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Microstructure & Residual Stress Analysis @ HZB
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Microstructure & Residual Stress Analysis @ HZB
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* Applied Physics at KTH Royal Institute of Technology,
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Prof. Hans M. Hertz & Excillum

Stockholm

Proof of principle with liquid SnPb alloy as anode

Liquid-metal-jet anode electron-impact X-ray source

B Solder tank

(2003) y
O. Hemberqg; M. Otendal; H. M. Hertz e
Appl. Phys. Lett. 83(7), 1483-1485 = ‘“"“"’m il )

doi: 10.1063/1.1602157 P

E-beam dump
E-bearn gun

Laser illumination

ecillum

Co-founder of Excillum (2007)

great-great-nephew
of Heinrich R. Hertz

Anode alloys: Ga [47-95 wt-%], In [5-37 wt-%], Sn [rest]

HZ!

Helmholtz
Zentrum Berlin

grand-son of
Gustav L. Hertz
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Metallet

Installation, Operation &
Maintenance
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Installation

g , , X-ray head

cathode chamber & jet chamber
under high vacuum (~10"7 mbar)

19” rack components:

e System controller

HV controller + generator
Water chiller

Pump box
jet pump (190 bar) + vacuum rough pump

all components: single phase 230V ~ 16 A
no need for power current or central water supply
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i ‘ LaB, \
Operatlon cathode

&4 +

Focus
coils

Min. projected spot size:

5um X5 um

Line focus @ 250 W emission:
20 pm X 80 um



Liquid
metal jet X-rays

Ga 95% + In 5%
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Operation

HZB ?gémnﬁr:téerlin
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] tomography
1" Energy-
E dispersive
diffraction
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Energy (keV)

Photon flux [/s/sr/line] at 70 kV/200 W

measured by
012

GaKa 9.2 keV

~5.1012
~4 .10 4.1041

M. Wansleben et al. (2019)
J. Analytical Atomic Spectrometry 34(7) 1497-1502
doi: 10.1039/C9JA00127A
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Maintenance

Nozzle Target alloy

+ jet pump & vacuum pump parts (gaskets, oil, valves), water cooling...
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Metallet D2 @ HZB
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Primary optics

Slits / _
Collimators Sample Detector : n,Ga)Se, 112

Montel optics

e e.g. monochromatic
Ga Ko radiation

* available at HZB
since 2021

Polycapillary Sample Detector
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Metallet

Application examples
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Phase-transitions in PV materials
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Integrated diffraction pattern as a function of temperature
for CsPb(Br,l,); with x=0.23

H. Nasstrom, P. Becker, J. Marquez, O. Shargaieva, R. Mainz,

Time rESOIUtion dOwn tO 02 S pOSSibIe! E. Unger and T. Unold. J. Mater. Chem. A (2020), doi: 10.1039/D0OTA08067E
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Long-term in-operando studies of LiS batteries

e cathode: sulfur loaded CNTs
anode: lithium

 discharge: forming of Li,S,

Metal jet charging: decomposing to Li,S + S

l ——
Ga-K, filter POlycapillary more than 3 weeks

non-stop
measurement

Sulfur peak intensity

PC& °

war! O

r e sulfur diffraction line intensities
510 520 530 Potentiostat

* domain/crystallite size
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HZB

Residual stress analysis

Metallet D2 @ 160 kV + Ge Detector
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White-beam Imaging
- Metallet D2 (70/160 kV)

- Full cone beam & full energy spectrum

- Detector choice depends on sample attenuation
AM Structure

10 mm

Polymer foams
C. Jiménez et al., (2015)

= ’ ' Tomography Metaljet + CMOS
Dectris &
Pilatus |
Si photon-counting o .
Sample |
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Hamamatsu E > 30 keV ol | K -~ =k
flat panel YK s
d - '.;IZ::F
4 5

LUK
"'.‘f‘j'f‘j‘,"'°




] HZB Helmholtz
17 OPERATING LIQUID METALJET X-RAY SOURCES FOR MATERIALS RESEARCH Zentrum Berlin

Conclusion,
Review & Outlook
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Review On Performance & Limitations
2003  SnPb alloy, 100 W, 50 kV, 150 um focus

2007  Ga-based alloys (liguid at room temperature)

Metallet D1, 70kV, 100 W / 200 W I
2011 Metallet D2
2015 200W - 250 W 2
(7]
c
: : o
2019 Dynamic Adaptation Upgrade £ ot
Extending cathode lifetime Wio DA wieDA wie DA
24/7 operation
Cathode operating time ]
Theory: Higher jet heat-load capacity & boiling point of Ga >2000 °C
Practice: Evaporation effects = possible vacuum issues

More emission power < —> bigger focus spot (under same distance)

Higher brightness > Compact device < careful balance of vacuum/temperature/jet
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Thank you very
much for your
attention!

Do not hesitate to contact us:

boin@helmholtz-berlin.de
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