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Many low rate, low energy experiments have very strict
requirements for their content of radio-nuclides.

Natural radioactivity K, Th, and U is omnipresent. Many
experiments go through great length to 1dentify and
certify their construction materials regarding these
impurities.

This 1s often a time consuming and costly process.

If DUSL would offer a centralized site for high-sensitivity
radio activity testing, duplication of work could be avoided.
For our community this would enhance competitiveness
(through time saving) and certainly result in cost savings
(avoid duplication of lab effort).



This talk will focus on natural radio activity.
Techniques typically utilized:

* Direct y— and to some extent o.— and f—counting.
Typically requires large samples (1014 g/g U gives
1 decay per day per 100 kg sample) and long counting
time to obtain sufficient sensitivity. Measures the
background creating members of the decay series directly.

* Mass spectroscopy can yield K, Th, U sensitivities of
10~ and 10-12/10-13 g/g. Requires only g-size samples
done typically within a week. Applicable to materials
that can be digested 1n acids (ICPMS) or are conductors
(GDMYS). Measures Th, U: material qualification involves
the assumption of chain equilibrium.



* Neutron activation analysis achieves sensitivities (K, Th,
U) of 10~ and 10-12/10-13 g/g for straight y—counting of
g-size samples following activation at a research reactor.
At UA we work with the reactor at MIT. In the past we
have also utilized the high flux reactor at ORNL.

This involves typically a one day delay for initial
cool-down and shipping by UPS/FEDEX.

This technique is only applicable to matrix materials with
low neutron capture cross section. Many metals are
unsuited. High sensitivity analysis can take up to one
month due the long half life of the Th activation product
233pg.



* To enhance sensitivity by removing unwanted side
activities (and thus reducing source related background)
the sensitivity can be boosted.

For liquid scintillator samples such post-radiation
chemistry yielded Th/U sensitivities of 101> g/g at UA.
A group at the TU Munich, utilizing an on-site reactor,
even reported 10716 g/g.

This approach 1s usually only feasible for the screening
of a limited number of material types as the chemistry
has to be custom tailored and its effectiveness
experimentally verified. This add some overhead.

Both flavors of NAA require a sample handling facility
suited for handling of considerable amounts of open
radio activity.



In all cases a consistent pre-analysis treatment 1s important.
This 1s to avoid surface contamination and thus spurious
readings when converting measurements on small samples
to a large amount of construction materials.

A centralized analysis facility will thus also need clean
room space with the capability to handle chemicals
(organic solvents, pure acids, high purity water) for
pre-analysis treatment. At UA a class 500 clean area 1s
sufficient to obtain the sensitivities listed before.

Depending on the activation length 1rradiation reactor costs
of the order $2000 per run (UA: up to 5 samples).

Sample counting requires multiple large Ge detectors
to avoid decay. In most cases low background detectors
are not needed (except RNAA and Th analysis).



*Preparation of samples 1n class 500 clean room.

*All containers etched with ultra pure acid.

*Rinsed with purified water.

*Depending on t. and type of sample use small PE bottle or
miniature quartz vial. Both melted shut before irradiation.
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Conclusion

NAA has been successfully used in the preparation of
previous low background experiments: SNO, KamLAND,
Borexino. It offers ppt to sub ppt-sensitivity depending
effort made to avoid source related background.

It nicely complements the capabilities of ICPMS 1n being
well suited for most plastics that are inaccessible to MS.

If DUSL wants to go beyond an underground counting
facility and become a center for trace analysis NAA has
to be 1n 1ts repertoire.



Thermal neutron fluxes of some reactors that have
pneumatic sample insertion facilities:

MITR: 5-1013 n/cm? s
HFIR: 4-10'4 n/cm? s
MURR: 81013 n/cm? s
FRM II: 8101 n/cm? s
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External Activities have less strict requirements

All external components are tested for activity
By means of low background y-ray spectroscopy.

Tests all members of the decay series

Use “above ground” set up.

YK : 8mBg/kg or 30 ppt
232Th: 3 mBg/kg or 700 ppt
238U : 4 mBg/kg or 300 ppt

Sufficient for most external materials
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Neutron activation analysis

n+YK ¥*K - *Ca,) o, =1.2b (1.2 b)

o, =6.1b(7.8Dh)

o, =2.3b(7.9b)
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Reaction rate relates to concentration of parent nuclide

R=N-[®(E,)o(E,) dE,
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Decay rate of activation product relates to reaction rate

To achieve high sensitivity (large R,):

*High neutron flux ® — use high flux research reactor
Oak Ridge National Lab
MIT
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Activation Analysis of KamLAND Scintillator

Goal: Reliable, Independent monitor of Purity and Backgrounds

= 1. Collection of Scintillator

% * Ship samples to US

—

<] L 2. Preconcentration
 Remove Reactor-unfriendly organics

=% 3. Irradiation at Reactor (ORNL/MITR)

S
©

4. Post-chemistry

* Separate “Signal” 1sotopes from
“Background”

5. vy Counting (HPGe)
66. Analysis and Results
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Samples contain various activities after irradiation

