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Metrology ; BAM
Why? How?

The science of measurement High Purity Materials

» Comparability of measurement data » gerve as primary standards for

e.g. results of blood test, data in chemical measurements
industrial and research labs

> used to establish SI traceability
> For Quality Assurance (ISO/EN
17025) and Safety \ Sample /b
N a1 \Secondary Standard /b
\{.- X ) '

Working
standard

Target: u(w(E)) < 0.01 %

= approach: 100 % - XImp
measurement of all impurities
E— (incl.N, CI, F ...)
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DIN 51723:2002-06 Determination of fluorine ; BAM
content

Ml

Reference: Lucelia Hoehne et. al, Feasibility of pyrohydrolysis as a clean method for
further fluorine determination by ISE and IC in high purity nuclear grade alumina.
Microchemical Journal 2019, 146, 645-649.
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GD-MS has the potential to reduce the effort ; BAM
for purity determination

« Fast sensitive multi-element analysis without extensive

sample preparation
« The use of the concept Relative Sensitivity Factors (RSFs)
provides good approximations specially for high purity

materials

« Only works with a wide uncertainty of the results
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Quantification with Element GD ; BAM
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Semiquantitative

!

Quantitative

IBR = I/
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Synthetic Standards: ; BAM

Different Doping Approaches

P Pure metal powder ﬁ

Solid-source doping Liquid doping with
(oxides, nitrides, etc.) standard solutions
Determination of non- Determination of
metallic impurities (Si, metallic impurities
0’ N’ S’ P)

Calibration using pellets of pure metal d
powders

= —a

Sample (Cathode) Sample Holder
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Preparation of synthetic pellets ; BAM

Pure metal matrix powder (5N)
weigh and dope with standard

: Pi
solutions of analytes ipette

Standard solution
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Pressed powder pellets for GDMS ; BAM

-
Cu+ KCI
KJ
\ KBr y

Appearance of copper and nickel samples
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Checking "micro -homogeneity of doped pellets ; BAM

Intensity ratio of Ag/Cu during line scans; crater diameter 0.2 mm, scan rate 5 pm/s

OE-05 - 6,65-04 Pressed copper powder pellet
3 ’ doped with Ag-solution
9
o  sOE-05 1 h Pressed copper powder pellet
g’: - doped with Ag-powder (<100um)
:_ .,0E-05 = W
o ,Natural sample": metal
9O cylinder of copper-CRM BAM-M384
s ,OE-05 = I
> Ag mass fraction in all samples = 10 mg/kg
‘D ,O0E-05 =
C
3
C
— OE+00 - r r

0 100 200 300 400 500 600 700 800

_ Length of line scan / um
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Advantages of calibration with pressed powder ; BAM
pellets

» Available for any material what can be pressed into pellets

» Wide variety of analyte (trace) elements and their

concentration range
» more accurate results and more direct traceability to SI
» smaller uncertainties

» down to ppb
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Content of F and CIl in Cu- CRMs

Fin Cu
1,60
& 1,40

82 383 384

CRMs BAM-M
F [mg/kg]
LOQ 0.17+0.06
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Clin Cu

i“l“

384
CRMS BAM-M

Cl [mg/kg]
0.08+0.03
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Preparation of Sintered Powder Mixtures ; BAM

Powder is mixed (5 min)
Sintering Process (30 min)

300,00
250,00 y =0,0053x + 2,6428 °
o RZ = 0,9948 ..
. . <20000 L
Cu ’ o s E1s000 e .
matrix Cu CaF2 W & 100,00 g
‘ ; 50,00 | e
Sintering conditions | 0,00 &
Temperature' 600 OC ‘ 0,00 10000,00 20000,00 30000,00 40000,00 50000,00
Pressure: 150 kN content F, mg/kg
Inert gas: Ar Properties: & =20 mm, h =20 mm, grindable

density > 95% - vacuum tight
homogeneous in mm range
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Additional gases

Helium additional to Argon
(Ar needed for sputtering)

Intensity increased for:

F (f ~10)
Cl (f ~ 5)

Careful: purity of the gases!
Quenching effect of N and O

First measurements with Neon
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Comparison with other procedures

- 3
KO m =) N\
[ owerise |

Graphite fumace of
spectrometer Determination

HR-CS MAS

3D absorption spectrum of
diatomic indium-chloride
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Measurement graphit furnace HR-CD-MAS ; BAM

CI+AI(NO3)3 wmp AIC

- | average
385_1 Abs

LOD= 15 mg/kg

385_2 12 Standard addition Cl
.'.
385 3 e e
BAM- cos L et
M385 % N N e
385_4 s y = 0,0019x + 0,1089
o4 ¥ R? = 0,998
385_5 ad
0,2 ..,.'
0
BW 0 100 200 300 400 500 600
concentration [ug L]
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Conclusion and Outlook ; BAM

GDMS an alternative to classical F-determination

Quantification strategies with pressed powder pellets/sintered
samples

Improvement/Optimization of GD using additional discharge
gases

Comparison using other techniques

Further investigations necessary to validate the findings
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