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DanMAX: Real materials studied under realistic
conditions at realistic time scales
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X-ray powder diffraction

Applications of PXRD:

« Afomic coordinates

Thermal vibration

Phase analysis

Reaction kinetics

Microstructure:

. Particle size

. Grain orientation

. Stress-stain analysis




PXRD data
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Live azimuthal infegration - and quick analysis
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Brass — Cu/Zn

1 18
! 17 <«— Atomic Number 2
1 H 2 13 14 15 16 17 He
1.01 c I - Symbol —
3 4 5 6 7] 8 9 10
2 Li Be 3545 <«— Atomic Mass B C N (0] F Ne
7.00 .01 10.81 12.01 14.01 1599 18.99 2018
1" 12 13 14 15 16 17 18
3 Na Mg 3 4 5 6 7 8 9 10 1 12 Al Si P S Cl Ar
2299 243 2698 28.09 30.97 3207 3545 39.90
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
4 K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 4496 47.87 50.94 51.99 5494 55.84 58.93 58.69 63.55 65.40 69.72 7263 7492 7897 79.90 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb Te | Xe
8547 87.62 88.91 91.22 92.91 95.95 96.91 101.10 10291 106.42 107.87 1241 114,82 1871 121.76 127.60 126,90 13129
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 55
6 Cs Ba HfF Ta W Re Os Ir Pt Au H Ti Pb Bi Po At Rn
1329 13733 178.49 180,95 18384 186,21 190,20 192,22 195.08 196,97 200,59 204,38 207.00 208.98 208.98 20999 222,02
87 88 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118
7 Fr Ra Rf Db S Bh Hs Mt Ds R Cn Nh FI Mc Lv Ts Og
223.02 226,03 267.12 26813 26913 27013 26913 27715 28217 28217 28618 286,18 290,19 290.20 293.21 29421 295.22
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
13891 140,12 14091 14424 1449 150.40 151.96 157.20 15893 162.50 16493 167.26 16893 173.05 17497
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
227.03 23204 231.04 238.03 237.05 244,06 243,06 247.07 247.07 251,08 252,08 257.10 258.10 259,10 266,12

O Alkali metals O Transition metals O Metalloids O Halogens O Lanthanides
O Alkaline earth metals O Post-transition metals O Nonmetals O Noble gases O Actinides
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Brass Phases
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Other experiments at DOnNMAX
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Solvothermal reactor

Y i\ /

M. Roelsgaard et al., Journal of Applied Crystallography. 2023, 56, 581-588
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Investigating the formation of PbPd
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'D Tampere University

Transtormation induced plasticity (TRIP) steel
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M. Isakov et al., Metall. Mater. Trans. A, 2023, 54, 1320-1331



Beam focusing - imaging using uXRD and uXRF
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UXRD (and uXRF) mapping
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Heat exchanger braze joint (under tension)

Pl: F. Lenrick, Lund U.
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XRF maps - ROl on raw specitra e PR
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XRD - Far from the braze zone - large g
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XRD - Close 1o the braze zone Luxp VN
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Combining XRD and XRF
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Evaluating homogeneity during fast cyclmg

 Single layer Li-ion pouch
cell made by KIT

» Cells are initially very
homogeneous as
confirmed by 2D uXRD

mapping

* A line scan was used as a
proxy for homogeneity
during charging at 1C and
3C

« 100 um spatial resolution, 25
Hz data collection, approx.

30 s fime resolution (one line
of 600 points)

D. R. Sgrensen et al.,: In Operando Evaluation of Heterogeneity Development
in Fast-Cycled Single-Layer Pouch Cells. Chem. Mater. Accepted



Evaluating homogeneity during fast cycling
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* A single charge cycle at
1C reveadls expected
lithiation behavior:

« Cy— LIC, » LIC,, - LC,+
LIC

* The charging and

(i discharging are quite
homogeneous, but the

edges lag behind the

- center of the cell.
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D. R. Sgrensen et al.,: In Operando Evaluation of Heterogeneity Development
in Fast-Cycled Single-Layer Pouch Cells. Chem. Mater. Accepted



Evaluating homogeneity during fast cycling

 Repeated charge cycles
at 3C reveal:

 The induced
INhomogeneity is higher in
the anode than in the
cathode

* The charging is less
homogeneous

« At high discharge rates,
LIC,, Is also converted to Cy
directly, not only via LiC,, as
seen for lower discharge
rates.

[%

o
Weight percent

Position ->

Time ->

D. R. Sgrensen et al.,: In Operando Evaluation of Heterogeneity Development
in Fast-Cycled Single-Layer Pouch Cells. Chem. Mater. Accepted



Mapping of crystallographic texture
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3D-printing with tfemplate crystallites

Potassium sodium
niobate (KNN),
KosNagsNbOs; was
3D printed with
aligned needle-
shaped crystallites to
infroduce texture

gy 2 WS W

Collaboration
Frederik H. Gjerup  w. Astri Haugen




3D-printing with tfemplate crystallites
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Large crystallites — Spotty diffraction data
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Frederik H. Gjerup






UCT of a Thermocouple




UCT of closed-cell Al-Si foam during deformation m
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Pl: J. Hektor, Malmo U.
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Your experiment today
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Experimental flow chart

Callibration Mounting of

of heat gun LaBé6

Already performed At the instrument Collect do’ro‘ — control PC

v

Calibration
of instrument
geometry

Software - control PC Software - control PC

v

Mounting of

brass sample

At the inF’rrumen’r

Analysis of in
— situ PXRD

data

Collect data — control PC Collect data - control PC Software - control PC
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