources of ¢°Co contamination:
. a w " . .
ACroni: electric arc melting 5 d orphan” radioactive sources
+ vacuum oxygen decarboration S oo | (doping of the blast furnace shell)
‘s ] cosmogenic production via ¢°Ni(n,p)
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sample primordial radionuclides [mBq/kg]
heat plate | 226R, [234mpg[ 235 | 234m | 2287, | 228Rq
kg # hours 226
old ship steel 015 | 57% | 030% | 38 046 | 047
47.29 1017 | 0.02 14 0.08 11 0.07 0.05
254533 56754 1.0 54* 2.5* 54 1.5 1.0
5315 65 2304| Qp 16 15 36 0.2 0.5 ==
255772 71459] 3.9 <56 | <39 |<10-24 § N R
550 67 1445| q1¢ N -
4.69 MeV
$ (4.6 +1.1)E-10g/g U - (5.2 + 1.4) E-10 g/g U 7
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Dating of steel production ?



Neuschiitz D. et al., Distribution ratios after
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electric arc furnace melting of contaminated steel

distribution [%]
estimated from partition ratios
experimental

radionuclid steel melt slag + dust
60Co 98 2

0Co 88 12
137Cs (CsCl) - >99
137Cs  (CsX) <1 100
226Rq - 100
226Rq 3.2 96.8
235238 1.3 98.8
231,234 Th* 1 99

* U. Quade, ASME 2001

Most likely U/Ra desequilibrium in steel originates from
additives in the iron/steel convertion



Steel 4571 activity [mBq/kg]
sample cosmogenic radionuclides

Be 54Mn 580 56Co 465 48

Tie — » 53.3d 3122d 709d 77.3d 83.8 d 16.0d
production — | spallation | *Fe(n,p2n)| °°Ni(n,p) |**Ni(n,p2n)| spallation | spallation
channel 60Ni(n,pZn) oh Cr/Ni on Cr/Ni

61 <3.9 1.3 0.67 <0.32 <0.35 0.30

0.4 0.34 0.11

G2 <30 15 0.99 0.17 0.24 0.36

0.1 0.12 0.06 0.06 0.07

G3 13.6 14 0.59 <042 <0.31 0.40

25 0.2 0.20 0.12

G4 <b7 0.92 0.56 <0.62 <0.54 0.27

0.24 0.23 0.11

G5 9.6 2.0 0.71 <0.71 <0.67 0.31

29 0.3 0.26 0.13

66 48 17 0.69 0.28 0.47 0.22

17 0.2 0.16 0.10 0.14 0.09

G7 <59 16 0.54 <06 0.61 0.39

0.3 0.27 0.26 0.13

mean 15 0.68 0.23 0.44 0.32

Chondrites* 800 1700 160 60 140 300

Chondrites/steel 1130 240 260 320 940

* mean of meteorites Neuschwanstein and Moravka
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A = PR(1-e™M)
PR, = 4.5 mBq/kg
=P +=40d

PRs5gc, = 0.4 mBq/kg
at 2 mwe

W. Hampel PhDThesis 1974



Cosmogenic* and primordial concentrations in Cu

dominating

cosmogenic
activity

at start of
GERDA

radionuclide| halflife activity [uBg/kg]
cosmogenic exposed unexposed
°Co 77.31d 230 *+ 30
>'Co 271.83d | 1800 + 400
>%Co 70.86d | 1650 + 90
Yo 527y 2100 + 190 <10
**Mn 312.15d 215 + 21
“Fe 44.5d 455 + 120
G 83.79 y 53 + 18
By 15.97d 110 * 37
primordial
**Ra (U) 1600 y <35 <16
“**Th (Th) 1.91y <20 <19
K 1.277x10” y <120 < 88

* saturation activity scaled after exposure at LNGS surface for 270 d
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summary
® Low activity steel discovered - important for low level community
® Increase of 228Th with time should be considered
® Dating of modern steel production possible ?

® Cosmic ray exposure of steel can be estimated

Highly sensitive Ge-spectrometry is a very powerful tool

The gain in sensitivity by applying GERDA technology
will open new fields



