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Synchrotron light sources around the World
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Synchrotron radiation sources properties
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Broad Spectrum which covers from microwaves =
to hard X-rays: the user can select the
wavelength required for experiment;

People Ileed Cell Molecule  Atom Nudleus
High Flux: high intensity photon beam, allows rapid experiments or use of weakly scattering
crystals; Flux = Photons / (s 1 BW)

High Brilliance (Spectral Brightness) : highly collimated photon beam generated by a small
divergence and small size source (partial coherence);
Brilliance = Photons / (s Y mm? {mrad? {BW )

High Stability : submicron source stability

Tunability : easy change of the wavelength (energy) |

Polarisation : both linear and circular (with IDs)

Pulsed Time Structure : pulsed length down to tens of picoseconds allows the resolution of
process on the same time scale



Synchrotron Radiation Faclility

layout of atypical synchrotron

All beamlines get beam simultaneously



Brief History of SESAME

C p wy o O doreaté Abud Salam suggested a light source for
the Middle East

CpwwnoOd )T AEOEAOAI O AT A COI OPO b
between countries with conflicts in the Middle East

U Middle East Scientific Cooperation (MESC) group, Sergio
Fubini, Herwik Schoppeh 8

C 1997: Gus Voss and HermanWenick proposed to reuseBessy|
accelerator for the Middle East.



Brief History of SESAME

2008: Installation of the Microtron

2009: first beam from the Microtronj I I x AT AOCU A Feporally stieldingd
2011: Full beam from the Microtron j ¢ ¢ - A& @&f@r caBnpletion of the wall shielding
2014: Start commissioning theBooster

2016: Commissioning of the 2.5 GeV storage ring

2017 :

V First beam in thestorage ring
V First monochromatic light in the XAFS/XRF beamline and first EXApectrum
V Inauguration (opening ceremony )

2018: First SRIR and first IR spectrum



SESAME Machine

Shielding wall and roof 3D drawing O_f t_he
SESAME Building
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Machine Parameters

Energy GeV 2.5

Circumference m 133.2

Current mA 400

BeamLiftime hr 21.5

Magneticfield (BM) T 1.45

Critical energy eV 6049.4 = — | 0&,%#'2?5&?” e B
o . ; i

10" S S S I
1

Photon El|91er9y [keV] +0

SESAME machiomparable to world class machines
SOLEIL France andSLSSwitzerland



BMO08-XAFS/XRF Beamline

Beamline Scientists: Messaoud Harfouche
Latif Ullah Khan

Status: Operational since November 2017
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Most of the optics components are donations (ROBL)
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Brief History of the XAFS/XRF beamline

Task Period

Conceptual Design Report July 2012

Technical Design Report October 2014

Installation (Pb Hutches, Optics) March 2016

Control and alignment 2015-July 2017

Callfor proposals (Sem0) March, 2017 ( 36 submitted, 19 accepted)
FEinstallation April -September 2017

Start BL commissioning October 2017

First Monochromatic beam November 2017

First Scan November 2017

End BL commissioning July 2018 (only 3 months of operation )
First non-official User April 2018

Official beamtime for Users July 2018

Second call for proposals (Sem)  October 2018 ( 61 submitted, 36 accepted )




XAFS/XRF beamline optics
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BMO0O8-XAFS/XRF IBeaniline at SESAME

(operational since 2018)

VEM wM2 Slts

DCM

WM1

Design Parameters

Parameter

Source (BM) T 1.45
Hor. acceptance mrad 3
Vert. acceptance mrad 0.6
Energy range keV 4.7¢ 30
Energy resolution - ~ 104

Photon flux (S1) Ph/sec  2x10'(8keV)

No focusing system © Use slits
2x2mm? to5x20 mm 2



BMO8XAFS/XRbeamline optics

VCM:Vertical Collimating Mirror
DCM:Double crystaMonochromator
VEM :Vertical Focusing Mirror

WM: Wire Monitor
M-SIt Monochromatic Slits



BMO8-XAFS/XRF Beamline (EH)
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Experimental | Statiom

6 Axis Motorized Positioning Stage 2 short ionization chambers
(Optics Focug 1 long IC for the }, (OKEN, Japar)

\V

5=1194A1

=-119661




Signal output

Output connector
(analog)

Vacuum tightness

Number of
channels

Peaking time range
Software
parameters

Signal form

Digital interfaces
Channel depth
ADC

Maximum read -out
speed

Clock frequency

Experimental! Statiom

A typical energy selective fluorescence spectrum:

Low noisepreamplifier (XIA DXP)
LEMO FFS.00.250

Optional; He leakage rate <1®mbar - I/s
max. 8192

0.1 to 24 us in 24 steps

Digital gain, threshold, peaking time etc.

