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‘Synchrotron around the world

Planned / Under construction
@ Second generation
@ Third generation
® FEL
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Synchrotron Light Source
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Wavelength
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Visible light X-rays

To penetrate a sample, you need a wavelength of
similar, or smaller magnitude.
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SLRI Beamlines

BL2.2:TRXAS
8 (Bonn-SLRI)

BLA.2:IR
(KKU-SLRI)

BL4: IR-imaging

BL5.2: XAS (SUT-Nanotec-SLRI)
BL6a: Deep X-ray Lithography
BL6b: micro-XRF

BL7.2W: Protein Crystallography
BL8: XAS

BL4.1:IR

BL1.1W:Multiple X-ray Techniques
BL1.2W: X-ray Tomography
BL1.3W: SAXS/WAXS :
BL2.2: Time Resolved XAS BL3.2a:PES
BL3.2Ua: Photo Emission Spectrosco
BL3.2Ub: Photo Ele

BL3.2b:PEEM [/
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Projection Images

BL1.2W: X-Ray Imaging & Tomographic Microscope

=} -
High resolution camera

naovdanssAl
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Scintillator-coupled = 7
X-ray microscope

s JUHUUCDDED 180°-360°

Sinogram of One Slice

—~ THAI

Reconstructed Image Stack of CT Slices
(CT Slice)
11
BL1.2W: X-Ray Imaging & Tomographic Microscope
3D cellular microstructure of food products
Extruded refined flour Extruded refined flour Extruded refined flour
+~25%wheatbran  +~50 % wheat bran
- Product
Development
- Shelf life
Analysis
Corn meal extrudates stored for 10 days at different moisture content
12
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BL1.2W: X-Ray Imaging & Tomographic Microscope

Microcapsule

THAI
SYNCHROTRON
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BL1.2W: X-Ray Imaging & Tomographic Microscope

Geopolymer

Total volume = 0.373995 mm?
Closed porosity = 3.20828%
Open porosity = 1.08317%
Total porosity = 4.29146%

Pore Classification

Pore size : 0 - 50 um Pore size : 50 - 100 um

Pore size : 100 - 150 um
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BL1.2W: X-Ray Imaging & Microtomography

15

THAI
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MAIN MENU

Specificati
Beamline
Source: Multipole

Photon Flux: 2 x

ions

wiggler

Photon Energy: 6-9 keV (optimized at 9 keV)

10° photons/sec

Beam size at sample: 1 x 2 mm’ (V x H)

BL1.3W: Small/Wide Angle X-Ray Scattering (SAXS/WAXS)

o

Optics: Double Multilayer Monochromator + Toroidal focusing mirror

16

atom

End Station
Detectors: Rayonix SX165 CCD

Maximum sample-detector distance: 4.5 m

q-range (SAXS): 0.08 — 4.6 nm”

qerange (WAXS): 2.2 — 40 nm’

20-range: 3.0 - 59 degrees in equivalent to Cu K source

Sample type: Solid/Liquid/Gel/Powder/Fiber/Film

Sample volume for liquid: 60 L
78

Sample environment: In airHeating-cooling stage/Tenslle stage

22/02/65
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krystalline packing w83 A-type (A) uag B-type (B) structure wag mole
amylose-fatty acid complex (C) (fiun: Buleon et al., 1998)
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BL1.3W: Small/Wide Angle X-Ray Scattering (SAXS/WAXS)

WAXS can tell you

Relative Intensity
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BL1.3W: Small/Wide Angle X-Ray Scattering (SAXS/WAXS)

Self-assembly of surfactant molecules SAXS can tell you

Shape, Size, Size distribution

1 1(s), relative —=— Lang rod
Fiat disk

Bilayer sheet

= Nanoparticles

= Colloidal systems
= Surfactant systems: spherical PO, et
micelles, cylindrical micelles,

Liposome (vesicles)

Small angle X-ray scattering station of the DUBBLE-

beamline at the ESRF in Grenoble. DA Dary any
Mill Milk> (filk:

Cadbury UK wanted to produce the most %0
stable, smooth and best- tasting chocolate. \

Ixag 4| (T6% % |Ba o>
e N g g e 7
ST boaw
G 5 & ™
/\’/\ 8 0 4 a¥w A
Melted Type | Type |l

"formless”

Chocolate g”f'%‘”;gﬂ% (Cmp) mp:T39FI233C
B goH : s | B0 ®
*2s| aa®® B By
*y : 2} ”:’. o ‘ @ Tempered chocoito

Type Il Type IV Type
mp:779F255 C mp: 81.1F27.3C mp: 928F/33.8C

“arystal of Tyoe \ cocos outer of

They utilized a synchrotron to investigate the
manufacturing process at the molecular level to
optimize production conditions.