*Separate sample from container using hot HNO;.
*Separate Pa and Np from side activities by 1on exchange:
Use commercial CMPO resin dissolved in TBP

CMPO: Octylphenyl-N, N-di-ISO-butyl Carbamoylphosphin Oxide
TBP: Tri-N-Butyl Phosphate

— red. factor for 2*Na > 1000 (large)

2Br ~ 7 (large)
4Sc ~ 2
ICr ~ 500
7Zn ~ 300
98Au ~ 5

233Pa, 2°Np ~ 1.3 — organic tracer in PPO

inorganic form: 1.0
11/3/2007 DUSL



Just count the 1on
exchange column




1

320

2500
Energy / keV
|
|
\
\

on: 7.4597 days

on. 6.288 days

3 — —

’

”Mf

3

2000
I
|

‘“W

S

Energy / keV

—
300

e e e
| 1

280

L A 8/Z “@_ﬁ —

|

MI

1
lill

|

h

UA 19—=21. No extraction
Time since irradiat
UA 22—=24" lon extraction
Time since irradiat

| M
|

M|N
Il
i

)
w

“”
i

‘n
|

Eﬁ
»

|

L

m
|
l
L

m"ﬁ

v
:
i

1000
|
|
|

500
|
|
|
}H

Activated PPO with ion exchnage. MITR 3/22 /2001 for 5 h at 5%10' n/cm?®ss
ET T T T T T T T T T T T T T T T T T T T
H
|
|

I

0
[«
3
o
-
o2
X
9]
o]
0
(.
o
-
0}
Q
-
]
a
T

‘w«wu«»:’v“m‘wﬁu

260

DUSL

S M e
240

oy e
|

220

,,j:::
© = g g o 'o 'o

-—

S / 91 G£'0 * SjUN0g s/ ASY G

ok
200

0.0025 —

11/3/2007



7Act|voted PPO W|th ||on exchnoge MITR 3/22/2001 for 5h ot 5*10'5 n/cm *s
> N | | UA 2‘2 24: PPO 21‘ 634 | .
L w"ﬂ”M""“wm‘ Time since end irradiation: 45.044 days —~
> - T ]
? C “MW “‘quw " Nim X ]
g ot Aol b m \ E
S - ‘ i | L \\ I \ \\ i
1 O_; Detector background ‘ \u} ‘
- {
| 50‘0 o 10‘00 1 5‘00 ‘ZO‘OO‘ ‘25‘00‘
Energy / keV
)

QX:DO“ | | T T T
E ' %L THAH b J‘ Hﬁﬁ 1] | 1
nt S s i O S R S B ot 1 1 1 TL B
9 0.08 1+ b T AT T H H t];‘fﬁﬂt I A T B E
O R R TR e g o
S ool 1t TR B Bt R T gl
% 0,06: JV JHH( Jf j( JHH( ﬂ JH( JH( JU(HJH{ﬁ J( HJ( J(ﬁ H H }“{ﬁ JU(HJU( #ﬁ“{é
< 0.04 — *pg 3%2 keV]
0.02 E— —f
0 % ! L \ \ [ R R B R SR R R oy ;

280 285 290 295 300 305 310 315 320
Energy / keV

11/3/2007 DUSL




8 200
175
150
5125
100
75
50
25

’

activity

a2

UAS7 zafter fon exchange. Activated MITRzz11,/06/2001 10:05z z. For 28 hz

= X/ndf50.81 /41

& P1 2730+ .3685

B P2 3530+ .3304E-01

— ExpectedT,,=35"

- “Br: 7 peaks

‘{ I ‘ I ‘ I ‘ I ‘ I ‘ I I ‘ Ll ‘ L1

0 50 100 150 200 250 300 350 400
Time since z11/06,/2001 10:05z / hours

= /nd5082 | 42

; P1 273.0% 2550

= T, fixed to 35,

- "Br: 7 peaks

‘{ | ‘ | ‘ | ‘ | ‘ | ‘ | | ‘ | ‘ L1

0 50 100 150 200 250 300 350 400

Time since z11/06,/2001 10:05z / hours

11/3/2007

UA72 zafter ion exchange. Activated MITRzz2/10/2002 12:00z z. For 24 hz

R X/ndf40.79 / 22
N ) o P1 7.727 £ 19.48
2 0 P2 5.403 £ 5.158
S 1L e
g |
B 0 ; *“% - oo o o ® L
N \
—1 ; ﬁ
-2 = ExpectedT,,=648 h
L PPPal 312 keV peak
_3 1 L L ‘ L L L L ‘ L L ‘ L L ‘ L L ‘ I
0 100 200 300 400 500
Time since z2/12/2002 11:00z / hours
3 i X'/ndf41.95 / 23
N B P1 B305E-02 £ .9851E-02
> 2r
> C
5 1 - +
o ¥
& r 00
(4 0 ¢—'. () o0 oo ¢ o
N \
a
=2 | T, fixed to 648 h
L ™Pa’ 312 keV peak
_3 1 L L ‘ L L L L ‘ L L ‘ L L ‘ L L ‘ I
0 100 200 300 400 500
Time since z2/12/2002 11:00z / hours
DUSL



	Activation Analysis of KamLAND Scintillator


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