Ramped reset type +1 V te2 V; 5 mVkeV

USB 2.0, RS232 (on request)
24 bit
14 bit

1 ms(@1024 channels)

40 MHz

]

Counts [a.u

1,06+06 4

1,0E+05 3

1,0E+04 +

1,0E+403 1

1,0E+02 1

1,0E+01 5

40 mm? SDD chip collimated to 30 mm? active area
Peaking time 1 ps

FWHM 124.2 eV

P/B 23,581

P/T 3,842




Fluorescence Detector : 64 Silicon Drift Detectors

- [l " |INFN (italy), Elettra (italy) & SESAME [JgN&

N

SESAME

1. Frontend PCBs
Conditioning PCBs

3. Brass profile with cooling
liquid flowing inside

4. Insertion guides at flanks
of detecting heads

5. Rails for eight detection
heads

Power supply and filters
Backend PCBs

Inlet cooling distribution

© ®©® N O

Outlet cooling distribution
10. Ethernet PCBs

11. Power supply connectors

8 Modules x 8 SDDs with a Total
collimated sensitive area of 499 mm?



Battery cell
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Sample Environmenthared between BLS

Air blower Cooling system (Cryojet)
Vi€ O 95 Kelvin

Al BI A ET 1 AAOO AAT AA AOOOI I EUAA A& O ODPAAEA



Sample Environmen{Tubular Furnace/Reactor

C Tubular Furnace/Reactor: A Sample Environment for In-Operando X-ray Absorption
Studies (Catalysis)

Temperature Sample Holder Atmospheres Controller
(°C) @ mm
Up to 800 8 Gases, Vapors and Programmable Logic Controller (PL
Vacuum SEASME

A: Inlet and outlet for water cooling A: Thermocouple on the sample
B: Inlet and outlet for gases with Kapton windows B: End sample holder
C: Quartz glass tube

Brazilian Synchrotron

Collaboration: Dr. Santiago J. A. Figueroa QUATI Beamline L N L S sy



R-Fast

Relatively

PandABox

ning mod

OtF: 10 min
stp: 20 min

marked groups

marked groups
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Prﬂsgaaiihve X- ray Excited Optlcal Luminescence (XEOL)

OceanView

d by Ocean Insight

XEOL Setup
Collaboration betweedordan Atomic Energy
Commission (JAEC)and XAFS/XRF Beamline

U X-ray Excited Optical Luminescence (XEOL)(l : 200- 920 nn)

Project(GrantifromAAEA @ ) IAEA

International Atomic Energy Agency



X-ray Excited Optical Luminescence (XEOL)

XEOL Spectrum XEOL Spectrometer XEOL Sample Environment
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XAFS/XRFE beamline:O# OOOAT O 3 EOO/

PERIODIC CHART OF THE ELEMENTS NERT
1A 1A 1B I¥YB ¥B ¥IB YIIB Yl IB 1B A I¥A YA  YIA YIIA G4SES

1 1 z

1.&9? 0 Kk edge 1.&9? !.-I:!u%

3 a ] 5 6 7 8 ] 10

Si(111) & Si (311) |48  EZiiew 58,101 F INe
6.939 |9.0122 I 10811 20112 (140067 (15,9994 15,9984 20,183

11 | 12 I : Difficult T | 14 | 15 | 16 | 17 | 18

Na Mg AllSI|P | S (CI

22.9898 | 24.3 26,9815 28,086 [30.9738 | 32.064 | 35453 | 39.948

CryStaIS 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 20 | 30 | 31 | 32 | 33 | 34 | 35 | 36

K Ca|Sc|Ti |V |Cr Mn|Fe |Co|Ni |Cu|Zn |Ga|Ge|As |Se |Br |Kr

39102 | 4008 | 44956 | 47.90 (50942 | 51.996 (54,9380 55,847 |58.9332| 58.71 63.54 . . . T4 9216 . . .

38 39 46 4

37 40 41 42 43 44 4% 7
Rb|Sr| Y |Zr |[NbMo|Tc |Ru|Rh|Pd Aa%

G547 | 8Y.62 | 88.905 | 91.22 | 92906 | 95.94 [99] 101.07 (102.905| 1064 107,
55 56  [x57 72 73 74 77 78 79

i 1 i 19 9805 E‘g !3—839'1 1IT"-3| Iﬂ ‘I-EI; QE 1&5 B::ezl é:? 1I9£-2 1|9:5) .Utg é g‘ﬁl?
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[223] [226] [227] [261] [262] [269 [262] [265] [266] [2-?1] [2-?2]

Energy range.7z ~30 keV e ——

%8 59 60 61 62 i1
Ce|Pr I NAdPm|Sm|Eu|Gd|Tb D¥ Ho |Er Tm|Yb |Lu

14012 | 1408907 [ 14424 | [147] | 150,35 | 151.96 | 157.25 [155.924 | 162. 1649530 167 26 (165934 | 175.04 | 174.97