YNCI
NATIONAL LAB
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BL1.1W: Multiple X-Ray techniques (MXT)

BL5.1W: micro-X-ray Fluorescence (u-XRF)
Micro XANES
BL5.2: X-Ray Absorption Spectroscopy (XAS)

BL8: X-Ray Absorption Spectroscopy (XAS)

21
.
L]
BL6b: micro-X-ray Fluorescence (p.-XRF)
Kaipa 2 days Kaipa 2 days Kaipa 2 days
=~ IS 1 s E
HR7 Jawadl (lnth) 2 Ju
Cu
50 50
1 100 100
B 3 g
X % %
» » o
¥ = g
150 150 150
200 200 200
0 20 40 60 0 20 40 60 0 20 40 60
Pixels (x4 um) (P-Red, S-Blue, Mn-Gre Pixels (x4 um) (Fe-Red, Ca-Blue, K-Green! Pixels (x4 um) (Zn-Red, Cu-Green)
—~ THAI
& oo
22
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X-Ray Absorption Spectroscopy (XAS)

44
X-Ray I
34
3
14 8Mn

Sample

8200 8400 8600 8800 9000 9200 9400

Ennarms (Al
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X-Ray Absorption Spectroscopy (XAS)

Speciation and location of arsenic in rice samples

As

As{lIly

[

As(V)

MMA

DMA

Hotspotl | p

Normalized Adsorption

11850 11875 1190

L Bt Lo

C3E03 Energy (eV)
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BL4.1: Infrared Spectroscopy and imaging

__ Cryptosporidium

( ’

Mic o-IR

25
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NATIONAL LAB

Why synchrotron source ?

5X5 um? aperture
Synchrotron sourc
64 scans

Globar source
512 scans
" 3500 3000 2500 2000
‘Wavenumbers (cm™)
Aperture
(pm?) Globar source
30x30 5708
20x20 3168
10x10 986
5x5

271

26

1500

Detectable Signal

1000

Synchrotron source
7257
6223
3712
1127

HAI
SYNCHROTRON
NATIONAL LAB
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Basic Principles of FTIR Spectroscopy and Imaging

A motion of diatomic molecules as a spring
e—/\/\/\/\/_@

Stretching vibrations

[
o
c
©
2
o
[
o
©
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)
. . ]
Bending vibrations Wavenumber(cm =
HIGH wavelength (cm) Low
4000 2500 20001800 1600 1550 650
OH CH |CH C-N co
N-H c=0 CN

C=N c=C
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BL4.1 : Infrared Spectroscopy and imaging

- 1650 cm’!
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BL4.1: Infrared Spectroscopy and imaging

FTIR ANALYSIS OF A WHEAT STEM

Carbonhydrates

THAI
SYNCHROTRON
NATIONAL LAB
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BL4.1 : Infrared Spectroscopy and imaging

The homogeneity of starch/polyester extruded blends:

. Good blendin
Excess of starch is distributed i g
towards the centre of the section 2500~

2000~

5+ E 500+
| 1000 =
2000+
500~
g 15007
0., . I
1000+ "
1 Position (mico metars)
g4 ; .
. 200 Poor mixing
o- . mu-‘?
0 200 i
Position (micrometers) Color coded 15004
I
£
|
. 10004
Band Ratio= O-H |
c=0 00
! THAI
o 2000 '
Pozition _
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Packaging
C-H stretch region around 2950 cm!
100 WV—V_—T,_
§ 80 @ Polyethylene %i
70
60
54
1013
.
S s0f Polypropylene m
70 )
583
102 e
il Pol
l olystyrene
g = [l
sl differing ratios of CH, and CH, groups.
101
. 801 Polytetrafluoroethylene £e }
2 gl 1495
374 el |
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 450
The spectrum constitutes a “fingerprint” that can be used to
determine the identity of the sample THAL - orRON
NATIONAL LAB
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Meat Quality analysis
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Lipid Quality

Protein quality
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Edible oil / butter Analysis

Trans fats and the body </

Trans fats (also known as partitally Bad cholesterol

hydrogenated oils ) are created by A . Low-density lipoproteins (LDL) — A=~
adding hydrogen to liquid vegetable transport cholesterol throughout kL
oil. This process makes the fat the body. As cholesterol builds -
more solid, lengthens its shelf life up in the walls of the body's
and makes it more suitable for ! .~ @y arteries, the arteries
frying and other uses. However, S f become narrow and
trans fats are also moreunhealthy & i leading to an increased
than regular, unsaturated change of heart attack
fats. Here's why:
Artel
ot e
sterol P '
Good Cholesterol

High-density lipoproteins (HDL) HARD soFT o
excess cholesterol and

w
\ o o o

transport it back to the body's |} : \ o o o

liver for processing. \

Consuming trans fats lower

the body's HDL level:
024 W a M
02 W

trans C-H deformation

020

018
0.16
o cis G-H deformation
o laidic acid stearic acid  oleic acid
o (trans unsat)  (saturated) (cis unsat.)
o / H :!m%enanun H ﬂru%enaﬁun
0.06 l \ L i wa‘ M atalyst
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Rapid Chemometric analysis

7 y = 0.9965x
0 R?=0.9706

Intensity
f

C=C

FTIR prediction
s

Cross validation
10 o Test set validation

0 10 20 30 40 50 60 70 80

Wavenumber (cm™) GC reference (%)
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BL6a: Deep X-Ray Lithography

oparts

THAI
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BL6a: Deep X-Ray Lithography
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Flexible microhotplate

Design of p-hotplate (temperature sensor)

Heat generated when an electric current flows through a resistant path

Y ®
s 3 3

Temperature (°C)
N
5

37

0.4
Power (W)

2 THAI
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Gas sensors based on metal oxide films

Metal oxide gas sensors on plastic foil platform (a)7

Sensor response

Multilayer devices Si, 8i0,, Al,O,, PI

64 350 °C

Gas conc. (100 ppm)

Acetone  HS co,

C,HO . . Other gases N

Sensor response
-
:

Acetone conc. (100 ppm), 350 °C

s PR o,

Synchrotron Light Research Institute (Public organizati
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