Beam CurrenQSO mA (decay mOde) +g¢l§inidegfries g2 93 94 g5 96 q7 98 [']2] 100 101 102 103
. Th|Pa|U [Np|PuAmCm|Bk |[Cf |[Es Fm|Md|No
Beam Siz€x2 mm<to 5 x 20 mn? - o

(2421 | (243 | (247 | (2am | (2490 | [(254) | (253 | (256) | (2561 | (257




Experimental Modéss

o Smpl.
¢C Transmission mode | ¢
l; lo //

SR

W(E) =log (/1)

C Fluorescence mode

H(E) ~ I/ 1

Re-filling of the deep coregenerating a
fluorescence, proportional to absorption



2 FUNDAMENTALS OF XRF & XAFS TECHNIQUESFSPRINCIPLE 2
NS &

B
.. unoccupied
orbitals
- 2p,, (L)
occupie
orbitals O 2p,, (L,)
O 2s (L)
hv
f\ ) 1s (K)
UNGO—O

X-rays (light with wavelength O. 06 12 A or energy 1-200 keV) are absorbed by all matter
through the

An X-ray is absorbed by an atom when the energy of the X-ray is transferred to a core level
electron (K, L, or M shell) which is ejected from the atom. Any excess energy from the X-ray is
given to the ejected photo-electron




FUNDAMENTALS OF XRF & XAFS TECHNIQUESFSPRINCIPLE
absorption coefficient
A

_ A

X-ray photon energy



Electrons have a particle and wave
nature. The photoelectron wave
propagates away from the central A

atom (absorber), and it may scatter|off
neighboring atoms and finally return

to its point of origin.

\

absorption coefficient

<S589
< XK >

<
IRIZT———08

< e

>
X-ray photon energy




L FUNDAMENTALS OF XRF & XAFS TECHNIQUESFSPRINCIPLE

The EXAFS signal ¢(E)

The EXAFS signal is generalgxpressedas a function of the I \/2 m (E—ED)

wave-vector of the photoelectron A’
7A60A ET OAOAOOAA EI OEA Al AOGU—FAADATAATTD
these will tell us something about the neighboring atoms, C(E) — mE)- m(E)
so we define the EXAFS as: Dmy (E)

Dm m e,(E) Smooth function representing
— / the bare atomic background
\LIEJz = P g Edge step at the absorption

lD i edge normalized to one
absorption event

E (eV)
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ApplicationDomains s

Environmental Science Energy (classic & renewable)
i i b =

Cultural herltage and archaeology

T
eliatig High-Level L;:(ng- er; 8| Harmful Gas
Mimng, D e@'é Nuclear H?:;{OV cOo L [Cr(m)/[chJ
Agriculture Waste . . Atmospheric NO, - 33100%
g Fissile materials Deposition 8 HC ea:l? as ] 2
Water Supplies g Chemical ~ CO: 'y it
Rt 8 H 5993 1,
< 3 X 3414)%
CONTAMINATION - s § i 0,
- e 00
.o, A B, 20, 0 Do 5 oo Solute Transport x 2 0%
KOy, F,CN",PCBs, PAHs Facilitated Transport
EEEEs=-  Hydraulic Flow Feld = REACTIVE TRANSPORT
0 i Bod Dsstanc / A 6 y 600 603 606
D) La\eraldistance;muometer Energy (keV)

8.31 X-Ray energy / keV 8.38

Medical and Pharmaceutical studies

S K-edge XANES

Normalized S K-edge XANES
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Normalized Au Li-edge XANES O
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Why using XAFS

I Higher sensitivity to local distortions

I Element selectivity

1 1D radial distribution function (center at absorber)
I Charge state sensitivity (XANES)

Investigation, with same degree of accuracy, oftter in
V solid (crystalline or amorphous),
V liquid solution,

V gaseous state

1 Detection of very small distortions of local structure

Needsynchrotron formeasurements

| Only few beamlines in each facili{xAFS/IXRF @ SESAME)



RESEARCH ARTICLE DOI:10.1002/smll.202406332

NANO - MICRO |

sl

www.small-journal.com

Revealing the Role of Ruthenium on the Performance of
P2-Type Na, .;Mn,_ Ru, O, Cathodes for Na-lon Full-Cells

Emine Altin, Iqra Moeez, Eunji Kwon, Ali Hussain Umar Bhatti, Seungho Yu,
Kyung Yoon Chung, Muhammad Arshad, Messaoud Harfouche, Murat Buldu,
Sebahat Altundag, Fatih Bulut, Sevda Sahinbay, Serdar Altin,*

and Mehmet Nurullah Ates*

Herein, P2-type layered manganese and ruthenium oxide is synthesized as

an outstanding intercalation cathode material for high-energy density Na-ion
batteries (NIBs). P2-type sodium deficient transition metal oxide structure,
Nag ., Mn, ,Ru, O, cathodes where x varied between 0.05 and 0.5 are
fabricated. The partially substituted main phase where x = 0.4 exhibits the best
electrochemical performance with a discharge capacity of 170 mAh g='. The
in situ X-ray Absorption Spectroscopy (XAS) and time-resolved X-ray Diffraction
(TR-XRD) measurements are performed to elucidate the neighborhood of

the local structure and lattice parameters during cycling. X-ray photoelectron
spectroscopy (XPS) revealed the oxygen-rich structure when Ru is introduced.
Density of States (DOS) calculations revealed the Fermi-Level bandgap
increases when Ru is doped, which enhances the electronic conductivity of the
cathode. Furthermore, magnetization calculations revealed the presence of
stronger Ru—O bonds and the stabilizing effect of Ru-doping on MnO6 octahe-
dra. The results of Time-of-flight secondary-ion mass spectroscopy (TOF-SIMS)
revealed that the Ru-doped sample has more sodium and oxygenated-based
species on the surface, while the inner layers mainly contain Ru-O and Mn-O
species. The full cell study demonstrated the outstanding capacity retention
where the cell maintained 70% of its initial capacity at 1 C-rate after 500 cycles.

If: 13

it is important to highlight the remarkable
progress of Li-ion batteries (LIBs) in recent
years.!!! The demand for Li-ion batteries
has surged, leading to an increase in the
consumption of lithium sources./?l Newly
developed electrode materials are expected
to possess several key properties, includ-
ing high energy density, long cycle life, and
affordability for commercial feasibility.*! It
is worth noting that LIBs, first introduced
by Sony in the 1990s, have become one of
the most extensively used battery systems
for portable electronics and various other
large-scale applications.[*! Recently, there
has been significant research into alterna-
tive battery types, such as lithium—sulfur
(Li-S) and lithium-air (Li-air), to improve
the energy density of the current state-of-
the-art lithium-ion batteries (LIBs).*! How-
ever, this progress has led to increased
costs, primarily due to the limited and un-
evenly distributed lithium reserves around
the globe.I®]

NIBs have appeared as a promising re-
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modified version of CR2032 coin cell
The cell allows Xray penetration via
the Kapton window.


http://dx.doi.org/10.1002/smll.202406332

Revealing the Role of Ruthenium on the Performance of P2-Type
Na, -Mn;  Ru, O, Cathodes for Na-lon Full -Cells

RuO;, MnO, Na O

Supercell erystal structure of P2type



Revealing the Role of Ruthenium on the Performance of P2-Type
Na, -Mn;_ ,Ru, O, Cathodes for Na-lon Full -Cells

Enhancing Na-ion Battery Performance

Electrochemical
Performance

Cycling Stability

The battery's ability to
maintain performance
over cycles

The battery's ability to
store and release energy

Structural Analysis

Understanding the
material's atomic
arrangement

The elements present on
the material's surface

Electronic
Properties

How the material conducts
electricity



Battery cell
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Revealing the Role of Ruthenium on the Performance of P2-Type
Na, -Mn;_ ,Ru, O, Cathodes for Na-lon Full -Cells

XRD Rusubstituted cathode

U It is seenthat the diffraction patterns are well

matched by P2type P63/mmc symmetry, typical
NazMnzO cathodematerials '5 . x=0.5 4 4
) | < | x=04 .
U When the Ru content increased up ta = 0.5 an = x=0.3", |, ,
impurity phase of Na,RuQ; is observed (C2/c D | x=0.2 .|
symmetry) o | - T
E _ x=0.1
U Theother samples were free of the impurity phase,

suggesting that the degree of impurity was limited _ 20 40 60 80
to only the sample where x = 0.5 2 Theta (Deg.)

C The valencestate of transition metals is influenced by the increasing amount of Ru materials.

C The amountof Ru can affecthe oxidation states of other transition metals.



Revealing the Role of Ruthenium on the Performance of P2-Type
Na, -Mn;_ ,Ru, O, Cathodes for Na-lon Full -Cells

Operando Structural Analysis (XRD)

U Special focuson the (002), (004), (100),and (114) peak shifts
during the cycling.

U During the charging process, the solid solution mechanism is
revealed by the noticeable shift of th€004) peak toward lower \
angles and thg100) peak toward higher angles

0 AnAgDAT OEIT A1 TT ¢ OEA OA8 AQGEO AT A\A|] OAAOAOEITI
O E Aaxi®wete observed.
The strong peaks observed in the

XRD data are due to the Al current
collector.

U Lattice alterations occur during the removal of the
sodium ions.

As a result, a repulsive effect between thiel-O layers takesplace,

Pa

instigating OEA A@bAT OEI T ET OEA OAG®G




